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Thank you for your June 6, 2003, request for emergency consultation with the U.S. Fish and
Wildlife Service (Arizona Ecological Services Field Office [AESO] under section 7 of the
Endangered Species Act of 1973 (16 U.S.C. 1531-1544), as amended (Act). At issue are impacts
resulting from the decisions and activities related to the collapse of Hereford Bridge in the San
Pedro Riparian National Conservation Area (SPRNCA), in Cochise County, Arizona, on the
endangered Southwestern willow flycatcher (Empidonax traillii extimus), endangered Huachuca
water umbel (Lilaeopsis schaffneriana ssp. recurva) with designated critical habitat, threatened
spikedace (Meda fulgida) with designated critical habitat, and the threatened loach minnow
(Tiaroga cobitis) with designated critical habitat.
This biological opinion is based on information provided in the biological evaluation (BE) and
other information in our files. References cited in this biological opinion are not a complete
bibliography of all references available on the species of concern and effects of disturbance on
riparian and aquatic ecosystems. A complete administrative record of this consultation is on file
at the AESO.
Consultation History
-April 29, 2003:
-June 6, 2003:
-June 9, 2003:
-July 3, 2003:
-September 14, 2004
-March 9, 2005

The BLM initiated emergency consultation by phone.
BLM sent a biological evaluation to our office.
We received BLM’s biological evaluation.
We sent the BLM a 30-day initiation of consultation letter.
We sent the BLM the draft biological opinion.
We received the BLM's comments on the draft biological opinion
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BIOLOGICAL OPINION
DESCRIPTION OF THE ACTION
The SPRNCA is located in the southeastern part of the State of Arizona, in Cochise County. The
Bureau of Land Management (BLM) acquired the area for the SPRNCA through land trades in
1986, and Congress designated the SPRNCA in 1988. The area was acquired and designated
because of its nationally significant riparian and aquatic resources.
On the morning of April 25, 2003, a large cement truck attempted to cross the San Pedro River
on the one-lane Hereford Bridge (T. 23 S., R. 22 E., Section 16, NE ¼ NE ¼). The structure
collapsed, sending the truck and its contents into the San Pedro River. Emergency personnel
from local fire departments and Cochise County arrived on the scene. The driver was taken to
the local hospital with minor injuries. The following actions were taken to remove the vehicle.
Four Goodding’s willow (Salix gooddingii) trees were cut down to make way for a large D-9
Caterpillar tractor. The tractor scraped a path about 120 feet long and 15 feet wide from the
southeast corner of the bridge down into the river bottom to remove the vehicle. Straw bales
were placed downstream of the bridge across the river to absorb gasoline, oil, and other fluids
leaking from the cement truck. The cement truck was extricated and removed.
Due to partial collapse of the bridge structure (~ 250 feet long and 16 feet wide) and the danger
of complete collapse, it was necessary to remove the bridge structure. This required that
vegetation, including cottonwood trees (Populus sp.), willows (Salix sp.), seep willows
(Baccharis sp.), herbaceous vegetation, mesquite (Prosopis sp.), and other species be cleared
under and around the bridge. Some maneuvering by heavy equipment was necessary beyond the
cleared zone, but this was kept to a minimum. Vegetation clearing was kept to a minimum but
some damage to trees and other vegetation occurred in the process of dismantling the structure.
The total area cleared was about 0.75 acre. Some vegetation along the banks was preserved, but
about 60 feet along both banks was cleared of vegetation. About 1,100 square feet of stream bed
was disturbed during bridge removal.
Three culverts, each two feet in diameter, were placed in the river upstream of the bridge, in the
cleared area, parallel to one another. Material consisting of a mix of earth and gravel was
deposited and leveled atop the culverts. This created a crossing point for heavy equipment
operating in the area, allowing frequent crossing of the river by heavy equipment without
additional sediment input and turbidity. The culverts were removed after completion of the
project, and the banks were re-sloped to approximate the original contour.
The bridge steel was torch cut and removed in pieces by heavy equipment for recycling. All
asphalt material and woody debris were removed to local landfills.
Conservation Measures
There were multiple conservation measures implemented during the response to the emergency
action. The conservation measures included:
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$

Only heavy equipment free of oil and fluid leaks was allowed to work in the area.

$

All equipment was pressure washed, off site, to remove weed seeds and debris before it
worked in the area.

$

All work was completed before the middle of June and the onset of the monsoon season.

$

Straw wattles were placed downstream to absorb silt and any accidental fluid discharge.
These were removed after bridge demolition was completed.

$

Water needed for bridge removal activities was hauled to the site from a municipal water
source. No water was pumped from the river or from nearby ponds.

$

Because the bridge will be rebuilt using the existing pillars and abutments, these were not
removed.

$

Fences and guard rails were constructed across the road to prevent entry by vehicles.

$

No restoration or revegetation of the cleared area was done. The rationale for this was
that the monsoon flooding would scour the site before the planted vegetation had time to
establish.

STATUS OF THE SPECIES
Southwestern willow flycatcher
The southwestern willow flycatcher is a small grayish-green passerine Neotropical migrant bird
(Family Tyrannidae) that breeds in the southwestern U.S. and migrates to Mexico, Central
America, and possibly northern South America during the non-breeding season (Phillips 1948,
Stiles and Skutch 1989, Peterson 1990, Ridgely and Tudor 1994, Howell and Webb 1995). The
southwestern willow flycatcher is one of four currently recognized willow flycatcher subspecies
(Phillips 1948, Unitt 1987, Browning 1993). The historical breeding range of the southwestern
willow flycatcher included southern California, Arizona, New Mexico, western Texas,
southwestern Colorado, southern Utah, extreme southern Nevada, and extreme northwestern
Mexico (Sonora and Baja)(Unitt 1987).
We listed the southwestern willow flycatcher as endangered, without critical habitat on February
27, 1995 (USFWS 1995) and we designated critical habitat on July 22, 1997 (USFWS 1997b).
However, on May 11, 2001, the 10th Circuit Court of appeals set aside designated critical habitat
in those states under the 10th Circuit’s jurisdiction (New Mexico). We decided to set aside
critical habitat designated for the southwestern willow flycatcher in all other states (California,
and Arizona) to re-assess the economic analysis. Critical habitat was proposed on October 12,
2004. No parts of the SPRNCA were included in proposed critical habitat.
Declining southwestern willow flycatcher numbers have been attributed to loss, modification,
and fragmentation of riparian breeding habitat, loss of wintering habitat, and brood parasitism by

