Appendix A: Hydrology and
Geomorphology

Identifying Environmental Flow Requirements for the
Pecos River:
Background Literature Review and Summary
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1 Changes in Physical Process & Flows Resulting from Dams & Operations

Hydrology is a driver for geomorphic and biologic trends in arid river reaches: 1) arid rivers are
most often sand bed dominated and 2) sand bed systems are quite dynamic. Large-scale factors,
such as climatic wet and dry seasons, affect snowpack and precipitation patterns throughout
watersheds. When engineered structures such as dams, levees, and bank stabilization methods
are introduced, the underlying hydrology (mean discharge of water and sediment) is influenced.
Cumulatively, over time, this generally results in a homogenization of the river (Poff et al. 2007)
and a progressive decline in the diversity of structure and functions of both the aquatic and
riparian ecosystems. This is owed to the decrease in ranges of water and sediment discharges,
which are shown to drive diversity of river morphological features that are found there.
Historically, the Pecos fits the arid river definition. It is largely a sand bed system that
historically was braided and had the characteristic transverse bars.

The total drainage area at the Pecos’ confluence with the Rio Grande is approximately 33,000
square miles (Carra 2007). The majority of the Pecos’ tributaries flow in from the west - Gallinas
River, the Rio Hondo, the Rio Felix, the Rio Penasco, the Delaware River, Independence Creek,
Toyah Creek, and Comanche Creek. Entering the Pecos from the east are the tributaries
Alamogordo, Taiban, Live Oak, and Howard (Hayter n.d.).

Surface hydrology represents the timing, magnitude and duration of flows through a watershed
system. When traveling downstream in a watershed system, there are more and more tributary
inputs and in-stream infrastructure. This culminates into spatial observations of the watershed
system. Also, to be considered are temporal observations, resulting from climatic trendsand
development in the watershed.

1.1 RiverReaches

For the purposes of this document, the Pecos River was divided into three river reaches (Table 1;
Figure 1). Reach A includes the headwaters to Santa Rosa Dam. Reach B is everything
downstream of Santa Rosa Dam to Sumner Dam. Reach C, the longest reach, includes
everything downstream of Sumner Dam to Brantley Dam. In some sections of this report, Reach
C is further divided into three sub-reaches (C-1, C-2, C-3). These sub-reaches relate to how the
U.S. Fish and Wildlife Service (USFWS) has traditionally divided up the river based on habitat
quality (Horner 2020).

Table 1: River reach information for the Pecos SRP.
Location Length Elevation Drop | Overall Slope

232 km 1,200 m 0

Reach A Headwaters — Santa Rosa Dam 144 mi 3,037 ft 0.5%
87.7 km 122 m 0

Reach B Santa Rosa Dam to — Sumner Dam 54 5 mi 400 ft 0.1%
354 km 305m 0

Reach C Sumner Dam — Brantley Dam 990 Mi 1,000 ft 0.08%
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Figure 1: The reaches and sub-reaches for the Pecos SRP Literature Review.



As discussed above, the construction of dams has a significant impact on a river’s natural
hydrology and the watershed landscape. The dam acts as a physical barrier that stores inflows
and manages outflowing discharges for specific purposes. The dam construction also affects the
transport of sediment in the reach, again by acting as a physical barrier that stores sediment, but
also by effecting riverine hydraulics that transport or stores sediment. Since 1880, the Pecos
River has become increasingly fragmented due to sediment capture and flood control by dams,
and base inflows being affected by groundwater withdrawal (Mussetter Engineering, Inc. 2001).
The surface hydrology for the system is evaluated by two foci relevant to an environmental flows
workshop: pre-dam versus post-dam hydrology changes and daily averaged seasonal
representation.

The paired influence of sediment and hydrology may change a river’s geometry and affect
ecosystems that are sensitive to hydraulic shear forces, sediment transport regimes, or other
geomorphologic patterns that affect water conveyance on land. This hydrologic analysis uses
percent exceedance and annual peak discharge to analyze pre- and post-dam eras. Percent
Exceedance describes the magnitude and duration of flows through a basin. The high-flow, less
frequent events, can be used to characterize the flood regime of the basin. Certain ecological
processes, such as vegetation development, are dependent on flood frequencies. Flood events
may mobilize larger sediment and bed loads, affect the stability of vegetation, and influence the
topography of the terrain that directs flows of less magnitude. The low-flow, more frequent
events, demonstrate the base- and low- flows for a reach, demonstrating the frequency of dry
periods.

While the Percent Exceedance can be used to demonstrate durations and magnitudes of discharge
over several years or decades, the annual peak discharge is helpful in demonstrating trends over
an annual basis. U.S. Geological Survey (USGS) gages were used as primary data sources to
evaluate the system, the gages utilized are listed in Table 2 and shown in Figure 1.

Table 2: USGS gages used for the Pecos SRP hydrology analysis.

Pecos River Gages USGS Number Period of Record Analysis Reach
Near Pecos,NM 08378500 10/1/1919 A
Near Anton Chico,NM 08379500 10/1/1910 A
Above SantaRosa Lake 08382650 2/28/1976 A
Below SantaRosa Dam 08382830 1/17/1980 B
Santa Rosa, NM 08383000 10/1/1912 B
Near Puertode Luna, NM 08383500 5/1/1938 B
Below Sumner Dam, NM 08384500 10/1/1912 C
Below Taiban Creek 08385522 8/12/1992 C
Near Acme, NM 08386000 7/1/1937 C
Near Artesia, NM 08396500 10/1/1905 C
Kaiser Channel Near Lakewood, NM 08399500 5/16/1950 C

Lastly, the seasonal hydrology is evaluated based on hydrologic seasons that impact the ecology
surrounding the Pecos Basin (Table 3). These hydrologic seasons coincide with changes in
temperature and historic precipitation patterns that affected which species inhabit the areas
surrounding and within the Pecos River.



Table 3: Seasons used to evaluate seasonal hydrology for the Pecos SRP Literature Review.

Season Starting Date
Snowmelt runoff January 27 — May 27
Summer low flow May 28 — July 25

Monsoon July 26 — September 4
Fall-winter base flow September 5 — January 26

The hydrologic data from USGS gages were synthesized into daily averaged data into three
“eras”. The eras are punctuated by dam construction:

e Pre-Sumner Dam (period of record to October 1937);
e Pre-Santa Rosa (October 1937 to 1979); and
e Modern (October 1979 to present).

October marks the beginning of the water year and does not necessarily coincide with the dam
closure dates.

Following the surface hydrology analysis for each reach, there is a discussion on the changes in
channel geometry and sediment transport in order to identify sub-reach trends that are occurring
in each study reach. The channel geometry and sediment transport discussion uses historical
aerial photography from 1997,2011, 2016, and 2018 was used to measure and compare active
channel width, active channel area, sinuosity, and assess channel plan view (e.g. channel
migration, etc.). The objective is to link these trends with changes in morphological drivers:
sediment and water supply; as a means to both characterize these reaches and to prepare for
analyses of geomorphic trends that may be affected by environmental flows recommendations
and analysis.

2 Reach A

Reach A extends from the headwaters to the Santa Rosa Reservoir Dam and is approximately
232 kilometers (144 miles) long. With an elevation drop of over 1,200 meters (3,937 ft), the
overall slope of the reach is 0.5%.

The 2021 USBOR Basin Study summarizes Reach A —

“From its headwaters in the Sangre de Cristo Mountains, the Pecos River flows
generally southeast, dropping in elevation from 11,700 ft at its source to about 4,800 ft
upstream of Santa Rosa Reservoir (USFS 2002). The Pecos River above Santa Rosa
Reservoir is perennial except for short reaches of intermittent flow between Anton Chico
and Colonias. In these reaches, the river loses the entirety of its flow unless flows are
very high (e.g., during snowmelt runoff season and after major storms). Much of this
water ultimately rejoins the river further downstream. Average annual snowmelt runoff
over the past 30 years has been approximately 50,000 to 60,000 acre-feet. Major



tributaries to this reach include the Rio Mora, Willow Creek, Glorieta Creek, Cow Creek,
Tecolote Creek, and the Rio Gallinas.”

Reach A has three USGS gages that were used for its peak annual discharge evaluation. The
Pecos, NM gage is the most upstream gage in the system (Figure 2). Though in some years the
downstream gage at Anton Chico, NM experiences similar magnitudes of peak discharge, Anton
Chico gage regularly exceeds the daily averaged datafrom the gage at Pecos, NM peak by
approximately 3,000 cfs (Figure 3). The gage above Santa Rosa Lake generally follows the order
of magnitude of the Anton Chico, however there are several years in the 2010s that greatly
exceed the Anton Chico peaks, by as muchas 9,000 cfs (Figure 4). The magnitude of the peak
event has generally decreased over the period of record. The frequency of daily average
discharge events exceeding 2000 cfs occurred approximately every 4 years, but from 1997 to
2019, 2000 cfs hasonly been exceeded twice.
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Figure 2: Annual peak discharges for USGS gage Pecos River near Pecos, NM.
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Figure 3: Annual maximumdaily averaged discharges for USGS gage Pecos River Near Anton Chico, NM.
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Figure 4: Annual peak discharges for USGS gage Pecos River above SantaRosa Lake.

USGS also presents the maximum instantaneous discharge for each of its gaged sites. Often,
these present a longer period of record than the daily-averaged data. Differences between the
maximum daily averaged and the peak instantaneous data occur because flood frequency events
can be “flashy” and rapidly attenuated over a few hours. The daily average usually shows an
attenuated record of the peak discharge. The Pecos River near Anton Chico (USGS 08379500)
has a demonstrable decrease in magnitude of peak events over time (Figure 5), with the last
event exceeding 30,000 cfs occurring in the 1930s, and the last event exceeding 20,000 cfs
occurring in the 1990s.
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Figure 5. Peak annual stream flowfor Pecos River near Anton Chico, NM.

Reach A has not been affected by upstream dam regulation, and therefore has only slight
variance of daily averaged discharges over the course of the three eras (Figure 6). The maximum
variance occurs in the beginning of the Fall-Winter base flow season, by approximately 100 cfs.
This may be due to a late monsoon season occurring in the Pre-Sumner, from 1919 (the
beginning of period of record for this gage) to 1937. The Pre-Sumner era is shorter than the other
two, making it more prone to variance.
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Figure 6: Daily averaged data representing Reach A, from Pecos River at Anton Chico, NM (USGS 08379500)

In terms of sediment movement, Reach A is confined by narrow canyon walls with a narrower
valley bottom than either Reach B or C. There are five locations where substantial channel
migration has occurred ranging from 90 to almost 700 ft. Two of the five locations were
influenced by tributary inputs. No meander bend cutoffs were noted, only lateral migration. From
1997-2018, Reach A active channel area decreased by 25% and channel width decreased 29%.
Sinuosity was nearly identical. Cross-section analysis (total of 2) noted a decrease in channel
capacity at both cross-sections and a slight decrease in shear stress (force of moving water

against the bed) at one of the two.
3 ReachB

Reach B is below Santa Rosa dam and just upstream of Sumner dam, it is affected by Santa Rosa
Dam. Reach B was evaluated using the USGS gage of the Pecos River at Santa Rosa, NM
(08383000) and Below Santa Rosa Dam (08382830) for the pre- and post-dam conditions,
respectively. Itis a relatively short reach of only 87.7 kilometers (54.5 miles) with an elevation
drop of roughly 122 meters (400 ft) and an overall slope of 0.1%.

The USBOR summarizes water resources in this reach in the 2021 Pecos Basin Study —

” From Santa Rosa Dam, the Pecos River flows about 60 miles southwardsto Sumner
Reservoir, atan elevation of just under 4,300 ft, near the Village of Fort Sumner. The
springs near the town of Santa Rosa provide about 36,000 to 60,000 acre -feet of water
annually to the river. Major tributaries to this stretch include numerous short, spring-fed
creeks in the Santa Rosa area, Agua Negra, and Alamogordo Creek. The springsaround
Santa Rosa Reservoir provide a fairly consistent flow in this reach of the river.”



The following percent exceedance curves showthe pre-dam conditions sustaining lower flows
for a greater percentage of the time (Figure 7). Prior to the construction of Santa Rosa Dam, 75%
of daily averaged flows throughout the years were less than 100 cfs. In the post-Santa Rosaera
(since 1980) a daily averaged discharge of less than 100 cfsoccurs 85% of the time.
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Figure 7: Reach B daily average percent exceedance prior to and following installation of SantaRosa Dam.

More dramatically affected for Reach B are the high flow events. Prior to the construction of
Santa Rosa, there were occurrences of daily averaged discharges exceeding 10,000 cfs. Though
these events were infrequent over the recorded time period, with the period of record beginning
in 1912, such events would be influential of vegetative and sediment distribution in the reach.
Post-Santa Rosa conditions of a similar frequency, albeit over half an accumulated time period,
40 years, has a maximum event of 2,000 cfs. The 1% event after dam construction was found to
be 1200 cfs. Prior to the construction of Santa Rosa Dam, the 2,000 cfs discharge would be
exceeded 1% of the time. This indicates that the 1% peak event has been attenuated by a
magnitude of 40% in Reach B.

For Reach B, the discharge related to the Santa Rosa Dam location is reflected by two USGS
gages: Pecos River at Santa Rosa, NM (08383000) and Below Santa Rosa Dam (08382830;
Figure 8). These are effectively near the same location, however using the Santa Rosa, NM
allows for the period of record to extend back to 1928. The USGS gage at Puerto de Luna, NM
is downstream of the Santa Rosa gage. Prior to the construction of Santa Rosa Dam, the
magnitude of the peak events for Puerto de Luna, NM gage and the Santa Rosa gage were very
similar. The maximum daily averaged discharge exceeded 10,000 cfs on three occasions
throughout the period of record. Following the construction of Santa Rosa Dam, Puerta de Luna
annual peak discharges continued to have greater magnitude than those upstream. Maximum
averaged daily discharges generally continued a low-magnitude trend, with the maximum
discharges from Santa Rosa not exceeding 2,000 cfs (Figure 9). Prior to the construction of the
dam, 2,000 cfs would be the maximum daily averaged annual discharge about 20% of the time.
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Figure 8: Annual peak discharges for USGS gages inReach B.
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Figure 9: Annual maximumdaily average discharges for USGS gage Pecos River near Puerto de Luna, NMin
Reach B.

Accordingto instantaneous peak data from USGS, the magnitude of peak discharges has
decreased over the period of record (Figure 10). Prior to closure of Santa Rosa Dam,
instantaneous peak events would exceed 10,000 cfs nearly 40% of the period of record with
some events including 6 events ranging from 20,000 to 50,000 cfs. After closure the 10,000 cfs
magnitude instantaneous events occurred 10% of the years.
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Figure 10. Peak annual streamflow for Pecos River near Anton Chico, NM.

Following the closure of Santa Rosa Dam, there is much more variation in the Fall-Winter
baseflows, with discharges dropping from an average of 20-30 cfs, to 1 to 10 cfs. Generally, the
Snowmelt season starts of f with much higher discharges at the beginning of the season, with the
average being 100 cfs in the Modern era, relative to a 20-30 cfs continuation of the baseflow.
The summer and Monsoon seasons are constant at approximately 100-200 cfs, whereas prior to
Santa Rosa Dam’s closure, there would be peaks that increased the average to 400 cfsor more.
(Figure 11)
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Figure 11: Daily averaged data representing Reach B, from Pecos River near SantaRosa, NM (USGS 08383000)
and Below Santa Rosa Dam (USGS 08382830)



Tetra Tech (2020) evaluated geomorphic characteristics of the Pecos River from Santa Rosa
Dam to Lake Arthur, near the Eddy and Chavez County line south of Roswell New Mexico. Of
these evaluations, Santa Rosa Dam to Puerto de Luna USGS gage falls within Reach B. This site
is characterized as a straight, channelized channel that is confined to a narrow alluvial and
terraced valley (Tetra Tech 2020).

Tetra Tech 2019 evaluated bed material and cross-sectional data. Just outside of Roswell, Reach
B is within a wider valley bottom with less bank line vegetation and generally larger meander
bends. There were no obvious indications of direct tributary influence. Reach B shows two
locations where a meander migration occurred and one location where a man-made reconnection
of arelic channel was constructed in 2009 and a meander cutoff occurred between 2011 and
2016. The meander migrations ranged from approximately 200 to over 530 ft. From 1997-2018,
the active channel area of Reach B also decreased by 34% and channel width by 38%. Sinuosity
was effectively unchanged here as well. There were three cross-sections evaluated in Reach B;
two showed no change in channel capacity and one with a slight decrease. Shear stress was
unchanged in all three. Bed gradations in Reach B also appear unchanged as sediment supplies
are tributary derived.

USGS field-samples were analyzed to identify the magnitude of change in suspended sediment
concentrations following the installation of dams throughout the study area. Figure 12
demonstrates changes from pre Santa Rosa (prior to 1981) to after at Puerto de Luna, Reach B.
The pre-Santa Rosa Dam samples consisted of 59 discharge and sediment concentration
measurement events, ranging from 1975 to 1980. Post-Santa Rosa Dam samples ranged from
1981 to 2011, and there were 112 monitoring events. Generally, the suspended sediment
concentration has decreased per unit discharge. This is demonstrated in the Figure 12 by a
steeper incline of the sediment/water relationship in the post-dam data than the pre-dam data,
indicating that the cumulative discharge is increasing at a faster rate than cumulative sediment.
For both the Pre- and Post-Santa Rosa curves, the largest increases in cumulative sediment
discharge occurred in the time frame of June to September.
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Figure 12. Double-mass curve USGS gage at Puertode Luna (08383500) comparing suspended sediment
concentration todischarge.

Sediment supply to the Pecos has declined in the post-dam period (Tetra Tech 2020).
Bathymetric surveys of Sumner Reservoir (USBOR 2014) estimated the annual sedimentation
rate between 1936 and 1989 (pre-Santa Rosa Dam) was approximately 1,170 acre-feet/year;
however, in the post-Santa Rosa dam period (1989-2013) the sedimentation rate has
progressively declined from approximately 76 acre-feet/year (1989-2001) to around 32 acre-
feet/year (2001-2013). These measurements are only a relative estimate of changes in upstream
sediment supply, as operations at the dam may affect sediment passing through the reservoir and
compaction may affect total sediment estimates. The decline in sediment supply downstream of
the dam has been documented in the 2016 Biological Opinion for the Carlsbad Project Water
Operations, where USFWS associated habitat degradation with scour and sediment-poor releases
from Sumner (USFWS, 2017). Sediment supply to the Pecos has shifted to storm-driven inputs
from tributaries (MEI 2003). Considering the sensitive balance between Pecos
hydrology/sediment transport capacity and tributary sediment supplies, it then becomes
important to understand the spatial distribution and relative contributions of these tributaries.

4 ReachC

Reach C is affected by both Santa Rosa Dam and Sumner Dam. Reach length is approximately
354 kilometers (220 miles) with an elevation drop of roughly 305 meters (1,000 ft) and an
overall slope of 0.08%.

The USBOR 2021 Pecos Basin Study describes Reach C as —



“The Pecos River flows generally southward for approximately 120 miles throughthe
broad plains of eastern New Mexico. In this reach, the river is typically fairly shallow
and meanders across a relatively wide channel at low flows, featuring numerous sand
bars and frequent sections of braided channels (Figure 3). At moderate flows, the river
extends across the channel. In this reach, the Pecos River only overtops its banks and
spills onto the surrounding floodplain in extreme floods. These characteristics continue
to the downstream end of the reach near the USGS Acme Gage 08386000 north of the
city of Roswell (Acme Gage) at U.S. Highway 70 just north of the city of Roswell. Major
tributaries to this stretch of the river include Taiban Creek, Yeso Creek, and Salt Creek.
This stretch of the river is perennial but prone to occasional drying during drought
conditions.

Below the Acme Gage, the Pecos River flows through the Bitter Lake National Wildlife
Refuge between U. S. Highway 70 and U.S. Highway 380. Within the refuge, the river
retains a moderately active channel. From the refuge downstream to USGS Artesia Gage
08396500 near the city of Artesia (Artesia Gage), the river channel narrows and
deepens, becoming more incised and confined to a single channel, but with a broad
floodplain. A sometimes-significant source of water in this area is base inflow from the
adjacentaquifer that hasbeen as high as 120,000 acre-feet and as low as 15,000 acre-
feet per year over the period of record (1905-1998). The Rio Hondo and Rio Felix are the
largest tributaries to this reach.

Downstream of the Artesia Gage, the Pecos River flows about 25 miles through a broad
floodplain to Brantley Reservoir. Rio Pefiasco is the only significant tributary in this
reach, though itand numerous small arroyos in the reach only flow after heavy rains.
Several miles upstream of the Brantley Reservoir, the river enters the Kaiser Channel, a
man-made canal that traverses the lakebed of the former McMillan Reservoir. ”

Prior to the construction of Sumner Dam, the 2-year return flood at Artesia NM was 10,200 cfs;
following the closure of Sumner Dam (1938-1996), the 2-year return flood is 2,900 cfs (Tetra
Tech 2000). This evaluation was based on a log-Pearson Type Il analysis, Bulletin 17B. The
water management of Sumner Dam has also reduced the number of days per year where flows
are less than 50 cfs. The 100-year peak flow event was reduced from 43,100 cfs prior to Sumner
Dam, 22,800 cfs prior to construction of Santa Rosa Dam, and now to 1,620 cfs under current
conditions (Mussetter Engineering, Inc. 2001).

