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Abstract—Between 1994 and 1997, research was conducted on
three native, montane species of the Middle Rio Grande Ecosystem,
in the Carson and Santa Fe national forests. The focus of study was
on abiotic and biotic factors that affected status, distribution,
biology and habitat of these species. Results of study suggest
negative interactions with non-native species and, secondarily,
habitat loss as the main factors contributing to the decline of these
three native species. An inverse relationship in relative abundance
between Rio Grande cutthroat trout and brown trout, extirpation of
Rio Grande sucker when in sympatry with white sucker, and
predation experiments documenting brown trout as efficient preda-
tors of juveniles of all three species, document both the real and
potential impact of non-native species.

To sustain the Rio Grande cutthroat trout (Oncorhynchus clarki
virginalis), and the Rio Grande sucker (Catostomus plebeius) and
chub (Gila pandora) we must 1) protect stocks of native fishes with
barriers to migration of non-native fishes, 2) renovate and restock
streams with native fish assemblages, and 3) conduct management
strategies on a watershed scale to facilitate inter-mixing of popula-
tions and subsequent gene flow, and enhance the degree of security
of populations in the presence of stochastic natural disasters.

When the first Europeans arrived (ca. 1540) in what is now
New Mexico, 27 native fish species were believed to be in
existence in the Rio Grande basin. Of these 27 species, 13
have been extirpated in all or portions of this drainage
(Sublette and others 1990). For the area known as the
Middle Rio Grande Ecosystem (MRGES) Sublette and oth-
ers (1990) recognize 21 native species present, whereas
Rinne and Platania (1995) recognize 17 as native and Smith
and Miller (1986) recognize only 16. All of these authors
recognize 6 species as endemic. Human influences since this
historic period have dramatically changed the palette of our
native Rio Grande fish fauna. Presently, there are 43-45
species extant in the Middle Rio Grande Basin (10 native, 28
non-native) and though 10 native species still persist, their
range and numbers have been much reduced (Rinne and
Platania 1995).
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Although loss of native fish species has been more pro-
nounced in the lower elevation tributaries and the Rio
Grande mainstream, decrease in the ranges and abundance
of native species also has occurred in upper elevation,
montane areas of the MRGES. For example, Rio Grande
cutthroat trout (RGCT), Oncorhynchus clarki virginalis,
now occupies only 9 percent of its historic range in the Rio
Grande basin (Stumpff and Cooper 1996). Rio Grande sucker
(RGS), Catostomus plebeius, is listed as endangered by the
state of Colorado and is declining in New Mexico in the
northern portion of its range (Calamusso 1992; Langlois and
others 1994). Although Rio Grande Chub (RGC), Gila
pandora, are yet widespread and abundant in the New
Mexico portion of its historic range, the species is becoming
reduced in range and numbers in the Colorado portion
(Zuckerman and Langlois 1990). Numerous factors have
been hypothesized as causing the decline of the three native
upland, Rio Grande species, the major factors being the
introduction of non-native species and habitat loss.

The primary objective of this paper is to present an
overview of the status, threats and conservation strategies
for three native, montane species based on research funded
by the MRGES program and conducted in the Carson (CNF)
and Santa Fe (SFNF) national forests located in north-
central New Mexico (fig. 1). The first five years of research
will not be finalized until autumn 1998. More detailed and
specific results of research on abiotic and biotic factors
affecting the three native species, that cannot be addressed
in this outlet, will be reported in the future. Accordingly,
initial results of research are used to document and support
recommendations.

Status _________________________

Rio Grande Cutthroat Trout

The Rio Grande cutthroat trout is one of two salmonids
native to New Mexico and one of four salmonids native to
Colorado (Sublette and others 1990; Alves 1998). It is a
member of the inland cutthroat trouts (Behnke 1991), and is
the southern most occurring of the group. While the historic
range of the RGCT is not definitely known, it is likely that
the species occupied all waters capable of supporting trout
in the Rio Grande drainage and the headwaters of the
Canadian and Pecos River drainages of New Mexico and
south-central Colorado (Sublette and others 1990). Stumpff
and Cooper (1996) speculate that this distribution may
have covered approximately 40 hydrologic sub-basins in
Colorado and New Mexico and may have extended as far
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south as Mexico (Behnke 1992). Ninety-two populations of
genetically pure RGCT exist today, 53 in New Mexico and
39 in Colorado. Most of these populations are found within
United States Forest Service (USFS) lands. In New Mexico,
the RGCT occupies only 9 percent of its former range
(Stumpff and Cooper 1996). Most streams inhabited by
RGCT are small, low productivity headwater streams where
space and resources are limited. Gene flow among these
disjunct and isolated populations is almost non-existent.

