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EXECUTIVE SUMMARY 

 
A. THE WATERSHED 

The Arroyo Chico Watershed (USGS HUC 13020205) is located within the Rio 
Puerco basin in the northwestern quadrant of New Mexico and spans approximately 880 
acres (11,862 sq. km). The Arroyo Chico Watershed drains approximately 1,367 square 
miles (875,215 acres) and includes the communities of San Luis and Penistaja, as well as 
the eastern Navajo Chapters of Counselor, Ojo Encino, Torreon/Star Lake, and 
Whitehorse Lake. It is part of Cibola, McKinley, and Sandoval counties. The Arroyo Chico 
is an intermittent stream, flowing in response to spring snowmelt and summer storm 
events.   

B. THE PROBLEMS 

The Arroyo Chico Watershed is estimated to contribute 870,000 tons of sediment 
annually to the Rio Grande River. The Arroyo Chico and the Rio Puerco Watershed as a 
whole have attracted global attention for being the largest contributors of sediment to the 
Rio Grande. The Rio Puerco is responsible for less than 10 percent of the flow to the Rio 
Grande River, yet contributes the largest percentage of silt and debris to its system. The 
Rio Puerco watershed, including the Arroyo Chico, has been recognized to be severely 
impacted and degraded, which is synonymous with accelerated erosion processes.   

Adding to the challenges is the complex mixture of land ownership in the Arroyo 
Chico Watershed, which is composed of federal, tribal, state, and private land, thus 
complicating the planning process.  The Arroyo Chico Watershed has extremely low 
levels of vegetative cover.  In fact it is the least vegetated stream within the greater Rio 
Puerco Watershed. The riparian vegetation is almost non-existent, resulting in extensive 
bare ground and high rates of erosion. Communities within the watershed have seen a 
steady decline of range productivity and yield, thus worsening their already dire 
economic situation. Not only are their livelihoods at stake, but also their cultural heritage.  

A compiled list of the problems and issues found within the Arroyo Chico 
Watershed are as follows: 

• Erosion 
o Water and wind erosion 

• Natural Systems 
o Reduction of vegetative cover and riparian vegetation  
o Streambank destabilization 
o Invasive species 

• Land use  



Arroyo Chico Watershed Based Plan, 2013 3 

o Decline of agriculture land 
o Rangeland mismanagement & overgrazing 
o Feral horses 
o Erosion through roads  

• Waste Management 
o Illegal trash dumping 

• Resource extraction 
o Abandoned mines 

• Climate 
o Changing weather trends/patterns  
o Reduced precipitation  
o Increased frequency of fires  
o Forest die back  
o Continuation of drought 
o Increased water shortage 
o Increase of invasive species 
o Bark beetle 

• Effects on local communities  
o Reduced productivity of agricultural land 
o Decline of nutritious food intake 
o Loss of culturally important land 

C. GOALS & OBJECTIVES 

The following goals and objectives were part of the Rio Puerco Watershed Act of 
1996, Public Law 104-333: 

Goal 1: Sediment reduction 

1.1 Sediment Retention 

1.2 Erosion Control 

Goal 2: Vegetation and habitat improvement  

2.1 Appropriate Vegetative Species and Densities 

2.2 Improved Upland, Riparian and Stream Habitats 

Goal 3: Support and promotion of other watershed factors  

3.1 Inter-jurisdictional and Interagency Cooperation 
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3.2 Recognition and Protection of Cultural Resources 

3.3 Public Awareness, Education and Participation  

Goal 4: Develop Local Community Capacity for Watershed 
Management 

4.1 Building of Community Knowledge Capacity:  
Knowledge of watershed restoration methods, sustainable farming 
and gardening 

4.2 Socio-economic Benefits 
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THE NINE EPA ELEMENTS AND WHERE TO FIND THEM 

(EPA 1 p57) An identification of the causes and sources.  

(EPA 2) An estimate of the load reductions expected for the management 
measures.  

(EPA 3 p85) A description of the NPS management measures that will need to be 
implemented to achieve the load reductions and an identification of the critical 
areas in which those measures will be needed to implement this plan.  

(EPA 4 p85) An estimate of the amounts of technical and financial assistance 
needed; associated costs, and/or the sources and authorities that will be relied 
upon, to implement this plan.  

(EPA 5 p108) An information/education component that will be used to enhance 
public understanding of the project and encourage their early and continued 
participation in selecting, designing, and implementing the NPS management 
measures that will be implemented.  

(EPA 6 p85) A schedule for implementing the NPS management measures 
identified in this plan that is reasonably expeditious.  

(EPA 7 p85) A description of interim, measurable milestones for determining 
whether NPS management measures or other control actions are being 
implemented.  

(EPA 8 p99) A set of criteria that can be used to determine whether loading 
reductions are being achieved over time and substantial progress is being made 
towards attaining water quality standards and, if not, the criteria for determining 
whether this watershed based plan needs to be revised or, if a NPS TMDL has 
been established, whether the NPS TMDL needs to be revised.  

(EPA 9 p104) A monitoring component to evaluate the effectiveness of the 
implementation efforts over time, measured against the criteria established under 
item (h) immediately above.  
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INTRODUCTION 

In order to meet the goals of the Clean Water Act, the state of New Mexico 
developed the Federal Clean Water Action Plan (CWAP) in 1998. The ambition was to 
identify watersheds within the state that have water quality concerns and prioritize their 
rehabilitation efforts. A statewide task force conducted the New Mexico Unified 
Watershed Assessment (1998) that responded to mandates made by the CWAP and 
evaluated watersheds within New Mexico. Twenty-one out eighty-three watersheds in 
New Mexico were identified as “in need of restoration,” also known as Category I.  The 
Rio Puerco Watershed including he Arroyo Chico was identified as Category I. And even 
though the Arroyo Chico has no identified Impaired Waters, it is one of the biggest 
contributors of sediment to the Rio Puerco and further down to the Rio Grande.  

1.0 RIO PUERCO ALLIANCE/RMPC 

The Rio Puerco Alliance (RPA) was formed in 2005 by members of the Rio Puerco 
Management Committee (RPMC) and other interested stakeholders. The RPMC was 
established in November 12, 1996 through the Rio Puerco Watershed Act, Public Law 104-
333.  The mission of the RPA is to restore the Rio Puerco watershed for present and 
future generations through outreach, education, and collaborative action. To do this, RPA 
collects and disseminates practical management and ecological information concerning 
watershed health, use, restoration, and watershed management practices.  RPA also 
examines, evaluates, and promotes new concepts regarding sustainable land use in the 
Rio Puerco as well as throughout the state.  RPA involves landowners, local, state, and 
federal elected officials, administrative agencies, and the general public in the search for 
solutions to watershed problems while initiating designs and implementing restoration 
projects that achieve the goals of RPA and the RPMC. 

1.1 STAKEHOLDER ID & CONCERNS  

Despite being sparsely populated, the Arroyo Chico Watershed accommodates a 
complex mixture of communities and cultures. Many of the local community members 
have been living in this region for generations and feel closely connected to their 
environment and land. In particular, the Native American communities consider their 
natural environment to be central to their heritage.  Since the environment is at the heart 
of their culture and traditions, its protection entails the preservation and continuation of 
local traditions and culture.  

RPA has conducted listening sessions in order to capture all stakeholder concerns 
on the ground. In addition there have been many projects through which RPA has had 
personal exchange with many local community members. As a result RPA has compiled a 
list of stakeholder concerns: 
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• Erosion control  

• Down-cutting of the arroyos  

• Maintenance of check dams 

• Bringing attention to the problems surrounding the watershed and its downstream 
and upstream effects 

• Rangeland management 

• Horses and fencing 

• Invasive species 

• Availability of water 

• Illegal trash dumping 

• Decreased productivity of land 

• Economic situation 

• Loss of culturally important lands  
  

1.2 PURPOSE OF WATERSHED PLAN 

In passing the Rio Puerco Watershed Act, Section 401, Congress demonstrated its 
commitment and support for the collaborative approach to improving impaired watershed 
conditions. This Watershed Based Plan (WBP) summarizes the recognized conditions and 
identifies necessary efforts and mechanisms to be used by the broad-based membership 
of the RPMC and RPA to pursue improved water quality and watershed restoration 
activities.  The Bureau of Land Management (BLM) has also assumed a leadership role in 
the development and support of the RPMC. 

The Arroyo Chico Watershed is home to a rich mixture of communities and 
cultures. Within this area there are a variety of land uses as well as varied ownership. As 
mentioned above the land is occupied by federal, tribal, state and private entities. This 
multi-jurisdictional environment complicates planning processes because the support and 
cooperation of various land managing entities has to be enlisted in order to implement 
projects.   The RPA has already accumulated knowledge and experience on how to reach 
and link the different parties together and work collaboratively with all stakeholders.  
This plan addresses the issues at hand and seeks to find solutions with all affected 
stakeholders in mind and by utilizing best management practices. As time progresses this 
plan will be kept up-to-date and amended as needed.  

1.3 BACKGROUND 

In this section an overview of the Arroyo Chico Watershed is created and an introduction 
given to its history and land uses. As many of the impairments of the Chico watershed are 
derived from actions and mismanagement in the past, we will be elaborating on this in 
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this section, in order to create an understanding for the source of a majority of existing 
impairments.  

1.3.1 Watershed Location & Setting  

The Arroyo Chico Watershed (USGS HUC 13020205) is a sub-watershed of the Rio 
Puerco watershed in the northwestern portion of New Mexico and covers approximately 
880,595 total acres (11,862 sq. km). The Arroyo Chico Watershed drains approximately 
1,367 square miles (875,215 acres) and includes the communities of San Luis and 
Penistaja, as well as the eastern Navajo Chapters of Counselor, Ojo Encino, Torreon/Star 
Lake, and Whitehorse Lake, and is part of Cibola, McKinley, and Sandoval county. 

 

 

Ea g le  Me sa  a t Ojo  En c in o  Ch a p te r  o f th e  Na va jo  Na tio n . (Ph o to  c o u r te sy  o f  Wa tso n  Ca sti llo .)  
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The Arroyo Chico Watershed is predominantly intermittent streams that span 
approximately 3,136 miles.  Only 23 miles in its northwest headwaters are considered 
perennial. The elevation within the Arroyo Chico Watershed ranges between 10,700 feet 
along Forest Service Road 473 on the north side of Mt. Taylor to 5,900 feet at the junction 
of the Rio Puerco near the town of Guadalupe. There are three Wilderness Study Areas 
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(WSAs) overlapping within the Watershed.  The Ignacio Chavez WSA totals 32,973 acres, 
Empedrado WSA totals 9,011 acres, and the La Lena WSA totals approximately 7,379 
acres.  All WSAs carry wilderness characteristics such as naturalness, opportunities for 
solitude, and opportunities for primitive and unconfined recreation.  

1.3.2 Historic Perspective 

The Rio Puerco basin and the area of the Arroyo Chico Watershed have been 
populated since Paleo-indian times (11,000 years B.P.) with traces of inhabitants from this 
era found all over the watershed.  There are concentrations of archeological excavation 
sites within the Arroyo Chico. However, most of these are less than 2,000 years old and 
fall within the Puebloan cultural grouping commonly referred to as Anasazi.   

Evidence of Navajo occupation first appears in the archaeological record during 
the period from AD 1300-1600 when the Pueblos were consolidating into large villages 
near secure water sources.  Early Navajo settlements tended to cluster in the Torreon 
Wash drainage system and in the Mt. Taylor area. 

Spanish influence in the Arroyo Chico was minimal until the second half of the 
18th century when land grants were awarded by the Spanish Crown to encourage 
settlement in the basin.  These included the Bartolome Fernandez in 1767 and the Ignacio 
Chavez Grant in 1768.  Sometime during this period the village of Guadalupe was 
established on the east side of the Ignacio Chavez Grant.  Even though Navajo and 
Apache raids were a constant threat, families moved to the Rio Puerco valley and the 
Arroyo Chico watershed from Albuquerque to graze thousands of sheep. After Mexican 
independence in 1821, New Mexicans were left to fend for themselves while Indian 
depredations increased.  Settlements along the Rio Puerco were abandoned until the 
American period when, from 1846 to 1864, the U.S. military conducted a punitive 
campaign against the Navajo. 

Those who documented these expeditions included Lt. James Abert who mentions 
30-foot vertical banks on the Rio Puerco near Poblazon in 1846.  In 1850, Lt. James 
Simpson wrote that 20 to 30 foot high stream banks several miles upstream from Cabezon 
had to be graded to permit passage of artillery and pack animals. 

After the Navajo defeat at Armijo Lake in 1864, the resettlement of the area by 
Hispanic farmers accelerated.  Old villages were re-occupied and new settlements were 
established. Some of these were Los Cerros, Los Quelites, Los Duranes, San Francisco, La 
Cueva, Casa Salazar, Guadalupe, Cabezon, San Luis, La Ventana, and Nacimiento (Cuba).  
Although the population was always small, virtually all of suitable agricultural land was 
occupied by 1870.  Community ditches (acequias) provided irrigation water to grow corn, 
beans, chili, wheat, alfalfa, oats, some vegetables, and orchard fruit on about 11,000 
acres.  For the most part, these crops were used for local subsistence, but some wheat 
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and oats were hauled to market in Albuquerque.  This fact has earned this region the title 
of “bread basket of New Mexico.” 

By 1880 conditions in the Rio Puerco began to deteriorate.  A geologic cut cycle 
began with the formation of major arroyos.  A major drought occurred between 1885 and 
1904 followed by a major wet period from 1905 to 1928.  This was the most abrupt 
weather shift in 1,000 years.  These dramatic climate changes caused inhabitants to 
abandon the watershed over time.  In 1888 the village of Los Cerros was abandoned.  By 
1896 the Old English dam washed out and the villages of San Ignacio and San Francisco 
were abandoned.  This abandonment progressed upstream.  In 1922 the dam above 
Cabezon washed out.  Two major floods occurred just over a month apart in 1929.  The 
first on August 12 peaked at 30,600 cubic feet per second (cfs) and was 16 feet deep at 
the gage above Bernardo.  This was the flood that buried the town of San Marcial under 
nine feet of mud.  The second on September 23 saw water 18 feet deep at 37,900 cfs 
above Bernardo.  Other major floods in the Rio Puerco occurred in 1935, 1936, 1941, and 
1972. 

The last dam on the Rio Puerco, located above San Luis, washed out in 1951.  
This, along with the continued entrenchment of the river and its tributaries, devastated 
the agricultural economy of the Rio Puerco except in the area above Cuba.  This forced 
“a shift from the dual economy of irrigation agriculture and stock raising to stock raising 
alone” (Widdison, 1959). 

By 1904 livestock numbers had decreased to 52,000 sheep.  The area was down to 
15,000 sheep by 1913.  In 1928 nearly half of the sheep in the area froze to death during 
a disastrous winter.  Livestock numbers had increased by 1936, but after World War II, 
the decline resumed.  Most of the area ranchers converted from sheep to cattle.  One of 
the worst droughts since the 1200s occurred from 1955 to 1964, bringing livestock 
numbers down to around 4,000. 

1.3.3 Land Use 

As defined by FLPMA, “…‘public lands’ applies to any land and interest in land 
owned by the United States within the several States and administered by the Secretary of 
the Interior through the Bureau of Land Management…” The U.S. Department of the 
Interior (USDOI), Bureau of Land Management (BLM) Rio Puerco Field Office and the 
BLM Farmington Field office are responsible for managing public lands. State, tribal and 
county governments have land-use planning responsibility for other lands under their 
jurisdiction. The BLM occupies about 33% of the Arroyo Chico, the Forest Service 9%, 
18% belongs to private landowners, 34% to the state, and 6% to tribal entities.  

Landowner Acreage % Of Basin 

BLM 287,838 33 
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Forest Service 77,940 9 

Private 302,293 18 

State 52,947 34 

Tribal 159,583 6 

TOTAL 880,601 100 

 

 

1.3.3.1 Private Landownership 

The northwestern part of the Watershed is primarily BLM, Forest Service, and 
Navajo land. It has been dubbed “the Checkerboard,” because land management maps 
show squares of different colors for each land management group, ending up looking 
like a many-colored checkerboard. Towards the southwestern corner of the watershed 
and close to Mount Taylor, we encounter a large portion of private land, mostly owned 
by the Lee Family.  
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1.3.3.1.1 Floyd Lee Ranch 

The Floyd Lee Ranch occupies most of the southwestern portion of the watershed. 
The Ranch covers around 300,000 acres and is located within Cibola and McKinley 
Counties (Barrett, 1997).  In 1939 Floyd Lee became range manager on the Don 
Bartolome Fernandez Land Grant, which covers some of the area that today belongs to 
the Lee ranch, and eventually bought the ranch. In the 1950s uranium was discovered on 
the Lee Ranch. The Lee family raised cattle and horses on their ranch and leased coal-
bearing lands to what became Santa Fe Pacific Gold. Floyd Lee also served 12 years in 
the State Senate. Floyd Lee died in 1987, and today the Ranch is run by Floyd’s son 
Harry's widow, Iona, and her three children.  

 
2.0 REGULATORY SETTING 

The working and planning processes within the Arroyo Chico Watershed is 
demanding special attention because of the complex mixture of landownership, as 
mentioned earlier. The Chico Watershed is part of the “Navajo Checkerboard” where 
significant areas in the northwest of New Mexico were established as reservation but 
later, in the early 20th Century were removed from the reservation, thus becoming private. 
This created landownership patterns that resembled a checkerboard. Additionally sections 
of public land were given to the railroad in the mid-19th Century, thus further dividing 
the land. Today land within the Arroyo Chico Watershed is held by the BLM, Forest 
Service, private, state and tribal entities.  To complicate matters further, the tribal or 
Indian lands hold different definitions.  

The U.S. Congress defines three different components that comprise the status of 
Indian land: reservations, allotments, and dependent Indian communities. Reservations 
are areas that are set aside by the United States for permanent use by Native Americans.  
Allotments, on the other hand, are areas that are in possession of individual Native 
Americans, but may not be transferred without the consent of the United States (1349-
Indian Country Courts Split). Lastly, Dependent Indian Communities is a term that 
captures a complex setting of New Mexican Pueblos and other areas within which the 
federal government holds criminal jurisdiction, even though the land is not a reservation 
or allotment. Pueblos are considered not to be reservations or allotments and land within 
the Pueblos can be held by non-Indians. In addition to these three components, there are 
also independent Navajo Nation land use designations.  

The Navajo Nation was created in 1868 when, after four years of exile, the Navajo 
returned to their ancestral lands. They were first governed by appointed federal officials, 
sometimes with the help of Navajo tribal leaders (Washington, 2011). The current tribal 
government was only recognized by the federal government in 1923 and has evolved into 
the largest American Indian governmental system in the U.S. All land within the Navajo 
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Nation is owned commonly and the Navajo Nation Council is charged with its 
administration and regulation. This is important as the tribal land found within the Arroyo 
Chico Watershed is under the jurisdiction of the Navajo Nation Council and the Council 
has to be considered when planning in the watershed. 

 3.0 WATERSHED CHARACTERIZATION 

The Arroyo Chico Watershed covers approximately 1/3 of the greater Rio Puerco 
Watershed and is located about 60 miles northwest of Albuquerque in the northwestern 
portion of New Mexico. It is framed in the North and West by the Continental Divide, on 
the South by Mt. Taylor, and on the East by the Rio Puerco. Its main tributaries are 
Torreon Wash in the northwest and the Arroyo Chico (BLM, 20XX). 
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3.1 GEOLOGY

 

 

The watershed originates along the southeastern margin of the Colorado Plateau 
and along a transition zone with the Rio Grande Rift. It consists predominantly of soft 
upper Paleozoic, Mesozoic, and lower Cenezoic sedimentary strata that display Permian 
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through Tertiary-aged continental and marine sandstones, shale, mudstones, and 
carbonate rocks (see Map above). Most of the soil strata are flat or often faulted and 
carved into valleys and flanked by mesas and mountains.  The more mountainous areas 
of the Arroyo Chico Watershed are composed of intrusive igneous rocks such as granitic 
plutonic rocks, gneiss, and schists. Here we also find younger Tertiary or Quaternary 
volcanic rocks that intrude into the sediments and sometimes topple high standing mesas.  
Tertiary and Quaternary valleys are made up of pediment gravels, talus, and alluvial 
deposits.  Prominent features within the watershed are peaks that are formed of volcanic 
plugs. Scientists assumed that these peaks are remnants of the former valley floor, and 
have withstood the river that had washed away shale, sandstones, and alluvial material 
(NRCS, 2002). 

3.2 SOILS 

Hydrologic soil groups are classified according to their runoff potential. When soils 
are not protected by vegetation cover during a storm event and are thoroughly wet, the 
water infiltration rate is measured. The infiltration potential of a soil then categorizes the 
soil into one of the four hydrological soil groups.  The soil groups within the Arroyo 
Chico Watershed are also assigned to these groups (A, B, C and D). Below is a definition 
of the different characteristics of the four soil classification groups according to the 
Natural Resources Conservation Service (NRCS) (NRCS, 2002). 

 Group A. Soils having a high infiltration rate (low runoff potential) when 
thoroughly wet. These consist mainly of deep, well drained to excessively drained sands 
or gravelly sands. These soils have a high rate of water transmission. 

 Group B. Soils having a moderate infiltration rate when thoroughly wet. These 
consist chiefly of moderately deep or deep, moderately well drained or well-drained soils 
that have moderately fine texture to moderately coarse texture. These soils have a 
moderate rate of water transmission. 

 Group C. Soils having a slow infiltration rate when thoroughly wet. These consist 
chiefly of soils having a layer that impedes the downward movement of water or soils of 
moderately fine texture or fine texture. These soils have a slow rate of water transmission. 

 Group D. Soils having a very slow infiltration rate (high runoff potential) when 
thoroughly wet. These consist chiefly of clays that have high shrink-swell potential, soils 
that have a high water table, soils that have a claypan or clay layer at or near the surface, 
and soils that are shallow over nearly impervious material. These soils have a very slow 
rate of water  transmission. 
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The predominant soil types within the watershed are sedimentary sandstones, clay 
entisols and aridosols (Map above). (NRCS, 2002).  Due to these soil types and their 
limiting soil properties, about half of the Arroyo Chico Watershed is severely restricted 
and cannot be developed for many land uses such as road construction, commercial 
buildings, trails, and camp areas. This is partially caused by shallow depth to rock and 
steep slopes. Other limiting factors are the shrink-swell potential and low soil strength 
(Farmington Field Office, 2003). Due to thin soils, seepage, and a high potential for 
piping, the construction of embankments is also limited in 10 to 30 percent of the 
watershed. Excavations are also only feasible within approximately 50 percent of the 
watershed due to slope, depth to rock, and caving of cut banks. 
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3.3 CLIMATE 

The Arroyo Chico Watershed lies within a region of semiarid climate. Most of its 
precipitation occurs during the summer months. The annual precipitation varies across 
the region between 9 and 15 inches (Vincent, 1992). These averages vary considerably 
from year to year.  For example the lowest recorded value at the Johnson Ranch Station 
of 4.34 inches, which occurred in 1956, was followed by one of the highest, with 16.74 
inches, the following year.  Summer monsoon rains that fall between early July and late 
September generally come from the Gulf of Mexico and contribute over half of the mean 
annual precipitation in this area.  These rains typically come in high intensity, short 
duration convective thunderstorms that create flash floods (BLM, 2012).   

An extremely dry period from 1895 to 1904 was followed by an extremely wet 
period from 1905 to 1928.  Tree ring researchers D’Arrigo and Jacoby (1991) found that 
this was the most abrupt shift from severe drought to sustained precipitation in the past 
1,000 years.  The current episode of accelerated erosion in the Rio Puerco was initiated 
during this period. 

3.4 HYDROLOGY 

The Chico Watershed is part of the Rio Grande basin, as defined by the New 
Mexico Water Quality Control Commission (NMWQCC). The Watershed is included in 
Stream Reach Number 2105 and its uses are irrigation, limited warm water fishery, 
livestock watering, wildlife habitat and, in rare occasions, secondary contact such as 
swimming and wading (NRCS, 2002).  

The Arroyo Chico and the Rio Puerco are for the most part intermittent streams 
and only flow in response to spring snowmelt and storm events. Because of their 
intermittent character there are no fisheries, but livestock and wildlife make extensive use 
of the stream reaches within the watershed.   

