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Figure 1. Aquatic habitat restoration feasibility study area at Lea Lake in Bottomless Lakes State
Park near Roswell, Chaves County, New Mexico. 



Figure 2. Map of Eastern New Mexico University Roswell campus.  Campus Union Building is 
identified as #4 on map.

Directions to Eastern New Mexico University campus in Roswell, New Mexico

If you enter Roswell on Highway 285/70 (North/South)
You will enter on Main Street; remain on Main Street and go as far south as you can.  You will then be 
at a point where you will either go right or left, turn right and then make a quick left; you will then be 
on University Boulevard; you will be in front of the Campus Union Building (CUB). The CUB is 
located at 48 University Boulevard.

If you enter Roswell on Highway 70/380 (East/West)
You will enter on Second Street; you will come to Main Street, turn south on to Main Street and go as 
far south as you can. You will then be at a point where you will either go right or left, turn right and
then make a quick left; you will then be on University Boulevard; you will be in front of the Campus 
Union Building (CUB). The CUB is located at 48 University Boulevard. 



Aquatic Habitat Restoration Feasibility Study 
Bottomless Lakes State Park 
Chaves County, New Mexico 

Comment Form

Please make your comments specific to the proposal described in the attached letter.    

1. What issues (for example, natural or cultural resources, social, or economic) are of concern to you in regards to the study?

____________________________________________________________________________________________________________

____________________________________________________________________________________________________________

____________________________________________________________________________________________________________

____________________________________________________________________________________________________________

2. Other comments about the study. 
____________________________________________________________________________________________________________

____________________________________________________________________________________________________________

____________________________________________________________________________________________________________

____________________________________________________________________________________________________________

____________________________________________________________________________________________________________

Please attach additional sheets if desired. 

 Please keep my name on the study mailing list. 

 Please remove my name from the study mailing list.  

Name:   ______________________________________________________________________________________ 

Address:   ______________________________________________________________________________________ 

City, State, Zip:  ______________________________________________________________________________________ 

Please mail or fax your specific written comments for receipt by close of business on 17 October 2003 to:

    Terry Weeks, Project Manager 
    U.S. Army Corps of Engineers 
    Albuquerque District 
    4101 Jefferson Place NE 
    Albuquerque, NM  87109 
    Fax: (505) 342-3480 
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INTRODUCTION

The Bottomless Lakes State Park (Park) is located about 26 kilometers (km) (16 miles [mi]) 
southeast of Roswell in Chaves County, New Mexico.  The Park was established on 
November 18, 1933 (State Parks Division 2001) and encompasses about 647 hectares (ha) 
(1,600 acres [ac]).  The Park is situated at an elevation of 1,067 meters (m) (3,500 feet [ft]) 
along the east side of the Pecos River valley (Figure 1).  The Park consists of eight lakes that 
are primarily fed by underground springs and that developed through the natural dissolution 
of the subsurface limestone in this area of karst topography (Mussetter Engineering, Inc. 
[MEI] 2003). 

Lea Lake marsh is the portion of wetlands on the Park located in the southwest quarter of 
Section 34, Township 11 South, Range 26 East, New Mexico Principal Meridian (Figure 2).
Latitude and longitude coordinates of the center of the Lea Lake marsh are 33o 18' 56" North 
and 104o 20' 2" West.  The Universal Transverse Mercator coordinates for the Lea Lake 
marsh are 562,006 m Easting and 3,686,272 m Northing (Zone 13, North American Datum of 
1983).  The elevation of the Lea Lake marsh ranges from about 1,055 m (3,460 ft) above 
mean sea level at the beginning of the Lea Lake outflow channel to about 1,051 m (3,447 ft) 
above mean sea level at the western boundary of the Lea Lake marsh.  The land surface 
slopes gradually from the Lea Lake marsh to the Pecos River Valley to the southwest.   

Lea Lake is located near the Park’s south boundary and has a surface area of about 6.1 ha (15 
ac) (Figure 2).  Unlike the other seven sinkhole lakes at the Park, Lea Lake has a substantial 
artesian outflow of surface water that flows through channels and by overland flow 
sustaining over 289 ha (715 ac) of wetlands between Lea Lake and the Pecos River (MEI 
2003).  Most of these wetlands (Figure 3) are on lands that are managed by the Bureau of 
Land Management (BLM) or are privately-owned.  Approximately 13.8 ha (34 ac) of these 
wetlands sustained by Lea Lake outflow are located within the Park boundary south of New 
Mexico State Highway 409 (NM 409).  Throughout this report “Lea Lake marsh” will be 
used exclusively for the Park portion of the Lea Lake wetlands.  The term “ Lea Lake 
Wetlands” will be used for the wetlands that stretch from the Lea Lake outflow to the Pecos 
River; including the 252 ha (681 ac) of wetlands on BLM land called the Overflow 
Wetlands. 

The State Parks Division of the New Mexico Energy, Minerals and Natural Resources 
Department manages the Park.  The mission of the Park is “[t]o provide a quality outdoor 
recreation experience to all visitors through the protection of the natural environment, 
preservation of historic resources, and educational programming.”  The primary goal is to 
provide protection of the natural environment and preservation of historical resources 
through ongoing evaluation and management practices (State Parks Division 2001). 

Aquatic and wetland habitats are relatively rare in New Mexico, but they support a high 
diversity of native plants and wildlife.  For example, over 55 percent of the vertebrate species 
that occur in the State rely wholly, or in part, on aquatic or wetland habitat for their survival 
(Blue Earth 2006a).  Wetland and aquatic habitats are particularly critical in the  
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Figure 1.   Location of Lea Lake on the Bottomless Lakes State Park and the Bitter Lake 
National Wildlife Refuge in the Pecos River valley near Roswell, New Mexico. 
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Figure 2.  Aerial photograph showing the location of Lea Lake and other lakes on the 
Bottomless Lakes State Park.  (Source:  Mussetter Engineering, Inc., 2003). 
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Figure 3.   Map showing the approximate wetland boundaries of Lea Lake Wetlands on the 
Bottomless Lakes State Park and on BLM lands as well as six wetland drain 
locations to the Pecos River.  (Source:  Mussetter Engineering, Inc., 2003). 
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conservation, recovery and management of special-status species; over half of the listed 
species in the State are associated with wetland or aquatic habitats (New Mexico Department 
of Game and Fish [NMDGF] 2001).  However, it is estimated that fully one-third of the 
wetlands that once existed in New Mexico have been lost (Dahl 1990).  Many of the 
remaining wetlands have been degraded by invasion of nonnative plants and altered 
hydrology.  Lea Lake marsh like other wetlands in New Mexico has also become degraded 
through invasion by nonnative salt cedar (Tamarix chinensis), by the placement of refuse and 
debris, and through altering of the wetland hydrology by ditching (Blue Earth 2006a). 

Due to changes in the level of the artesian aquifer, the outflow from Lea Lake has increased 
since flow measurements began in 1976 (MEI 2003).  In 2000, this increased discharge 
flooded the recreational facilities of the park and NM 409 resulting in temporary closure of 
these facilities (USACE 2006).  In 2002, emergency work was conducted by the Park to 
increase flow capacity of an old ditch system downstream from NM 409 culvert crossing.  
The emergency work temporarily stopped the overflow and subsequent flooding, however, 
discharge from Lea Lake continued to overflow the outlet channel at times.  In 2005, the 
Park and the New Mexico Department of Transportation dug a shallow trench from the 
southwest corner of Lea Lake west to the culvert crossing at NM 409 and buried a culvert to 
accommodate overflows from Lea Lake.  Two new culverts were also placed under NM 409 
to move flows into the earthen ditch along the south side of the gravel road leading to the 
BLM wetlands. 

The Park and the US Army Corps of Engineers (USACE) want to redirect the overflows 
from Lea Lake through the degraded Lea Lake marsh to restore its wetland functions while 
protecting the developed recreation facilities and NM 409 from high water levels. The 
USACE has developed a draft feasibility study, Lea Lake Aquatic Habitat Restoration 
Feasibility Study at the Bottomless Lakes State Park, Chaves County, New Mexico (USACE 
2006) to "identify, evaluate and recommend to decision makers an appropriate, coordinated, 
and practical solution to the identified water resources problems and opportunities" on the 
Park.  It is also an objective of the USACE during water resources project planning to 
contribute to the national economic development consistent with protecting the Nation's 
environment (USACE 2000).  The USACE supports the conservation of the Park’s unique 
and ecologically important aquatic and wetland habitats.  These habitats provide an 
exceptional resource for recreation, education, and scientific investigation.  The Park’s 
sinkholes and wetlands also play an important role in the surface water hydrology of the 
Pecos River. 

The Fish and Wildlife Coordination Act (16 United States Code 661-667e, as amended) 
requires consultation with the U.S. Fish and Wildlife Service (Service) and the fish and 
wildlife agencies of affected States where the "waters of any stream or other body of water 
are proposed or authorized, permitted or licensed to be impounded, diverted . . . or otherwise 
controlled or modified" by any agency under a Federal permit or license.  These consultation 
are undertaken for the purpose of "preventing loss of and damage to wildlife resources."  
This  Fish and Wildlife Coordination Act Report (CAR) is prepared in order to address the 
proposed activities and any alternatives through the description of existing fish and wildlife 
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resources in the project area, identification of potential project impacts to fish and wildlife 
resources, and recommendations to avoid, minimize, and/or mitigate the potential adverse 
effects to fish and wildlife resources.  The USACE, working with its contractors,  other 
Federal and State agencies, and the Park, has conducted a thorough review of the 
alternatives, and identified a restoration plan that maximizes ecosystem restoration benefits 
while reducing impacts.  The Service provides to the USACE this CAR on the Lea Lake 
Aquatic Habitat Restoration Feasibility Study at the Bottomless Lakes State Park, Chaves 
County, New Mexico. 

PROJECT AREA ECOLOGICAL BACKGROUND AND DESCRIPTION

Geomorphology and Hydrology 
Bottomless Lakes State Park is located within the lower Pecos River valley, which is largely 
covered with sediment deposited by flowing waters of the Pecos River (MEI 2003).  
However, the eastern side of the valley exposes carbonate and evaporite deposits of the 
Artesia Group of Permian Age.  These rock formations, which include limestone, dolomite, 
gypsum, and anhydrite, are susceptible to solution by groundwater (MEI 2003).  The 
lithologic character permits solution of the carbonates and evaporites, and along with the 
eastward dip of the valley that creates the Roswell Artesian Basin (Figure 4).  Together with 
the fault that traverses the Park, they create unique conditions appropriate to the formation of 
the chain of lakes on the Park and associated wetlands (MEI 2003). 

It was the uplift of the Sacramento Mountains to the west that has tilted the geologic 
formations down to the east, causing migration of the Pecos River channel to its current 
location east of Roswell (Land 2003) and formation of the Roswell Artesian Basin (Figure 
4). This aquifer is between 76 and 137 m (250 and 450 ft) thick and is characterized by a 
significant amount of porosity due to the dissolution of the evaporites within the formation.  
The result is an aquifer that is represented by cavernous limestone, solution breccias, and 
solution-enlarged fractures (MEI 2003).  Water infiltration into joints and other pathways 
enlarge passageways through the limestone by solution, which eventually creates a closed-
surface depression.  When a subsurface cavern enlarges, and the overlying rocks collapse, a 
natural sinkhole lake, often referred to as a “doline” and also a “cenote” or natural well, is 
formed.  Solution at depth leads to “collapse doline” formations (Figure 5; Sweeting 1973) 
that are found on the Park as well as on the Bitter Lake National Wildlife Refuge to the east. 
According to Ritter (1978), sinkhole lakes tend to have greater depth-to-width ratios and 
sidewalls that are characteristically steep and rocky.  The carbonate aquifer that is overlain 
by a leaky confining layer creates an artesian condition and therefore, water seeps from the 
ground into the Pecos River above the confining layer (Land 2003) particularly in the area of 
Lea Lake due to the various geologic faults, buckles and folds in this area (Kelley 1971). 
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Figure 4.   Map showing extent of Roswell Artesian basin.   
 (Source:  Mussetter Engineering, Inc., 2003 citing Land 2003). 
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Figure 5.   Types of doline (Source:Mussetter Engineering, Inc. 2003 citing Williams 1969). 
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Water levels and the resulting outflow from Lea Lake are primarily controlled by the 
hydraulic head in the artesian aquifer (MEI 2003).  These surface-water outflows from Lea 
Lake travel through the outlet channel to a wetland area that is located starting about 213 m 
(700 ft) downstream (Figure 6).  The majority of the flow remains canalized for an additional 
304 m (1,000 ft) to the south boundary of the Park.  Drainage patterns in the Lea Lake marsh 
downstream include two distinct channels, referred to as the South Wetlands Channel and the 
West Wetlands Channel (Figure 6).  Water partially escapes these channels due to both 
seepage and overtopping of the primary flow paths which creates numerous locations with 
standing water.  Additionally, there is shallow overland flow through inundated portions of 
the Lea Lake marsh. 

The combination of overland and channel flow exit the approximately 13.7 ha (34 ac) 
jurisdictional wetlands of the Park onto private wetlands and wetlands managed by the BLM. 
The approximately 276 ha (681 ac) BLM portion of the Lea Lake wetlands extends from the 
Park to the Pecos River (Figure 3).  Surface water continues to flow in a southwesterly 
direction across the BLM overflow wetlands to the Pecos River.  Mussetter Engineering, Inc. 
(2003) identified six locations as points at which the surface water drains from the wetland 
into the Pecos River (Figure 3).  Discharge measurements at these drains have been taken by 
the New Mexico Interstate Stream Commission (NMISC) approximately every two weeks 
since December 2002 indicate that flows crossing the wetland and entering the Pecos River 
also fluctuate seasonally.  These data also indicate that in the winter months when the 
discharge from Lea Lake is highest, approximately 10 percent of the discharge is lost from 
the wetland through a combination of evapotranspiration, evaporation, and groundwater 
infiltration.  During the summer approximately 70 percent of the surface flows from Lea 
Lake are consumed and purified by the wetland before reaching the Pecos River.  Average 
annual discharge from Lea Lake into the Lea Lake wetlands during 2002 and 2003 was about 
11,360,00 cubic meters (m3) (over 3 billion gallons of saline water annually). 

Factors that could potentially affect the hydraulic head in the aquifer include changes in land 
use, well-pumping rates, irrigation practices, retirement of water rights, and water restrictions 
(MEI 2003).  Natural recharge of the artesian aquifer occurs by infiltration of precipitation 
and surface-water runoff that flows east from the Sacramento Mountains.  Since the 
beginning of irrigation in the Pecos River Basin (more than 800 wells had been installed by 
1975), both the seasonal and long-term variability in pumping rates have affected both the 
discharge and recharge of the aquifer (MEI 2003).  The magnitude and temporal distribution 
of Lea Lake outflows are important to the function of the wetland area.  Discharges in the 
Lea Lake outflow channel have been measured by the U.S. Geological Survey (USGS) on an 
approximately quarterly basis since February 18, 1976 (MEI 2003).  Between the start of the 
program in 1976 and construction of the outlet channel in January 2002, Lea Lake outflows 
were piped underground from the lake boundary to a location on the downstream side of NM 
409.  After the flow crossed under Highway 409, it entered a small ditch that carried the 
discharge out into the downstream marsh (Figure 6).   
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The MEI (2003) reported the average Lea Lake outflow discharges measured since the 
completion of the new outlet channel in 2002 are about 0.4 cubic meters per second (m3/s)
(12.6 cubic feet per second [ft3/s]) and ranged from 0.3 to 0.5 m3/s (9.5 to 16.2 ft3/s).  Blue 
Earth (2006a) reported that about 57 percent of the inflow into the Lea Lake marsh, or 0.22 
m3/s (7.9 ft3/s), exited the Park via the South and the West Channels; the remaining 43 
percent flowed through the Lea Lake marsh via inundated areas. 

