Figure 1. The Upper Pecos Watershed, the site of the 2002 Forest Service Stream Inventory. Color changes and the corresponding humbers
represent the reach divisions of the stream survey.
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This document is a specialist report. It is meant to assist managers in understanding current
conditions of a stream corridor and possibly how those conditions have developed over a period of
time. Recommendations are drawn up emphasizing the aquatic resource, although the
accomplishment of multiple use is considered within those recommendations.

Readers should note that there is some amount of repetition in this document. The author assumes
that readers may only read certain sections; therefore, points or observations may be repeated. A
glossary is provided at the end of document to help the reader think like a fish biologist. In addition,
appendices provide greater detail on certain data points.

INTRODUCTION
Pecos River 2002 Stream Survey

The Pecos River is the last south-flowing river system in the Rocky Mountain Range. The Pecos
originates as a series of springs draining off the south slope of the Santa Barbara Divide in the Pecos
Wilderness (Township 20 North, Range 13 East, Section 10 at 11,700 feet). The river flows through
a series of reservoirs and dams over 926 miles before becoming part of the Rio Grande in Texas.
The Santa Fe National Forest Fisheries Program conducted a stream survey on the upper headwaters
section of the Pecos River during the summer of 2002. A total of 22.4 miles of stream was surveyed,
from the confluence with Holy Ghost Creek (T18N, R12E, Sec. 33, 7760°) up to the headwaters.

The USDA Forest Service Region 3 stream survey protocol is a modified version of the
Hankins/Reeves survey used in the Pacific Northwest Region. Under this protocol, streams are
surveyed from the mouth upstream and the river is separated into riffle, pool, side channel, dry
channel, culvert, and falls habitat types by specific attributes (USFS 2002). Different habitat types
require specific measurements relevant to evaluating the habitat (Appendix A, Table 1). In addition
to the habitats located in the primary stream, tributary mouths are also surveyed and classified as a
seep, spring, or stream (Appendix C). All habitat types are assigned a Natural Sequence Order
number (NSO) in the order that they are surveyed. The stream, as a collection of NSOs, is further
organized by homogeneous sections and grouped into a sequence of reaches. Each reach is assigned
a number in the order that it is surveyed and analyzed separately, as well as together for a holistic
overview of the system.

A matrix of factors and indicators was developed to relate stream habitat information into an easily
understood habitat condition classification of properly functioning, at risk, or not properly
functioning. The matrix originally was developed in the Pacific Northwest by US Fish & Wildlife
Service and National Marine Fisheries Service, but was modified for mountain streams in the
intermountain west and relates to regulations determined by New Mexico Environment Department
(NMED). The matrix was further refined to incorporate geology of streams historically occupied by
Rio Grande cutthroat trout (see Table 1).

Snorkel surveys are another aspect of the stream inventory incorporated for understanding fish
populations. Snorkel surveys evaluate fish species presence/absence, distribution within the system,
relative composition, and size class analysis in selected areas of the stream. Snorkel protocol
involves surveying upstream in one hundred meter transects and classifying fish that pass




downstream. Fish species are identified, placed into size categories and counted by the surveyor.

Ideally, a snorkel survey includes 10-100 meter transects (totaling 1 kilometer), but are occasionally

composed of less (USFS 2002).

Table 1. Matrix of factors and indicators of habitat condition for historic and currently occupied Rio Grande cutthroat trout (RGCT)
streams as related to R3 Stream Habitat Inventory.

FACTORS

INDICATORS

Properly
Functioning

At Risk

Not Properly
Functioning

Water Quality

Temperature — State of
New Mexico Standards

<20°C (68°F)
(3 day avg. max)

220°C (68°F)
<23°C (73.4°F)
(3 day avg. max)

223°C (73.4°F)
(3 day avg. max)

Temperature —
Salmonid
Development

<17.8°C (64°F)
(7 day avg. max)

>17.8° (64°F)
< 21.1° (70°F)
(7 day avg. max)

221.1°C (70°F)
(7 day avg. max)

<20% fines (sand, silt,
clay) in riffle habitat.
Fine sediment within

220% fines (sand, silt, clay) in
riffle habitat. Fine sediment

Sediment range of expected outside of expected natural
natural streambed streambed conditions.
conditions
Habitat >30 pieces per mile 20-30 pieces per . .
Characteristics | Large Woody 512" diameter. o35 feet | . Mie.>12 <20 pieces per mile, >12”
Debrist in len ’th diameter, >35 feet diameter, >35 feet in length
9 in length
) -
gce)\?lelopmentz 230% p(;(;(leggbltat by <30% pool habitat by area®
Pt Average residual pool Average residual pool depth <1
Pool Quallty depth 21 foot foot
Width Depth
Ratios by Channel i i
Type y V\élr(mjgr]\/r?eelptg]p[eas,n\?v?trirr]]d Width/depth ratios and channel

Channel
Condition and
Dynamics

(utilize Rosgen type

natural ranges and site

types are well outside of historic
ranges and/or site potential

and range given if potential
applicable)
Expected range of Rosfeé‘ '(I'Bype W/D Ratio
bankfull width/depth S <12
p B,C,F 12-30
ratios and channel type D
>40
10-20% unstable
0,
Streambank <10% unstable banks |\ o (lineal >20% unstable banks (lineal
... 5 (lineal streambank )
Condition ; streambank streambank distance)
distance) .
distance)

t Large Woody Debris numeric are not applicable in meadow reaches. For this survey a meadow reach can be defined as an area where there is no
natural local recruitment of LWD.
2 pool Development numeric are applicable to 3 order or larger streams.