3.4.1 Peak Flow 

The U.S. Geological Survey (USGS) maintains a water gauging station (08340500) 
in the Arroyo Chico Watershed on the eastern edge near the town of Guadalupe. The 
gauging station operated from 1943 to 1986, and from 2006 until the present day. 
Examination of the monthly statistics shows a mean high of 102 cubic feet per second 
(cfs) in August to a low of 1.6 cfs in December. Most recently the monitoring data for 
2011 resulted in a mean annual discharge of 8.27 and in 2012, 7.45 cfs.  The highest ever-
recorded discharge was in September 12, 1982 with 15,200 cfs (USGS, 2012). The highest 
annual mean was in 1957 with 61.9 inches and the lowest in 2009 with 2.96 inches (Table 
1.1 below).  
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Table 1.1 Peak Flow Arroyo Chico 

 Calendar 
Year  

2011 

Date Calendar 
Year  

2012 

Date Water Year 
1944-2012 

Date 

Annual total 3,016.92   2,725.56  NA  

Annual mean 8.27  7.45  19.3  

Highest daily 
mean 

453        9/19/2011 471         7/6/2012   

Maximum 
peak flow 

NA NA 1.670        7/6/2012 15,200    9/12/1982 

Maximum 
peak stage 

NA NA 5.81          7/6/2012 7.79        6/25/2009 

Annual Runoff 5,980  5,410  13,990  

 

3.4.2 Water Course Type 

The National Hydrography Dataset (NHD) is a collection of data that consolidates 
information about naturally occurring and constructed water bodies and paths and 
describes the Arroyo Chico Watershed stream reaches (Table 1.2–below). The Chico has 
177 miles of artificial paths, 1 mile of ditch or canal, 3,136 miles of intermittent streams, 
and 23 miles of perennial streams (NRCS, 2002). 

Table 1. 2 Water Course Type (NRCS report table) 

Water Course Type Miles 
Artificial Path 177 

Canal / Ditch 1 

Intermittent Stream / River 3,136 

Perennial Stream / River 23 

Sum (Σ) 3,337 

 

3.4.1 Water Quality Data/Issues 

The Clean Water Act of 1972 states in Section 303(d), that “states, territories, and 
authorized tribes, are required to develop lists of impaired waters.” Impaired waters are 
defined by the Environmental Protection Agency (EPA) as water bodies that are “too 
polluted or otherwise degraded to meet the water quality standards set by states, 
territories, or authorized tribes.” The law requires involved jurisdictions to establish 
priority rankings for streams that are identified as impaired, and to develop standards for 
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Total Maximum Daily Loads (TMDLs) to meet water quality standards (RPMC, 2001).  
No reaches in the Arroyo Chico Watershed are identified as Impaired Surface Waters, as 
defined by the EPA. NMED has been unable to measure TMDLs in the area because of 
the intermittent nature of the watershed. However, the greater watershed has attracted 
attention for its overall watershed instabilities and significant contributions of sediment to 
the Rio Puerco and Rio Grande systems.  

3.4.2 Ground Water 

The Natural Resources Conservation Service (NRCS) defines a groundwater basin 
as an area that has been proclaimed by a State Engineer to be underlain by a 
groundwater source and having reasonably ascertainable boundaries. By defining a 
groundwater reservoir and its boundaries the State Engineer assumes jurisdiction over the 
appropriation and use of groundwater from the source. The Arroyo Chico Watershed falls 
within and is totally absorbed by the Middle Rio Grande Underground Water Basin 
(NRCS, 2002). 

The state of New Mexico discharges about 50% of its water from the underlying 
Rio Grande Water basin. Starting in 1885, due to a drought that distressed New Mexico, 
local communities had to rely on groundwater for development early on (Bushnell, 2012). 
During the 1930s and 1950s shallow groundwater sources were tapped extensively. After 
the demand grew and new technologies made it easier to discharge groundwater, the 
New Mexico Legislature drafted the Groundwater Code in 1931 to allow the State 
Engineer to have control over groundwater administration. The drought during the 1940s 
and 1950s accelerated the groundwater pumping, which caused water tables to further 
decline. In 2009 alone the State of New Mexico used 1.9 million-acre feet of groundwater. 
In 2012, according to the National Groundwater Association (NGWA), New Mexico 
supplied 50% of its water through groundwater discharge (Table 1.3 – below).  

Table 1. 3 Groundwater Usages in New Mexico 

Purpose MGD* % Total GW** % Total supply for Purpose 

Public Supply 249 15% 87% 

Household (self-Supplied) 32 2% 100% 

Irrigation 1,270 76% 45% 

Livestock/Agriculture 49 3% 70% 

Industrial, Self-Supplied 12 >1% 87% 

Mining 57 3% 98% 

Thermoelectric 10 >1% 19% 
*Millions of Gallons per Day (MGD) 
**Groundwater (GW) 
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There are 39 underground water basins in New Mexico some of which are closed 
and others which are hydrologically connected to surface water. Closed or isolated basins 
are embedded by surrounding geology, and do not receive significant recharge from 
surface water or precipitation. These basins don’t recover quickly from withdrawal.  

The table below illustrates the consumers of groundwater divided into the three 
counties that the Arroyo Chico Watershed is located in: 

Table 1.4  

Category  
Cibola Total Use 
(Acre-Feet) 2005 

McKinley Total Use 
(Acre-Feet) 2005 

Sandoval Total Use 
(Acre-Feet) 2005 

Commercial 69 184 2,642 

Domestic 1,169 3,623 2,754 

Industrial 1,172 1,056 3,880 

Irrigated 
Agriculture 5,693 1,183 54,382 

Livestock 217 260 129 

Mining 0 2,725 688 

Power 0 3,998 0 

Public Works 
Supply 3,484 4,713 13,861 

Reservoir 
Evaporation 1,080 0 5,215 

County Total 12,884 17,742 83,551 

 ( BLM, Rio Puerco Field office December 2009, Rio Puerco Field Office RMP/EIS, 
Analysis of the Management Situation) 

 

3.6 ENVIRONMENTAL RESOURCES 

Mesas, buttes, ridges, and rock terraces that are interrupted by open valleys, 
canyons, and badlands characterize the Arroyo Chico Watershed. Its predominant cover is 
composed of piñon-juniper woodlands and northern desert shrubs, where the piñon-
juniper vegetation only comprises a small portion of the total area. Sagebrush, four-wing 
saltbush, mountain mahogany, blue grama, eastern wheatgrass, Indian ricegrass, galleta, 
bottlebrush squirreltail, New Mexico feathergrass, and prickly pear are native to this area 
(BLM, 2002).  
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3.6.1 Ecoregion 

The EPA has defined ecoregions in order to develop a common framework of 
ecological regions, and incorporated previous ecoregion frameworks including those 
developed by the U.S. Forest, the EPA, and the NRCS. An ecoregion describes an area of 
similar vegetative characteristics and quality and quantity of environmental resources. 
Generally ecoregions are large and span millions of acres and cover multiple states. The 
Arroyo Chico Watershed includes two ecoregions: the Arizona-New Mexico Mountains 
and Arizona-New Mexico Plateau (Map below).  
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3.6.1.1 Arizona-New Mexico Plateau Ecoregion 

The Arizona-New Mexico Plateau covers most of the watershed except for the 
southern tip.  It describes a transitional zone between shrublands and wooded higher 
relief tablelands. The Arizona-New Mexico Plateau is mostly characterized by a mosaic of 
sparse, semiarid grassland and desert-scrub species. Some of the stream reaches contain 
riparian canopies of cottonwood (Populus dektoides), desert willows (Chilopsis linnearis) 
and salt cedar (Tamarix spp.). The upland areas of this ecoregion are covered with 
junipers (Juniperus spp.) and piñon (Pinus spp.) while in the highest elevation ponderosa 
pine (Pinus ponderosa) cover is found. The Gunnison prairie dog is the keystone species 
for this ecoregion and is found in many areas where the vegetation is composed of 
sagebrush (Bell & el al, 1999).  

3.6.1.2 Arizona-New Mexico Mountains 

The Arizona-New Mexico Mountains ecoregion only comprises a small portion of 
the south tip of the Arroyo Chico Watershed. The Arizona-New Mexico Mountains 
ecoregion encompasses the highest elevations in the watershed.  
The Arizona-New Mexico Mountains ecoregion is mainly found in mountain ranges and 
desert plains and its mountains are amongst the oldest in the southwest. The more 
prevalent habitats in this ecoregion include Madrean pine-oak conifer-oak forest and 
woodland, Rocky Mountain forest and woodland, and Rocky Mountain montane mixed 
conifer in the higher elevations. Piñon-juniper/juniper savanna, steppe and grasslands, 
Chihuahuan semi-desert grassland, and Western Great Plains shortgrass prairie comprise 
the lower elevations (New Mexico Department of Game and Fish, 2006).  

3.6.1 Vegetation Types/Ecosystems 

The watershed is composed of mesa side slopes, lower elevation mesa tops, 
bottomlands and riparian areas. The mesa side slopes are steep, open grasslands with an 
elevation of 6,400 to 7,700 feet. They are mainly populated by ponderosa and piñon pine 
tress and blue grama and Western wheatgrass. The lower-elevation mesa tops are piñon -
juniper stands that are intermixed with grassland and shrub benches as well as ponderosa 
pine forest stringers. Its elevation ranges from 5,900 to 6,400 feet. Piñon and juniper trees, 
blue grama and Western wheatgrass mainly cover the mesa. The bottomlands are 
composed of rolling foothills, wide alluvial valley fills, canyons, and deep arroyos. The 
elevation is around 5,900 feet. The bottomlands are mainly populated by alkalai sacaton, 
blue grama, galleta, squirretail, broom snakeweed, rubber rabbitbrush, greasewood, four-
wing saltbush, and shadscale. The riparian areas frame the perennially, intermittently, and 
ephemerally flowing streams as well as standing water and springs.  
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3.6.2 Riparian Areas 

The riparian areas comprise only about two percent of the Arroyo Chico 
Watershed, but constitute critical habitat to native plants and wildlife communities. They 
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not only assure habitat for migratory birds and endangered species, but for wildlife 
overall (USDA 2005). Many species depend entirely on riparian areas as their prime 
habitat and others spend a disproportionately large amount of time within this zone. The 
riparian area is also a substantial area for grazing, recreation, road location, and other 
developments (BLM, 2012). 

The vegetation within the riparian areas along the Chico reaches is predominantly 
upland shrubs and grass species. Rabbitbrush and sacaton are found here. In areas where 
there is water runoff during summer storm events, sedge, willows, and cottonwoods can 
grow. In recent times portions of the riparian areas have seen an encroachment of salt 
cedar or tamarisk. There are three distinct riparian ecosystems within the Arroyo Chico 
Watershed: 

3.6.2.1 Azabache Riparian Area:  

The Azabache riparian area extends from T17N R5W and T16N R5W southeasterly 
to T16N R3W. The riparian area is approximately 43,200 feet long and covers 380 acres. It 
consists of five interrupted segments that stretch along the Arroyo Chico, two of which 
are found in McKinley County.  The Azabache channels have a generally semi-perennial 
flow regime. Nevertheless a small portion receives perennial flow from Charlotte's Well 
(BLM, 2000).  Some of the native vegetation has been displaced by salt cedar and 
rabbitbrush. The riparian vegetation consists of sedges, rushes, rabbitfoot grass, saltgrass, 
and coyote willow. A portion of the Azabache riparian area was designated as potential 
habitat for the endangered willow flycatcher. 

3.6.2.2 Charlotte’s Well Riparian Area: 

The Charlotte’s Well Riparian Area is located at T16N R5W, Section 6 in McKinley 
County. This riparian area is approximately 3,300 feet long and encompasses 15 acres. 
This portion of the Arroyo Chico has perennial flow. The vegetation is composed of 
sedges, rushes, rabbitfoot grass, salt grass, and coyote willow. Large portions of the native 
vegetation, however, has been crowded out by rabbitbrush. There is no cottonwood 
growth is this area, which might be attributed to salinity of the soil. Immediately below 
the well are dense stands of large salt cedars with very little native vegetation. Woody 
species that are native to the riparian area are almost completely missing. The bordering 
upland areas are populated by alkali sacaton, western wheatgrass, bottlebrush squirreltail, 
Indian rice grass, galleta grass, blue grama, winter fat, and four-wing saltbush. Much of 
the area is dominated by broom snakeweed. Charlotte’s Well was also designated as 
potential habitat for the endangered willow flycatcher.  

3.6.2.3 Chico Crossing Riparian Area: 

The Chico Crossing riparian area originates downstream from the Azabache 
riparian area and is located at T16N R4W in Sandoval County. The Chico Crossing 
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riparian area is approximately 50,000 feet long and spans around 260 acres of riparian 
habitat. Its channels are semi-ephemeral throughout the year.  

3.6.3 Ecosystems  

According to the EPA an ecosystem is all the living organisms in an area, along 
with their environment. A river ecosystem, for example, includes all the birds, fish, bugs, 
algae, and bacteria living in that river, as well as the rocks, sand, soil, and water in the 
river. 

The Arroyo Chico Watershed is comprised of 15 different ecosystems. The Inter-
Mountain Basin Semi-Desert Shrub Steppe is the largest ecosystem at about 40%. The 
Colorado Plateau Piñon-Juniper Woodland covers 26% of the area and Inter-Mountain 
Basins Semi-Desert Grassland 16%. The remaining areas of the watershed are covered by 
Rocky Mountain Ponderosa Pine Woodland, Inter-Mountain Basins Shale Badland, Inter-
Mountain Basins Big Sagebrush Shrubland, each with 4%, and Inter-Mountain Basins 
Mixed Salt Desert Scrub with 2% coverage. Inter-Mountain Basins Active and Stabilized 
Dune, Colorado Plateau Mixed Low Sagebrush Shrubland, Inter-Mountain Basins 
Greasewood Flat, Rocky Mountain Montane Dry-Mesic Mixed Conifer Forest and 
Woodland, Inter-Mountain Basins Juniper Savanna, Rocky Mountain Cliff and Canyon, 
Rocky Mountain Lower Montane Riparian Woodland and Shrubland and Southern Rocky 
Mountain Piñon-Juniper Woodland comprise only 1% or less than 1% (Table 1.5 - below). 

Table 1.5 - Ecosystems in the Arroyo Chico Waterhsed 

Ecosystem  Acres 
% of 
Watershed 

Inter-Mountain Basins Semi-Desert Shrub Steppe  348,342 40 

Colorado Plateau Pinyon-Juniper Woodland  224,880 26 

Inter-Mountain Basins Semi-Desert Grassland  142,737 16 

Rocky Mountain Ponderosa Pine Woodland  36,131 4 

Inter-Mountain Basins Shale Badland  34,605 4 

Inter-Mountain Basins Big Sagebrush Shrubland  32,845 4 

Inter-Mountain Basins Mixed Salt Desert Scrub  13,963 2 

Inter-Mountain Basins Active and Stabilized Dune  12,275 1 

Colorado Plateau Mixed Low Sagebrush Shrubland  9,973  1  

Inter-Mountain Basins Greasewood Flat  8,676  1  

Rocky Mountain Montane Dry-Mesic Mixed Conifer Forest 
and Woodland  2,621  <1  

Inter-Mountain Basins Juniper Savanna  1,942  <1  
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Rocky Mountain Cliff and Canyon  1,570  <1  

Rocky Mountain Lower Montane Riparian Woodland and 
Shrubland  1,403  <1  

Southern Rocky Mountain Pinyon-Juniper Woodland  1,219  <1  

(NRCS report table) 

3.6.4 Wilderness Study Area 

Within the Arroyo Chico Watershed there are three overlapping Wilderness Study 
Areas (WSAs).  As defined a WSA is a roadless area that has been inventoried through the 
wilderness review process and found to have wilderness characteristics as described in 
Section 603 of FLPMA and Section 2(c) of the Wilderness Act of 1964. Approximately 
32,973 acres of the Chico Watershed are covered by the Ignacio Chavez WSA, 9,011 acres 
by the Empedrado WSA and approximately 7,379 acres by the La Lena WSA.  Combined 
these WSAs account for 49,363 acres and contain wilderness characteristics such as 
naturalness, opportunities for solitude, or opportunities for primitive and unconfined 
recreation. The WSAs cover approximately 5.6% of the public land in the watershed 
(Map–Wilderness Study Area, below). 
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3.7 WILDLIFE  

The Arroyo Chico Watershed supports a diverse variety of wildlife. According to 
the BLM there are around 30 species of large mammals and over 66 species of small 
mammals, 177 species of birds, including migrants birds, and 38 reptiles, amphibians and 
invertebrates (BLM, 20XX). Mule deer are found throughout the Arroyo Chico Watershed 
and pronghorns occur in the regions with sagebrush cover and plains grasslands. There 
are elk, black bear, cougar, turkey, scaled quail, and mourning dove all found within the 
watershed and a portion of the Arroyo Chico provides winter habitat for deer and elk 
herds.   
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3.7.1 Reptiles & Amphibians 

Most of the reptiles and amphibians live within the dense brush or rocky and 
spring and wetland areas, but only little is known about them. The best-known species 
are spotted toad, western spadefoot toad, Woodhouse’s toad, and tiger salamander. 

3.7.2 Raptors 

The watershed also provides habitat for a variety of raptors. Most common are the 
sharp-shinned hawk, Cooper’s hawk, red-tailed hawk, marsh hawk, and golden eagle. 
There are also ravens and jays.  

3.7.3 Small Mammals 

The 66 different species of small mammals include cottontail and black-tailed 
jackrabbit, Colorado chipmunk, Gunnison’s prairie dog, white-tailed antelope, ground 
squirrel, rock squirrel, silky pocket mouse, Western harvest mouse, deer mouse, brush 
mouse, piñon mouse, rock mouse, white-footed deer mouse, Northern grasshopper 
mouse, white-throated woodrat, and porcupine.  There is also a group of carnivores that 
live in the Arroyo Chico, including the long-tailed weasel, badger, bobcat, mountain lion, 
black bear, coyote, striped skunk, and gray fox.  

3.7.4 Birds 

Most of the 177 bird species that are potentially found in the watershed are neo-
tropical migratory birds. In the recent past many of these species have been declining. 
These birds include the MacGillivary’s warbler, the southwestern willow Flycatcher, the 
mountain plover, Western burrowing owl, long-billed curlew, ferruginous hawk, Cassin’s 
sparrow, loggerhead shrike, Scott’s oriole, gray vireo, black-throated gray warbler, solitary 
vireo, gray flycatcher, whip-poor-will, Virginia’s warbler, and Grace’s warbler. 

3.8 ENDANGERED AND THREATENED SPECIES  
AND OTHER SPECIAL-STATUS SPECIES 

An endangered species, as defined by Congress in 1973, is any species that is in 
danger of extinction throughout all or a significant portion of its range. A threatened 
species, on the other hand, means a species that is likely to become endangered in the 
foreseeable future (U.S Fish and Wildlife Service, 1973).  The New Mexico Natural 
Heritage program is responsible for tracking endangered and threatened species that are 
on both federal and state lists. The table below is collection of the endangered and 
threatened species that are found within the Arroyo Chico Watershed (NRCS, 2002). 
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Endangered and Threatened Species 

Common Name 
Scientific 
Name Tax Class Family 

Fed 
Status 

State 
Status 

Gray Vireo Vireo Vicinior Aves Vireonidae  T 

Parish’s Alkali 
Grass 

Puccinellia 
parishii Monocotyledoneae Poaceae  E 

(NRCS) 

Special status species that can be found in the Arroyo Chico Watershed are the 
bald eagle and the mountain plover. Federally listed and proposed species include the 
American and Arctic peregrine falcons, mountain plover, Western burrowing owl, 
loggerhead shrike, and ferruginous hawk.  

3.9 INVASIVE SPECIES, PESTS, AND PATHOGENS 

According to the Invasive Species Advisory Committee (ISAC) invasive species are 
“alien species whose introduction does or is likely to cause economic or environmental 
harm or harm to human health.” It is further defined as “a species that is non-native to 
the ecosystem under consideration and whose introduction causes or is likely to cause 
economic or environmental harm or harm to human health” (ISAC, 2006). In New Mexico 
and other Southwestern sates, the Southwest Exotic Plant Mapping Program (SWEMP) is a 
collaborative effort between the United States Geological Survey and federal, tribal, state, 
county, and non-government organizations which supports efforts to gather and distribute 
regional data on the occurrence of non-native invasive plants. Within the Arroyo Chico 
Watershed, the SWEMP has identified five species of invasive plants. Each of these 
species is defined as non-native by the USDA PLANTS database. They include hoary 
cress, musk thistle, perennial pepperweed, Russian knapweed, and spotted knapweed 
(see Table 1.6 - below). 

Table 1.6 - Invasive Species, Pests and Pathogens 

Scientific Name Common Name 

Brassicaceae (Mustard Family) Hoary Cress (Whitetop) 

Asteraceae (Sunflower Family) Musk Thistle 

Brassicaceae (Mustard Family) Perennial Pepperweed 

Asteraceae (Sunflower Family) Russian Knapweed 

Asteraceae (Sunflower Family) Spotted Knapweed 

(Table: Invasive Species Recognized by the SWEMP) 
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3.8 SUB-WATERSHED INFORMATION  

The Rio Puerco has acquired worldwide renown as a severely impacted and 
degraded watershed, synonymous with accelerated erosional processes.  While the 
watershed contributes less than 10 percent of the total flow, it is a primary source of 
sediment to the Rio Grande, contributing a disproportionately large percentage of silt and 
debris to that system.  It contains seven subwatersheds: 

Arroyo Chico Subwatersheds HUC 10 

Sub-watershed Name HUC Size (acres) Size (sq. km) 

San Miguel Creek 10-digit 1302020501 114,767 464 

Headwaters of  
the Arroyo Chico 

10-digit 1302020502 179,389 727 

North Fork of  
the Arroyo Chico 

10-digit 1302020503 140,930 572 

San Isidro Wash 10-digit 1302020504 73,747 298 

Headwaters of the  
Torreon Wash 

10-digit 1302020505 117,204 473 

Outlet of the Torreon 
Wash 

10-digit 1302020506 128,854 522 

Outlet of the Arroyo 
Chico 

10-digit 1302020507 125,339 506 

 

An additional table with the HUC 12 subwatersheds is found in Appendix I (Table 1.7 - 
Appendix I). 
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3.9 POPULATION  

The collection of population statistics for the Arroyo Chico Watershed was made 
difficult because the site lies within three different counties. Thus this section provides a 
brief overview of historic population growth trends and future trends within the three 
counties (Alcantara et al, 2003). 

3.9.1 Historical Population Growth Trends 

Population trends are often influenced and driven by the economic climate. 
Mining, agriculture, and the availability of water have been the driving forces behind 
early population development in New Mexico (New Mexico Environmental Department, 
2007). The Federal Government has also been playing a key role in influencing growth 
patterns.  The Mining Act of 1872 boosted the mining industry in New Mexico and the 
various Homestead Acts provided affordable farming land for newcomers to acquire. 
Further urban growth was fostered by infrastructure development implemented by the 
State.  The period leading up to WWII boosted the military industry through enhanced 
federal spending. This attracted new workers to New Mexico. At the same time New 
Mexico increased its oil production in certain counties and their economies grew 
extensively. The mining industry experienced a short-lived upswing, but by 1981 the 
population and economic boom came to a halt. Oil prices fell and defense spending was 
cut. Many uranium mines also closed down and people were laid off.  Among the regions 
that were hardest hit were McKinley and Cibola Counties. Following these events the 
average annual population growth rate was reduced from 2.5% to 1.5%. During the 1990s 
New Mexico’s economy grew by around 2.5% annually.   

In general it can be said that the New Mexico population growth rate is closely 
linked with its economic opportunities and performance. When industries are doing well 
more people are moving into the state. When industries are hurting the opposite trend is 
observable. See the detailed population growth table below. 

Table 1.8 - County Population in Region 

Census Year Cibola McKinley Sandoval 

1970 20,062 35,253 17,342 

1980 30,346 47,514 33,772 

1990 23,794 50,019 62,128 

2000 25,595 61,742 88.812 

Census Year Cibola McKinley Sandoval 

1970-1980 4.14 2.98 6.66 

1980-1990 -2.43 0.51 6.10 
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1990-2000 0.73 2.11 3.57 

(Alcantara & al, 2003) 

 

3.9.2 Current Population Development 

Within the three counties that the Arroyo Chico Watershed is located in, the 
population is composed of a higher than average percentage of Native Americans and 
Hispanics. The largest part of the Watershed lies within McKinley County with 607,086 
acres of land; 74.6% of the population is Native American, 20.3% white, and 14.6% 
Hispanic. Sandoval County has 269,073 acres in the Chico Watershed and only 17.7% of 
its population is Native American, 79.7% is white, and 36.0% Hispanic. Cibola County 
occupies only 4,436 acres and its population is composed as follows: 41.0% Native 
American, 54.8% white, and 37.6% Hispanic. A detailed table on population development 
can be found in Appendix I (Table 1.9 - Appendix I). 