Water Quality 
Lea Lake is slightly saline, with a specific conductance ranging from about 9.95 to 12.7 
μS/cm (NMDGF 1959; Davis and Joseph 1998; Blinn 2003).  Blue Earth (2006a) reported 
the conductivity of surface waters in the marsh on 29 October 2003 as ranging from 10.4 to 
10.7 μS/cm.  Blinn (2003) reported the major cations in water samples included sodium (92 
millimoles/liter [mmol/L]), potassium (0.4 mmol/L), calcium (22 mmol/L), and magnesium 
(7 mmol/L) and the anions chloride (106 mmol/L), sulfate (22 mmol/L) and carbonate (3 
mmol/L).   

The NMDGF (1959) reported the hydrogen ion concentration (pH) in Lea Lake ranged from  
a high of about pH 8.2 in the fall through early spring, to a low of about pH 6.4 in the middle 
of the summer.  Brandenburg and Farrington (2003) reported that the surface water 
temperature in Lea Lake marsh varies seasonally from a low of about 12.7 oC (55 oF) in 
January to a high of about 26.7 oC (80 oF) in July.  Water and sediment from Lea Lake were 
analyzed for potentially toxic chemicals, such as arsenic, beryllium and for other heavy 
metals, as well as pesticides (Davis and Joseph 1998), and none were found above 
concentrations of concern or found to exceed any water quality criteria.  Davis and Joseph 
(1998) also reported that Lea Lake was well oxygenated throughout its depth and had a large 
diversity of algae and macroinvertebrate species.  

The outflow from Lea Lake and the Lea Lake marsh are not formally classified waters under 
the New Mexico Water Quality Standards (§20.6.4 of the New Mexico Administrative Code 
[NMAC]).  Consequently, the New Mexico Water Quality Control Commission has not 
adopted a stream segment description or defined the specific numeric water quality criteria 
necessary to protect the existing uses of the Lea Lake outflow channel or the Lea Lake 
marsh. However, all waters of the State of New Mexico are protected by the general water 
quality standards (20.6.4.12 NMAC) as well as by the Antidegradation Policy (20.6.4.8 
NMAC), which are applicable to the Lea Lake outflow channel and to the Lea Lake marsh.  
Moreover, Davis and Joseph (1998) reported that the existing water quality of Lea Lake fully 
supports wildlife habitat, primary contact and warmwater fishery uses. 

Vegetation
The Park is situated in a region of Chihuahuan desert scrub and desert grassland vegetation 
(Dick-Peddie 1993).  Outflow from Lea Lake creates saltgrass marsh  and meadows that 
support distinct plant communities which share few characteristics with the surrounding 
uplands (Blue Earth 2006a).  The Lea Lake marsh closely resembles the iodineweed series of 
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alkali sink vegetation described by Dick-Peddie (1993), which is characterized by a 
dominance of salt-tolerant species such as iodinebush (Allenrolfea occidentalis), seepweed 
(Suaeda sp.), inland saltgrass (Distichlis spicata), and four-wing saltbush (Atriplex
canescens).

Blue Earth (2006a) conducted a survey of the Lea Lake marsh in October 2003 to delineate 
and characterize the wetland communities.  Blue Earth (2006a) determined the wetland 
indicator status of dominant plant species using the New Mexico list of wetland plant species 
(Reed 1988) and the Natural Resources Conservation Service’s PLANTS Database (Natural 
Resources Conservation Service 2002).  The taxonomic names of plants follow those of 
Allred (2003). 

Vegetation in the Lea Lake marsh was characterized by relatively low species diversity of 
vascular plants (Blue Earth 2006a).  Blue Earth (2006a) reported that the cumulative total 
number of dominant species was 19 (Appendix 1).  The 19 dominant species, in order of the 
most frequently encountered to the least were:  salt cedar, inland saltgrass, iodinebush, 
southwestern sea-lavender, alkali sacaton, narrowleaf cattail, shrubby seepweed, witchgrass, 
willow baccharis, sweet-scent, spiral ditch-grass, chairmaker's bulrush, four-wing saltbush, 
southern Jimmyweed, kochia, ragweed, Pecos sunflower, pepperweed, and rabbitfootgrass 
(Appendix 1).  Blue Earth (2006a) reported that salt cedar and saltgrass were the most 
widespread and frequently-encountered dominant species in the Lea Lake marsh, occurring 
at 88 percent and 83 percent of the sample sites, respectively (Appendix 1).   

The dominant plant species and hydrologic conditions were used by Blue Earth (2006a) to 
delineate wetland vegetation communities in Lea Lake marsh.  Delineation resulted in 
defining10 community types:  saltgrass wet meadow, saltgrass marsh, salt cedar copse, 
barren ground, iodinebush flats, cattail marsh, saltgrass-iodinebush marsh, bulrush marsh, 
and wetland channel (Figure 7).  The wetland community types reported by Blue Earth 
(2006a) are summarized below and in Figure 7: 

The saltgrass wet meadow community was the most abundant, covering 25.4 
percent or 4.41 ha (10.90 ac) of the Lea Lake marsh.  Salt cedar invasion was 
widespread in this community, with salt cedar cover averaging about 50 
percent.  Saltgrass wet meadow was fairly variable in the Lea Lake marsh, 
ranging from areas with nearly 100 percent saltgrass cover to areas overgrown 
with salt cedar.

The saltgrass marsh was the second most abundant community type, covering 
3.25 ha (8.04 ac) or 18.7 percent of the Lea Lake marsh.  This community 
type had standing water, which was often obscured by a thick, spongy mat of 
saltgrass that grew on the upper surface of standing water.  Saltgrass typically 
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formed dense, monotypic stands in this community type, with occasional 
patches of alkali sacaton or witchgrass, and scattered individuals of 
southwestern sea-lavender.  Iodinebush also occurred as scattered plants, 
typically near the boundary with drier community types, such as iodinebush 
flats and saltgrass-iodinebush marsh.   

The salt cedar copse community was the third most abundant vegetation, 
covering 2.90 ha (7.16 ac) or 16.7 percent of the Lea Lake marsh.  This 
community was typically characterized by very dense growth of salt cedar 
seedlings, saplings, and small trees.  There was a relatively high percentage of 
bare ground in this community.  Also, ragweed was a relatively common, 
although patchily distributed, plant species in this community type.   

Barren ground was the fourth most common cover type, comprising 12.6 
percent or 2.19 ha (5.40 ac) of the Lea Lake marsh.  Barren ground was 
classified as areas with no more than 20 percent plant cover.  Often, the 
whitish deposits of various salts and minerals are visible on the surface. 

The iodinebush flats community type covered 9.7 percent of the Lea Lake 
marsh and comprised 1.69 ha (4.17 ac).  This vegetation had a fairly high bare 
ground component, with iodinebush and alkali sacaton sharing dominance in 
the plant community.   

About 8.4 percent of the Lea Lake marsh or 1.47 ha (3.63 ac) was covered by 
alkali sacaton flats.  This was the only community where southern jimmyweed 
was found.

The cattail marsh community occurred in nine locations in the Lea Lake 
marsh.  This community type comprised 3.9 percent of the Lea Lake marsh or 
0.68 ha (1.69 ac).  All of the cattail marsh stands were located near or adjacent 
to wetland channel habitat.  Cattail marsh consisted of nearly monotypic 
stands of narrowleaf cattail.

The saltgrass-iodinebush marsh typically occurred as a transition community 
between saltgrass marsh and iodinebush flats or saltgrass wet meadow.  This 
community type covered 0.54 ha (1.32 ac) and comprised 3.1 percent of the 
Lea Lake marsh. 

The bulrush marsh was only found at two locations in the Lea Lake marsh.  
This community type occurred at sites that were perennially inundated.  
Bulrush marsh was much more common south and west edge of the Park 
boundary, bordering on private lands and on BLM lands.  This community 
type covered 0.9 percent of the Lea Lake marsh or 0.15 ha (0.38 ac).   
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The wetland channel habitat consisted of only 0.6 percent of the Lea Lake 
marsh.  This community type covered 0.11 ha (0.27 ac).  The Pecos sunflower 
and sweet-scent occurred almost exclusively in this community type.  Also, 
this was the only community type where spiral ditch-grass was found.   

In total, Blue Earth (2006a) reported that there were about 13.7 ha (33.9 ac) or 79 percent of 
the Lea Lake marsh were jurisdictional wetlands.  Excluding the non-native salt cedar, Lea 
Lake marsh was characterized by a predominance of herbaceous plants.  Seventeen of the 
nineteen dominant plant species (89 percent) in the Lea Lake marsh were classified as 
facultative, facultative wetland, or obligate wetland plants.  Due to the absence of physical 
disturbance, plant communities at the Lea Lake marsh are relatively stable (Blue Earth 
2006a)

FISH AND WILDLIFE IN THE PROJECT AREA

The Lea Lake marsh provides habitat for a diverse assemblage of plant, invertebrate, and 
vertebrate species (Blue Earth 2006a).  Notably, the Lea Lake marsh has an extremely high 
odonate diversity, including 41 species of dragonflies and 22 species of damselflies (Larson 
2001).  Additionally, the Lea Lake marsh provides habitat for numerous rare, endemic, or 
protected species such as the Pecos sunflower (Helianthus paradoxus); Blanchard's cricket 
frog (Acris crepitans blanchardi); Pecos pupfish (Cyprinodon pecosensis); arid land ribbon 
snake (Thamnophis proximus diabolicus); least shrew (Cryptotis parva); Wright's marsh 
thistle (Cirsium wrightii); Pecos River muskrat (Ondatra zibethicus ripensis); and, Mexican 
tetra (Astyanax mexicanus) (Blue Earth 2006a).  These wetlands also provide important 
habitat for migratory waterfowl, shorebirds and wading birds, as well as several neotropical 
songbirds.  Blue Earth (2006a) provided the following summary of the fish and wildlife of 
the Lea Lake marsh. 

Invertebrates
The aquatic invertebrate fauna of Lea Lake marsh has not been comprehensively studied.  
Brandenburg and Farrington (2003) found large numbers of the amphipod Hyalella in the 
Lea Lake marsh during their work on Pecos pupfish.  Larsen (2001) recorded 41 species of 
dragonflies and 22 species of damselflies from the Park.  Smith (2003) conducted a general 
insect and arthropod survey of the Park in August 2002, with an emphasis on species of 
public health importance.  Smith (2003) sampled the shoreline of Lazy Lagoon and found 
common horsefly (Tabanus punctifer), desert locust (Cicadidae), kissing bug (Triatoma sp.),
two ground beetle species (Carabidae), and four species of tiger beetles (Cicindela
circumpicta johnsoni, C. ocellata rectilatera, C. punctulata, and C. lemniscata rebaptisata).

Fishes
The fish fauna of the Lea Lake marsh was described in a study of the Pecos pupfish 
conducted in 2002 and 2003 (Brandenburg and Farrington 2003).  The study recorded five 
species of fish.  These species, listed from the most to the least abundant, were Pecos 
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pupfish, western mosquitofish (Gambusia affinis), rainwater killifish (Lucania parva), plains 
killifish (Fundulus zebrinus), and green sunfish (Lepomis cyanellus).  Western mosquitofish 
and green sunfish are introduced species while the other three species are native to the Pecos 
River Basin.  Total number of fishes collected during the study was highest in Lea Lake 
marsh, compared to sites sampled in the BLM Overflow Wetlands.  Also, Lea Lake marsh 
supported the highest population density of Pecos pupfish and was found to provide an 
important over-wintering habitat for these fish (Brandenburg and Farrington 2003).  
Brandenburg and Farrington (2003) concluded that there was a lack of shallow, low-velocity 
habitat at Lea Lake marsh and that this habitat is important for growth of larval pupfish. 

Migratory Birds 
In comparison to other animal groups, the avian fauna of the Park is well documented.  The 
Park's bird list includes 81 species: 26 year-round resident species, 18 spring-summer 
residents, and 37 fall-winter residents (Appendix 2).  Frequently observed bird species 
include American crow, barn swallow, black-necked stilt, blue grosbeak, belted kingfisher, 
common nighthawk, greater roadrunner, killdeer, mallard, mockingbird, mourning dove, 
northern flicker, rock wren, scaled quail, semipalmated sandpiper, turkey vulture, western 
kingbird, western meadowlark, white-crowned sparrow, and a variety of waterfowl (ducks, 
geese, and cranes).  Commonly observed raptors include great horned owl, northern harrier, 
Swainson’s hawk, and American kestrel.  Bird surveys conducted in October 2000 found 
another 22 species:  Virginia rail, greater yellowlegs, lesser yellowlegs, black phoebe, 
eastern phoebe, western scrub jay, juniper titmouse, brown creeper, Bewick's wren, western 
grebe, greenbacked heron, ring-billed gull, cooper's hawk, Cassin's kingbird, house wren, 
ruby-crowned kinglet, orange-crowned warbler, yellow rumped warbler, Townsend's 
warbler, spotted towhee, and song sparrow (S. Cary, State Parks Division, unpublished data). 

Other Animals 
Due to abundant water and wetland habitat, wildlife is plentiful and varied in the Park.
Mammals populating the area include the mule deer, bobcat, coyote, raccoon, badger, skunk, 
jackrabbit and small rodents.  The area supports a variety of reptiles and amphibians.  In 
addition to a variety of snakes and lizards, the Park is home to two protected frogs: the 
eastern barking frog (Eleutherodactylus augusti) and the northern cricket frog (Acris
crepitans).  Other aquatic vertebrates observed by Blue Earth (2006a) included slider turtle 
(Trachemys scripta), muskrat (Ondatra zibethicus ripensis), plains leopard frog (Rana
blairi), and checkered garter snake (Thamnophis marcianus).

Threatened and Endangered Species 
Threatened and endangered plant or animal species are often protected under federal or state 
law.  Protection from harm, harassment, or destruction of habitat is afforded to species 
protected under the federal Endangered Species Act.  Of the 14 species listed under the 
federal Endangered Species Act in Chaves County, only seven federally-listed species were 
considered to potentially occur in the Lea Lake marsh based on habitat requirements (Blue 
Earth 2006a).  These included Pecos sunflower, Roswell springsnail (Pyrgulopsis
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roswellensis), Koster’s tryonia (Juturnia kosteri), Pecos assiminea (Assiminea pecosensis),
and Noel’s amphipod (Gammarus desparatus), bald eagle, and southwestern willow 
flycatcher.  These species are discussed below. 

Pecos Sunflower
The Pecos sunflower was listed as threatened under the federal Endangered Species Act on 
20 October 1999 (64 FR 56582).  The main threat to continued existence of the Pecos 
sunflower is loss or alteration of wetland habitat.  The known distribution of Pecos sunflower 
consists of six population centers, two of which are in Texas and four in New Mexico 
(Service 2004).  The species is known from locations in Cibola, Valencia, Socorro, 
Guadalupe, and Chaves Counties in New Mexico, and from Pecos and Reeves Counties in 
Texas (New Mexico Rare Plant Technical Council 1999).  Habitat for the Pecos sunflower is 
saturated, saline soils of desert wetlands associated with rivers and spring systems from 
1,000 to 2,000 m (3,300 to 6,600 ft) elevation.  

The species is restricted to saline wetland habitats and requires saturated soils for seed 
germination; adult plants grow well in standing water (New Mexico Rare Plant Technical 
Council 1999).  In Texas, Pecos sunflower was found in locations where surface soil salinity 
was approximately 10 parts per thousand (van Auken and Bush 1998).  The species appeared 
to be distributed along a moisture gradient where it was closely associated with saltgrass and 
was infrequently associated with alkali sacaton, which occurred on sites drier than those 
occupied by saltgrass (van Auken and Bush 1998).  Persistence of Pecos sunflower 
populations depends upon annual re-establishment by seed (Service 2004).  Viable seed may 
persist in the soil seed bank until germination conditions are suitable.  Optimal conditions for 
seed germination occur when high water tables or precipitation reduce surface soil salinity 
(Service 2004).  This is similar to seed of other halophytic plant species which often remain 
dormant under conditions of high salinity and delay germination until surface salinity is 
reduced (Ungar 1978).