4
the brown-headed cowbird (Sogge et al. 1997, McCarthey et al. 1998). Habitat loss and
degradation are caused by a variety of factors, including urban, recreational, and agricultural
development, water diversion and groundwater pumping, channelization, dams, and livestock
grazing. Fire is an increasing threat to willow flycatcher habitat (Paxton et al. 1996), especially
in monotypic salt cedar vegetation (DeLoach 1991) and where water diversions or groundwater
pumping desiccates riparian vegetation (Sogge et al. 1997). Willow flycatcher nests are
parasitized by brown-headed cowbirds (Molothrus ater) which lay their eggs in the host’s nest.
Feeding sites for cowbirds are enhanced by the presence of livestock and range improvements
such as waters and corrals, agriculture, urban areas, golf courses, bird feeders, and trash areas.
These feeding areas, when in close proximity to flycatcher breeding habitat, especially when
coupled with habitat fragmentation, facilitate cowbird parasitism of flycatcher nests (Hanna
1928, Mayfield 1977a, 1977b, Tibbitts et al. 1994).
The U.S. Fish and Wildlife Service’s Region 2 Director signed a final recovery plan for the
southwestern willow flycatcher on August 30, 2002. The Plan describes the reasons for
endangerment, discusses the current status of the flycatcher, addresses important recovery
actions, includes detailed issue papers on management, and provides recovery goals (USFWS
2002).
Rangewide, the population is comprised of extremely small, widely-separated breeding groups
including unmated individuals. For example, in Arizona, 57 percent (27/47) of the sites where
flycatchers were found in 2000 (Paradzick et al. 2001) comprised five or fewer territories. In
Arizona during the 2000 season, all but the Salt River Inflow Site at Roosevelt Lake had 20 pairs
or less (Paradzick et al. 2001). Rangewide, 81 percent of all sites from 1993 to 1999 had five or
fewer flycatcher territories present at the site (Sogge et al. 2000). For further information on the
ecology, range, status, and threats to this subspecies, refer to Harris et al. (1987a, b), Unitt
(1987), Brown (1988), Harris (1991), Tibbitts et al. (1994), Paxton et al. (1996), Sferra et al.
(1997), Sogge et al. (1997), McCarthey et al. (1998), Stoleson and Finch (1998), Uyehara et al.
(1998), Paradzick et al. (1999), and USFWS (1995, 2002).
No breeding southwestern willow flycatchers were observed on public land in the upper San
Pedro, Cienega Creek, or riparian areas within the Muleshoe Ranch TNC Preserve despite three
years of call surveys (Whetstone 1996). One breeding bird was observed near Cascabel along
the San Pedro River in 1995 (Whetstone 1996). Multiple nests have been found on Three Links
Farm, about 15 miles north of Benson (Service files).
Huachuca water umbel
The Huachuca water umbel is an herbaceous, semi aquatic perennial plant with slender, erect
leaves that grow from creeping rhizomes. We listed the umbel as an endangered species in
January 1997 (USFWS 1997a). We designated critical habitat on the upper San Pedro River,
Garden Canyon on Fort Huachuca, and other areas of the Huachuca Mountains, San Rafael
Valley, and Sonoita Creek in July 1999 (USFWS 1999c).
Huachuca water umbel has been documented from 27 sites in Santa Cruz, Cochise, and Pima
counties, Arizona, and in adjacent Sonora, Mexico, west of the continental divide (Warren et al.
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1989, Saucedo 1990, Warren et al. 1991, Warren and Reichenbacher 1991, Haas and Frye 1997).
The plant has been extirpated from six of the 27 sites. The 21 extant sites occur in four major
watersheds - San Pedro River, Santa Cruz River, Rio Yaqui, and Rio Sonora. All sites are
between 3,500 and 6,500 feet in elevation.
Huachuca water umbel has an opportunistic strategy that ensures its survival in healthy riverine
systems, cienegas, and springs. In upper watersheds that generally do not experience scouring
floods, the umbel occurs in microsites where interspecific plant competition is low. At these
sites, the umbel occurs on wetted soils interspersed with other plants at low density, along the
periphery of the wetted channel, or in small openings in the understory. The upper Santa Cruz
River and associated springs in the San Rafael Valley, where a population of Huachuca water
umbel occurs, is an example of a site that meets these conditions. The types of microsites
required by the umbel were generally lost from the main stems of the San Pedro and Santa Cruz
rivers when channel entrenchment occurred in the late 1800s to early 1900s. Habitat on the
upper San Pedro River is recovering, and Huachuca water umbel has recently been found along
short reaches of the main channel. The density of umbel plants and size of populations fluctuate
in response to both flood cycles and site characteristics.
In stream and river habitats, Huachuca water umbel can occur in backwaters, side channels, and
nearby springs. After a flood, it can rapidly expand its population and occupy disturbed habitat
until interspecific competition exceeds its tolerance. The expansion and contraction of
Huachuca water umbel populations appear to depend on the presence of refuges where the
species can escape the effects of scouring floods, a watershed with an unaltered hydrograph, and
a healthy riparian community that stabilizes the channel. The density of umbel plants and size of
populations fluctuate in response to both flood cycles and site characteristics.
Livestock grazing can affect the umbel through trampling and changes in stream hydrology and
loss of stream bank stability; however, existence of the umbel appears to be compatible with
well-managed livestock grazing (USFWS 1997a). Groundwater pumping has eliminated habitat
in the Santa Cruz River north of Tubac and threatens habitat in the San Pedro River. Portions of
the San Pedro River occupied by the umbel could be dewatered unless measures are
implemented to halt or mitigate groundwater pumping in the Sierra Vista-Fort Huachuca area
(ASL 1998). Severe recreational impacts in unmanaged areas can compact soils, destabilize
stream banks, and decrease riparian plant density, including densities of the Huachuca water
umbel. Trampling and off-highway vehicles have impacted populations in Bear Canyon in the
Huachuca Mountains. Finally, a suite of nonnative plant species has invaded wetland habitats in
southern Arizona (Stromberg and Chew 1997), including those occupied by the Huachuca water
umbel (Arizona Department of Water Resources 1994). In some cases their effect on the umbel
is unclear; however, in certain microsites, the nonnative Bermuda grass (Cynodon dactylon) and
watercress may directly compete with the umbel.
Limited numbers of populations and the small size of populations make the Huachuca water
umbel vulnerable to extinction as a result of stochastic events that are often exacerbated by
habitat disturbance. For instance, the restriction of this taxon to a relatively small area in
southeastern Arizona and adjacent Sonora increases the chance that a single environmental
catastrophe, such as a severe tropical storm or drought, could eliminate populations or cause
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extinction. Populations are in most cases isolated, as well, which make the chance of natural
recolonization after extirpation less likely. Small populations are also subject to demographic
and genetic stochasticity, which increases the probability of population extirpation (Wilcox and
Murphy 1985, Shafer 1990).
Critical Habitat For The Huachuca Water Umbel
Critical habitat was designated on the July 12, 1999 (USFWS 1999c). The constituent elements
identified in the final rule provide for permanent water, stable stream channels, and riparian plant
communities composed of native plant species. The constituent elements also provide for
continuous reaches of habitat to allow Lilaeopsis populations to expand and contract in response
to flood events. The primary constituent elements of umbel critical habitat are:
$ sufficient perennial base flows to provide a permanently or nearly permanently wetted
substrate for growth and reproduction;
$ a stream channel that is relatively stable, but subject to periodic flooding that provides for
rejuvenation of the riparian plant community and produces open microsites for water umbel
expansion;
$ a riparian plant community that is relatively stable over time and in which nonnative species
do not exist or are at a density that has little or no adverse effect on resources available for
water umbel growth and reproduction; and
$ refuge sites in streams and rivers, in each watershed and in each reach, including but not
limited to springs or backwaters of mainstem rivers, that allow each population to survive
catastrophic floods and recolonize larger areas.
Spikedace
We listed the spikedace as a threatened species on July 1, 1986 (USFWS 1986a). We designated
critical habitat for spikedace on March 8, 1994 (USFWS 1994b), but it was set aside by order of
the Federal court in Catron County Board of Commissioners, New Mexico v. U.S. Fish and
Wildlife Service, CIV No. 93-730 HB (D.N.M., Order of October 13, 1994). It was again
designated on April 25, 2000 (USFWS 2000). That designation was also set aside (CIV 02-0199
JB/LCS). However, since critical habitat for the species was in place at the time of the
emergency action, we analyze the action’s effects on critical habitat in this consultation. Critical
habitat included portions of the Verde, middle Gila, San Pedro, San Francisco, Blue, and upper
Gila rivers; Eagle, Bonita, Tonto, and Aravaipa creeks, and several tributaries of those streams.
Spikedace is a small silvery fish whose common name alludes to the well-developed spine in the
dorsal fin (Minckley 1973). Spikedace historically occurred throughout the mid-elevations of
the Gila River drainage, but is recently known only from the upper Verde, middle Gila, and
upper Gila rivers, and Aravaipa and Eagle creeks (Barber and Minckley 1966, Minckley 1973,
Anderson 1978, Marsh et al. 1990, Sublette et al. 1990, Jakle 1992, Knowles 1994, Rinne 1999).
However, spikedace has not been detected on the Verde River since 1999 (AGFD 1999). Habitat
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destruction along with competition and predation from introduced nonnative species are the
primary causes of the species’ decline (Miller 1961, Williams et al. 1985, Douglas et al. 1994).
Spikedace live in flowing water with slow to moderate velocities over sand, gravel, and cobble
substrates (Propst et al. 1986, Rinne and Kroeger 1988). Habitat for this species consists of
shear zones where rapid flow borders slower flow, areas of sheet flow at the upper ends of midchannel sand and gravel bars, and eddies at the downstream riffle edges (Propst et al. 1986).
Spikedace spawns from March through May with some yearly and geographic variation (Barber
et al. 1970, Anderson 1978, Propst et al. 1986). Actual spawning has not been observed in the
wild, but spawning behavior and captive studies indicate eggs are laid over gravel and cobble
where they adhere to the substrate. Spikedace live about two years with reproduction occurring
primarily in one-year old fish (Barber et al. 1970, Anderson 1978, Propst et al. 1986). It feeds
primarily on aquatic and terrestrial insects (Schreiber 1978, Barber and Minckley 1983, Marsh et
al. 1989).
Recent taxonomic and genetic work on spikedace indicates there are substantial differences in
morphology and genetic makeup between remnant spikedace populations. Remnant populations
occupy isolated fragments of the Gila basin and are isolated from each other. Anderson and
Hendrickson (1994) found that spikedace from Aravaipa Creek are morphologically
distinguishable from spikedace from the Verde River, while spikedace from the upper Gila River
and Eagle Creek have intermediate measurements and partially overlap the Aravaipa and Verde
populations. Mitochondrial DNA and allozyme analyses have found similar patterns of
geographic variation within the species (Tibbets 1992, 1993).
The status of spikedace is declining rangewide. Although it is currently listed as threatened, we
have found that a petition to uplist the species to endangered status is warranted. A
reclassification proposal is pending; however, work on it is precluded due to work on higher
priority listing actions (USFWS 1994c).
Critical Habitat
Constituent elements of critical habitat include those habitat features required for the
physiological, behavioral, and ecological needs of the species. For spikedace, these included:
•