3 Area is defined by habitat length.

“ All pool habitats in the Pecos River survey have a residual depth of greater than or equal to 1 foot. Exclusive quality pools are related to a surveyor
error and this parameter is excluded from analysis.

® Streambank Condition numeric are not applicable in reaches with > 4% gradient

Global positioning system (GPS) units are utilized for survey data collection. Trimble GeoExplorer
3 units are used to identify specific features throughout the survey (Appendix A, Table 2). The GPS
feature locations are then transferred into a geographical information system (GIS) layer and used to
provide graphical representations and spatial analysis of river attributes.

The primary objectives of the Region 3 Hankins/Reeves survey include the compilation of historical
information and in-stream habitat data to assist in proper management decisions of the surveyed
stream and its watershed. The historical information provides a background of land use and
management techniques collected from the Forest Service and a variety of other sources. Previous



land use and management practices reflect on the current condition of environmental systems.
Historical information helps explain the current condition of the river and is incorporated into the
survey. Understanding events that formed the habitat condition enhances decision-maker options.
In-stream survey data is collected to provide an overview of the current condition of a stream.
Survey data produces a “snapshot” in time of the stream’s habitat condition and the factors affecting
it. Survey information can be used to identify both degraded sections as well as ideal areas to be
used as a reference or model for other similar sections of stream. By combining the historical and
current information pertaining to a stream, management options can be more clearly identified,
which is the goal of this document.

Photo 1. Snorkeler in a pool in Reach 6 during the 2002 Pecos Stream Inventory.

BASIN SUMMARY

Table 2. Stream Summary Table for the Pecos River.

LOCATION:
County: San Miguel and Mora County
Forest: Santa Fe National Forest
District: Pecos
Drainage: Pecos River
Tributary to: Rio Grande
Survey Began at: T18N, R12E, S33 at 7,760 feet
WATERSHED:
HUC Code': 1302020202
Watershed Area: 95,673 acres 150 square miles
Stream Order: 5
Stream Length: 118,024 feet®  22.4 miles®

AQUATIC BIOTA!:

Fish Species: Rio Grande cutthroat trout® (Oncorhynchus clarki virginalis), rainbow trout
(Oncorhynchus mykiss), brown trout (Salmo trutta)

" Hydrologic Unit Code used to identify watersheds.
2Stream length includes both surveyed and un-surveyed private land.
®Listed as a Sensitive Species by the Santa Fe National Forest (1999)




EXECUTIVE SUMMARY

Pecos River is a 5th order stream originating from springs draining the south side of the Santa
Barbara Divide (T20N, R13E, Sec. 10, 11,700’), on the Pecos Ranger District of the Santa Fe
National Forest (Forest). The stream survey covered a 22-mile stretch, from the confluence with the
Holy Ghost Creek (T18N, R12E, Sec. 33, 7760’) up to the source. This whole section is designated
as a Wild and Scenic River. Fisheries populations are present from the beginning of the survey to a
falls habitat at survey mile 21. The Pecos Headwaters drains a rugged area of the Pecos Wilderness
with tributaries originating from mountains well over 12,000 feet such as the Truchas Peaks, Pecos
and East Pecos Baldy, and Chimayosos Peak. The watershed encompasses 95,673 acres (150 square
miles), owned by the Forest, New Mexico Department of Game and Fish (NMGF), and private
landowners.

Pecos River is divided into 15 reaches, each containing relatively homogeneous habitat
characteristics. Reach divisions are based on stream and valley morphology, dramatic changes in
stream flow, impoundments, or land ownership boundaries. Reaches are numbered sequentially as
the survey progresses upstream (see Table 3).

The average gradient of the Pecos River is 3.4% or 180.3 feet per mile. When evaluated by reach
divisions, the gradient ranges from 0.01% in Reach 3 to 7.5% in Reach 14 (see Table 9).

Photo 2. The Pecos River Valley with the Truchas Mountains and Chimayosos Peak
(right) in the background. Photo taken from Hamilton Mesa. All four peaks are over
12,000 feet (19 Aug 2002).

The Pecos River originates in the Pecos Wilderness of the Sangre de Cristo Mountains, the southern
most section of the Rocky Mountains. The Rocky Mountains were formed approximately 70 million
years ago during the Mesozoic Era. Their formation occurred during the Cordillerian Orogeny when
the continental crust was folded and uplifted throughout the Americas from Alaska to the southern tip
of South America. The Upper Pecos River flows through broad valleys and deep bedrock canyons.
Rock formations in the watershed include red shale, sandstone, limestone, granite, amphibolite,
quartzite and schist. The rock formations originated between 3000 + million years ago (Precambrian



Era) and 50 million years ago (Tertiary Period). The mountains surrounding the Upper Pecos River,

including the Truchas Mountains, Pecos, East Pecos Baldy, and Chimayosos, were shaped by glaciers
that covered most of North America (see Photo 2). The glaciers receded approximately 12,000 years

ago, leaving behind the landscape seen today in the watershed (Sutherland & Montgomery 1975).

Stream flow in the Pecos River fluctuates between the high flow events in the spring and lesser events
in the late summer to low flow in the mid summer. Spring high flow events originate from snow
runoff and vary with the previous winter’s snow pack. The snow pack of 2002 was unusually low and
related to drought conditions that reduced the intensity of the spring runoff. The late summer high
flow events are related to monsoon weather patterns, which typically develop in July and August. The
flow related to monsoon events is not as severe as the spring runoff. Low flow in the Pecos River
usually occurs in June, fall and winter seasons, when flow is dependent on spring sources.

Table 3. Description and length of reaches on the Pecos River.