Pecos sunflower blooms in September through October and seeds mature during October and 
November.  A two- to three-month after-ripening period is required before germination 
(Service 2004).  Distribution of individuals within populations is patchy and varies spatially 
from year to year, depending on seed dispersal, suitable germination sites, adequate soil 
moisture in the rooting zone, and occurrence of propagules in the seed bank.  Pecos 
sunflower is shade intolerant and requires relatively open ground for germination and growth 
(Service 2004).  Pecos sunflower has been found to respond positively to removal of salt 
cedar, which shade the understory and reduce habitat suitability for the species (Service 
2004).  Additionally, maintenance of saturated or inundated wetland soils is necessary for 
persistence of the species.  It also appears that some form of disturbance that creates bare or 
sparsely-vegetated hydric soil sites is necessary for persistence of the species (e.g., water 
level fluctuations).
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Pecos sunflower was observed by Blue Earth (2006a) in patchy distributions in the Lea Lake 
marsh during field investigation.  The majority of the observations were of Pecos sunflower 
along the South Wetlands Channel, from the outlet of the culverts at NM 409 downstream to 
the south boundary of the Lea Lake marsh.  A total of 320 plants were found by Blue Earth 
(2006a) along the south channel in the 12 patches.  Pecos sunflower was found at only one 
location along the West Wetlands Channel, in a clump consisting of 12 individual plants 
along the right bank about halfway to the west boundary of the Park.

Roswell springsnail, Koster’s tryonia, Pecos assiminea, and Noel’s amphipod
Four invertebrate species occur in aquatic habitats in the Pecos River drainage in New 
Mexico and Texas.  All four invertebrate species occur at sinkholes, springs, and associated 
spring runs and wetland habitat.  The Roswell springsnail, Koster’s tryonia, and Pecos 
assiminea are all aquatic snail species.   

Although habitat appears to be suitable for these four invertebrate species, they were not 
considered to occur in the Lea Lake marsh based on recent sampling conducted by the 
NMDGF (B. Lang, NMDGF Invertebrate Biologist, personal communications, 17 September 
2003 and 17 April 2006).  There are also no historic collection records of any of these four 
invertebrates from Lea Lake marsh or from the Overflow Wetlands (B. Lang, NMDGF 
Invertebrate Biologist, personal communication, 4 May 2006). 

Bald Eagle and Southwestern Willow Flycatcher 
Neither of these species has been recorded from Lea Lake marsh.  The bald eagle could 
potentially occur in the Lea Lake marsh during migration, but suitable roost sites are not 
present that would suggest longer-duration occurrence at the marsh.  Similarly, suitable 
habitat for southwestern willow flycatcher (flycatcher) has not been found at the marsh.  The 
flycatcher is a riparian obligate and nests in riparian thickets associated with streams and 
other wetlands where dense growths of willow, buttonbush, boxelder, Russian olive, salt 
cedar or other plants are present.  Although there are some patches of dense salt cedar, none 
are large enough to provide suitable nesting habitat for the species (i.e., patch width of at 
least 10 m [30 ft]; Sogge et al. 1997).  

The following discussion on species listed by the State of New Mexico (i.e., endangered or 
threatened or identified as a species of concern) was summarized from the USACE (2006). 

Mexican Tetra
Mexican tetra is native to the lower Rio Grande, Pecos River, and Nueces River drainages in 
southern Texas and the lower Rio Grande and Pecos River in New Mexico (Sublette et al. 
1990).  Hoagstrom and Brooks (1999) collected Mexican tetra in Lea Lake and the South 
Wetlands Channel during field investigations conducted in 2003 (Blue Earth 2006a).  Habitat 
suitable for the species is present in all of the outflow channels and in adjacent wetlands.
Mexican tetra moves seasonally between habitats to avoid low winter water temperatures 
(Edwards 1977).  Mexican tetra spawn in late spring to early summer and lays adhesive eggs. 
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Habitats used by Mexican tetra include stenothermal springs, often with abundant vegetation. 
The Mexican tetra is carnivorous, feeding on small fishes and insects (Sublette et al. 1990). 

Pecos Pupfish
Pecos pupfish has been collected at Lea Lake marsh in the past (Hoagstrom and Brooks 
1999; Brandenburg and Farrington 2003) and was observed in inundated emergent wetland 
habitat and channels in 2003 (Blue Earth 2006a).  Suitable wetland habitat for the pupfish in 
the Lea Lake marsh includes bulrush marsh, cattail marsh, saltgrass marsh, saltgrass-
iodinebush marsh, and wetland channels.  Lea Lake marsh provides important over-wintering 
habitat for the Pecos pupfish that use the BLM Overflow Wetlands and adjacent wetlands on 
private land (Brandenburg and Farrington 2003). 

Pupfish males are territorial and breeding occurs from May through June.  The Pecos pupfish 
is omnivorous, feeding primarily on diatoms and detritus (Sublette et al. 1990).  The main 
threats to Pecos pupfish include hybridization with sheepshead minnow (Cyprinodon
variegatus) and habitat loss (Hoagstrom and Brooks 1999; Brandenburg and Farrington  
2003).  A fish barrier was constructed on the largest of the four surface water connections 
between the BLM Overflow Wetland and the Pecos River; however, the barrier was 
considered ineffective during high flows and fish movement from the river into the wetlands 
was possible in the other three connecting channels (Brandenburg and Farrington  2003).

Arid Land Ribbon Snake
Arid land ribbon snake has been collected in the vicinity of Lea Lake marsh (Degenhardt et 
al. 1996).  Suitable habitats for arid land ribbon snake in the study area include bulrush 
marsh, cattail marsh, saltgrass marsh, and wetlands channel community types (Blue Earth 
2006a). Arid land ribbon snake is found from 3,000 to 5,000 ft elevation where permanent 
water is present, including streams, ponds, marshes, and some stock tanks.  Vegetation in 
such areas consist of riparian and emergent aquatic types, including willows, cattails, and 
bulrushes.  Arid land ribbon snake forages in water and along the shoreline and on the 
adjacent land (Degenhardt et al. 1996). 

In New Mexico, the arid land ribbon snake is known only from two areas in the State 
(Schmitt et al. 1985).  These two areas are along Ute Creek in Harding and Union Counties, 
and along the Pecos Valley north to Roswell in Chaves and Eddy Counties.  These areas are 
key habitat for the conservation of the arid land ribbon snake in New Mexico.

Least Shrew
The least shrew was recently collected at Lea Lake marsh (Frey 2005).  The species also 
occurs in the BLM Overflow Wetlands (Frey  2005).  Least shrew is most often found in 
mesic habitats, including marshy areas (Fitzgerald et al. 1994).  Least shrew may construct 
burrows.  Nests are constructed of loosely piled grass or leaves.  Nesting is communal and 
breeding likely occurs mainly in spring and summer.  Litter size ranges from three to seven.  
Young reach adult size about 30 days after birth.  Main food items of least shrew are insects, 
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arthropods, and earthworms.  Least shrew forage mainly at night, but may be active all day 
(Fitzgerald et al. 1994). 

Wright's Marsh Thistle
Wright's marsh thistle has not been found at Lea Lake marsh (Blue Earth 2006a).  However, 
the species has been documented from the Pecos River valley, where it occurs in alkaline 
wetlands (New Mexico Rare Plant Technical Council 1999).  Suitable habitat for the species 
occurs in Lea Lake marsh.  Wright's marsh thistle is an obligate wetland species that occurs 
in saturated alkaline soils associated with springs, seeps, streams and ponds from about 3,450 
to 8,500 ft elevation (New Mexico Rare Plant Technical Council 2005). 

Pecos River Muskrat
Muskrat foraging was observed in Lea Lake marsh during the field investigations (Blue 
Earth 2006a).  The bulrush marsh, cattail marsh, and wetland channel community types are 
suitable habitats for Pecos River muskrat in the study area.  Muskrats live in burrows in 
stream banks or in cone-shaped houses made of leafy vegetation in marsh habitats (Fitzgerald 
et al. 1994).  Muskrats are primarily herbivorous.  Both sexes are territorial and competition 
for breeding territories is intense.  However, territories are typically quite small with most 
activity being confined to an area within about 15 m (50 ft) of the nest.  Breeding 
commences in early spring, gestation takes 25 to 30 days, and litter size ranges from four to 
eight.  Young are weaned about four weeks after birth. Several litters may be produced each 
year.  Population density in good quality habitat may be elevated until food resources are 
rapidly depleted.  Populations often undergo five- to ten- year cyclical, density-dependent 
fluctuations (Fitzgerald et al. 1994). 

PROJECT DESCRIPTION

The Bottomless Lakes State Park Aquatic Habitat Restoration Feasibility Study was included 
in the Detailed Project Report/Environmental Assessment (DPR/EA; USACE 2006).  The 
DPR/EA was conducted by the USACE under the authority of Section 206 of the Water 
Resources Development Act of 1996 (Public Law 104-303).  This law provides the USACE 
with the authority to undertake aquatic ecosystem restoration and protection projects 
provided that each project: 1) will improve environmental quality; 2) is in the public interest; 
and 3) is cost-effective.  The authority requires that a non-federal sponsor initiate each 
project.  The non-federal sponsor is responsible for 35 percent of the project costs, which 
include planning and construction of the project.

The formation of alternatives for this project by the USACE began by defining the problems, 
opportunities, and constraints associated with the Park and the Lea Lake marsh.  This led to 
the development of two study goals: 1) to determine the extent of aquatic habitat degradation 
in the Park south of Lea Lake; and 2) to develop a plan for restoration of existing aquatic and 
wetland habitats.  Formulation of alternatives for restoring the Lea Lake marsh was based on 
a reference model that included published information on the vegetation dynamics of inland 
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saline marshes, an analysis of historic conditions in the Lea Lake marsh, and an assessment 
of changes in vegetation and hydrologic conditions that has occurred at Lea Lake marsh. 

The USACE and the Park developed several objectives for developing and restoring the 
wetland and aquatic habitats in the Lea Lake marsh (USACE 2006).  These objectives are to: 
1) restore existing wetlands to a more natural condition in terms of ecosystem structure and 
function; 2) improve habitat for special status species; 3) reduce potential for flood damage 
to developed facilities surrounding Lea Lake; 4) improve efficiency of water movement from 
Lea Lake to the Pecos River; 5) reduce maintenance costs for NM 409; and 6) develop 
facilities for interpretation of wetland habitats (e.g. self-guided trail).

Constraints to developing alternatives were also identified. Identified constraints were: 1) not 
to increase consumption or loss of surface water within the Lea Lake marsh; 2) the location 
of the existing sewage treatment facility; 3) the existing locations of buried utility lines; and, 
3) the need to maintain an area for expansion or replacement of the sewage treatment facility. 

The proposed action is to move the Lea Lake marsh towards the reference condition by 
removing salt cedar and controlling its re-growth; removing debris piles from the wetlands; 
increasing hydrologic diversity; and planting disturbed areas with native species. 
Additionally, an initial outlet channel design recommended increasing the channel width to 
accommodate excessive winter flows.  This would increase the channel capacity from 0.4 to 
0.7 m3/s (15 to 25 ft3/s) and aid in moving overflow into the Lea Lake marsh and away from 
Park facilities.  The proposed action was used as a basis for developing specific management 
measures that could then be implemented at various scales into various alternative plans.  
Various scales of each management measure were defined, associated with the area where 
each management measure was applied.  Each management measure was assigned one or 
more letter codes by the USACE (2006) and are described below.  

Management Measure A - Modify Outlet Channel and Culverts 
The purpose of this measure is to ensure that all outflow from Lea Lake enters the Lea Lake 
marsh.  The existing outlet channel and culverts are undersized for a discharge of 0.7 m3/s
(25 ft3/s).  Also, growth of aquatic vegetation in the existing channel may reduce capacity 
and is seen as a chronic maintenance problem.  Modification of the outlet channel would 
include the following major features: 

move control structure upstream 9.8 m (32 ft) and widen structure to 1.8 m (6 ft); 
grade the outlet channel to a uniform slope from the concrete control structure at Lea 
Lake downstream to match with the existing channel bed; 
the reconstructed channel would have a bottom width of 1.8 m (6 ft) and 1.5H:1V 
side slopes lined with block or rip rap; 
replace corrugated metal culverts on the access road with a single 1.8 m (6 ft) wide 
by 0.9 m (3 ft) high concrete box culvert; and, 
replace corrugated metal culverts on NM 409 with two 0.9 m (3 ft) wide by 0.6 m (2 
ft) high concrete box culverts 



22

Management Measures B and C - Remove Salt Cedar 
The purpose of this measure is to restore native wetland plant communities in Lea Lake 
marsh.  Currently, nonnative salt cedar covers much of the wetland habitat and lowers habitat 
suitability for indicator species.  Salt cedar would be removed mechanically using an 
excavator fitted with a bucket used for extracting whole salt cedar plants, including roots 
(e.g., BLM 2003).  Salt cedar trees would be hauled out of the marsh and chipped.  In areas 
that are too wet for the excavator to operate, salt cedar would be cut with a chainsaw and the 
stumps would be treated immediately by brushing the cut surface thoroughly with a full 
strength solution of a registered herbicide such as glyphosate (Rodeo®) mixed with a water-
soluble dye to track treated stems or other registered herbicide (e.g., Renovate 3A or 
Habitat).  Cut-stump treatments would preferably be conducted late in the growing season to 
improve translocation of the herbicide from the cut stump surface to the plant roots.  Follow-
up maintenance of salt cedar treatment areas would involve hand-pulling of sprouts and 
removal of larger trees not killed by the first treatment.  This would be conducted by 
removing trees using a chainsaw and treating the cut stumps immediately with an herbicide 
(USACE 2006). 

Management Measures D and E - Remove Debris
The purpose of this measure is to restore areas currently covered with debris to wetland 
habitat.  Substantial portions of the Lea Lake marsh with wetland hydrology and hydric soils 
are occupied by debris piles.  Removing debris and allowing wetland vegetation to establish 
would restore these sites.  Debris piles would be removed using an excavator to pick up the 
debris and place it in dump trucks, which would then haul the material to the county landfill. 

Management Measures F and G - Diversify Wetlands Hydrology 
The purpose of this measure is to create more diversity in wetland hydrology conditions in 
the Lea Lake marsh by lowering the ground surface elevation in localized areas.  Currently, 
there is little open water habitat and variation in water depth in the Lea Lake marsh.  Open 
water areas with a diversity of water depths would be increased in the Lea Lake marsh by 
excavating shallow depressions at selected sites where there currently is no standing water.
An excavator would be used to dig the shallow depressions or “wetland cells.”  Excavation 
spoil would be transported in dump trucks to an approved, non-wetland location within the 
Park boundaries. 

Management Measures H, I, and J - Supplement Wetland Vegetation 
The purpose of this measure is to promote establishment of diverse, native wetland plant 
species in areas subject to soil disturbance.  Planting of live material and sowing seeds of 
native wetland species adapted to saline marshes in the Lea Lake marsh would help to ensure 
that desired vegetation becomes established because initial species composition of saline 
marsh sites is a strong determinant of the final plant community (e.g., van der Valk 1981; 
Smith and Kadlec 1985a, 1985b). 
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Management Measure K - Construct Interpretive Facilities 
The purpose of this measure is to provide interpretation of wetlands and aquatic resources on 
the Park and the Pecos River.  Currently, there are no interpretive facilities in the Lea Lake 
marsh and public use is low to nonexistent.  Trails would be constructed to provide Park 
visitors access to the wetland ecosystem. 

PROPOSED ACTION

The proposed action includes full implementation of all the management measures identified 
above (USACE 2006).  Full implementation refers to the highest scale of each management 
measure including removal of salt cedar from the Lea Lake marsh; removing all debris piles; 
constructing three wetland cells; and planting both wetland cell and debris removal areas.
The proposed action would include restoration of approximately 17.4 ha (43 ac) of wetland 
habitat by implementing the following elements: 

increasing the Lea Lake outlet channel capacity to 7.6 m3/s (25 ft3/s);
removing all salt cedar from the approximately 17.4 ha (43 ac) Lea Lake marsh; 
removing all debris from the Lea Lake marsh; 
constructing three wetland cells totaling approximately 0.9 ha (2.2 ac); 
planting supplemental wetland vegetation in debris removal and wetland cell 
construction areas; and 
constructing a gravel parking lot, a gravel walking trail, a  raised boardwalk trail, 
educational displays, and four wildlife viewing blinds. 