Percent Exceedance figures for Reach C were recorded by Mussetter, 2002 (Figure 13). For
Reach C, the duration of flows below 100 cfs were attenuated by the construction of Sumner
Dam in 1937. Prior to Sumner Dam, 50% of the time, discharges in the Pecos would fall below
100 cfs, and about 60% of the time post Sumner dam. This indicates that water operationsin the
Pecos Reach have curtailed the duration of flows less than 100 cfs. Increased durations of these
flows may support vegetation encroachment and stabilization of islands and bars. This change
may also affect what vegetative species dominate the riparian zone.



The water operations following the installation of Sumner Dam did not appreciably affect the
high-flow events for Reach C. However, following the construction of Santa Rosa Dam
upstream, the magnitude of high-flow, low- frequency events were attenuated similar to what
was demonstrated in Figure 13. Though Santa Rosa Dam is not within this reach, the regulation
of water affects downstream hydrology.

100000 ¢ S N S S S S SN S
F Pre Sumner Dam (WY1913 - WY1937)

¥ Post $ r Dam (WY1938 - WY1979)
F ————— Post Santa Rosa Dam (WY1981 - WY1999)

10000 E

1000 k T

100 4 ﬁ

10 |

Discharge (cfs)
—

_ A

- 1

001 04 1 5 10 w50 70 ap ag 99.99
Percent of Time Equaled or Exceeded

Figure 13: Reach C percentexceedance following the installation of Sumner Damand SantaRosa Dam. Source:
Mussetter Engineering, Inc. 2001, Figure 2.1

For the modern era (Post-Santa Rosa), the longitudinal attenuation of water is represented in
(Figure 14). Itis shown that downstream USGS gages generally have the same percent chance
exceedance when discharges are averaged on a daily basis. Acme, NM shows higher discharges
than downstream and upstream gages, 30% of the time. For all four gages, the average daily
discharge is less than 100 cfs for 70% of the time.
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Reach C, from Sumner Dam to Brantley Dam, is a much longer reach than the preceding two.
Following the installation of Sumner Dam in 1937, annual discharge peaks continue to exceed
10,000 cfson five occasions at Acme, NM. The peak events from the outflow of Sumner Dam
were greatly attenuated, especially after 1946. Acme, Artesia and Kaiser gages showed relatively
consistent peak annual discharges to those at Artesia before Sumner Dam’s closure (Figures 15 -
17). Following the closure of Santa Rosa Dam in 1979, there has been one instantaneous peak
discharge event exceeding 10,000 cfsthroughout the reach — 12,300 cfs in Artesia in 1986. The
maximum instantaneous discharge from Acme NM is 8,140 cfs, in 1991. Annual daily averaged
maximums from Sumner, post- Santa Rosa, have been a steady 1,000to 1,600 cfs for the time
period (Figure 18). The decrease in all gages below Sumner may reflect a climatic trend of
drying throughout the watershed.
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Figure 15: Annual peak discharges for USGS gage for the Pecos River near Acme, NM in Reach C.
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Figure 16: Annual peak discharges for USGS gage for the Pecos River near Artesia, NM in Reach C.
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Figure 17: Annual peak discharges for USGS gage for the Pecos River near Kaiser, NM in Reach C.
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Figure 18: Annual maximumdaily averaged discharges for USGS gage Pecos River below Sumner Damin Reach
C.

Mussetter (2001) observed that Sumner Dam operations mostly affect low-flow periods, and the
Santa Rosa Dam has significant effects at high flows. The data presented here does not dispute
that assessment, though following the construction of Santa Rosa Dam, low flows during the fall
and winter season have been affected by extending the duration of low flow.

In observing the instantaneous peak discharge data from USGS, all gages have reduced
magnitude in peak discharge events (Figure 19). The gage below Sumner was strongly affected
by the closure of Sumner Dam. Acme and Artesia, NM have the highest instantaneous peak
events after 1980. Generally, these instantaneous peaks are less than 10,000 cfs.
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As one travels down the watershed, there is more likelihood for tributaries, inflows and seepage
to affect the data. For Reach B, the upstream inflows were impacted directly by Santa Rosa Dam.
For both the Pre-Sumner and Pre-Santa Rosa eras, there was greatest variation in the summer
flows, more pronounced in the Pre-Sumner era. Generally, the Fall-Winter base flows and spring
runoff had similar magnitude daily discharge averages.

For Reach C, the culminating downstream effects of tributaries, seepage and diversions may
contribute to more variance in between the seasons. Reach C is regulated at its upstream
boundary by Sumner Dam, as well as farther upstream by Santa Rosa Dam. Prior to Sumner’s
construction, average daily flows for the “Summer Low-Flow” season would be the highest,
exceeding 1,000 cfs for much of the duration and at times exceeding 10,000 cfs. Prior to
regulation at Sumner, the end of Monsoon season and the beginning of the Fall-Winter season
flows would consistently fall below 100 cfs, whereas in more recent eras, the average was
consistent at 200-300 cfs. Regulation following the construction of Sumner attenuates the winter
flows to approximately 20-30 cfs, where before discharges during the Winter season was close to
100 cfs. (Figure 20)
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Figure 20: Daily averaged data representing Reach C, from Pecos River below Sumner Dam (USGS 08384500)

Reach C has been further divided into three subreaches that reflect how the U.S. Fish and
Wildlife Service (Service) classifies habitat suitability for the threatened Pecos bluntnose shiner
(Notropis simus pecocensis; shiner) which is typical of Great Plains, pelagic spawning fishes.
Reach C subreaches defined by the Service are: Tailwater, Rangelands, and Farmlands. For the
SRP, these are referred to as subreaches C-1, C-2, and C-3, respectively.



e Sub-reach C-1 (Tailwater) extends from Sumner Dam to the Taiban Creek confluence
and is approximately 55 kilometers (34 miles) long.

e Sub-reach C-2 (Rangelands) begins at the Taiban Creek confluence and ends near the
southern boundary of Bitter Lake National Wildlife Refuge (BLNWR), just east of
Roswell, New Mexico.

e Sub-reach C-3 (Farmlands) begins near the southern boundary of BLNWR and ends at
the Brantley Reservoir delta.

Tashjian (1997) evaluated geomorphic characteristics at six sites within Reach C and concluded
that, while some minor changes in cross section data were noted, there was no net aggradational
or degradational trends at any of the sites during the study period (1992-1997). Tetra Tech
(2003) performed a series of sediment transport analyses that evaluated aggradation and
degradation potential through BLNWR for existing conditions and three alternative flow
scenarios that attempted to capture a range of disparate flow regimes. In addition, bedform
modeling showed that at discharge rates of less than 100 ft3/s (cfs), ripples appear to be the
dominant bedform. From 100-700 cfs, dunes were dominant and above 700 cfsupper flow
regime bedforms (e.g. antidunes and cyclic steps) were predicted. Importantly, Sub-reach 3
(through BLNWR) was likely to aggrade and the Sub-reach 5 was expected to remain generally
stable. Under all scenarios, a meandering planform was maintained. Finally, Mussetter
Engineering (2004) was a study conducted in support of shiner habitat evaluations by Kehmeier
et al. (2004). Four sites within shiner critical habitat were studied to relate the dynamics of meso-
and macro-scale features to habitat availability. Model results showed that habitat availability
depended on the presence of linguoid bars (a macroform) and that as flows increase the
percentage of preferred habitat (mesoscale bedforms) decreases. There was no specific reference
to what life stage was evaluated but it is assumed, considering the results, to be the motile stages
More recent hydrologic and geomorphology studies were also performed by Tetra Tech (Tetra
Tech 2019; Tetra Tech 2020). These collective efforts were initiated by the USFWS over
concerns of physical habitat decline in Reach C. Observations over approximately the last 5-
years suggested that some channel narrowing and degradation may be occurring and that the
inferior habitat conditions within of the Farmlands subreach may be expanding northward.

Table 4: Geomormphic characteristics of the Pecos River Reach C (adapted from tetratech 2001).
: Rosgen
Floodplain e
Sub- ‘ ‘ : Channel D50 Channel Classification,
Reach | Name | Sinusoity Top(‘F"t’)'dth Width(Ft) | (Mm) |  Slope Additional
Narrative
C5c -- single-thread
Below 1.6 Coarse channel; slightly
1 Taiban (moderateto 540 130 Sand 0.07% entrenched; _
high value) 0.61 moderate tohigh
width:depth;
Near Medium D5c¢-- multiple
3 Acme 15 970 200 Sand 0.08% channels; very high
0.28 width:depth;




F5-- single-thread
Fine channel;
SA Dl\éi?(;r (mo<11£rate) 200 %0 sand 0.03% e
0.2 moderate tohigh
width:depth;
F5 -- single-thread
\ear L Fine channel;
5B . : 104 65 Sand 0.12% entrenched;
Artesia | (moderate) 0.21 moderate tohigh
width:depth;

4.1 Sub-reach C-1

The Taiban site has a broad valley floor bordered by two six-foot high terraces. As the river
flows downstream beyond the gaging station, it meanders across the floodplain until it runs up
against a bluff on the right (west) side of the valley. The site lacks significant formations of rock
or bedrock and the riverbanks are composed of mildly cohesive sand, silt, clay mixtures
characteristic of eastern New Mexico soils. In certain locations, lenses of thick, erosion resistant
clay material were found in and along the riverbanks. Local tributary influences are Taiban
Creek and the Fort Sumner Irrigation District return canals. Vegetation is characterized by
upland areas having wild ryes and bunch grasses, mesquite, sage brush and an occasional
cottonwood. Riparian vegetation along the banks is composed of tamarisk, Russian olive, and
grasses. The width of the floodplain is approximately 3,000 ft between the terrace toes. The
width of the channel at the floodplain cross section is 400 ft wide and has several island features
located in the cross section. The survey crosses Taiban Creek twice in the tributary area,
composed of deltaic deposits.

Due to sediment sequestration by upstream dams and relatively clear water releases below
Sumner Dam, the riverbed in this reach is incised and armored consisting of gravel and cobble
substrate. Lane’s balance (QS ~ Qsds) suggests that as the bed material sediment supply is cut
off (Qs reduced by the sediment sequestration) the slope (S) either needs to decrease or the bed
material (ds) needs to increase. In terms of historical conditions, it is generally degraded aquatic
habitat that is not suitable for native, pelagic spawning fishes such as the Pecos bluntnose shiner.

4.2 Sub-reach C-2

Sub-reach C-3 represents the best overall aquatic habitat within Reach C, and within the Upper
Pecos as awhole. Itis a key stronghold for the shiner and is more indicative of the historical,
mobile sand-bed river system; there are numerous unregulated tributaries which provide
sediment during monsoon events. Although sediment in the Pecos River is limited by upstream
dams, tributary sediment loads in sub-reach 3 have reached a quasi-equilibrium with block
release hydrology and thus a dynamic but generally stable channel planform.

The Near Acme site is located in a broad and open valley where the Pecos River meanders from
the right (west) side of the valley across to the left (east) side of the valley. The gaging station is
located on the right side of the valley on a bluff with bank materials composed of mildly
cohesive sand, silt, clay mixtures characteristic of eastern New Mexico soils. The river turns



across the valley toward the east bluff, which is formed from a geologic fault. Bank materials of
the eastern bluff are composed of sand/silt/clay mixturesand large boulders. River flows have
continually cut into the toe of the bluff and recently dislodged a large boulder, approximately
five feetin diameter, which now rests at the toe of the slope. Vegetation includes seep willows
and grasses along the banks and thin stands of mature tamarisk. VVegetation transitions into
upland prairie and rye grasses and the occasional mesquite bush beyond the tamarisk stands. The
primary tributary to the reach is Salt Creek, which joins the Pecos River in the Bitter Lake
National Wildlife Refuge. Several other small ephemeral drainages are found throughout the
study reach; however, their influence is minimal.

4.3 Sub-reach C-3

Sub-reach C-3 is generally more channelized than Sub-reach C-2 with a smaller shiner
population. Historical channel planform activity is seen in aerial photography where the channel
planform was a large meander bend. The river is bordered by several farms and has been
channelized for infrastructure protection of the highway bridge throughout leaving a
homogenous U shape as the cross-section geometry and a straight planform. Bank soil structure
is composed of cohesive sand/silt/clay materials. The banks are heavily vegetated on both sides
of the river, with tamarisk and Russian thistle. Beyond the tamarisk and the outer banks, the
vegetation transitions into upland grasses, mesquite and more Russian thistle. Dense vegetation
on the riverbanks has greatly increased soil strengths and reduced local bank erosion through
establishment of dense root systems. Other vegetation noted includestule (various species of
bulrushes) thickets and an occasional Russian olive. Typically, tule standsare located on the
interior portion of the gentle meander curve and are found in sandy substrates overlaying the
more cohesive silts/fines and clay substrates. The primary tributary input to the Dexter reach is
the Rio Hondo, whose confluence with the Pecos River is approximately 35.4 kilometers (22
miles) upstream from the gage station. The flow regime is influenced by flows from the Rio
Hondo, releases from Sumner Dam, and thunderstorm activity. Other tributary influences include
spring drainages and small ephemeral streams. Geomorphic investigations include the
establishment of a cross section network having ten cross-sections. The Rosgen classification
system is likely a poor tool in describing Pecos geomorphology for this reach due to the
disturbed nature of the channel from channelization and the establishment of dense tamarisk
stands on the riverbanks.

The Dexter site, Sub-reach C-3a, is located in a broad and very flat valley, however, the sub-
reach is more channelized by levees and dense bank line vegetation that borders large areas of
farmland. One location noted some limited channel migration of up to approximately 240 ft and
two other locations showed oxbow cutoffs evident after 1997. No direct tributary effects were
noted and one of the oxbow cutoffs was likely influenced by the Wichita Bridge located just
downstream. The dense bank line and riparian vegetation in Reach C probably limits significant
channel migration. From 1997-2018, the active channel area decreased by 38% and channel
width decreased by 39%. Again, sinuosity was unchanged. Two cross-sections showed an
increase in channel capacity. Although the vertical datum for the historical datacould not be



established the calculated depthis still accurate and comparable with the 2018 surveys. Shear
stress and bed gradations are also effectively unchanged.

The Artesia site, Sub-reach C-3b, is located in a broad and flat valley. The left (east) side of the
valley is bordered by gently sloped bluffs and the right side of the valley has a mild slope, which
extends for 24 kilometers (15 miles) before encountering hill topography. Flow regime is
influenced by releases from Sumner Dam, irrigation operations and thunderstormactivity. Local
tributary influences include Walnut, Cottonwood, and Eagle Creeks from the west, as well as
several small drainages off the bluff on the east side. The local meander pattern has been altered
by river channelization downstream from the Hwy-82 Bridge. Depositional features (minor point
bars) are found in this reach. Bank materials are composed of sand/silt/clay cohesive soil
mixtures where the presence of riparian vegetation including grasses, tamarisk and an occasional
Russian olive that further stabilizes the banks. Tamarisk are found throughout the study reach but
the density is much less than that of the Dexter reach. Beyond the banks near the floodplain cross
section, the vegetation type changes to desert bunch grasses and mesquite. Downstream from the
bridge, vegetation beyond the main channel banks is dominated by tamarisk.

With respect to Sub-reach C-3, Mussetter Engineering (2001) contends that the channel was
likely always relatively narrow and deep due to the silt and clay content of the streambanks. This
is in contrast to Hoagstrom (2000) which posited that channel incision in Sub-reach 5 was due to
upstream impoundments and sediment sequestration by dams. Regardless of the cause, poorer
habitat conditions in this sub-reach currently dominate and, as no periodic monitoring of physical
habitat is performed on the Pecos, it became necessary to evaluate current geomorphic trends in
Sub-reach C-2— particularly in light of the recent drought sequences and lack of geomorphic data
or analyses collected or performed in the last 20 years.

The field data collection component of Tetra Tech (2019) focused on four representative sites;
three in Sub-reach 3(Bosque Draw, U.S. Highway 70, and Scout Camp) and one in Sub-reach C-
3 (Dexter). These sites were chosen as geomorphic changes have been observed in recent years
and they also span the transition zone between Sub-reach C-2 and Sub-reach C-3. Sampling
included cross section surveys and bed material collected from 5 — 8 November 2018. Discharge
ranged from 75-45 cfs as measured at the Acme gage (USGS 0838600 Pecos River Near Acme,
NM).

Two types of cross-sections were surveyed: 1) repeat surveys of past cross-sections and 2) new
cross-sections that will help establish a baseline at long-term shiner sampling sites where
geomorphic changes have been noted. All cross-section surveys, repeat and new baseline, can be
used to track potential future changes over time.

The USGS gage below Sumner Dam has field data collection of discharges and suspended
sediment concentrations from, 1972 to 1988. The cumulative discharge and sediment load was
calculated for two time periods: Pre-Santa Rosa (1972-1980) and modern era (1981 to 1988).
The Pre-Santa Rosa had 730 data collection events, while the modern era had 1069 data
collection events. Santa Rosa Dam is further upstream, Figure 21 demonstrates that suspended
sediment transport patterns have been affected by the closure of Santa Rosa. The Post-Santa



Rosa data shows more clustering of sediment concentrations in the 10-100 mg/L over the range
of sampled discharges following closure of Santa Rosa, indicating that the volume of suspended
sediment transported per unit discharge is becoming more homogenous over a range of
discharges. This is contrary to typical sediment transport relationships where bed material
sediment transport capacity increases with water discharge. The trends are demonstrated in the
double mass curve in Figure 21, with the modern era having a much steeper and linear increase
in cumulative sediment per discharge measurement, which indicates less suspended sediment
transported per discharge.
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Figure 21. USGS gage below Sumner Dam (08384500) comparing suspended sedimentconcentration to discharge.

The field samples at the USGS gage in Acme, NM only represent the Post-Santa Rosa era. There
were 73 data collection points from 1981 to 1998. For these field samples, the suspended
sediment concentration increases with discharge similar to the sediment transport relationship at
Puerto de Luna, prior to the closure of Santa Rosa Dam (Figure 22). This indicates that the
sediment sequestration from upstream dams is not as pronounced. However, observations of
changes in suspended sediment transport due to upstream dams is not possible for this period of

record.
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Figure 22. USGS gage at Acme, NM (08386000) comparing suspended sedimentconcentration to discharge.

Figure 23 shows the field-measured water quality samplesthat demonstrate the percentage of the
fine-grained-sizes of the suspended sediment. Samples were collected in Puerto de Luna from
1975 t0 2011; Below Sumner dam from 1979 to 1988; and in Acme from 1981 to 1998. Sumner
Dam consistently has high proportions of fine-grained sediment throughout the range of sample
discharges. This suggests that the dam is effective in sequestering the larger grains. Puerto de
Luna and Acme show a distribution of larger sediment grain sizes as a more substantial fraction
of the suspended sediment load over a range of discharges. This phenomenon may be occurring
because Puerto de Luna and Acme gages may be influenced by tributary loadings. For Acme, the
samples with a higher proportion of larger grain sizes were associated with discharges less than
35 cfs (1 m3/s) and were collected in February and May. Generally these samples were from
1981 to 1983, or immediately after closure of the Santa Rosa Dam. For Puerto de Luna, samples
collected around 70 cfs had a 10% - 20% fine grained percentage, were collected from 1976 to
1978 (pre-closure of Santa Rosa Dam) during the spring runoff and in the winter months. Larger
sediment fractions were also collected at the Puerto de Luna site in the late 1990s in the
snowmelt season at discharges approaching 1000 cfs (30 m3/s). Otherwise, finer sediment
dominates the suspended sediment load samples for all three sites. The dataset reflects post-
Sumner data collection and is skewed to after the closure of Santa Rosa Dam. The reduction of
frequency of coarser suspended sediment loads may indicate that the coarser sediment sources
have reduced following the closure of Santa Rosa Dam. Bed load data hasnot been collected by
the USGS at these field-monitoring stations.
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A larger contributor to the sediment supply are tributaries. Tetra Tech (2020) identified 50
tributaries in the study reach alone. These include named tributaries noted from the seamless 7.5-
minute USGS quad maps and smaller tributaries identified through inspection of aerial
photography. Unfortunately, the Rio Hondo is the only gaged tributary and numerous diversions
as well as two flood control dams (collectively Two Rivers Flood Control Project) affect both
water and sediment yield from the Rio Hondo drainage. Nor is it clear how much water and
sediment the ungagged/unregulated tributaries actually contribute to the mainstem Pecos.
Logically, the more tributaries in a given reach increases the probability of significant inputs.
Tetra Tech (2020) addressed this by examining the number of spates being greater than 100 cfs
in one day at five mainstem Pecos gages (whether during a block release or othe rwise). Also
identified were large events not occurring during a block release. The rationale here was that a
sharp increase in discharge (i.e., 100 cfs in a 24-hour period) signifies a storm event large
enough to produce a signal in the mainstem and is therefore significant in terms of both water
and sediment contributions. Since mean daily discharge data was used in this analysis, even
shorter duration spates (less than one day) are not represented well in this flow record aside from
the skew a given peak flow, which is sensitive to duration, may have on the mean value. Because
of this, the use of mean daily discharge can underestimate peak flow contributions, and thus
sediment delivery, as sediment transport is non-linear with discharge (Tetra Tech 2020). Overall,
however, this provides some valuable insight into the frequency, timing, and location of tributary
inputs.