Currently, only 47 populations of pure RGCT remain in
the Upper Rio Grande Ecosystem (URGES) and MGRES of

Figure 1—Study area including the current distribution of Rio Grande cutthroat trout relative to brown trout
and the distribution of Rio Grande sucker and chub in the Rio Grande drainage of the Carson and Santa
Fe National Forests, New Mexico as of January 20, 1998.

New Mexico (fig. 1). All are listed as “at risk/stable” by the
New Mexico Department of Game and Fish (NMDGF). Nine
additional populations pure and putative RGCT, represent-
ing a 19 percent increase in known populations, were iden-
tified by our surveys from 1994-1997 (table 1).

In response to the decline in RGCT stocks, the subspecies
has been classified by the Colorado Division of Wildlife
(CDOW) as a “species of special concern”, and by the NMDGF
as diminishing— “A species that is absent from significant
portions of its historic range, yet self-sustaining populations
exist.” The USFS classifies the subspecies as a sensitive
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species (Rinne and Medina 1996)—”A species that is in
jeopardy of becoming threatened with extinction.” In
1989, the RGCT was listed in a federal “notice of review”
as a “category C” subspecies—“taxa that are now considered
to be more abundant and/or widespread than previously
thought.” (Williams and others 1989). It currently is under
consideration for listing as a threatened species.

Rio Grande Sucker

The Rio Grande sucker, an obligate riverine fish, was once
common in the Rio Grande and its tributaries from southern
Colorado to southern New Mexico (Cope and Yarrow 1875;
Ellis 1914; Minckley 1980; Koster 1957, Zuckerman and
Langlois 1990; Sublette and others 1990). At present, RGS
are extant in the Rio Grande, primarily north of the 36th
parallel and its tributaries primarily north of the of the 33rd
parallel (Sublette and others 1990; Calamusso, unpublished
data). Populations of this small mountain sucker have de-
clined throughout the MRGES (Calamusso 1992; Calamusso
and Rinne 1996) and are listed by the CDOW as endangered
in the URGES of Colorado (Langlois and others 1994). After
sampling over 250 streams in the early 1990’s, Zuckerman
and Langlois (1990) reported only two locations for RGS in
the URGES. Since that time one of these populations has
been extirpated and one persists (Hot Creek). Recently, the
CDOW has restored two streams for RGS (Kelly 1997). The
decline in RGS stocks have been attributed to the introduc-
tion and expansion of non-native white sucker, Catostomus
commersoni, however, empirical data which identifies the
competitive advantages of white sucker are needed to sup-
port this hypothesis.

Stream surveys conducted by the CNF and USFS Rocky
Mountain Research Station (RMRS) (1992-1997) identified
a total of 14 populations of RGS in the study area. Three
streams on the CNF and eleven streams on the SFNF
contain the native sucker (fig. 1). Surveys of streams which
were determined to have suitable RGS habitat on the SFNF
(Jemez Drainage) revealed robust populations of RGS.
Streams on the SFNF draining into the Chama River were
found to have populations of pure RGS or RGS in sympatry
with white sucker. Only three populations of RGS were
found on CNF where 5 populations once were known to exist.
Many Rio Grande tributaries draining the CNF and adja-
cent lands exhibited habitat characteristics suitable for RGS
but did not contain the species. These tributaries now are
inhabited by the white sucker. In contrast to the CNF,

Table 1—New distributions for Rio Grande cutthroat trout, CNF and
SFNF, 1994-1998.