In summary, the draft design for the outlet channel includes: 

The outlet-control weir from Lea Lake would be moved 9.7 m (32 ft) upstream from 
its current location, widened to 1.87 m (6 ft), with an elevation of 1053.9 (3,458 ft). 
The channel bed would be re-graded to a uniform slope from the outlet-control 
structure to match with the existing channel bed approximately 91.4 m (300 ft) 
downstream from the NM 409 crossing.  This would eliminate a hump in the existing 
bed profile below the NM 409 road crossing. 
The new channel would be trapezoidal with a bottom width of 1.87 m (6 ft), 1.5H:1V 
side slopes and a top width of about 4.6 m (15 ft). 
Two 0.6 m (24-in) corrugated metal pipe culverts at NM 409 would be replaced with 
two 0.9 m (3 ft) wide by 0.6 m (2 ft) high concrete box culverts. 
Two 0.6 m (24-in) corrugated metal pipe culverts at the campground road crossing 
would be replaced with a 1.8 m (6 ft) wide by 0.9 m (3 ft) high concrete box culvert. 
Similar to the existing channel, the new channel would be lined with articulated 
concrete blocks and river cobbles for its entire length between the lake outlet and the 
campground access road as well as in the vicinity of each culvert. 
The walking bridge near the campground would be replaced with a structure that 
would span the wider channel. 
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Salt cedar would be removed mechanically using an excavator  to extract whole salt 
cedar plants, including roots (e.g., BLM 2002). 
Salt cedar trees would be hauled out of the marsh and chipped.  In areas that are too 
wet for the excavator to operate, salt cedar would be cut with a chainsaw and the 
stumps would be treated immediately by brushing the cut surface thoroughly with a 
full strength solution of herbicide (e.g., Rodeo®) mixed with a water-soluble dye.  
Herbicides used will be those registered for use in aquatic habitats.  Cut-stump 
treatments would preferably be conducted late in the growing season to improve 
translocation of the herbicide from the cut stump surface to the plant roots. 
Debris piles would be removed using an excavator to pick up the debris and place it 
in dump trucks, which would then haul the material to the county landfill.  
Salvageable material would be removed first and stored at the park equipment yard.  
About 6,116 cubic meters (m3)(8,000 cubic yards [yd3]) of debris would be removed. 
 An excavator would also be used to dig shallow depressions for construction of the 
wetland cells.  Excavation spoil would be transported to an approved, non-wetland 
location within the Park boundaries.
Supplementing wetland vegetation would be conducted by planting live material and 
sowing seeds of native wetland species adapted to Lea Lake marsh. 

Estimated area of ground disturbance for the proposed action is approximately 2.1 ha (5.2 
ac).  Construction of the various plan elements is expected to last about eight months.  
Timing of construction is critical to allow channel work to be conducted during low-flow 
periods (i.e., summer and fall) and yet also avoid migratory bird breeding and nesting 
seasons (i.e., spring to mid-summer).  Details of the construction schedule would be 
identified prior to issuing a contract. 

After construction is completed, several features of the project would require operation, 
maintenance, repair, replacement, and/or rehabilitation (OMRR&R) with associated costs for 
labor and materials.  The Park has proposed a plan for 20 years of OMRR&R including, 
clearing vegetation from the channel, suppressing salt cedar reestablishment, and maintaining 
recreation facilities.  Excess growth of aquatic vegetation could be a problem in the widened 
channel and in the new “feeder channels” that would provide water to new wetland cells.
Currently, vegetation is removed manually (i.e., pulled by hand or extracted with shovels and 
rakes) from the outlet channel approximately eight times per year.  To reduce hand-pulling, 
equipment such as a small backhoe may be used upstream from NM 409, although special 
care would be necessary to avoid damaging the channel lining or disturbing the fish.   

Downstream from NM 409, use of mechanical equipment would not be feasible in order to 
avoid impacting the restored Lea Lake marsh.  Follow-up maintenance of salt cedar 
treatment areas would involve annual hand-pulling of sprouts and continued removal of 
larger trees not killed by the first treatment.  Removal of larger trees would be conducted by 
chainsaw and treating the cut stumps immediately with an approved herbicide.  
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If the proposed action is implemented, a monitoring plan would be developed and 
implemented for five years to ensure that the desired wetland vegetation becomes established 
and that methods used to eradicate salt cedar are effective.  The monitoring results would be 
used to adjust maintenance methods or frequency and to identify any corrective actions that 
would need to be undertaken.

Also, the newly-enlarged outlet channel would be monitored to ensure it functions properly.  
This would primarily involve monitoring the discharge capacity and condition of the 
channel. Channel capacity would be monitored by measuring the discharge on a regular basis 
and observing the water-surface elevations in the lake and key areas along the outlet channel. 
The USACE (2006) has also suggested that cross sections be established in the channels 
downstream from NM 409 to monitor changes in both channel capacity and stability. 

The USACE would prepare an Operations and Maintenance manual for the project upon 
completion of construction.  This manual would provide a summary of all OMRR&R needs 
for 20 years.  It is anticipated that State Parks would be responsible for the labor and 
associated costs for all maintenance during this period. 

EVALUATION METHODOLOGY

Project planning began in January 2006, and the USACE and the Service discussed the 
project features, design, construction methods and mitigation measures.   
Blue Earth Ecological Consultants, Inc.(Blue Earth) conducted the ecological inventory of 
the Lea Lake marsh (BLUE EARTH 2006a) as well as the assessment of restoration 
alternatives on the wetland form and functions (Blue Earth 2006b).  Mussetter Engineering, 
Inc. (MEI 2003) conducted the Lea Lake and associated wetland water budget report as well 
as described the area hydrology.   These reports (Blue Earth 2006a, 2006b; MEI 
2003;USACE 2006) were extensively used throughout this report. Additional biological and 
water quality data and background information were derived through review of the draft 
feasibility study (USACE 2006), the ecological monitoring report (Blue Earth 2006a), the 
assessment of ecosystem outputs (Blue Earth 2006b), the Lea Lake wetland water budget 
report (MEI 2003) and other relevant literature, internet searches and personal 
communications.  Conversations with representatives from the NMDGF, the BLM, the 
Service, the Park Superintendent, the Chavez County Planning Director and other area 
scientists were conducted in April and May 2006 to discuss this report and potential options 
for wildlife and wetland conservation. 
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FISH AND WILDLIFE RESOURCES WITHOUT THE PROJECT

This section discusses the anticipated future conditions of resources if no plan is developed 
and implemented to restore aquatic habitats in Lea Lake marsh.  Recent discharge 
measurements of Lea Lake outflows by the NMISC show that flows are reduced during 
summer months as the aquifer levels drop due to irrigation.  In addition, the USGS well 
water-level data show that although aquifer levels fluctuate, no evidence exists to suggest 
that aquifer levels would drop substantially in the future (USACE 2006).  The NMISC has 
described a plan to purchase 12,000 acres of land and associated water rights in the Roswell 
region, which if retired, could increase water levels in the Roswell Artesian Basin (USACE 
2006).  It is therefore considered unlikely that the process of dissolution of carbonate rocks 
and evaporites would be altered substantially by events into the future.  Development of the 
karst topography in the area of the Park would continue as in the past, which could result in 
additional sinkholes, expansion of existing sinkholes, and perhaps additional rock slides. 

There is a hydrologic relationship between Lea Lake outflows and the artesian aquifer levels 
(MEI 2003).  Lea Lake outflows are primarily dependent upon the hydraulic head within the 
artesian aquifer.  Therefore, an understanding of the causes of recharge and discharge in the 
Roswell Artesian basin is necessary to predict future conditions of the aquifer, and hence Lea 
Lake outflows.  Future characteristics within the Roswell region such as well pumping rates, 
irrigation practices, and retirement of water rights could potentially affect the hydraulic head 
in the aquifer.  According to the New Mexico Office of the State Engineer, metering of all 
wells has been imposed since 1963 (USACE 2006).  Because the farmers water rights are 
currently metered, it is unlikely that water use for current farmland would vary significantly. 
 The largest potential for affecting aquifer water levels in the near future is the planned 
purchase of around 12,000 acres of land and water rights by NMISC (USACE 2006).  If the 
NMISC retires these wells, water levels in the aquifer could rise.  However, if the NMISC 
activates any of the purchased water rights that were previously dormant to augment Pecos 
River flows, the additional pumping could lower aquifer levels.   

Due to uncertainty in predicting future flows, the USACE (2006) evaluated three scenarios to 
assess possible future discharges to Lea Lake marsh.  The three scenarios included stabilizing 
Lea Lake outflows at approximately their current levels, a continued increase of Lea Lake 
outflows, and a future decrease in Lea Lake outflows.  The impact of each of these 
possibilities should be considered in the future design alternatives for the project.  The 
analysis of historical and existing conditions suggests that the Lea Lake outflows would 
probably stabilize or slightly increase as more wells are retired.  There is no evidence to 
suggest large changes in Lea Lake discharges in the future.

Assuming that flows from Lea Lake would remain similar or slightly higher than existing 
conditions, discharges would likely continue to exceed the capacity of the existing outlet 
channel.  Without changes to the channel size and constant maintenance, growth of aquatic 
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vegetation and sedimentation would diminish the capacity of the outlet channel.  Therefore, 
high lake levels would occasionally flood the Park’s facilities. 

Ecological resources would largely remain the same – except salt cedar would continue to 
encroach, reducing aquatic habitat diversity and eventually contributing to a species-poor 
riparian habitat. 

FISH AND WILDLIFE RESOURCES WITH THE PROJECT

Temporary, short-term impacts to fish and wildlife may occur from noise, dust, and the 
presence of workers and machinery during project construction.  Runoff from construction 
work sites, access routes, staging areas, and unprotected fills could degrade water quality in 
the downstream wetlands.  Accidental spills of fuels, lubricants, hydraulic fluids and other 
petrochemicals, although unlikely, would be harmful to aquatic life. 

The following measures were identified as part of the proposed action by the USACE (2006) 
to minimize the effects on ecological, cultural, and social resources. 

Modification of the outlet channel would be conducted in dry conditions.  This would 
be accomplished by dewatering the outlet channel and diverting outflow from Lea 
Lake around the work area and into Lea Lake marsh. 
Feeder channels connecting the excavated wetland cells to the wetlands channels 
would be dug from the cells outward.  The feeder channel connections to the wetlands 
channels would not be breached until sediments have settled in the excavated areas.   
Cut-stump herbicide treatment for removing salt cedar would only be conducted in 
areas with deeper standing water where the whole-tree extractor cannot be used.
Only approved herbicides such as Rodeo® would be used.  Herbicides may be mixed 
with a water-soluble dye to allow visual tracking of application.  The herbicide would 
be applied to stumps immediately after cutting using a paint brush or similar method 
by an experienced, licensed pesticide applicator. 
Salt cedar removal would be conducted outside of the bird breeding season (i.e. 
September through March) to avoid destruction of nests and mortality of young birds. 
The boundaries of all aggregations of Pecos sunflower in the Lea Lake marsh would 
be marked with a continuous band of brightly-colored flagging attached to stakes.   
Operation of the tree extractor would be restricted as much as possible to salt cedar 
stands and moved as little as necessary to minimize the chance of destroying least 
shrew communal nests.   
A qualified biologist would be on site to monitor work, inspect work areas before 
work begins, and provide guidance to avoid to prevent or minimize impacts to Pecos 
sunflower, least shrew and other wildlife species. 
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Potential Impacts and Protective Measures for Water Quality 
Implementation of the proposed action may affect water quality by disturbing soils in or 
adjacent or surface water during modification of the outlet channel, salt cedar removal, 
debris removal, and excavation of the wetland cells.  Direct effects of these activities would 
consist of short-term increases in suspended sediment loads and turbidity.  Indirect effects 
could include increased turbidity and suspended sediment levels downstream and off-site. 

Impacts to water quality would be minimized in several ways.  First, modification of the 
outlet channel would be conducted in dry conditions.  This would be accomplished by 
dewatering the outlet channel and diverting outflow from Lea Lake around the work area and 
into Lea Lake marsh.  Consequently, impacts to water quality from channel modification 
would be short-term.  There may be a visible increase in turbidity immediately following 
resumption of outflow in the reconstructed outlet channel.  However, this increase in 
suspended sediments would likely persist only for about two hours.  Also, increased turbidity 
levels may lessen with downstream distance as a result of dilution or precipitation.  
Therefore, noticeable changes in suspended sediments and turbidity are likely to be absent at 
the Park boundary, upon entering slack water conditions, or filtration through existing 
wetland vegetation.  Removal of debris and salt cedar are proposed in areas that are 
shallowly inundated with very low current velocity.

Treatment areas for these two management measures that have standing water include cattail 
marsh, saltgrass marsh, saltgrass wet meadow, saltgrass-iodinebush marsh, iodinebush flats, 
alkali sacaton flats, salt cedar copse, and barren ground community types.  Only the cattail 
marsh, saltgrass marsh, saltgrass wet meadow, and saltgrass-iodinebush marsh community 
types have standing surface water.  Average current velocity in all of these communities 
except for cattail marsh is 0 meters per second (m/s) (0 feet per second [ft/sec]).  Current 
velocity in these communities is not expected to increase following salt cedar or debris 
removal.  Therefore, suspended sediments would not be expected to be transported into 
surface water downstream. 

According to the USACE (2006), removal of the salt cedar or debris would have only 
localized impacts to water quality, including, short-term increases in suspended sediments in 
saltgrass marsh, saltgrass wet meadow and saltgrass-iodinebush marsh communities.  
Because of the low water velocity and shallow water depth, sediments suspended in surface 
water by debris removal would likely settle quickly.  Turbid conditions would therefore be 
expected to last during debris removal and persist for only a few hours following completion 
of debris removal.  Average current velocity in cattail marsh habitat is 0.1 m/s (0.4 ft/sec).  
While no debris piles are located in the cattail community type, salt cedar removal would 
occur.  Salt cedar removal in cattail marsh habitat would be conducted by hand using 
chainsaws.  Increases in turbidity and suspended sediments would result from workers being 
in the marsh.  These increases in turbidity and suspended sediment would occur in areas 
immediately surrounding the workers impact and would persist during salt cedar removal and 
likely for several hours following completion of the work. 
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Excavation of wetland cells to diversify wetland hydrology would be conducted in areas with 
no standing water or in areas with shallow standing water, but with no or low flow rates.
Consequently, effects on water quality would be the same as those described above for salt 
cedar and debris removal.  Connection of the excavated cells to the wetlands channels would 
require digging small feeder channels.  These channels would be dug from the cells outward 
to the channels.  The feeder channel connections to the wetlands channels would not be 
breached until sediments settled in the excavated areas.  This will help prevent flushing of 
turbid water into downstream areas, thereby avoiding impacts to the BLM Overflow 
Wetlands and to those wetlands on adjacent private lands.  

Excavation of wetland cells would create about 0.8 ha (2.1 ac) of open surface water exposed 
to direct sunlight.  These areas would be expected to have the same water temperature 
regimes as existing inundated areas at Lea Lake marsh.  

Additional water quality impacts may occur and preventative measures identified by the 
USACE (2006) include: 

All equipment would be inspected at least twice a day to ensure that oils, fuels, or 
lubricants are not leaking.

All servicing and fueling of equipment would be conducted in a designated area 
hydrologically isolated from surface waters and outside of the floodplain.

Additionally, emergency spill kits would be placed in the designated fueling area to 
absorb and contain any accidental spills of fuels, lubricants, or other chemicals. 

The proposed action involves application of herbicides to cut-stumps for removal of 
large trees.  One herbicide proposed for cut-stump treatment is Rodeo® (glyphosate), 
which is registered for use in aquatic habitats.  Rodeo® consists of 53.8 percent of the 
active ingredient glyphosate (–[phosphonomethyl]glycine, isopropylamine salt, CAS# 
038641-94-0) and 46.2 percent inert ingredients.