permanent, flowing, unpolluted water;

•

living areas for adult spikedace with slow to swift flow velocities in shallow water with
shear zones where rapid flow borders slower flow, areas of sheet flow at the upper ends
of mid-channel sand and gravel bars, and eddies at downstream riffle edges;

•

living areas for juvenile spikedace with slow to moderate flow velocities in shallow water
with moderate amounts of instream cover;

•

living areas for larval spikedace with slow to moderate flow velocities in shallow water
with abundant instream cover;
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•

sand, gravel, and cobble substrates with low to moderate amounts of fine sediment and
substrate embeddedness;

•

pool, riffle, run, and backwater components present;

•

low stream gradient;

•

water temperatures in the approximate range of 35-85o F with natural diurnal and
seasonal variation;

•

abundant aquatic macroinvertebrate food base [prey may include the taxa Ephemeroptera,
Chironomidae, and Trichoptera (Sublette et al.1990)];

•

periodic natural flooding;

•

a natural, unregulated hydrograph or, if the flows are modified or regulated; then a
hydrograph that demonstrates an ability to support a native fish community; and

•

habitat devoid of nonnative aquatic species detrimental to spikedace, or habitat in which
detrimental nonnative species are at levels that allow persistence of spikedace.

The constituent elements are generalized descriptions and ranges of selected habitat factors that
are critical for the survival and recovery of spikedace. The appropriate and desirable level of
these factors may vary seasonally and are highly influenced by site-specific circumstances.
Therefore, assessment of the presence or absence, level, or value of the constituent elements
must include consideration of the season of concern and the characteristics of the specific
location. The constituent elements are not independent of each other and must be assessed
holistically, as a functioning system, rather than individually. In addition, the constituent
elements must be assessed in relation to larger habitat factors, such as watershed, floodplain, and
streambank conditions, stream channel geomorphology, riparian vegetation, hydrologic patterns,
and overall aquatic faunal community structure.
Loach minnow
We listed the loach minnow as a threatened species on October 28, 1986 (USFWS 1986b). We
designated critical habitat for loach minnow on March 8, 1994 (USFWS 1994a), but it was set
aside by order of the Federal court in Catron County Board of Commissioners, New Mexico v.
U.S. Fish and Wildlife Service, CIV No. 93-730 HB (D.N.M., Order of October 13, 1994). It
was again designated on April 25, 2000 (USFWS 2000). That designation was also set aside
(CIV 02-0199 JB/LCS). However, since critical habitat for the species was in place at the time
of the emergency action, we analyze the action’s effects on critical habitat in this consultation.
Critical habitat included portions of the Verde, Black, middle Gila, San Pedro, San Francisco,
Tularosa, Blue, and upper Gila rivers; Eagle, Bonita, Tonto, and Aravaipa creeks; and several
tributaries of those streams.
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Loach minnow is a small, slender, elongate fish with markedly upwardly-directed eyes
(Minckley 1973). Historical range of loach minnow included the basins of the Verde, Salt, San
Pedro, San Francisco, and Gila rivers (Minckley 1973, Sublette et al. 1990). Habitat destruction
plus competition and predation by nonnative species have reduced the range of the species by
about 85 percent (Miller 1961, Williams et al. 1985, Marsh et al. 1989). Loach minnows remain
in limited portions of the upper Gila, San Francisco, Blue, Black, Tularosa, and White rivers and
Aravaipa, Turkey, Deer, Eagle, Campbell Blue, Dry Blue, Pace, Frieborn, Negrito, Whitewater,
and Coyote creeks in Arizona and New Mexico (Barber and Minckley 1966, Silvey and
Thompson 1978, Propst et al. 1985, Propst et al. 1988, Marsh et al. 1990, Bagley et al. 1995,
USBLM 1995, Bagley et al. 1996, Miller 1998).
The loach minnow is a bottom-dwelling inhabitant of shallow, swift water over gravel, cobble,
and rubble substrates (Rinne 1989, Propst and Bestgen 1991). The loach minnow uses the
spaces between, and in the lee of, larger substrate for resting and spawning (Propst et al. 1988;
Rinne 1989). It is rare or absent from habitats where fine sediments fill the interstitial spaces
(Propst and Bestgen 1991). Some studies have indicated that the presence of filamentous algae
may be an important component of loach minnow habitat (Barber and Minckley 1966). Loach
minnows feed exclusively on aquatic insects (Schrieber 1978, Abarca 1987). Spawning occurs
in March through May (Britt 1982, Propst et al. 1988); however, under certain circumstances
loach minnows also spawn in the autumn (Vives and Minckley 1990). The eggs of loach
minnows are attached to the underside of a rock that forms the roof of a small cavity in the
substrate on the downstream side. Limited data indicate that the male loach minnow may guard
the nest during incubation (Propst et al. 1988, Vives and Minckley 1990).
Recent biochemical genetic work on loach minnow indicates that there are substantial
differences in genetic makeup between remnant loach minnow populations (Tibbets 1993).
Remnant populations occupy isolated fragments of the Gila River basin and are isolated from
each other. Based upon her work, Tibbets (1992, 1993) recommended that the genetically
distinctive units of loach minnow should be managed as separate units to preserve the existing
genetic variation. The status of the loach minnow is declining rangewide. Although it is
currently listed as threatened, we have found that a petition to uplist the species to endangered
status is warranted. A reclassification proposal is pending; however, work on it is precluded due
to work on higher priority listing actions (USFWS 1994c).
Critical Habitat
The primary constituent elements for loach minnow critical habitat included:
•

permanent, flowing, unpolluted water;

•

living areas for adult loach minnows with moderate to swift flow velocities in shallow
water with gravel, cobble, and rubble substrates;

•

living areas for juvenile loach minnows with moderate to swift flow velocities in shallow
water with gravel, cobble, and rubble substrates;
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•

living areas for larval loach minnows with slow to moderate flow velocities in shallow
water with sand, gravel, and cobble substrates and abundant instream cover;

•

spawning areas for loach minnow with slow to swift flow velocities in shallow water
with uncemented cobble and rubble substrate;

•

low amounts of fine sediment and substrate embeddedness;

•

pool, riffle, run, and backwater components present;

•

low to moderate stream gradient;

•

water temperatures in the approximate range of 35-85o F with natural diurnal and
seasonal variation;

•

abundant aquatic macroinvertebrate food base [prey may include chironomids, simuliids,
ephemeropterans, plecopterans, and tricopterans and juvenile loach minnows generally
take chironomids (Sublette et al. 1990)];

•

periodic natural flooding;

•

a natural, unregulated hydrograph or, if the flows are modified or regulated; then a
hydrograph that demonstrates an ability to support a native fish community; and

•

habitat devoid of nonnative aquatic species detrimental to loach minnow, or habitat in
which detrimental nonnative species are at levels that allow persistence of loach minnow.