Reach River Miles | Landmark at Beginning and End Land Owner

1 0.0t0 0.3 Holy Ghost Creek to beginning of Forest and NMGF
canyon system near Terrero Store

2 0.3to15 V-Shaped canyon type system to Forest and NMGF
change in valley morphology below
Willow Creek

3 15t01.9 Broad canyon to a bridge marking Forest and NMGF
the beginning of private land above
Willow Creek Recreation Area.

4 19t02.6 Private land marked by a bridge and | Private Land
fencing. Not Surveyed.

5 26t03.2 End of private land to confluence Forest and NMGF
with Rio Mora.

6 3.2t05.5 Rio Mora to widening of valley below | Forest and NMGF
Cowles

7 5.5t06.9 A wide valley system to confluence Forest
with Panchuela Creek

8 6.9t08.9 Just above Panchuela Creek to Forest
beginning of bedrock canyon.

9 8.9t0 13.1 Beginning to end of bedrock canyon | Forest (Wilderness)
system.

10 13.1t0 14.0 | End of bedrock canyon system to Forest (Wilderness)
next bedrock canyon system.

11 14.0to 14.4 | Second bedrock canyon system to Forest (Wilderness)
confluence of Beatty's Creek

12 14.4to0 15.2 | Beatty’s Creek to the confluence Forest (Wilderness)
with Rito del Padre.

13 15.2t018.1 | Rito del Padre to the confluence with | Forest (Wilderness)
Jarosa Creek

14 18.1t0 18.7 | Jarosa Creek to the top of Pecos Forest (Wilderness)
Falls

15 18.7 to 23.3 | Pecos Falls to source below Santa Forest (Wilderness)
Barbara Divide.

One water diversion is in the surveyed portion of the Pecos River: An irrigation ditch located near
the Mora Campground in Reach 5. The ditch diverts water from a significant side channel on the




west bank of the river. The diversion consists of a natural side channel, which has been modified
with a gabion dam to divert the water into a ditch (see Photo 3). The ditch diverts an estimated 20 to
30% of the total flow of the Pecos River. Stream alteration is evident at the entrance and within the
side channel. Stream alterations related to the diversion include wood clearing in the secondary
channel and a cobble structure at the top of the side channel that extends into the Pecos River. It is
apparent that this is to increase flow into the side channel.

Water quality in the Upper Pecos River has received special attention because of the Terrero Mine
Mill Site, located near the confluence with Willow Creek in Reach 3. The current Superfund Terrero
Mine Cleanup has been justified through a variety of environmental assessments and water quality
studies. The motivation for the clean up effort originated from a series of large-scale fish kills
(approximately 90,000 fish in one event) occurring down stream of the old mine site subsequent to
surface runoff events (Robinson 1995). Elements of specific concern from the mine site and its
associated waste materials include copper, zinc, lead and selenium (Sinclair 1990).

Photo 3. Reach 5, NSO‘SZ, S4. The only flow diversion on the surveyd Iength of the
Pecos River. The gabion structure modified an existing side channel into a diversion that
takes approximately 20 to 30% of the main channel flow (4 July 2002)

The 2002 survey was accompanied by temperature analysis at 4 thermograph or temperature
recording sites. The thermograph sites were distributed from the beginning of the survey, just above
the confluence of Holy Ghost Creek, up to Beatty’s Cabin in Reach 12. The stream temperatures
were analyzed and classified by both Forest and New Mexico Environment Department (NMED)
Standards. The Forest and NMED temperature standards classify coldwater fisheries habitat as
properly functioning, at risk, or not properly functioning. Water temperatures at the temperature
stations are classified as at risk at 3 of the 4 sites by Forest standards and 2 of the sites by NMED
standards.



Habitat Characteristics

The 22.4 surveyed miles (118,024 feet) of the Pecos River is divided into 598 Natural Sequence
Order Habitat Units (NSOs). The 182 pool habitats comprise 5.8% of the stream habitat length.
There are 281 NSOs that are riffle habitat, which comprises the majority of habitat in the Pecos
River (see Table 4). Other habitat types in the Pecos River are tributaries, falls, and side channels.
Tributaries to the Pecos River are not considered stream habitat and are excluded from length and
habitat analyses.

Table 4. Stream summary information for the Pecos River Survey 2002.

Habitat Type Numper of TotaI_Stream Stream Length* | Stream Habitat** Fuprrgtrsgali}:\g
Habitats Habitat (ft) (%) (%) Indicators
Pool 182 7,345 6.3 >30%

Riffle 281 110,392 93.5 86.9 -
Culvert 0 - - - -
Tributary 84 - - - -
Falls 6 287 0.2 0.2 -
Side Channel 45 8,980 - 7.1 -
Total 598 127,004 100.0 100.0 -

*Percent Stream Length calculated with only riffle, pool, culvert, and falls habitat types.
**Percent Stream Habitat calculated using all stream habitat types except tributary.

When compared to the matrix of factors and indicators of stream condition for historic and occupied
Rio Grande cutthroat trout streams, the Pecos River contains not properly functioning, at risk and
properly functioning characteristics (see Table 5). The parameters that are not properly
functioning include the density of large woody debris (LWD), and pool development. Temperature
is at risk at two of the four stations by NMED standards and 3 stations by Forest standards.
Properly functioning characteristics include riffle sediment content, pool quality and stream bank
condition.

Table 5. Stream habitat conditions as evaluated by the matrix of factors and indicators of habitat condition
for historic and currently occupied Rio Grande cutthroat trout streams.