Stream UTM Elevation (m)

American Creek 338460E,3984710N 2,500
Canada de Osha 446050E,4002240N 2,400
Comales Creek 447750E,4001190N 2,583
Agua Piedras 452640E,3998770N 2,583
Rio de las Trampas 429450E,4001150N 2,209
Rio San Leanardo 439360E,3988900N 2,720
Rito de las Palomas 338260E, 3984350N 2,488
Italianos Creek 455620E, 4048670N 2,652
Yerba Creek 453430E,4046970N 2,497

streams in the Jemez drainage of the SFNF do not contain
white sucker due to the barrier to migrating non-native
fishes from the Rio Grande mainstem created by the Jemez
Canyon dam. Similar to RGCT, populations of RGS are often
fragmented which limits genetic exchange among popula-
tions. Based upon the endangered status of RGS in Colorado
and its decline on the CNF we consider the RGS as “imper-
iled” in the northern portion of its range.

Rio Grande Chub

Inhabiting both riverine and lacustrine habitats, the en-
demic Rio Grande chub is widely distributed throughout the
MRGES and URGES. It is found in the Rio Grande and its
tributaries primarily north of the 33rd parallel (Sublette
and others 1990; Calamusso, unpublished data). Declines
for this species have been greater in the URGES than the
MRGES (Zuckerman and Langlois 1990).

RGC were found in 17 streams in the study area; 9 on the
CNF and 8 on the SFNF and were found at all historic
locations. Elevations in these streams ranged from 1,717 to
2,810 meters. RGC were commonly sampled in streams
exhibiting habitat characteristics that are preferred by the
native chub (fig. 1). In contrast to both the RGS and RGCT,
gene flow among chub populations is fluid. The status of the
RGC is listed as stable and reproducing for New Mexico
(Sublette and others 1990; Calamusso and Rinne 1996).

Co-occurrence of Native Fishes

Co-occurrence of two or more of the native species was
documented in only 10 streams within the study area
(table 2). Streams exhibiting co-occurrence for all three
native species was greatest in the Jemez drainage of the
SFNF and lowest on the CNF. RGC and RGS were found in
sympatry at lower elevations, whereas RGCT and RGS were
found in sympatry at higher elevations. When RGCT were
found occurring with the native cypriniforms their numbers
were very low due to an abundance of non-native salmonids
present in the lower elevation reaches. The low number of
streams (n=3) exhibiting co-occurrence of all three of the
formerly sympatric species reflects the degree of frag-
mentation to which the natives have been subjected.

Table 2—Co-occurrence of Rio Grande cutthroat trout, sucker and/or
chub, Carson and Santa Fe National Forests, 1994.

Rio Grande Rio Grande Rio Grande
     Stream cutthroat trout  sucker  chub

Carson NF
Rio Tusas X X
Canjilon Creek X X
El Rito X X
Rio San Antonio X X
Rio Nutrias X X

Santa Fe NF
Rio de las Vacas X X X
Rito de las Palomas X X X
American Creek X X X
Canones Creek X X
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Threats ________________________
Habitat degradation, dewatering and grazing have all

been cited as factors contributing to the decline of many
native species (Rinne and Minckley 1991). We can assume
that RGCT populations are limited due to declining habitat
conditions. Grazing studies, however, are limited for the
Southwest and none have shown a direct link to the decline
in native fishes, especially cypriniform fishes (Rinne 1988;
Rinne 1998; Rinne in press). For example, in our habitat
studies of RGS, two streams, the Rio Tusas and Rio de las
Vacas exhibited severely grazed riparian stream reaches
with a high width to depth ratio, but had the greatest
relative abundance of all streams surveyed that contained
RGS. Thriving populations of RGS and RGC have been
reported in a reach of the Rio San Jose which receives sewage
discharge from Grants, New Mexico (AquaScience 1982).
Dewatering of montane streams for irrigation and acequia
systems has and will continue to occur. We view these as
contributing-secondary factors in the reduction in range and
numbers of montane Rio Grande native fishes. Our research
indicates that the principal threat to these native fishes is
the expansion in range and numbers and continued intro-
duction of non-native fishes.