These constituent elements are generalized descriptions and ranges of selected habitat factors
that are critical for the survival and recovery of loach minnow. As noted under spikedace, the
appropriate and desirable level of these factors may vary seasonally and is highly influenced by
site-specific circumstances. Therefore, assessment of the presence or absence, level, or value of
the constituent elements must include consideration of the season of concern and the
characteristics of the specific location. The constituent elements are not independent of each
other and must be assessed holistically, as a functioning system, rather than individually. In
addition, the constituent elements must be assessed in relation to larger habitat factors, such as
watershed, floodplain, and streambank conditions, stream channel geomorphology, riparian
vegetation, hydrologic patterns, and overall aquatic faunal community structure.
ENVIRONMENTAL BASELINE
The environmental baseline includes past and present impacts of all Federal, State, or private
actions in the action area, the anticipated impacts of all proposed Federal actions in the action
area that have undergone formal or early section 7 consultation, and the impact of State and
private actions which are contemporaneous with the consultation process. The environmental
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baseline defines the current status of the species and its habitat in the action area to provide a
platform to assess the effects of the action now under consultation.
With the arrival of Europeans, major alterations began in the Gila River basin. Beaver, which
were a major influence on the structure of the Gila basin aquatic ecosystem, were diminished
almost to extirpation. The introduction of livestock began very early and has resulted in
substantial alteration of the watershed and its soil and vegetation (York and Dick Peddie 1969,
Humphrey 1987, Bahre 1991). Croplands increased, often along river terraces, resulting in
destabilization and erosion of floodplains (Leopold 1946, Rea 1983). Roads and trails caused
extensive erosion and substantial destruction of river channels (Leopold 1921, Dobyns 1981).
Diversion of water, which was already practiced by Native Americans in some areas, increased
in those areas and was initiated in others. As diversion and irrigation increased, the demand for
water storage increased, resulting in a variety of large and small dams and impoundments. By
the mid 1900's, large stretches of river in the Gila basin no longer had perennial flow, and the
remaining areas were separated by long dry stretches, dams, and impounded water (Rea 1983,
Hendrickson and Minckley 1984). As a result of these changes, the riverine habitats of the Gila
basin became fragmented, and connectivity was substantially reduced. Populations of fish or
other aquatic species eradicated by perturbation were not replaced by colonization. Habitat
fragmentation contributes to the genetic isolation of populations. Population fragmentation can
reduce genetic variation and viability. This, in turn, can increase the risk of extinction by
reducing survival, reproduction, and dispersal. Isolation also precludes re-colonization should
one or more populations be eliminated. When an inhospitable environment that imposes a high
degree of threat on the remnant habitat surrounds isolated populations, these risks are
compounded. This fragmentation has been a major factor in the decline of almost all of the
native fishes in the Gila River basin (Minckley and Deacon 1991).
Overgrazing, mining, hay harvesting, timber harvest, fire suppression, and other activities in the
nineteenth century led to widespread erosion and channel entrenchment in southeastern Arizona
streams and cienegas when above-average precipitation and flooding occurred in the late 1800s
and early 1900s (Bryan 1925, Martin 1975, Hastings and Turner 1980, Dobyns 1981,
Hendrickson and Minckley 1984, Sheridan 1986, Bahre 1991, Webb and Betancourt 1992,
Hereford 1993). A major earthquake near Batepito, Sonora, approximately 40 miles south of the
upper San Pedro Valley, resulted in land fissures, changes in groundwater elevation and spring
flow, and may have preconditioned the San Pedro River channel for rapid flood-induced
entrenchment (Hereford 1993, Geraghty and Miller, Inc. 1995). These events contributed to
long-term or permanent degradation and loss of cienega and riparian habitat on the San Pedro
River and throughout southern Arizona and northern Mexico. Much habitat of the Huachuca
water umbel and other cienega-dependent species was presumably lost at that time.
Some actions known to be detrimental to the species under consideration in this biological
opinion are: clearing of riparian vegetation, diversion of surface flows, pumping of ground
water from alluvial aquifers, nonindigenous species, livestock grazing, mineral development,
gravel extraction, and off-highway vehicle disturbance.
The pumping of groundwater affects the quality of riparian and aquatic habitat in the project
area. This activity can result in lower stream flows or complete drying of the stream course for
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all or part of the year. The result is reduced survival of cottonwood and willow, species
requiring water available to their root zones throughout the year. Salt cedar may gain a
competitive advantage and dominate the plant community if future trends continue.
The San Pedro River is a meandering desert river with stretches of perennial and intermittent
flows. Dry season flows during May and June may be as low as 1 cubic foot per second (cfs.).
Floods occur in winter and during the summer “monsoon” season. These are often sudden and
with flows as high as 20,000 cfs. The area has been rested from authorized livestock grazing.
No gravel extraction or vehicle use has been allowed in the riparian zone.
Past heavy livestock grazing in the riparian zone has further reduced the quality and availability
of nesting habitat for the southwestern willow flycatcher. Although livestock grazing has been
reduced within the San Pedro NCA, it has not been completely eliminated.
Grazing and pasture development near the riparian areas can increase habitat for cowbirds
thereby increasing the incidence of cowbird parasitism on flycatchers. Urban and rural
subdivision of private lands also provides food sources and habitat for cowbirds. Since cowbirds
are capable of flying six miles or more in search of parasitism opportunities, these activities can
combine to depress willow flycatcher nesting despite beneficial management measures within
the NCA.
Status of the species within the action area
Willow flycatchers (subspecies unknown) were documented as migrating individuals during the
spring in the San Pedro Avian Inventory in the SPRNCA(Krueper and Corman 1988). Close to
100 nests of the endangered southwestern sub-species have been documented on the lower San
Pedro River in recent years (FWS files). Nesting or territorial birds are periodically found in the
St. David area on the river.
Dave Krueper (BLM) documented one active southwestern willow flycatcher nest on the
SPRNCA in 1997. However, this nest was parasitized by cowbirds and abandoned. Engineering
and Environmental Consultants (EEC), conducted comprehensive surveys for the species on the
SPRNCA. No southwestern willow flycatchers were detected along the SPRNCA during 2001
and 2002 surveys (EEC 2002a, 2002c). However, Jack Whetstone (BLM) made an incidental
sighting while conducting weekly Monitoring Avian Productivity and Survivorship (MAPS) at
the Banding Station near Kingfisher Pond in August 2000 and 2001 (Whetstone, pers. comm.,
2000, 2001). The EEC surveys detected three southwestern willow flycatchers in 2003,
including one south of State Route 92. These birds were probably migrants (EEC 2003). Two
probable migrants were also detected in 2003, near State Route 90 (EEC 2003).
A survey of the stream course in Fall 2001 by EEC documented 43 sites occupied by Huachuca
water umbel within the SPRNCA (EEC 2002b). This survey was performed about one year after
a large flood (in excess of 20,000 cfs peak flow) in October 2000. The species was located in 17
previously unknown locations in 2001 but was not found in 17 sites where it had been
documented.
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Except for the presence of nonnative competitors and predators, and extremely low summer
flows, the SPRNCA appears potentially suitable for both spikedace and loach minnow. The
SPRNCA is contaminated by a wide range of nonnative fishes including bullhead, which are
known to forage heavily on native fishes (Minkley 1987). Livestock grazing in the project area
can be characterized as light. The San Pedro has been rested about fourteen years from
permitted livestock grazing.
The presence of the loach minnow in this reach of the San Pedro River is hypothetical at best.
No recent collections of this species have been made. The species was last collected from the
main stem of the San Pedro River in about 1950 (Minkley 1987). Spikedace is probably
extirpated from the main stem San Pedro River. It was last documented in 1964 (Minkley 1987).
EFFECTS OF THE ACTION