Cut-stump herbicide treatments would only be conducted in areas with deeper 
standing water where the whole-tree extractor cannot be used.  These deeper-water 
areas encompass approximately  4.9 ha (12 ac) in the Lea Lake marsh.  This would be 
the maximum area subject to hand-removal of salt cedar using chainsaws and cut-
stump herbicide treatment.  Average salt cedar density in the inundated area is 22.6 
stems/926 square meter (m2)(22.6 stems/10,000 square feet [ft2]).  Average stump 
diameter of salt cedar trees in the handcutting area is about 0.1 m (4 in), which would 
require a maximum of 7.4 milliliters (ml) (0.25 ounces [oz]) of herbicide to 
completely coat the cut surface.  Using the average density of  22.6 stems/926 m2

(22.6 stems/10,000 ft2), there are approximately 1,200 salt cedar trees that would 
require hand cutting in the inundated portion of Lea Lake marsh.  
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Use of a water-soluble dye would provide a means to visually control application of 
the herbicide to only cut-stump surfaces and minimize the amount of herbicide that 
could potentially enter surface water.  A conservative estimate of accidental herbicide 
spills into surface water during cut-stump application is 1 percent of the total volume 
applied.  Consequently, about  0.74 ml (0.025 oz) of herbicide could potentially enter 
surface water adjacent to any given cut stump.

Potential Impacts and Protective Measures for Wetland Modifications 
Implementation of the proposed action would result in changes in the extent of each wetland 
community type in the Lea Lake marsh (USACE 2006).  Most notably, the salt cedar copse 
community type would be converted to saltgrass wet meadow vegetation by implementing 
the proposed action.  Coverage of bare ground would be markedly reduced by supplemental 
planting in the Lea Lake marsh.  Cattail marsh vegetation would decrease slightly from 
excavation of wetland cells, debris removal, and supplemental planting.  The spatial extent of 
saltgrass marsh, saltgrass-iodinebush marsh, and iodinebush flats would not change with 
implementation of the proposed action.  Substantial increases in the spatial extent of wetland 
channel (open water) habitat, saltgrass wet meadow, bulrush marsh, and alkali sacaton flats 
vegetation would result from implementation of the proposed action.  Species composition 
within community types is also expected to change with the proposed action. 

Removal of salt cedar from existing vegetation communities would result in increased 
coverage by native species such as saltgrass, chairmaker's bulrush, cattail, willow baccharis, 
and alkali sacaton.  The 289 ha (715 ac) of the Lea Lake wetlands between Lea Lake and the 
Pecos River, including the Lea Lake marsh, comprise a functioning, interconnected 
ecological unit.  Therefore, the entire Lea Lake wetlands was used as the resource boundary 
for considering cumulative effects to vegetation from the proposed action.  Furthermore, the 
cumulative aggregate impact of past actions on vegetation in the Lea Lake marsh was 
considered to be represented by the existing condition. 

Ongoing and proposed future actions affecting vegetation in the analysis area consist of 
continued salt cedar removal and control by the Park and the BLM.  The BLM proposes to 
conduct salt cedar removal and control on the BLM Overflow Wetlands using mechanical, 
hand removal, and herbicide techniques (BLM 2003).  This action would overlap temporally 
with the proposed wetlands restoration at Lea Lake marsh.  These combined actions would 
markedly decrease salt cedar density in the 289 ha (715 ac) Lea Lake wetlands between Lea 
Lake and the Pecos River by as much as 80 percent.  This is expected to result in a 
concordant increase in native wetland vegetation, especially with the proposed replanting.

The spatial extent and character of wetlands in the Lea Lake marsh will change with 
implementation of the proposed action (USACE 2006).  Increased outflow from Lea Lake, 
coupled with directing all of the outflow to Lea Lake marsh via modifying the outlet channel, 
are likely to increase the spatial extent of wetlands in the Lea Lake marsh.  The magnitude of 
this change is not known.  The only available data applicable to predicting changes in 
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wetland area are the increases in wetland size from 1954 to 2003 as interpreted from aerial 
photography (USACE 2006).  During this period, emergent marsh habitat increased by 3.5 ha 
(8.6 ac).  It is likely that most of this increase occurred when ground water levels began to 
recover between 1976 and 2003.  During that time, outflow from Lea Lake increased to about 
0.5 m3/s (17 ft3/s) while the emergent marsh increased in extent by 3.5 ha (8.6 ac).  Assuming 
a linear relationship between the amount of emergent marsh and the rate of increase in flow,  
an increase of 0.2 of wetlands per 0.2 m3/s (0.49 ac/ ft3/s) increase in outflow from Lea Lake 
is anticipated.  Therefore, with a potential maximum outflow from Lea Lake of about 0.7 
m3/s (25 ft3/s), an increase in the Lea Lake marsh of 0.8 ha (1.96 ac) would be expected. 

Average water depth and hydroperiod in several of the wetland vegetation communities are 
expected to change with implementation of the proposed action.  Average depth of 
inundation would increase from 0.2 to 0.5 m (7 to 18 in) in bulrush marsh, 0.1 to 0.3 m (2.4 
to 12 in) in saltgrass marsh, 0.01 to 0.1 m (0.4 to 4 in) in saltgrass wet meadow, 0.03 to 0.2 m 
(1.2 to 8 in) in saltgrass-iodinebush marsh, and 0 to 0.03 m (0 to 1.2 in) in converted salt 
cedar copse vegetation.  Hydroperiod would change in saltgrass marsh habitat from semi-
permanently flooded to intermittently exposed and from seasonally flooded to semi-
permanently flooded in saltgrass wet meadow.  Also, hydroperiod in converted salt cedar 
copse vegetation would change from saturated to semi-permanently flooded. 

Impacts of the proposed action on wetlands are limited to the boundaries of the Lea Lake 
marsh (USACE 2006).  The cumulative aggregate impact of past actions on wetlands in the 
Lea Lake marsh was considered to be represented by the existing condition (USACE 2006).  
No other actions are planned in the future for the Lea Lake marsh that would have impacts on 
wetlands.  Consequently, there would be no long term impacts to wetlands that overlap 
spatially or temporally with the proposed action (USACE 2006).  

It is reasonable to propose that plant communities at Lea Lake marsh are relatively stable, 
with the exception of salt cedar invasion and expansion of the marsh as a result of the 
increased discharge from Lea Lake (USACE 2006).  If a marsh site is physically disturbed to 
create bare soil conditions, soil seed bank composition and seed dispersal will be a major 
determinant of subsequent plant species composition (Smith and Kadlec 1985a, 1985b).  
These initial conditions may be modified to varying degrees by seeding, planting live 
material, and controlling seed sources of adjacent marsh plants, such as cattail.  For example, 
Grace (1987) determined that initial seed density strongly influenced the early outcome of 
interspecific competition.  However, the initial effects of preemption may be overcome by 
subsequent vegetative expansion and competitive displacement by other wetland species 
(Grosshans and Kenkel 1997).  A potential physical disturbance regime which may have 
been operative at Lea Lake marsh in the past is natural fire.  Fire has been identified as an 
important physical disturbance factor influencing plant community structure and dynamics in 
other in inland saline marsh systems (e.g., Root and Ryan 2004; Smith and Kadlec 1985b).  
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Potential Impacts and Protective Measures for Pecos Sunflower
Direct impacts to stands of Pecos sunflower will be avoided by the proposed action (USACE 
2006).  Aggregations of plants would be flagged to delineate areas where no work is to be 
performed and restoration activities would be monitored to ensure that no Pecos sunflower 
plants are disturbed.  Pesticide exposure would also be avoided. 

Pecos sunflower seed may be indirectly affected by the proposed action.  Excavation of 
wetland cells that are hydrologically connected to the wetland channels may provide suitable 
sites for establishment of Pecos sunflower by seed.  Seed may be carried by surface water 
flow into the wetland cells and deposited along the margins of the ponds, which could lead to 
establishment of additional aggregations of plants in the Lea Lake marsh. 

Colonization of disturbed ground by Pecos sunflower in areas subject to mechanical removal 
of salt cedar was observed immediately south of the Lea Lake marsh.  Also, sites along the 
South Wetlands Channel subject to past ground disturbance from channel maintenance 
activities were also colonized by Pecos sunflower.  Therefore, it seems likely that the species 
would also colonize the margins of the wetland cells.  Pecos sunflower is restricted to the 
margins of Lea Lake and Lea Lake marsh; none have been documented on the BLM 
Overflow Wetlands (BLM 2003). 

Current and planned actions in the Lea Lake marsh that may affect Pecos sunflower consist 
of hand-clearing of aquatic vegetation and sediment from small segments of the South and 
West wetlands channels.  This action creates sites suitable for colonization by Pecos 
sunflower.  Thus, there would be an overall beneficial long-term effect on Pecos sunflower 
through an increase in area suitable for establishment of plants in the Lea Lake marsh. 

Additional analysis of effects to Pecos sunflower will be addressed in detail during ESA 
section 7 consultation between the USACE and the Service. 

Potential Impacts and Protective Measures for Other Species of Concern 
Operation of tree-extractor and excavation equipment for removing salt cedar and debris and 
excavating wetland cells would cause direct impacts.  There would be an unknown amount of 
direct mortality of relatively immobile organisms such as aquatic invertebrates.  Other more 
mobile organisms such as birds and fish would be disturbed and may flush from work areas.  

Another direct impact of the proposed action would be removal of mature salt cedar from the 
marsh, which may serve as nesting sites for birds.  In order to avoid destruction of active 
nests and mortality of young birds, salt cedar removal would be conducted outside of the 
breeding season (i.e., September through March). 

Cut-stump herbicide treatment of salt cedar may result in some accidental introduction of 
registered herbicides into surface waters.  Introduction of herbicide into surface water would 
be minimized by carefully applying the herbicide directly to cut stumps using a brush.  No 
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herbicide spraying would be conducted.  Concentrations of the herbicide in localized areas 
are not expected to exceed the acute toxicity concentration (~25 mg/L) for most organisms. 

Implementation of the proposed action would change wildlife habitat characteristics at Lea 
Lake marsh in several ways.  First, the proposed action would eliminate the only trees (salt 
cedar) from the marsh.  Second, the proposed action would create more diversity in water 
depths and increase open water habitat.  Third, the proposed action would increase the area 
covered by native herbaceous wetland vegetation. 

In order to assess the indirect effects of these changes in habitat conditions on fauna of the 
marsh, two indicator species groups were used.  These indicator groups were: 1) the 18 
species of birds known to occur at Lea Lake marsh during the breeding season; and 2) 
dragonflies and damselflies (the taxonomic Order Odonata in the Class Insecta) known to 
occur in the marsh.  

Of the 18 migratory bird species known to occur in Lea Lake marsh during spring and 
summer, eight nest in trees or shrubs.  Two of these species are unlikely to nest at Lea Lake 
marsh.  The osprey uses large stick nests, none of which were found in the Lea Lake marsh.  
House sparrows nest in cavities of trees, but cavity-nesting birds rarely use salt cedar (Hunter 
et al. 1988; Lovich and DeGouvenain 1998).  The remaining six species may potentially have 
nest sites reduced or eliminated by removal of salt cedar trees and shrubs from Lea Lake 
marsh.  However, abundance of baccharis, a native shrub, is expected to increase following 
implementation of the proposed action.  This shrub may provide suitable nesting habitat for 
black-headed grosbeak and white-crowned sparrow.

The proposed action would contribute to a net loss of salt cedar in the analysis area, which 
would have a cumulative impact on nesting birds that now use the invasive salt cedar trees.  
Direct impacts to nesting birds would be avoided through seasonal restrictions.  
Cumulatively, wildlife would be affected by the loss of salt cedar habitat over the entire 715 
wetland complex as the BLM has also planned salt cedar removal in the Overflow Wetlands 
portion (BLM 2003).  However, it is unlikely that this impact would decrease the population 
the bird species known to occur at Lea Lake marsh (that may nest in salt cedar).  Bird species 
that use salt cedar for nesting are relatively widespread and abundant and can use other trees 
and shrubs besides salt cedar as nest sites.  Also, other wetland bird species will gain nesting 
and feeding habitat by the removal of salt cedar and the creation of wetland cells (Blue Earth 
2006b).  More importantly, the available information on historic conditions of the Lea Lake 
marsh indicate that these wetlands have likely existed at the site of Lea Lake marsh since as 
early as the 1300s and they lacked woody plant species (Blue Earth 2006a).  Therefore, the 
removal of the invasive salt cedar would be considered a restoration technique along with the 
proposed action as it will return the saltgrass marsh, wet meadow and wetland community to 
a more productive and biologically diverse condition.  Using the example of the yellow-
headed blackbird, Blue Earth (2006b) identified that the proposed action would increase 
yellow-headed blackbird habitat by more than 200 percent, with the majority of the increase 
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due to salt cedar removal.  Consequently, migratory birds and other wildlife would be 
expected to increase in abundance and diversity in the long-term from implementing the 
proposed action. 

Dragonflies and damselflies occur in aquatic habitats such as ponds, streams, and marshes 
with open water (Westfall and Tennessen 1996).  All of the species documented from Lea 
Lake marsh are known to occur in standing or flowing water habitats.  Many of the genera 
known to occur in the marsh are also associated with vascular hydrophytic plants.  Increasing 
the diversity of water depths, area of open water, and emergent wetland vegetation such as 
bulrush marsh would create additional habitat for dragonflies and damselflies in the Lea 
Lake marsh.  Consequently, this group would be expected to increase in abundance and 
diversity long-term from implementing the proposed action. 

Mexican Tetra
The proposed action is unlikely to have any measurable direct or indirect effects on Mexican 
tetra in the study area (USACE 2006).  The proposed action would directly impact the Lea 
Lake outlet channel.  Channel modification work would involve dewatering of the channel 
and diverting flow around the work area into Lea Lake marsh.  Fish occurring in the outlet 
channel would likely move downstream as flows recede following cessation of flow at the 
upstream end of the channel.  The turbidity increase following resumption of flow in the 
channel are unlikely to be of sufficient magnitude or duration to cause fish mortality. 
Pecos Pupfish
Operation of mechanized equipment to remove salt cedar and excavate wetland cells in the 
study area may cause direct mortality of some Pecos pupfish, especially young-of-year fish 
inhabiting very shallow water (USACE 2006).  Mechanized equipment operation would be 
restricted to areas with no surface water or with only extremely shallow surface water.  
Therefore, mortality is likely to be small, perhaps consisting of 10 to 20 individuals.  Impacts 
to water quality from the proposed action are unlikely to affect Pecos pupfish because they 
are of small magnitude and short duration.  The proposed action is likely to increase suitable 
habitat for Pecos pupfish in the project area by at least 0.8 ha (2 ac), associated with 
excavation of the wetland cells.  Wetland cells would provide important over-wintering 
habitat for the population of Pecos pupfish that inhabits Lea Lake marsh and the BLM 
Overflow Wetlands (Blue Earth 2006a).   

Pecos pupfish in the study area are part of a larger population that inhabits the 289 ha (715 
ac) wetland supported by outflow from Lea Lake.  The aggregate effect of past actions in the 
study area on Pecos pupfish was assumed to be represented by the existing baseline 
condition.  Current and planned future actions that may potentially affect Pecos pupfish in 
the analysis area are construction of fish barriers in the BLM Overflow Wetlands at outflow 
points to the Pecos River.  The purpose of the fish barriers are to prevent movement of non-
native sheepshead minnow (Cyprinodon variegatus) into the wetlands.  Sheepshead minnow 
hybridization is considered a major threat to Pecos pupfish (Blue Earth 2006a).  The 
proposed action, when combined with the effect of fish barrier construction by the BLM, is 
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likely to result in beneficial cumulative effects to Pecos pupfish through diversification of 
open water wetlands and an increase in feeding, spawning and sheltering habitat.  The overall 
status of the population would be markedly improved by preventing invasion of the wetlands 
by sheepshead minnow and increased availability of over-wintering habitat (USACE 2006). 