Rio Grande Cutthroat Trout

Except for the westslope cutthroat trout, native to the
Salmon and Clearwater drainages in Idaho and to the John
Day River drainage in Oregon, interior cutthroat trout
evolved apart from rainbow, Oncorhynchus mykiss, and
redband trout, Oncorhynchus mykiss gairdneri. They lack
innate isolating mechanisms that would allow them to
coexist with those forms and with non-native trout species
(Behnke 1992). Of the 86 populations of RGCT (Grade A - F)
recognized in the study area 24 (28 percent) are considered
to be introgressed with rainbow trout genes or some form of
non-native cutthroat trout (NMDGF, Unpublished Data).
Snake River cutthroat trout, Oncorhynchus clarki subsp.
were stocked in New Mexico until the late 1980’s, whereas
rainbow trout continue to be stocked within the native range
of RGCT. In an evaluation of historic RGCT streams in
Colorado that were experiencing declines in populations, 72
percent were declining due to non-native trout, 14 percent to
failed barriers (hence invasion from non-native fishes),
whereas only 14 percent of the RGCT populations experienc-
ing declines were attributed to poor habitat conditions
(Alves 1998). The threat of introgression by non-native
Oncorhynchus remains ever constant.

No less of a threat to the sustainability of RGCT are non-
native brown, Salmo trutta, and brook trout, Salvelinus
fontinalis. Preliminary information suggest this impact may
be great. In American Creek, Rito Cafe, and the Rio de las
Vacas there appears to be an inverse trend of density and/or
biomass between the native cutthroat and the introduced
brown trout (table 3). Of the 41 streams in the study area
draining into the Rio Grande containing pure populations of
RGCT only 13 (32 percent) are occupied solely by the cut-
throat native, whereas 28 (68 percent) have brown trout co-
occurring (usually in lower reaches) with RGCT. Of these 26
streams only 15 (54 percent) have pure populations of RGCT
which are protected by barriers to non-native trout.

Table 3—Relative density (D) (n/hectare) and biomass (B) (kilogram/
hectare) of Rio Grande Cutthroat trout (RGCT) and brown
trout (BT) in study reaches in American Creek and Rito Cafe,
Rio de las Vacas, Santa Fe National Forest, 1995.

RGCT BT
Study section D B D B

American Creek
1 324 9 279 22
2 702 32 0 0
3 90 6 90 13
4 488 13 195 9
5 300 9 486 12
6 89 5 714 58
7 56 5 617 46

Rito Cafe: Below Barrier
1 676 14 2801 241
2 400 15 2300 182
3 0 0 3200 144
4 0 0 3875 96

Rito Cafe: Above Barrier
5 2545 30 91 30
6 2608 36 0 0
7 1080 22 83 5

Rio de las Vacas: Below Barrier
1 0 0 318 18
2 117 2.7 233 10
3 0 0 595 60
4 156 2.4 739 43.3
5 0 0 1468 83.7
6 61 .55 1908 118.9

Rio de las Vacas: Above Barrier
1 3905 133.3 0 0
2 2827 153.7 0 0
3 3386 121.4 0 0
4 2548 121.0 0 0

Rio Grande Sucker

Little information exists on interactions of RGS with non-
native species. Zuckerman and Langlois (1990) speculated
that declines in RGS abundance in Colorado were due to
genetic swamping by white sucker. They reported capturing
hybrids of RGS and white sucker in two streams in southern
Colorado. Recent genetic studies, however, found no evi-
dence of hybridization of RGS with white sucker (Sue Swift,
USFS, Pers. Com.) and while the mechanism of decline in
RGS populations is unknown, RGS populations have been
observed to decline across their range when in sympatry
with the non-native white sucker.

In the 1980’s five streams in the CNF were listed as
containing RGS. Our surveys found only two streams inhab-
ited solely by RGS (Rio Tusas, Little Tusas), one stream had
white sucker in co-occurrence with the native (Rio Vallecitos),
and in two streams the native sucker had been completely
replaced by the white sucker (Rio Costilla, Rio Grande del
Rancho). Presently, a beaver dam protects the Tusas system
from intrusion by white sucker and while the Rio Tusas and
Little Tusas appear free of white sucker, the Rio Vallecitos
has white sucker established in the lower and middle reaches
(up to Canon Plaza). The absence of white sucker in the
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upper reaches of the Rio Vallecitos near Hopewell Lake may
only be temporary as white sucker were found further
upstream in 1995 than in 1992. Without a physical barrier
to migration between Canon Plaza and the upper reaches,
intrusion by white sucker would seem imminent. At present,
all streams draining into the Rio Grande and Rio Chama
from the CNF have been or are susceptible to colonization by
white sucker.