3.9.2 Future Population Growth Trends 

Sandoval is the County with the highest expected population growth. In general 
the population is expected to double in most of the planning area by 2060. Detailed 
tables of future population growth trends are below. 

Table 1.10 - Projected Population Size 

Year Cibola McKinley Sandoval 

2015 28,634 78,891 141,662 

2020 29,455 84,514 159,162 

2025 30,215 90,003 176,177 

2030 30,947 95,433 192,745 

2035 31,651 100,591 208,797 

2040 32,284 105,213 224,259 

2045 32,860 109,311 239,172 

2050 33,403 112,883 253,746 

2055 33,938 115,964 268,196 

2060 34,375 118,610 282,721 

 

Table 1.11 - Projected Population Growth Rate 

Year Cibola McKinley Sandoval 

2010-2015 0.63 1.52 2.65 
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2015-2020 0.57 1.38 2.33 

2020-2025 0.51 1.26 2.03 

2025-2030 0.48 1.17 1.80 

2030-2035 0.45 1.05 1.60 

2035-2040 0.40 0.90 1.43 

2040-2045 0.35 0.76 1.29 

2045-2050 0.33 0.64 1.18 

2050-2055 0.32 0.54 1.11 

2055-2060 0.31 0.45 1.05 

 

3.9.4 Current Land Ownership 

As defined by Federal Land Policy and Management Act in 1976 ‘“public lands” 
describes any land and interest in land owned by the United States within the several 
States and administered by the Secretary of the Interior through the Bureau of Land 
Management (BLM), without regard to how the United States acquired ownership (BLM, 
1976). 

Within the Arroyo Chico Watershed the U.S. Department of the Interior (USDOI), 
BLM Rio Puerco Field Office is responsible for managing public lands. For land that is not 
subject to BLM management, State, tribal and county governments have land-use 
planning and jurisdictional responsibility. Below is a detailed table to land ownership. 

Table 1.12 - Landownership 

Landowner Acreage % Of Basin 

Bureau of Land Management 287,838 33% 

Forest Service 77,940 9% 

Private 302,293 18% 

State 52,947 34% 

Tribal 159,583 6% 

TOTAL 880,601 100% 

 

3.10 HUMAN ACTIVITIES 

This section deals with the human activities that are maintained within the Arroyo 
Chico Watershed. Grazing is one of the main factors for the degradation of the watershed 
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and consequently this section devotes additional attention to the development and history 
of grazing. 

3.10.1 Grazing History 

Hugh G. Calkins described the grazing history of the region in an early report from 
1937. Until 1845 the upper Rio Puerco Watershed, including the Arroyo Chico, had been 
covered in a variety of grasses, with the upper Rio Puerco being a small permanent creek 
with clear water and lined with willows (Calkins, Report on the Cuba Valley, 1937). He 
describes how the area was only sparsely populated, used, and grazed.  In 1848 Jose 
Leandro Perea moved into the area with around 12,000 sheep. By 1853 his herds had 
increased to 50,000 sheep. In 1862 Jose Leandro’s nephew, Otero, moved to Bernalillo 
with another several thousand sheep and about 1,000 cattle. Their herds joined and 
within a short time had multiplied. In 1865 there were approximately 15,000 sheep. By 
1870 Otero’s herds had grown to 90,000 sheep and 9,000 cattle, and Jose Leandro’s sons 
had 150,000 sheep in the upper Rio Puerco Watershed. Until 1882 the government was 
the main buyer of sheep from the Puerco. Only after the railroad came did a new market 
open for wool and mutton that could be sold transregionally. Cabezon became a major 
trading center for sheepmen and cattlemen that worked for Otero. Farmers started to 
move in and diverted water from the Puerco for irrigation.  

In 1890 Cabezon had grown to become a flourishing center with three stores and 
seven saloons. The lands on the Nacimiento and Leche creeks at Cuba were settled and a 
diversion ditch from the Rio de Las Vacas was built to irrigate the land. Cuba was 
developing rapidly and turned into a center for growing wheat and corn. But the 
excessive number of livestock grazing the Rio Puerco destroyed the grass, and erosion 
accelerated.  After the Oteros and Pereas, J.H Matthews, Epimenio Miera, Augustine 
Iechwald, and Frank Bond would dominate sheep and cattle farming. J.H Matthews came 
to Cuba in 1883 and owned 14,000 sheep by 1897. Epimenio Miera started out with 1,000 
sheep and by 1904 his herd had grown to 32,000 sheep. Augustine Iechwald arrived in 
Cuba in 1885 and had 20,000 sheep by 1904. F. Bond bought 2,800 of Iechwald’s herd in 
1928. 

Frank Bond was an established sheepman in Rio Arriba County when he first 
visited the Cuba area in 1905. He began buying Miera and Iechwald sheep, increasing the 
number of his partidarios.  The partido system is an institution that began in Spain in the 
14th Century.  It moved to New Mexico in the mid-1700s.  Under the system a wealthy 
sheep-owning patron leased some of this flock to one or more landless sheepherders for 
three to five years in return for 20 percent payments in lambs or wool each year. The 
system regularly bankrupted Hispanic shepherds.  For example, after the disastrous 
winter of 1928, when nearly one-half of the sheep in the area froze, a large percentage of 
the entire sheep industry became concentrated in the hands of the Bond Company. 
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In 1937 the total number of livestock, exclusive of horses and milk cows, was 
approximately 25,000 sheep, slightly more than 5,000 goats, and a little over 5,000 cattle.  
Of the 500 consumption groups, approximately 350 owned land, while 400 owned 
livestock.  About 45 percent of the sheep now belonged almost exclusively to Frank 
Bond & Sons. 

The grazing capacity of the valley was estimated to be 4,300 cattle. The actual 
number of cattle according to the Soil Conservation Service Human Dependency Survey, 
including both domestic and range stock, was 14,500 cattle-units.  Some undetermined 
portion of these 14,500 cattle-units were not dependent upon the range and were corral- 
and stubble-fed.  Around 2,500 cattle-units belonged to Bond and had the use of Bond 
lands outside of the area for part of the year.  The remaining stock that did depend on 
the range was sufficient to overstock the range by 70 to 80 percent.  That is to say 70 to 
80 percent of the total stock on the range would have to be removed to achieve 
sustainable grazing capacity. Additionally within a comparatively short time frame the 
range and land had deteriorated.  Following the decline of fertile ground and the 
productivity of the land people started to move away. Generally speaking grazing has left 
its mark on the entire watershed and has left this area in conditions that we are still 
battling to restore (Julien & al, 2002). 

3.10.2 Livestock Inventory 

Cibola, McKinley, and Sandoval, the three counties of the Arroyo Chico, have seen 
large increases of farms in recent years. While in 2002 there were 155 farms within Cibola 
County, there were 317 in 2007. McKinley has seen an even greater increase of 1,649% 
from 150 to 2,624 farms, and Sandoval County increased from 347 to 652 farms. Farming 
and agriculture thus still is a growing sector in the planning area and plays an important 
economic and social role. And even though there has been a large increase in the 
number of farms, farms involved in cattle production have decreased by 6 percent over 
the last 10 years. A detailed table can be found below. 

Table 1.13 - Livestock Inventory by County (Census 2007) 

Area Cibola Mc- 

Kin- 

ley 

Sand-
oval 

New 
Mex.  

        

Year 1910 1969 2007 1925 1969 2007 1925 1969 2007 1925 1969 2007 

Cattle & 
Live- 

stock  

NA NA 33,597 NA 15,564 33,863 NA 12,159 9,877 1, 081,663 1,499,332 1,525,976 

Hogs & 
Pigs 

NA NA 25 NA 85 168 NA 22 79 45,409 59,6112 1,972 

Sheep & 
Lambs 

NA NA 433 NA 98,978 41,991 NA 652 2,290 3, 346,984 720,181 126,928 
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3.10.3 Stocking rate 

The stocking rate is the number of animals allotted to an area for a given time. It is 
generally expressed as animal units per unit of land, and generally the BLM calculates this 
as Animal Units per Month (AUM). The carrying capacity is the capacity a land has to 
sustain a certain number of animals, thus a stocking rate that is sustainable over time 
(Redfearn, XXXX). According to the BLM different animal species have different daily 
needs for forage. Cows are estimated to consume 26 lbs of dry matter while horses can 
consume 32 lbs. Sheep on the other hand only consume 5 lbs and goats 4 lbs. A detailed 
table of daily forage demand and how to calculate AUMs can be found below. 

Table 1.14 – Grazing Units Abbreviation 

Concept Abbreviation Definition 

Animal Unit AU 1,000 lb. com and calf 

Animal Unit Day AUD 26 lbs. of dry forage 

Animal Unit month AUM 780 lbs. of dry forage 

Animal Unit year AUY 9,360 lbs. of dry forage 

Table by (Redfearn, XXXX) 

Calculate the stocking rate: 

Total Land Area/((#AUs)x(Grazing Season)) (Ogle, 2009)  As animals have a different 
demand of forage it is necessary to convert to animal unit equivalents (AUE) with the 
cow as a base animal. A 1,000 Lb cow demands 26lbs. forage a day. Animals above 1,000 
Lb.: AUE = (Body Weight -100)/1,000 Animals below 1,000 Lb.: AUE = (Body Weight 
+100)/1,000 

Table 1. 15. Animal Unit Equivalent (AUE) and estimated daily forage dry matter 
(DM) consumption for various classes of animals: 

Animal Type AUE Dry Matter (DM) Demand (Lbs. per day) 

Cows 1.0 26 

Bulls 1.25 32 

Horses 1.25 32 

Sheep 0.2 5 

Goats 0.17 4 

White-tailed deer 0.17 4 
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The BLM establishes a limit for AUMs in the Arroyo Chico Watershed based on 
existing conditions. This defines the total maximum number of AUMs. The actual use 
however ranges between 45 and 67 percent of the limit in the last 10 years. This is due to 
factors such as drought, financial limitations, market conditions, and implementation of 
grazing practices to improve range conditions. Grazing in the Arroyo Chico occurs year-
round.  

3.10.4 Woodcutting 

The Arroyo Chico Watershed contains only small portions of land that are covered 
with forest. Most of the logging and woodcutting that occur is on a small scale and 
primarily for local use only. Historically fuel wood has been an important forest product 
(RPFO-Vol1_Draft). 

3.10.5 Mining 
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Resource extraction has a long history in New Mexico, with the earliest mining 
occurring during the prehistoric times by Southwest Indians. Many of the local resources 
such as building stone, chert, pottery clay, mineral pigments, adobe, and gypsum have 
been utilized and extracted for centuries. With the Spanish, metal was introduced but 
serious attempts to mine metal were only undertaken after the arrival of the Atchison, 
Topeka and Santa Fe Railroad. 
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Until the Great Depression in 1929, coal was the main resource being extracted in 
New Mexico. During WWII magnesium was extracted and uranium explorations started in 
the 1940s. In 1953 petroleum production started and has provided the largest income 
from energy and mineral commodities since. The population increase in Albuquerque 
pushed the demand for industrial material such as sand, gravel, and cement products and 
thus the extraction of industrial material increased. But because of the fluctuating demand 
and prices, many of the mines in New Mexico have only operated intermittently. 
Nevertheless mineral production has amounted to about $30 billion since the 1800s and 
accordingly is one of the most important income sources for the state (McLemore & al, 
Mining Districts in New Mexico, 2005). 

According to the Energy, Minerals and Natural Resource Department (EMNRD), in 
2010 minerals worth around $1.8 billion were extracted in New Mexico. New Mexico 
remains a leading mineral producer in the USA. It ranks first in the extraction of potash, 
perlite, and zeolite, fourth in copper, and thirteenth in coal. Coal is also the most 
important mineral with the highest production value and payroll and greatest revenue for 
the State of New Mexico. Nevertheless in 2010 the total revenue of mineral production 
had declined from $70.9 million in 2009 to $54.7 million.  

In 2010 there were 217 active mines registered in New Mexico, including five coal 
mines, three potash mines, five potash refineries and one potash compaction plant, one 
molybdenum mine and one molybdenum mill, two copper mines and two solvent 
extraction/electro-winning (SX/EW) plants, 25 industrial mineral mines and 13 industrial 
mineral mills, and 159 stone and aggregate operations (EMNRD, 2011). A detailed table 
about the mining industry in New Mexico is found below. 

 
Table 1.16 - Mining in New Mexico: 

Mineral Production 

 

Prod.  

Rank 

Production  

Value  

Employees Reclamation  

Employees 

Payroll  Revenue  

Coal 21,836,926  13 $ 667,325,057 1,583,326 326 $ 96,636,653 

 

$ 34,117,782 

Copper 116,822,927 4 $ 400,190,809 1,067 91 $ 38,545,794 $ 3,299,061 

Coal - - - 0 0 $ - $ 11,195 

Industrial  

Minerals 

2,343,734 - $ 110,718,970 484 13 $ 16,571,353 $ 973,561 

Aggregates 10,752,950 _ $ 81,697,488 911 109 $ 16,950,264 $ 1,884,479 

Other Metals 21,177   - $ 337,560 21 4 $ 1,049,663 - 

Molybdenum 529,151 - $ 7,540,402 208 8 $ 11,643,000 - 

Potash 812,756 1 $ 512,426,376 1,327 29 $ 86,469,252 $ 14,301,051 

Silver 9 - - 0 0 - $14,691 

Uranium - - - 57 47 $ 3,498,775 $ 75,563 
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 3.9.3.1 Oil & Gas 

According to the U.S. Energy Information Administration, in 2011 New Mexico 
ranked sixth in crude oil production in the Nation. Its production of natural gas 
accounted for 5.3 percent of the U.S. market.  New Mexico also ranked fourth in installed 
solar photovoltaic capacity and increasing from 43 megawatts in 2010 to 116 megawatts 
in 2011. Since then, a massive increase in “fracking” has occurred in the San Juan and 
Arroyo Chico Watersheds, largely near Counselor Chapter and Chaco Canyon.  This 
activity is having a deleterious effect on the resource as well as on roads and the safety of 
inhabitants. 

New information has suggested that fracking increases the danger of earthquakes 
in the area. Chaco Canyon is a sacred historical place to Native American people in the 
region. But, “frackquakes” could destabilize heritage sites like Pueblo Bonito, a celebrated 
cultural site in Chaco Canyon. At one time the largest single dwelling in North America, 
Pueblo Bonito stands as a testament to the organizational and engineering abilities of the 
ancestral Pueblo peoples. “Navajo people are extremely devastated by the fracking on 
our land,” said Elouise Brown, a member of the Navajo Nation and president of Dooda 
(NO) Desert Rock Organization. “We have rights which are being violated.” 

3.9.3.2 Metals 

According to the New Mexico Bureau of Geology and Mineral Resources there are 
occurrences of numerous types of metallic mineralization within the areas of the Sandia, 
Manzano, Nacimiento, and Jemez Mountains as well as the Cuba area (McLemore & al et, 
1984).  

3.10.5.3 Industrial Materials 

Industrial materials are compounded of solids, liquids (brine), and gases (carbon 
dioxide, nitrogen, etc.) along with minerals, rocks, manufactured products (lime), and 
some metals (boron, lithium, silicon) in a strict chemical sense.  Many industrial materials 
are potentially present in the Arroyo Chico Watershed, but often there is no economical 
market, and accordingly they are not being extracted. 

3.10.5.4 Uranium 

Uranium has a long history in New Mexico. Native Americans are believed to have 
used uranium ore as paint for ceremonial purposes. The first recorded discovery of 
uranium in New Mexico was made at the beginning of the 19th century. Since 1918 
carnotite ore has been mined in the Carrizo Mountains. After WWII government 

Total   $1,780,236,662 5,658 627 $ 271,364,754 $ 54,677,383 
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incentives resulted in new discoveries around New Mexico. In 1950 Petty Martinez, a 
Navajo shepherd, discovered a rock that after being examined appeared to be uranium. 
This was the first find in the Grants Mineral Belt, after which an exploration program was 
launched that located commercial deposits of uranium within the Tidilto Limestone 
formations. The Haystack mine was then developed.  Since the 1950s uranium mining has 
become an important source of income for the State of New Mexico (Perkins, 1979).  

There has been current interest in re-starting uranium mining in both the Arroyo 
Chico and the Rio San Jose Watersheds. 

3.10.5.5 Coal 

New Mexico mines coal for in-state consumption and export. Mining began in the 
early 1960s to serve power-generating plants. There are approximately 483 million tons of 
economically recoverable coal in New Mexico, which accounts for about 2.6 percent of 
the total estimated U.S. coal reserves (Peach & etal, 2009).  In the last several decades the 
number of active coal mines was drastically reduced. While there were 27 active mines in 
1952 with a production of 759 tons, in 2011 were only four mines left. Simultaneously the 
production of the remaining mines has drastically increased. The four mines produced 
21.9 million tons of coal annually. This decrease of mines in general and increase of 
production is a reflection of the shift from underground mining to surface mining in New 
Mexico. New Mexico now ranks number 13 of the coal mining states in the country (EIA, 
2012).  In the Arroyo Chico there are outcrops of Cretaceous coal-bearing sequences and 
Sandoval County encompasses the largest portion of coalfields. The fields are described 
by the outcropping of the coal-bearing Fruitland formations. The fields are: La Ventana, 
northeast East Mount Taylor, northeast Rio Puerco, east Chaco Mesa, east San Mateo, and 
east Star Lake (McLemore & al et, 1984).  

Table 1.17 - Major Coal Fields in Arroyo Chico Basin  

Field Name District Location Year 
Discovered 

Productive 
Years 

Estimated 
Production 
(tons) 

Reference 

San Mateo 
Coal Field 

San Mateo  1905 1983-2001 99,830,000 Gardner 
(1907b), 
Hoffman 
(in press) 

Crownpoint 
Coal Field 

Crownpoint   1914-1951 24,287 Gardner 
(1907b), 
Hoffman 
(in press) 

La Ventana-
Collins 

   1954-1964   
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La Ventana 
Coal Field 

La Ventana T. 16-21 
N., R. 1-3 
W 

1884 1904-1983 2,600,000 McLemore & 
Chenoweth 
(1989), 
Hoffman 
(in press) 

(McLemore 
& et, 1984) 

(McLemore & al, Mining Districts in New Mexico, 2005) 

Table 1.18 - Active Coal Mines in Arroyo Chico Basin: 

Name County Quads Latitude Long. Size 

Acres 

Operator  Description 

El 
Segundo 
Mine 

McKinley Laguna 
Castillo, 
Orphan 
Annie 
Rock 

35.654632994
7515 

107.8497747
1616 

15,430 Peabody 
Natural 
Resources 
Company 
dba Lee 
Ranch 
Coal 
Company 

 

McKinley 
Mine  

      The McKinley 
mine, operated 
by Chevron 
Mining was 
closed in 2008 
and is now 
under-going 
reclamation. 
The McKinley 
mine was a 
subsurface 
bituminous/lig
nite mine that 
produced 175 
million short 
tons of coal 
before the 
mine was 
closed. The 
McKinley mine 
was the first 
strip mine in 
New Mexico 
and was 
opened in 
1962 
(McLemore & 
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et, 1984). 

Lee Ranch 
Mine 

McKinley Cerro 
Alesna, 
El 
Dado, 
Piedra 
De La 
Aguila, 
San 
Lucas 
Dam 

 

35.511721242
2934 

107.6223420
3945 

16,126 Peabody 
Natural 
Resources 
Company 
dba Lee 
Ranch 
Coal 
Company 

The Lee Ranch 
Mine is 
operated by 
the Lee Ranch 
Coal Co. (a 
subsidiary of 
Peabody) and 
is the 37th 
largest coal 
mine in the 
U.S. It 
produced 
5,358,749 short 
tons in 2007 

(McLemore & 
et, 1984). 

<reference AML/EMNRD Interactive Web map> 

Table 1.19 - Active Humate Mines in Arroyo Chico Basin  

Name County Commodities Quads Latitude Long. Operator 
Name 

Eagle 
Mesa 
Mine 

Sandoval Humate Ojo 
Encino 
Mesa 

35.8914027014939 107.260121823173 Ramsco 
Operations, 
Inc. 

Jaramillo 
Humate 
Mine 

McKinley Humate Ojo 
Encino 
Mesa 

35.893 107.3705 Anasazi Stone, 
LLC 

Star Lake 
Menefee 
Mine 

McKinley Humate Star 
Lake 

35.8945059453064 107.412362762476 Menefee 
Mining 
Corporation 

Star Lake 
Mesa 
Verde 
Mine 

McKinley Humate Star 
Lake 

35.8706170513487 107.480186850284 Bruce Reid 
Enterprises 
dba Mesa 
Verde 
Resources 

 

 3.10.5 Recreation 

Visitors to the Arroyo Chico Watershed participate in motorized and non-
motorized activities, but in general the recreational use of the watershed is considered to 
be low to moderate (BLM, 20XX).  

3.10.6.1 Non-motorized activities: 
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Recreational activities include mountain bike riding, bird watching, camping, 
hiking, and traveling by horseback; these activities are generally dispersed throughout the 
watershed. The 1870s Wagon Road Trail and Continental Divide Trail Special 
Management Areas (SMAs) pass partially through the watershed.  Within these areas 
walking, hiking, and horseback riding is suggested. County Road (CR) 25 also passes 
through the Arroyo Chico Watershed, which allows motor vehicle use and vehicle-based 
recreational activities and facilities. Hunting, picnicking, and piñon nut gathering are 
permitted in this area.  

3.10.6.2 Off-highway vehicle use: 

The use of Off-Highway Vehicles is generally limited to existing roads.  Most of 
the motorized recreation occurs along Country Roads 25 and 279. 

3.10.6.3 Trails and Attractions  

3.10.6.3.1 Oh My God Race Courses  

There are three loop trails designated for motorcycle racing. The three race 
courses A, B, and C are designed and operated solely for event use once every three 
years. Race course A is twenty-two miles, B is twenty-eight miles, and C is thirty-six miles. 
All three courses are only two to three miles from each other and are located west of 
Cuba, New Mexico, and north of State Road 197.  

3.10.6.3.2 Cabezon Peak 

Cabezon Peak is a volcanic formation and one of the most well-known landmarks 
in northwest New Mexico. Cabezon Peak is part of the Mount Taylor volcanic field. There 
are 50 volcanic necks rising from the Rio Puerco valley and Cabezon Peak, measuring 
7,785 feet, is the highest of them all. For the Pueblo and Navajo Indians this peak is 
believed to hold religious significance and there are traces of visits by the native Indians 
on site. Cabezon Peak also attracts rock climbers, as it rises almost 2,000 feet from the 
valley floor.  

3.10.6.3.3 Ignacio Chavez Grant  

The Ignacio Chavez Grant offers opportunities for many different recreational 
activities including hiking, hunting, backpacking, mountain biking, and horseback riding.  
Originally the Ignacio Chavez Grant was a Land Grant that was awarded to settlers in 
1768 by the Spanish government. The settlers never took advantage of the Land Grant 
and eventually the U.S. government converted the land into a recreational area.  

3.10.6.3.4 Continental Divide Trail  
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The Continental Divide National Scenic Trail extends over 3,100 miles between 
Mexico and Canada. The trail passes through primarily public land close to the 
geographic features of the Continental Divide. It provides for scenic, primitive hiking and 
horseback riding. The National Scenic Trail was established in 1978 through the authority 
of the National Trails System Act (PL 90-543). 

3.11 SOCIO-ECONOMIC CONDITION 

The population of the Arroyo Chico Watershed is amongst the poorest in the State. 
The average income is well below the average income levels in New Mexico, and a high 
percentage of communities live below the poverty line. In McKinley County there are 
around 30.7% living below the poverty line, in Cibola 25.9%, and Sandoval County 12.4%. 
The average mean household income in McKinley County is $31,949, in Cibola $36,020 
and Sandoval $57,651. Communities are composed of a high share of Native Americans, 
McKinley 74.6%, Cibola 41.0%, and Sandoval 13.3%. The Anglo ratio is smaller than in 
other parts of New Mexico: McKinley 20.3%, Cibola 54.8%, and Sandoval with 79.7%. 
Higher education levels and people with a bachelor’s degree are below average, except 
in Sandoval County: McKinley 10.0%, Cibola 9.2%, and Sandoval 28.3%. A table with the 
detailed information on income and education is found in Appendix I (Table 1.20 - 
Appendix I). 

3.12 CULTURAL RESOURCES 

The BLM defines cultural resources as “a definite location of human activity, 
occupation, or use identifiable through field inventory (survey), historical documentation, 
or oral evidence” (USDOI BLM 2004), including archaeological, historic, or architectural 
sites as well as traditional cultural properties. Sites that contain physical remains of past 
human activity are sites with cultural resources. Cultural resources give information about 
past life styles (BLM, 2012).  