Effects of the action refer to the direct and indirect effects of an action on the species or critical
habitat, together with the effects of other activities that are interrelated and interdependent with
that action, which will be added to the environmental baseline. Interrelated actions are those that
are part of a larger action and depend on the larger action for their justification. Interdependent
actions are those that have no independent utility apart from the action under consideration.
Indirect effects are those that are caused by the action and are later in time, but are still
reasonably certain to occur.
The conservation measures that BLM implemented during the response to the emergency action
helped reduce the impacts of the action to listed species and their habitat. The conservation
measures minimized the release of contaminants, the potential for nonindigenous species to be
transported to the site, and excessive sediment transport.
Southwestern willow flycatcher
Willow flycatchers occur in the area from April through September, nesting between May and
August. The removal of the vehicle and cleanup took place on April 25 and April 26, 2003.
Dismantling of the damaged bridge structure occurred during the nesting season. Some
disturbance to nesting or migrating individuals may have occurred. Surveys in the area by EEC
detected no nesting or migrating southwestern willow flycatchers in 2003 (EEC 2003).
The emergency action resulted in the removal of 12 to 15 cottonwood trees, 10 to 12 willow
trees, and surface clearing of 0.75 acre (0.3 ha) of riparian vegetation, including about 200
square feet of shrubby willows. These willows may have provided perching and foraging points
for willow flycatchers. This loss of habitat may have adversely affected migrating individuals by
displacing them to other areas less preferred or exposing them to predators by reducing escape
cover. Birds could have been disturbed by the noise and activity and forced to move to
potentially less-desirable sites.
The vegetation clearing improved habitat conditions for cowbirds, a nest parasite of willow
flycatchers and other species. A slightly increased risk of nest parasitism may have resulted,
although there are no known nesting southwestern willow flycatchers in the action area. The
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noise and activity associated with the bridge removal may also have caused avoidance by
migrants or individuals searching for suitable nest territories.
Since no revegetation or restoration of native plant species was undertaken, there is a risk that
nonnative species may colonize and dominate the site. This could result in lower-quality habitat
for willow flycatchers in the long-term.
Huachuca water umbel
One patch of Huachuca water umbel was documented growing directly under the bridge on the
east bank of the river. The span of the bridge dropped to the ground directly on top of this site.
This patch is now considered lost along with all stream bank habitat directly under the bridge.
About 65 ft (20 m) of moist stream bank, on both sides of the river, were cleared; hence, other
patches of water umbel on site may have been removed and lost. During a site visit on April 30,
2003, no Huachuca water umbel plants were observed. However this species is cryptic and can
be easily missed. Though there were short-term effects to critical habitat, no long-term effects to
critical habitat likely occurred from the BLM’s response to the emergency.
Spikedace and loach minnow
The disturbance to vegetation on 65 ft (20 m) of stream bank on both sides of the river and the
removal of 0.75 acre (0.3 ha) of riparian vegetation likely resulted in an increase in sediment
load in the stream. About 1000 square feet (100 m2) of stream bottom were disturbed by the
proposed action, which likely resulted in temporary loss of potential recovery habitat in the
vicinity of the bridge. Because neither species has been documented in the action area for
decades, the chance that any individual fish were affected is exceedingly small. Overhead tree
and shrub canopy cover were removed in the vicinity of the Hereford Bridge, which may have
resulted in temporarily elevated stream water temperatures. However, this temporary effect
should not significantly reduce the potential for recovery of the species. Short-term effects to
critical habitat were small because the area affected was small and also because the BLM’s
conservation measures helped reduce those impacts. There should be no long-term effects to
critical habitat from the BLM’s response to the emergency.
CUMULATIVE EFFECTS
Cumulative effects include the effects of future State, Tribal, local or private actions that are
reasonably certain to occur in the action area considered in this biological opinion. Future
Federal actions that are unrelated to the action are not considered in this section because they
require separate consultation pursuant to section 7 of the Act. Effects from undocumented aliens
crossing the Refuge are expected to continue, resulting in new trails and wildfires from
unattended fires. Since the SPRNCA is Federal, all authorized actions affecting listed or
proposed species will undergo section 7 consultation.
The pumping of groundwater in the Sierra Vista subwatershed could affect the quality of the
riparian habitat in the project area. This activity can result in lower stream flows or complete
drying of the stream course for all or part of the year. The result could be reduced survival of
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cottonwood and willow, species requiring water available to their root zones throughout the year.
Salt cedar may gain a competitive advantage and dominate the plant community if water-use
trends continue.
Grazing and pasture development near the riparian areas on non-Federal lands can increase
habitat for cowbirds thereby increasing the probability of cowbird parasitism. Urban and rural
subdivision of private lands also provides food sources and habitat for cowbirds. Since cowbirds
are capable of flying six miles or more in search of parasitism opportunities, these activities can
combine to depress willow flycatcher nesting.
The loss of native fish may occur from the presence of nonnative fish and amphibians. These
nonnative species find their way into the system through accidental introduction, and humans
may transport them. Flooding can also move nonnative fish and frogs from reservoirs or ponds
in the watershed to downstream habitats occupied by native fishes. This contamination of native
fish habitat with nonnative fish and frogs often results in the loss of entire populations through
predation or competition (Miller 1961, Minckley and Deacon 1991).
Unauthorized transport of nonnative fishes routinely occurs, often across watershed boundaries.
The release of nonnative fish by the public has been a major factor in the spread of these species
(Moyle 1976a, 1976b). Nonnative fish are transported for bait and sporting purposes (Moyle
1976a, 1976b), for mosquito control (Meffe et al. 1983), and by the release of aquarium fishes
(Deacon et al. 1964).
The aggregate effects of human activities are likely to magnify deleterious effects to the
watershed and the stream. These activities include recreation, road placement and extent, past
watershed degradation, mining, livestock grazing, pollution from mines, etc. (Gifford and
Hawkins 1976, Furniss et al. 1991, Nelson et al. 1991, Taylor et al. 1991, Fleischner 1994,
Skovlin 1984). Many watershed impacts are cumulative, slow acting, and show effects on a time
scale not usually considered by land-management agencies. Over 200 years of human activity
have resulted in an altered hydrological function and lowered water tables, disrupting the
original flow conditions in many areas (Rabini 1992).
The impacts of past mining are present today. Past mining activity has resulted in heavy-metal
pollution into the San Pedro River (Minckley 1987). Mining activities can lead to excessive
sedimentation, water pollution, and large-scale watershed degradation that affect the quality of
aquatic habitats for fish and other organisms (Nelson et al. 1991, Minckley 1981).
The residue of past mining can cause a series of problems. Tailing piles can mass wastes, hill
slopes can be destabilized, and there can be increased sediment load from erosion of tailings and
increased leaching of heavy metals into flood waters. Increased sediment loads can cause
changes in channel depth, width, and meander pattern (Hadley et al. 1991).
CONCLUSION
After reviewing the current status of southwestern willow flycatcher, Huachuca water umbel and
its designated critical habitat, spikedace and its designated critical habitat, and loach minnow and
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its designated critical habitat, the environmental baseline for the action area, the effects of the
emergency response activities, and the cumulative effects, it is our biological opinion that the
actions, as implemented by the BLM, did not jeopardize the continued existence of the
southwestern willow flycatcher, Huachuca water umbel, spikedace, or loach minnow. There was
no destruction or adverse modification of critical habitat for Huachuca water umbel, spikedace,
or loach minnow. Our findings are based upon the following:
•