Factors Indicators Pecos River Conditions
Site 1) Just above Holy Ghost
. Temperature Site 2) Just above Rio Mora
Water Quality 3-Day Average Site 3) Below Jacks Creek
Site 4) Near Beatty’s Cabin
Salmonid Temperature

Sites 1-3) At Risk

Development 7-Day Average

Riffle Sediment Properly Functionin
Large Woody Debris
Pool Development

Habitat
Characteristics

Pool Quality Properly Functioning
- Stream Bank L
Channel Condition Condition Properly Functioning

and Dynamics

Width-to-Depth Ratio | INHSODEHNISINCHORINGR

Red= Not Properly Functioning = At Risk

The riffle habitat in the Pecos River is the dominant habitat, comprising 86.9% of all stream habitat
types. The high relative quantity of riffle habitat reflects the lack of pool habitat. Sediment content
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in riffle habitat (14.2%) was determined to be properly functioning (see Table 6). The dominant
substrate type is cobble followed by boulder.

Table 6. Summary of habitat and substrate composition in the Upper Pecos River

Habitat Summary
# of Riffles | Avg. Length Avg. Width Avg. Depth Avg. Max. Depth
Entire River 281 392 17.1 1.0 1.9
Substrate Summary
Sand (%) | Gravel (%) Cobble (%) Boulder (%) Bedrock (%) | Total (%)

Entire River 14.2 21.9 33.1 26.7 4.2 100.0

Properly <20.0 - - - - -
Functioning

Indicators

Pool habitat is important over wintering, resting, and feeding habitat for fish. Pool habitat is
evaluated by both quality or residual depth and area of pool habitat (by length). Pool quality is
properly functioning in the Pecos River with 99% of the pool habitats with at least 1-foot residual
depth. Residual depth is calculated by subtracting the maximum depth from the pool tail crest depth
to determine the depth of water that would remain in the habitat if flow ceased. The average residual
pool depth is over twice the properly functioning indicator (see Table 4). The relative quantity of
pool habitat (5.8%) is not properly functioning (see Table 7). Increasing pool habitat in the Pecos
River should be a priority in the river’s management.

Table 7. Summary of pool habitat and relative substrate in the Upper Pecos River.

Pool Habitat Summary

Number
Number Pools w/ Number of
Number A Avg. Avg. Pools of Pools . of Pools Pools
vg. Avg. Avg. ) Residual
Area of Pool Lenat Width Max PTC Residual per w/ Debth w/ Max. w/
Habitats 9 Depth Depth Mile Residual >1’/l[\)/|i|e Depth Max.
Depth >1’ >3 Depth
>3'/Mile
Entire River 182 40.0 15.7 2.8 0.8 2.0 8.1 180 8.1 62 2.8
Properly
Functioning >1ft
Indicators
Substrate Summary
Area % % % % % %
Sand Gravel | Cobble | Boulder | Bedrock Total
Entire River 27.3 17.0 22.0 18.9 14.8 100.0

Large woody debris (LWD) is related to habitat complexity and the health of fish populations in
stream habitats (Fausch and Northcote 1992). LWD density is not properly functioning in the
Pecos River. The LWD density is 18.5 piece per mile, far below the standard (see Table 8). The
Pecos River had 414 pieces of wood classified as medium and large sizes. Wood classified as
medium LWD must be greater than 12 inches in diameter at a length of 35 feet from the large end.
Large pieces of LWD have a diameter of greater than 20 inches at a length of 35 feet from the large
end. Increasing the LWD density should be a focus in the management of the Pecos River.
Increasing LWD may also improve other degraded factors in the stream habitat including pool

development.
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Bank stability (4.4%) is properly functioning when analyzed by the length of the entire surveyed
section of stream. When the length of the river is divided into reaches and then analyzed, Reach 5 is
the only reach that is not properly functioning for bank stability. Although the length of bank
instability is properly functioning, several areas could use mitigation. Areas of instability in need
of management are primarily near the state campgrounds as well as several sections in Reach 15.

Table 8. Selected habitat charicterisics in the Pecos River.

Area



Reach by Reach Comparison

The 15 reaches of the Pecos River contain different combinations of properly functioning, at risk,
and not properly functioning characteristics. Pool habitat, LWD density, bankfull width:depth ratio
and unstable banks are parameters that are outside of properly functioning classification in at least
one reach. None of the surveyed reaches are properly functioning in all categories (see Table 9).

Table 9. Reach characteristic summaries for the Pecos River 2002.

Red= Not Properly Functioning

= At Risk

Total Gradient Rosgen Pogl Riff_le Side Dominant Dominant Ba_mkfull
Reach Length %) Channel Habitat Habitat Chgnnel Substrate Sub§trate Width to Unstable

(mi) Type % (%) Habitat (%) in Pools in Riffles Depth Banks (%)

1 0.3 1.7 B3c 100.0 0.0 - Cobble 29:1 0

2 12 14 B3c 90.3 46 Gravell | cophie 26:1 7.7

Cobble

3 0.4 1.0 B3c 97.7 0.0 Cobble Cobble

4 1.2 1.1 Private Land Not Surveyed

5 0.6 17 B3 [HNOOEN 7638 232 [ - [ Cobble [HOERINNSERNNNNSINN
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2 - - el i .
reaches in the Pecos

Photo 4. ach 14, NSO 481, R238. Typical log jam; one of two
River with a properly functioning LWD density (28 Aug 2002).