Arid Land Ribbon Snake
The proposed action is unlikely to have any effect on arid land ribbon snake, as this species 
is almost always associated with permanent water (Degenhardt et al. 1996).  In the study 
area, arid land ribbon snake would most likely be found along the wetland channels, which 
would not be affected by the proposed action (USACE 2006). 

Least Shrew
The proposed action would directly impact saltgrass marsh and saltgrass wet meadow habitat 
east of the South Wetlands Channel that is occupied by least shrew (Frey 2005).  Operation 
of mechanized equipment for removing salt cedar may potentially result in mortality of some 
least shrew by crushing (USACE 2006).  The tree extractor exerts a force of approximately  
34,474 Pascals (~5 pounds per square inch) and the tracks have a surface area of about 4.8 
m2 (52 ft2).  Mortality of least shrew would be minimized by limiting movement of the salt 
cedar extractor machine to salt cedar stands, where possible.  This would reduce operation of 
the equipment in suitable saltgrass wet meadow and saltgrass marsh habitat.  

The tree extractor has a reach of about 9.1 m (30 ft), so any given position of the machine 
would allow for treatment of a  262 m2 (2,820 ft2)(BLM 2003).  Each position of the tree 
extractor would have a tread impact area of 4.8 m2 (52 ft2), which is about 2 percent of the 
treated area.  If movement of the machine is also considered, then it can be assumed that 
tread impacts would occur to about 10 percent of the treated area.  The area on the east side 
of the South Wetlands Channel comprises about 5.0 ha (12.4 ac), of which about 25 percent 
is covered by 1.3 ha (3.1 ac) of salt cedar.  If it is assumed that the tree extractor tread impact 
is about 10 percent of the treated area, then about 0.1 ha (0.3 ac) of occupied habitat would 
be impacted (USACE 2006).  Four individual least shrew were captured in the 5.0 ha (12.4 
ac) area east of the South Wetlands Channel (Frey 2005).  If least shrew is uniformly 
distributed, a density of 0.1 least shrew/ha (0.3 least shrew/ac) could be assumed (USACE 
2006).

However, least shrew is gregarious and nests communally (Fitzgerald et al. 1994).  Least 
shrew likely breed throughout the year in the study area, but most will breed in spring and 
summer (Fitzgerald et al. 1994).  Therefore, operation of the tree extractor could incidentally 
crush several individuals because distribution of least shrew is aggregated and not uniform.  
To minimize the chance of crushing an occupied communal nest of least shrew, operation of 
the tree extractor would be restricted as much as possible to salt cedar stands.  Additionally, 
a qualified biologist would be on site to inspect work areas and provide guidance on areas to 
avoid.  These measures would reduce incidental take of least shrew so that measurable 
impacts to the population would not occur (USACE 2006). 
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Potential Impacts through Recreation 
Implementation of the proposed action would change the use of the land in the Lea Lake 
marsh.  A new location would be selected in the Park for storage of extra construction and 
related materials as well as a place to store debris.  Development of the approximately one-
half mile of raised trails, where visitors can walk in relatively dry conditions, would make 
more area of the Park available for use by the average visitor.  Removal of debris and salt 
cedar, creating small areas of open water, and planting native wetland vegetation would 
improve the aesthetic appeal of the Lea Lake marsh.  Coupled with the new trails, 
interpretive signs, and viewing blinds, the area would become more appealing to visitors.  
This is likely to increase recreation use of the Lea Lake marsh by providing a trail for 
persons wishing to view and learn about wildlife or just take a walk.

Although these new recreational facilities are unlikely to draw large numbers of new visitors 
to the Park, development of the trail would provide additional recreation and educational 
experiences for visitors coming to the park for other reasons (e.g., camping).  Group 
educational use of the Lea Lake marsh is likely to rise as school groups would have an 
easily-accessible site for learning about wetlands, studying plants or water, and viewing 
wildlife.

DISCUSSION

Wetlands form where a persistent water supply is at or near the land surface.  The outflow 
from Lea Lake is currently sufficient to maintain over 715 acres of wetlands as this water 
flows south to the Pecos River.  The Lea Lake wetlands store and filter water and allow for 
biological productivity, natural diversity, and food and habitat for fish and wildlife, as well 
as other ecosystem functions (e.g., pollination services, soil formation, biochemical 
processes, livestock watering, as well as potential genetic, agricultural or medicinal services 
provided by native, salt-tolerant plants and animals).  Although a complete inventory of all 
plant and wildlife species that occupy these wetlands has not been completed, the Lea Lake 
marsh portion on the Park has been found to provide habitat for seven federally-listed or 
State-listed species and over 100 species of migratory birds and waterfowl (Blue Earth 
2006a).

The USACE (2006) and the Park have a proposed action that will improve the Park’s 34-acre 
Lea Lake marsh by removing nonnative vegetation and debris, by diversifying aquatic 
habitat and replanting with native vegetation.  The proposed action will benefit fish and 
wildlife in the long-term through the restoring the Park’s portion of these saltgrass wetlands 
to a more native and productive biotic community.  In addition, the proposed action will 
provide the public with a quality outdoor educational experience on the Park, as well as 
create opportunities for the comprehensive conservation of these wetlands.  The desired 
future condition of these wetlands is their conservation in perpetuity.  Wetland habitat in this 
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region should persist in the condition, connectivity, and quantity necessary to sustain the rare 
and unique populations of plants and animals that are found there now.   

Although the Lea Lake marsh currently contains an abundance of exotic species; overall, 
these wetland habitats are classified in Category 2 of the Service’s because they are scarce.
The Service’s mitigation policy states that the degree of mitigation should correspond to the 
value and scarcity of the fish and wildlife habitat at risk.  Consequently, no net loss of in-
kind habitat value should be the mitigation goal for this resource category.  The Service 
believes that the proposed project not only meets, but exceeds the “no net loss of in-kind 
habitat” mitigation goal for this resource category.  Therefore, no mitigation is recommended 
for the project as proposed.

The Service anticipates some minor short-term impacts to fish and wildlife resources 
associated with the construction phases, but long-term the project would provide important 
migratory bird and resident fish and wildlife habitat within the Pecos River valley.  
Temporary, short-term impacts to fish and wildlife may occur from noise, dust, and the 
presence of workers and machinery during project construction.  Runoff from construction 
work sites, access routes, staging areas, and unprotected fills could temporarily degrade 
water quality.  Accidental spills of fuels, lubricants, hydraulic fluids and other 
petrochemicals, although unlikely, would be harmful to aquatic life.   However, the USACE 
(2006) has committed to various protective and mitigation measures that address temporary 
project construction impacts provided that they are incorporated as stipulations into various 
contractor and subcontractor plans.

The USACE (2006) has also identified measures to protect or minimize the impacts to the 
federally-listed Pecos sunflower.  The USACE and the Service will continue ESA section 7 
consultation to ensure that the Pecos sunflower is not jeopardized by the proposed action.
However, this consultation must be completed prior to the initiation of construction. 

To ensure that the objectives of the project are met, post-construction monitoring of the 
project area should be conducted.  The spread of non-native or invasive plant and animal 
species in these wetlands should be monitored and controlled or minimized to a level that 
these plant and animals within these wetlands are not adversely affected. 

The outflow and wetland channels provide swift flow habitats and connectivity between the 
lake and the wetlands downstream, including the proposed open-water wetlands.  Where 
practical, the outflow channel designs should plan for some flow and habitat diversity to 
benefit the Mexican tetra and Pecos pupfish.  Where practical, design considerations could 
include slight variations in shape, substrate, bottom roughness, and allow for occasional 
patches of emergent or submergent vegetation, while not affecting the overall goal of 
providing water conveyance and public safety.
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Due to its proximity to the campgrounds, the Lea Lake outflow channel is a visible and 
central feature of the Park.  Therefore, its design also offers an opportunity to educate the 
public about the unique fishes that reside there.  As appropriate, consider educational 
opportunities alongside the outflow channel, perhaps including identification or options for 
display of the native fish found there as well as signage prohibiting disposal of nuisance 
species (sheepshead minnow, goldfish, crayfish, etc.) and their impact to environment.  

Currently, the portion of wetlands on the Park is termed Lea Lake marsh and the portion of 
the wetlands on BLM lands is termed Overflow Wetlands.  All of the wetlands associated 
with the outflow from Lea Lake would benefit from a unified naming convention, and the 
Service recommends they be termed the Lea Lake Wetlands throughout.  Approaches to 
conserve the biological diversity on the Lea Lake marsh alone would be inadequate to 
conserve the species associated with the entire area wetlands.  Therefore, the entire wetlands 
would benefit from a comprehensive management plan.  Federal, State and local agencies, 
private landowners and the public should collaborate to implement a comprehensive wetland 
conservation and management plan that addresses natural resource goals for protection, 
conservation, and restoration of these wetlands.  Such a comprehensive plan would address 
fire management, invasive species, wildlife conservation, monitoring and research, access, 
and hydrological connection and wetland changes.

Water levels in these wetlands should be maintained to sustain the native plant and animal 
communities.  The Office of the State Engineer, the State Parks Division, the BLM, as well 
as other Federal, State or local agencies and the interested public should continue to monitor 
the connectivity between groundwater levels and the outflow of Lea Lake.  Data from these 
monitoring efforts should be provided to the public and used to update the models that 
identify the amount of water in the wetlands and that enters the Pecos River.  

The USACE, the Park, and the BLM should work with other Federal and State agencies, 
county agents, private landowners, research institutions, schools and universities to monitor 
and survey these wetlands to track changes to the plant and animal communities and to 
design and implement projects that will provide information about these wetlands to the 
public.  In conjunction with others, the Service could provide additional mapping services 
and inventory of these wetland communities to delineate and categorize their functions under 
the National Wetland Inventory.   

Cooperative approaches to wetland conservation could also include county zoning for both 
the protection of the wetlands along with area development, paying particular attention to 
ground water supplies and land use.  The goal would be to make the region a more 
compatible place so that these wetland plants and animals can survive in conjunction with 
future growth and development expected in Chavez County.  The comprehensive planning 
process could be used to identify areas that can act as corridors for wildlife migration across 
public lands as well as for connectivity of important riparian, wetland, and wildlife habitats.  
Planning for the conservation of these wetlands as well as identifying areas for development 
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and growth in association with nearby land owners would allow for a collaborative approach 
to managing future changes in land use and wildlife habitat conservation. 

Private landowners should have an opportunity to participate in the conservation of the Lea 
Lake Wetlands.  Contact the Service’s Partners for Fish and Wildlife for assistance 
developing conservation agreements with private landowners to conserve these wetlands on 
private land. There are other opportunities for the conservation of these wetlands in New 
Mexico that could be pursued in association with this project.  The 1986 Emergency 
Wetlands Resources Act (Public Law 99-645; 100 USC. 3582), allows for the purchase of 
wetlands using Land and Water Conservation Fund monies.  Additionally, there are 
opportunities to manage  waterfowl on these wetlands.  Grants are available through the 1989 
North American Wetlands Conservation Act (103 USC 1968; 16 U.S.C. 4401-4412; Public 
Law 101-233).  Annually, grants are available from the Service to fund implementation of 
the North American Waterfowl Management Plan on wetlands important to migratory 
waterfowl.

To further protect the Lea Lake Wetlands, as well as similar wetlands found on the Bitter 
Lake National Wildlife Refuge, a proposal could be considered to nominate these sinkhole 
lakes, saltgrass wetlands and wet meadows for status under the Ramsar Convention on 
Wetlands of International Importance (http://ramsar.org).  The Convention on Wetlands of 
International Importance – often called the Ramsar Convention from its place of adoption in 
1971 in Iran—is an intergovernmental treaty that provides a framework for international 
cooperation for the conservation of wetland habitats.  The major objectives of the Ramsar 
Convention are to stem the loss of wetlands and to ensure their conservation.  The Ramsar 
Convention is not an international regulatory agency, nor does it presume to impose any 
restrictions or conditions that affect in any way the sovereignty of countries.  Under the 
Ramsar Convention there is a general obligation for member countries to include wetland 
conservation considerations in their natural resource planning processes and to promote the 
wise use of wetlands within their territory.

The wetlands associated with the Lea Lake outflow, the natural lakes on the Park, and the 
similar sinkhole lakes and wetlands on Bitter Lake National Wildlife Refuge are unique 
examples of saltgrass wetlands and wet meadows in terms of their ecology, botany, zoology, 
limnology and hydrology and their wetland values and functions should be conserved.  
Placing these wetlands on the Ramsar List could have considerable benefit upon the 
conservation of these natural resources as well as the public recognition would identify their 
global importance and thereby foster ecotourism, wildlife conservation and wildlife viewing 
in this area and therefore, the regional economy (Service 2002). 
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RECOMMENDATIONS

The Service offers the following recommendations concerning fish and wildlife resources for 
the proposed project.

1. Implement protection and mitigation measures identified in the DPR/EA (USACE 2006). 

2. Verify the locations of Pecos sunflower and complete the Section 7 ESA consultation 
prior to construction. 

3. Monitor the spread of nonnative or invasive plants or animal species and control or 
minimize their impact on native species. 

4. Design the outflow channel to include enhancement of fish habitat without affecting the 
channel’s conveyance capacity or public safety. 

5. Plan for educational opportunities alongside the outflow channel design including, but 
not limited to, identification of the native fish found in the Park or post prohibitions to 
public disposal of nuisance species (e.g., sheepshead minnow, goldfish, crayfish, etc.). 

6. Work with land owners, State and Federal agencies and the public to develop a 
comprehensive management plan for the entire Lea Lake Wetlands. 

7. Work with State and federal agencies, private landowners, research institutions, the local 
soil and water district, and schools and universities to map and survey these wetlands to 
monitor changes in the plant and animal communities and educate the public. 

8. Work with the Office of the State Engineer and the US Geological Survey to continue 
studies into the connectivity between groundwater levels, Lea Lake outflow and changes 
in these wetlands. 

9. Work with land owners, natural resource agencies, Chavez County officials, and the 
public to conserve these wetlands through zoning (or other through other planning 
processes) as well as identify and plan for wildlife migration corridors and areas of 
connectivity between other important wildlife habitats. 

10. Work with private landowners to develop conservation easements or acquire these 
portions of the wetlands through land exchange or purchase. 

11. Work towards nominating these unique saltgrass wetlands, wet meadows and sinkhole 
lakes on the Park and on BLM lands as well as those on the Bitter Lake National Wildlife 
Refuge as Wetlands of International Importance under the Ramsar Convention to foster 
their conservation. 
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Appendix 1.  Occurrence of dominant plant species at the Bottomless Lakes State Park Wetlands.  
Functional group codes are a combination of life history (P = perennial, A = annual) and 
growth habit (T = tree, S= shrub, F = forb, and G = graminoid).  Source:  Blue Earth 
Ecological Consultants, Inc., (2006a). 