Best management practices were used to minimize sedimentation and erosion, and reduce
the potential for nonnative species to spread.

•

Surveys at Hereford Bridge have not found southwestern willow flycatchers over a threeyear period.

•

Spikedace and loach minnow have not been found in the upper San Pedro basin for
decades.

•

Vegetation and ground disturbance was limited to 0.75 acre.

•

Aquatic habitat disturbance was limited to about 1,000 square feet.

•

A small patch of Huachuca water umbel was impacted. There are many patches on the
SPRNCA, and the impacted patch may still be present. Recolonization is not precluded.

INCIDENTAL TAKE STATEMENT
Section 9 of the Act and Federal regulations pursuant to section 4(d) of the Act, prohibit the take
of endangered and threatened species, respectively, without special exemption. Take is defined
as to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture or collect, or to attempt to
engage in any such conduct. Harm is further defined to include significant habitat modification
or degradation that results in death or injury to listed species by significantly impairing essential
behavioral patterns, including breeding, feeding, or sheltering. Harass is defined as intentional
or negligent actions that create the likelihood of injury to listed species to such an extent as to
significantly disrupt normal behavior patterns which include, but are not limited to, breeding,
feeding or sheltering. Incidental take is defined as take that is incidental to, and not the purpose
of, the carrying out of an otherwise lawful activity. Under the terms of section 7(b)(4) and
section 7(o)(2), taking that is incidental to and not intended as part of the agency action is not
considered to be prohibited taking under the Act provided that such taking is in compliance with
the terms and conditions of this Incidental Take Statement.
EXTENT OF TAKE
Sections 7(b)(4) and 7(o)(2) of the Act generally do not apply to listed plant species. However,
limited protection of listed plants from take is provided to the extent that the Act prohibits the
removal and reduction to possession of federally listed endangered plants from areas under
Federal jurisdiction, or for any act that would remove, cut, dig up, or damage or destroy any such
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species on any other area in knowing violation of any regulation of any State or in the course of
any violation of a State criminal trespass law.
We do not believe the response to the emergency resulted in incidental take of any southwestern
willow flycatchers, spikedace, or loach minnows. Incidental take statements in emergency
consultations do not include reasonable and prudent measures or terms and condition to
minimize take unless the action agency has an ongoing action related to the emergency. The
BLM has not advised us of any such action.
CONSERVATION RECOMMENDATIONS
Section 7(a)(1) of the Act directs Federal agencies to utilize their authorities to further the
purposes of the Act by carrying out conservation programs for the benefit of endangered and
threatened species. Conservation recommendations are discretionary agency activities to
minimize or avoid adverse affects of an action on listed species or critical habitat, to help
implement recovery plans, or to develop information.
We recommend that BLM take the following measures at the site after the proposed new bridge
is constructed:
1. If Huachuca water umbel is not found again in the area, consider reestablishing it there.
2. If construction removes cottonwood and willow trees, replace them.
For us to be kept informed of actions minimizing or avoiding adverse effects or benefiting listed
species or their habitats, we request notification of the implementation of any conservation
recommendations.
We appreciate the BLM’s efforts to identify and minimize effects to listed species from this
project. For further information please contact Doug Duncan at (520) 670-6150 (x236) or
Sherry Barrett at (520) 670-6150 (x223). Please refer to the consultation number, 02-21-03-M0207, in future correspondence concerning this project.

/s/ Steven L. Spangle
cc: Regional Supervisor, Arizona Game and Fish Department, Tucson, AZ
Assistant Field Supervisor, Fish and Wildlife Service, Tucson, AZ
Bob Broscheid, Arizona Game and Fish Department, Phoenix, AZ
W:\Doug Duncan\Hereford Bridge emergency BO.doc:cgg

18

REFERENCES CITED
Abarca, F. J. 1987. Seasonal and diel patterns of feeding in loach minnow (Tiaroga cobitis)
Girard). Proceedings of the Desert Fishes Council 20:20.
Anderson, A. A., and D. A. Hendrickson. 1994. Geographic variation in morphology of
spikedace, Meda fulgida, in Arizona and New Mexico. Southwestern Nat. 39(2):148-155.
Anderson, R. M. 1978. The distribution and aspects of the life history of Meda fulgida in New
Mexico. New Mexico State University, Las Cruces. 62pp.
Arizona Department of Water Resources. 1994. Upper San Pedro River case study. Pages 147208 In Arizona Riparian Protection Program Legislative Report, July 1994, Arizona
Department of Water Resources, Phoenix.
ASL Hydrologic and Environmental Services. 1998. Monitoring program and design report and
groundwater modeling evaluation for Sierra Vista Water reclamation facility. Report to the
City of Sierra Vista, Arizona.
Bagley, B., G. W. Knowles, and T. C. Inman. 1995. Fisheries survey of the Apache-Sitgreaves
National Forests, trip reports 1-9. May 1994 to September 1995. Arizona State University,
Tempe. 50pp.
, G. H. Schiffmiller, P. A. Sowka, and P. C. Marsh. 1996. A new locality for loach minnow,
Tiaroga cobitis. Proceedings of the Desert Fishes Council 28:8.
Bahre, C. J. 1985. Wildfire in southeastern Arizona between 1859-1890. Desert Plants 7:190194.
. 1991. A legacy of change: Historic human impact on vegetation of the Arizona
borderlands. University of Arizona Press, Tucson. 231pp.
Barber, W. E., and W. L. Minckley. 1966. Fishes of Aravaipa Creek, Graham and Pinal
Counties, Arizona. Southwestern Naturalist 11(3):313-324.
, D. C. Williams, and W. L. Minckley. 1970. Biology of the Gila spikedace, Meda fulgida, in
Arizona. Copeia 1970(1): 9-18.
Britt, K. D. 1982. The reproductive biology and aspects of the life history of Tiaroga cobitis in
southwestern New Mexico. New Mexico State University, Las Cruces. 56pp.
Brown, B. T. 1988. Breeding ecology of a willow flycatcher population in Grand Canyon,
Arizona. Western Birds 19:25-33.

19
Browning, M. R. 1993. Comments on the taxonomy of Empidonax trailli (willow flycatcher).
Western Birds 24:241-257.
Bryan, K. 1925. Date of channel trenching (arroyo cutting) in the arid southwest. Science
62:338-344.
Deacon, J. E., C. Hubbs, and B. J. Zahuranec. 1964. Some effects of introduced fishes on the
native fish fauna of southern Nevada. Copeia 1964(2):384-388.
DeLoach, C. J. 1991. Saltcedar, an exotic weed of western North American riparian areas: a
review of its taxonomy, biology, harmful and beneficial values, and its potential for
biological control. Rept. to Bureau of Reclamation, Boulder City, NV, Contract No. 7-AG30-04930.
Dobyns, H. F. 1981. From fire to flood: historic human destruction of Sonoran Desert riverine
oases. Ballena Press, Socorro, New Mexico. 222pp.
Douglas, M. E., P. C. Marsh, and W. L. Minckley. 1994. Indigenous fishes of western North
America and the hypothesis of competitive displacement: Meda fulgida (Cyprinidae) as a
case study. Copeia 1994(1):9-19.
Engineering and Environmental Consultants, Inc. 2002a. Southwestern willow flycatcher. 2001
surveys of the San Pedro National Conservation Area. Prepared for US Army Garrison, Ft.
Huachuca. 13pp.
. 2002b. Huachuca water umbel (Lilaeopsis schaffneriana subspecies recurva) Fort
Huachuca monitoring and San Pedro Riparian NCA inventory reports. Prep. for US Army
Garrison, Fort Huachuca AZ. 17pp.
. 2002c. Southwestern willow flycatcher survey and yellow billed cuckoo detections on the
San Pedro Riparian National Conservation Area Report. Prepared for US Army Garrison, Ft.
Huachuca. 20pp.
. 2003. Year 2003 southwestern willow flycatcher (Empidonax traillii extimus) survey and
yellow-billed cuckoo (Coccyzus americanus) detections on the San Pedro Riparian National
Conservation Area and the Babocomari Cienega. Prepared for Directorate of Installation
Support, US Army Garrison, Ft. Huachuca. 20pp.
Falk, D., and P. L. Warren. 1994. Rare plants of the Coronado National Forest: Population
studies and monitoring recommendations. Report to the Coronado National Forest, Tucson.
Fleischner, T. L. 1994. Ecological cost of livestock grazing in western North America. Cons.
Biology 8(3):629-644.
Furniss, M. J., T. D. Roelofs, and C. S. Yee. 1991. Road construction and maintenance.
American Fisheries Society, Publication 19, Bethesda, Maryland.

20

Geraghty and Miller, Inc. 1995. Historical flows and conditions in the San Pedro River. Report
to the Water Action Task Force, Sierra Vista Economic Development Foundation, Project
No. AZ0473.001. 33pp +figures.
Gifford, G. F., and R. H. Hawkins. 1976. Hydrologic impacts of grazing on infiltration: a
critical review. Water Resources Research 14(2):305-313.
Gori, D. F., P. L. Warren, and L. S. Anderson. 1990. Population studies of sensitive plants of
the Huachuca, Patagonia, and Atascosa Mountains, Arizona. Unpublished report, Coronado
National Forest, Tucson. 114pp.
Haas, S. K, and R. J. Frye. 1997. Hydrology and water quality effects on Lilaeopsis
schafffneriana ssp. recurva. Report to Arizona Dept. of Agriculture and Fort Huachuca.
Hadley, D., P. Warshall, and D. Bufkin. 1991. Environmental change in Aravaipa, 1870-1970:
an ethnoecological survey. Cultural Resource Series Monograph No.7, US Dept. of Interior,
Bureau of Land Management, Phoenix.
Hanna, W. C. 1928. Notes on the dwarf cowbird in southern California. Condor 30:161-162.
Harris, J. H. 1991. Effects of brood parasitism by brown-headed cowbirds on willow flycatcher
nesting success along the Kern River, California. Western Birds 22:13-26.
, S. D. Sanders, and M. A. Flett. 1987a. The status and distribution of the willow flycatcher
(Empidonax traillii) in the Sierra Nevada. Wildlife Management Branch, Administrative
Report 87-2, California Department of Fish and Game.
,
, and
36.