Bankfull width-to-depth ratio is not properly functioning in 5 of the 15 reaches. Bankfull width-to-
depth ratio in each reach is compared to the expected range for its related Rosgen stream type.
Reaches 3 and 5 exceed the expected range while 10, 11 and 12 are below (see Table 9).

iy -'\‘__ = B > = e = "
Photo 5. Reach 5, NSO 35, R25. Damon Goodman with bank instability and trampled
riparian vegetation NMGF’s Rio Mora Campground (4 July 2002) Note: The area was closed
to public due to extreme fire danger.

Fourteen (14) of the fifteen reaches have properly functioning bank condition. Reach 5 is not
properly functioning with 31.4% of the banks showing signs of current erosion. This high amount
of bank instability is related to the reach’s proximity to the degraded state managed Mora

Campground (see Photo 5). The properly functioning reaches range from no bank instab Tc 0 Tw 12 0 02 40 3



Tributaries

Eighty-four (84) tributaries in the form of seep, spring, and stream habitats contributed surface flow
to the Pecos River during the survey. Of the 84 tributary habitats, 12 are consideredsignificant,
contributing 10% or more to the main channel flow (see Table 10). The flow contribution can be
deceptive because of its relative and not discrete measurement. A majority of tributaries is found in
the upper reaches.

Photo 6. Panchuela Creek, a sig

nt tributary, marks thé end of Reach 7 (2‘3 jully 2002).

Several significant tributaries altered the habitat enough to create a reach break. Tributaries that
contributed to reach breaks are Rio Mora (at the top of Reach 5), Panchuela Creek (7), Beatty’s
Creek (11), Rito del Padre (12), and Jarosa Creek (14). Beatty’s Creek is the only tributary that is at
the end of a reach that did not contribute 10% or more to the main channel flow. The Beatty’s Creek
reach break at the end of Reach 11 was due to a change in valley morphology, which was marked by
the entrance of the tributary.

The most significant tributary on the Pecos River is the Rito del Padre contributing over half of the
main channel flow. Rito del Padre begins on the southeast slope of Chimayosos Peak and is soon
joined by Rito Maestas and then Rito de los Chimayosos and finally Rito Sebadillos before it enters
the Pecos. This complex drainage originates in some of the tallest mountains in the Pecos
Wilderness including the three Truchas Peaks, the tallest of which is over 13,000 feet.

The Rio Mora did not contribute the greatest flow relative to the main channel, but it did contribute
the most flow of any tributary. The Rio Mora has a large watershed that encompasses several
tributaries including Valdez Creek and 34,530 acres. During the survey the Rio Mora was
contributing ash to the Pecos River from the 2002 Trampas Fire. The Trampas Fire covered 4,751
acres located entirely within the Mora Watershed (See Fire Section). At the confluence of the Pecos
and the Rio Mora, heavy recreational impacts are evident from the state-owned Mora Campground.
This campground receives intensive use in the summer months and is leading to significant habitat
degradation of both the Mora and Pecos Rivers.
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Table 10. Summary of tributaries contributing more than 10% of the main flow of the Pecos River during the 2002 Stream Inventory.

Location : Tributary | Stream
Tributar Bank PR Name PRI Time Temp Temp Comments
Reach y Type Flow* o o
Number (°F) (°F)
Heavy
recreational
6 1 Right | Stream | Rio Mora 40 15:50 60 59 impacts from
state owned
campground
V-type stream
improvements
Winsor in 'Fribut_ary.
7 7 Left | Stream 10 13:30 57 59 Diversion
Creek
from creek
feeds Cowles
fishing ponds.
Drains south
slope of
Panchuela Pecos Baldy
7 9 Left | Stream 40 13:35 60 59 and the east
Creek
slope of
Redondo
Peak
Drainage
includes the
12 30 Left | Stream | Rio Padre 60 17:30 56 56 Truchas and
Chimayosos
Peaks
Jarosa Marks the
13 53 Left | Stream 25 11:30 49 49 end of Reach
Creek 13
15 70 Right | Stream NA 20 11:10 48 48
15 77 Left | Stream NA 10 14:30 55 56
15 80 Right | Stream NA 40 15:30 48 NA
Tributary has
five sources.
15 81 Right | Spring NA >40 1540 a7 NA Enters the
Pecos 20 feet
above T80
15 82 Right | Stream NA >40 NA NA NA
15 83 Right | Stream NA 20 1720 49 40
15 84 Right | Spring NA 40 1740 49 40

*Percent flow is a visual estimate by the surveyors and therefore should not be considered an exact measurement.

Stream Flow

The Pecos River begins as a cluster of 5 springs on the southeast slope of the Santa Barbara Divide.
From the headwaters to Holy Ghost Creek, the Pecos River is joined by several considerable
watersheds including the Padre, Panchuela, Winsor and the Mora. All of the smaller watersheds that
comprise the Upper Pecos River originate in the Sangre de Cristo Mountains. The snow pack of the
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mountain basins governs the flow of the Pecos and its tributaries. Peak stream flow of the Pecos
River occurs between late May and early June. Smaller high flow events take place after late
summer monsoon events. Stream flow during the 2002 Forest Service Stream Inventory was lower
than typical years due to drought conditions in Northern New Mexico.

Flow was measured utilizing Swoffer brand flow meter on July 15" 2002 in Reach 1, River Mile 0.
The flow measurement location is at the beginning of the survey just above Holy Ghost Creek. The
flow measurement location was in a straight section of riffle with as few flow restricting obstacles
(boulders, logs, etc.) as possible. A transect was created and divided into 26 equally spaced sections.
At each section, flow was taken at 60% of the depth in twenty-second intervals. The average flow is
recorded from each section and related to area to calculate the stream flow. The Pecos River flow on
July 15" was 26.9 cubic feet per second (cfs).