Streams within the Jemez drainage (SFNF) are safe from
intrusion by the white sucker due to the migrational barrier
created by Jemez Canyon Dam. The potential for uninten-
tional introduction of white sucker into this system could
occur from its use by fisherman as bait. White suckers have
been found in the Rio Chama and in its southern tributaries
(for example Canones Creek) originating on the SFNF.
These streams are currently vulnerable to invasion by
white sucker.

Rio Grande Chub

Probably least studied of the three native species is the Rio
Grande chub. While the RGC is considered to be common
and is abundant throughout the study area a general decline
in this native cyprinid has been observed in the URGES
(Zuckerman and Langlois 1990). RGC are capable of exploit-
ing both lentic and lotic habitats, this may allow the RGC to
maintain its general abundance in the MRGES. Factors
such as dewatering and grazing in riparian areas may have
a negative effect on RGC populations since the species is
commonly associated with aquatic vegetation, instream
woody debris, and overhanging riparian vegetation.

Interactions of Brown Trout with
Cypriniformes

As with RGCT, brown trout have been suspected in con-
tributing to the decline in RGS and RGC populations, al-
though no published data existed prior to this study. To test
this predation hypothesis we used instream experimental
cages in which brown trout, RGS, and RGC were placed
together. Results from this experiment were dramatic yet
perhaps inconclusive. In the instream cages, predation on
the natives by brown trout was severe. Yet in light of these
results if one examines electrofishing data from the Rio de
las Vacas an inverse relationship between brown trout
abundance and cyprinid abundance is not evident (fig. 2). It
may be that brown trout do not extirpate these cyprinids, but
do depress the natural abundance that would occur in the
absence on the non-native predator. What the abundance of
these cyprinids would be in the presence of the native
cutthroat can only be speculated since there are so few
instances where healthy populations of RGCT, RGS, and
RGC co-occur.

In summary, our data indicates that non-native fishes are
the main vector of demise for the three native species in our
study area. Non-native salmonids can be directly linked to
the decline of RGCT stocks in the study area and throughout
its historic range. The impact of white sucker through
potential genetic swamping, aggression, or greater fecun-
dity along with predation by brown trout may act in concert

to extirpate stocks of RGS. Habitat degradation and overall
environmental decline may play a role in the demise of
native fishes in the montane reaches of the MRGES. Declin-
ing habitat conditions may make the natives less fit to
compete with non-natives, however data is not available to
support this hypothesis. At present our ability to measure
and identify these mechanisms may be lacking.

Conservation and Management:
Current Management ____________

Rio Grande Cutthroat Trout

Management directed toward the sustainability of the
RGCT has been ongoing since the 1970’s when extensive
distributional surveys were conducted by the CDOW,
NMDGF and the USFS. The search for unknown popula-
tions of pure RGCT continues. Both the CDOW and the
NMDGF have developed and are implementing RGCT
management plans (Stumpff and Cooper 1996; Alves 1998).
To insure the persistence of existing stocks of RGCT, agen-
cies continue to build and identify sites for migrational
barriers to non-native salmonids. In an effort to increase the
number of RGCT populations, renovation of streams for the
reintroduction of RGCT into its historic range is one of the
major management practices presently being used by both
states. Two brood stocks are maintained in Colorado, one in
Haypress Lake and the other at the Fish Research Hatchery
in Fort Collins. The NMDGF is in the process of developing
a RGCT brood stock at the Seven Springs Hatchery. The
RMRS continues to conduct research aimed at identifying
habitat variables that influence RGCT productivity, spawn-
ing success, and recruitment and is beginning to evaluate
population characteristics to develop population viability
analyses that will help predict the sustainability of specific
RGCT populations. Progress toward the goal of sustaining
RGCT stocks, however, is slow and may be losing ground.
Funding of restoration and protection programs is still a
limiting factor.