There is a long and rich history of cultures present in New Mexico.  More than 
200,000 archaeological and historic sites have been recorded and, in addition, natural 
landmarks and the New Mexican landscape itself play an essential role in the culture and 
tradition of the local communities (New Mexico Historic Preservation Division, 2012). 

The first traces of human inhabitants in New Mexico date back to the last Ice Age, 
13,000 years ago. The first inhabitants are know as Paleoindians and are known primarily 
for their stone tools and weapons that have been discovered. Sites of the Paleoindians 
have been found all over New Mexico. Two of the earliest discovered communities are 
the Clovis and Folsom. Around 741 Paleoindian sites have been recorded. The greatest 
threat to these sites is the continued degradation of the natural environment and people 
collecting artifacts. (BLM, 2012)   
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In the next archeological period, the Archaic Period (5500 BC – AD 200), the 
human population transitioned from a nomadic, hunter-gatherer population to a more 
sedentary population. 

Within the Arroyo Chico Watershed the prevalent archeological discoveries made 
are from the Ancestral Puebloan period (AD 600-1600) that followed of the Anasazi and 
Mogollon period. During this period a shift towards an agricultural based society was 
made and architecture, ceramics, and a complex social organization were developed. 
Within the Arroyo Chico Watershed there are sites, artifacts, buildings, structures, and 
landscapes that are of cultural importance. Evidence of the ancestors of the present day 
Navajo in the Arroyo Chico first appeared by the late 1400s and then appear continuously 
to the present. Sites include shallow pit structures, forked stick hogans, cribbed log 
hogans, stone hogans, and pueblitos in defensive settings. The first European settlements 
first appeared after the Coronado expedition following the year 1540.  

3.12.1 Navajo Cultural Resources 

The Navajo use their natural environment for a diverse number of customary 
purposes. When asked about sacred places, often the response is that the entire 
landscape is sacred and that its disturbance will accelerate the loss of culture. Traditional 
Navajo stories have their natural environment at heart and often talk about specific places 
to teach and educate. These places generate a complex construct of powerful cultural 
symbols, images, and beliefs that give meaning to the landscape. Thus the preservation of 
landscapes becomes the preservation of Navajo culture. According to Lula Castillo 
(Castillo, 2012) the riparian regions of the Arroyo Chico also provide herbs and plants for 
ceremonial purposes, healing, and consumption. There are specific places within the 
Arroyo Chico Watershed that are sacred to the Navajo, including Cabezon Peak, Mount 
Taylor, and Torreon Wash.  

  

4.0 (EPA 01) SOURCES OF IMPAIRMENT 

There has been no attempt to measure Impaired Waters within the Arroyo Chico 
Watershed or develop TMDLs.  Because of their intermittent nature, the New Mexico 
Environment Department (NMED) has felt unable to do this. However, the watershed is 
far from being in healthy condition. Decades-long overgrazing and rangeland 
mismanagement have left their mark on this area. Today extreme rates of erosion, high 
runoff, and a lack of incision deteriorate the conditions on a daily base.  Below we 
discuss the sources of impairments that affect the Arroyo Chico Watershed.  

4.0.1 Sources of Impairment: Erosion 

According to the U.S. Department of Agriculture (USDA) erosion decreases soil 
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depth and consequently deprives the plants of air, water, and nutrients that would 
otherwise be available for plant growth. This has a greater impact on shallow soils than 
on other soils. Dust that is carried away by wind can also affect animal and human 
health, and creates public safety hazards by degrading air quality. The dust can also bury 
plants, fences, and roads (USDA, 2001). 

While in more humid climates the soil is held in place by vegetation cover, semi-
arid landscapes are prone to erosion. In some arid climates there is insufficient flow to 
transport sediments and only minor erosion occurs. The Arroyo Chico Watershed, on the 
other hand, has insufficient vegetation cover, and high intensity rainfall during the 
summer months. This results in maximized erosion rates, adding large amounts of 
sediment to the system. The results are visible when examining the sediment contribution 
rates of the Rio Puerco. The Arroyo Chico is the largest tributary to the Rio Puerco, and 
the Rio Puerco contributes 78% of sediment to the Rio Grande, but only 4% of its flow.  
Consequently erosion is a serious problem that is not only affecting the immediate 
watershed environment, but also downstream surface water quality and reservoirs. 

 

(Chart by USGS Water Report 2012) 

There are several reasons for these erosion rates that are specific to this area. 
Varying precipitation and high intensity summer monsoon rain events combined with 
highly erodible shale and siltstone geology that compose large portions of the watershed 
are two factors. In addition, substantial topographic relief with high terrains that obtain 
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larger amounts of precipitation and steep slopes that generate runoff, create faster moving 
sediment reaching downstream areas (Watts & al et, Erosion in the Rio Puerco: 
Geography and Processes, 2004). These three factors combined are believed to generate 
the extraordinary amounts of sediment that the Arroyo Chico and the Rio Puerco move 
downstream. And the sediments that are being carried away cause downstream damages. 
They impact the water storage capacity of Elephant Butte Reservoir, and they aggregate 
the Rio Grande channel.  Sediments also increase the maintenance of irrigation ditches, 
canals, and drains, by leaving deposits.  Sediments also cause salinity to increase in water 
bodies, which for example provides a favorable habitat for phreatophytes such as salt 
cedar (Dortignac, 1960).  

 

4.0.1 Wind & Water Erosion 

According to the U.S. Department of Agriculture (USDA), wind erosion is the 
physical wearing of the earth’s surface by wind. Wind erosion removes and redistributes 
soil. Small blowout areas may be associated with adjacent areas of deposition at the base 
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of plants or behind obstacles, such as rocks, shrubs, fence rows, and road banks. In 
many cases the fine soil particles and organic matter are blown offsite or into the 
atmosphere as dust. Reducing the amount of bare ground by increasing the extent of 
vegetation, litter, and biological crusts reduces the risk of wind erosion (USDA, 2001). 
When topsoil is lost it alters its capacity and functions and will restrict future uses. 
Erosion removes topsoil, the layer of soil that contains the greatest amount of organic 
matter, biological activity, and nutrients. The soil left behind will provide a less favorable 
environment for plant growth. Erosion affects soil structure by breaking down its building 
blocks and exposing organic matter within soil aggregates to decomposition and loss. 
Through erosion soil functions are degraded and the rate of water infiltration is reduced. 
Erosion can also cause a shift of plant communities towards less desirable plant species, 
shifting for example from grasses to shrub species. When this shift happens the organic 
matter and nutrients eroded are carried from one area and accumulate in another, such as 
the area around shrubs. Erosion also decreases the soil depth and consequently the 
amount of air, water, and nutrients that are available for plant growth.  

4.0.1.1 Wind  

Wind erosion occurs when the wind speed is sufficient to lift and transport soil 
particles.  Soils that are moist with stable aggregates or rock fragments are less likely to 
erode and to be carried away; this applies also to thick lichen crusts. Thin crusts on the 
other hand are more prone to erode. When sand moves across soil surfaces it wears away 
soil aggregates and thin crusts and causes more soil particles to become detached. Plant 
cover can disturb these forces and slow the process substantially. Wind erosion has 
generally a greater effect on soils by exposing individual particles. Human impacts can 
accelerate wind erosion. Disturbances such as heavy grazing, vehicle or foot traffic, and 
water erosion cause particle movement to break or damage the crust and wind erosion 
can happen at lower wind speeds (USDA, 2001).  

Erosion-sensitive soils are those soils with a higher susceptibility to wind erosion. 
The scale spans from the wind erosion potential of “high” or “very high” to “moderate” 
and “low.” Soils that are rated as “high” and “very high” are characterized by sandy 
particles, high carbonate content, low organic matter content, or no coarse fragment 
protection. According to the NRCS the predominant soils within the Arroyo Chico 
Watershed are characterized as “high” and “very high” and accordingly prone to erode 
readily. 

4.0.1.2 Water  

Water erosion happens when water detaches and removes soil material. This 
process can also be accelerated by human activity. The rate by which the erosion 
happens varies depending on the soil, the local landscape, and weather conditions. Water 
erosion wears away the earth’s surface. There are different types of water erosion. Sheet 
erosion is the more-or-less uniform removal of soil from the surface. Rill and gully 
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erosion happens when runoff concentrates and cuts conspicuous channels into the soil. 
The removed sediment is likely to be deposited in any area where the velocity of running 
water is reduced. Places where sediment deposition is likely are behind plants, litter, and 
rocks; in places where slope is reduced; or in streams, lakes, and reservoirs. 

  Each type of soil has its own natural erosion rate. A sandy or clayey texture 
generally is less erodible than loam or silt loam. Sandy soils that formed in material 
weathered from decomposed granitic rock, however, are highly erodible. Soils with rock 
fragments or biological crusts on the surface are protected from the impact of raindrops. 
Stable soil aggregates bound together by organic matter resist erosion, enhance 
infiltration, and result in less runoff. The amount of runoff and the power of water to 
erode and transport soil are greater on long, steep slopes. Bare soil between plants is 
most susceptible to erosion. 

Within the planning area there are both wind and water erosion present. Erosion 
has already had damaging impacts at downstream facilities, to roads and range.  

4.0.2 Local effects 

Valleys within the Arroyo Chico Watershed are filled with fine sediments. These 
sediments incise easily and create steep-walled gullies called arroyos. The incised 
channels can become barriers to transportation, access of livestock to water, and 
diversion of water for irrigation.  Prior to the 1880s the Arroyo Chico had no continuous 
arroyo and was framed by broad floodplains that were used for grazing and agriculture. 
The incision of the channels changed this drastically. Today the riparian areas are limited 
to just the entrenched areas. Shrubs have replaced the grasses, and the floodplains have 
dried up. The cottonwood trees, once common within the floodplains are greatly reduced 
and have provoked a reduction in the bird population, the population of grazing animals, 
rodents, and other species that depend on shade, food, and concealment provided by the 
riparian forest environment. Much of the riparian vegetation is exotic, composed of 
Russian olives and salt cedar or tamarisk that displaced the cottonwoods.  

The deeply incised arroyos have also threatened the base of structures like bridges 
and streets. Solutions such as armoring the channel walls are very expensive, and 
consequently, it is often more economical to abandon threatened structures and to 
choose stream crossings where there is some form of natural protection (Watts & al et, 
Erosion in the Rio Puerco: Geography and Processes, 2004).  

4.0.3 Downstream effects 

Elephant Butte Reservoir, about 100 km downstream on the Rio Grande near Truth 
or Consequences, NM, was built in 1916 to catch Spring runoff for later delivery to the 
lower Rio Grande basin in New Mexico, Texas, and Mexico. In the first years of its 
operation large quantities of sediments were delivered to the reservoir and reduced its 
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storage volume drastically. As mentioned earlier the Rio Puerco and the Arroyo Chico are 
the biggest contributors of these sediments. To protect the reservoir from the sediments 
the Corps of Engineers and the Bureau of Reclamation have built and maintained a 
conveyance channel, at substantial public expense, to ensure the maximum delivery of 
water into Elephant Butte Reservoir.  With or without a conveyance channel, sediment 
moves downstream with water and sediment still causes problems for the reservoir and 
the Rio Grande (Watts & al et, Erosion in the Rio Puerco: Geography and Processes, 
2004).  

4.0.4 Soil Piping 

There are different forms of erosion that occur within the Arroyo Chico Watershed. 
One apparent subterranean type of erosion is the soil piping.  When soils go through wet 
and dry periods the soil or parent material expands and contracts and cracks are formed. 
Water then enters through the cracks and concentrates in pools and eventually disperses 
the surrounding soils. It forms underground conduits or tunnels called “pipes.” During 
high intensity rain events, the water falling on the alluvium lands and slopes will enter 
into the soil pipes and is discharged quickly from the landscape into the gully system 
through the soil pipes. The pipes will eventually collapse and can cause cave-ins off 
vertical gully walls. Once such a system has developed it is difficult to control.  

4.0.5 Arroyo Cycle 

Since the late 1800s the semi-arid Southwest has seen a dramatic landscape 
change. This is predominantly due to the incision of arroyos. Arroyos are incised 
channels that carry large amounts of sediments during periods of ephemeral or 
intermittent flow. The arroyo cycle refers to the alternating process of channel down-
cutting and filling. The arroyos within the planning area are presently in a process of 
downcutting, which will be followed by a period of slowly filling. So far it is not clear 
why this cycle is happening; there is still a discourse about whether or not climate is 
causing this process but many agree that climate plays a significant role in the arroyo 
cycle because vegetation density, floods, and the amount of rain influence the cycle 
significantly. Despite the uncertainty over the relationship between the climatic 
fluctuations and the arroyo cycle, climate appears to be correlated closely (Aby & al et, 
The Rio Puerco Arroyo Cycle and the History of Landscape Changes).  

The last periods of cutting occurred between 400-800 years before the present 
(ybp), 1900-2700 ybp, 4400-5400, and 6500-7400 ybp. The most recent arroyo cutting has 
been mainly attributed to climate, human factors such as overgrazing, dam failure, 
intrinsic geomorphic processes, and thresholds.  

The arroyo cycle is described as the initial headward migration of a headcut, 
which will generally proceed from the lower reaches of the arroyo to upstream reaches. 
The arroyo goes through different stages: first, pre-incision followed by the vertical 



Arroyo Chico Watershed Based Plan, 2013 63 

incision and the widening through erosion of the arroyo, then the development of inner 
floodplains, the decrease of channel width and the stabilization of inner floodplain width. 
Then aggradation will follow with the filling of the arroyo channel. Then the cycle will 
start over again (Gellis & al et, 2012). 

Action Items: The Rio Puerco Alliance (RPA) has already implemented low-cost 
erosion control structures within the Arroyo Chico Watershed with noticeable success. 
These structures are usually constructed of local materials and can be implemented easily 
by untrained local community members. They are cost effective and have so far shown to 
be successful in slowing erosion. According to monitoring done by the USGS, these 
structures have reduced erosion by as much as 66%.  (See pages 98-99.)  

4.1 SOURCES OF IMPAIRMENT: NATURAL SYSTEMS 

Vegetation helps to stabilize soil and counter erosion. While historical accounts 
have reported that the Arroyo Chico Watershed was covered in grasses and forbs, today 
grasses are retreating and bare ground has become more prevalent. This has accelerated 
erosion and further devalued the land. Wildlife and cattle are finding it ever harder to 
find enough forage. Cattle and wildlife are increasingly met with shortages of food and 
water, and the human population has been abandoning the traditional ways of 
supporting themselves through local agriculture. Since the turn of the century people 
have continued to desert their land because of decreasing yields and wells running dry. 
The continued drought is projected to worsen this situation. Local communities within the 
Arroyo Chico Watershed are already amongst the poorest in New Mexico and are now 
being faced with a new set of even harder conditions (Hegel, XXXX).  

4.1.1 Riparian Area Degradation 

Riparian ecosystems are an important resource and provide unique habitat for 
plants and animals, enhancement of water quality, fuel and construction materials, and 
opportunities for recreation. Riparian ecosystems have especially been damaged by flow 
regulation, deforestation, grazing, and invasive species. (Vincent & al, 2000). Riparian 
areas have high productivity and biodiversity. Especially in arid climates the riparian area 
provides an important habitat and food source for wildlife and plant communities. Within 
the Arroyo Chico, riparian areas account for only .04% of land. According to estimates 
though it can provide up to 21% of the available forage and will give habitat to up to 70% 
of bird species. Accordingly a degradation of the riparian areas can have devastating 
effects as it accommodates a disproportionate large number of species, both floral and 
faunal. The U.S. Department of Agriculture (USDA) estimates that livestock grazing was 
responsible for damaging 80% of the riparian ecosystem within arid watersheds.  

Unfortunately the Arroyo Chico riparian areas have also seen the encroachment of 
non-native species that are crowding out native species (Cardenas, 2005). Within the 
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Arroyo Chico Watershed there are dense, monotypic stands of invasive salt cedar 
communities. Initially these trees had been introduced for erosion and sediment control 
in the 1920s, but have spread so quickly that they are now extruding native species. As a 
result there have been vegetation manipulation activities (herbicide application, 
prescribed fire, and woodland thinning/mastication) within the watershed to control or 
reverse the invasion. Some improvements were made, but additional treatment is 
required. 

Grazing pressure has especially impacted the riparian systems. Cattle prefer 
grazing within the riparian areas.  When grazing or seeking access to water, cattle trample 
vegetation. The soil compaction that is caused by cattle movement results in a reduced 
infiltration capacity and in an increase of surface runoff and sediment removal. It also 
causes streambank destabilization and increased erosion (Phippen & al, 2002). 

Action Items:  Because of the great value that riparian ecosystems add, their 
restoration is a natural resource management priority, and these efforts often focus on 
removal of non-native woody species by mechanical, chemical or biological means.  RPA 
has helped treat riparian areas for invasive species, has put in erosion control structures, 
and engaged community members in planting native species. RPA’s efforts will continue 
to focus on riparian areas and their rehabilitation. Enhancing vegetation cover, controlling 
erosion, restoring stream channel geometry, and stabilizing stream banks will help to 
protect and restore the riparian areas in the Arroyo Chico Watershed.   

4.1.2 Streambank destabilization 

Streams and channels in their natural state tend to meander. The meandering 
process results in the evolution of a floodplain. Floodplains are desirable because they 
help to dissipate flood energies across a wider area. They contribute to reducing the 
flood peaks as flood flows spread out. Stream channels impeded by roads, railroads, 
livestock trailing, mining, or other disturbances may become incised if straightened or 
steepened. Channel incision may also be triggered by more frequent and stronger flood 
events due to deteriorating watershed conditions in headwater areas. An incised channel 
is one that no longer has access to the adjacent floodplain. The incised channel will drain 
water quicker from the adjacent landscape and carry it downstream. Less water will be 
available in the watershed and this will cause the native composition of plant 
communities to change (Zeedyk, 2006).  

The Arroyo Chico Watershed stream channel and floodplains are composed mostly 
of sand with smaller amounts of silt and clay. Sand is more abundant in the channel 
banks and levees than in the distal parts of the floodplain. In recent years high intensity 
short duration rain events have become more common, causing the Arroyo Chico stream 
reaches to incise and channel geometry to change.   
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Action Items: RPA has collaborated on projects restoring stream channel geometry 
within the greater Rio Puerco Watershed. The incision of Arroyo Chico Watershed 
channels is of great concern. The implementation of erosion control structures can help 
to correct stream channel geometry and bring water back to the original floodplains. The 
RPA plans to use erosion control structures to help restore and protect the watershed.  

4.1.3 Invasive species 

The Southwest Exotic Plant Mapping Project (SWEMP) has identified five species 
of invasive plants within the Arroyo Chico Watershed. Each of these species is defined as 
non-native by the USDA PLANTS database (NMDA, 2005). The dominant invasive species 
are salt cedar or tamarisk and Russian olive (Arroyo Chico NRCS RA Report). These 
species have become the second and fifth most abundant lowland riparian trees in the 
western United States. Managers are increasingly removing salt cedar and Russian olive in 
order to reduce water lost to evapotranspiration, improve wildlife habitat, or restore 
native vegetation.  

4.1.3.1 Sources of Impairment: Tamarisk 

The Nature Conservancy identified salt cedar or tamarisk as one of America’s 
twelve worst invaders. Tamarisk is native to Eurasia and Africa and found its way into the 
United States in the early 1800s. It spread through its application as an erosion control 
technique and through its use for windbreaks and ornamental plants.  Tamarisk is a shrub 
or tree with a deep root system that leaves a salt residue on the soil surface. It has no 
natural enemies and is well adapted to the dry climate. Within the Arroyo Chico 
Watershed the main concern is Tamarisk, which has invaded large portions of the 
riparian areas. The tamarisk thickets don’t provide good wildlife and livestock habitat, 
they increase the intensity of wildfires, restrict recreational activities, and draw large 
amounts of water from the soil to the detriment of native plants (Whitcraft, 2007).  

4.1.3.2 Sources of Impairment: Russian olive 

Russian Olive is native to Eastern Europe and western Asia and arrived in the 
United States during colonial times. It is well adapted to arid environments and has 
therefore been used widely for windbreaks and ornamental plantings. Unfortunately it 
escaped controlled cultivation and has since become weedy and invaded riparian areas. 
Russian olive outcompetes native vegetation, especially cottonwoods and willows 
(Creech, 2007).  

Action Items: RPA has treated riparian areas for invasive species and engaged 
community members in the planting of native species to bring back the native habitat.  
RPA’s effort will continue to focus on the rehabilitation of invaded areas.  

4.2 SOURCES OF IMPAIRMENT: LAND USE 
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The Arroyo Chico has been exposed to a variety of different land uses. These land 
uses often were subjected to bad management practices, which have caused large parts 
of the watershed to be severely impaired and in need of rehabilitation.  

4.2.1 Agriculture 

Agriculture has been practiced for centuries throughout the Watershed, first by 
indigenous communities, and then more intensely by the immigrants from Europe.  

4.3.1.1 Traditional Dryland Farming Techniques 

Dryland farming techniques have been practiced throughout history. This farming 
technique is especially appropriate for arid climates as no artificial watering techniques 
are employed.  

Fields that are located at alluvial fans, called Akchin fields, take advantage of 
naturally occurring runoff and drainage, and used to be the most common agricultural 
practice employed in the Arroyo Chico Watershed. Dams and spreaders would protect 
these fields from bigger floods. Runoff, or slope wash, fields were another common 
farming technique and perhaps one of the most widely used methods to control water. 
Fields were located at or below the breaks in the valley slope or mesa side. Water then 
was diverted by terraces or check dams upslope to redirect and slow runoff. The use of 
gravel-mulch to reduce soil evaporation, increase infiltration, and cool the surface was 
also employed. All methods enabled the prehistoric populations located in the Arroyo 
Chico Watershed to pursue farming with no additional input of water. With the Spaniards 
the techniques became more “sophisticated” and less sustainable. Overgrazing and the 
extraction of groundwater then degraded the land and the valley became less productive 
and ultimately drove away many communities.  

4.3.1.1.1 Changing Production Patterns and the Impact on 
Locals  

Today there are only a few farms left producing on a small scale. Locals rely 
largely on food that is brought in from the outside. This has changed consumption 
patterns, and has impacted the life and culture of these communities. For example the 
obesity rate among American Indian (AI) adults (33.6 per 100) in NM is considerably 
higher than the NM rate (24.6 per 100) and the U.S. rate (26.3).  AI youth have the 
highest rate of obesity (17.8 per 100) of all racial/ethnic groups in the state (13.5 per 100); 
more than double that of White youth (8.7 per 100) (New Mexico Depatment of Health, 
2012). In NM, total diabetes prevalence for AI/Alaska Native adults (19.3%) is significantly 
higher than for Whites (6.88%), Hispanics (12.15%) and all New Mexicans (9.18%).  It is 
more than double the U.S. rate (8%). AIs in NM have the highest death rate due to 
diabetes (73.2 per 100,000) compared to all other population groups (New Mexico 
Depatment of Health, 2012). 
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Action Items: Goal 3 and 4 are tailored to address these issues. RPA is seeking to 
encourage the use of traditional and sustainable farming techniques within the local 
population and to help restore traditional and especially healthier lifestyles. This could 
also boost local economies, through the reintroduction of small-scale farming, and help to 
generate extra income for the local community members. 

4.3.2 Rangeland Management  

Rangeland plants provide forage for domestic animals and wildlife species. 
Without this vegetation, no foraging animals can be sustained in this area. Thus 
sustainable rangeland management is crucial to support healthy grazing animal 
populations on the Arroyo Chico Watershed. Grazing can directly impact plant health. 
The amount of removal that a plant undergoes determines sustainable and unsustainable 
grazing practices. If animals remove too much of the plant population, plants may sustain 
long-term damage and may even die. Inappropriate grazing or browsing can cause 
rangeland health to decline and cause insufficient forage production. During a drought 
the range will be even more sensitive and less productive and thus more prone to 
overgrazing.  Insufficient precipitation or overgrazing will cause cool season grasses 
growing in the early spring to decline. The lack of grass available in the cool months 
increases the grazing pressure on browse species until the warm-season grasses grow in 
the summer months.  The productivity of the range in the Arroyo Chico has been 
drastically reduced in recent years. Today even though land is abandoned, the range can 
only support a limited number of animals. The number of issued AUMs and consequently 
the number of cattle and sheep has been declining. 

Locals are struggling to keep their cattle fed. Again, this has especially affected 
members of the Navajo communities. Many Navajo cannot afford to buy supplemental 
feed and depend on their range solely. Within the Navajo Checkerboard only small 
portions of the range are fenced in and cattle, horses, and wildlife roam freely, grazing 
ranges that are allocated to feed other animals. This has caused some social conflicts and 
economic damage. Complaints have been made that some community members generally 
are keeping more animals than they can afford, let alone feed, on their land.  