Plant Species Functional
Group

Frequency of 
Occurrence

Percent
Occurrence
(Rank)

salt cedar (Tamarix chinensis)  P-T  37  88% (1)  

inland saltgrass (Distichlis spicata)  P-G  35  83% (2)  

iodinebush (Allenrolfea occidentalis)  P-S  22  52% (3)  

southwestern sea-lavender (Limonium limbatum)  P-F  17  40% (4)  

alkali sacaton (Sporobolus airoides)  P-G  14  33% (5)  

narrowleaf cattail (Typha angustifolia)  P-G  12  29% (6)  

shrubby seepweed (Suaeda nigra)  P-S  7  17% (7)  

witchgrass (Panicum capillare)  A-G  7  17% (7)  

willow baccharis (Baccharis salicifolia)  P-S  5  12% (8)  

sweet-scent (Pluchea odorata)  P-F  5  12% (8)  

spiral ditch-grass (Ruppia cirrhosa)  P-F  3  7% (9)  

Three-square bulrush (Schoenoplectus americanus)  P-G  3  7% (9)  

four-wing saltbush (Atriplex canescens)  P-S  2  5% (10)  

southern Jimmyweed (Isocoma pluriflora)  P-F  2  5% (10)  

kochia (Kochia scoparia)  A-F  2  5% (10)  

ragweed (Ambrosia psilostachya)  A-F  2  5% (10)  

Pecos sunflower (Helianthus paradoxus)  A-F  1  2% (11)  

pepperweed (Lepidium montanum)  P-F  1  2% (11)  

rabbitfoot grass (Polypogon monspeliensis)  A-G  1  2% (11)  
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Appendix 2. Common and Scientific Names of Avian Species of the Bottomless Lakes State 
Park. (Source:  Blue Earth Ecological Consultants, Inc. 2006a) 

Common Name Scientific Name 

Common Loon  Gavia immer 

Pied-billed Grebe Podilymbus podiceps 

Western Grebe  Aechmophorus occidentalis 

American White Pelican  Pelecanus erythrorhynchos 

Great Blue Heron Ardea herodias 

Snowy Egret Egretta thula 

Green Heron ( = Green-backed Heron) Butorides virescens 

Cattle Egret Bubulcus ibis 

White-faced Ibis  Plegadis chihi 

Tundra Swan Cygnus columbianus 

Ross’ Goose Chen rossii 

Snow Goose Chen caerulescens 

Canada Goose Branta canadensis 

Mallard Anas platyrhynchos 

Northern Pintail Anas acuta 

Gadwall Anas strepera 

American Widgeon  Anas americana 

Northern Shoveler Anas clypeata 

Blue-winged Teal Anas discors 

Green-winged Teal Anas crecca 

Redhead Aythya americana 

Canvasback Aythya valisineria 

Common Goldeneye  Bucephala clangula 

Bufflehead Bucephala albeola 

Red-breasted Merganser Mergus serrator 

Ruddy Duck Oxyura jamaicensis 

Turkey Vulture Cathartes aura 
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Appendix 2. Common and Scientific Names of Avian Species of the Bottomless Lakes State 
Park. (Source:  Blue Earth Ecological Consultants, Inc. 2006a)~ Continued.

Northern Harrier Circus cyaneus 

Cooper’s Hawk Accipiter cooperii 

Red-tailed Hawk Buteo jamaicensis 

Osprey Pandion haliaetus 

Golden Eagle Aquila chrysaetos 

American Kestrel  Falco sparverius 

Scaled Quail Callipepla squamata 

Virginia Rail Rallus limicola 

American Coot  Fulica americana 

Sandhill Crane (Greater and Lesser forms)  Grus canadensis 

Killdeer Charadrius vociferus 

American Avocet  Recurvirostra americana 

Black-necked Stilt Himantopus mexicanus 

Greater Yellowlegs Tringa melanoleuca 

Lesser Yellowlegs Tringa flavipes 

Semipalmated Sandpiper  Calidris pusilla 

Ring-billed Gull Larus delawarensis 

Rock Dove Columbia livia 

White-winged Dove  Zenaida asiatica 

Mourning Dove Zenaida macroura 

Inca Dove Columbina inca 

Greater Roadrunner Geococcyx californianus 

Barn Owl Tyto alba 

Great Horned Owl Bubo virginianus 

Burrowing Owl Athene cunicularia 

Common Nighthawk  Chordeiles minor 

Belted Kingfisher Ceryle alcyon 

Black-chinned Hummingbird  Archilochus alexandri 
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Appendix 2. Common and Scientific Names of Avian Species of the Bottomless Lakes State 
Park. (Source:  Blue Earth Ecological Consultants, Inc. 2006a)~ Continued.

Rufous Hummingbird  Selasphorus rufus 
Northern Flicker (includes Yellow-shafted) Colaptes auratus 

Ladder-backed Woodpecker  Picoides scalaris 

Red-naped Sapsucker Sphyrapicus nuchalis 

Black Phoebe Sayornis nigricans 

Eastern Phoebe Sayornis phoebe 

Say’s Phoebe Sayornis saya 

Cassin’s Kingbird Tyrannus vociferans 

Western Kingbird  Tyrannus verticalis 

Loggerhead Shrike Lanius ludovicianus 

Scrub Jay Aphelocoma coerulescens 

American Crow  Corvus brachyrhynchos 

Chihuahuan Raven Corvus cryptoleucus 

Horned Lark Eremophila alpestris 

Barn Swallow Hirundo rustica 

Juniper Titmouse  Baeolophus ridgwayi 

Brown Creeper Certhia americana 

Bewick’s Wren  Thryomanes bewickii 

House Wren  Troglodytes aedon 

Rock Wren  Salpinctes obsoletus 

Cactus Wren  Campylorhynchus brunneicapillus 

Ruby-crowned Kinglet Regulus calendula 

Mountain Bluebird Sialia currucoides 

American Robin  Turdus migratorius 

Northern Mockingbird Mimus polyglottos 

European Starling Sturnus vulgaris 

Orange-crowned Warbler  Vermivora celata 

Townsend’s Warbler  Dendroica townsendii 
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Appendix 2. Common and Scientific Names of Avian Species of the Bottomless Lakes State 
Park. (Source:  Blue Earth Ecological Consultants, Inc. 2006a)~ Concluded.

Yellow-rumped Warbler  Dendroica coronata 

Wilson’s Warbler  Wilsonia pusilla 
Pyrrhuloxia Cardinalis sinuatus 

Blue Grosbeak Passerina caerulea 

Black-headed Grosbeak Pheucticus melanocephalus 

Spotted Towhee Pipilo maculatus 

Eastern Towhee ( = Rufous-sided Towhee) Pipilo erythrophthalmus 
Dark-crowned Sparrow ( = Rufous-crowned 
Sparrow) Aimophila ruficeps 

Song Sparrow Melospiza melodia 

Dark-eyed Junco Junco hyemalis 

White-crowned Sparrow  Zonotrichia leucophrys 

Western Meadowlark  Sturnella neglecta 

Red-winged Blackbird Agelaius phoeniceus 

Yellow-headed Blackbird Xanthocephalus xanthocephalus 

Great-tailed Grackle Quiscalus mexicanus 

Brown-headed Cowbird Molothrus ater 

House Finch Carpodacus mexicanus 
House Sparrow Passer domesticus 



Appendix 3 
Clean Water Act Section 404 Coordination 



The memoranda on the following pages regarding the Clean Water Act section 404 jurisdictional wetlands

determination for the Bottomless Lakes State Park Section 206 Habitat Restoration Project reference the

Draft Wetland Determination, Delineation, and Habitat Evaluation Report for the Bottomless Lakes State

Park Section 206 Aquatic Habitat Restoration Feasibility Study, dated 19 November 2003 (draft report).

This draft wetland report was finalized in the Lea Lake Marsh Ecological Inventory and Analysis Report,

dated 6 January 2006 (final report), which is provided in Technical Appendix B.  This final report contains

the same wetland determination and delineation information that was contained in the draft report, which was

reviewed by the Albuquerque District Regulatory Branch in making their jurisdictional determination.

A "cross-walk" between sections in the draft and final reports regarding wetland delineation and

determination is provided below. The data presented in the draft report regarding wetland determination and

delineation remained unchanged in the final wetland report.

Wetlands-Related

Information

Corresponding Section in the

"Draft Report"

19 November 2003

Corresponding Section in the

"Final Report"

Technical Appendix B

6 January 2006

Methods

used for

wetland determination

and delineation

Section 2.2, pages 3-5 Section 2.1.2, pages 5-7

Results

of

wetland delineation and

mapping of vegetation

Section 3.2, pages 16-23

Section 2.4, pages 17-31 (vegetation

mapping)

Section 2.5, pages 32-35

(wetland determination and

delineation)

Data Sheets

for

wetland determinations

Appendix, pages 30-114 Appendix A, pages 68-152









Appendix 4 
Herbicide Specimen Label and Material Safety Data Sheets for Herbicide and Dye 



















































Appendix 5 
Section 7 ESA Consultation 
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Background
The Bottomless Lakes State Park (BLSP) Restoration Project is a Section 206 Aquatic 
Ecosystem Restoration project under the Water Resources Development Act of 1996 (Public 
Law 104-303).  This law provides the U.S. Army Corps of Engineers (USACE) with the 
authority to undertake aquatic ecosystem restoration and protection projects provided that each 
project: 1) will improve environmental quality; 2) is in the public interest; and 3) is cost-
effective. The authority requires that a non-federal sponsor cost-share 35% of each project.  The 
non-federal sponsor for this project is the State Parks Division of the New Mexico Energy, 
Minerals, and Natural Resources Department.   

BLSP is located about 12 miles southeast of Roswell, New Mexico.  The park includes seven 
sinkhole lakes formed in gypsum deposits.  Lea Lake is the largest of the seven lakes.  Lea Lake 
has an outflow that sustains about 715 acres of wetlands to the south.  Most of the wetlands are 
on lands that are privately-owned or managed by the Bureau of Land Management (BLM), but 
approximately 43 acres of wetland habitat sustained by Lea Lake outflow are located within the 
park boundary south of NM Highway 409 (Figure 1). 

Previous discussions have been held with U. S. Fish and Wildlife Service (USFWS) staff 
regarding this project during development of the Draft Fish and Wildlife Coordination Act 
Report for the Lea Lake Aquatic Habitat Restoration Feasibility Study at the Bottomless Lakes 
State Park, Chavez County, New Mexico (May 2006). 

Figure 1. Aerial photograph of the study area 
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Opportunities and Problems at the Bottomless Lakes State Park study area include the following: 

1) There has been a dramatic loss of spring-fed wetland habitats in the lower Pecos River 
drainage in New Mexico and Texas.

2) Non-native salt cedar has invaded Lea Lake Marsh and formed dense, monotypic stands that 
have replaced native wetland vegetation.

3) Flow patterns and hydrologic regimes in the wetland have been altered.  
4) Solid waste debris (including soil, cut brush, concrete, scrap metal, fence posts, and scrap 

lumber) has been placed in the wetland.  

Proposed Action
The Proposed Action would include restoration of approximately 43 acres of wetland habitat by 
implementing the following elements (see Figures 2-5):  

increasing the Lea Lake outlet channel capacity from 15 cfs to 25 cfs;  
removing all salt cedar from the approximately 43-acre study area;  
removing all solid waste debris from the study area;  
constructing three open water habitats totaling approximately 2.07 acres;  
planting supplemental wetland vegetation in solid waste debris removal areas and around 
the margins of open water habitats (approximately 7.32 acres); and  
constructing a 0.5-acre gravel parking lot, a 3,786-ft gravel loop trail, a 517-ft raised 
boardwalk trail, and four wildlife viewing blinds.

A draft design for the outlet channel modification is summarized here. See Figure 6. 
The outlet-control weir from Lea Lake would be moved 32 feet upstream from its current 
location, placed at an elevation of 3,457.8 feet, and widened to 6 feet.
Modification of the outlet channel would be conducted in dry conditions.  This would be 
accomplished by dewatering the outlet channel and diverting outflow from Lea Lake 
around the work area and into Lea Lake Marsh.
The channel bed would be re-graded to a uniform slope from the outlet-control structure 
to match with the existing channel bed approximately 300 feet downstream from the NM 
409 crossing.  This would eliminate a hump in the existing bed profile below the road 
crossing and would result in a maximum bed cut upstream of NM 409 of approximately 
0.5 feet.
The new channel would be trapezoidal with a bottom width of 6 feet, 1.5H:1V side slopes 
and a top width of about 15 feet.
Two 24-inch corrugated metal pipe culverts at NM 409 would be replaced with two 3-ft 
wide by 2-ft high concrete box culverts.
Two 24-inch corrugated metal pipe culverts at the campground access road crossing 
would be replaced with a single 6-ft wide by 3-ft high concrete box culvert.
Similar to the existing channel, the new channel would be lined with articulated concrete 
blocks and river cobbles for its entire approximately 280-foot length between the lake 
outlet and the campground access road as well as in the vicinity of each culvert.  
The walking bridge near the campground would be replaced with a structure that would 
span the wider channel.  
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Figure 2. Treatment areas for salt cedar removal. 
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Figure 3. Treatment areas for solid waste debris removal. 
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Figure 4. Proposed open water habitat construction. 
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Figure 5. Proposed interpretive facilities. 
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Figure 6. Proposed outlet channel modifications. 
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Construction of the open water habitats in the Proposed Action would not involve construction of 
a structure that would impound water. The Proposed Action does not require a change in the 
place or purpose of use of water in the study area, nor does it require any new point of diversion 
or change in an existing point of diversion. 

Salt cedar would be removed mechanically using a 23-ton excavator fitted with a special bucket 
used for extracting whole salt cedar plants, including roots (e.g. Bureau of Land Management, 
2002).  Salt cedar trees would be hauled out of the marsh and chipped.  In areas that are too wet 
for the excavator to operate, salt cedar would be cut with a chainsaw and the stumps would be 
treated immediately by brushing the cut surface thoroughly with a full strength solution of 
isopropylamine salt of Imazapyr (Habitat®) mixed with water-soluble RIT® fabric dye to track 
treated stems.   Habitat® is registered for use in aquatic habitats. Cut-stump treatments would 
preferably be conducted late in the growing season to improve translocation of the herbicide 
from the cut stump surface to the plant roots.  

Solid waste debris piles would be removed using an excavator to pick up the debris and place it 
in dumpsters, which would then be hauled to the county landfill where the debris would be 
dumped..  Salvageable material would be removed first and stored at the park equipment yard.  
About  8,000 yd

3
 of solid waste debris would be removed.  An excavator would also be used to 

dig shallow depressions for construction of the open water habitats.  Excavation spoil 
(approximately 12,300 yd3 ) would be temporarily stockpiled on bare ground in the study area 
before being transported in dump trucks to an upland site within the park boundaries that is 
devoid of any significant cultural or ecological resources. Supplementing wetland vegetation 
would be conducted by planting live material and sowing seeds of native wetland species 
adapted to saline marshes in the study area.  

Construction of the various plan elements is expected to last about eight months.  Timing of 
construction is critical to allow channel work to be conducted during low-flow periods (i.e.
summer and fall) and yet also avoid migratory bird breeding and nesting seasons (i.e. spring to 
midsummer).  Therefore, construction would take place between September and April 
(September to December within the channel).  The Park’s fenced and paved maintenance lot 
would be used for the construction staging area.

Wetland Vegetation Planting 

The purpose of supplementing the wetland vegetation is to promote establishment of diverse, 
native wetland plant species in areas subject to soil disturbance.  Planting of live material and 
sowing seeds of native wetland species adapted to saline marshes in the project area would help 
to ensure that desired vegetation becomes established because initial species composition of 
saline marsh sites is a strong determinant of the final plant community (e.g. van der Valk 1981; 
Smith and Kadlec, 1985).  Planting would significantly contribute to establishment of an 
abundant and diverse assemblage of wetland and aquatic vascular plants at disturbed sites in the 
project area. Increasing the diversity and abundance of wetland and aquatic vascular plants 
would have beneficial effects such as improving habitat for aquatic macroinvertebrates (e.g.
Campeau et al., 1994; Mittlebach, 1998). The measures of supplementing wetland vegetation 
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correspond to and depend upon solid waste debris removal and hydrologic regime diversification 
measures described above.  

Species Information

Federally listed species for Chavez County include the following: Pecos sunflower (Threatened), 
Mexican tetra (Species of Concern), Pecos pupfish (Species of Concern), Arid land ribbon snake 
(Species of Concern), Wright’s marsh thistle (Species of Concern), and Pecos River muskrat 
(Species of Concern).  The Pecos sunflower is the only species that was determined to be 
potentially affected by the Proposed Action and will be discussed further below. 

Pecos sunflower (Helianthus paradoxus)
The Pecos sunflower was listed as threatened under the federal Endangered Species Act on 20 
October 1999 (64 FR 56582). The main threat to continued existence of the Pecos sunflower is 
loss or alteration of wetland habitat.  The known distribution of Pecos sunflower consists of six 
population centers, two of which are in Texas and four in New Mexico (USFWS, 2004). The 
species is known from locations in Cibola, Valencia, Socorro, Guadalupe, and Chaves Counties 
in New Mexico, and from Pecos and Reeves Counties in Texas (New Mexico Rare Plant 
Technical Council, 2005). Habitat for the Pecos sunflower is saturated, saline soils of desert 
wetlands associated with rivers and spring systems from 1,000 to 2,000 m (3,300 to 6,600 ft) 
elevation.