Water diversions in the surveyed length of the Pecos River include one irrigation ditch located in
Reach 5 near the Mora Campground. The irrigation ditch diverts water from a significant side
channel on the west bank of the river. The diversion consists of a natural side channel, which has
been modified with a gabion dam to divert the water into a ditch. The ditch diverts an estimated 20
to 30% of the total flow of the Pecos River. Stream alteration is evident at the entrance and within
the side channel. Stream alterations related to the diversion include wood clearing in the secondary
channel and a cobble structure at the top of the side channel that extends into the Pecos River. Itis
apparent that this is to increase flow into the side channel.

The Cowles Fishing Ponds are human constructed ponds located near the confluence of Winsor
Creek and the Pecos River in Reach 7. The two ponds are stocked by NMGF and provide fishing
opportunities for children. These ponds receive heavy recreational use during the summer months.
A culvert connects the ponds with the Pecos River. In several other areas the water seeps through
the constructed barrier between the Pecos River and the ponds. The ponds are fed by a diverson in
Winsor Creek. The water in Winsor Creek is significantly increased in the ponds. During the
survey water temperatures increased from 57°F in Winsor Creek to 68°F prior to entering the Pecos
River.

Water Temperature

Water temperature is a key component of water quality in a stream environment. Combinations of
multiple factors determine water temperature regimes in stream habitats. Solar radiation, air
temperature, riparian vegetation cover, ground water, stream discharge, channel shape, stream
orientation, and climate are some of the environmental factors that influence water temperature.
Many chemical and biological processes depend on specific temperatures. Temperature can help
determine the suitability of waters for aquatic species such as Rio Grande cutthroat trout (RGCT).

Fish growth, health, and reproduction are affected by water temperature. Fish are very sensitive to
water temperature due to temperature specific enzymes. As water temperature increases, so does
fish performance. Although fish have increased performance with temperature, they also approach a
lethal limit. No lethal temperature information is currently available for RGCT. Another high
elevation, arid cutthroat subspecies Lahontan cutthroat trout (Oncorhynchus clarki henshawi)
indicated an upper limit for growth and long-term survival is somewhere between 71.6 and 73.4 °F.
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These temperature limits were based on optimal conditions with high food availability and good
water quality, not taking into account the other stressors that may exist in stream environments. It is
possible that the actual lethal limits are lower due to water chemistry and other environmental
factors (Dunham 1999).

Figure 2. Map of the thermograph locations in the 2002 Upper Pecos Stream Inventory. Temperatures
were taken at these sites every 15 minutes between June 25" and October 28"

Cutthroat trout reproduction is affected by temperature. Smith et al (1983) compared egg quality of

cutthroat trout in a variety of water temperatures. Eggs in cold water were expelled easily and were

in good condition. In warm water the eggs were expelled with difficulty, were cloudy or opaque and
often broken. Eggs spawned from two-year-old adults exhibited 74% viability in coldwater while in
warm water only 6.9%.

Forest standards (noted as SFNF in Table 11) are based on seven-day average maximum
temperatures and are stricter than the NMED standards. While it is stricter, the Forest standard is

18



more in line with approaches taken by U.S. Fish and Wildlife Service and NOAA Fisheries across
the western United States. It also allows the SFNF to be more pro-active in improving watershed
conditions for native fish as well as ameliorating impairments to water quality before a stream is
listed as impaired on the 303(d) list.

NMED standards are based on three-day average maximum temperatures (see Table 11). Forest
temperature standards are derived from research done on inland cutthroat trout and salmonid
development. NMED standards are based on the Clean Water Act and Total Maximum Daily Loads
mandate for water quality standards but are defined by needs for a successful coldwater fishery.

Data between June 1% and September 30" is used for maximum water temperature standards analysis
to identify high temperatures that occur in summer months (see Appendix A, Figure 1).

Water temperature in the Upper Pecos River was monitored between June 25" and October 28",
2002. Tidbit thermographs, small temperature recording devices, were strategically placed at 4
locations in the Pecos River. Thermographs recorded temperatures at 15-minute intervals for the
duration of their time in the river, providing over 12,100 temperatures for each site. Data collected
by thermographs was exported to Microsoft Excel 2000 for analysis and comparison to water quality
standards.

Four temperature monitoring stations were established on the Pecos River. The stations were not
moved for the duration of the monitoring period. The first station was placed at the beginning of the
stream inventory, just above Holy Ghost Creek (Reach 1, River Mile 0.0). The next station was
located immediately upstream from the confluence with Rio Mora (6, RM 2.75). The third station,
was located immediately below Jacks Creek (8, RM 5.75). The uppermost temperature station was
placed near Beatty’s Cabin, just above Trail # 260 bridge (12, RM 15.0).

Table 11. Santa Fe National Forest and New Mexico Environment Department Water Quality Temperature Standards 2002.

Water Temperature Standards | Properly Functioning At Risk ﬁOt Pr_ope;rly
unctioning |

SFNF 7-Day Average Max. <64 °F 64 to 70 °F >70°F

NMED 3-Day Average Max. <68 °F 6810<73.4°F 2734°F

Data collected from the four (4) thermograph stations is compared to Forest and New Mexico
Environment Department (NMED) Water Quality Standards for temperature. Both standards
classify water temperature as properly functioning (PF), at risk, or not properly functioning
(NPF), but with different requirements (see Table 11).