Table 5 shows that the Dunlap gage (USGS 08385630 Pecos River Near Dunlap, NM) recorded
the most tributary events followed by the Acme gage. The months with the highest number of
tributary events was July, August, and September coinciding with the North American Monsoon.

Table 5: Total number of tributaryevents per gage, 2000-2019 (adapted from Tetra Tech 2020).
Gage Number of Events (2000-2019)

Below Sumner gage 0

Taiban gage 35

Dunlap gage 80

Acme gage 69

NB Near Dexter gage 49

Total 233

This relationship suggests that tributary flow is largely driven by monsoon events and years with
a strong monsoon season should provide the most sediment inputs. Given the spatial
heterogeneity of the mainstem signal, the flashy nature of most storm-driven hydrographs, and
the basin’s overall ability to attenuate fairly large events (Tetra Tech 2020), the variable storm
tracks should resultin more localized effects and not necessarily large-scale inputs. Exceptions
to this are far more infrequent. Table 6 shows some large storm events that produced a mainstem
signal at multiple gages which clearly delivered sizable quantities of sediment to multiple
reaches.

Table 6: Storms/high flowevents (above 2,000 cfs) witha signal at multiple Pecos River mainstem gages (adapted

from Tetra Tech 2020).

Date Gage Discharge (cfs)
10/5/2004 Taiban 2,300
10/6/2004 Acme 4,190
10/7/2004 Near Dexter 4,620
9/12/2013 Taiban 4,590
9/12/2013 Dunlap 3,760
9/12/2013 Acme 5,470
9/13/2013 Near Dexter 9,110
9/14/2013 Near Dexter 9,350
9/14/2013 Near Dexter 7,240
5/24/2014 Near Dexter 2,310
5/25/2014 Near Dexter 3,860
5/23/2015 Taiban 2,470
5/24/2015 Acme 2630

In addition, an examination of the rating curves (the relationship between stage and discharge
rate) at the five gages listed in Table 5 showed that there were no substantial changes to channel
geometry suggesting that storm-driven tributary sediment inputs are sufficient and in equilibrium
with Pecos block release hydrology. Mussetter Engineering (2004) observed that a significant
portion of the sediment yield within the Pecos River is wash load, or fine sediment. The wash




load likely deposits at low-flow conditions and “drapes” over existing bedforms (Mussetter

Engineering, 2004).

Although there are certain areas where meander migrations or oxbow cutoffs have occurred, they
are not common throughout the study reach. Reach C, being more channelized and thus having a
more isolated floodplain, is ostensibly less dynamic in terms of avulsive behavior and net
channel migration. Still, the generally uncommon result of reach-wide plan view changes
suggests a pattern of relative stability throughout the study area. Reach-wide, the active channel
area has decreased by 31% and the active channel has narrowed by 34% over the study period
(1997-2018). In some locations, narrowing was the result of bank-attached bars while in others
vegetation encroachment has channelized the reach. In addition, the average width continuously
decreased over time and progressed in the downstream direction. Tetra Tech (2003) indicates
that the block releases help maintain a wider channel than the alternative of lower magnitude
releases of a longer duration. Higher discharge events disrupt vegetation encroachment that leads
to bank aggradation and channel narrowing. Sinuosity was effectively unchanged and bed
gradations, although lacking enough data to establish a clear pattern, seems unchanged as well.
Channel capacity has decreased over the study period but remains capable of containing a typical

block release.

4.4 Seepage and Tributaries

Tetra Tech 2000 presents in-depth information about the tributaries and inflows to the Pecos
River. The information from this report is summarized here (Table 7):

Table 7. Tributaries for sub-reaches below Sumner Dam.

Location Types of inflows or losses Significant Places Length
Santa Rosa to Springs, dam releases Santa Rosa Dam, Rio Agua Negra, Arroyo San
Puerto de Luna tributaries Juan de Dios; Arro_yo Sa}lado, Arroyo 34 miles
Guadalupe; Windmill Draw.
Sumner to Mgéor sprlngs(,j ephemerﬁl Sand Springs, Dark Canyon; Conejos Creek 29 mil
Taiban Creek tributaries and one sma and Cedar Creek miles
perennial tributaries
Taiban Creek to | Insignificant ephermeral .
. -- 35 miles
Dunlap Gage inputs
Dunlap Gage to Loses water Bitter Lake Wildlife Refuge 50 miles
Acme Gage
Net losses are minimal.
Dexter to Lake | Groundwater base inflows, . . .
. . Rio Felix 29 miles
Arthur Gage agricultural drainage
ditches, tributary
Lake _Arthur 0 Losses. Small base inflows Roswell basin 18 miles
Artesia
Artesia to below . . Rio Penasco, Fourmile Draw, North Seven .
. Tributaries . . 12 miles
Kaiser Rivers, South Seven Rivers.

Tetra Tech’s study also generated figures of the magnitude of inflow volumes for certain
locations in Reach C. The base inflow volumes from Acme to Artesia showed gains due to




groundwater base inflows, agricultural drainage, and the Rio Felix (Figure 24). This is interesting
as the same report indicates that this reach generally loses water.
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Figure 24, Baseinflow volumes from Acme to Artesia. From Tetra Tech 2000.

From a sub-section of the reach shown in Figure 25, the Lake Arthur to Artesia reach indicates
that some years there are net gains from the reach or net losses. The magnitude of loss or gain are
of a similar magnitude, but by the time of the end of the period of record, the frequency of net
losses to occur were increasing.
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Figure 25. Baseinflow volumes from Lake Arther to Artesia. From Tetra Tech 2000.



The objective of the Tetra Tech 2000 report was to characterize inflows and outflows of Reach C
in order to provide guidance for water operations for water managers and irrigators (Figure 26).
Interestingly, the Tetra Tech report neglected return inflows from CID, perhaps because the
magnitudes were not well measured. The crux of the study was finding effective discharges for
water delivery, to minimize losses due to seepage.
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Figure 26. Results of theeffective water transportanalysisfrom TetraTech 2000.

Another way to visualize the loss data is in Figure 27 and accompanying table. The mechanism
of losses have to do with infiltration rates of the wetted channel perimeter. As discharge
increases, the proportion of water making contact with the wetted perimeter decreases.
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Appendix B: Water Operations

Identifying Environmental Flow Requirements for the
Pecos River:
Background Literature Review and Summary
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1 DAMS AND RESERVOIRS

Santa Rosa Reservoir, Sumner Reservoir, and Brantley Reservoir are all authorized for flood
control and irrigation water storage (Figure 1). All provide significantly more storage in their
flood control pools (the maximum volume of water that can be stored for flood control

purposes) than they do for irrigation. Any storage space above the conservation pool is
reserved for flood control.
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While USBOR owns Sumner and Brantley Dams, under normal conditions, CID performs
operations and maintenance of these dams and reservoirs. Under flood conditions, however,
USACE assumes operation of Sumnerand Brantley Dams. Table 1 gives further details of each

dam.

Table 1: Damsin the studyarea. All elevations are given in NAVD 88

SantaRosa Dam

Sumner Dam

Brantley Dam

Owner USACE USBOR USBOR
Authorized 1954 1935 1972
OpeningYear 1979 1939 1987
Flood control, Flood control, Flood control, irrigation
Purpose L S
irrigation storage irrigation storage storage

Central concrete gravity

Construction Material Rolled Earth & Rock Earth & Rockfill section with earth
sectionson eachside

Drainage Area Above Project (sq mi) 2,630 1,4831 13,2082

Crest Length / Crest Width (ft) 1,950/36 3,675/30 3See Below

Top of Embankment Elevation (ft) 4,826.11 4,302.88 3,308

Conservation Elevation (ft) 4,749.55 4,262.88 3,272.60

Flood Control Storage (acre-ft) 167,000 53,000 189,700

Entitled Storage for Irrigation (acre-ft) 99,763 32,871 40,000

Sediment Reserve (acre-ft) 82,000 64,000 116,000

Minimum Pool (acre-feet) 0 2,500 2,000

Rocky Arroyo and the Rio Hondo

! Drainage area between Santa Rosa Dam and Sumner Dam
2 Drainage area between Sumner Dam and Brantley Dam excluding the area upstream of the Two Rivers Projecton

3Total damlength is approximately 4 miles. The concrete sectionis 730 ftlong and 143.5 ft high with the roadway
elevation at 3,308.5 ft. The east wing damis 12,059 ft long with a crest width of 24 ftand the crest elevation is
3,308 ft. The west wing dam is 8,020 ft long with a crest width of 24 ft and the crest elevation at 3,308 ft.

Hydropower is not a federally authorized purpose of Santa Rosa Dam and Lake, Sumner Dam
and Lake, or Brantley Dam and Reservoir and there is currently no hydropower generation
installed at these projects. Under an agreement with the Federal Energy Regulatory
Commission, private entities are allowed to add hydropowerto USACE and USBOR projects if
those projectsdo not interfere with other project purposes or impact the safety of the dam.

1.1 Santa Rosa Dam and Lake

All Elevations Are in NAVD 88

Santa Rosa Dam is on the Pecos River in Guadalupe County, NM. The dam is approximately 9
river miles upstream of Santa Rosa, NM and approximately 757 river miles above the
confluence of the Pecos River and the Rio Grande at Lake Amistad, TX. The project location is
shown within the Pecos River Basin in Figure 1. Major tributaries originating in the headwaters




area that drain into Santa Rosa Lake include the Upper Pecos (including Cow Creek), Tecolote
Creek, the Gallinas River, and Canyon Blanco.

The authority for the construction of the Santa Rosa Dam and Lake Projectis contained in the
Flood Control Act of 1954, Section 203, Public Law 83-780, 83 Congress, Second Session. The
project was included as part of a comprehensive investigation of flood and water related
problems on the Pecos River. The comprehensive report was published as House Document No.
339, 84th Congress, Second Session. Public Law 96-379, October 6, 1980 (S-1895) 68 Stat. 1260
authorized the project name to be changed from Los Esteros Dam to Santa Rosa Dam and Lake.
Santa Rosa Dam and Lake is owned and operated by USACE.

USBOR owns all conservation storage in Santa Rosa Lake on behalf of CID. The project is
generally operated to target storing water to the top of the water conservation storage
entitlementthat is calculated on an annual basis for CID by USBOR. Inflow is typically captured
for storage during snowmelt runoff and storm events. During periods of high inflow, and when
the conservation storage entitlement is exceeded, the project is operated for flood risk
management. At the request of CID and the USBOR, block releases from Santa Rosa are used to
move irrigation water to downstream reservoirs for reregulation and irrigation deliveries. Flood
storage has never been exceeded at Santa Rosa Lake. On at least one occasion, the
conservation irrigation storage at Santa Rosa Lake was essentially depleted, and thereis no
minimum pool at the lake.

Incidental benefits of the project include recreational use, and fish and wildlife enhancement.

-Typical Operations

Santa Rosa Dam and Lake is operated to comply with approved operational guidelines and to
achieve Congressionally authorized purposes. The process used by USACE to achieve this
mission includes monitoring factors in antecedent, real-time, and forecasted weather
conditions. USACE makes real-time operational decisions at its dams based on existing
conditions, as well as upstream/downstream effects and works in close coordination with the
Natural Resources Conservation Service, the National Weather Service, and the National
Weather Service’s West Gulf River Forecast Center (WGRFC). While USACE considers current
and reasonably expected future conditions, decisions are normally made based on actual
eventsand “water on the ground”, not based on rainfall forecasts. Throughout the operational
decision-making process, USACE coordinates with partners and stakeholders and keeps affected
interests informed through weekly calls, individual updates, and press releases. There are many
competing interests in the basin and USACE must constantly balance the needs of these
stakeholders and the authorized purposes of Santa Rosa Dam and Lake.

Santa Rosa Dam and Lake is operated with the goal of capturing and storing enough water to fill
the annual conservation storage entitlement volume. Unless actively operating for flood risk
management, or actively releasing water at the request of CID and the USBOR, the project



typically operates with no releases occurring through the dam’s outlet works. All snowmelt,
storm inflow, and base inflow is retained to fill the annual conservation storage entitlement.
There is neither a minimum storage pool or minimum required release at Santa Rosa Dam
and Lake.

Releases from the irrigation conservation pool by CID are achieved in the form of block releases
that typically move from several thousand to tens of thousands of acre-feet of water to
downstream storage overthe period of several days to more than two weeks. The average
release rate is typically from 1,000 cfs to 1,400 cfs, although lower release rates are utilized to
avoid mobilizing sediment or drawing down the pool elevation too quickly due to potential
concerns related to excessive draw down rates. Block Releases are further discussed in Section
3.3.

I~ 00d Operations

Flood control along the Pecos River is the primary objective of Santa Rosa Dam and Lake. This is
accomplished by temporarily storing floodwaters coming into Santa Rosa Lake until they can be
released without creating damaging stages downstream of Santa Rosa Dam. Flood control
operation of Santa Rosa Dam and Lake is completed as described in the Water Control Plan of
the 2017 Santa Rosa Dam and Lake Water Control Manual, and the 1977 Pecos River Basin,
New Mexico — Texas, Master Water Control Manual.

During typical operations whenthere is no release being made from Santa Rosa Dam, flood
inflows upstream of Santa Rosa Lake are captured and stored so there is no contribution to any
flooding that may be occurring downstream of the project. If a block release from Santa Rosa
Dam is actively occurring and a significant rainfall eventis expectedto impact the PecosRiver
below the project, the outflow will often be reduced or terminated to prevent Santa Rosa Dam
releases from contributing to downstream flooding. Data exchanges and coordination take
place with the USBOR, NWS and WGRFC, and other downstream stakeholders. Lake level
forecasts are made throughout the flood event using quantitative precipitation forecasts,
guantitative rainfall estimates, and upstream USGS gage data. Pecos River Basin models are
currently being developed to use the Corps Water Management System (CWMS) for modelling
flood operations.

Water Management Section and Santa Rosa Project staff monitor lake levels and complete
operational forecasts based on anticipated rainfall and lake inflow. If the lake elevation is
forecasted to approach or exceed the top of the annual conservation entitlement storage, a
decision is made regarding the necessity to begin releasesin order to avoid exceedingthe
permitted annual storage volume. Because the actual maximum conservation storage would
not be exceeded at this point, and storage is still forecast to be well below the bottom of Santa
Rosa Project flood control space, the project would not be considered to be on the verge of
entering into formal flood control operations. Storing water above the annual conservation



entitlementstorage is essentially a water rights issue involving CID, USBOR, and the NMOSE.
Any releases made in this situation would be designed to move water out of Santa Rosa Lake as
safely as possible without creating any increased flood risk to the downstream population.

If the lake elevation is forecast to approach or exceed the top of maximum conservation
storage and potentially enter the Santa Rosa Project flood control space above elevation
4,778.61 ft,the project would be entering into formal flood control operations based on
storage encroachment within the flood control pool. In this scenario, Water Management
Section and Santa Rosa Project staff would follow the operations described by the Santa Rosa
Dam and Lake water control plan. In general, the water control plan calls for operating to
minimize storage within the flood space of Santa Rosa Lake and evacuating any flood storage as
rapidly as downstream conditions permit. Since Santa Rosa Lake was designed to be operated
along with Sumner Dam as an integral system for managing large floods on the Pecos River, the
water control plan also calls for managing flood storage within both reservoirs such that flood
storage in Santa Rosa Lake will be 3.6 times the flood storage within Sumner Lake, insofar as
possible.

When making flood control releases, Santa Rosa is operated to control flows in the Pecos River
to not exceed 13,000 cfs at the USGS Puerto de Luna gage and to not exceed 13,000 cfs as the
computed inflow into Lake Sumner. In coordination with Sumner Dam and Lake during basin
wide flooding, Sumner and Santa Rosa releases will be designed to control flowsto not exceed
8,500 cfs as measured at the USGS gages at both Acme and Artesia.

1.2 Sumner Dam and Lake

All Elevations Are in NAVD 88

Sumner Dam (previously known as Alamogordo Dam and Reservoir) is located on the Pecos
River in De Baca County, NM. The dam is approximately 21 miles upstream of the City of Fort
Sumner, and about 711 river miles upstream of the confluence of the Pecos River and the Rio
Grande. The project location is shown within the Pecos River Basin on Figure 1. Tributaries that
drain into the Pecos between Santa Rosa Dam and SumnerDam include the Rio Agua Negra,
Borica Draw, Salado Creek, Arroyo San Juan de Dios, Arroyo Potrillo, and Alamogordo Creek.

Sumner Dam and Lake Sumner was authorized by the Secretary of the Interior under a finding
of feasibility approved by the President of the United States of America on November6, 1935,
under the Federal USBOR laws. Sumner Dam is part of the USBOR’s Carlsbad Project. USBOR
retains ownership of the project, but the operation and maintenance of Sumner Dam has been
transferred by agreement to the CID.

Sumner Dam was initially constructed to provide CID additional storage to supplementthat of
McMillan (breached and replaced by Brantley Dam and Lake) and Avalon Dam and Lake. The
authorization for Santa Rosa Dam provided for an exchange of space between Lake Sumner and



Santa Rosa lake. The State Engineer's Findings and Order of September 22, 1972, transferred
176,500 acre-feet of CID storage, less the available space at Avalon, Brantley and Lake Sumner
to Santa Rosa Lake. This transfer of conservation storage from Sumner Lake to Santa Rosa Lake
replaced the conservation storage within Sumner Lake above elevation 4,262.88 that became
dedicated to flood control storage underthe authority of USACE. In addition to this initial
transfer of conservation storage, there is a progressive transfer of the remaining conservation
storage from Lake Sumner to Santa Rosa Lake as conservation storage space is lost to sediment
deposition with Lake Sumner.

Iy pical Operations

As described in the 1971 (and amended 1974) Memorandum of Understanding between the
Department of the Interior Bureau of Reclamation and Department of the Army Corps of
Engineers, and the 1985 Letter of Understanding between Department of the Interior Bureau of
Reclamation, Department of the Army Corps of Engineers, and Carlsbad Irrigation District,
USBOR is responsible for regulation of conservation storage (below elevation 4,262.88 ft or up
to 20,000 acre-feet of conservation storage, whichever provides the greater volume) and
operation of Sumner when storage is greater than 4,283.88 ft. USACE is responsible for the
regulation of Sumner when storage is within the dedicated flood control pool, which is from the
top of conservation storage as just defined up to elevation 4,283.88 ft. USBOR may also store
an additional 20,000 acre-feetof seasonal winter storage within the dedicated flood control
space at Sumnerfrom 1 Novemberthrough 30 April of each water year. This entire 20,000 acre-
feet of seasonal winter storage must be evacuated by 30 April. USBOR has also eliminated the
seasonal winter storage of the additional 20,000 acre-feetof water in order to preventthe
storage of water against the closed radial gates.

-Flood Operations

Sumner Dam and Lake Sumner is operated for irrigation storage and flood control within the
restrictions and conditions imposed by the Flood Control Act of 1954, the New Mexico State
Engineer's September 22, 1972, order and the Pecos River Master's Manual, dated November
30, 1987. Flood control operation at Sumner Dam is coordinated with Santa Rosa Dam to
balance flood storage and prevent or minimize flooding and damages downstream.

Operation of Sumner Dam is completed by the CID and monitored by the USBOR and USACE as
long as lake storage does not exceed the top of the conservation storage elevation 4,262.88 ft.
Once Sumner storage enters the dedicated flood control pool, regulation of Sumner is
completed under the direction of USACE as describedin the standing approved Water Control
Plan contained within the 1991 Sumner Dam and Lake Water Control Manual, and the 1977
Pecos River Basin, New Mexico — Texas, Master Water Control Manual. Control of the regulation
of Sumner Dam reverts to the USBOR when Sumner storage exceeds elevation 4,283.88 ft,
which is also the crest elevation of the lowest fuse plug in the emergency spillway.



During flood events, inflows originating upstream of Sumner Lake are captured and storedso
that thereis no contribution to any flooding that may be occurring from Sumner Dam
downstream to Brantley Dam. If a release from Sumner Dam is actively occurring and a
significant rainfall eventis expectedto impact the Pecos River below the project, the rate of
release may be reduced or terminated to prevent Sumner Dam releases from contributing to
downstream flooding. Data exchangesand coordination take place with the USBOR, National
Weather Service and West Gulf River Forecast Center, and other downstream stakeholders.
Lake level forecasts are made throughout the flood event using quantitative precipitation
forecasts, quantitative rainfall estimates, and upstream USGS gage data. Pecos River Basin
models are currently being developed to use the CWMS for modelling flood operations.

The goal of flood control operation at Sumner Dam is to minimize the capture of flood storage
and to evacuate any stored flood water as rapidly as downstream conditions permit within the
operating constraints at Santa Rosa Dam and Sumner Dam. Flood control releases from Santa
Rosa Dam must be passed or re-regulated at Sumner Dam. Flood control storage used in Santa
Rosa Lake and Sumner Lake will be proportionally balanced insofar as possible to assure that
both projects maintain the same relative flood control capacity. The Santa Rosa Lake flood
storage volume should be about 3.6 times the flood storage volume captured in Sumner Lake
when both projects are in flood operation, if conditions permit. Flood control releases will limit
the total Pecos River flow to 8,500 cfs at the Acme gage and Artesia gage below Sumner Dam to
the greatestextent possible.