. 1987b. Willow flycatcher surveys in the Sierra Nevada. Western Birds 18:27-

Hastings, J. R., and R. M. Turner. 1980. The changing mile. University of Arizona Press,
Tucson. 327pp.
Hendrickson, D. A., and W. L. Minckley. 1984. Cienegas - vanishing climax communities of
the American southwest. Desert Plants 6(3):131-175.
Hereford, R. 1993. Geomorphic evolution of the San Pedro River channel since 1900 in the San
Pedro Riparian National Conservation Area, southeast Arizona. US Geological Survey,
Open File Report 92-339. 71pp.
Hill, A. W. 1926. The genus Lilaeopsis: A study in geographical distribution. J. Linn. Soc.
Bot. 67:525-551.
Howell, S. N. G., and S. Webb. 1995. A guide to the birds of Mexico and northern Central
America. Oxford University Press, New York, New York. 851pp.

21
Humphrey, R. R. 1987. Ninety years and 535 miles. Vegetation changes along the Mexican
border. University of New Mexico Press, Albuquerque.
Jakle, M. 1992. Summary of fish and water quality sampling along the San Pedro River from
Dudleyville to Hughes Ranch near Cascabel, Oct. 24 and 25, 1991, and the Gila River from
Coolidge Dam to Ashurst/Hayden Diversion Dam, Oct. 28-31, 1991. US Bureau of
Reclamation, Memorandum Feb. 26, 1992, Phoenix. 11pp.
Knowles, G. W. 1994. Fisheries survey of the Apache-Sitgreaves National Forests, third trip
report: Eagle Creek, June 05-07 and August 02, 1994. Arizona State University, Tempe.
6pp.
Leopold, A. 1921. A plea for recognition of artificial works in forest erosion control policy.
Journal of Forestry 19:267-273.
. 1946. Erosion as a menace to the social and economic future of the southwest. A paper
read to the New Mexico Association for Science, 1922. Journal of Forestry 44:627-633.
Martin, S. C. 1975. Ecology and management of southwestern semidesert grass-shrub ranges:
the status of our knowledge. USDA Forest Service, Rocky Mountain Forest and Range
Experiment Station, Fort Collins, Colorado. 39pp.
McCarthey, T., C. Paradzick, J. Rourke, M. Sumner, R. Davidson. 1998. Arizona partners in
flight. Southwestern willow flycatcher. 1997 Survey and nest monitoring report. Tech. Rep.
130, Ariz. Game and Fish Dept., Phoenix. 81pp.
Marsh, P. C., F. J. Abarca, M. E. Douglas, and W. L. Minckley. 1989. Spikedace (Meda
fulgida) and loach minnow (Tiaroga cobitis) relative to introduced red shiner (Cyprinella
lutrensis). Arizona Game and Fish Department, Phoenix. 116pp.
, J. E. Brooks, D. A. Hendrickson, and W. L. Minckley. 1990. Fishes of Eagle Creek,
Arizona, with records for threatened spikedace and loach minnow (Cyprinidae). Journal of
the Arizona-Nevada Academy of Science 23(2):107-116.
Mayfield, H. F. 1977a. Brown-headed cowbird: agent of extermination? American Birds 31:107113.
. 1977b. Brood parasitism: Reducing interactions between Kirtland's warblers and brownheaded cowbirds. Chapter 11 in S.A. Temple, ed., Endangered Birds: Management
Techniques for Preserving Threatened Species, University of Wisconsin Press, Madison.
Meffe, G. K., D. A. Hendrickson, and W. L. Minckley. 1983. Factors resulting in decline of the
endangered Sonoran topminnow POECILIOPSIS OCCIDENTALIS (Atheriniformes:
Poeciliidae) in the United States. Biol. Conser. 25:135-159.

22
Miller, D. 1998. Fishery survey report: Negrito Creek within the Gila National Forest, New
Mexico, 29 and 30 June 1998. Gila National Forest, Silver City. July 14, 1998. 7pp.
Minckley, W. L. 1973. Fishes of Arizona. Arizona Game Fish Dept., Phoenix.
. 1981. Ecological studies of Aravaipa Creek, Central Arizona, relative to past, present and
future uses. Final contract report for US Department of the Interior, Bureau of Land
Management, YA-512-CT6-98, Dept. of Zool.., Ariz. State Univ., Tempe.
. 1987. Fishes and aquatic habitats of the upper San Pedro River system, Arizona and
Sonora. Final Rep. for USDI BLM, Denver Fed. Center, Denver. 81pp.
, and J. E. Deacon. 1991. Battle against extinction: native fish management in the American
West. University of Arizona Press, Tucson.
Moyle, P. B. 1976a. Fish introductions in California: History and impact on native fishes.
Biol. Cons. 9:101-118.
. 1976b. Inland fishes of California. Univ. Calif. Press, Berkeley.
Nelson, R. L., M. L. McHenry and W. S. Platts. 1991. Mining. American Fisheries Society,
Publication 19, Bethesda, Maryland.
Paradzick, C. E., R. F. Davidson, J. W. Rourke, M. W. Sumner, and T. D. McCarthey. 1999.
Southwestern willow flycatcher 1998 survey and nest monitoring report. Nongame &
Endangered Wildlife Prog., Tech. Rep. 141, Arizona Game & Fish Dep., Phoenix.
, T. McCarthey, R. Davidson, J. Rourke, M. Sumner, and A. Smith. 2001. Southwestern
willow flycatcher 2000 survey and nest monitoring report. Nongame and Endangered
Wildlife Program, Tech. Rep. 175, Arizona Game and Fish Dept., Phoenix. 93pp.
Paxton, E., J. Owen, and M. Sogge. 1996. Southwestern willow flycatcher response to
catastrophic habitat loss. USGS Colorado Plateau Res. Stn./Northern Ariz. Univ., Flagstaff.
12pp.
Peterson, R. T. 1990. A field guide to western birds. Third edition. Houghton Mifflin
Company, Boston, Massachusetts. 432pp.
Phillips, A. R. 1948. Geographic variation in Empidonax traillii. The Auk 65:507-514.
Propst, D. L., and K. R. Bestgen. 1991. Habitat and biology of the loach minnow, Tiaroga
cobitis, in New Mexico. Copeia 1991(1):29-38.
,

, and C. W. Painter. 1986. Distribution, status, biology, and conservation of the
spikedace (Meda fulgida) in New Mexico. US Fish and Wildlife Service, Endangered
Species Report No. 15, Albuquerque, NM. 93pp.

23

,

, and C. W. Painter. 1988. Distribution, status, biology, and conservation of the loach
minnow (Tiaroga cobitis) Girard in New Mexico. US Fish and Wildlife Service, Endangered
Species Report 17, Albuquerque, NM. 75pp.

, P. C. Marsh, and W. L. Minckley. 1985. Arizona survey for spikedace (Meda fulgida) and
loach minnow (Tiaroga cobitis): Fort Apache and San Carlos Apache Indian Reservations
and Eagle Creek, 1985. US Fish and Wildlife Service, Albuquerque, NM. 8pp + maps.
Ridgely, R. S., and G. Tudor. 1994. The birds of South America: Suboscine passerines.
University of Texas Press, Austin.
Rinne, J. N. 1989. Physical habitat use by loach minnow, Tiaroga cobitis (Pisces: Cyprinidae),
in southwestern desert streams. Southwestern Naturalist 34(1):109-117.
. 1999. The status of spikedace (Meda fulgida) in the Verde River, 1999: implications for
management and research. Hydrology and Water Resources of Arizona and the Southwest.
Proceedings of the 1999 Meetings of the Hydrology Section, Arizona-Nevada Academy of
Science, Vol. 29.
, and E. Kroeger. 1988. Physical habitat used by spikedace, Meda fulgida, in Aravaipa
Creek, Arizona. Proc. of the Western Assoc. of Fish & Wildlife Agencies Agenda 68:1-10.
Rabini, C. F. 1992. Habitat evolution in a watershed context. American Fisheries Sym. 13.
Rea, A. M. 1983. Once a river: Bird life and habitat changes on the middle Gila. University of
Arizona Press, Tucson.
Saucedo Monarque, E. 1990. Proyecto: Prospeccion de plantas raras en el norte de Sonora.
Centro Ecologico de Sonora, Subdireccion de Investigacion, Area de Ecologia Terrestre,
Hermosillo, Sonora, Mexico. 65pp.
Schreiber, D. C. 1978. Feeding interrelationships of fishes of Aravaipa Creek, Arizona.
Arizona State University, Tempe. 312pp.
Sferra, S. J., T. E. Corman, C. E. Paradzick, J. W. Rourke, J. A. Spencer, and M. W. Sumner.
1997. Arizona Partners In Flight southwestern willow flycatcher survey: 1993-1996
summary report. Technical Report 113, Arizona Game and Fish Department, Phoenix.
104pp.
Shafer, C. L. 1990. Nature Reserves, Island Theory and Conservation Practice. Smithsonian
Institution Press, Washington D.C. 189pp.
Sheridan, T. E. 1986. Los Tucsonenses: the Mexican community in Tucson, 1854-1941.
University of Arizona Press, Tucson. 327pp.