When Forest standards are applied to the thermograph data, three out of the four stations are at risk.
The upper most station, near Beatty’s Cabin, is the only site that is not at risk for high temperatures.
Thermograph sites above Holy Ghost and below Jacks Creek had the highest number of days at risk.
None of the sites were classified as not properly functioning and all of the sites had more properly
functioning days than days at risk (see Figure 3).
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The at risk classification of multiple sites by both the Forest and NMED water quality standards
implies that water temperature should be a management consideration for the Upper Pecos River.
Temperature mitigating strategies should be applied to protect the integrity of the coldwater fishery.
Increasing native riparian vegetation and protecting bank stability in high use areas are two means of
decreasing water temperatures on the Pecos River.

Utilizing the rate at which water temperatures increase, areas can be identified that are in the most
need of temperature mitigation. The most rapid temperature increase is between the Mora River
(River Mile 2.75) and Holy Ghost (RM 0). This area receives high recreational use from campers
and anglers at NMGF recreation areas. Three recreation areas are located in this area: Bert Clancy
Campground, Rio Mora Campground, and Willow Creek Day Use Area. These recreational areas
receive very high visitation during summer months and are not managed or maintained. The river is
degraded near the recreational areas in a variety of ways that affect stream temperatures. Observed
stream degradation include trampled riparian vegetation, wood removed for campfires which are
placed as close as 10 feet from the river, decreased bank stability, and other effects of an unmanaged
recreation area. Another factor that could be influencing stream temperature between Mora
confluence and Holy Ghost Creek is the stretch of private land and on-going Terrero Mine clean up
efforts. The Superfund cleanup site leaves a large area of exposed fill material on a steep slope next
to the Pecos River and Willow Creek (a tributary to the Pecos). During rain events the exposed soil
runs around plastic barriers and into the Pecos River. The increased sediment load could be
contributing to a temperature increase by causing stream shallowing.

Maximum Stream Temperatures at the Pecos
River Themograph Stations on August 18th, 2002

m
o 63.89
3 71.06
® 64.63
©
o
I
)
F | 54.18
12 10 8 6 4 2 0

Stream Miles

Figure 5. Maximum temperatures at the four thermograph sites on the Pecos River on a particularly
warm day. The sites are listed from the highest (Beatty’s Cabin) to the lowest (Holy Ghost) and
demonstrate the change of temperature with distance.

Diurnal or daily high to low temperature fluctuations are analyzed from the thermograph stations.
On August 18", 2002, a particularly warm day, diurnal fluctuations ranged from 3.6 at the Beatty’s
Creek Site to 17.5°F at Holy Ghost.
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Riparian and Upland VVegetation

Riparian vegetation is located on both banks of streams.
Riparian areas serve many important functions including
water purification and storage, erosion reduction and more.
Riparian vegetation removes toxins from the water column
and improves water quality. Riparian vegetation also
stores water in the stream banks increasing available water
and stream flow duration. Streamside vegetation also
improves stream bank stability reducing erosion and its
associated fine sediment inputs (Brodie 1996). Riparian
vegetation is important in maintaining a healthy fish
population in the Pecos River.

Pecos River riparian vegetation includes a variety of native
and nonnative species. Native riparian vegetation includes
alder, willow and cottonwood species (see Photo 7). Non-
native or introduced riparian vegetation species include
: . tamarisk and Russian olive. In some upper riparian
CERA e qu stretches a variety of disturbances, including grazing

Photo 7. The riparian vegetation of Reach 13 in pressures and an altered fir<_a re_gime, have allqwed_ an
the Pecos River (10,000 ft). In some areas ofthe | INcrease in coniferous species in what were historically

upper reaches, riparian vegetation covers the : H H :
stream completely (28 Aug 2002). riparian woodland sites (Sarabia 2002).

The upland vegetation species can be divided into three vegetation types: mixed conifer, ponderosa
pine and spruce-fir. The mixed conifer zone ranges from approximately 8,000 to 9,500 feet and
primarily contains white fir, Douglas-fir, corkbark fir, limber pine, scattered ponderosa pine and
patches of aspen. Ponderosa pine forests range from the beginning of the survey (7,500 ft) to 8,000
feet. The spruce-fir forests range from 8,000 to 12,000 feet and consist of Engelmann spruce,
subalpine fir or corkbark fir with patches of aspen or blue spruce (Sarabia 2002).

Several plant species in the Pecos River Watershed are listed on either the federal Threatened or
Endangered Species List or the Regional Sensitive Species List. The only endangered plant species



Beaver Activity

Beaver activity in the Pecos River is located in Reaches 3, 6 and 10. A survey conducted in 1963 by
NMGF observed signs of beaver activity in Reach 15; although were not observed in the 2002
survey. Beaver activity in Reach 3 is limited to downed trees and lacks any sign of habitation (i.e. a
dam). The dam in Reach 6 is near the bottom of a side channel and only partially spans the Pecos
River. Maximum depth is increased near the Reach 6 dam. Reach 10 has wide valley morphology
and is located between bedrock canyon reaches. The beaver dam spans the entire channel of the
Pecos River and the modification is astonishing. One distinct alteration is the river’s increased
wetted width. One beaver dam complex widens the river from 9 feet in the previous riffle to an
estimated 55 feet (see Photo 8). Other disturbances on the stream system include riparian vegetation
alteration (see Photo 9) and increased habitat complexity caused by the formation of new side
channels. The side channels, which flow around the dam complexes, have created a wet meadow
system with grasses approximately 5 feet tall, not found anywhere else near the river.

.t

Photo 8. h 10, NSO 308, P93. M ght with a beaver dam (16 Aug 2002).

While the beaver’s role in a watershed has been misunderstood by the public, land managers and
biologists, studies over the last few decades conclude that beaver are a critical component to
increasing stream integrity as well as biotic productivity within the stream and floodplain. Beaver
dams were methodically removed from streams on public land until recently (FS Files).