1.3 Brantley Dam and Lake

All Elevations Are in NAVD 88

Brantley Dam is located on the Pecos River in Eddy County, New Mexico, approximately 479
river miles upstream from the confluence of the Pecos and Rio Grande. The project is about 13
miles upstream from the city of Carlsbad, New Mexico. The project location is shown within the
Pecos River Basin on Figure 1. Several major tributaries and numerous smaller tributaries drain
into the Pecos River between Sumner Dam and Brantley Dam. Much of the land within the
drainage area between Sumner Dam and Brantley Dam is located within hydrologically closed
basins that do not contribute direct runoffto the Pecos River.

The Brantley Project was authorized for construction on October 20, 1972 by Public Law 92-
514. The primary purposes of the Brantley Projectare to provide improved safety of dams,
flood control, and conservation storage for irrigation.

-Typical Operations

As described in the 1988 Letter of Understanding between Department of the Interior Bureau of
Reclamation, Department of the Army Corps of Engineers, and Carlsbad Irrigation District,



USBOR is responsible for regulation of recreation and irrigation storage (below elevation
3,272.60 ft) and the operation of Brantley when storage is within the surcharge space (greater
than elevation 3,284.60 ft). USACE is responsible for the regulation of Brantley when storage is
within the dedicated flood control space between elevations 3,272.60 ft and 3,284.60 ft.

The entitlement storage elevation at Brantley is calculated each year to adjust for estimated or
actual measured sediment content. For Calendar Year 2020, Brantley’s entitlement storage at
elevation 3,256.29 ft was 42,602 acre-feet, which creates a surface area of 3,184 acres when
the full entitlement storage is in the lake.

I =100d Operations

Brantley Dam and Reservoir is operated for irrigation storage, recreation, and flood control
within the restrictions and conditions imposed by the Flood Control Act of 1954, the New
Mexico State Engineer's September 22, 1972 order, and the Pecos River Master's Manual, dated
30 November1987. Due to the large intervening drainage area below the upstream reservoirs
and the relatively high channel capacity of the Pecos River through Carlsbad, New Mexico,
Brantley Dam is generally intended to be operated for flood control independently of the
upstream flood control projects at Two Rivers, Sumner, and Santa Rosa.

Operation of Brantley Dam and Reservoir is completed by the CID and monitored by the USBOR
and USACE as long as lake storage does not exceed the top of the conservation storage
elevation of 3,272.60 ft. Once Brantley storage entersthe dedicated flood control pool,
regulation of Brantley Dam is completed underthe direction of USACE as described in the
standing approved Water Control Plan contained within the 1995 Brantley Dam and Reservoir
Water Control Manual, and the 1977 Pecos River Basin, New Mexico — Texas, Master Water
Control Manual. Control of the regulation of Brantley Dam revertsto the USBOR when Brantley
storage exceedselevation 3,284.60 ft.

During flood events, inflows originating upstream of Brantley Reservoir are captured and stored
so there is no contribution to any flooding that may be occurring downstream of the dam. Ifa
release from Brantley Dam is actively occurring and a significant rainfall eventis expectedto
impact the Pecos River below the project, the release outflow may be reduced or terminated to
prevent Brantley Dam releases from contributing to downstream flooding. Data exchanges and
coordination take place with the USBOR, NWS and WGRFC, and other downstream
stakeholders. Lake level forecasts are made throughout the flood event using quantitative
precipitation forecasts, quantitative rainfall estimates, and upstream USGS gage data. Pecos
River Basin models are currently being developed to use the CWMS for modelling flood
operations.

The goal of flood control operation at Brantley Dam and Reservoir is to minimize the capture of
flood storage and to evacuate any stored flood water as rapidly as downstream conditions
permit. Flood control regulation at Brantley Dam is intended to pass inflow up to the



downstream channel capacity of 20,000 cfs through Carlsbad, NM. Flood water stored above
elevation 3,272.60 ftis evacuated from storage at the maximum rate possible based on
observed downstream conditions. Brantley Dam provides flood protection to the Pecos River
Basin from Brantley Dam to Red Bluff Reservoir in Texas. During real-time flood control
operation, the downstream control point for flood releases is the Pecos River below Dark
Canyon Draw, at Carlsbad, NM.

2 RESERVOIR STORAGE

Reservoir storage varies annually and seasonally. Droughts can drastically reduce storage
volumes, but storage levels can recover rapidly following an extreme storm. Figure 2 showsthe
relative storage amounts and seasonal and drought year variations. Note the immediate
recovery afterthe drought of 2011-2013, due to alarge regional storm.
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Figure 2: Reservoir storages from 2009-2018 (dataderived from USBOR2019).
3 IRRIGATION DISTRICTS

In 2010, approximately 135,000 acres of land were irrigated in the study area downstream of
Sumner Reservoir. Of this acreage, roughly 25,000 acres were irrigated fully or partially from
surface water supplies. Approximately 110,000 acres were farmed using groundwater from
wells in the PVACD within the Roswell Artesian Basin. Two surface water irrigation districts,
FSID and CID, divert surface water from the PecosRiver. At the time of reporting, the FSID
irrigates 6,000 acres, the CID irrigates 25,000 acres (Tetra Tech 2000). For this reason, FSID and
CID will be the main focus of the Pecos Sustainable Rivers Study.

3.1 Fort Sumner Irrigation District

FSID is the most upstream irrigation district on the Pecos River, located below Sumner Dam.
FSID is downstream of the Village of Fort Sumner on the east bank of the Pecos River, about 75



miles north of Roswell and about 20 river miles downstream of Sumner Reservoir. It extends
southeast from the town of Fort Sumnerfor about 9 miles along the east side of the Pecos River
(See Figure 1). Fort Sumner is the county seat and only incorporated municipality in DeBaca
County.

FSID has no storage facilities or rights for storage but maintains an entitlement to divert up to
100 cfs of the “natural flow” of the Pecos River (Reynolds 1979). The construction of
Alamogordo Dam (now Sumner Dam) in 1937 and Los Esteros Dam (now Santa Rosa Dam) in
1979 altered the flow regime of the river at the FSID diversion point, affecting how this “natural
flow” is determined (Reynolds 1979).

Currently, the FSID entitlementis calculated by the NMOSE in two-week increments, using the
average measured flow at the stream gage in Puertode Luna (upstream of Sumner Reservoir),
and adding in the netflows at Santa Rosa Reservoir (inflows-releases). This calculation
estimates the “natural flow” of the Pecos River (i.e., the amount of water that would arrive at
the Fort Sumner Diversion Dam if Sumner Reservoir and Santa Rosa Reservoir did not exist).
Even wheninflows into Santa Rosa Reservoir are minimal, numerous springs in the Santa Rosa
area provide a fairly uniform baseflow to the Pecos River, typically ranging from about 60 to
100 cfs, dependingon the time of year and precipitation (Reynolds 1979). FSID’s entitlementis
limited to the March-October irrigation season, as well as two 8-day periods during the off
season (Figure 3). FSID’s theoretical maximum entitlementis therefore 51,769 acre-feet,
though in practice this is rarely achieved, as the natural flows of the river typically drop below
100 cfs for at least some portion of the irrigation season.
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Figure 3: FSID irrigation season runs from Marchto October as wellas two 8-dayperiods during the offseason.

FSID is a run-of-the river operation that currently lacks options for water storage. FSID’s
entitlementvaries from year to year and overthe course of the irrigation season, dependingon



conditions in the watershed. Since rainfall and entitlement availability is somewhat
unpredictable, farmers may have difficulty planning or prioritizing crops at the beginning of an
irrigation season. When farmers receive less water, those employing better practices are more
successful, and others are incentivized to implement more efficient watering infrastructure and
practices. Farmers can also adapt to lower entitlements by prioritizing water to the most
productive fields and fallowing other fields.

A typical rotation cycle in FSID is 21 days, though the cycles can be shorter. This cycle works
well for alfalfa, which can handle infrequent but substantial watering. The cycle length can
inhibit crop diversification; however, as many other crops are ill-suited for this cycle, requiring
more frequent, moderate watering (ARC 2016). As a result, most of the land in FSID is currently
used to grow alfalfa.

Actual diversion amounts vary due to maintenance, irrigation requirements, storms, etc. This
modeling study used 1950-2009 calculations to determine historical entitlements (Figure 4),
and a value of 6,500 acres for the irrigated acreage. Actual FSID entitlements ranged from a low

of 38,224 acre-feetin 1956 to the entire entitlement amount from 1992 to 1995 and from 1997
to 1999.
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Figure 4: Calculated historical FSID entitlements. Notethat entitlements are different fromactual use and do not
account for additional limited winter diversions. Values range between 35,000and 50,000 acre-feet (USBOR).

FSID is committed to conserving water, has implemented water conservation measuresin the
past, and continues to look for opportunities to do so. Current actions being taken by FSID and
its membersinclude:

* Useof laser and global positioning software (GPS) technology for precision
leveling and grading of fields by FSID farmers for more efficient water use



* Plans by FSID to install automatic head gates and telemetry in the near future

* Application for funding to develop a strategic plan to address assets, ope rations
efficiency, etc.

* Continued organizing, preserving, and archiving the district’s historical records to
be ready for adjudication processes

3.2 Carlsbad Irrigation District

The CID main diversion is located at Avalon Dam downstream of Carlsbad and on the west side
of the PecosRiver. CID has the sole storage permit on the Pecos River, with storage in four
reservoirs on the main stem of the river. CID operates Sumner, Brantley and Avalon Dams,
which are maintained jointly by CID and USBOR. CID also holds the rights to conservation
storage in Santa Rosa Reservoir (operated by USACE). Currently there is only CID water stored
in Santa Rosa. At some point in the future there may be supplemental irrigation water for
USBOR use stored in Santa Rosa. In any case, CID can call for their water in Santa Rosa at any
time, limited only by dam safety concerns and weather conditions. There are no legal or
operational regulations or constraints for release of CID’s water to Sumner. CID could call for all
the water that is in Santa Rosa Lake and drain the lake.

CID has been fully adjudicated and is authorized to divert 4.997 acre-feetper acre of water right
peryear (3.697 acre-feet per acre allotment at the farm, plus 1.3 acre-feet peracre of allowable
carriage loss from Avalon Dam to the farm). CID land with adjudicated water rights totals

25,055 acres, allowing a total annual diversion of 125,200 acre-feet of water from the Pecos
River. Since the Settlement, which mandated the purchase by NMISC of water rights associated
with almost 4,500 acres of CID land, CID has typically irrigated approximately 15,000 to 20,000
acres of land. The model analyses in this study used 20,000 acres as the irrigated acreage. The
volume of water that CID has diverted annually from the river, as measured by USGS Gage
08403500 (Carlsbad Main Canal), has fluctuated over the years, in part due to water availability,
averaging 72,588 acre-feet(2.897 acre-feet peracre) from 1950-2009.

The following is an excerptfrom Tetra Tech (2000) describing the irrigation demands in a typical
year (Figure 5).

“The CID irrigation season typically runs from March 15t through October 31, at
the time of reporting, the allotments range from 100 to 375 cfs (Tetra Tech 2000).
The most significant diversion begins in mid-March for the first irrigation of alfalfa
and forpre-planting cotton; the next in mid-May for the second irrigation of
alfalfa. In June, the diversion increases for the first irrigation of cotton and hay.
During July and August, the diversion is continuous for irrigation of all crops.
During early September, watering of new hay begins. Diversions gradually
decrease asthe irrigation season ends October 315t.”
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Figure 5: CIDirrigationseason runs fromMarch 1%— October 31%.

CID allotments are measured by on-farm deliveries. The historical records of allotments from
CID (1950-2009) show an average CID allotment of 2.47 acre-feet per acre on the farm (Figure
6). In 2016, CID was allotted the maximum amount of 3.697 acre-feetper acre. The volume of
surface water that CID divertedin 2016 was 71,409 acre-feetas measured at the Main Canal
(USGS Gage 08403500). CIDirrigated 17,121 acres of land with this water (Ballard 2020).
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Figure 6. CID Diversions 1940-2017 (USBOR XXXX).



When CID’s surface water supplies are low, farmers with supplemental wells can pump
groundwater, if they do not exceed their total allotment. NMOSE has not permitted further
rights to supplemental groundwater since 1972 (Hall 2002). This pumping decreasesthe volume
of groundwater inflow to the Pecos River.

Although the four reservoirs can store a maximum of 176,500 acre-feet of irrigation storage,
well over double CID’s average annual diversions and almost 50% more than their maximum
allowed annual use, the system lacks the ability to provide adequate storage during a multi-
year drought. Once evaporation from reservoir surfaces and conveyance losses (incurred in
moving water from the upper reservoirs to Brantley Reservoir) are accounted for, the effective
amount of water stored for CID is substantially lower, and at full capacity the system stores
approximately one year’s worth of water for the district.

Rainfall patterns in the basin are highly variable. While a single extreme storm event can
replenish the entire systemand effectively end a drought in a few days, such storms cannot be
depended on. Location of storms is also critical—an extreme storm between Sumner Reservoir
and Brantley Reservoir could contain enough water to refill the system, but only 40,000 acre-
feetcould be stored due to Brantley Reservoir’s conservation storage limits. Moreover, if the
rainstorm is late in the irrigation season, farmers cannot use the water that year. For example,
in 2013, CID had a significant rain eventin September, and wentfrom 0.8 acre-feet peracre
allotment to begin the year, to a much higher allotment of 2.0 acre-feetat the end of the
irrigation season. However, due to the timing of the storms, farmers could not make use of the
higher allotment. Those with supplemental wells could pump during the drought but preparing
for the nextyear was all that those without supplemental wells could do. Lack of resiliency to
multi-year droughts is a significant challenge to CID operations, one that will be exacerbated
should future conditions become drier and hotter with future climate change.

3.3 Block Releases

Block releases have been determinedto be the most efficient, least loss way to deliver water
from one reservoir to another in the Pecos Basin (CID, NMOSE, Stockton, TetraTech, etc). A fine
scale look at block releasesis shownin Figure 7 below.
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Figure 7: Hydrograph comparison at Pecos River below Sumner Dam for prior to Sumner Dam’s closure (Natural,
1930) and after Santa Rosa Dam’s closure (Water Operations, 1996). 1930 and 1996 are selectedasyears
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and monsoonseason, and one month of the fall winter season. Both sets of datacome fromthe USGS gage of the
PecosRiver below Sumner Dam, NM (08384500).

The 1930 hydrograph or the “natural” hydrograph, shows several peak events occurring from
the end of April to the end of September. The base flow would be approximately 100 cfs, with
peaks ranging from 400 to 1800 cfs. The summer base flows (Mayto June) and the monsoon
season base flows (July to August) would exceed 200 cfs. Notably, the peak events would ramp
up rapidly, but would have a more gradual decrease in discharge over time than the Water
Operations hydrograph. The number of peaks in the Water Operations hydrograph is less than
the Natural hydrograph, and the peaks are sustained for a longer period of time. The baseflows
for the Water Operations hydrograph stays consistent throughout all seasonsat 100 cfs.

Block flow discharge rates are typically around 1,400 cfs for up to 15 days (mean of 8 days from
2000-2019); these agreed upon limits have been enacted to minimize Pecos bluntnose shiner
egg and larval displacement. Being the dominant high-flow hydrology, block releases are
responsible for majority of contemporary sediment transport and thus geomorphically most
significant. The number of annual block releases varies depending on the available storage in
the upperreservoirs and the call for water by downstream irrigators (CID) and can range from
1- 4 block releases/year. At the below Sumnergage, from 2006-2018, block releases average



53% of the total annual volume of the Pecos River, having a range of 25% - 69% (Tetra Tech
2020).

Lake Sumner is permittedto store up to 20,000 ac-ft of water in the joint use poolfrom
November 1st to April 30t, this winter storage is required to be vacated by May 1t, usually as a
block release a few days before the 30t.

Block releases from Sumnerare regulated and best describedin the 2017 Biological Opinion:
Carlsbad Project Water Delivery

USBOR delivers Project water from storagein the Upper Reservoirs, consistent with applicable
Federal and State laws, pursuant to contractual obligations to downstream irrigators. A block
release is a high magnitude release of Project water from Sumner Reservoir, typically around
39.6 m3/s (1,400 cfs), which is used to most efficiently deliver water to Brantley Reservoir
(USBOR2017a: 19). Itis a release of a relatively short duration (approximately 1-2 weeks;
USBOR 2017a: 75) designed to minimize evaporative and seepage losses. Block releases will be
used for Project water delivery. Mussetter (2004) presents the typical block release hydrograph
for 2002-2003 year in the following figure (8):
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Figure 8, Meandailydischarges at5 USGS stream gages between Sumner Damand Acme (1 Feb 2002 — 30 Oct
2003). Also shown are the times ofthe field data collection efforts for this study. Source: Mussetter 2004, Figure4.8

Much of the motivation for high releases comes from Tetra Tech 2000, where dam releases
underwent a conveyance efficiency analysis. The low flows of 20 cfs from Sumner had loss rates
of 50% at Acme and 40% to Kaiser; while 1000 cfs in summer had loss rates of 82% at Acme to
74% at Kaiser. These efficiencies were seasonally and discharge dependent (Figure 9 (P-5); Tetra
Tech 2000).
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The Proposed Action will continue to release stored water, consistent with 2016 Biological
Opinion, as follows (USBOR 2017a: 19-20):

e Release stored water for the beneficial use of irrigation in a mannerthat does not
constitute a wasteful use due to excessive losses through seepage and evaporation
from the Upper Reservoirs to Brantley Reservoir (i.e., block releases);

e Managethe block release schedule from Sumner Reservoir, if possible, to alleviate
any intermittency;

e Restrict the duration of block releases from Sumner Reservoir to a maximum of 15
days;

e Restrict the cumulative duration of block releases from Sumner Reservoir in a
calendar year to a maximum of 65 days; and

e The numberof days between block releases from Sumner Reservoir shall be no less
than 14. (Note: maximum release from Sumner is + 1,600 cfs at full winter storage)

USBOR also proposes that any remaining attributes of block releases (e.g., flow rates, irrigation
demand) should be considered part of the Environmental Baseline (USBOR 2017a: 20).

As to the timing of the block releases CID can call for water whenever they feel that water is
needed in a downstream reservoir throughout the year, following the rules above. However, the
usual timing is just prior to May 15, late Juneor early July, and late August or early September.

The citation (USBOR 2017a) is the 2016 Biological Assessment providedto the USFWS for their
2016 Biological Opinion on the Pecos Bluntnose Shiner and Interior Least Tern. Carlsbad Project
Water Operations, Consultation Number 02ENNMO00-2016-F-0506.



4 FLEXIBILITY IN WATER RESOURCE OPERATIONS

USBOR only has flexibility in the use of supplemental water. That flexibility is in the volume of
water used to maintain a continuous river as indicated by 5 cfs at the Acme gage. This flexibility
only lasts until the supplemental water runs out or if there is not enough water in storage to
provide supplemental water.

Currently the supplemental water is stored in Lake Sumner on a calendar year schedule, Bypass
and FCP water acquired is available on January 15t, Forbearance water is acquired as FSID
forgoesthe water and is available once the water begins to accumulate in storage. All
supplemental water in storage on December 31t reverts to CID. However, if storage of
supplemental water becomes available in Santa Rosa Lake (USACE) the water on December 31st
will be transferred from Sumnerand increase USBOR’s flexibility.

The only other way to increase flexibility is to work with the irrigation districts to develop
changes in water movementin the basin.

The main laws, regulations, and agreements governing water use in the Pecos River Basin from
Santa Rosa Reservoir to Brantley Lake follow:

e New Mexico Water Law, 1907 - Defines beneficial use; first in time, first in right; water
as property right; non-riparian water rights; all water in New Mexico belongs to the
people, exceptthat water that has been appropriated; etc.

e Hope Community Ditch Decree, May 8, 1933 - Adjudicated water rights to lands situate
in the counties of De Baca, Chaves, Lincoln, Eddy, and Otero

e Pecos River Compact between NM and TX, 1949 - Setsthe water delivery and
accounting for Pecos Basin water delivery to Texas.

e State Engineer’s Findings and Order, October, 1972 - IN THE MATTER OF THE
APPLICATION OF THE CARLSBAD IRRIGATION DISTRICT AND THE UN1T£D STATES
DEPARTMENT OF THE INTERIOR, BUREAU OF RECLAMATION, FILE NO. 6, FOR APERMIT
TO TRANSFER IRRIGATION STORACE CAPACITY IN ALAMOGORDO DAM RESERVOIRTO
LOS ESTEROS DAM AND LAKE: ANDTO PROVIDE ADDITIONAL IRRIGATION STORAGE
CAPACITYIN LOS ESTEROS DAM AND LAKE, this regulation details how water is to be
stored in Los Esteros, renamed Santa Rosa Lake, as a transfer of irrigation storage from
Alamogordo Reservoir, renamed Lake Sumner, to Santa Rosa Lake, the minimum pool in
Sumner, and the two-week FSID allocation calculations.

e US Supreme Court, Amended Decree, March 28, 1988 - Resolved issues of complaint by
TX and set definite deliveries and penalties for non-delivery as outlined in the Compact,
and appointed the Pecos River Water Master.

e Letter from NM State Engineer Carl L. Singerland to Glen Brim, District (2) Supervisor,
Roswell, 1990 - Letter instructs Mr. Brim on how to exactly calculate the FSID two-week
allotment.



Pecos Settlement Agreement, 25 March 2003 - Entered into this 25th day of March
2003 by and between the state of New Mexico ex rel. The State Engineer; the New
Mexico Interstate Stream Commission; the United States of America, Department of the
Interior, Bureau of Reclamation; the Carlsbad Irrigation District; and the Pecos Valley
Artesian Conservancy District.