Action Items: RPA is working with the Navajo to approach this problem. There are 
efforts in place to help educate locals about the damage that animals cause on the range 
and how to reduce them. The RPA is further planning to employ projects to help manage 
the range and to introduce sustainable rangeland management practices.  

4.3.3 Grazing 

Cattle ranching has historically been one of the most important trades within the 
watershed, which has consequently left its mark on the natural habitats and ecosystems. 
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Since 1750 there has been a great influx of sheep and cattle into this area. In 1850 
Bernalillo County counted 185,000 sheep in the area, in 1860 this number had increased 
to 306,000, and in 1880 a little over half a million sheep roamed the watershed and its 
surrounding areas. This had disastrous effects on the landscape and the natural 
ecosystems.  But since the turn of the century, due to reduced forage production, the 
number of cattle and sheep has steadily declined (Holecheck, 1996). After years of above 
average precipitation rates, the summer of 1996 brought a drought to the New Mexico. 
The reduced precipitation caused a decline in forage. Much of the cattle and sheep 
inventory was liquidated, because the range could not sustain the animals. Consequently 
cattle and sheep prices fell. Forage production not only benefits the local ecosystems but 
is closely linked to the economic output of local communities. As of the summer of 2013, 
according to the Western Water Assessment and the National Integrated Drought 
Information System, 98% of New Mexico was in an exceptional drought and conditions 
were not expected to improve; 93% of rangeland and pastures were rated poor or very 
poor in New Mexico.  Conditions have improved in 2015, due to a cooler and wetter 
summer.  But there is caution about future conditions. 

4.3.4 Feral and Unmanaged Horses 

Within the planning area there are an estimated to be 300 to 500 feral horses 
roaming free. However there is no official count and estimates vary greatly. Feral horses 
have virtually no natural predators in the Southwest. According to the BLM feral horses 
have an estimated foal crop gain of 20% annually; in other words, a herd size can double 
every four years. Uncontrolled growth can overtax vegetation and affect herd health as 
well as native wildlife populations, range health, and the health of the watershed as a 
whole. Rangeland ecosystems are not able to withstand the impacts of overpopulated 
herds, which include soil erosion, sedimentation of streams, and damage to wildlife 
habitat. In response to the feral horse problem Congress passed the Wild Free-Roaming 
Horses and Burros Act in 1971 that requires the BLM and the USDA Forest Service to 
manage the free-roaming herds and to keep their population balanced.   

The problem of course is that feral horses are not confined in a single jurisdiction 
but migrate from BLM to Forest, to Private to Tribal land without restraint.  In the 
planning area Navajo Communities are especially affected by feral herds. Lack of fencing 
leaves them uncontained and free to move around. Horses consume twice as much as 
cows leading to a surge in grazing pressure, which can potentially damage the range 
seriously.  

Action Items:  RPA in cooperation with Navajo Chapters within the planning area, 
has tried to address the problem by installing cross-fencing and by helping to fund 
projects that control horse populations as well as educational efforts to inform residents 
about the impact that horses have on the range.   
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4.4.5 Built Environment 

4.4.5.1 Sources of Impairment: Roads/Transportation 

Roads are large contributors of sediment that cause poor stream quality. Roads act 
as channels or conduits that accelerate sediment transport that they delivery to the 
system. Their effect can be far reaching by routing sediments through extensive networks 
and even affecting stream reaches much further down. Poor road conditions and unpaved 
roads can accelerate the sediment load. In 2008 a study was conducted (Schulz, 2008) 
within the upper Torreon Wash, located in the North of the watershed. Sediment loads 
that roads contributed to the system were measured. It was found that roads located 
within the planning area were especially problematic because the most of them are 
unpaved and prone to erosion. The study found that through restoration efforts 46% of 
the road prism erosion could be prevented and 27% of sediment could be prevented 
from entering the system. Additionally water that is running off roads can be redirected 
and harvested for irrigation projects.  

4.3.3 Recreation 

Off-Highway Vehicles (OHVs) cause damage to the environment in many places. 
Within the planning area there have been complaints about OHVs and their impacts. The 
BLM too describes OHV use on public lands as a continued issue that calls for 
management. According to the BLM, between 1995 and 2003, sales of OHVs tripled. This 
sharp increase might also affect the frequency that OHVs are used within the Arroyo 
Chico Watershed ( Ouren, Douglas S.; et al, 2007). So far there are several effects that 
OHVs have on the watershed. Primarily they alter the soil structure and compaction. They 
destroy the soil crusts and desert pavement, causing erosion as the soil destabilizes. With 
the increase of compaction the ability to support vegetation decreases, plant growth is 
inhibited, and the infiltration of water reduced. This causes increased runoff and further 
soil erosion. Still because the popularity of OHV-based recreation is a relatively new 
trend, their full short- and long-term effect on the watershed have yet to be fully realized 
or understood. 

4.4 SOURCES OF IMPAIRMENT: WASTE MANAGEMENT  

Within the Arroyo Chico Watershed there are issues with illegal trash dumping. 
This is caused in large part by the absence of a solid waste management program in the 
Navajo “checkerboard” region.  

The BLM has already identified 73 illegal dumping sites that are located within the 
Navajo “checkerboard” areas, with 45 classified as high-priority. Because there is no solid 
waste management program these communities would have to bring their trash to bigger 
communities within their region. Residents would have to travel 35 miles or more to 
access facilities in Cuba, Farmington, Albuquerque, or elsewhere in the state.  Subsequent 
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illegal dumping of trash in streams and arroyos has had a deleterious effect on water 
quality, as well as promoting erosion and gullying on Navajo lands.   

Action Items:  RPA has been working since 2007 with the Ojo Encino Ranchers 
Committee (OERC), the Ojo Encino and Torreon Chapters of the Navajo Nation, the HUB 
RC&D, the Rio Puerco Management Committee (RPMC), the U.S. Environmental 
Protection Agency (EPA), the BLM, and the Navajo Nation Solid Waste Management 
Program to remedy this problem in the Torreon Wash area of the Rio Puerco Watershed.  
The RPA has already targeted 65% of the high-priority sites in the vicinities of the Ojo 
Encino and Torreon Chapters, the 90 degree bend in Route 197 10 miles west of Cuba, 
and the village of Cuba for cleanup. But because there is new waste being generated 
every day, this problem calls for a long-term solution.  RPA and its partners secured 
short-term funding for dumpsters that were installed in four communities within the 
Navajo areas. But funding is limited and only lasted until the end of 2013. Consequently 
Navajo communities will sooner or later go back to the dumping their waste into stream 
and arroyos. RPA and its partners are trying to find a long-term solution and reach an 
agreement with all parties involved, but this might take time and until this is settled 
funding needs to be secured to extend the service.   

Trash Dumpsters: Trash Dumpsters or trash bins have become a necessity within 
parts of the planning area because the Navajo Nation checkerboard area has no solid 
waste management service available. While working on long-range plans to address the 
issues of illegal dumping, the Ojo Encino Chapter wanted to begin moving residents from 
illegal dumping to legal disposal of trash.  The Chapter was looking for sources to fund a 
trash bin to be sited near the Chapter House for a year.  RPA was able to provide some 
assistance via its Targeted Watershed Grant (TWG). So far the problem could not be 
solved and thus the need for funding still exists. RPA will try to expand the service, if 
funding allows, until a long-term solution is found.  

River Trash Clean Up:  There are currently no solid waste management services 
for most individuals within in the Navajo “checkerboard” region. This has created the 
need for river clean ups that RPA has been holding as funding becomes available. 
Despite these efforts there are still many sites that are in need for a clean up. RPA wants 
to continue helping the local community to remove solid waste from their environment. 

4.5. SOURCES OF IMPAIRMENT: RESOURCE EXTRACTION 

4.5.1 Uranium Mining 

Mining has a long history in New Mexico and the planning area. Between 1944 
and 1986 around four million tons of uranium ore had been extracted on mostly Navajo 
lands in Arizona, New Mexico, and Utah. Today these mines are closed, but uranium 
contamination remains a problem from more than 500 abandoned uranium mines. These 
mines may pose a potential hazard to public health and safety (EPA, 2012). Radium will 
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not decay for thousands of years and can consequently cause a threat to public health. 
Animal studies have reported inflammatory reactions in the nasal passages and kidney 
damage from acute inhalation exposure to uranium. Long-term effects in humans include 
respiratory problems, such as chronic lung disease, while radium exposure has resulted 
in acute leukopenia, anemia, necrosis of the jaw, and other effects. Cancer is the major 
health concern from the radio-nucleotides. Radium, via oral exposure, may cause bone, 
head, and nasal passage tumors in humans, radon, radioactive gas that occurs when 
radium decays, via inhalation exposure, causes lung cancer in humans. Uranium may 
cause lung cancer and tumors of the lymphatic and hematopoietic tissues.  

4.6 SOURCES OF IMPAIRMENT: WEATHER TRENDS/PATTERNS  

Over the past 100 years the global average temperatures has increased 1.3°F and is 

projected to rise by around 2.5 to 10.4°F. The temperature in New Mexico has increased 

by 1.8°F since 1976. (Enquist & et al, Implications of Recent Climate Change on 
Conservation Priorities in New Mexico, 2008)  About 95% of New Mexico has seen higher 
temperatures, with the greatest increase being the southwestern, central, and 
northwestern part, which includes the Arroyo Chico Watershed. While most of the mid- 
to high-elevation forests and woodlands have experienced warmer and drier conditions, 
the grasslands have seen wetter and less variable conditions: 54 percent of the state has 
seen wetter conditions and 41% drier with 5% experiencing no change. Researchers at the 
University of New Mexico found that the increase of precipitation during the monsoon 
season was connected to a trend that is causing more moisture to come with warmer 
temperatures, and less precipitation with cooler temperatures. Higher temperatures on the 
other hand will cause the additional moisture to evaporate and consequently the 
additional precipitation will not benefit the vegetation cover (Asmeroma & et al, 2013).  
(Graph 1.0 Image: NOAA Temperature, Graph 2.0 NOAA Precipitation).  
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4.6.1 Ecological effect 

According to the New Mexico Nature Conservancy changes in mean temperatures 
will have great effects on the natural systems. Abrupt ecological changes and alterations 
may be prompted, introduced by an acceleration of the disturbance regimes, including 
increases in wildfires, insect outbreaks, flooding, and erosion across New Mexico. This 
will especially have effects on areas where past management and land use practices have 
altered the ecosystems, and will especially affect grasslands, riparian areas and forests.  
Recent studies show that the changing climate conditions will influence the timing and 
synchronization of seasonal plants and animal life history events. It will cause a decline in 
species populations, a shift in species distributions, an appearance of new pests and 
pathogens, an increase in invasive and exotic species, accelerated vegetation dieback, 
and reorganization of ecosystems. There will also be widespread extinctions, as many 
species cannot adequately adapt to the rapidly changing climate conditions. These 
processes will be especially accelerated when paired with the effects of land use changes 
(Enquist & et al, 2008). Among the most vulnerable ecosystems are grasslands, which 
may see an invasion of woody species as a reaction to an increased CO2 concentration 
and changing seasonal precipitation patterns. This has already been observed in the 
planning area. An overview of effects on major taxonomic groups is found in Appendix I  
(Table 1.21 - Appendix I).  

4.6.2 Changed Precipitation Pattern 

In New Mexico precipitation is predicted to decline in the winter and to increase 
during the summer months. Despite the expected increase in moisture, studies have 
shown, for example, that a temperatures increase of 7°F within the Colorado River Basin 
would require precipitation increases of 15-20% above current averages to mitigate the 
decrease in flows experienced from evaporative losses. This means that any increase of 
temperature in New Mexico would need to be balanced by an even greater increase in 
precipitation. Other studies have concluded that higher temperatures will offset the 
increase of summer precipitation. (D’Antonio & et al, 2006). 

 With the predicted increase in summer precipitation, winter snowfall events will 
decrease and snowpack will be diminished. Higher temperatures will delay the snow 
season, accelerate the spring snowmelt and thus shorten the snow season. In fact 
snowpack has already been below average for 10 of the past 16 years in the Rio Grande 
Basin. This will also have an effect on the watershed. An increasing number of 
precipitation events will be occurring in a short time period and will leave the rest of the 
year dry. The shorter and stronger summer storm events will impact erosion within the 
watershed. Climate factors are difficult to predict but if the current trend continues then 
rising temperatures and changing precipitation patterns will be inevitable. This will call 
for the local communities to be forced to adapt to even harsher conditions.  
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Action Items:  Rio Puerco Alliance has efforts in place and is further planning to 
repair the local communities to meet these new conditions by equipping locals with new 
and traditional skill sets to survive in a changing environment.  

4.6.3 Increased frequency of fires 

Prior to the Euro-American settlement of the U.S., wildfires played an important 
role in the healthy development of plant communities, of plant diversity, and of soil 
nutrient enrichment. Wildfires helped to maintain a natural cycle of vegetation succession 
and to maintain ecosystem viability. Fires are either caused by climate or human activities 
in New Mexico (Levine & et al, 1999).  

In 1910 a new policy was introduced to the American West including New Mexico. 
This policy was meant to protect land use practices such as grazing and logging by trying 
to suppress all wildfires. As we now know these practices caused enormous changes in 
the natural environment that still endanger large portions of the New Mexican landscape. 
Through fire suppression the fuel load in the forests drastically increased so that when 
fires did occur, they burned much hotter and quicker. Low burning fires used to occur 
throughout the grasslands and forests of the region and helped to maintain an open 
forest structure. They also prevented tree encroachment into grasslands. Now with the 
prevention of any wildfire, the forests structures changed, adding million pounds of 
combustible biomass. This in combination with drought and higher temperatures has 
created dangerous conditions, where wildfires are more frequent, more severe and are 
larger in size (Marlona & et al, 2012). 

 After wildfires have removed vegetation the probability of erosion from wind and 
water increases rapidly, particularly along elevation gradients. This can been seen in the 
Jemez Mountains, east of the Arroyo Chico Watershed, following the catastrophic Cerro 
Grande fire in 2000 (New Mexico Environment Department, 2005).  
Wildfires can also affect downstream watersheds and reservoirs. The Arroyo Chico 
Watershed accumulates runoff from higher elevation forests that have been increasingly 
prone to wildfires. Fires change the soil properties and hydrological conditions of the 
burned area. The fire removes the overstory canopy of the forest and litter and duff that 
is found on the forest floor. This increases the water repellency caused by chemical and 
physical soil property changes. The fire also decreases the critical shear stress for soil 
erosion and seals the surface with ash, decreasing surface obstructions, which alters 
hillslope friction and the time-to-concentration, resulting in greater peak discharge. When 
high-intensity rain events follow a large fire and the precipitation is pounding on the 
changed ground cover, then runoff and erosion increase drastically (Moody & al., 2004).  

4.6.4 Forest die back 

Environmental stress can severely impact the health of individual trees, and on a 
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larger scale, cause forest mortality.  The southwestern U.S. has experienced unusually 
warm temperatures and drought conditions, which have caused the mortality of multiple 
tree species and millions of hectares of woodland in recent years. The combination of 
drought and warmer temperatures have exceeded the trees’ physiological thresholds and 
caused their mortality. In addition to the stress caused by changing temperature and 
weather patterns, pests that are flourishing in the warmer temperatures have infested 
weak and dying trees. In a recent global report about climate-induced forest dieback, it 
was estimated that a million hectares of piñon (Pinus edulis) had been killed in the 
American Southwest, and this the study found, is linked to changing climate conditions 
(Allen, 2007).  

4.6.5 Continuation of drought 

Earlier snowmelt and decreased soil moisture have lead to an increase in summer 
evaporation, followed by a decrease in recycled moisture that is available, consequently 
creating a cycle that is understood to increase the intensity, frequency and duration of the 
drought. The reconstruction of droughts in the Southwest, based on tree-ring readings, 
has shown that there is a correlation between warmer temperatures and drought. These 
correlations indicate that periods of long-term warming can lead to extreme aridity in the 
western United States. 

 The current drought in New Mexico intensified, and was considered as of the 
beginning of May 2013, to be one of the worst droughts in the state. The 36 months from 
April 2010 – March 2013 were the 4th driest on record and the driest since the 1950s.  
Conditions have improved in 2015, but records show that droughts have been recurring 
climate events in the Southwest. The current droughts and droughts in general are not 
predictable, but considering the present trend, New Mexico should assume that severe 
droughts will continue to occur in the future (D’Antonio, 2006).  Tree-ring reconstructions 
indicate that New Mexico had experienced a relatively wet period in the recent past 
(1960s-1980s). But the most severe drought in living memory, that of the 1950s, compares 
to significantly to the one we have been in in the last few years. 

4.6.6 Flood Events 

Higher temperatures will also have a significant impact on the magnitude of runoff 
in general and its peaks. Warming in higher elevations will decrease the overall snowfall 
and snowpack and increase winter precipitation. The snowpack season will be shorter 
and snowmelt during the spring snowmelt season accelerated. The increase of summer 
temperatures will contribute to a reduction in atmospheric stability which will result in a 
climate that is more conducive to intense storm events, consequently leading to an 
increase in flood events (D’Antonio, 2006). 

4.6.6 Water shortage 
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Water in New Mexico and in the Arroyo Chico Watershed is a scarce and critical 
resource. It creates the foundation for life and economic vitality, and any disturbances to 
its availability can impact social, economic and environmental structures. (Ackerman & et 
al, 2011) Currently demand for potable water exceeds annual precipitation and available 
surface water. The state is making up for this gap by pumping from the underground 
aquifers. Rising temperatures will make the supply-demand imbalance even greater.  
Some communities have seen their wells running dry and the Elephant Butte Dam, that 
the Rio Grande feeds and which supplies water to downstream states, is at only 3 percent 
of its total capacity, the lowest levels since 1972 (Utton Transboundary Resources Center, 
2012).  

Many farmers that have been cut off from surface water supply have been turning 
to pumping water. While there is still water left, the reservoirs are finite and shrinking 
(Ackerman & et al, 2011). 

 The water shortage in New Mexico has also affected communities that are located 
in the Arroyo Chico Watershed. Locals here either rely on wells or haul their water from 
further away. Private and community wells have been running dry, forcing locals to travel 
greater distances to access water for domestic and agricultural use. Images of the 
Elephant Butte reservoir are found in Appendix I. 

Action Items: In order to help local communities deal with the new climate 
conditions and its effects, RPA is educating locals about sustainable ways of resource 
management.  RPA is also trying to encourage and install the use of rainwater catchment 
systems in order to meet the increasing severe water shortage. 

Dryland Farming Guide: The climate in the planning area is changing and with it 
the challenges that local communities are faced with. Rising temperatures have made it 
difficult to grow crops and raise cattle. RPA is proposing to draft a The Dryland Farming 
Guide that will assist farmers and community members to adapt to the new climate 
conditions and inform them about sustainable farming practices. Local communities are 
amongst to the poorest in New Mexico and consequently this assistance will be vital for 
their survival. 

Navajo Field Guide: The Navajo Field Guide will contain information about 
erosion and range management and will be distributed at workshops and public 
meetings.  It will introduce new findings and techniques concerning range management 
and erosion control and help guide local communities to practice sustainable 
management on the range and within the watershed. 

Education Video on Erosion Control/Water harvesting projects: The 
educational video helps to educate the broader public about erosion control and water 
harvesting efforts. It is a tool to reach and connect new prospects to the watershed. By 
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showing the video in different venues and through many different channels, it will be a 
tool to tap new sources. It is an adequate tool to be used in schools, universities, 
community centers and at conferences. The video could also be streamed online to give 
an even broader audience access to the watershed. Its purpose is to raise awareness. 

School Program (Land Health Kiosk): The Land Health Kiosk was fabricated 
under the San Pablo Grant in 2005. The mobile Land Heath Kiosk uses a rain simulator 
and soil trays to demonstrate the concepts of soil erosion, runoff, infiltration, and the 
benefits of soil cover.  It has been used widely as an educational tool, reaching thousands 
of children, adults, and families throughout New Mexico and visiting environmental 
professionals from the Middle East.  A watershed group in southern New Mexico plans to 
build another kiosk to reach additional audiences. 

Farming Education Classes: The climate in the planning area is changing and 
with it the challenges that local communities are facing. Rising temperatures have made it 
ever harder to grow crops and raise cattle. Farming Education Classes are intended to 
help local community members to adapt to these changes. They will provide information 
about new and traditional techniques to grow food more sustainable. 

Water Conservation/harvesting: Water is a very scarce resource within the 
planning area and the continuation of the drought has made it even more difficult to 
grow crops and raise cattle. This has impacted the local economy severely. Thus water 
conservation and harvesting will be necessary to enable farmers and community members 
to grow crops. By capturing storm water and by catching and managing rainwater 
additional irrigation can be greatly reduced.  RPA supports efforts of local communities to 
invest into rainwater catchment facilities and stormwater management tools 

4.7 SOURCES OF IMPAIRMENT: EFFECTS ON LOCAL COMMUNITIES 

Communities within the Arroyo Chico Watershed have already experienced drastic 
changes of their environment within the last 100 years. The once fertile floodplains have 
turned brown, resulting in abandonment of traditional agriculture fields and deterioration 
in the local economy. Consequently many farmers and ranchers moved away and 
abandoned their villages. 

Crop production is still a $500 million industry in New Mexico, but if the warming 
trend continues, acres farmed in the state could decrease by as much as 25% (D’Antonio, 
2006). Cattle prices tend to drop during droughts events and periods of decreased 
precipitation (Holecheck, 1996). Accordingly, the most affected areas are rural. Within the 
Arroyo Chico Watershed the already impoverished Navajo communities are most affected 
by the persisting drought and are in need for new approaches to sustain their lives and to 
revitalize their local economy. 

4.7.1 Decline of local agricultural knowledge 
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Communities located in the Arroyo Chico Watershed are greatly affected by the 
degradation of their environment induced by overgrazing, range mismanagement, 
changes in land use patterns, and new climate conditions. Traditional communities were 
forced to change their way of life in the process of this land degradation. The decline of 
farming and ranching also impacted the production and availability of locally grown, 
fresh produce. Obesity and diabetes are common within the watershed, well above the 
state average. These rates are especially high within the Navajo communities as 
mentioned in 4.3.1.2 (Relearning Traditional Dryland Farming Techniques). 
The decline of agriculture has changed the Navajo diet and entailed the loss of the 
traditional farming knowledge. While older community members have preserved this, 
young people are ignorant of these traditional methods. If this knowledge is not revived 
it might be lost forever.  

4.7.2 Loss of culturally important land 

Native American culture is tied closely to the physical environment. The Navajo 
that live in the Arroyo Chico Watershed are closely bound to their traditional land and 
consequently their culture and traditions have been affected by the rapid landscape 
changes. The Navajo worldview considers earth and universe as sacred. Specific places 
are considered to be especially sensitive and the Navajo require themselves to protect 
these places in pristine conditions. Changes in land cover or land use affect sacred places 
(Martin & et al, 2002). 

 When restoring and protecting the Arroyo Chico Watershed, Navajo sacred places 
are preserved at the same time and the Navajo culture is conserved as well.  

4.7.3 Sources of Impairment: Lack of awareness 

The Arroyo Chico Watershed is only sparsely populated. Communities are isolated 
and often disconnected from the more populated regions. People live far way from 
educational facilities or civic centers and the overall levels of education are below the 
average in New Mexico. There is a general lack of knowledge about specific problems 
related to watershed health and quality.  

Action Items: RPA has been undertaking efforts to build knowledge capacity 
within communities and is planning to expand their efforts in this area. It is important to 
have communities be educated about their environment, its problems and possible 
solutions.  

 Build knowledge base: Building knowledge capacity within local communities is 
a vital component for the success of watershed rehabilitation. The involvement of the 
community is an essential part in the process of implementing projects in the watershed. 
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Promote village level micro-enterprises: The Navajo communities within the 
planning area rank among the poorest in New Mexico and a great need to stimulate the 
local economy exists. This need could be meet by new, locally owned businesses. RPA is 
trying to obtain small loans to support local businesses and enterprises. Supporting local 
businesses can help to protect and enhance local culture and tradition. 

 Community farms: Within the Navajo communities of the planning area there 
are no grocery stores. Community members must travel 50-60 miles to Farmington, Rio 
Rancho, or Albuquerque to find a supermarket. As a result, the residents have little access 
to affordable healthy foods. In the past, food production filled multiple roles within the 
communities. It had social, spiritual, and economic elements interwoven into it. Currently, 
the food system is largely controlled by entities outside the Navajo area. This has changed 
consumption patterns over the years, which has had impacts on Navajo culture. This has 
also led to degradation of health, social instability, and economic insecurity. Community 
farms could revitalize traditions of growing food and at the same time contribute to a 
healthier diet. Farms could create a greater economic independency and possible sources 
of income.  The Tri-Community Mobile Farmers Market was started by Hasbidito in 2014 
and has increased the number of local farmers in 2015.  More healthy food is being made 
available to the area and the farmers are making money. 