24
Silvey, W., and M. S. Thompson. 1978. The distribution of fishes in selected streams on the
Apache-Sitgreaves National Forest. Completion report to USDA Forest Service, Arizona
Game and Fish Department, Phoenix. 49pp.
Skovlin, J. M. 1984. Impacts of grazing on wetlands and riparian habitat. Pages 1001-1103 in
Developing Strategies for Rangeland Management, Westview Press.
Sogge, M. K., R. M. Marshall, S. J. Sferra, and T. J. Tibbitts. 1997. A southwestern willow
flycatcher survey protocol and breeding ecology summary. National Park Service/Colorado
Plateau Res. Station/N. Arizona University, Tech. Rept. NRTR-97/12. 37pp.
, S. J. Sferra, T. McCarthey, S. O. Williams III, and B. E. Kus. 2000. Southwestern willow
flycatcher breeding site and territory summary - 1999. Prepared for The Southwestern
Willow Flycatcher Recovery Team, US Geological Survey, Forest and Rangeland Ecosystem
Science Center, Colorado Plateau Field Station, Northern Arizona University, Flagstaff.
Stiles, F. G., and A. F. Skutch. 1989. A guide to the birds of Costa Rica. Comstock, Ithaca,
New York. 364pp.
Stoleson, S. H., and D. M. Finch. 1998. Reproductive success of the southwestern willow
flycatcher in the Cliff-Gila Valley, summary report for the 1997 field season. USDA Forest
Service, Rocky Mountain Research Station, Albuquerque, NM. 14pp.
Stromberg, J. C., and M. K. Chew. 1997. Herbaceous exotics in Arizona’s riparian ecosytems.
Desert Plants 1997(2):11-17.
Sublette, J. E., M. D. Hatch, and M. Sublette. 1990. The fishes of New Mexico. University of
New Mexico Press, Albuquerque. 393pp.
Taylor, F. R., L. Gillman, J. W. Pedretti, and J. E. Deacon. 1991. Impact of cattle on two
endemic fish populations in the Pahranagat Valley, Nevada. Proc. Desert Fishes Council
21:81.
Tibbets, C. A. 1992. Allozyme variation in populations of the spikedace Meda fulgida and the
loach minnow Tiaroga cobitis. Proceedings of the Desert Fishes Council 24:37.
. 1993. Patterns of genetic variation in three cyprinid fishes native to the American
southwest. MS Thesis, Arizona State University, Tempe. 127pp.
Tibbitts, T. J., M. K. Sogge, and S. J. Sferra. 1994. A survey protocol for the southwestern
willow flycatcher (Empidonax traillii extimus). Tech Rep. NPS/NAUCPRS/NRTR-94/04,
North. Ariz. Univ., Flagstaff. 24pp.
US Bureau of Land Management. 1995. Memorandum describing the existence of large loach
minnow population in Deer Creek, tributary to Aravaipa Creek.

25
US Fish and Wildlife Service. 1986a. Endangered and threatened wildlife and plants;
determination of threatened status for the spikedace. Federal Register 51(126):23769-23781.
. 1986b. Endangered and threatened wildlife and plants; determination of threatened status
for the loach minnow. Federal Register 51(208):39468-39478.
. 1994a. Endangered and threatened wildlife and plants; designation of critical habitat for the
threatened loach minnow (Tiaroga cobitis). Federal Register 59(45):10898-10906.
. 1994b. Endangered and threatened wildlife and plants; designation of critical habitat for the
threatened spikedace (Meda fulgida). Federal Register 59(45):10906-10915.
. 1994c. Notice of 90-day and 12-month findings on a petition to reclassify spikedace (Meda
fulgida) and loach minnow (Tiaroga cobitis) from threatened to endangered. Federal
Register 59(131):35303-35304.
. 1995. Endangered and threatened wildlife and plants; final rule determining endangered
status for the southwestern willow flycatcher. Federal Register 60(38):10694.
. 1997a. Endangered and threatened wildlife and plants; determination of endangered status
for three wetland species found in southern Arizona and Northern Sonora, Mexico. Federal
Register 62(3):665-689.
. 1997b. Endangered and threatened wildlife and plants; final rule determination of critical
habitat for the southwestern willow flycatcher. Federal Register 62(140):39129-39147.
. 1997c. Correction; final determination of critical habitat for the southwestern willow
flycatcher. Federal Register 62(161):44228.
. 1999. Endangered and threatened wildlife and plants; designation of critical habitat for the
Huachuca water umbel, a plant: final rule. Federal Register 64(132):37441-37453.
. 2000. Endangered and threatened wildlife and plants; final designation of critical habitat
for the spikedace and loach minnow; final rule. Fed. Reg. 65(80):24328-24372.
. 2002. Southwestern willow flycatcher recovery plan. Region 2, Albuquerque, NM.
Unitt, P. 1987. Empidonax traillii extimus: An endangered subspecies. Western Birds 18:137162.
Uyehara, J. C., M. J. Whitfield, and L. Goldwasser. 1998. The ecology of brown-headed
cowbirds and their effects on southwestern willow flycatchers. Draft report, Santa Barbara,
CA. 23pp.

26
Vives, S. P., and W. L. Minckley. 1990. Autumn spawning and other reproductive notes on
loach minnow, a threatened cyprinid fish of the American southwest. Southwestern
Naturalist 35(4):451-454.
Warren, P. L., L. S. Anderson, and P. B. Shaffroth. 1989. Population studies of sensitive plants
of the Huachuca and Patagonia Mountains, Arizona. Unpublished Report, Coronado
National Forest, Tucson. 99pp.
, D. F. Gori, L. S. Anderson, and B. S. Gebow. 1991. Status report for Lilaeopsis
schaffneriana ssp. recurva. US Fish and Wildlife Service, Arizona Ecological Services State
Office, Phoenix. 30pp.
, and F. R. Reichenbacher. 1991. Sensitive plant survey of Fort Huachuca, Arizona.
Unpublished Report for the US Army, Fort Huachuca, Arizona.
Webb, R. H., and J. L. Betancourt. 1992. Climatic variability and flood frequency of the Santa
Cruz River, Pima County, Arizona. US Geological Survey, Water-supply Paper 2379.
Whetstone, J. 1996. Tucson resource area willow flycatcher survey results 1993 -1995. San
Pedro RNCA office files, Sierra Vista, Arizona. 16pp.
Wilcox, B. A., and D. D. Murphy. 1985. Conservation strategy: The effects of fragmentation
on extinction. American Naturalist 125:879-887.
Williams, J. E., D. B. Bowman, J. E. Brooks, A. A. Echelle, R. J. Edwards, D. A. Hendrickson,
and J. J. Landye. 1985. Endangered aquatic ecosystems in North American deserts with a
list of vanishing fishes of the region. J. Arizona-Nevada Academy Sci. 20(1):1-62.
York, J.C., and W.A. Dick-Peddie. 1969. Vegetation changes in southern New Mexico during
the past hundred years. Pages 157-166 in W. G. McGinnies, and B. J. Goldman, eds., Arid
Lands in Perspective, University of Arizona Press, Tucson.