Pecos River Adjudication Settlement Negotiations, March 10, 2003 - Model Evaluation
of Proposed Settlement Terms Final Report Prepared by: John Carron, Ph.D.
Hydrosphere Resource Consultants, Inc.

Pecos River Master’s Manual, July 28. 2003 Version - This revised edition of the Peens
River Master’s Manual was compiled from the edition dated November 30, 1987, which
was .marked as “Texas Exhibit No. 18”. In the revised edition, modifications have been
added to the text of the Manual. And a few minor changes in presentation style have
been made. The edition was prepared. By the River Master and submitted to the
Technical Representatives of New Mexico and Texas for review and approval.
Commentsreceived in a joint letter from the states dated May 14, 2003 have been
incorporated into the revision.

Carlsbad Project Water Operations and Water Supply Conservation Final
Environmental Impact Statement June 2006, USBR/NMISC - This document was
completed as the NEPA component of the 2006 Biological Opinion for the Pecos
Bluntnose Shiner and the Interior Least Tern.

Pecos River Hydrology and Water Operations Reference Manual, Stockton, June 2011 -
A detailed report of how the water in the Pecos Basin, from Santa Rosa Lake to Carlsbad,
NM, is allocated and used.

Final Biological Opinion for the Carlsbad Project Water Operations and Water Supply
Conservation, 2016-2026, USFWS, December 2017 - Replaces previous biological
opinions, current Biological Opinion that details the conditions and flows neededin the
Pecos River below Lake Sumner and the Acme gage (currently on the US Highway 70
Bridge north of Roswell, NM), and Interior Least Tern habitat at Brantley Lake and to
promote the survival of the Pecos Bluntnose Shiner.
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The construction of dams and reservoirs have increased dramatically over the past
century has resulted in a drastic reduction in the number of free-flowingrivers (Benke 1990).
Currently, only 23% of rivers globally longer than 1,000 kilometers flow uninterrupted to the
ocean (Grill et al. 2019). The most basic impact of impoundments on the hydrologic cycle is the
dramatic increase in residence times, with an estimated 3X increase in the mean age of river
water over the last century (Vorésmarty 1997). The increase in residence times by
impoundments has significant implications for downstream transport of sediments (Vorésmarty
et al. 2003, Syvitski et al. 2005), salinity and nutrients (Kelly 2001, Teodoru and Wehrli 2005,
Cook et al. 2010), and organic matter (Mulholland and Elwood 1982, Kraus et al. 2011, Sobek et
al. 2012). In addition, dams also influence the downstream thermal regime of rivers, however,
the direction, magnitude, and longitudinal extent of these changes varies due to the
configuration of the outlet works, physical characteristics, and storage volume (Preece and
Jones 2002, Caissie 2006, Olden and Naiman 2010). The surface water withdrawals and returns
in fragmented river networks also impact the thermal regime (Walker 1985, Van Horn etal. In
review), salinity (Walker and Thoms 1993, Jolly et al. 2001, Dahm etal. 2013), and nutrients
(Mortensenetal. 2016, Bicknell et al. 2020). Despite these ecological impacts, dams and
surface water diversions provide consumptive benefits (Jackson et al. 2001) and are heavily
relied upon for water storage, water delivery, and to bufferagainst drought in the
southwestern U.S. (Grimm et al. 1997, MacDonald 2010, Dettinger et al. 2015, Udall and
Overpeck 2017, Bennettet al. 2019) and other arid and semi-arid regions globally (Genxu and
Guodong 1999, Kingsford 2000, Mukherjee etal. 2010).

Within the Pecos Basin, fresh water provides consumptive benefits including water for
livestock watering and irrigation (USBOR and NMISC 2006b, NMWCC 2017). Non-consumptive
benefits within the basin include flood control, sedimentretention, recreation, wastewater
discharge, and habitat for biota (USBOR and NMISC 2006b, USACE 2017, NMED 2020b). Some
benefits, such as irrigation and flood control, are achieved by major changes to the natural flow
regime, specifically water storage dams and water diversions (Robertson 1997, Yuan et al.
2007), groundwater pumping (Lingle and Linford 1961), and the return and reuse of irrigation
water (Houston et al. 2019). These hydrological changes often have negative effects or trade-
offs with other instream benefits, such as supporting diverse aquatic assemblages and
ecosystem processes (Dudley and Platania 2007, Hoagstrom et al. 2008, Hoagstrom 2009, Pease
and Delaune 2021) and maintaining suitable water quality for consumptive use (Houston et al.
2019). Water quantity and quality on the Pecos River are also influenced by natural processes
including the Pacific Decadal Oscillation (Yuan et al. 2007), El Nifio-Southern Oscillation (Molles
and Dahm 1990), saline surface water and groundwater additions (Yuan and Miyamoto 2005,
Houston et al. 2019), rock-water interactions and salt deposits in the Permian Basin (Hoagstrom
2009, Houston et al. 2019), and evaporative losses (Hoagstrom 2009, Houston etal. 2019). The
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goals of this section are to 1) summarize the spatial and temporal variability in salinity within
the basin, 2) identify biological and ecological implications of increased salinity, 3) document
the impacts of a block release from Santa Rosa Reservoir on water quality, and 4) summarize
the mercury impairments within the basin and the influence of reservoirs on the mercury cycle.

Elevated salinity within the Pecos River throughout much of its length is a concern for
consumptive use (Houston et al. 2019) and the aquatic ecosystem (Hoagstrom 2009, Pease and
Delaune 2021). As a result, numerous investigations have evaluated the spatial and temporal
variability in salinity or Total Dissolved Solids (TDS) within the Pecos Basin (Yuan and Miyamoto
2005, USBOR and NMISC 2006b, Yuan et al. 2007, Hoagstrom 2009, Houston etal. 2019).
Salinity and TDS are considered synonymous, as both referto the total ionic concentration of
dissolved minerals in water. Specific conductance (SC; conductance at 25 °C), a water quality
parameter commonly measuredin the field, correlates with the total dissolved major-ion
concentrations and often with a single dissolved-ion concentrations (Hem 1970), and
supplements analytical determination of TDS (Miller et al. 1988). A strong relationship between
SC and TDS on the Pecos River at 6 stations above Santa Rosa to Orla (USBOR and NMISC
2006a).

A recent analysis of salinity, TDS, SC, additional water quality data from surface-water
and groundwater samples, streamflow measurements, and geophysical logs provided
additional insight regarding sources and assessment of salinity in the Pecos Basin (Houston et
al. 2019). In summary, longitudinal sources of salinity inputs to the Pecos River in New Mexico
during winter baseflow conditions include springs discharging into include El Rito Creek, inflow
from Bitter Lake National Wildlife Refuge, inflow from the Rio Hondo, outflow of Lee Lake, and
the Malaga Bend region of the Pecos River (Figure 1; Houston et al. 2019). The most notable
spatial increase in salinity on the Pecos River in New Mexico was the sub-reach between Acme
and Artesia (Houston et al. 2019), and is attributed to sources (e.g., groundwater inflow, inflow
from surface-waterfeatures) with isotopically differentsources than the main stem of the
Pecos River (Houston et al. 2019). Longitudinal monitoring during additional hydrologic periods
(e.g., snowmelt, monsoon storm, summer baseflow) would further refine the sources of salinity
to the Pecos Basin.

Considerable within-site temporal variability in salinity on the Pecos River has also been
observed. For example, the TDS flux measured at Santa Rosa, Puerto De Luna, Sumner, and
Acme have been positively correlated with stream discharge, and influenced by reservoir
releases, inflow, and storage (Yuan et al. 2007). Recent high-frequency measurements of
discharge and SC during block releases directly downstream of Santa Rosa Dam have also
documented a reduction in SC with an increase in discharge (Reale 2016). Similarly, releases
greater than 1000 cfs from Sumner dam have beenfound to reduce the longitudinal increase in
SC (USBOR and NMISC 2006a).
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Regardless of the timing or source, salinization within the Pecos River in New Mexico
and Texas has negatively impacted the aquatic ecosystem ranging from biodiversity to food
webs. For example, benthic macroinvertebrate diversity in a high salinity reach of the Pecos
River was less than a reach that received freshwaterinflow (Davis 1980). Elevated salinity on
the Pecos has also been attributed to declines in fish diversity (Davis 1986, Rhodesand Hubbs
1992, Linam and Kleinsasser 1996, Hoagstrom 2009, Pease and Delaune 2021), with a shift in
dominance to euryhaline fishesthat are more typical of coastal estuaries (Davis 1986) or saline
wetlands and springs proximal to the Pecos River (Hoagstrom 2009). Salinization in the Pecos
River, along with reduced flows, have been attributed to the reduction in allochthonous inputs
along with shortened and less diverse food chains (Pease and Delaune 2021). Within the Sub-
reach C-3 (Farmland Reach; i.e., Roswell to Brantley Reservoir delta), salinization may affect the
habitat suitability of federally listed Pecos Bluntnose Shiner (Notropis simus pecocensis) for all
life stages (USFWS 2017). In contrast to other ecological indicators, blooms of golden algae
were associated with periods of low SC (< 15,000 uS/cm) and a wide range of nutrient (nitrogen
and phosphorus) concentrations, whereas blooms observed at greater SC occurred at only mid-
to-high nutrient concentrations (Israél et al. 2014).

In addition to salinity, the alternation of the natural flow regime on the Pecos River is
likely to influence other water quality parameters. Beginning in the summer of 2020, the Corps
in collaboration with the University of New Mexico (UNM) began collecting year-round and
high-frequency water quality data (i.e., temperature, pH, SC, dissolved oxygen (DO), and
turbidity) on the Pecos River upstream (~ 2.3 km downstream of USGS No. 08382650),
immediately downstream (~ 40 m downstream of USGS No. 08382830), and ~ 12.5 km
downstream (1-40 crossing) of Santa Rosa Reservoir (Figure 1). This study provides the
opportunity to assess episodic, seasonal, and interannual trends in water quality and in-stream
ecosystem processes and the influence of water operations (e.g., water storage and block
releases) at Santa Rosa Reservoiron the observed variability. Due to the preliminary status of
the study data from a single block release was evaluated for this report.
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Figure 1: High-frequency water quality stations on the Pecos River upstream (2.3 km downstream of USGS No. 08382650, left),
immediately downstream (40 m downstream of USGS No. 08382830; center), and 12.5 km downstream (i.e., Interstate-40 crossing;
right) of Santa Rosa Reservoir, New Mexico during summer b ase-flow conditions (USACE).

The September2020 block release began on 28-Sept and ended on 2-Oct and resulted in
a transferof approximately 4,000 acre-ft of water from Santa Rosa Reservoir to Sumner Lake.
The peak discharge and average discharge during the block release were 728 and 501 cfs,
respectively (Figure 2). The abrupt and dramatic increase in discharge altered water quality
immediately downstream of the dam and at the 1-40 crossing, compared to pre-release values
and the site upstream of the reservoir. SC decreased at both downstream sites during the
release and did not recoverto pre-release values for 10-15 days following the conclusion of the
release. The diel temperature flux at the upstream site was nearly two times greater than the
downstream sites prior to and following the release and could be attributed gains in
groundwater (Caissie 2006) and coldwater seepage from the hypolimnion (Olden and Naiman
2010). A decreasein water temperature and dampening of the diel sighal was observed at the
site immediately downstream of the dam and to a lesserextent at the 1-40 site. The thermal
regime at both sites recovered immediately to pre-release levels. While turbidity increased by
approximately 50 NTU during the release, which is greater than the threshold (i.e., < 10 NTU
above background) established by the NMWCC (2017). The elevated turbidity from the release
likely reduced light transmission reducing primary production (lzagirre et al. 2008) and
substantial visible contrast with the natural appearance. However, turbidity levels quickly
recoveredto pre-release values within 3-4 days.
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Figure 2: High-frequency water temperature, pH, SC, dissolved oxygen (DO), and turbidity collected on the Pecos River
immediately upstream, immediately downstream, and 12.5 km downstream (i.e., Interstate-40 crossing) of Santa Rosa
Reservoir, New Mexico during the September 2020 block release. Discharge data from proximal streamflow gages were

obtained from the USGS were utilized (i.e., gage No. 08382650, 08382830, 08383500).

High-frequency diel DO signals can be used to estimate stream metabolism (Mulholland
et al. 2005, Dodds 2007), a functional metric of river health (Young etal. 2008) and respondsto
disturbances following controls floods downstream of dam (Uehlingeret al. 2003) and drought
(Acufia et al. 2005). Where gross primary production (GPP) elevates and ecosystem respiration
(ER) reduces to DO signal, respectively. As part of the Corps-UNM study, a single-station
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metabolism model using StreamMetabolizer (Appling et al. 2018) will be utilized in the future.
For the interim, the amplitude and timing of the DO and temperature signals provide a
preliminary understanding of the effects of the block release on stream metabolism (Figure 3).
At the upstream site DO was out of phase with water temperature throughout the study
period, suggesting that the physiochemical relationship of water temperature and oxygen
solubility was controlling the DO signal. The low turbidity and open canopy at this site
throughout the study period suggests that light availability was not limiting GPP (lzagirre et al.
2008). The small diel DO oscillations are surprising, as low and stable flows have beenfound to
enhance GPP (Acuiia et al. 2011). At the site immediately downstream, DO was also out of
phase with water temperature prior to the block release but shifted to in phase following the
block release. This shift suggests biological controls (i.e., primary production and ecosystem
respiration) were regulating the DO signal post-release. While at the 1-40 site, DO was in phase
with water temperature prior to and following the block release, suggesting that biological
controls remained dominant throughout the study period. Overall, the increase in discharge
likely stimulated stream metabolism downstream of Santa Rosa Reservoir, and has been
observed by others following moderate increases in discharge (Stevenson 1990, Humphrey and
Stevenson 1992).
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Figure 3: High-frequency water temperature and dissolved oxygen (DO) collected on the Pecos River immediately upstream

(top), immediately downstream (middle), and 12.5 km downstream (bottom) of Santa Rosa Reservoir during the September

2020 block release.

In summary, the 2020 block release had short-term (days to weeks) impacts on

downstream water quality and stimulated stream metabolism following the release, despite a
relatively short duration and peak discharge. More prolonged impacts following block releases
below Santa Rosa Reservoir are likely, given that releases often exceed 1,000 ft3 s'1 and persist
for several weeks. Future monitoring of water quality during longer duration block releases and

reservoir storage will provide the opportunity to further evaluate the influence of water
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management operations on water quality and in-stream ecosystem processes within the Pecos
River.

In addition to water quality, mercury has been a well-studied within the Pecos River
Basin. All three reservoirs within the study area (Santa Rosa, Sumner, and Brantley) are listed
as impaired (NMED 2020a) for elevated mercury concentrations (i.e., > 0.3 mg methyl mercury
killogram1), resulting in fish consumption advisories for multiple species (NMED et al. 2020).
Greystone (1998) investigated the longitudinal gradient of total and methyl mercury in water,
sediment, and fish tissue along the Pecos River. Their results, based on a detection limit less
than the water quality standard (i.e.0.005 pg/L), showed that total mercury remained below
the standard throughout the upper basin. Total mercury in fine and course sedimentremained
also remained well below the current EPA freshwater sediment screening benchmark (180
ng/g). Elevated mercury in water was only found at a site just north of Acme and indicates a
mercury source betweenthere and Sumner Lake, the next upstream site. This finding is of
particular importance because this site is within designated critical habitat for Pecos Bluntose
Shiner. All fish tissue samples, which were comprised of primarily of whole-body cyprinids,
exceededthe EPA’s Human Heath Criteria for mercury (0.00015 mg kilogram -1). The authors
conclude that because ambient mercury concentrations are low in water and sedimentthe
biota in the Pecos River are bioaccumulating mercury. However, a longitudinal trend in biota
tissue downstream of Santa Rosa was not observed; and therefore, not likely adversely
affecting Pecos Bluntnose shiner (Greystone 1998, USFWS 2017) and the reservoir is
functioning as a sedimentand mercury sink. High-frequency water quality and discrete total
suspended solids, total mercury, and methyl mercury monitoring suggest that sedimentand
mercury are not being transported downstream during a low-pool block release (Reale 2016).

As documented in this section, impoundments, water operations, and natural sources in
the Pecos Basin influence riverine water quality and in-stream ecosystem processes temporally
and longitudinally. Strategic water storage and flow regime restoration using the existing
reservoir network could be used to reduce salinization, possibly reducing the dominance of
euryhaline fishes and promoting the native fish assemblage. However, Santa Rosa, Sumner, and
Brantley reservoirsalso function as mercury sink, providing an ecosystem service downstream
and should be taken into consideration if flow regime restoration is implemented.
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1 Pecos River Basin Birds

. . Where Located Habitat/Behavior Type Temporal Nature
Avian Species —
Common Name Reach|Reach|Reach Shorg or |Riparian| Predator/| Grasses/ wesfelent | ey e [orer

A B C Wading | Forest |Scavenger|Chapparal

Black-bellied « « « y
Whistling-Duck
Snow Goose
Ross's Goose
Greater White-
fronted Goose X X X X X
Brant X
Cackling Goose | x X X
Canada Goose X X X X X
Trumpeter
Swan X X X
Tundra Swan X
Wood Duck X X X
Garganey X X
Blue-winged
Teal X X X X X
Cinnamon Teal | x X X X
Blue-
winged/Cinnam| x X X X
on Teal
Northern
Shoveler X X X X X
Gadwall X X X X X X
Eurasian
Wigeon X X X
American
Wigeon X X X X X
Mallard X X X X X
Mallard
(Domestic type) X X X
Northern
Pintail XX X X
Green-winged
Teal X X X X X
tealsp. X X X X
Canvasback X X X X
Redhead X X X X X
Ring-necked « « « « «
Duck
Greater Scaup X X X X




Lesser Scaup

Surf Scoter

White-winged
Scoter

Black Scoter

Long-tailed
Duck

Bufflehead

Common
Goldeneye

Barrow's
Goldeneye

Hooded
Merganser

Common
Merganser

Red-breasted
Merganser

Common/Red-
breasted
Merganser

Ruddy Duck

duck sp.

Northern
Bobwhite

Scaled Quail

Gambel's Quail

Ring-necked
Pheasant

Dusky Grouse

\Wild Turkey

Pied-billed
Grebe

Horned Grebe

Red-necked
Grebe

Eared Grebe

Western Grebe

Clark's Grebe

Western/Clark'
s Grebe

Rock Pigeon

Band-tailed
Pigeon

Eurasian
Collared-Dove




White-winged
Dove

Mourning Dove

Groove-billed
Ani

far
south
(TX)

Greater
Roadrunner

Yellow-billed
Cuckoo

Lesser
Nighthawk

Common
Nighthawk

Common
Poorwill

Chimney Swift

White-throated
Swift

Rivoli's
Hummingbird

Black-chinned
Hummingbird

Broad-tailed
Hummingbird

Rufous
Hummingbird

Calliope
Hummingbird

hummingbird
Sp.

Virginia Rail

Sora

Common
Gallinule

IAmerican Coot

Sandhill Crane

Black-necked
Stilt

American
Avocet

Black-bellied
Plover

American
Golden-Plover

Snowy Plover




Semipalmated
Plover

Piping Plover

Killdeer

Upland
Sandpiper

\Whimbrel

Long-billed
Curlew

Hudsonian
Godwit

Marbled
Godwit

Ruddy
ITurnstone

Red Knot

Stilt Sandpiper

Curlew
Sandpiper

Sanderling

Dunlin

Baird's
Sandpiper

Little Stint

Least Sandpiper

White-rumped
Sandpiper

Buff-breasted
Sandpiper

Pectoral
Sandpiper

Semipalmated
Sandpiper

Western
Sandpiper

peep sp.

Short-billed
Dowitcher

Long-billed
Dowitcher

Wilson's Snipe

Wilson's
Phalarope

Red-necked
Phalarope

Red Phalarope




Spotted
Sandpiper

Solitary
Sandpiper

Greater
Yellowlegs

Willet

Lesser
Yellowlegs

Greater/Lesser
Yellowlegs

shorebird sp.

Long-tailed
Uaeger

Pomarine
Uaeger

ParasiticJaeger

Uaeger sp.

Black-legged
Kittiwake

Sabine's Gull

Bonaparte's
Gull

Little Gull

Laughing Gull

Franklin's Gull

Black-tailed
Gull

Heemann's Gull

Ring-billed Gull

California Gull

Lesser Black-
backed Gull

Herring Gull

Iceland Gull

Glaucous-
winged Gull

x

x

Glaucous Gull

sull sp.

Least Tern

Gull-billed Tern

CaspianTern

BlackTern

Common Tern

Forster's Tern

X | X | X | X

X [ X | X | X |X|[X]|X]|X

X | X | X | X |X|X|X]|X

X [ X [X | X |v|X




I bis

Sternasp. X X X
tern sp. X
Black Skimmer
Red-throated

X X X
Loon
Pacific Loon X X X
Common Loon X X
Yellow-billed

X X

Loon
\Wood Stork X X
Magnificent « «
Frigatebird
Anhinga X X
Neotropic

X X X
Cormorant
Double-crested

X X X
Cormorant
American « « «
White Pelican
Brown Pelican X X X
American x «
Bittern
Least Bittern X X
Great Blue

X X X
Heron
Great Egret X X
Snowy Egret X X X
Little Blue

X X

Heron
Tricolored

X X X
Heron
Reddish Egret X X X
Cattle Egret X X X
white egret sp. X X X
Green Heron X X X
Black-crowned « « «
Night-Heron
Yellow-
crowned Night- X X
Heron
White |bis
Glossy Ibis
\White-faced

X X X




Roseate
Spoonbill

Turkey Vulture

Osprey

White-tailed
Kite

Swallow-tailed
Kite (rare
visitor?)