The species is restricted to saline wetland habitats and requires saturated soils for seed 
germination; adult plants grow well in standing water (New Mexico Rare Plant Technical 
Council 1999). In Texas, Pecos sunflower was found in locations where surface soil salinity was 
approximately 10 parts per thousand (van Auken and Bush 1998).  The species appeared to be 
distributed along a moisture gradient where it was closely associated with saltgrass and was 
infrequently associated with alkali sacaton, which occurred on sites drier than those occupied by 
saltgrass (van Auken and Bush 1998). Persistence of Pecos sunflower populations depends upon 
annual re-establishment by seed (USFWS, 2004).  Viable seed may persist in the soil seed bank 
until germination conditions are suitable.  Optimal conditions for seed germination occur when 
high water tables or precipitation reduce surface soil salinity (USFWS, 2004). This is similar to 
seed of other halophytic plant species which often remain dormant under conditions of high 
salinity and delay germination until surface salinity is reduced (Ungar 1978).  

Pecos sunflower blooms in September through October and seeds mature during October and 
November.  A two- to three-month after-ripening period is required before germination 
(USFWS, 2004). Distribution of individuals within populations is patchy and varies spatially 
from year to year, depending on seed dispersal, suitable germination sites, adequate soil moisture 
in the rooting zone, and occurrence of propagules in the seed bank.  Pecos sunflower is shade 
intolerant and requires relatively open ground for germination and growth (USFWS, 2004). 
Pecos sunflower has been found to respond positively to removal of salt cedar, which shade the 
understory and reduce habitat suitability for the species (USFWS, 2004). Additionally, 
maintenance of saturated or inundated wetland soils is necessary for persistence of the species. It 
also appears that some form of disturbance that creates bare or sparsely-vegetated hydric soil 
sites is necessary for persistence of the species (e.g., water level fluctuations).
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Analysis of the Effects of the Action
Pecos sunflower  
Pecos sunflower was found in the project area during the field investigations.  The majority of 
the observations were of Pecos sunflower along the South Wetlands Channel, from the outlet of 
the culverts at NM 409 downstream to the south boundary of the Lea Lake marsh.  A total of 320 
plants were found by the Corps’ consultant Blue Earth (2006) along the south channel in the 12 
patches. Pecos sunflower was found at only one location along the West Wetlands Channel, in a 
clump consisting of 12 individual plants along the right bank about halfway to the west boundary 
of the Park.  Pecos sunflower is restricted to the margins of Lea Lake and Lea Lake marsh; none 
have been documented on the BLM Overflow Wetlands (BLM 2003). 

Direct impacts to stands of Pecos sunflower would be avoided by the Proposed Action. 
Aggregations of plants would be flagged to delineate areas where no work is to be performed 
including a buffer area of 10 feet.  Restoration activities would be monitored to ensure that no 
Pecos sunflower plants are disturbed. Pesticide exposure would also be avoided.

Pecos sunflower seed may be indirectly affected by the proposed action.  Excavation of wetland 
cells that are hydrologically connected to the wetland channels may provide suitable sites for 
establishment of Pecos sunflower by seed.  Seed may be carried by surface water flow into the 
wetland cells and deposited along the margins of the ponds, which could lead to establishment of 
additional aggregations of plants in the Lea Lake marsh.  

Colonization of disturbed ground by Pecos sunflower in areas subject to mechanical removal of 
salt cedar was observed immediately south of the Lea Lake marsh.  Also, sites along the South 
Wetlands Channel subject to past ground disturbance from channel maintenance activities were 
colonized by Pecos sunflower.  Therefore, it seems likely that the species would also colonize 
the margins of the wetland cells.   

Current and planned actions in the Lea Lake marsh that may affect Pecos sunflower consist of 
hand-clearing of aquatic vegetation and sediment from small segments of the South and West 
wetlands channels.  This action creates sites suitable for colonization by Pecos sunflower. 
Thus, there would be an overall beneficial long-term effect on Pecos sunflower through an 
increase in area suitable for establishment of plants in the Lea Lake marsh.  

Effects Determination
Pecos sunflower 
Pecos sunflower would not be directly affected by the Proposed Action.  All Pecos sunflower 
plants would be avoided during implementation of the Proposed Action.  Aggregations of plants 
with a 10 foot buffer zone would be flagged to delineate areas where no work is to be performed.  

The cumulative aggregate effect of past actions in the project area on Pecos sunflower was 
assumed to be represented by existing conditions.  Current and planned actions in the project 
area that may affect Pecos sunflower consist of ongoing hand-clearing of aquatic vegetation and 
sediment from small segments of the South and West wetland channels. This action creates sites 
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suitable for colonization by Pecos sunflower. Thus, there would be an overall beneficial 
cumulative effect on Pecos sunflower through an increase in area suitable for establishment of 
plants in the project area.  In conclusion, the proposed action may affect but is not likely to 
adversely affect Pecos sunflower.

Environmental Commitments

Feeder channels connecting the excavated open water habitats to the wetland channels 
would be dug from the cells outward to the channels.  The feeder channel connections to 
the wetland channels would not be breached until sediments have settled in the excavated 
areas.  This would prevent flushing of turbid water into downstream or down-gradient 
areas.
All equipment would be inspected at least twice a day to ensure that oils, fuels, or 
lubricants are not leaking.  All servicing and fueling of equipment would be conducted in 
a designated area hydrologically isolated from surface waters. Additionally, emergency 
spill kits would be placed in the designated fueling area to absorb and contain any 
accidental spills of fuels, lubricants, or other chemical contaminants.  

All herbicides would be applied according to manufacturer’s specifications and label 
instructions.  Cut-stump herbicide treatment for removing salt cedar would only be 
conducted in areas with deeper standing water where the whole-tree extractor cannot be 
used. Only the herbicide Habitat® would be used. Habitat® would be mixed with water-
soluble RIT® fabric dye to allow visual tracking of application.  The herbicide would be 
applied to stumps immediately after cutting using a paint brush or similar method by an 
experienced, licensed pesticide applicator.
Construction-related effects to air quality would be minimized by: 1) requiring the 
contractor to have emission control devices on all equipment; and 2) employing the use 
of Best Management Practices to control wind erosion, including wetting of soils within 
the construction zone and compliance with local soil sedimentation and erosion-control 
regulations.  Construction and operation of the recommended plan would conform with 
air quality control regulations as established by the Clean Air Act and the New Mexico 
Air Quality Control Act.
Salt cedar removal would be conducted outside (i.e. September through March) of the 
bird breeding season to avoid destruction of active nests and mortality of young birds.  

The boundaries of all aggregations of Pecos sunflower in the study area would be marked 
with a continuous band of brightly-colored tape flagging attached to wooden lathe stakes. 
The flagging would be placed 10 feet outside of the aggregations to allow some buffer.  
A biologist would be present on site during project implementation to ensure that no 
Pecos sunflower is disturbed. 
Operation of the tree extractor would be restricted as much as possible to salt cedar 
stands and moved as little as possible to minimize disturbance. 
A qualified biologist would periodically monitor work, inspect work areas before 
construction activity begins, and provide guidance on areas to avoid to prevent or 
minimize impacts to Pecos sunflower. 
The boundary of the project area adjacent to NM 409 and the BLM access road would be 
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flagged or delineated with temporary construction fencing to prevent public access during 
implementation 
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Appendix 6 
Cultural Resources Coordination 

 



DEPARTMENT OF THE ARMY 
ALBUQUERQUE DISTRICT, CORPS OF ENGINEERS 

4101 JEFFERSON PLAZA NE 
ALBUQUERQUE NM 87109-3435 

January 30, 2006 

Planning, Project and Program Management Division 
Planning Branch 
Environmental Resources Section 

Ms. Katherine Slick 
State Historic Preservation Officer 
New Mexico Department of Cultural Affairs 
Historic Preservation Division 
228 East Palace Avenue, Room 320 
Santa Fe, New Mexico 87501 

Dear Ms. Slick: 

HlSTORlC PRESERVATION 
i OMSlON 

Pursuant to 36 CFR Part 800, the U.S. Army Corps of Engineers 
(Corps), Albuquerque District, is seeking your concurrence in our 
determination of "No Adverse Effect to Historic Properties" for a 
proposed Aquatic Habitat Restoration project at Bottomless Lakes State 
Park. The Corps, at the request of Bottomless Lakes State Park, as 
managed by the State Parks Division of the New Mexico Energy, Minerals 
and Natural Resources Department, is planning the project under 
Section 206 of the Water Resources Development Act of 1996 (Public Law 
104-3031, as amended. The project area is located within Bottomless 
Lakes State Park, approximately 16 miles southeast of Roswell, Chaves 
County, in southeastern New Mexico. 

The proposed project would enlarge the existing drainage 
ditch/outlet channel that drains artesian water flows from Lea Lake to 
a 43-acre wetland. The project would remove the existing outlet- 
control weir and construct a new weir about 30 feet upstream of the 
existing weir, install larger culverts under State Highway 409, 
increase habitat diversity in the existing wetland by creating three 
open-water ponds by mechanical excavation (about 2.2 acres total), and 
remove exotic, introduced tamarisk (salt cedar) from the wetland area. 
The proposed plan also calls for a 0.5-acre parking area and about 
4,000 lineal feet of graveled hiking trail. Gravel for construction 
would come from a pre-approved commercial quarry. 

The proposed project would not only provide for Aquatic Habitat 
Restoration, it would also reduce high ground water levels and 
flooding problems that are occurring in the immediate vicinity of the 
Bottomless Lakes State Park facilities that were constructed in the 
1930s by the CCC/WPA. In 1975 there was a large rock-fall from the 
sandstone bluff above Lea Lake. Since that time, artesian water flow 
from the lake has gradually increased and is now nearly doubled, to 



approximately 5-6 million gallons per day, with flooding occurring in 
portions of the State Park during the fall and winter months. The 
flooding and high ground water levels adjacent to the lake have the 
potential to threaten the stability of the footings of the CCC/WPA 
structures at the park. The proposed project would primarily grade 
and enlarge the existing drainage/outflow ditch from a delivery 
capacity of about 15 cfs to about 25 cfs to enhance the evacuation of 
artesian flows. 

Enclosed for your review is the cultural resources survey report 
entitled An Archeological Survey at Bottomless Lakes State Park, 
Chaves County, New Mexico. The University of New Mexico's Office of 
Contract Archeology prepared the report (OCA/UNM Report No. 185-827, 
NMCRIS No. 87023). The OCA survey resulted in the discovery of three 
archaeological sites and two isolated occurrences, all of which are 
historic. The sites include LA142877, a homestead patented in 1910; 
LA142878, two drainage ditch alignments, a main ditch and a lateral, 
that are thought to date to the 1930s; and LA142879, another drainage 
ditch also thought to date to the 1930s. The project will be confined 
to OCA's Survey Areas No. I1 (2) and V (5). The existing State Parks 
maintenance yard, OCA Survey Area No. I (1) will be used for staging 
purposes. As currently planned, OCA1s Survey Areas No. I11 (3) and IV 
(4) are no longer a part of the project. American Indian Tribes have 
been afforded the opportunity to comment on the proposed project. No 
traditional cultural properties are known to occur within or adjacent 
to the project area. 

Since Survey Area IV (4) is no longer a part of the project, the 
proposed project would have no effect on LA142877 or LA142879. The 
Corps agrees with OCArs recommendation that LA142877, the 1910 
homestead, is potentially eligible for inclusion to the National 
Register under criterion d of 36 CFR 60.4. The site contains several 
structural components that upon further investigation may provide 
additional historic information regarding the site as well as the 
local area and the regions rural ranching lifestyle. OCA recommends 
that their investigation has exhausted the important information 
potential for 10's 1 and 2, and the Corps agrees. 

LA142878 is the drainage/outflow ditch (a main ditch and a 
lateral) that is planned for grading and enlargement under the 
proposed project. OCA reports that the two ditches that make up 
LA142878 ",.likely date to the CCC/WPA Lea Lake Pavilion construction 
activity (1933-1938) ." Both ditches remain in use today, actively 
draining water from Lea Lake. OCA recommended that LA142878 is 
"...eligible for inclusion on the National Register of Historic Places 
under criterion d of 36 CFR 60.4 for its potential to provide 
information concerning historic construction of the larger CCC complex 
and historic use in the area." The Corps, however, disagrees with the 
OCA eligibility recommendation for LA142878. 



Originally, the "ditch" was most likely a natural outflow channel 
from the lake. At some unknown date, the ditch was modified by human 
hands that may have enlarged, realigned, straightened, and/or deepened 
the natural channel. The modified drainage was subsequently 
maintained as a ditch. Human modification may have occurred 
prehistorically but more probably sometime during early Hispanic 
and/or Anglo occupation of the area. Early Hispanic livestock grazing 
in the Rio Pecos Valley began in the early 1800s with the 
establishment of Spanish Colonial and Mexican land grant communities 
located a substantial distance north of the project area. Due to the 
threat of raiding, grazing/agricultural/ranching activity in the 
vicinity of the project area did not begin until about the 1850s. The 
Lea Lake drainage channel could have been modified after the 1850s, 
perhaps during the Plains droughts that occurred in the late 1870s and 
1880s; it may be associated with the nearby 1910 homestead (LA142877); 
or perhaps it is associated with the 1930s CCC/WPA construction of the 
Lea Lake park facilities. It none-the-less has been rehabilitated 
numerous times for operations and maintenance purposes. It is, 
however, unknown if it retains any original form or alignment. It 
appears that it has served as a drainage ditch with the sole purpose 
of draining water from the lake; therefore, the ditch may retain the 
integrity of function. 

A portion of the drainage ditch downstream of the weir is 
currently lined with modern preformed, interlocking concrete blocks to 
maintain the channel bottom. Corps' contractors working on the 
environmental planning and coordination portion of the project 
indicate that the outlet channel was for a time (when and for how long 
is unknown) confined to a buried corrugated metal culvert dug up about 
five years ago. Any historic value of the ditch that may come under 
criterion d most likely has been significantly diminished and 
additional information regarding the ditch may only come from historic 
documentary information. Therefore, the Corps is of the opinion that 
the existence of the ditch would not necessarily make it eligible for 
inclusion to the National Register. The same would be true for the 
LA142879 ditch. Therefore, the Corps disagrees with the OCA 
recommendation that the LA142878 and LA142879 ditches are eligible for 
inclusion to the National Register. The Corps, also recommends, upon 
further investigation and documentation, that the area around Lea Lake 
is potentially eligible for nomination the National Register of 
Historic Places as a rural historic landscape under Criteria a, c, and 
d of 36 CFR 60.4. 

Based on the information provided above and in the enclosed OCA 
report, the Corps is of the opinion that the proposed Bottomless Lakes 
Aquatic Habitat Restoration project would have "No Adverse Effect to 
Historic Properties" for the rehabilitation efforts involving the 
LA142878 ditch. The proposed project would have no effect on LA142877 
or LA142879 nor to other archaeological sites in the vicinity. 



Pursuant to 36 C.F.R. 800.11, should previously unknown artifacts 
or cultural resource manifestations be encountered during 
construction, work would cease in the immediate vicinity of the 
resource. A determination of significance would be made, and a 
mitigation plan would be formulated in consultation with the New 
Mexico State Historic Preservation Officer and with American Indian 
Tribes that may have concerns in the area. 

If you have questions or require additional information regarding 
the Bottomless Lakes Aquatic Habitat Restoration project, please 
contact Mr. Gregory Everhart, Archaeologist, at (505) 342-3352 or Mr. 
John Schelberg, Archaeologist, at (505) 342-3359. 

Sincerely, 

Julie A. Hall 
Chief, Environmental Resources Section 

I CONCUR 
KATHERINE SLICK 
NEW MEXICO STATE HISTORIC 

PRESERVATION OFFICER 

Enclosure 

Copy Furnished (w/o enclosure) : 

Don Klima, Director 
Office of Federal Agency Programs 
Advisory Council on Historic Preservation 
1100 Pennsylvania Avenue, NW, Suite 809 
Washington, D.C. 20004 