Figure 2—Relative abundance of RGS, RGC and
brown trout in the Rio de Las Vacas.
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Rio Grande Sucker

In response to the decline of the RGS in the URGES the
CDOW initiated a Rio Grande Sucker Recovery Plan par-
tially funded by Great Outdoors Colorado Lottery monies
(Kelly 1997). Population and habitat surveys were con-
ducted in Hot Creek, the one remaining stream that con-
tained RGS along with examining streams in New Mexico
where RGS are abundant. In 1996 the CDOW captured 200
RGS from the Rio Tusas (CNF) and released them in Medano
Creek, which flows into a closed basin where access by non-
native fishes is impossible. Prior to RGS being released in
this drainage, the CDOW had restored this stream for
RGCT. If the transplant of RGS is successful, RGC will be
transplanted into this drainage to complete the native fish
assemblage. In an effort to create a third population, 54 RGS
were transplanted from Hot Creek to San Francisco Creek,
a nearby drainage. Identification of suitable reintroduction
sites in Colorado is ongoing.

Although the RGS is in general decline in the MRGES of
New Mexico it is still considered common and is not afforded
any special protection or status by the NMDGF. We specu-
late, however, that there will be a further decline in RGS in
the CNF, tributaries of the Chama River (CNF, SFNF) and
in any remaining unprotected drainages emptying into the
Rio Grande drainage. Because of the threat of decline, the
RMRS continues its efforts to identify remaining popula-
tions of RGS in the MRGES and in Rio Grande tributaries of
southern New Mexico. The RMRS also has plans to develop
population viability models for RGS populations in New
Mexico.

Rio Grande Chub

Currently, RGC are not actively managed or afforded
protection in New Mexico, however, efforts are being made
in the URGES by the CDOW to restock the chub in historic
waters. The CDOW continues to search for streams where
the native fish assemblage (RGCT, RGS, RGC) can be
reintroduced. The RMRS will continue to conduct distribu-
tional and habitat surveys to further define the role of RGC
in the aquatic ecosystems of the MRGES.

Management Recommendations
and Future Conservation Goals____

To sustain the native montane fishes of the MRGES we
believe management and research should proceed by evalu-
ating the specific requirements of each species and their
requirements in the context of the aquatic community. To
that end we suggest the following for each species and the
aquatic ichthyofuanal community:

Rio Grande Cutthroat Trout

To conserve the Rio Grande cutthroat trout resource,
managers of all agencies must have the latest information on
this cutthroat subspecies’s distribution and status. Distri-
butional and population data for this rare southwestern
trout are dynamic. The addition of 7 new populations of

RGCT during the 1994 field season and the confirmation of
the Rito de las Palomas and American Creek as pure in 1998
suggests that despite almost two decades of effort toward
sustaining this Southwestern cutthroat subspecies, much is
yet unknown about its distribution and status. Continued
effort toward defining the distribution of this subspecies in
New Mexico and Colorado is warranted. Of primary impor-
tance is the protection of existing pure stocks of RGCT.
Placement and the maintenance of barriers to upstream
migration from non-native salmonids, though reducing gene
flow among populations, appears to be the only viable
method in light of the wide distribution of non-native salmo-
nids in the Southwest. Accordingly, there is an urgent and
continuing need to define the extent and degree of impact of
introduced salmonids, especially brown , on RGCT. Restora-
tion of streams will be necessary to increase the number of
pure populations in the subspecies’ former range. Hatchery
facilities need to be dedicated to the maintenance of a variety
of high quality RGCT genetic strains which can be combined
to replicate gene flow that is now not viable in nature due to
the a lack of connectivity among cutthroat populations.
Stocking of non-native trout in watersheds that contain pure
populations of RGCT must cease. All too often unknowing
fisherman inadvertently stock non-native fishes above bar-
riers not realizing the consequence of their actions. Research
to define population dynamics (fecundity, recruitment, age
class structure, longevity) is needed to begin to develop
population viability analyses to determine the potential long
term persistence of pure populations of RGCT.

Rio Grande Sucker

Surveys to identify unknown populations of RGS need to
continue. Similar to RGCT, known populations of RGS
warrant protection from invasion by the white sucker and
non-native salmonids. Instream barriers need to be con-
structed for tributaries draining to the Rio Grande and
Chama River.