Golden Eagle

Mississippi Kite

Northern
Harrier

X

Sharp-shinned
Hawk

oftenin
conifers

Cooper's Hawk

Northern
Goshawk

conifers

Bald Eagle

Harris's Hawk

Common Black
Hawk

Broad-winged
Hawk

Swainson's
Hawk

Zone-tailed
Hawk

Red-tailed
Hawk

Rough-legged
Hawk

Ferruginous
Hawk

Barn Owl

Western
Screech-Owl

Great Horned
Owl

Burrowing Owl

Long-eared Owl

Northern
Pygmy-Owl

conifers

Northern Saw-
whet Owl

conifers




Belted
Kingfisher

Williamson's
Sapsucker

Yellow-bellied
Sapsucker

Red-naped
Sapsucker

Lewis's
\Woodpecker

Red-headed
\Woodpecker

Acorn
\Woodpecker

American
Three-toed
\Woodpecker ??

Downy
\Woodpecker

Ladder-backed
\Woodpecker

Hairy
\Woodpecker

Northern
Flicker

Crested
Caracara

American
Kestrel

Merlin

Peregrine
Falcon

Prairie Falcon

Olive-sided
Flycatcher

Western Wood-
Pewee

Western/Easter
n Wood-Pewee

Willow
Flycatcher

Alder/Willow
Flycatcher
(Traill's
Flycatcher)

Least
Flycatcher




Hammond's

Flycatcher X X X
Gray Flycatcher| x X X
Dusky

Flycatcher X X X
Cordilleran

Flycatcher X X X
Empidonax sp. X X X
Black Phoebe X X X
EasternPhoebe| x X X
Say's Phoebe X X X
Vermilion

Flycatcher X X
Ash-throated

Flycatcher X X X
Great Crested

Flycatcher X
Great Kiskadee X
Piratic

Flycatcher X
Cassin's

Kingbird X X X
Western

Kingbird X X X
Cassin's/Weste

rn Kingbird X X X
Eastern x x
Kingbird

Scissor-tailed

Flycatcher X X
White-eyed

Vireo X
Bell's Vireo X X
Hutton's Vireo X
Yellow- x
throated Vireo

Cassin's Vireo X X X
Blue-headed «
Vireo

Plumbeous

Vireo X X X
Philadelphia

Vireo X X
Warbling Vireo | x X X

Red-eyed Vireo




Loggerhead

Shrike
Northern Shrike X X x
Loggerhead/No
rthern Shrike X X
CanadaJay .
Pinyon Jay X Plny(:(n/Oa
Steller's Jay X conifer/pi
ne-oak
Blue Jay X oak-pines
\Woodhouse's
Scrub-Jay X P/)
Black-billed
Magpie X X
Clark's .
Nutcracker conifers
American Crow X X X
Chihuahuan
Raven X X
Common Raven X X "
raven sp.
Black-capped
Chickadee X
Mountain . ) -
Chickadee
Jt.mlper . ) o)
Titmouse
Verdin X »
Horned Lark »
Northern
Rough-winged X . « §
Swallow
Purple Martin -
Tree Swallow X ~ 5
Violet-green
Swallow X X X
Bank Swallow X - "
Barn Swallow X - » .
Cliff Swallow X - » "
Cave Swallow X . »
swallow sp. X -
Bushtit X ” »




Golden-

Mockingbird

crowned sprgce/co
Kinglet nifers
Ruby-crowned .
i conifers
Kinglet
Red-breasted '
Nuthatch conifers
\White-breasted
Nuthatch
Pygmy .
Nuthatch pines
most
Brown Creeper T
types
Blue-gray
Gnatcatcher
rocky
Rock Wren canyons,
slopes
Canyon Wren cliffs,
canyons
House Wren
Pacific Wren dehse
conifers
Winter Wren
Sedge Wren sedge
marshes
Marsh Wren cattails/by
llrush
Carolina Wren
Bewick's Wren
Cactus Wren cactus/yud
cas
American high mtn
Dipper streams
European )
Starling
Gray Catbird
Curve-billed )
Thrasher
Brown Thrasher »
Crissal Thrasher
Sage Thrasher "
Northern ;




Eastern

Bluebird X X X X
Western
Bluebird X X X X
Mountain x « « X
Bluebird
Townsend's also
Solitaire X X conifers X
Varied Thrush X X a&o X
conifers
spruce
. , forests/de
Swainson's
Thrush X X n>e )
streamsid
e
Hermit Thrush X
\Wood Thrush
American Robin X X
Northern « «
Wheatear
Cedar Waxwing X X X X
Phainopepla X X
House Sparrow X X X
IAmerican Pipit X X
Sprague's Pipit X X ?
Evening .
Grosbeak X X conifers X
Pine Grosbeak X conifers ?
House Finch X X
Purple Finch X X ?
Cassin's Finch X conifers X
Red Crosshill X X conifers X
Pine Siskin X X conifers X
Lesser « «
Goldfinch
American
Goldfinch X X X X
Lapland lakeshores|
Longspur X X in winter X
Chestnut-
collared X X X
Longspur
McCown's
Longspur X X X
longspur sp. X




Cassin's
Sparrow

Grasshopper
Sparrow

Chipping
Sparrow

Clay-colored
Sparrow

Black-chinned
Sparrow

Field Sparrow

Brewer's
Sparrow

Spizella sp.

Black-throated
Sparrow

Lark Sparrow

Lark Bunting

AmericanTree
Sparrow

Fox Sparrow

Dark-eyed
Junco

White-crowned
Sparrow

\White-throated
Sparrow

Golden-
crowned
Sparrow

Harris's
Sparrow

Sagebrush
Sparrow (Sage
Sparrow?)

\Vesper Sparrow

Savannah
Sparrow

Song Sparrow

Lincoln's
Sparrow

Swamp
Sparrow

Canyon
Towhee




Rufous-
crowned
Sparrow

Green-tailed
Towhee

also
foothills/
mtns.

Spotted
Towhee

X

Eastern
Towhee

sparrow sp.

Yellow-
breasted Chat

Yellow-headed
Blackbird

Bobolink

Western
Meadowlark

Eastern
Meadowlark

Western/Easter
n Meadowlark

Orchard Oriole

Bullock's Oriole

Bullock's/Balti
more Oriole

Baltimore
Oriole

Scott's Oriole

agave-
yucca
mixed

w/oaks

Red-winged
Blackbird

Bronzed
Cowbird

Brown-headed
Cowbird

Rusty Blackbird

Brewer's
Blackbird

Common
Grackle

Great-tailed
Grackle

blackbird sp.




Ovenbird

Northern
\Waterthrush

Worm-eating
Warbler

Blue-winged
Warbler

Golden-winged
\Warbler

Black-and-
white Warbler

Prothonotary
Warbler

ITennessee
\Warbler

Orange-
crowned
\Warbler

Lucy's Warbler

Nashville
\Warbler

Virginia's
Warbler

MacGillivray's
Warbler

Kentucky
\Warbler

Common
Yellowthroat

Hooded
\Warbler

American
Redstart

Northern
Parula

Magnolia
Warbler

conifers

Bay-breasted
Warbler

Blackburnian
\Warbler

Yellow Warbler

Chestnut-sided
\Warbler

Blackpoll
\Warbler




Black-throated
Blue Warbler

Palm Warbler

Pine Warbler

pine trees

Yellow-rumped
Warbler

conifers

Yellow-
throated
\Warbler

Grace's
\Warbler

pine-oaks

Black-throated
Gray Warbler

P-J-oaks

Townsend's
\Warbler

tal
conifers

Black-throated
Green Warbler

Wilson's
\Warbler

Hepatic
Tanager

mountains
/foothills

Summer
Tanager

Scarlet Tanager

Western
Tanager

mixed
conifer

Northern
Cardinal

Pyrrhuloxia

Rose-breasted
Grosbeak

Black-headed
Grosbeak

Rose-
breasted/Black-
headed
Grosbeak

Blue Grosbeak

Lazuli Bunting

Indigo Bunting

Lazuli/Indigo
Bunting

Painted Bunting

Dickcissel




2 Reach A eBird Observances 1937 — 2020



12/28/2020

T eBird

« Start Over

Bird Observations

Bar Charts - eBird

v Date Range: (j5qge Date |

Jan-Dec, 1937-1979

Menu =

Change Location | [ Santa Fe NF - Panchuela Campground ] [ Pecos NHP--South Pasture trail (open weekends only) ] [

Santa Fe NF - Holy Ghost Campground ] [ Santa Rosa Lake SP ] [ Tererro General Store area ] [ Monastery Lake ] [

Villanueva Bridge over Pecos River ] [ Pecos NHP ] [ Villanueva SP ] [ Cowles Ponds ] [ Santa Fe NF - Jacks Creek

Campground ]

27 species (+1 other taxa)
Dusky Grouse

Red-naped Sapsucker

Northern Flicker
Canada Jay
Pinyon Jay
Common Raven
raven sp.

Black-capped Chickadee

Mountain Chickadee

Violet-green Swallow

Barn Swallow
Cliff Swallow

Ruby-crowned Kinglet

White-breasted Nuthatch

RARERRRARRRARNRARARARRARRN

Rock Wren

House Wren
Bewick's Wren

American Dipper

Western Bluebird

Mountain Bluebird

American Robin

RRRRRAR

https://ebird.org/barchart?byr=1937&eyr=1979&bmo=18&emo=12&r=9957688,L.774639,L.2348106,L.10711545,L.1658697,L.166705,L.3921574,L.142100...

Updated ~10 hr(s) ago.
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12/28/2020 Bar Charts - eBird

27 species (+1 other taxa)

Pine Siskin K3 u =

Lesser Goldfinch K3 -

Chipping_Sparrow ﬂ .

Dark-eyed Junco K3 .

Canyon Towhee n N

Green-tailed Towhee n =

Yellow-rumped Warbler 9] .
KEY: |~ = insufficient data r‘i = rare to widespread Download Histogram Data

© Cornell Lab of Ornithology | Contact | FAQ

https://ebird.org/barchart?byr=1937&eyr=1979&bmo=18&emo=12&r=L9957688,L.774639,L.2348106,L.10711545,L.1658697,L166705,L.3921574,L.142100... 2/2



12/28/2020 Bar Charts - eBird

_f/ eBiI'd Menu =

« Start Over

Bird Observations

v Date Range: (hange pate |
Jan-Dec, 1979-2020
Change Locationl [ Santa Fe NF - Panchuela Campground ] [ Pecos NHP--South Pasture trail (open weekends only) ] [

Santa Fe NF - Holy Ghost Campground ] [ Santa Rosa Lake SP ] [ Tererro General Store area ] [ Monastery Lake ] [
Villanueva Bridge over Pecos River ] [ Pecos NHP ] [ Villanueva SP ] [ Cowles Ponds ] [ Santa Fe NF - Jacks Creek
Campground ]

Updated ~10 hr(s) ago.

265 species (+37 other taxa)

Snow Goose 9] = - - p
Ross's Goose n -
Snow/Ross's Goose n ==

Greater White-fronted Goose [Kf -

Canada Goose n - - = = Em— = e S = N
Cackling/Canada Goose ﬂ -
Wood Duck K3 = = - -
Blue-winged Teal 9] — —

Cinnamon Teal n — e —
Blue-winged/Cinnamon Teal n - -

Northern Shoveler K3 == _— = = m om=—
Gadvall ] -t T - =
American Wigeon ﬂ == | e e o
Mallarg [ g = =" e e = e = -
Northern Pintail K3 ={ = . - - - —
Green-winged Teal n = = —-— e ——
teal sp. n =

Canvasback K3 - - -
Redhead n === = — m ==
Ring-necked Duck K3 = - - - = o= -
Lesser Scaup K3 e Eame el - —— ==

https://ebird.org/barchart?byr=1979&eyr=2020&bmo=18&emo=12&r=L9957688,L.774639,L.2348106,L.10711545,L1658697,L.166705,L.3921574,L.14210... 1/10



12/28/2020
265 species (+37 other taxa)

Surf Scoter

White-winged Scoter

Bufflehead

Common Goldeneye

Hooded Merganser

Common Merganser

Red-breasted Merganser

Common/Red-breasted
Merganser

Ruddy Duck

duck sp.

Northern Bobwhite

Scaled Quail
Gambel's Quail
Dusky Grouse
Wild Turkey
Pied-billed Grebe

Horned Grebe

Eared Grebe

Western Grebe

Clark's Grebe
Western/Clark's Grebe
Rock Pigeon

Band-tailed Pigeon

Eurasian Collared-Dove

White-winged Dove

Mourning_Dove

Greater Roadrunner

Yellow-billed Cuckoo

Common Nighthawk

Common Poorwill

Chimney Swift
White-throated Swift

Rivoli's Hummingbird

Black-chinned Hummingbird

Broad-tailed Hummingbird

https://ebird.org/barchart?byr=1979&eyr=2020&bmo=1&emo=12&r=L9957688,L774639,L.2348106,L10711545,L.1658697,L166705,L.3921574,.14210...

N

RRRRRRARN

N
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NNNNNNNNNNN

Bar Charts - eBird

_

"~ o e e ar Moy i o A Se Oa Nov oec
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12/28/2020 Bar Charts - eBird

265 species (+37 other taxa) Jul Aug Sep Oct Nov

Rufous Hummingbird

Calliope Hummingbird e e

hummingbird sp.

aaad
NRRRAR

American Coot

Jan Feb 'Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Sandhill Crane Kl == ] =
American Avocet n - - - -

Black-bellied Plover [0 | -

Semipalmated Plover n -

Piping_Plover n =

Killdeer (0] - - e -
Marbled Godwit K3 -

Baird's Sandpiper K3 -

Pectoral Sandpiper n =

peep sp. n - -

Wilson's Snipe n = = =
Wilson's Phalarope n -

Red-necked Phalarope n ==

Spotted Sandpiper K3 m—— - i

Solitary Sandpiper n =

Jan Feb 'Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Greater Yellowlegs - -

Willet

Pomarine Jaeger

jaeger sp.

Sabine's Gull

Bonaparte's Gull

Franklin's Gull

Ring-billed Gull EnEnEl=NE == —-— = S p—
California Gull —— -
Herring_Gull = == e O
gull sp. - - - - ] -
Black Tern - —

Common Tern

Forster's Tern

o@oRoRoRoRoRoRoRoRoRoRoRoR R
NRRRNRRARRRRBRRARNNRN

Common/Forster's Tern

Jan Feb 'Mar Apr May Jun Jul Aug Sep Oct Nov Dec

https://ebird.org/barchart?byr=1979&eyr=2020&bmo=18&emo=12&r=9957688,L.774639,L.2348106,L.10711545,L.1658697,L166705,L.3921574,L.14210... 3/10



12/28/2020 Bar Charts - eBird

Sterna sp. n

Red-throated Loon K3 n -
Pacific Loon n =
Common Loon K3 = m= - = -
Neotropic Cormorant K3 = =
Double-crested Cormorant [k = = T mmemmmsmmom om=
gggggf;i/tDouble—crested n

American White Pelican [0 | mEEmes o mE— s == — -
Brown Pelican n = =

Great Blue Heron n e e = EmmaEe -
Great Egret n = = =

Snowy Egret K3 h

Green Heron n M

Black-crowned Night-Heron [k -

heron sp. [0 |

_

White-faced Ibis K3

Turkey Vulture n A 0 T T 1 e N Y e

Osprey, K3 = e - - EEEEe——=—

Golden Eagle n = - =
Mississippi Kite K - -

Northern Harrier ﬂ = — = == - ——mm-EE—- = -
Sharp-shinned Hawk n o= — - — [ ——
Cooper's Hawk n E =m m emaEe s m- = - S————- -
E'gsvrlf-shmned/Coopers n

Northern Goshawk K3 o - -

Accipiter sp. n = -

Bald Eagle n S - = - == e
Common Black Hawk n - = === = m— = —-

Broad-winged Hawk Kl -

Swainson's Hawk n — _— = =

I —— Y T A T R Y T

Red-tailed Hawk [ (e e e e e e e s N e e e e s N N

Ferruginous Hawk

Buteo sp.

aagt
R AR
|
I

hawk sp.

https://ebird.org/barchart?byr=1979&eyr=2020&bmo=18&emo=12&r=9957688,L.774639,L.2348106,L.10711545,L.1658697,L166705,L.3921574,L.14210... 4/10



12/28/2020 Bar Charts - eBird

Barn Owl n =

Great Horned Owl n o e——— E m = m me——— == = = m=
Northern Pygmy-Owl K3 - E

Northern Saw-whet Owl n —

Belted Kingfisher K3 — SEEEE SRS - =
Williamson's Sapsucker n - - = —— — _— - m m
Red-naped Sapsucker [0 | = = - m— ———

Lewis's Woodpecker n = - R _ -
Red-headed Woodpecker n =

Acorn Woodpecker n =

American Three-toed n - - - —-—

Woodpecker

o Feo e Moy i i Aus Se Od Nov bec

Downy Woodpecker K3 - -
Ladder-backed Woodpecker n = | ——— - —— - = [—
Hairy Woodpecker 0| = W —— e SR ——— —
Northern Flicker 0] L T R R e P R e e
woodpecker sp. K3 - = - -

American Kestrel n mmEE = SSEEE e e e e EEEE mes
erin o - - —-
Peregrine Falcon n = - = -

Prairie Falcon n - = - - -
large falcon sp. K3 -
Olive-sided Flycatcher n m—— = = = EE————

Western Wood-Pewee n m=—SENEEEeesENsEeEE -

Willow Flycatcher K3 — - -

Least Flycatcher n =

Hammond's Flycatcher K3

_

Gray_Flycatcher n ———
Dusky Flycatcher ﬂ - = - = -
Hammond's/Dusky Flycatcher n -

Cordilleran Flycatcher n ==

Empidonax sp. n - - —_—— —m-—

Black Phoebe n B O e B — e e

Eastern Phoebe n = - m—— =

Say's Phoebe n L e — -
Ash-throated Flycatcher n T ————

https://ebird.org/barchart?byr=1979&eyr=2020&bmo=18&emo=12&r=19957688,L.774639,L.2348106,L.10711545,L.1658697,L166705,L.3921574,L.14210... 5/10



12/28/2020
265 species (+37 other taxa)

Cassin's Kingbird

Western Kingbird

Cassin's/Western Kingbird

flycatcher sp. (Tyrannidae
sp.)

Cassin's Vireo

Plumbeous Vireo

Cassin's/Plumbeous Vireo

Warbling_Vireo

Loggerhead Shrike

Canada Jay
Pinyon Jay
Steller's Jay.

Woodhouse's Scrub-Jay

Black-billed Magpie

Clark's Nutcracker

American Crow

Chihuahuan Raven

Common Raven
raven sp.

Black-capped Chickadee

Mountain Chickadee

Black-capped/Mountain
Chickadee

Juniper Titmouse

Horned Lark

Northern Rough-winged
Swallow

Purple Martin
Tree Swallow

Violet-green Swallow

Bank Swallow
Barn Swallow
Cliff Swallow
swallow sp.
Bushtit

Golden-crowned Kinglet

https://ebird.org/barchart?byr=1979&eyr=2020&bmo=1&emo=12&r=L9957688,L774639,L.2348106,L10711545,L.1658697,L166705,L.3921574,.14210...
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Bar Charts - eBird

_
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12/28/2020 Bar Charts - eBird

Ruby-crowned Kinglet = mmls SEelee-—- = —— - e N ——

ag
R R

Red-breasted Nuthatch

"~ o o o Mo g S 0o Nov bec

White-breasted Nuthatch n = e —
Pygmy_Nuthatch K3 - - = - e =
Brown Creeper ﬂ = —— - = Em— e E—————— - - - -
Blue-gray_Gnatcatcher n - _— e = = EE———-——

Rock Wren n EEE e B e EEENEN SN ENEN S N e -
Canyon Wren n e EEE W SSEsE - e —mE - EEE = = EEe S
House Wren n - mEesl - -

Winter Wren n =

Pacific/Winter Wren K3 - -
Marsh Wren n - -

Carolina Wren ﬂ -

Bewick's Wren n = == - - - - —mEe -
Cactus Wren n - - — _

American Dipper n = e ==
European Starling n == == ——— -

I — o N [ T T N R T R T

Gray Catbird n ——— = = EmE—
Curve-billed Thrasher n mEm= m EE == —m— m=— - - —— —
Brown Thrasher n -

Crissal Thrasher n - -

Sage Thrasher n By S - = = E——— -
Northern Mockingbird n - E = —ooslEEEeEEEE= == - -
Eastern Bluebird K3 g a - - ———————
Western Bluebird n e e = T ——
Mountain Bluebird n EEnEEEE == - EE=E = .
Townsend's Solitaire n e = - —as-IEEsEEEEEEeEEEE
Swainson's Thrush K3 -

Hermit Thrush ﬂ = m - o Ee e—EE—— - = =~ mm -
American Robin 0 EE=EEEsEEEsE IS sEN=anEnEeE e NN ENEEEREE
Cedar Waxwing n == E-=m - -
House Sparrow n o O e = -

_

— I —— - - -
American Pipit

ag
N R

Evening_Grosbeak

https://ebird.org/barchart?byr=1979&eyr=2020&bmo=1&emo=12&r=L9957688,L774639,L.2348106,L10711545,L.1658697,L166705,L.3921574,.14210...