5.0 WATERSHED GOALS 

The goals for the Arroyo Chico Watershed had been developed after sources and 
causes of watershed impairments and areas of concerns had been identified and 
evaluated. Through detailed watershed assessment, talking to stakeholders, looking at 
published reports, and analyzing data, goals for the watershed have been drafted. The 
results are based on four main areas that RPA and its partners have identified as most 
pressing and in greatest need for improvement. Because the watershed is found within an 
area home to some of the poorest communities in New Mexico, the improvement of local 
socio-economic conditions will also be one of the goals while paying attention to 
sustainable solutions. The specific objectives and strategies are organized under their 
respective goals and address the sources of the problem, typically by addressing the root 
cause while trying to find solutions that are cost effective with the highest possible 
impact.  

1. Sediment Reduction  
2. Vegetation and Habitat Improvement  
3. Support and Promotion of Other Watershed Factors 
4. Develop Local Community Capacity for Watershed Management 
 

5.1 OBJECTIVE 
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In order to achieve the goals set forth by RPA, its stakeholders, and partners, the 
objectives should address the causes and sources of impairment that have deteriorated 
not only the watershed but also the socio-economic situation of many local community 
members. As part of developing the objectives for this Watershed Based Plan (WBP) RPA 
has evaluated existing conditions in the watershed and prioritized areas based on the 
degree of impairment and the feasibility of reducing the cause/source to desirable levels.  
 

6.0 METHODS OF ANALYSIS 

The sampling and analysis of this WBP are grounded in the work and results of 
different agencies that have been monitoring the Arroyo Chico Watershed.  
The USGS has been sampling the watershed and has two gauging stations within the 
Arroyo Chico Watershed that have delivered valuable data. NRCS, NMED, and the BLM 
have also published reports that have contributed to our findings. Apart from the official 
state agencies there are many independent reports and research papers that focus on the 
Arroyo Chico or the greater Rio Puerco as their study subject. Because this region is so 
famous for its degradation and its sediment contribution to the Rio Grande, there has 
been much public attention with many research teams and individuals having studied this 
area. All these reports, studies, and books have contributed to the WBP and helped to 
shape an idea of the impairments that are afflicting the Arroyo Chico.  
RPA, and previously the RPMC, and partners have also collected extensive findings 
through the many projects in Arroyo Chico Watershed. In particular these on-the-ground 
projects have qualified RPA to make a list of projects that they think can enhance the 
health of the watershed and improve the conditions of local communities.  

The list below includes some of the sources that were tapped to analyze the 
conditions of the Arroyo Chico Watershed: 

• United States Geological Survey (USGS) collects streamflow and sediment data at 
two gaging stations: Rio Puerco above Arroyo Chico (gage number 08334000), 
Arroyo Chico near Guadalupe (gage number 08340500) 

• USGS conducted studies in the greater Rio Puerco under the auspices of global 
climate change research.  Information about collected data is available online at: 
http://esp.cr.usgs.gov/rio_puerco   

• The New Mexico Environmental Department (NMED) has also conducted water 
quality monitoring. This has produced the 2012-2014 New Mexico CWA Integrated 
303(d)/305(b) List of Assessed Surface Waters. This document lists all assessed 
water bodies and whether they meet water quality standards.  This data is 
available online at: http://www.nmenv.state.nm.us/swqb/ 

• RPA or RPMC projects that are either finished, ongoing, or planned are always 
accompanied by monitoring efforts which have produced and are producing a 
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wealth of data about the watershed and the success of management measures. A 
selection of the data obtained is available online: www.riopuercoalliance.org  

• The U. S. Forest Service Rocky Mountain Forest and Range Experimental Station in 
Albuquerque has released studies of the vegetation and soils of the upper Rio 
Puerco, including the Arroyo Chico Watershed. 

• In 1993 a review and study was begun by the Bureau of Reclamation to deal with 
the impact of the Rio Puerco on the Rio Grande and Elephant Butte Reservoir.   

• The Bureau of Reclamation also contracted with the New Mexico Bureau of Mines 
and Mineral Resources and compiled an annotated bibliography of previous works 
done on the Rio Puerco, including the Arroyo Chico Watershed, and a human-
resource catalog of people interested in the Rio Puerco.   

• Agency monitoring includes riparian assessments and the Proper Functioning 
Condition protocol by the BLM. 
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7.0 PROJECTS AND ACTION ITEMS FOR WATERSHED REHABILITATION  
(PAST, PRESENT, FUTURE) 

RPA, and previously the RPMC, spearheaded numerous projects within the Arroyo Chico Watershed and the greater 
Rio Puerco Watershed. The following is a list of these projects. 

Table structure: 

Action Item/Name: Strategy for achieving goals and/or name of project. 
Lead organization(s): The organization responsible for implementing the project and for ensuring that the project has been 
implemented in compliance with the project plan.  
Funding: The received funds. 
Year: The time period during which the project was implemented. 
Product: Deliverable that the action item will achieve. 
Status: Status of the project. 

7.1 PAST/ONGOING RESTORATION PRACTICES 

7.1.1 Congressionally Funded Projects 

Action Item Project 
Proponent 

Funding Year Product Status 

Cactus Flat 
Watershed 
Restoration 

Torreon Chapter $  59,087 2000-03 Community outreach and education Completed 

Ojo Encino Range 
Management 

Ojo Encino 
Chapter 

$  89,540 2002 Tebuthiuron treatment, cross fencing, 
grazing management 

Completed 

Rabbit Ear Mesa 
Erosion Control 

Ojo Encino 
Chapter 

$  29,660 2002-03 Community outreach, youth education Completed 

Whitehorse Lake 
Chapter 
Workshops 

Whitehorse Lake 
Chapter 

$  24,200 2002 Youth education Completed 

Zeedyk: Train the 
Trainer 

Quivira Coalition $   3,200 2002 Train project leaders in induced 
meandering 

Completed 
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Cerros Colorado 
Erosion Control 

R. W. Johnson $  19,293 2003 Proper road maintenance, mechanical 
treatment of cholla 

Completed 

Independent 
Monitoring 

RPMC Monitoring 
Subcommittee 

$ 110,000 2003-2013 Train project implementers to monitor Completed 

Pueblo Pintado 
Chapter Public 
Education 

Pueblo Pintado 
Chapter 

$    9,720 2003 Youth education, erosion control Completed 

Starr Allotment 
Erosion Control 

Red Mtn. Ranch $   7,228 2003 Proper road maintenance, relocate road 
segments 

Completed 

Watershed 
Restoration 
Handbook 

Navajo Nation 
WMB 

$  10,484 2003 Public education Completed 

Whitehorse Lake 
Chapter Earthen 
Dam Repair 

Whitehorse Lake 
Chapter 

$  33,200 2003, 2005 Repair stock tanks, retain sediment Completed 

Eagle Mesa Dam 
Restoration 

Ojo Encino 
Ranchers 
Committee 

$  21,000 2004-05 Repair pit tanks used as livestock water Completed 

Ojo Encino 
Restoration 
Handbook 

Ojo Encino 
Ranchers 
Committee 

$   4,500 2004 Education tool highlighting work of local 
landowners 

Ongoing 

Soil and Water 
Between Four 
Sacred Mountains 
Video 

Torreon/Star Lake 
Chapter 

$ 24,316 2005 Develop, present, and evaluate 
effectiveness of motivational video on 
watershed restoration for Navajo audience 

Completed 

Vicente Earth Dam 
Restoration 

Watson Castillo $ 8,000 2006 Repair 2 stock tanks in Star Lake 
Community Allotment 

Completed 

Subtotal  $ 
453,428 

   

 

7.1.2 Grant Funded Projects 

Project Name Project Funding Source of Product Status 
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Proponent Grant 

Rio Puerco 
Watershed Initiative 

Rio Puerco 
Management 
Committee (RMPC) 

$ 655,590 EPA (104b3 
FY03) 

Implement innovative approaches to 
watershed restoration within Upper Main Stem 
and Torreon Wash 

Completed 

Targeted Watershed 
Grant in Torreon 
Wash 

Rio Puerco Alliance $ 839,727 EPA 2008-
2013 

Address the need to increase vegetative cover, 
particularly riparian vegetation, in order to 
reduce non-point source pollution in the 
Torreon Wash drainage.  

Completed 

 

Sandoval Trash 
Project 

Rio Puerco Alliance $ 60,000 NMAC/BLM Installed 2 dumpsters and paid for trash 
service for Chapters of Ojo Encino and 
Torreon. Hired hand crew for trash cleanups. 
Mechanical removal of large trash site. 

Completed 

Restoring Torreon 
Wash 

Rio Puerco Alliance $116,884 RERI (NM 
State) 

Restore Native willows and cottonwoods to 
stabilize drainage channels in Torreon Wash 
by removing salt cedar (under the Targeted 
Watershed Grant) and, where there is no 
native cottonwood or willow present, do 
plantings.   

Completed 

Community Food 
Project 

Rio Puerco Alliance $ 25,000 USDA Designed community assessment surveys 
(food and energy). Implemented survey, 
collection, and analysis. Wrote report. 

Completed 

Centennial Grant – 
Community 
Gardens 

Rio Puerco Alliance $ 10,000 NM 
Centennial 
Fund 

Built community gardens in the tri-chapter 
areas of Counselor, Ojo Encino, and Torreon. 

Completed 

First Nations 
Community Kitchen 

Rio Puerco Alliance $ 27,000 First Nations Renovate Ojo Encino Chapter House kitchen 
into a commercial kitchen. 

In progress 

Subtotal  $ 
1,734,201 

   

Arroyo Chico 
Projects Grand Total 

 $ 
2,187,629 
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8.0 (EPA 3, 4, 6,7) MANAGEMENT MEASURES: PROPOSED PROJECTS AND 

ACTIVITIES  

        In order to accomplish our goals and objectives (Section 4.0 & Section 4.5) RPA 
has compiled a list of projects that will help meet these targets.  RPA and its partners 
have prioritized and identified areas of concern to be treated, managed, and rehabilitated 
while taking under consideration local socio-economic needs, respecting private 
landowners rights, and complying with regulatory requirements.  

The recommendations for actions to accomplish the goals and objectives for the 
Arroyo Chico Watershed are listed in the tables below. Each table contains a description 
of the following categories: 

Table structure: 

Priority: From HIGH, MEDIUM to LOW. 
Action Item: Strategy for achieving goals/Name of project. 
Lead organization(s): The organization responsible for implemented the project that is 
ensuring that the project is being implemented in compliance with the project plan.  
Watershed Benefits: Watershed benefits, indicating the possible load reduction and/or 
other water quality or habitat benefits that cannot be quantified. 
Milestone: Milestones identifies a sub-task that, when achieved, indicates that the overall 
strategy is being implemented step by step. 
Costs: Estimated funding needed to implement each Action Item. 
Funding Sources: Partners, programs, foundations, and grants where funding might be 
sought. 
Schedule: The time frame the project would be implemented in. 
Product: Product indicates the outcome an action item will generate. 
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8.1 GOAL 1: SEDIMENT REDUCTION 

1.1 Sediment Retention 
1.2 Erosion Control 

Priority Action  
Item 

Lead 
Organization 

Watershed  
Benefits Milestones Cost Funding 

Partners Schedule Product 

HIGH Road Drainage 
Improvement1 

RPA - Erosion control, 
with significant positive 
effects on the stream 
systems to which the road 
drainage contributes 
- Water retention 
- Reduction of long-term 
cost of road maintenance 
- Water can be harvested 
from road and used for 
additional irrigation 
purposes 

-Identifying high 
priority areas 
- Constructing 
rolling dips 
-Monitoring 
effects 

$200,000   - Rolling dips 

HIGH Erosion 
Control 
Structures2 

RPA - Erosion Control 
- Enhanced vegetation 
- Water retention 
- Stabilization of head cuts 

- Identification 
of priority areas 
- First Stage of 
implementation 

$150,000   - One-Rock 
dams, hand-built, 
in-stream rock 
structures  

                                       
1 Road drainage improvement: Roads are large contributors of sediment because they act as channels and thus accelerate the sediment transport. 
Roads within the planning area are especially problematic because they are mostly unpaved. Through road restoration 48% of the road erosion can be 
prevented.  (See Schulz, K. (2008). Modeling Road Erosion in The Upper Torreon Wash, New Mexico. Albuquerque: The University of New Mexico.) In 
addition, the runoff could be harvested off the road and used for irrigation purposes.  Rolling dips are an inexpensive, effective way to achieve erosion 
control on roads or trails. Rolling dips are shallow depressions in roads or trails, with gently rolling humps on the down grade side, diagonally placed 
across, to divert runoff from the surface to a side drain or slope.  
2 Erosion Control Structures: RPA has extensive experience with erosion control structures that are already in use in the planning area. These 
structures are low maintenance and low cost. Most of the structures are constructed by hand with easily accessible material. Materials such as rocks, 
tree trunks are placed in-stream, in arroyos, at head-cuts, or within areas that have been identified as generators of runoff and sediment. One-rock 
dams, Zuni bowls, rolling dips, diversion drains, swales and berms, and micro-catchments can also retain, divert and slow down storm water runoff and 
contain sediments. Local community members with little or no training can construct these structures. These structures can reduce sediment by 60% 
(see, USGS, Effects of Upland Mitigation on Erosion and Sediment Production in Torreon Wash, New Mexico, 2009-2012.)  
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- Zuni bowls, 
hand-built, in-
stream rock 
structures 
- Rolling dips, 
diversion drains, 
swales and 
berms, and 
micro-catchments 

HIGH Holistic River 
Restoration3 
 

 - Slowing of runoff 
- Erosion Control 
- Vegetation enhancement 
- Habitat for wildlife 
- Enhancing of native 
plant communities 
- Water retention 
- Stabilization of head cuts 
- Creation of floodplains 

- Identification 
of areas in need 
- Prioritization of 
areas 
- Prioritization of 
projects 

$200,000   - Riparian and 
wetland plantings  
- Erosion control 
structures 
- Fence assembly  
- Construction by 
hand of rock 
structures for 
wetland 
restoration  
- Maintenance of 
previously built 
structures 
- Noxious weed 
control 

HIGH Rangeland 
Management4 

 - Enhanced Riparian 
Vegetation 

- Identification 
of areas in need 

$150,000  Ongoing Fencing and 
gates 

                                       
3 Holistic River Restoration: The River Restoration approach is a holistic method that entails many different aspects by trying to consider the 
watershed and its systems as a whole. The approach will provide erosion reduction, the slowing of runoff, and retention of water on the land, and the 
stabilization of the riverbanks. It will also enhance habitat for wildlife and native plant communities. It will help create floodplains creating habitat for 
native plant communities and wildlife. It will also reduce and slow runoff. Together these measurements will significantly reduce the sediment that is 
contributing to the system and will promote the riparian recovery process. 
4 Rangeland Management: Even though grazing pressure has declined in the Arroyo Chico Watershed recently, grazing is still a great concern in the 
watershed. This is especially true in the Navajo Checkerboard areas, where only small portions of the range are fenced off. Rangeland management is 
an essential element in the recovery of the land. There are approximately 4,000 cattle and approximately 500 unmanaged horses in the planning area. 
The continuation of the drought has decreased forage production and cattle, horses, and wildlife are competing over greatly reduced feed. This results 
in an increase of grazing pressure on the range. Rangeland management has been proven to be a successful tool in managing watersheds and in 
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- Enhanced/controlled 
forage production 
- Erosion control 

- Installation of 
fencing 
-Management 
plans 

MEDIUM Alternative 
Watering 
Facilities5 

 - Enhancement/ 
Stabilization of riparian 
areas 
- Source of water for 
wildlife and cattle 

- Identification 
of areas 
-Installation of 
watering 
facilities  

$500 - 
$2,000/ea 

 Ongoing - Watering 
facilities for cattle 
and wildlife 

 
8. 2 GOAL 2: VEGETATION AND HABITAT IMPROVEMENT  

2.1 Appropriate Vegetative Species and Densities 
2.2 Improved Upland, Riparian and Stream Habitats 

Priority Action Item 
Lead 
Organi-
zation 

Watershed Benefits Milestones Cost Funding 
Partners Schedule Product 

HIGH Riparian  
Re-
vegetation6  

 - Contribute to 
stabilization of soil, 
riverbanks, and the 
creation of floodplains  
- Improves riparian and 
stream habitat and health 
- creates biodiversity 
- creates wildlife habitat 
- Water retention  
- Erosion control 

- Identification 
of areas in 
need 
- Planting of 
native plant 
species  

$175,000 BLM/ Ongoing - Cottonwood, willows, 
and riparian shrubs 
- Healthier riparian 
vegetation  

                                                                                                                                                                                  
supporting rehabilitation efforts. With the introduction of fencing and the development of management plans, the number of cattle, feral horses, and 
wildlife on the land can be controlled and consequently overgrazing reduced. 
5 Alternative watering facilities: Alternative watering facilities are tanks, troughs, or other watertight containers that are installed away from riparian 
areas. These facilities provide alternative watering areas for animals and wildlife and protect riparian vegetation and streams, ponds, and water supplies 
from biological contamination. In the planning area this is especially important as the available water is very limited and cattle and wildlife tend to 
stress areas where there is access to water. Alternative watering facilities also support erosion control through the management of cattle and wildlife. 
6 Riparian Re-Vegetation: As discussed earlier riparian vegetation is especially important for native plant and wildlife communities. But not only does 
it provide a crucial habitat it is also important for water quality and instrumental for erosion control purposes. Planting of native species is a long-term 
management tool and can greatly improve riparian and river health.   
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MEDIUM Planting of 
Native 
Species in 
other areas7 

 - Consolidates riparian 
areas 
- Habitat for native 
birds/mammals 
- Erosion control 

- Identification 
of areas in 
need 
- Planting of 
native species 

   - Native species  
- Additional wildlife  

MEDIUM Noxious 
Weed 
Treatment8 

 - Enhances habitat for 
native plant communities 
- Increases water available 
for native plants 
- Erosion control 

    Salt Cedar/ Russian Olive 
Control 

LOW Feral Horse 
and Burro 
Program9 

 - Enhanced rangeland 
management practices 
- Reduced numbers of 
horses 

 $750  Ongoing - Education sessions for 
Navajo youth and 
community members 
- (Potentially) Educational 
brochure  

MEDIUM Feral Horse 
Reduction 
Program10 

 - Erosion control 
- Protection of native 
plants 
- Protection of range 

- Assessment 
of all horses 
within 
planning area 

$25,000  Ongoing -Reduced, controlled, 
sustainable number of 
horses 
-Healthier horses  

                                       
7 Planting of Native Species in other areas: Besides the riparian areas, rangeland and other areas in the Arroyo Chico Watershed can also greatly 
benefit from re-vegetation. There has been an invasion of noxious weeds in the entire watershed. The treatment of noxious weed and at the same time 
the seeding of native plants can greatly benefit watershed health and provide for additional wildlife habitat. It will reduce run-off and consequently 
control erosion, help retain water, and improve forage production. 
8 Noxious Weed Treatment: Noxious weeds threaten native species. Specifically, the riparian areas have been invaded by noxious weeds such as salt 
cedar and Russian olive. The treatment of noxious weeds will encourage the survival of native plants and wildlife. Treatment and removal will also 
ensure the availability of water for native plants and wildlife. Treatment has been successful in the past, but is still necessary in many parts of the 
watershed.   
9 Feral Horse and Burro Program: The Feral Horse and Burro Program is an educational program in place to teach Navajo youth about the art of 
horsemanship, horse health management, and grazing management. It addresses the problems of unmanaged herds overgrazing open range while 
promoting a renewed connection between Navajo youth and their heritage of horsemanship. Such programs could eventually provide an alternative to 
round-ups.  
10 Feral Horse Reduction Program: The Feral Horse Reduction Program helps to reduce and manage the number of feral, and non-feral, horses on 
public, private, and tribal land. Through horse contraception and sterilization a sustainable number of horses on the land is targeted. The planning area 
and especially the Navajo Nation communities within the Arroyo Chico Watershed, are faced with a large number for feral horses that quickly multiply. 
Within the Navajo Nation there are only small portions fenced in and horses are competing with cattle for feed. The continuing drought and the 
resulting reduced forage have left cattle and horses with insufficient amounts of feed. Many horses are underfed and in danger of starving. Keeping 
horses from breeding, thus reducing their number, can contribute to the overall health of the range and the horse herds.   
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MEDIUM Restoring 
Desert 
Grasslands/ 
Scrubland11 

 - Erosion control 
- Water retention 
- Feed for wildlife and 
cattle 
-Habitat for wildlife 
-Net carbon sinks 
- Potential source of 
income 
-Decrease of wind erosion 

-Evaluation of 
restoration 
techniques 
-Finding sub-
watershed as 
study area 
- Apply 
restoration 
techniques to 
study area to 
assess 
different 
techniques 

$1,000,000   -Restored native 
vegetation 
-Better adapted plant 
communities 

 
8.3 GOAL 3: SUPPORT AND PROMOTION OF OTHER WATERSHED FACTORS WAT 
3.1 Inter-jurisdictional and Inter-Agency Cooperation 
3.2 Recognition and Protection of Cultural Resources 
3.3 Public Awareness, Education and Participation 
 

Priority Action Item Lead 
Organi
zation 

Watershed Benefits Mile-stones Cost Funding 
Partners 

Schedule Product 

MEDIUM Field Office  
in Local 
Community 12 

 - Educational facility  
for local community 
- Facility that can be 
approached 24/7 and 
assist with all watershed 
related issues 

- Find office 
space 
- Hire 
outreach 
coordinator 

$53,000 
annually 

 Ongoing - Give assistance to 
community 
- Full time outreach 
coordinator 
- Organization of local 
educational, outreach, and 

                                       
11 Restoring desert grasslands/scrubland: Restoring desert grass and scrublands and returning them to their original conditions would be beneficial 
for a number of reasons. The vegetation has drastically changed, caused by century-long overgrazing and other human induced changes to the 
environment. This has caused the land to degrade and its biological and economical value to decrease. A return to its original vegetative cover would 
not only benefit the local communities, but the watershed could potentially become a carbon sink, storing carbon instead of emitting it, thus helping to 
reduce carbon levels nationally and globally.  
12 Field Office in Local Community: A field office located in close proximity of local communities would enable the RPA to work even closer with 
stakeholders. It will also serve as a platform for knowledge exchanger and capacity building. The success of the watershed rehabilitation is closely 
linked to the cooperation and integration of community members and therefore working closely with stakeholders is crucial for the success of projects.  
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monitoring activities 
- Building of a grassroots 
network  
- Engage people one-on-one 

HIGH Demonstration 
Restoration 
Projects13 
 

 - Will promote new 
watershed restoration 
techniques with 
maximum community 
involvement 
- Will improve socio- 
economic conditions 

- Identify 
sub-
watershed 
- find local 
farmers to 
participate 

$200,000   - A micro-watershed within 
the watershed where farmers 
conduct strategic research 
with technical guidance from 
the scientists. Planned gradual 
shift from contractual mode of 
participation to consultative 
and collective mode of 
participation. 