Beavers have many influences on stream systems, surrounding riparian vegetation, and fisheries
populations. Beaver caused stream impacts are considered to be generally beneficial to trout habitat
and an asset to stream systems.

Beaver activity and its associated ponds have many affects on stream water quality, most of which
are considered beneficial to trout habitat. The decreased stream velocity that occurs in pool habitat,
such as beaver dams, decreases the water’s ability to carry sediment suspended in the water column.
Suspended sediment tends to settle into a pond’s substrate, creating a sink for stream sediment and
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reducing turbidity. Sediment transport has been reduced by as much as 90% in studied streams
(Olson 1994).

Nitrogen and phosphorus containing sediments also settle, making beaver ponds a nutrient sink for a
stream system. The storage of nutrient laden soil in sediment reduces eutrophication in nutrient rich
systems. In low nutrient systems, such as headwater streams, the nutrient storage in pond sediment
creates a time-release system increasing productivity. After the beaver leaves an area and the pond
drains, the nutrient rich soil is utilized by riparian vegetation to produce dense riparian areas.

Photo 9. Reach 10, NSO 315, S26. Beavers’ influence on riparian vegetation (16 Aug 2002).

Decreased water velocity caused by beaver ponds alters the carbon cycle of streams. Reduced water
velocity combined with increased water temperatures allows macroinvertebrates and bacteria to
break down organic matter (leaves and wood) at a faster rate, creating dense macroinvertebrate
populations. The breakdown converts organic matter to sediment and in some cases methane gas.
The increased bacterial action reduces dissolved oxygen levels within the ponds and immediately
downstream. The decreased velocity combined with increased width and overall surface area of the
beaver ponds increases stream temperatures. The reduced concentration of dissolved oxygen and
increased temperatures usually does not reach levels of concern for trout in Rocky Mountain streams
(Gard 1961).

Beaver activity also has an affect on the riparian vegetation within proximity of the ponds, as well as
the water table. Beaver activity increases the surface area of ponds by several hundred times, which
is highly influential on the surrounding riparian vegetation. The increased surface area allows for
storage of water in the banks and floodplain. The storage of water in the soil and floodplain
increases the water table and stores water for times of low flow. During late summer low flow
conditions water stored in the banks provides cool water to moderate flow and extreme temperatures
(Parker et al. 1985).
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While storing water, beaver dams also reduce extreme flows and related disturbance. The dams
moderate flow during flood periods. This moderation reduces bank erosion related to flood events,
improving bank stability in downstream areas (Olson 1994).

Beavers consume large quantities of riparian vegetation or woody supplies in their diet, as well as
for the construction and maintenance of their habitat. Consumption rates for beaver populations are
higher than the regeneration rates of riparian vegetation. Beaver tend to occupy an area until the
surrounding supplies are consumed and then move on to a new section of river within or outside of
the watershed. Once a beaver leaves, high nutrient content in the area allows for fast regeneration of
consumed riparian vegetation. Over time, the area will regenerate and be ready for a beaver to
return in future years (DeByle 1985).

Beavers generally improve trout habitat. Cutthroat trout in Rocky Mountain streams tend to be most
abundant in streams with beaver ponds. Beavers do several things for fisheries habitat: Provide a
food source, moderate stream temperatures, as well as increase habitat volume and over wintering
habitat. Trout biomass and individual size increases with the presence of beaver dams. One possible
explanation is high density of macroinvertebrates involved in the decomposition of organic matter
and consumption of bacteria. Macroinvertebrates are a key food source for many trout, including
RGCT. Increased pool volume, a vital habitat feature for trout, could also contribute to the
correlation of healthy fish populations and beaver ponds. Over wintering habitat is also provided by
the deep pools created by some ponds. The deeper pools become a refuge for fish when riffle habitat
is frozen and can determine the carrying capacity of a stream. Flow and water temperature
moderating affects that are caused by increased water tables provide cool water to the stream during
low flow conditions. This could further increase the fish population carrying capacity of the stream
(Olson 1994).

Fisheries

As with most of the rivers in New Mexico, extensive stocking practices with non-native trout species
has led to a drastic change in species assemblages. Historically Rio Grande cutthroat trout
(Oncorhynchus clarki virginalis) was the only trout species found in the Pecos Watershed.

Currently, a small population of Rio Grande cutthroat trout (RGCT) exists in Reach 15. It is likely
that an occasional RGCT is found below Pecos Falls. From Pecos Falls to Holy Ghost non-native
German brown trout (Salmo trutta) and rainbow trout (Oncorhynchus mykiss) occupy the river (see
Table 12). Native white suckers (Catostomus commersoni) were found during the survey from Holy
Ghost upstream to below Cowles.

Table 12. Fish distribution determined by USFS snorkel surveys (2002) in Reaches 2 and 6 and NMGF
surveys 1997.

Fish Species Native/Non-Native Distribution by Reach
Rio Grande cutthroat trout Native 15

German brown trout Non-Native 1 through 14

Rainbow trout Non-Native 1 through 14

White sucker Native 1 through 6*

*Estimated distribution.
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RGCT have been eliminated from the Pecos River by exotic trout. EXxotic trout species have been
stocked in the watershed since as early as 1896, with Forest Service records dating back to 1959.
Between 1959 and 1964 the Mora and Pecos Rivers were stocked with rainbow and brown trout (FS
Fisheries Files; see Table 13).

Table 13. Historic fish stocking rates for the Pecos and Mora Rivers (FS
Fisheries Files).

Fiscal Year Brown Rainbow Rainbow
July 1-June 30 Fry Less than 6” | Greater than 6