7/10



12/28/2020 Bar Charts - eBird

Pine Grosbeak

SaEe B Dss D e e N e e o e [ [

Cassin's Finch

Red Crossbill

Pine Siskin - EE = mee SeslEe S S . -

Lesser Goldfinch S e O T o e i

American Goldfinch = . mm——
Chestnut-collared Longspur = =
McCown's Longspur -
Cassin's Sparrow — Sis

- - meslnEsEes=mes—-EalEEEREEEEE - -

Chipping_Sparrow

Clay-colored Sparrow

Black-chinned Sparrow

e o ber o Moy un Ju A sep On Nov oec]

- e e -
Brewer's Sparrow

oQoQoRoRoRoRoRoRoRoRoRoRo
RAERNRNRRNRRRRANR
|
| |

Spizella sp.

Black-throated Sparrow

Lark Sparrow Ll mn [ S -

Lark Bunting

American Tree Sparrow

Fox Sparrow

Dark-eyed Junco EnEE=nEEEEsEEEEE = — = Seseese-ssssEEEEEEEEEEEE

White-crowned Sparrow ESEE ESSEESSs s San— - T —
White-throated Sparrow - =
@per Sparrow - - - L B - s O e I
Savannah Sparrow == - - mEmmm——— ==
|| s == B B N e e [ e
Song_Sparrow
— - e —— e e e ] |

Lincoln's Sparrow

o@oRoRoRoRoRoRoRoRoRoRoRoRoR-
NRRRARRRRNRRNRRRRRN

Canyon Towhee

e e v Mo i A Se oo o Dec

Rufous-crowned Sparrow a

Green-tailed Towhee

Spotted Towhee

sparrow sp.

Yellow-breasted Chat =IEEEEEeeElE = -

Yellow-headed Blackbird

Western Meadowlark - —EE e sesses [ ——-— [T —e=il B [

aaaaaan
NRRRARAN

https://ebird.org/barchart?byr=1979&eyr=2020&bmo=18&emo=12&r=9957688,L.774639,L.2348106,L.10711545,L.1658697,L166705,L.3921574,L.14210... 8/10



12/28/2020
265 species (+37 other taxa)

Eastern Meadowlark

Western/Eastern Meadowlark
Bullock's Oriole
Scott's Oriole

Red-winged Blackbird

Brown-headed Cowbird

Brewer's Blackbird

Common Grackle

Great-tailed Grackle

Northern Waterthrush

Orange-crowned Warbler

Nashville Warbler

Virginia's Warbler

MacgGillivray's Warbler

Common Yellowthroat

Hooded Warbler

American Redstart

Northern Parula
Yellow Warbler

Black-throated Blue Warbler

Yellow-rumped Warbler

Grace's Warbler

o@oRoRoRoRoRoRoRoRoRoRoRoRoRo
NRNRRRRARRRRRNRRANRN

Black-throated Gray Warbler

Townsend's Warbler

Wilson's Warbler

warbler sp. (Parulidae sp.)
Hepatic Tanager

Summer Tanager

Western Tanager

Northern Cardinal

Pyrrhuloxia

Rose-breasted Grosbeak

Black-headed Grosbeak

Rose-breasted/Black-headed
Grosbeak

Blue Grosbeak

https://ebird.org/barchart?byr=1979&eyr=2020&bmo=1&emo=12&r=L9957688,L774639,L.2348106,L10711545,L.1658697,L166705,L.3921574,.14210...
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Bar Charts - eBird

_

s Fe Mar A May wn u A sep Oct Nov bec
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12/28/2020 Bar Charts - eBird

265 species (+37 other taxa)

Lazuli Bunting

Indigo Bunting

aag
N R

Passerina sp.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Dickcissel K3 =
passerine sp. K3 - - -
;| = insufficient data |_-~ = rare to widespread Download Histogram Data

© Cornell Lab of Ornithology | Contact | FAQ

https://ebird.org/barchart?byr=1979&eyr=2020&bmo=18&emo=12&r=9957688,L.774639,L.2348106,L.10711545,L1658697,L166705,L.3921574,L.1421... 10/10



3 Reach B eBird Observances 1937 — 2020



12/29/2020

T eBird

« Start Over

Bird Observations

Bar Charts - eBird

v Date Range: (j5qge Date |
Jan-Dec, 1937-1979

Menu =

Change Location | [ Sumner Lake SP ] [ Sumner Lake SP- Eastside CG ] [ Pecos River in Santa Rosa ] [ Pecos

Watershed Education Center at Rock Lake Hatchery ] [ Park Lake - Santa Rosa ] [ Santa Rosa Power Dam Park ]

17 species (+0 other taxa)
Canada Goose

Blue-winged Teal

Cinnamon Teal

Pied-billed Grebe

Rock Pigeon
Killdeer
Turkey Vulture

Sharp-shinned Hawk

Swainson's Hawk

Ladder-backed Woodpecker

Western Kingbird

Loggerhead Shrike

Common Raven

Juniper Titmouse

NRARRRRRRARNRRARARRARRN

Horned Lark

Northern Rough-winged
Swallow

N

Curve-billed Thrasher

N

KEY: |~ = insufficient data r‘i = rare to widespread

Updated ~16 hr(s) ago.

Download Histogram Data

© Cornell Lab of Ornithology | Contact | FAQ

https://ebird.org/barchart?byr=1937&eyr=1979&bmo=1&emo=12&r=L10671386,L1508844,L.8187956,L.279391,L327120,L3828876
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12/29/2020 Bar Charts - eBird

T eBird Menu =

« Start Over

Bird Observations

v Date Range: (hange pate |
Jan-Dec, 1979-2020
Change Location | [ Sumner Lake SP ] [ Sumner Lake SP- Eastside CG ] [ Pecos River in Santa Rosa ] [ Pecos

Watershed Education Center at Rock Lake Hatchery ] [ Park Lake - Santa Rosa ] [ Santa Rosa Power Dam Park ]

Updated ~16 hr(s) ago.

290 species (+29 other taxa)

Black-bellied Whistling-Duck n =

Snow Goose n = — —

Ross's Goose n -
Greater White-fronted Goose n - -
Cackling_Goose K3 = - = - - -
Canada Goose n EEE=l= = = =Es-E—- = — memae s -
Wood Duck K s = - —_— B
Blue-winged Teal ﬂ = ———— N —
Cinnamon Teal 9] SRS . ——
Blue-winged/Cinnamon Teal n = N —— —

Northern Shoveler n =N H EmEm  EEele—— - - meEean -
Gadwall n =l sEEEEEssEeEmmE = = - mm—m= sEEEEE
American Wigeon n R e = — =—emea- IEEEEE
Mallard n Y e = messe = R
Mallard (Domestic type) n == = - === - =
Northern Pintail 9] = - _-_— —m——— ——— -
Green-winged Teal n S e ey i S e b - m= m= == E-
teal sp. n - -

Canvasback n L S = = - = = —
Redhead n ==EEE= = - e = LR
Ring-necked Duck n SEnE S D E-—_ f— .- L O | [
Greater Scaup n - -

https://ebird.org/barchart?byr=1979&eyr=2020&bmo=1&emo=12&r=L10671386,L1508844,L.8187956,L.279391,L327120,L3828876 110



12/29/2020 Bar Charts - eBird

Lesser Scaup Kl DS I e E— N —— e ——
Surf Scoter n -
White-winged Scoter K3 -

Black Scoter n -
Long-tailed Duck K3 =
Bufflehead n E=EE == =m——— - [ ——
Common Goldeneye n e b ———
Hooded Merganser n e =

_

HEEE RN == - _— - -
Common Merganser e

R R

Red-breasted Merganser

Common/Red-breasted

R
1

Merganser

Ruddy Duck =N == = =EEl=-=— - — — e ———
duck sp. —~ — m—mm = m—— .
Northern Bobwhite =

Scaled Quail = = - ——E = m. ————— = -

Wild Turkey = == = - — - — —m——— m— -

Pied-billed Grebe ElnsiEesisslS=seeen= = B § soaeasesssi= =§ESEE

Horned Grebe =l = = - - —— —

Red-necked Grebe = -

Eared Grebe - - o ———— - B e e — e

Western Grebe = = = EeS-—== = e —EEEsEEes W= E———

Clark's Grebe = EN=cEl==n @ == — 0 = B seasssssee -
] ' = M = ——

o@oRoRoRoRoRoRoR-RoRoRooPoR-
N RRRRNRAN

Western/Clark's Grebe

_

Rock Pigeon - ——— [ — R—

. mAEE =malssEsaasaalE EEEEE el B e .
Eurasian Collared-Dove

White-winged Dove

Mourning_Dove = m=mn sosi-pEsEnEEsialE SEeSEEESSmm= ==

Greater Roadrunner

Yellow-billed Cuckoo

RAERNNRNRRRARRRANR
1

Common Nighthawk - — -
Common Poorwill -
Black-chinned Hummingbird I e N e -
Broad-tailed Hummingbird = -
Rufous Hummingbird — -

= - = m - -

hummingbird sp.
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12/29/2020 Bar Charts - eBird

290 species (+29 other taxa)

Virginia Rail K - -
Sora n = SR
American Coot n EEEEEEEEEEEEEEEEEEEEE =m =mEslEnEsEEEEREE

Jan Feb 'Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Sandhill Crane K3 . [F—————
Black-necked Stilt ﬂ - -

American Avocet Kl — —— - B =ma—e— = =
Black-bellied Plover n - -

Snowy Plover [0 | == -

Semipalmated Plover K3 -_—

Killdeer n - I T e EnlaEEssms Sij=—— =
Upland Sandpiper n — -

Long-billed Curlew n - - - = e

Marbled Godwit n - -

Ruddy Turnstone n -

Stilt Sandpiper [0 | -- - -

Sanderling n — e

Baird's Sandpiper n - -— - . E——

Least Sandpiper n - ——— -- = -

Jan Feb 'Mar Apr May Jun Jul Aug Sep Oct Nov Dec

White-rumped Sandpiper K3 - =

Pectoral Sandpiper n -

Western Sandpiper n — - ——

peep sp. n - — — H = m—

Long-billed Dowitcher [0 | - - - -

Wilson's Snipe K3 = - -
Wilson's Phalarope n - = — e = ——

Red-necked Phalarope K3 E -

Red Phalarope n j—

Spotted Sandpiper K3 EmmEfe= = —  Eele———— - =
Solitary Sandpiper n — - -

Greater Yellowlegs n - = - —-— - =
Willet K3 —— -

Lesser Yellowlegs K3 R =N
Greater/Lesser Yellowlegs n -

Jan Feb 'Mar Apr May Jun Jul Aug Sep Oct Nov Dec
shorebird sp. K3 - BN
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12/29/2020

290 species (+29 other taxa)

Long-tailed Jaeger

Sabine's Gull
Bonaparte's Gull
Little Gull
Laughing_Gull
Franklin's Gull
Ring-billed Gull
California Gull

Herring_Gull

Iceland Gull
Glaucous Gull

gull sp.

Caspian Tern

o@oRoRoRoRoRoRoRo-RoR-RoR R
NRRRRARRRARRNRRAR

Black Tern

Bar Charts - eBird
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Common Tern
Forster's Tern
Sterna sp.
tern sp.

Red-throated Loon

Pacific Loon
Common Loon

Neotropic Cormorant

Double-crested Cormorant

American White Pelican

Brown Pelican

Great Blue Heron

Great Egret
Snowy Egret

Tricolored Heron

o@oRoRoRoRoRoRoRoRoRoRoRoRR-
NARRARRARARNRRNRARRN

_

Reddish Egret
Cattle Egret
white egret sp.
Green Heron

Black-crowned Night-Heron

White-faced Ibis

RRARRNRAR

https://ebird.org/barchart?byr=1979&eyr=2020&bmo=1&emo=12&r=L10671386,L1508844,L.8187956,L.279391,L327120,L3828876

4/10



12/29/2020
290 species (+29 other taxa)
Turkey Vulture

Osprey,

Swallow-tailed Kite

Golden Eagle
Mississippi Kite
Northern Harrier

Sharp-shinned Hawk

Cooper's Hawk

Bald Eagle

Common Black Hawk

Broad-winged Hawk

Swainson's Hawk

Zone-tailed Hawk

Red-tailed Hawk

Ferruginous Hawk

Great Horned Owl

Belted Kingfisher

Red-naped Sapsucker

Red-headed Woodpecker

Downy Woodpecker

Ladder-backed Woodpecker

Northern Flicker

American Kestrel

Merlin

Peregrine Falcon
Prairie Falcon

Olive-sided Flycatcher

Western Wood-Pewee

Western/Eastern Wood-
Pewee

Willow Flycatcher

Alder/Willow Flycatcher
(Traill's Flycatcher)

Least Flycatcher

Hammond's Flycatcher

Gray Flycatcher
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12/29/2020
290 species (+29 other taxa)

Dusky Flycatcher

Cordilleran Flycatcher

Empidonax sp.
Black Phoebe

Eastern Phoebe

Say's Phoebe

Vermilion Flycatcher

Ash-throated Flycatcher

Cassin's Kingbird

Western Kingbird

Cassin's/Western Kingbird

Eastern Kingbird

Scissor-tailed Flycatcher

Bell's Vireo

Yellow-throated Vireo

Cassin's Vireo

Plumbeous Vireo

Philadelphia Vireo

Warbling_Vireo

Loggerhead Shrike

Northern Shrike
Loggerhead/Northern Shrike
Pinyon Jay,

Steller's Jay

Blue Jay.

Woodhouse's Scrub-Jay

American Crow

Chihuahuan Raven

Common Raven
raven sp.

Mountain Chickadee

Juniper Titmouse

Horned Lark

Northern Rough-winged
Swallow

Tree Swallow

aaaad
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12/29/2020

Violet-green Swallow

Bank Swallow
Barn Swallow
Cliff Swallow
swallow sp.
Bushtit

Golden-crowned Kinglet

Ruby-crowned Kinglet

Red-breasted Nuthatch

White-breasted Nuthatch

290 species (+29 other taxa)

Brown Creeper

Blue-gray Gnatcatcher

Rock Wren
Canyon Wren

House Wren

Winter Wren
Marsh Wren
Carolina Wren
Bewick's Wren
Cactus Wren

European Starling

Gray Catbird

Curve-billed Thrasher

Brown Thrasher
Sage Thrasher

Northern Mockingbird

Eastern Bluebird

Western Bluebird

Mountain Bluebird

Townsend's Solitaire

Swainson's Thrush

Hermit Thrush
American Robin

Cedar Waxwing

Bar Charts - eBird

Aug Sep Oct

Aug Sep Oct

- - —
[S— e —
Exl=EEEEEEEnlnls BEEEEEEEEE=

- mEEEEEEEEEE B Em sms=m— -
T - T
- L | - - = .
H = -

I ] s e - ———E =
_-—— = =
= = _— - -
] —-—
= 1= F 7

o E= EmlE—— = W e —— ———
- N Em e me— = - - =l
R— ————— -

Jan Feb Mar Apr May Jun Jul |Aug Sep Oct Nov Dec
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1
[ |
]
|
|
|

Jan Feb Mar Apr

May Jun Jul 'Aug Sep Oct

Nov Dec

—mm
- - ——m -
| | - . - -— - - -
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12/29/2020
290 species (+29 other taxa)

House Sparrow
American Pipit

Evening_Grosbeak

House Finch
Red Crossbill
Pine Siskin
Lesser Goldfinch

American Goldfinch

Chestnut-collared Longspur

McCown's Longspur

longspur sp.

Cassin's Sparrow

Grasshopper Sparrow

Chipping_Sparrow

Clay-colored Sparrow

Field Sparrow

Brewer's Sparrow

Spizella sp.

Black-throated Sparrow

Lark Sparrow
Lark Bunting

American Tree Sparrow

Fox Sparrow

Dark-eyed Junco

White-crowned Sparrow

White-throated Sparrow

Vesper Sparrow

Savannah Sparrow

Song_Sparrow

Lincoln's Sparrow

Swamp Sparrow
Canyon Towhee

Rufous-crowned Sparrow

Green-tailed Towhee

Spotted Towhee

o@oRoRoRoRoRoRoRoRoR-o
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12/29/2020 Bar Charts - eBird

sparrow sp. n

Yellow-breasted Chat K3 —mmm =0 —

Yellow-headed Blackbird n = ——————

Bobolink n -

Western Meadowlark n EEl=Nelnle-slnssann= " - —EEE—— e =l
Eastern Meadowlark K3 - -

_

Northern Waterthrush

Western/Eastern Meadowlark n
Orchard Oriole n -
Bullock's Oriole K3 e o
Bullock's/Baltimore Oriole K3 -
Scott's Oriole K3 B
Red-winged Blackbird n AnnleanleessEsEEEEEEEEEEE Be- =Essos B Sl =
Brown-headed Cowbird K3 Sl Sl EES=
Rusty Blackbird 0| -
Brewer's Blackbird K3 — | == S = =
Common Grackle K3 = mememsEw - p———
Great-tailed Grackle K3 e e e e
blackbird sp. K3 -
Ovenbird K3 =

K

]

Golden-winged Warbler

_

Black-and-white Warbler n

Orange-crowned Warbler K3 e —————
Nashville Warbler n - - -
Virginia's Warbler n S SRS

MacGillivray's Warbler n —=M= ———
Kentucky Warbler n Fi

Common Yellowthroat n m—mmme Ees EE I e
Hooded Warbler ﬂ —

American Redstart n - _—
Northern Parula n = -

Magnolia Warbler n -
Yellow Warbler n - = m- B sEeEe—-
Chestnut-sided Warbler K3 -
Blackpoll Warbler n -
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12/29/2020

Bar Charts - eBird

290 species (+29 other taxa)

Black-throated Blue Warbler n = -
Yellow-rumped Warbler n ENEEE =Em = =EEE—— = - —
Black-throated Gray Warbler ﬂ -

Townsend's Warbler K3 e

Wilson's Warbler 0] e NN -

Hepatic Tanager n -

Summer Tanager n Lo [ EE =E =ae-

Scarlet Tanager n -

Western Tanager n —m—— N EE——

Northern Cardinal n —— e e = =
Pyrrhuloxia n = -

Rose-breasted Grosbeak K3 s -

Black-headed Grosbeak 0] —m - -
égz;t;;ekasted/Black—headed n

Blue Grosbeak K3 ——mall-=aiul SEeE———

Lazuli Bunting n - — - —— -

Indigo Bunting n — - - —

Lazuli/Indigo Bunting K3 = -

Painted Bunting n -

Dickcissel n - - ——
KEY: | = insufficient data |_'i = rare to widespread Download Histogram Data
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4 Reach C eBird Observances 1937 — 2020



12/29/2020 Bar Charts - eBird

_f/ eBiI'd Menu =

« Start Over

Bird Observations

v Date Range: (j5qge Date |
Jan-Dec, 1939-1979
Change Location | [ Pecos River - Below Sumner Dam ] [ W.S. Huey Waterfowl Management Area ] [ Bosque Redondo

Park ] [ Brantley Lake SP--campground ] [ Bitter Lake NWR -- parking_between units 5 & 6 ] [ Bottomless Lakes SP ] [
Bitter Lakes NWR - Visitor Center ] [ Brantley Lake SP ] [ Brantley Lake SP--Cheapskate Pt. ] [ McMillan Dam wetlands
1 [ Bitter Lake NWR - Sandhill Crane Overlook ] [ Brantley Reservoir ] [ Bitter Lake NWR--Farm (NMAR), ] [ Bitter Lake
NWR ] [ Brantley Lake SP--Rocky Bay ] [ Bitter Lake NWR - Pajaro Bird Blind ] [ Southern Brantley Lake from Dam
Ridge ] [ Lake McMillan ] [ Bitter Lake NWR-- OxBow ]

Updated ~16 hr(s) ago.