While streams within the Jemez drainage are currently
safe from intrusion by the white sucker due to Jemez Canyon
Dam white sucker may eventually be introduced into this
system via bait bucket. Regulations may be warranted to
limit any use of non-native bait or to prohibit the use of bait
in the Jemez system above the Jemez Canyon Dam. White
sucker have been found in the Rio Chama and in its southern
tributaries (for example Canones Creek). Here, the only way
to prevent white sucker from expanding its range into
streams containing RGS would be the placement of barriers.
Due to the precarious status of northern populations of RGS
protection of populations of RGS in isolated Rio Grande
tributaries in southern New Mexico should be considered.
Restoration efforts should identify those waters having
modest gradients (<2.5 percent) with well developed glide/
pool habitat within a mosaic of various habitat types.

Rio Grande Chub

Continued delineation of the distribution of the RGC
throughout the MRGES and its entire range is warranted.
Monitoring of RGC populations is also necessary to ensure
long-term sustainability.
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Further, the recommendations suggested for the indi-
vidual species should be incorporated on a watershed scale.
Management or stream renovation of isolated reaches will
not be enough to sustain the native fishes of the MRGES.
Managing on a watershed scale incorporates a greater diver-
sity of aquatic habitats, thereby increasing ichthyofaunal
diversity. Gene flow among various stocks of native fishes is
enhanced and the effects of stochastic events is dampened.
The Rio de las Vacas (SFNF) of the Jemez River drainage is
a watershed that has the potential to be managed on this
large landscape approach. Currently, all three native spe-
cies, along with the native longnose dace, Rhinichthys
cataractae, occur and are abundant in this drainage. At the
lower reaches of the Jemez River the system is protected
from intrusion from non-native fishes from the Rio Grande
by Jemez Canyon dam. A migrational barrier would have to
be constructed at the lower reaches of the Rio de las Vacas
and subsequent stream renovations would be needed to
remove non-native fishes, primarily brown and rainbow
trout. The monetary and logistical costs of this project would
be substantial, however the benefits to the sustainability of
native fishes would be great.

Conclusions____________________
To sustain native fishes of the MRGES protection of its

aquatic habitats and the resultant aquatic community should
be the primary goal of any management plan. Future man-
agement must address the threats from non-native species
identified by this research. Restoring native species to their
former range and managing aquatic communities on a
watershed scale will address the losses realized over decades
of misguided fish introductions and habitat degradation .
With additional funding and management plans incorporat-
ing these two approaches future persistence of native fishes
may be assured.

References _____________________
Alves, J. 1998. Status of Rio Grande Cutthroat trout in Colorado.

Unpublished Report of the Colorado Division of Wildlife. 10 pp.
AquaScience, Inc. 1982. Suitability of Rio San Jose water for fish.

Report No. 301-312, March 1982.
Behnke, R. J. 1992. Native trout of western North America. Amer.

Fish Soc. Monograph 6: 1-275.
Calamusso, B. 1992. Current distribution of Catostomus plebeius

and Gila pandora on the Carson National Forest, New Mexico
with preliminary comment on habitat preferences. Proc. Desert
Fishes Council 24:63-64.

Calamusso, B. and J. N. Rinne. 1996. Distribution of the Rio Grande
cutthroat trout and its co-occurrence with the Rio Grande sucker
and Rio Grande chub on the Carson and Santa Fe national
forests. pp. 157-167 In: Shaw, D. W. and D. M. Finch, (tech
coords.), Desired future conditions for Southwestern riparian
ecosystems: Bringing interests and concerns together. 1995 Sept.
18-22,1995; Albuquerque, NM. Gen. Tech. Rept. RM-GTR-272.

Fort Collins, CO: U.S. Department of Agriculture, Forest Service,
Rocky Mountain Forest and Range Experiment Station. 359 pp.

Cope, E. D. and H. C. Yarrow. 1875. Report upon the collections of
fishes made in portions of Nevada, Utah, California, Colorado,
New Mexico, and Arizona during the years 1871-1874. Chapter 6.
pp. 635-703 In: United States Army Engineers Dept. Report, in
charge of George M. Wheeler Geog. and Geol. of the Expl. and
Surveys west of 100th meridian, 5, 1-1021.