MEDIUM Website14  -Will help to bring 
community closer to 
the watershed 
- Inform the greater 
public about the 
achievements and 
issues within the 
watershed  

Create 
Website 
based on 
Content 
Management 
System 

$1,000 
Annually 

 Ongoing - Website 
- Downloadable documents 
about the watershed 
- Communication, fundraising 
tool  
- informs about watershed, 
progress, projects etc. 
- resources 

HIGH Newsletter15  - Will raise awareness 
about the watershed 
- Informs about projects 

 $2,000 
Annually 

 Ongoing - Quarterly newsletter to 
inform about projects, issues, 
needs and success stories 

                                       
13 Demonstration Restoration Projects: The Demonstration Restoration Project is set up within a small sub-watershed of the planning area. It will 
help local farmers to apply new, sustainable water harvesting and farming techniques, helping them to adapt to new climate and environmental 
conditions. It can also be used to conduct strategic research with technical guidance from professionals with a planned gradual shift from contractual 
mode of participation to consultative and collective mode of participation. 
14 Website: The website (www.riopuercoalliance.org) includes information on and photos of the Río Puerco including the Arroyo Chico Watershed, 
RPA partners, projects, restoration methods, publications and current events.  This can be a particularly effective outreach tool, to connect people that 
cannot readily visit project sites. It will also be used for education purposes, to inform and connect and most importantly to raise awareness for the 
watershed and its challenges. 
15 Newsletter: The newsletter will be published quarterly and will inform all members and stakeholders about achievements and challenges of past, 
ongoing, and future projects. It will also provide a platform for all involved entities. The Newsletter will also help to raise awareness for the issues and 
challenges present, and will potentially connect new prospects to the watershed. 
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MEDIUM Brochure16  - Will give in-depth 
information about 
specific projects, new 
techniques that are 
being applied within 
the watershed 

 $4,000 
Annually 

  - 2,500 copies of Brochure  

HIGH Media 
Connection17 

 - Raise awareness about 
issues within watershed 
 

Monthly 
report about 
everything 
that is being 
done within 
watershed 

NA  Ongoing - Reports about the watershed 
and the projects that are 
happening 
- Visibility in local and sub-
regional media 

HIGH Annual Event to 
raise 
awareness18 

       

HIGH Educational 
Video on 
Erosion 
Control/Water 
harvesting 
projects19 

 -Raise awareness of 
issues within watershed 
-Educate local 
community 

Make video $5,000  Ongoing - Educational Video 
- Raise awareness within local 
but also global community 

                                       
16 Brochure: The brochure will be published once a year and provide detailed information about certain projects. It will also educate members about 
specific findings, publish monitoring results, and inform about all projects. The brochure will also help to raise awareness for the issues and challenges 
present, and will potentially connect new prospects to the watershed. 
17 Media Connection: There is a great need to keep the public informed about the issues, achievements, and projects in the planning area. Through 
appearances in local newspaper, other local publications, and online RPA is trying to reach as many people as possible. This will help to raise 
awareness for the issues and challenges present, and will potentially connect new prospects to the watershed.  
18 Annual Event to raise awareness: This event will be held on an annual basis to raise awareness about the watershed and create the opportunity to 
involve new participants in different projects. It will reach out to other organizations and governmental entities and open doors for new funding 
possibilities and partnerships.   
19 Educational Video on Erosion Control/Water harvesting projects: The educational video educates the public about erosion control and water 
harvesting efforts. The Video will help raise awareness for the issues and challenges present, and will potentially connect new prospects to the 
watershed. Showing the video in different venues and diverse channels, RPA will potentially be able to tap new sources.  
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MEDIUM School Program 
(Kiosk)20 

 - Education and raised 
awareness about 
erosion, runoff, 
infiltration, and the 
benefits of soil cover 

 $500 
Annually 

 Ongoing - The mobile Kiosk educates 
about the concepts of soil 
erosion, runoff, infiltration, 
and the benefits of soil cover 
by using a rain simulator and 
soil trays  

MEDIUM Youth Group 
Partnership21 

 - Get young people 
involved and interested 
in the watershed 
restoration efforts.   

Build 
relationship 
with local 
schools and 
communities 
that would 
like to get 
involved.  

$3,000 
Annually 

 Ongoing - Get young people involved 
and interested in the 
watershed restoration efforts.   

MEDIUM Navajo Field 
Guide22 

 - Help local community 
to better adapt the new 
climate conditions  
- Improve their 
economic stand 

Identify 
individuals 
for each 
section of 
the Field 
Guide 

$8,000 
Annually 

 Ongoing - 3,000 copies of Field Guide 
with Erosion Control 
techniques and Navajo Water 
Management Techniques as 
well as dry land farming 
Techniques 

LOW Encourage 
Local 
Government to 
Take 
Leadership 

 - Enhance awareness of 
the issues within 
watershed 
- Creates support for 
rehabilitation efforts 

- Identify 
local 
officials to 
approach 

NA  Ongoing - More awareness within 
community and within the 
state 
 

                                       
20 School Program (Land Health Kiosk): The School Program (Land Health Kiosk) was fabricated under the San Pablo Grant in 2005. The mobile 
Kiosk uses a rain simulator and soil trays to demonstrate the concepts of soil erosion, runoff, infiltration, and the benefits of soil cover.  It has been 
used widely as an educational tool, reaching thousands of children, adults, and families throughout New Mexico and visiting environmental 
professionals from the Middle East.  A watershed group in southern New Mexico plans to build another kiosk to reach additional audiences. 
21 Youth Group Partnership: The Youth Group Partnership represents an important pillar for early youth involvement. By partnering with youth 
organizations it is possible to reach children that otherwise would not be reached. It is important to introduce young community members to the 
challenges that exist in the watershed.  
22 Navajo Field Guide: The Navajo Field Guide informs about erosion and range management and will be distributed at workshops and public 
meetings.  It will introduce new findings and techniques concerning range management and erosion control and help guide the local community to 
practice sustainable management on the range and within the watershed.  
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Role in 
Watershed23 

MEDIUM Dryland  
Farming  
Guide24 

 - Help local community 
to better adapt the new 
climate conditions  
- Improve their 
economic stand 

- Identify 
individuals 
for each 
section of 
the Field 
Guide 

$8,000  One time 3,000 copies of Field Guide 
with Erosion Control 
techniques and Navajo Water 
Management Techniques as 
well as dry land farming 
Techniques 

HIGH River Trash  
Clean Up25  

 - Removes trash form 
arroyos and stream 
reaches that could 
potentially cause water 
impairment 

- Identifying 
priority sites 
- Schedule 
for clean-up 

$10,000  Ongoing - Trash that could potentially 
be hazardous will be removed 
from the watershed.  

HIGH Trash 
Dumpsters26 

 - Preventing the 
disposal of solid waste 
into river reaches, 
arroyos and range 

 $800/ea. 
Monthly 

  -Trash Dumpster in local 
communities that otherwise 
have no solid waste 
management service. 

 
 
                                       

23 Encourage Local Government to Take Leadership Role in Watershed: The support of local governments is a vital component in the success of 
watershed rehabilitation efforts. RPA has been approaching officials to get their support for the watershed and its restoration efforts. 
24 Dryland Farming Guide: The climate in the planning area is changing and with it the challenges that local communities are facing. Rising 
temperatures have made it ever harder to grow crops and raise cattle. The Dryland Farming Guide will assist farmers and community members to adapt 
to the new climate conditions and inform them about more sustainable ways to grow crops and raise cattle.  
25 River Trash Clean Up: There are currently no solid waste management services for most individuals within the Navajo “checkerboard” region.  In 
order to dispose of their trash, residents must drive 35 miles or more to access facilities in Cuba, Farmington, Albuquerque or elsewhere in the state.  
Subsequent illegal dumping of trash in streams and arroyos has had a deleterious effect on water quality, as well as promoting erosion and gullying on 
Navajo lands. This created the need for river clean-ups that RPA has been holding frequently. Despite these efforts there are still many sites that are in 
need of cleanup. RPA wants to continue helping the local community to remove solid waste from their environment.  
26 Trash Dumpsters: Trash Dumpsters or trash bins have become a necessity in parts of the planning area. The Navajo Nation checkerboard area has 
no solid waste management service available to them and illegal trash dumping has become a real problem. The Rio Puerco Alliance has been working 
since 2007 with the Ojo Encino Ranchers Committee (OERC), the Ojo Encino and Torreon Chapters of the Navajo Nation, the HUB RC&D, the RPMC, 
the U.S. Environmental Protection Agency (EPA), the BLM, and the Navajo Nation Solid Waste Management Program to remedy this problem in the 
Torreon Wash area of the Rio Puerco Watershed. While working on long-range plans to address the issues of illegal dumping, the Ojo Encino Chapter 
wanted to begin moving residents from illegal dumping to legal disposal of trash.  The Chapter was looking for sources to fund a trash bin to be sited 
near the Chapter House for a year.  RPA was able to provide some assistance via its Targeted Watershed Grant (TWG). So far the problem could not be 
solved and thus the need for funding still exists. RPA will try to expand the service, if funding allows, until a long-term solution is found.  
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8.4 GOAL 4: DEVELOP LOCAL COMMUNITY CAPACITY FOR WATERSHED MANAGEMENT 
4.1 Building of Community Knowledge Capacity (Farming and Gardening) 
4.2 Socio-economic Benefits 

Priority Action Item 
Lead 
Organi
zation 

Watershed Benefits Milestones Cost Funding 
Partners Schedule Product 

MEDIUM Promote village 
level micro-
enterprises27 

RPA - Better economic 
conditions of local 
communities 
-Promote local 
businesses 
- Built knowledge 
capacity 
  

- Identify 
market 
niches 
within local 
communities 
- Find 
funding 

$150,000   -Will improve economic 
condition within watershed 
- Will promote local 
businesses, culture, and 
traditions 
 

HIGH Community 
Farms28 
 

 -Increase local food 
production 
- Revitalize small-scale 
sustainable farms 
- Improve land/soil 
health 

- Identify 
sites to grow 
produce 

$4,871    -Supply of locally grown 
food  
- Availability of fresh produce 
in closer proximity  
- Healthier diet 
- Source of income 
- Locally grown products 

HIGH Farming 
Education 
Classes29 

 - Farm adaptation to 
drought conditions 
-Sustainable farming  

Compile 
information 
within one 

$5,000 
Annually 

 Ongoing - Build knowledge within 
local community to be able 
to adapt to drought 

                                       
27 Promote village level micro-enterprises:  Navajo communities within the planning area rank amongst the poorest in New Mexico; thus there is a 
great need to stimulate local economies. There are no grocery stores within the Navajo region of the planning area. Community members must travel 
50-60 miles to Farmington, Rio Rancho, or Albuquerque to find a supermarket. As a result, the residents have little access to affordable healthy foods. 
This need could be met by new, locally owned businesses. RPA is trying to support local businesses and enterprises, which can help to protect and 
enhance local culture and tradition.  
28 Community farms: The residents have little access to affordable healthy foods. In the past, food production filled multiple roles within the 
communities. It had social, spiritual, and economic elements interwoven into it. Currently, the food system is largely controlled by entities outside the 
Navajo area. This has changed consumption patterns over the years, which has impacted Navajo culture. This has also contributed to health problems, 
social instability, and economic insecurity. Community farms could revitalize traditions of growing food and at the same time contribute to a healthier 
diet. Farms could create greater economical independence and become a possible source of income.  
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document 
that can be 
used as a 
guide 

conditions 
- Farming techniques that are 
sustainable; use little water 

HIGH Mobile Farmers 
Market30 

 -Improves health within 
local communities 
- Awareness of locally 
grown foods 
-Revitalization of farm 
land 

- Buy 
market 
trailer 
- Grow 
produce 

$24,000 
Annually 

 Ongoing - Availability of fresh produce i 
closer proximity  
- Healthier diet 
- Source of income 
- Locally grown products 

HIGH Build Knowledge 
base31 
 

 - Greater awareness of 
issues within watershed 
- Knowledge of erosion 
control techniques 
- Greater knowledge of 
funding opportunities 
- Enhanced knowledge 
of rangeland 
management 
techniques 

- Create/ 
collect 
educational 
material that 
can be  
taught to 
and 
accessed by 
the local 
community 

$5,000   - Education/Training Needs 
of local community members 
- The development of 
education programs 
- Address the impact of 
livestock on watershed 
- Address storm water runoff 
and erosion 
- Grand-writing knowledge 
- Foster watershed 
restoration/management skills  

HIGH Water 
Conservation/ 
Harvesting32 
 

 - Sustainable  
water usage 
- Water retention on 
site 

    - Runoff and storm water 
capture 
- Rainwater catchments 
- Rainwater farming 

                                                                                                                                                                                  
29 Farming Education Classes: The climate in the planning area is changing and with it the challenges that local communities are facing. Rising 
temperatures have made it more difficult to grow crops and raise cattle. Farming education classes are intended to help local community members to 
adapt to these changes. It will teach about new and old agricultural techniques in a more sustainable manner.  
30 Mobile Farmers Market: Navajo communities in the planning area have no grocery stores (see note 28). Currently, the food system is largely 
controlled by entities outside the Navajo area (see note 29). A mobile farmers market has been started by the Navajo group, Hasbidito, and is meeting 
the needs for fresh produce of community members in the Tri-chapter area, Ojo Encino, Torreon, and Counselor. The resulting increased control over 
the local food market may also create economic benefits in form of job creation and new income sources from food production and distribution. 
31 Build Knowledge base: Building knowledge in communities is a vital component for the success of watershed rehabilitation efforts.  
32 Water Conservation/Harvesting: Water is a very scarce resource in the planning area and the drought has made it more difficult to grow crops and 
raise cattle. This has impacted the local economy severely. Thus water conservation and harvesting will be necessary to enable farmers and community 
members to grow crops sustainably. By capturing storm water and rainwater additional irrigation can be greatly reduced.  RPA supports efforts of local 
communities to invest into rainwater catchment facilities and storm water management tools.  
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- Revitalization  
of traditional/cultural 
farmland  

- Rainwater management 
technologies 

 
In order to achieve many of the identified goals, RPA and its partners will collaborate closely. In many cases RPA will not be the lead 
agency but only serve in a supporting role. 
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8.5 PRIORITIZING PROJECTS 

Priority  Objective  Action Item 

HIGH  Reduce Sediment 
added to the 
system 
 
Recover Riparian 
Areas and reduce 
Sediment added 
to the system 
 
Raise Awareness 
and educate 
 
Remove trash 
from range and 
river reaches 
 
Built Knowledge 
Capacity within 
Community 
 
Enhance Health 
of local 
community 
 
Improve 
economic 
situation 

 Road Drainage Improvement 
Erosion Control Structures 
River Restoration 
Rangeland Management 
Riparian Re-vegetation Projects 
Newsletter 
Annual/Repeatable Events  
Education Video on Erosion Control/Water   
harvesting projects 
River Trash Clean Up  
Trash Dumpsters 
Built Knowledge Base  
Water Conservation/Harvesting 
Demonstration Restoration  
Farming Education Classes 
Mobile Farmers Market 
Community Farms 

MEDIUM   
Educate, outreach 
and involve 
community 
 
 
 
 
 
 
 
 

 Promote village level micro-enterprises 
School Program (Kiosk) 
Youth Group Partnership 
Navajo Field Guide 
Brochure 
Media Connection 
Planting of Native Plants 
Alternative Watering Facilities 
Noxious Weed Treatment 
Feral Horse Reduction Program 
Restoring Desert Grasslands/Scrubland 
Field Office in Local Community  
Website 
Dryland Farming Guide 

LOW   1.  Encourage Local Government to Take 
Leadership Role in Watershed 

Feral Horse and Burro Program 

   2.   
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9.0 (EPA 8) EVALUATION CRITERIA TO DETERMINE  
WHETHER GOALS ARE ACHIEVED  

With setting up criteria for each project RPA can determine whether individual 
goals have been achieved and/or whether the implementation is meeting expectations. 
These sets of criteria will help define milestones and future monitoring activities. 
An excellent criterion for example is the estimated load reduction that each action item is 
expected to achieve. Thus, prior to the implementation of management measures, a 
baseline and measurement protocol that includes a set of criteria will be established, to 
define and track the expected improvements.  

Below is an outline of steps that need to be established when planning for the 
implementation of action items:  

• Schedule and timeliness  

• Compliance with standards 

• Consistency of measurement 

• Documentation and reporting 

9.1 CRITERIA: SEDIMENT REDUCTION 

One of the most important criteria is sediment load reduction. There are many 
different techniques that can achieve this: for example, measurements of different slope, 
vegetation cover, soil composition and characteristics, precipitation patterns, land use and 
rangeland management types. In the planning area RPA implemented erosion reduction 
structures that are low cost and low maintenance.  These structures have proven to be 
very successful in reducing erosion. The Arroyo Chico Watershed is for the most part an 
intermittent stream and consequently there are no measurable water impairments per se. 
There are also no clearly defined numerical achievement criteria concerning sediment 
load defined by the New Mexico water quality standards, thus the specification of 
sediment load reduction is not possible. Nevertheless RPA is planning to measure 
sediment load reductions to quantify the success for erosion control structures.  

The Targeted Watershed Grant in Torreon Wash was monitored by the USGS. This 
quote from the Abstract of the USGS Monitoring Report shows that sediment reductions 
can be measured in areas treated with RPA’s low-cost structures: “Sediment erosion and 
deposition in two sets of paired (treated and untreated) upland watersheds in Torreon 
Wash watershed, upper Rio Puerco basin, New Mexico, were examined over a 3-year 
period from spring 2009 through fall 2012. The objective was to evaluate the effectiveness 
of upland mitigation methods and their potential utility in improving watershed health 
and decreasing the suspended sediment concentration of in-channel flows in the lower 



Arroyo Chico Watershed Based Plan, 2013 100 

ephemeral stream channels. Downstream changes in channel cross-section in the 
mainstem Penistaja Arroyo and Torreon Wash were also examined.  

“For both watershed pairs, aggradation in the active areas close to the channel was 
greater in the treated compared to the control watershed. Erosion was the dominant 
geomorphic process only in the untreated Penistaja Arroyo tributary, while aggradation 
was the dominant process in the other three watersheds. For Penistaja Arroyo tributary, 
the treated channel showed a 51 percent increase in area aggraded over the control 
channel, while volume aggraded per area analyzed increased by 67 percent. Both 
Torreon Wash tributary channels showed net aggradation; the treated channel, however, 
showed a 29 percent increase in area aggraded over the control channel, and a 60 
percent increase in volume aggraded per area analyzed. In the untreated Penistaja Arroyo 
tributary channel, the calculated minimum erosion rate was 0.14 mm/yr. Aggradation 
rates for the three channels where aggradation was the dominant geomorphic process 
were calculated at 0.16 mm/yr for the Penistaja Arroyo tributary treated watershed, 0.31 
mm/yr for the Torreon Wash tributary untreated watershed, and 2.51 mm/yr for the 
Torreon wash tributary treated watershed.  

“In Penisteja Arroyo and Torreon Wash, channel slumping and erosion and 
transport of previously deposited material provide source material for sediment 
suspended in the ephemeral flow. Hillslopes produce source material likely not as diffuse 
overland flow from hillslope erosion to Penistaja Arroyo and Torreon Wash, but by 
transport in established or incipient drainages or gullies such as measured by the paired 
watersheds. By increasing the infiltration capacity of the hillslopes and limiting the 
tendency towards increased drainage density, with its more efficient conveyance of runoff 
and sediment, hillslope stabilization through mitigation structures such as one-rock dams 
increases the capacity of the landscape to absorb and limit the erosive impact of more 
moderate, more frequent precipitation events.”  

 If the measures implemented by RPA and its partners have not led to a measurable 
sediment load reduction, action items will be reworked.  

9.2 CRITERIA: VEGETATION AND HABITAT IMPROVEMENT 

The Arroyo Chico Watershed has very poor vegetative cover and habitat for 
wildlife has decreased recently. RPA is hoping to improve vegetation along riparian areas 
and other parts of the watershed and create additional habitat for native species (Elzinga, 
Caryl L. Ph.D. et al, XXXX). In order to generate criteria to measure the achievements that 
are obtained RPA will design an adaptive management cycle. First desired conditions are 
defined and a management plan outlined to meet the objectives. Following, projects are 
monitored to determine whether objectives have been met. If the outcome is not 
satisfactory, management practices will be adapted. 
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9.3 CRITERIA: SUPPORT AND PROMOTION OF OTHER  
WATERSHED FACTORS  

The support and promotion of other watershed factors include outreach, 
education, and socioeconomic goals as well as the creation of interagency cooperation 
and cooperation of stakeholders, partners, and other entities. These have again no clearly 
defined numerical achievement criteria because their success has no quantitative 
measurements. However RPA will design qualitative achievement criteria to measure the 
success of these objectives. RPA and its partners have in the past had excellent track 
records in setting criteria and achieving goals.  

9.4 CRITERIA: DEVELOP LOCAL COMMUNITY CAPACITY FOR WATERSHED 
MANAGEMENT 

The development of knowledge in local communities is a focal point and crucial 
in achieving other objectives. Sustainable rehabilitation can only happen if local 
communities are involved in each step of the Watershed Based Pan (WBP).  Information 
about issues and processes in the Arroyo Chico Watershed needs to be disclosed to 
communities and their cooperation in solving them needs to be secured.  Action items 
will only be successful if local community members support them. The socioeconomic 
benefit that locals gain from the proposed action items is equally important in securing 
successful projects.  The protection of the watershed and its traditional vegetation will 
yield economic benefits for communities, but in addition local economies need to be 
encouraged to find a sustainable way to support the communities. Right now the 
population is in large part poor; consequently rehabilitation of the watershed is not their 
main concern.  The development of local economies will contribute to the rehabilitation 
efforts of the entire watershed.  

10.0 FUNDING SOURCES 

One of the most fundamental building blocks in the process of planning 
watershed rehabilitation is the acquisition of funds. After having identified specific 
projects and their financial and technical needs, funding has to be secured. There are 
numerous funding sources, including federal programs, grants, and environmental 
improvement funding from private foundations. Because funding sources change on an 
irregular base it is important to stay aware of the different sources and when applications 
need to be filed. 

10.1 CONVENTIONAL FUNDING SOURCES 

The list below reflects some of the funding sources available in New Mexico and  
the United States: 
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•  The New Mexico River Stewards Program, if further funding becomes 
available 

•  EPA Healthy Watersheds Initiative 

•  U.S. Forest Service CFRP program 

•  USDA Rural Community Assistance funds 

•  US Fish and Wildlife Service “Partners for Fish and Wildlife” and “Landowner   
Incentive Program” 

•  NRCS/SWCD assistance 

•  New Mexico Water Trust Board 

•  New Mexico Association of Counties 

•  N. M. State Forestry Division, fire protection and noxious weed programs 

• Special legislative appropriations 

• Foundation and nonprofit organization support 

• Private landowner contributions 

In addition there are other sources online that show an updated inventory of 
possible funding sources: 

• www.grants.gov  

• www.epa.gov/owow/funding.html 

• http://efc.boisestate.edu/watershed  

As many government grants require matching funds in dollars or in-kind services, 
there is the need to always manage and organize contributions to leverage the available 
funding. Here grant matching and cost-share strategies are of great benefit and allow for 
creative management of limited financial resources to fund a project.  

As mentioned, funding sources change quickly. One year funding may be 
available for a particular activity, but the next year the possibilities have changed. RPA 
and its partners have to be constantly aware of new funding sources, as well as those that 
are drying up. 

10.4 NEW FUNDING SOURCES 

There are two kinds of funding strategies. The first one includes conventional 
sources such as existing donor–based sources, and the second option is the non-
conventional, non-traditional sources of funding. 

Most of the sources we have been talking about belong under the categories of 
conventional funding sources. Because of the economic downturn after 2008 though, 
many of the conventional funding sources have been drying up or substantially cut. Thus, 
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many non-profit organizations have had to become creative in funding their projects. A 
list of some of non-traditional sources of funding is compiled below.  

10.4.1 Corporate Sponsorship 

Local, national, and international corporations spend millions of dollars every year 
on cause-related marketing and sponsorships.   

10.4.2 Micro-financing 

This concept is especially known in the third world countries, but is also 
increasingly being utilized in the West. “Micro-financing” is a funding method where 
many members of the public donate small sums of money, usually online, to help fund 
projects that they feel are worthwhile. 

10.4.3 Direct Donations 

Another funding source that is ready available are direct donations, which can be 
obtained through an addition to the website. With an addition of a “payment now” 
button, donations can be made instantly.  

10.4.4 Private-Public Partnership 

Private Public Partnerships (PPP) are already widely used. A PPP is a government 
service or private business venture that is being funded and operated though through a 
joint venture of government agencies and private sector companies. 

10.4.5 Crowd-funding 

More recently crowd-funding has become a popular. Here projects are being 
introduced, usually with a short video, to persuade people to give money to a certain 
cause. This is generally connected to a reward that people get in return for a money 
pledge.  

Below of a list of some popular crowd-funding sites: 

Kickstarter 
Kickstarter is a site where creative projects raise funding. Projects are very diverse 
and range from new products, to music or art projects, to food related items and 
non-profit causes. Kickstarter does not apply to businesses, charities, or personal 
financing needs. Kickstarter is one of the first crowd-funding platforms and has 
already funded a large number of projects.  

Indiegogo 
Kickstarter focuses more on creative projects while Indiegogo approves donation-
based fundraising campaigns for anything. These projects range from music, 
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hobbyists, personal finance needs, charities etc. They are also one of the first 
crowd-funding sites and have therefore seen significant growth. But their growth 
has also come because of their flexibility concerning the projects they fund. 

Crowdfunder 
Crowdfunder on the other hand focuses on businesses with a growing social 
network of investors, such as tech start-ups, small businesses, and social 
enterprises.  Crowdfunder offers a blend of donation-based and investment-based 
crowd-funding raised through individuals and “angel” investors. Crowdfunder 
supports the development of entrepreneurial systems and access to capital on a 
local basis. With its CROWDFUNDx initiative focusing on cities within U.S. and 
Mexico, it connects local investors with local entrepreneurs, online and offline.  