131 species (+4 other taxa)

Snow Goose K3 -

Canada Goose K3 - |

Blue-winged Teal K3 - N-EN

Cinnamon Teal n N E-
Blue-winged/Cinnamon Teal ﬂ

Northern Shoveler [0 ] - u |

Gadwall [0 ] = =

American Wigeon 9] =

Mallard 0] =-m R

Northern Pintail K3 - [

Green-winged Teal n

Canvasback n -

Redhead K3 - [

Lesser Scaup n -

Harlequin Duck n = =
Bufflehead 0| = n
Ruddy Duck K3 - N

Scaled Quail K3 = N —
Ring-necked Pheasant K3 - u

Pied-billed Grebe K3 =zl L=

https://ebird.org/barchart?byr=1939&eyr=1979&bmo=18&emo=12&r=1274946,L.3334270,L.1580524,L.11010750,L.6092177,L677602,L.3334251,L.278113... 1/5



12/29/2020
131 species (+4 other taxa)

Eared Grebe
Western Grebe

White-winged Dove

Mourning_Dove

Groove-billed Ani

Greater Roadrunner

Common Nighthawk

Virginia Rail
American Coot

Purple Gallinule

Yellow Rail
Sandhill Crane

Black-necked Stilt

American Avocet

Black-bellied Plover

American Golden-Plover

Snowy Plover

Semipalmated Plover

Killdeer

Upland Sandpiper

Whimbrel

Long-billed Curlew

Marbled Godwit
Red Knot

Stilt Sandpiper

Sanderling
Dunlin

Baird's Sandpiper

Least Sandpiper

White-rumped Sandpiper

Pectoral Sandpiper

Semipalmated Sandpiper

Western Sandpiper

peep sp.
Short-billed Dowitcher

https://ebird.org/barchart?byr=1939&eyr=1979&bmo=1&emo=12&r=L274946,L.3334270,L.1580524,.11010750,L6092177,L677602,L.3334251,L.278113...
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12/29/2020
131 species (+4 other taxa)

Long-billed Dowitcher

Wilson's Snipe

Wilson's Phalarope

Red-necked Phalarope

Red Phalarope

Spotted Sandpiper

Solitary Sandpiper

Greater Yellowlegs

Willet

Lesser Yellowlegs

Greater/Lesser Yellowlegs

Pomarine Jaeger

Laughing_Gull
Ring-billed Gull
Least Tern
Black Tern
Forster's Tern
Black Skimmer
Common Loon

Magnificent Frigatebird

Double-crested Cormorant

American Bittern

Great Blue Heron

Great Egret
Snowy Egret
Green Heron

Black-crowned Night-Heron

White Ibis
White-faced Ibis
Turkey Vulture
Northern Harrier

Sharp-shinned Hawk

Cooper's Hawk

Swainson's Hawk

Great Horned Owl

https://ebird.org/barchart?byr=1939&eyr=1979&bmo=1&emo=12&r=L274946,L.3334270,L.1580524,.11010750,L6092177,L677602,L.3334251,L.278113...
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12/29/2020 Bar Charts - eBird

131 species (+4 other taxa) Jan Feb 'Mar Jul Aug Sep Oct Nov Dec

Nov Dec

Burrowing_Owl

Belted Kingfisher

Lewis's Woodpecker

Ladder-backed Woodpecker

Northern Flicker

American Kestrel

Say's Phoebe

Western Kingbird

Loggerhead Shrike

Clark's Nutcracker

Chihuahuan Raven

RAERNRRNRRRRARRANR

Horned Lark

Northern Rough-winged
Swallow

N

Tree Swallow

R R

Barn Swallow

Jan Feb Mar Apr M Jun Jul Aug Sep Oct Nov Dec

Cliff Swallow RN e e

Sedge Wren
Cactus Wren

Crissal Thrasher

Northern Mockingbird

House Sparrow

Evening_Grosbeak

House Finch

Cassin's Sparrow

Black-throated Sparrow

Lark Sparrow

American Tree Sparrow

White-crowned Sparrow

LeConte's Sparrow

Yellow-headed Blackbird

oQoRoRoRoRoRoRoRoRoRoR-RoR R
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Western Meadowlark

Eastern Meadowlark

Bullock's Oriole

aaad
NRRRAR

Red-winged Blackbird

https://ebird.org/barchart?byr=1939&eyr=1979&bmo=18&emo=12&r=1274946,L.3334270,L.1580524,L.11010750,L6092177,L677602,L.3334251,L.278113... 4/5



12/29/2020 Bar Charts - eBird

131 species (+4 other taxa)

Brown-headed Cowbird n u

Brewer's Blackbird n -

Great-tailed Grackle K3 i

blackbird sp. 0] =

Common Yellowthroat K3 -

Yellow-rumped Warbler n "

Yellow-throated Warbler 9] =

Wilson's Warbler n =

Painted Redstart n =

Scarlet Tanager n N

Blue Grosbeak K3 a —
KEY:| = insufficient data r‘i = rare to widespread Download Histogram Data

© Cornell Lab of Ornithology | Contact | FAQ
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12/29/2020 Bar Charts - eBird

T eBird Menu =

« Start Over

Bird Observations

v Date Range: (hange pate |
Jan-Dec, 1979-2020
Change Locationl [ Pecos River - Below Sumner Dam ] [ W.S. Huey Waterfowl Management Area ] [ Bosque Redondo

Park ] [ Brantley Lake SP--campground ] [ Bitter Lake NWR -- parking_between units 5 & 6 ] [ Bottomless Lakes SP ] [
Bitter Lakes NWR - Visitor Center ] [ Brantley Lake SP ] [ Brantley Lake SP--Cheapskate Pt. ] [ McMillan Dam wetlands
1 [ Bitter Lake NWR - Sandhill Crane Overlook ] [ Brantley Reservoir ] [ Bitter Lake NWR--Farm (NMAR), ] [ Bitter Lake
NWR ] [ Brantley Lake SP--Rocky Bay ] [ Bitter Lake NWR - Pajaro Bird Blind ] [ Southern Brantley Lake from Dam
Ridge ] [ Lake McMillan ] [ Bitter Lake NWR-- OxBow ]

Updated ~16 hr(s) ago.

380 species (+68 other taxa)

Black-bellied Whistling-Duck n -

Snow Goose n N e B e - =EE NN e
Ross's Goose n SRS = - e B
Snow/Ross's Goose ﬂ ——————— N —
Greater White-fronted Goose [Kf a = e - - - -
ko :

Brant o =
Cackling_Goose [0 | s ——
Canada Goose n e e A - o B
Trumpeter Swan n -

Tundra Swan n = ==
Wood Duck n - == m—— - -

Garganey, K3 -
Blue-winged Teal n v T A N e e =
Cinnamon Teal n e T o

(B:]l:/i-r\ilg;ged x Cinnamon Teal n

Blue-winged/Cinnamon Teal n = == | = —

Northern Shoveler Kl T A e e e e i R N
Gadwall n EEEEEEEEEEEE SN NS ae e - - L

https://ebird.org/barchart?byr=1979&eyr=2020&bmo=18&emo=12&r=L274946,L.3334270,L.1580524,.11010750,L.6092177,L677602,L.3334251,L.27811... 1/14



12/29/2020
380 species (+68 other taxa)

Eurasian Wigeon

American Wigeon

Mallard
Mallard (Domestic type)

Mexican Duck

Mallard x Mexican Duck
(hybrid)

Mallard/Mexican Duck
Northern Pintail

Green-winged Teal

teal sp.

dabbling duck sp.

Canvasback
Redhead

Ring-necked Duck

Greater Scaup

Lesser Scaup
Greater/Lesser Scaup
Aythya sp.

Surf Scoter

White-winged Scoter

Long-tailed Duck

Bufflehead

Common Goldeneye

Bufflehead x Common
Goldeneye (hybrid)

Barrow's Goldeneye

Hooded Merganser

Common Merganser

Red-breasted Merganser

Common/Red-breasted
Merganser

Ruddy Duck
duck sp.
waterfowl sp.

Northern Bobwhite

Scaled Quail

https://ebird.org/barchart?byr=1979&eyr=2020&bmo=1&emo=12&r=L274946,L.3334270,L.1580524,.11010750,L6092177,L677602,L.3334251,L.27811...

R R

NRRARRRRARN

RRRANR

RRAERNRNRRRRANR

N

R AR

RRRRAR

Bar Charts - eBird

I —— N T T A T ER T N AT

_

2/14



12/29/2020
380 species (+68 other taxa)

Ring-necked Pheasant

Wild Turkey
Pied-billed Grebe

Horned Grebe
Eared Grebe
Horned/Eared Grebe

Western Grebe

Clark's Grebe
Western/Clark's Grebe

Rock Pigeon

Band-tailed Pigeon

Eurasian Collared-Dove

Inca Dove

Common Ground Dove

White-winged Dove

Mourning_Dove

Groove-billed Ani

Greater Roadrunner

Yellow-billed Cuckoo

Lesser Nighthawk

Common Nighthawk

nighthawk sp.

Common Poorwill

Black-chinned Hummingbird

Broad-tailed Hummingbird

Rufous Hummingbird

hummingbird sp.
Virginia Rail
Sora

Common Gallinule

American Coot
Sandhill Crane
Common Crane

Black-necked Stilt

American Avocet

https://ebird.org/barchart?byr=1979&eyr=2020&bmo=1&emo=12&r=L274946,L.3334270,L.1580524,.11010750,L6092177,L677602,L.3334251,L.27811...
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12/29/2020 Bar Charts - eBird

Black-bellied Plover =

ag
R R

American Golden-Plover

_

Semipalmated Plover

Mountain Plover

Upland Sandpiper

Whimbrel

Long-billed Curlew

Hudsonian Godwit

Marbled Godwit

Ruddy Turnstone

Red Knot

Stilt Sandpiper

Curlew Sandpiper

o@oRoRoRoRoRoRoRoRoR-RoRoRR-
NRNRNRRARRRRRNRRARN
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Sanderling

L Dan Jreb ver [apr [may Liun Dul_laug [sep Joct [Nov Ipec
Dunlin n ————

Baird's Sandpiper n —— e O B e — =
Little Stint ﬂ -

Least Sandpiper n - e e 0 B e
White-rumped Sandpiper n —————

Buff-breasted Sandpiper n = =

Pectoral Sandpiper n ———— —— - —— ———————
Semipalmated Sandpiper n ————————— EEEmm————— ——

Western Sandpiper K3 - —=EEEEEEEEEEE——— ——
ggségfégated/Western n

peep sp. n - e -
Short-billed Dowitcher Kl = —_— -

Long-billed Dowitcher n 1 e e e
SZSVr}tt;I;l‘!fd/Long-bllled n e ——

Wilson's Snipe (o I e

I —— Y T A T ER T Y AT

e — | I e ] I ——— — -
Wilson's Phalarope K - 2 — N
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12/29/2020
380 species (+68 other taxa)

Red-necked Phalarope

Red Phalarope
phalarope sp.
Spotted Sandpiper

Solitary Sandpiper

Greater Yellowlegs

Willet

Lesser Yellowlegs

Greater/Lesser Yellowlegs
shorebird sp.

Pomarine Jaeger

Parasitic Jaeger

Long-tailed Jaeger

o@oRoRoRoRoRoRoRo-RoR-RoR R
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jaeger sp.

Black-legged Kittiwake

Sabine's Gull
Bonaparte's Gull
Laughing_Gull

Franklin's Gull
Black-tailed Gull
Heermann's Gull
Ring-billed Gull
California Gull
Herring_Gull

Lesser Black-backed Gull

Glaucous-winged Gull

Glaucous Gull

gull sp.

Least Tern

aaaaaaaaaaaaaat
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Gull-billed Tern
Caspian Tern
Black Tern
Common Tern
Forster's Tern

Common/Forster's Tern

https://ebird.org/barchart?byr=1979&eyr=2020&bmo=1&emo=12&r=L274946,L.3334270,L.1580524,.11010750,L6092177,L677602,L.3334251,L.27811...
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12/29/2020
380 species (+68 other taxa)

Sterna sp.
tern sp.
Black Skimmer

Red-throated Loon

Pacific Loon
Common Loon

Yellow-billed Loon

loon sp.

Wood Stork

Magnificent Frigatebird

Anhinga

Neotropic Cormorant

Double-crested Cormorant

Neotropic/Double-crested
Cormorant

American White Pelican

Brown Pelican

American Bittern

Least Bittern

Great Blue Heron

Great Egret
Snowy Egret

Little Blue Heron

Tricolored Heron

Reddish Egret

Cattle Egret
white egret sp.
Green Heron

Black-crowned Night-Heron

Yellow-crowned Night-Heron

White Ibis
Glossy Ibis
White-faced Ibis

Glossy x White-faced Ibis
(hybrid)

Glossy/White-faced Ibis

https://ebird.org/barchart?byr=1979&eyr=2020&bmo=1&emo=12&r=L274946,L.3334270,L.1580524,.11010750,L6092177,L677602,L.3334251,L.27811...
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12/29/2020 Bar Charts - eBird

Roseate Spoonbill e

Turkey Vulture e e e S T D e — e e e e —-

Osprey,

White-tailed Kite

Golden Eagle

I N [ T T N R T R T

aaaad
NRRRRAR

Mississippi Kite Kl
Northern Harrier K ENEEEEEE NN N E s s a e e e A SN AN
Sharp-shinned Hawk n - -
Cooper's Hawk K3 - - 3
E'I;svrkp-shlnned/Coopers n _
Accipiter sp. n = S= - -
Bald Eagle n - - - — ————
Harris's Hawk Kl ™ 2 — -_— -
Broad-winged Hawk n - —=
Swainson's Hawk n B o S B S S A B
Red-tailed Hawk Kl e —— - -
Rough-legged Hawk K3 a —_— -
Ferruginous Hawk n - - - N —
Buteo sp. n == === — =
hawk sp. n -
L Dan Jfeb [Mar [Apr |May Liun [l Aug [Sep |oct [Nov |Dec ]
Barn Owl e N —
Western Screech-Owl - - = -
Great Horned Owl SE= - -
Burrowing_Owl - - = - - = - - = -
Long-eared Owl = -
owl sp. -

D N R e i S e O e

Belted Kingfisher

Williamson's Sapsucker

Yellow-bellied Sapsucker

Red-naped Sapsucker

Lewis's Woodpecker

Red-headed Woodpecker

Downy Woodpecker

Ladder-backed Woodpecker
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|

Hairy Woodpecker
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12/29/2020 Bar Charts - eBird

380 species (+68 other taxa)

Downy/Hairy Woodpecker n -

Northern Flicker n A . e O O
Crested Caracara n -

American Kestrel n 50 N S [N S T T e e
et gm-

Peregrine Falcon Kl - ==

Prairie Falcon n — e—m—m— = = ———— - -

large falcon sp. n =

small falcon sp. n -

falcon sp. n =

Olive-sided Flycatcher n — —— ————

Western Wood-Pewee n s I M S Y
\Fl,\(laevsgirn/Eastern Wood- ﬂ

Willow Flycatcher n —  ———— ————

Least Flycatcher n - ——

T an re ar Ao May un u Aug Sep ocx Nov Dec

Hammond's Flycatcher n == s =
Gray Flycatcher K3 I -

Dusky Flycatcher n I = =
Hammond's/Dusky Flycatcher [KJ N I

Cordilleran Flycatcher K3 - -
Pacific-slope/Cordilleran

Flycatcher (Western K3 - -

Flycatcher)

Empidonax sp. n = - ———— e

Black Phoebe n - -
Eastern Phoebe n Sl S EE e e —_— i ———
Say's Phoebe K3 S S o s e s S s s s e
Vermilion Flycatcher n ER=SS s = = = ==
Ash-throated Flycatcher n - -

Great Crested Flycatcher n ===

Great Kiskadee n -

Piratic Flycatcher n ==

e ar Ao May i Aug Sep o Nov ec

Cassin's Kingbird a

G ‘T I o e =

aag
RN

Cassin's/Western Kingbird
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12/29/2020
380 species (+68 other taxa)

Eastern Kingbird

Scissor-tailed Flycatcher

flycatcher sp. (Tyrannidae
sp.)

White-eyed Vireo

Bell's Vireo
Hutton's Vireo
Cassin's Vireo

Blue-headed Vireo

Plumbeous Vireo

Philadelphia Vireo

Warbling_Vireo

Red-eyed Vireo

Loggerhead Shrike

Northern Shrike
Pinyon Jay
Steller's Jay
Blue Jay,

Woodhouse's Scrub-Jay

American Crow

Chihuahuan Raven

Common Raven
raven sp.
crow/raven sp.

Mountain Chickadee

Juniper Titmouse

Verdin

Horned Lark

Northern Rough-winged
Swallow

Tree Swallow

Violet-green Swallow

Bank Swallow
Barn Swallow
Cliff Swallow

Cave Swallow

https://ebird.org/barchart?byr=1979&eyr=2020&bmo=1&emo=12&r=L274946,L.3334270,L.1580524,.11010750,L6092177,L677602,L.3334251,L.27811...
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12/29/2020
380 species (+68 other taxa)
Cliff/Cave Swallow

swallow sp.
Bushtit

Golden-crowned Kinglet

Ruby-crowned Kinglet

Red-breasted Nuthatch

White-breasted Nuthatch

Pygmy Nuthatch

Brown Creeper

Blue-gray Gnatcatcher

Rock Wren
Canyon Wren
House Wren
Pacific Wren
Winter Wren
Pacific/Winter Wren
Sedge Wren
Marsh Wren
Carolina Wren
Bewick's Wren
Cactus Wren

European Starling

Gray Catbird

Curve-billed Thrasher

Brown Thrasher

Long-billed Thrasher

Crissal Thrasher
Sage Thrasher

Northern Mockingbird

Eastern Bluebird

Western Bluebird

Mountain Bluebird

Townsend's Solitaire

Varied Thrush

Swainson's Thrush

https://ebird.org/barchart?byr=1979&eyr=2020&bmo=1&emo=12&r=L274946,L.3334270,L.1580524,L.11010750,L6092177,L677602,L.3334251,L.2781...
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12/29/2020 Bar Charts - eBird

380 species (+68 other taxa)

0~
0~ i
0~

Hermit Thrush
Catharus sp.

Wood Thrush

Jan Feb 'Mar Apr May Jun Jul Aug Sep Oct Nov Dec

American Robin n [

Northern Wheatear K3 -

Cedar Waxwing n = R s iaas - - =
Phainopepla K3 -

House Sparrow n S T D S e = - ————
American Pipit n 1 e e e — e e e N
Sprague's Pipit n - —=
Evening_Grosbeak K3 -

House Finch n —t I i - T ———
Purple Finch n —
Haemorhous sp. n =

Red Crossbill n -

Pine Siskin n B e - - -
Lesser Goldfinch n - = - e EEEe——— - -
American Goldfinch K3 -

Jan Feb 'Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Spinus sp. (goldfinch sp.) K3 -
Lapland Longspur n =
Chestnut-collared Longspur n

McCown's Longspur 0| R S —
longspur sp. n -

Cassin's Sparrow n = D e =L =
Grasshopper Sparrow K3 - - —
Chipping_Sparrow n e e e s mEn = e ——— - —
Clay-colored Sparrow n —— —————— -
Black-chinned Sparrow n -

Field Sparrow K3 - B —
Brewer's Sparrow n SEE= = P e e ==
Spizella sp. n - — S ———
Black-throated Sparrow K3 EpE BB E=ER=BEE
Lark Sparrow n - e 0 0 e e e

Jan Feb 'Mar Apr May Jun Jul Aug Sep Oct Nov Dec

n = o ——— —————— o N N e —— - —

Lark Bunting

https://ebird.org/barchart?byr=1979&eyr=2020&bmo=18&emo=12&r=L274946,L.3334270,L.1580524,.11010750,L6092177,L677602,L.3334251,L.2781... 11/14



12/29/2020

380 species (+68 other taxa)

American Tree Sparrow

Fox Sparrow

Dark-eyed Junco

White-crowned Sparrow

Golden-crowned Sparrow

Harris's Sparrow

White-throated Sparrow

Sagebrush Sparrow

Vesper Sparrow

Savannah Sparrow

Song_Sparrow

Lincoln's Sparrow

Swamp Sparrow

Canyon Towhee
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NRRRRARRRARRNRRRAR

Bar Charts - eBird
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Rufous-crowned Sparrow

Green-tailed Towhee

Spotted Towhee
Eastern Towhee
sparrow sp.

Yellow-breasted Chat

Yellow-headed Blackbird

Bobolink

Western Meadowlark

Eastern Meadowlark

Western/Eastern Meadowlark
Orchard Oriole

Hooded Oriole

Bullock's Oriole

Baltimore Oriole
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_

Scott's Oriole
new world oriole sp.

Red-winged Blackbird

Bronzed Cowbird

Brown-headed Cowbird

Rusty Blackbird
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12/29/2020
380 species (+68 other taxa)

Brewer's Blackbird

Common Grackle

Great-tailed Grackle

blackbird sp.
Ovenbird

Worm-eating Warbler

Northern Waterthrush

Blue-winged Warbler

Black-and-white Warbler
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Prothonotary Warbler

Tennessee Warbler

Orange-crowned Warbler

Lucy's Warbler

Nashville Warbler

Virginia's Warbler

MacGillivray's Warbler

Common Yellowthroat

Hooded Warbler

American Redstart

Cape May Warbler

Northern Parula

Magnolia Warbler

Bay-breasted Warbler

Blackburnian Warbler

Yellow Warbler

Chestnut-sided Warbler

Blackpoll Warbler

Black-throated Blue Warbler

Palm Warbler
Pine Warbler

Yellow-rumped Warbler

Yellow-throated Warbler

Black-throated Gray Warbler
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Townsend's Warbler

Black-throated Green Warbler n
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380 species (+68 other taxa)

Wilson's Warbler K3 —mmm——— I ——

warbler sp. (Parulidae sp.) n = = - -

Hepatic Tanager K3 e — -

Summer Tanager K3 =EESEEEs sty

Western Tanager 9] ———— [re—

Northern Cardinal 9] == R —_—

Pyrrhuloxia K3 _—- = —

gg:zl?:arDPyrrhuloxia n

Rose-breasted Grosbeak K3 ——— - - -
Black-headed Grosbeak n —— e ———— o ——————

Blue Grosbeak ﬂ e O e

Lazuli Bunting ﬂ ——— — —————

Indigo Bunting ﬂ - T/ = - -7

Lazuli/Indigo Bunting 9] = -

Painted Bunting n TTTmmmEn mm ommmemmmm

Dickcissel n -— - ——————

passerine sp. n — - = - - —_—— ———
KEY:| = insufficient data |_"“ = rare to widespread Download Histogram Data
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