Ellis, M. M. 1914. Fishes of Colorado. Univer. Colorado Studies,
11(1): 5-135.

Kelly, Brighed. 1997. Colorado Outdoors. Sucker Saving. Jan/Feb
1997. pp. 10-14.

Koster, W. J. 1957. Guide to the fishes of New Mexico. Univ. of
New Mexico Press, Albuquerque.

Langlois, D., Alves, J., and J. Apker. 1994. Rio Grande sucker
recovery plan. Colorado Div. Wildl., Denver. 22 pp.

Minckley, W. L. 1980, Catostomus plebeius Baird and Girard, Rio
Grande sucker, p. 387. In: Lee and others (Eds.), Atlas of North
American Freshwater Fishes. North Carolina State Mus. Nat.
Hist., Raleigh.

Rinne, J. N. 1988. Grazing effects on stream habitat and fishes:
Research design considerations. N. Amer. J. Fish Manage.
8:240-247.

Rinne, J. N. 1998. Grazing and fishes in the Southwest: Confound-
ing factors for research. In, AWRA/SRM Specialty Conference on
Rangeland and Water Resources. May 26-30, Reno, Nevada.

Rinne, J. N. In press. Fish and Grazing Relationships: Southwest-
ern United States. In, Jamison R., Raish, C, and D. Finch (eds)
Ecological and Socioeconomic Aspects of Livestock management
in the Southwest.

Rinne, J. N. and A. L. Medina. 1996. Implications of multiple use
management strategies on native southwestern (USA) fishes, pp.
111-124. In: Meyer, R. M., C. Zhang, M. L. Windson, B. J. McCay,
L. J. Husha, and R. M. Muth (editors). Fisheries resource utiliza-
tion and policy. Proc. of the World Fish. Congress, Theme 2.
Oxford & IBH Publ. Co., New Delhi, India.

Rinne, J. N. and W. L. Minckley. 1991. Native fishes of arid lands:
A dwindling resource of the desert Southwest.

Rinne, J.N. and S.L. Platania. 1995. Fish Fauna, pp. 165-175. In:
Finch, D. M. and J.A. Tainter (tech eds.) 1995. Ecology, diversity,
and sustainability of the Middle Rio Grande Basin. Gen. Tech.
Rep. RM-GTR-268. Fort Collins, CO: U.S. Department of Agricul-
ture, Forest Service, Rocky Mountain Forest and Range Experi-
ment Station. 186 p.

Rinne, J. N. and W. L. Minckley. 1991. Native fishes of arid lands:
A dwindling resource of the desert Southwest.

Rinne, J.N. and S.L. Platania. 1995. Fish Fauna, pp. 165-175. In:
Finch, D. M. and J.A. Tainter (tech eds.) 1995. Ecology, diversity,
and sustainability of the Middle Rio Grande Basin. Gen. Tech.
Rep. RM-GTR-268. Fort Collins, CO: U.S. Department of Agricul-
ture, Forest Service, Rocky Mountain Forest and Range Experi-
ment Station. 186 p.

Stumpff, W. K. and J. Cooper. 1996. Rio Grande Cutthroat trout,
Oncorhynchus clarki virginalis. in D.E. Duff (editor), Conserva-
tion Assessment for Inland Cutthroat Trout. USDA Forest Ser-
vice, Intermountain Region, Ogden, Utah.

Sublette, J. E., M. D. Hatch, and M. Sublette. 1990. The fishes of
New Mexico. Univ. of New Mexico Press, Albuquerque.

Williams, J.E., J.E. Johnson, D.A. Hendrickson, S. Contreras-
Balderas, J.D. Williams, M. Navarro-Mendoza, D. E. Mcallister
and J.E. Deacon. 1989. Fishes of North America endangered,
threatened, or of special concern: 1989. Fisheries 14(6):2-20.

Zuckerman, L. D. and D. Langlois. 1990. Status of Rio Grande
sucker and chub in Colorado. Unpublished report, Colorado Div.
Wildl., Montrose, CO. 44 pp.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