RocketHub 
Rockethub focuses on donation-based funding for a wide variety of creative 
projects.  What differentiates RocketHub is their FuelPad and LaunchPad programs, 
helping campaign owners and potential partners to connect and collaborate on 
successful campaigns. 

Crowdrise 
Crowdrise focuses donation-based funding especially for Causes and Charity. Their 
community consists of “do-gooders” that fund all kinds of inspiring causes and 
needs. A point system helps to track and view how much charitable impact 
members and organizations are making. 

Somolend 
Somolend is a site that finds lending partners for small businesses in the U.S. They 
have partnered with banks and help qualified businesses with existing operations 
and revenue to obtain debt-based funding.  

Invested.in 
Invested.in helps businesses and organizations to create their own crowd-funding 
community by providing tools to build and find donation-based funding for a 
specific cause, or niche, in the market.  

11.0 (EPA 9) MONITORING 

Monitoring generally means the repeated measuring of ecological variables over 
time. The evaluation of the variables indicates the effectiveness of the implemented 
action items. The findings can yield large and small changes depending on the goal of 
the action items.  

In order to determine whether an action item has been successful, RPA and its 
partners look at four different types of variables or indicators: 
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1. Biological Indicators:  
Biological indicators include all living things such as grasses, riparian vegetation, 
and organisms that are living in soil or fish and macro-invertebrates in a stream.  
2. Physical Indicators:  
Physical indicators include the shape of the land (also known as geomorphology) 
such as the steepness of riverbanks, and length of river channels and arroyos.  
3. Flow Regime Indicators:  
This includes all factors that affect the amount of water in the watershed such as 
rainfall, land use, runoff, and current velocity. 
4. Other Indicators:  
There are other indicators that are more complex, such as pesticides that require 
expensive and sophisticated laboratory equipment and procedures to analyze.  

RPA and its partners will design a monitoring plan to create guidelines for future 
monitoring efforts. The monitoring plan will be designed for each project and will contain 
a monitoring schedule based on the type of project, the timeframe, and implementation. 
The funding for these components will be included in the initial budgeting and grant 
request.  

The guidelines that are going to be developed will help determine what 
monitoring methods are implemented. The monitoring methods that will be applied will 
be selected based on their effectiveness to produce valid data that can reflect both the 
successes and shortfalls of the implemented action items. If monitoring methods show 
that action items is not yielding the anticipated success, action items will be revised and 
possibly modified.  

Monitoring is designed to direct, track, and develop trends with regard to water 
quality and the condition of other natural and socioeconomic resources. A successful 
project depends on the continued implementation of restoration activities and 
maintenance. Thus long-range monitoring can assure activities are tracked and evaluated 
beyond the initial implementation of the project.  

In order to design and maintain a successful monitoring plan, RPA and its partners 
need to ensure that data is properly managed and that each project is accompanied by a 
trained monitoring volunteer. To manage data, a database of monitoring resources will be 
implemented and updated as data is produced.  

 

11.1 MONITORING STRATEGY: 

RPA will develop a long-term monitoring plan that includes a timeline, not 
exceeding ten years. This plan should include or reference a description of how the 
elements of the plan are being achieved.  
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11.1.2 Monitoring Objectives 

RPA and its partners will identify monitoring objectives that generate data that can 
determine whether action items have been effective or not.  

11.1.3 Monitoring Methods 

RPA and its partners will select monitoring sites and sampling modes that achieve 
the monitoring objectives. To achieve these goals there might be one or more monitoring 
modes employed. As the Arroyo Chico Watershed is mostly an intermittent stream and 
erosion one of the main concerns, various monitoring methods will focus on the 
effectiveness of erosion control efforts. 

The list below illustrates some of the monitoring methods that inform about 
erosion control in upland areas. Most of these methods can be employed and operated 
by volunteers and are low cost to implement: 

Monitoring: Sediment Reduction 

Monitoring Item Agency Method Frequency 

Erosion or deposition 
on slopes and change 
in vegetation 
Qualitative information 

 Photopoint Monitoring  In the fall after summer 
monsoons.  
At least once a year. 
Repeatedly 

Ground cover 
Quantitative data 

 Canopy Gap Monitoring  At least once per year 
Repeatedly 

Erosion or depositing 
of soil at key locations 
on hillslopes 
Quantitative data 

 Geomorphology 
Monitoring 

First measurements: after 
erosion control techniques 
have been applied and will 
give the “baseline” or initial 
conditions. 
Second measurements: 
 After the major rain season 
has stopped. 
Repeatedly 

Change in vegetation 
types on hillslopes 
Quantitative Data 

 Line-Point Intercept 
Monitoring, Upland 

After the growing season 
At least once a year 
Repeatedly 

Suspended sediment 
Stations to monitor 
sediment loads 

USGS Sediment Monitoring Repeatedly  

Crest stage gages to 
monitor elevation of 
the flood crest of 
streams 

USGS Flood Crest monitoring Repeatedly when flood occurs 

Land Use Stress 
Qualitative data 

BLM Rangeland Health 
Assessment  

Every ten years 
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Monitoring: Vegetation and habitat improvement 

Monitoring Item Agency Method Frequency 

Quantitative change in 
shape of channel 
towards desired 
dimensions 

 Geomorphology 
Monitoring 

First measurements: after 
erosion control techniques 
have been applied, will give 
the “baseline” or initial 
conditions. 
Second measurements: 
After the major rain season 
has stopped. 
Repeatedly 

Quantitative change in 
vegetation types in 
riparian area 

 Riparian vegetation 
monitoring 

At least once a year. 
Repeatedly at the same date 

Plant responses to 
improvements on 
grazed and un-grazed 
sites (quantitative). 

 Line-point intercept plots  At least once per year 
Repeatedly 

Ground cover 
(quantitative) 

 Canopy Gap Monitoring 
Method 

At least once per year 
Repeatedly 

Erosion or deposition 
and change in 
vegetation in streams 
Qualitative data 

 Photopoint Monitoring  In the fall after summer 
monsoons.  
At least once a year. 
Repeatedly 

Quantitative change in 
vegetation types on 
hillslopes 
 

 Line-Point Intercept 
Monitoring, Upland 

After the growing season 
At least once a year 
Repeatedly 

Water height, 
discharge, water 
chemistry and water 
temperature 

USDA 
Gaging 
Station 

Stream Discharge 
Monitoring 

Real-time stream flow data 
system 

Measuring stream 
turbidity for 
quantification of load 
reduction  

 Sediment Load Reduction 
Monitoring  

Repeatedly 

Stream flow and 
volume, presence or 
absence of flow in a 
wash following 
precipitation 

 Monitoring stream 
channel hydro-
modification 

Repeatedly after big storm 
event 

Wildlife surveys and 
plant mapping 

 Riparian health 
monitoring 

Once a year 

Determines channel 
width evolution.  

 Cross Section Monitoring Once a year 

Monitoring controls on 
untreated and treated 
sites  

 Noxious weed control 
monitoring 

At least once a year during the 
growing season. 
Repeatedly 

Precipitation collectors 
inform about the 
amount of rainfall  

USGS Precipitation monitoring Repeatedly 
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Land Use Stress 
Qualitative data 

BLM RFA Riparian Functional 
Assessment  

Every ten year 

 

Monitoring: Support and promotion of other watershed factors 

Monitoring Item Agency Method Frequency 
Effect of outreach and 
educational strategies 

 Project visibility and 
knowledge monitoring 

Repeatedly 

 

Monitoring: Develop Local Community Capacity for Watershed Management 

Monitoring Item Agency Method Frequency 
Projects impact on the 
socioeconomic stance 
of local communities. 

 Monitoring of 
socioeconomic 
conditions. 

Repeatedly 

 

Some of these monitoring methods are already employed in the Arroyo Chico 
Watershed and will further be utilized to measure the achievements of action items.  
Various projects will also call for new sets of monitoring methods and RPA with its 
partners will modify and adequately adjust monitoring methods to satisfy the objectives of 
the monitoring plan.  

GIS to manage and compile the produced monitoring data will also accompany all 
monitoring efforts.  

11.1.4 Core and Supplemental Water Quality Indicators 

Supplemental indicators are employed when pollutants are expected or when the 
core indicator previously indicated impairment. Core indicators apply to water resource 
types that include: physical, habitat, chemical, toxicological and biological and ecological 
endpoints. RPA and its partners will develop core indicators and supplemental indicators 
where needed.  

11.1.5 Quality Assurance 

In order to assure quality of the monitoring plan, plans are established, managed 
and peer reviewed in accordance with the EPA policies. This will ensure the scientific 
validity of the monitoring data and laboratory activities. 

11.1.6 Data Management 

RPA will ensure that their monitoring data is publicly accessible on its website. 

11.1.7 Data Analysis/Assessment 
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RPA will assess the water quality standards based on the analysis of various types 
of data that are obtained by the different monitoring methods. The methodology that is 
being applied will include criteria for compiling, analyzing, and integrating all readily 
available and existing information. 

11.1.7 Reporting 

RPA will complete reports about the outcomes of different monitoring methods in 
order to conclude whether an action item has been successful and to reveal the 
development of projects.   

11.1.8 Programmatic Evaluation 

RPA and its partners will evaluate their monitoring methods to determine how well 
the program serves the water quality and health of the Arroyo Chico Watershed. This 
should also involve the evaluation of each monitoring method to determine how effective 
the different programs are and whether needed changes for future monitoring cycles are 
needed.  

11.1.9 Results from monitoring methods plan  

The implementation of this monitoring plan will produce the following results: 

• The implementation of any of the suggested action items will help to meet 
the goals of the Rio Puerco Watershed Act of 1996. 

• The produced data will highlight the effectiveness of the action items and 
will help achieve the targeted goals. 

• Hard data will be produced that illustrates the success of the implemented 
management measures. 

• The collection of data will improve our understanding of processes that 
cause resource degradation, socioeconomic hardship and financial losses in 
the Arroyo Chico Watershed. 

12.0 (EPA 5) OUTREACH AND COMMUNITY INVOLVEMENT 

Information sharing, education, and outreach are essential building blocks for the 
long-term success of this Watershed Based Plan, and are just as important as the on-the-
ground restoration projects themselves.  The approval and active cooperation of local 
landowners and various government agencies will determine whether a project can be 
successful. The Information, Education, and Outreach Strategy is an essential component 
of RPA’s planning and working progress. Because the Arroyo Chico Watershed 
accommodates such a rich mixture of cultures, it is important to have their voices, needs 
and wants heard and represented in the objectives that are being formulated. Interested 
parties should also remain informed about RPA’s projects and progresses and be 
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encouraged to take part in the journey. This also will ensure that stakeholders understand 
the full complexity of water quality and watershed health concerns in the Arroyo Chico 
Watershed.  

The Information, Education, and Outreach Strategy supports the achievement of 
two major goals defined by the Arroyo Chico Watershed Based Plan:  

1. Support and promote other watershed factors, including inter-jurisdictional and 
interagency cooperation, the recognition and protection of cultural resources and 
public awareness, education, and participation.  

2. Building of community knowledge capacity such as the knowledge of 
watershed restoration methods, sustainable farming and gardening that will help to 
better socio-economic situation of local communities.  

Essentially, the Information, Education, and Outreach Strategy is to facilitate the 
exchange of watershed and restoration knowledge between stakeholders in the Arroyo 
Chico Watershed and to motivate all stakeholders in the watershed to proactively and 
collaboratively implement this Watershed Based Plan.  

To achieve the Information, Education, and Outreach Strategy, the Arroyo Chico 
Watershed Based Plan has identified seven education and outreach goals:  

1. Increase stakeholder awareness, understanding, and support of the action 
items in the Watershed Based Plan through involvement in educational 
programs, resource-based activities, and special events. 
2. Foster a grassroots network to share watershed, restoration, and grant 
knowledge and build capacity among stakeholders to apply appropriate Best 
Management Practices (BMPs). 
3. Build awareness and understanding of watershed function and potential; 
the diversity of natural and cultural resources within the Arroyo Chico; and the 
relationship between community, land, and stream health. 
4. Continue and expand support of watershed education efforts at schools, 
organizations, and government agencies in the watershed and help provide 
targeted education on various land management concepts. 
5. Augment stewardship and build a sense of shared responsibility for rivers, 
tributaries, and their watersheds. 
6. Help give people the tools needed to restore their land, so that they can 
live sustainably in the watershed with greater economic opportunity. 
7. Disseminate information about restoration activities to individuals, 
organizations, and communities outside the watershed.  

RPA has a long track record of community outreach and involvement and has lent 
itself to widespread gathering and dissemination of information through its constituent 
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agencies, organizations, and individual community members.  RPA also involves all the 
public and private stakeholders that are active within the watershed and has a respected 
and successful track record of implementing restoration projects in this area.  

RPA is going to continue and expand their public outreach efforts and encourage 
community involvement. It will further pursue volunteer participation through 
involvement in river cleanup days and restoration and monitoring projects. Public 
meetings and listening sessions will continue to give opportunities to participate and 
contribute to project planning, development and implementation.  

13.0 ASSISTANCE AND COLLABORATION/PARTNERSHIPS 

RPA has collaborated with many different local organizations, agencies, businesses 
and individuals on a variety of projects and events. RPA has built a base of committed 
community members that continue to actively support the projects, events, and the cause 
overall. RPA continues to engaging new participants and is expanding this base. 

Below is a list of most of the major organizations, businesses, and agencies that 
have been active collaborators: 

• EPA--Clean Water Act section 319 grants 

• The New Mexico Riparian Ecosystem Restoration Initiative. 

• EPA Healthy Watersheds Initiative 

• US Forest Service CFRP program 

• USDA Rural Community Assistance funds 

• US Fish and Wildlife Service “Partners for Fish and Wildlife” and 
“Landowner Incentive Program” 

• New Mexico Association of Counties 

• N. M. State Forestry Division, fire protection and noxious weed 
programs 

• Special legislative appropriations 

• Foundation and nonprofit organization support 

• Private landowner contributions 
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APPENDIX I: LARGE TABLES AND IMAGES 
Table 1.7 - Arroyo Chico Subwatersheds HUC 12 

HUC 10/Name Sub-watershed 
Name 

HUC 12 Size 
(acres) 

Size (sq. km) 

1302020506 
San Isidro Wash 

Headwaters San 
Isidro Wash 

130202050403   

 Arroyo Jarido 130202050403   

1302020506  
Headwaters 
Torreon 

Arroyo Peion - 
Torreon Wash 

130202050506   

 Pentietaja Arroyo  130202050506   

 Papers Wash-
Torreon Wash 

130202050605   

1302020507 
Outlet Torreon 
Wash 

Encino Wash 130202050506   

 Headwaters  
Papers Wash 

130202050505   

 Outlet Papers Wash 130202050506   

 Headwaters Arroyo 
Pedro Lumbre 

130202050604   

 Canon Medio 130202050605   

 Vicente Arroyo-
Torreon Wash 

130202050606   

 Vicente Arroyo 130202050605   

 Outlet Arroyo Pedro 130202050606   

 Arroyo Empedrado-
Torreon Wash 

130202050705   

     

1302020507 
North Fork  
Arroyo Chico 

Headwaters North 
Fork Arroyo Chico 

130202050306   

 Rincon Marquez 130202050306   

 Outlet North Fork 
Arroyo Chico 

130202050703   
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 Sand Springs Arroyo 130202050302   

 Rancho Rincon 
Marquez 

130202050306    

 Arroyo Luecero 130202050306   

302020404 
Outlet Arroyo 
Chico 

Canada Calladita-
Torreon Wash 

130202050705   

 Arroyo Alfredo 
Padilla-Arroyo Chico 

130202050704   

 Arroyo Chico-Torreon 
Wash 

130202040401   

 Arroyo Alfredo Padilla 130202050703   

 Arroyo Seccion 130202040704   

1302020507 
Headwaters  
Arroyo Chico 

Inditos Draw 130202050207   

 San Isisdro Arroyo-
Arroyo Chico 

130202050703   

 Canada Marcelina 130202050207   

 Arroyo Leon 130202050207   

 Milipas Draw 130202050202   

 San Isidrio Arroyo 130202050207   

 Arroyo Tinaje 130202050206   

1302020507 
San Miguel Creek 

Outlet San Miguel 
Creek 

130202050703   

 Arroyo Sarcio 130202050105   

 Canon El Dado 130202050105   

 San Lucas Canyon 130202050105    

 Headwaters San 
Miguel Creek 

130202050105   

 

Table 1.9 – Population Characterization 

Population Development 

Quick facts Census 2011 

McKinley Cibola 
County 

Sandoval New Mexico 

Ethnicity     
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White persons 20.3% 54.8% 79.7% 83.4% 

Black persons 1.3% 1.3% 2.5% 2.5% 

American Indian and Alaska 
Native persons 

74.6% 41.0% 13.3% 10.1% 

Asian persons 1.0% 0.6% 1.6% 1.6% 

Native Hawaiian and Other 
Pacific Islander persons 

0.1% 0.1% 0.2% 0.2% 

Persons reporting two or more 
races 

2.8% 2.1% 2.7% 2.3% 

Persons of Hispanic or Latino 
Origin 

14.6% 37.6% 36.0% 46.7% 

White persons not Hispanic 10.5% 21.5% 47.1% 40.2% 

Education     

Language other than English 
spoken at home 

56.3% 43.4% 29.7% 36.2% 

High school graduate or 
higher 

71.0% 77.4% 90.2% 83.1% 

Bachelor's degree or higher 11.0% 9.2% 28.3% 25.4% 

Others     

Housing units 25,711 11,148 53,067 908,132 

Homeownership rate 72.4% 71.3% 80.6% 69.6% 

Housing units in multi-unit 
structures 

7.2% 7.3% 5.9% 15.0% 

Median value of owner-
occupied housing units 

$72,200 $81,300 $187,800 $161,800 

Households, 2007-2011 17,263 8,037 46,061 762,002 

Persons per household 4.07 3.16 2.77 2.62 

Per capita money income in 
the past 12 months (2011 
dollars) 

$13,196 $14,859 $26,757 $23,537 

Median household income, 
2007-2011 

$31,947 $36,020 $57,651 $44,631 

Persons below poverty level, 
percent, 2007-2011    

30.7% 25.9% 12.4% 19.0% 
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Business Facts     

Private nonfarm 
establishments 

992 339 1,598 43,860 

Private nonfarm employment 16,063 5,763 24,934 597,568 

Private nonfarm employment  -1.0% -0.6% 2.2% -0.4% 

Non-employer establishments 4,530 1,025 7,471 120,470 

     

Total number of firms 5,543 1,513 8,217 157,231 

Black-owned firms F F 1.6% 1.2% 

American Indian- and Alaska 
Native-owned firms 

51.7% 14.4%  5.3% 5.3% 

Asian-owned firms S F 2.3% 2.1% 

Native Hawaiian and Other 
Pacific Islander-owned firms 

S 0.1% F 0.1% 

Hispanic-owned firms 10.8% 22.1% 22.5% 23.6% 

Women-owned firms 43.2% 26.6% 35.7% 31.7% 

Manufacturers shipments, 2007 
($1000)  

D 0 D 17,122,725 

Merchant wholesaler sales, 
2007 ($1000)  

D 15,859 113,082 10,589,286 

Retail sales, 2007 ($1000) 926,423 217,44  1,117,438 24,469,997 

Retail sales per capita $13,254 $7,992 $9,484 $12,429 

Accommodation and food 
services sales, 2007 ($1000) 

109,149 117,318 150,799 3,734,300 

Building permits, 2012 7 0 688 4,672 

     

Land area in square miles 5,449.81 4,539.48 3,710.65 121,298.15 

Persons per square mile 13.1 6  17 

 

Table 1.19  

Quick facts Census 2011 McKinley Cibola  Sandoval New 
Mexico 

Income     
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Per capita income in the past 12 months 
(2011 dollars) 

$13,196 $14,859 $26,757 $23,537 

Median household income, 2007-2011 $31,947 $36,020 $57,651 $44,631 

Persons below poverty level, percent, 
2007-2011 

30.7% 25.9% 12.4% 19.0% 

Ethnicity     

White persons 20.3% 54.8% 79.7% 83.4% 

Black persons 1.3% 1.3% 2.5% 2.5% 

American Indian and Alaska Native 
persons 

74.6% 41.0% 13.3% 10.1% 

Asian persons 1.0% 0.6% 1.6% 1.6% 

Native Hawaiian and Other Pacific 
Islander persons 

0.1% 0.1% 0.2% 0.2% 

Persons reporting two or more races 2.8% 2.1% 2.7% 2.3% 

Persons of Hispanic or Latino Origin 14.6% 37.6% 36.0% 46.7% 

White persons not Hispanic 10.5% 21.5% 47.1% 40.2% 

Education     

Language other than English spoken at 
home 

56.3% 43.4% 29.7% 36.2% 

High school graduate or higher 71.0% 77.4% 90.2% 83.1% 

Bachelor's degree or higher 11.0% 9.2% 28.3% 25.4% 

Business Facts     

Private nonfarm establishments 992 339 1,598 43,860 

Private nonfarm employment 16,063 5,763 24,934 597,568 

Private nonfarm employment  -1.0% -0.6% 2.2% -0.4% 

Non-employer establishments 4,530 1,025 7,471 120,470 

     

Total number of firms 5,543 1,513 8,217 157,231 

Black-owned firms F F 1.6% 1.2% 

American Indian- and Alaska Native-
owned firms 

51.7% 14.4%  5.3% 5.3% 

Asian-owned firms S F 2.3% 2.1% 

Native Hawaiian and Other Pacific S 0.1% F 0.1% 
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Islander-owned firms 

Hispanic-owned firms 10.8% 22.1% 22.5% 23.6% 

Women-owned firms 43.2% 26.6% 35.7% 31.7% 

Manufacturers shipments, 2007 ($1000) D 0 D 17,122,725 

Merchant wholesaler sales, 2007 ($1000)    D 15,859 113,082 10,589,286 

Retail sales, 2007 ($1000) 926,423 217,44  1,117,438 24,469,997 

Retail sales per capita $13,254 $7,992 $9,484 $12,429 

Accommodation and food services sales, 
2007 ($1000) 

109,149 117,318 150,799 3,734,300 

Building permits, 2012 7 0 688 4,672 

Land area in square miles 5,449.81 4,539.48 3,710.65 121,298.15 

Persons per square mile 13.1 6  17 

 

Table 1.21 - Overview of Climate Effects on Major Taxonomic Groups 

Taxonomic 
Group 

Climate Effects 

Amphibians Amphibians are recognized as one of the most vulnerable groups to 
climate induced effects. They are highly sensitive to changes in wetland 
pond depth, temperature, and pond duration that can be caused by 
temperature shifts. 

Birds Studies have shown that around two hundred North American birds have 
been shifting their winter ranges poleward. 

Non-migratory species on the other hand may not be able to adapt in-
situ. 
Other effects may also include earlier breeding, changes in timing of 
migration & arrivals, changes in breeding performance (egg size, nesting 
success), and changes in population sizes. 

Fish & other 
aquatic species 

Fish and other aquatic species are considered to be highly vulnerable to 
changing climate. Especially cold-water species that are found in stream 
with low flows. Changing climate can increase the pressure from non-
native species, it can elevate water temperatures and the oxygen levels in 
the water. All these effects have shown to increase fish mortality during 
reproduction and reduce invertebrate abundance and diversity. 
The increased frequency of floods may also scour fish nest. The 
abundance of invertebrates in springtime could decline by one-fifth for 
every one degree of temperature increase. 

Insects Shifts in temperature can cause insect distributions to shift northward and 
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upward.  
Temperature changes can also put pollinators out of synchrony with their 
plant hosts. There may also be increases in insect pests in mountainous 
areas (e.g. pine beetles/bark beetle) and low elevations near urban areas 
(e.g. mosquitoes). 

Mammals Mammals may shift their range latitudinal & altitudinal. Changing 
temperature will also effect the composition of community and biomass 
as a function of moisture availability and thermal tolerances. Hibernators 
may emerge earlier.  

Plants Plants may see a decline in their population due to moisture loss, 
asynchrony in timing of phenomological events (e.g. plant-pollinator, 
changes in hydrologic cycle for riparian tree species), and increased 
susceptibility of reproductive parts (e.g. buds) to late season frost with 
earlier springtime emergence increased competition from invasive plant 
species that may increase risk of wildfire (e.g. cheat grass invasion). 

Reptiles Reptiles that have a range and limited dispersal abilities are vulnerable; in 
freshwater turtles, elevated temperature effects may include enhanced 
juvenile growth rates, earlier age of maturity, and shifts in sex ratios. 

(Enquist & et al, 2008) 
 

Images: Elephant Butte 1994 and 2013. 
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