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1. Introduction
1.1. About This Report
Reclamation’s Reservoir Operations Pilot Program was designed to allow the Bureau of
Reclamation (Reclamation) water managers within each of the agency’s regions to explore ways
to expand flexibility of reservoir operations to improve Reclamation’s ability to perform its
mission. The objectives of this Reclamation-funded investigation and report prepared by the
University of New Mexico (UNM) are to explore reservoir operational flexibility within the
reservoirs owned by Reclamation and U.S. Army Corps of Engineers (USACE) on Rio Chama in
northwestern New Mexico, which provide water supply to Reclamation’s Middle Rio Grande
Project and flood protection for central New Mexico.
This report summarizes and integrates the findings of Rio Chama Flow Project (RCFP) baseline
and other studies to provide an understanding of how and why the current conditions in Rio
Chama developed and provide a roadmap to inform future scientific investigations that will both
sustain the novel ecosystem that has developed since El Vado Dam was constructed in 1935 and
provide ecological improvements. Section 2 provides a background literature review of effects
from dams and introduces a framework for assessing these effects. Section 3 examines these
impacts. Section 4 presents Rio Chama as a novel ecosystem, and Section 5 outlines future
research and monitoring needs. Locations referred to in this report are river miles (RM)
downstream of El Vado Dam (RM 0).
Appendices provide further information.
● Appendix A. 1:500-Scale Geomorphic Maps of Rio Chama from El Vado Dam (RM 0)
to the confluence with Rio Gallina (RM 22). Prepared by Michael D Harvey, PhD, P.G.,
Tetra Tech, Inc., 2011. These maps (12 sheets), complied from field observations in
2011, show the locations of the river channel, current floodplain, pre-dam floodplain
(terrace) surfaces, pre-dam terraces, gravel bars and riffles as well as geomorphic
controls along the river including bedrock outcrop, tributary alluvial fans, and historic
landslides. The locations of the four RFCP research sites and their geomorphic controls
are also shown on the maps.
● Appendix B. Rio Chama Riparian Vegetation Assessment. Prepared by Todd Caplan
and Chad McKenna, Geosystems Analysis Inc., 2013. The riparian vegetation assessment
includes:
1) coarse-level riparian vegetation maps of the entire 29-mile project reach from
Coopers El Vado Ranch (RM 1.5) to Big Eddy (RM 31.3) based on the Hink and
Ohmart Vegetation Classification System;
2) high-resolution baseline vegetation maps at six long-term RCFP monitoring sites;
3) hypotheses about current riparian vegetation community composition and factors
influencing habitat structure, and
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4) integration of vegetation data with hydro-geomorphological information to
generate hypotheses about how riparian habitats would respond to changes in
flow management.
● Appendix C. Hydrologic Engineering Center's River Analysis System (HEC-RAS) Data
Files for RCFP Research Sites. Prepared by Tetra Tech. Inc., 2011. One-dimensional,
fixed boundary Hydrologic Engineering Center's River Analysis System (HEC-RAS),
hydraulic model input and output files executed for flows of 400 cubic feet per second
(cfs), 700 cfs, 1,000 cfs, 2,500 cfs, 3,500 cfs, 5,000 cfs and 6,000 cfs for the four RCFP
research sites at Archuleta Ranch (RM 7), Dark Canyon (RM 13), Rio Cebolla (RM 15)
and Monastery (RM 20). These are available on request from Reclamation’s
Albuquerque Area Office.
● Appendix D. Macroinvertebrate Data Collected in Rio Chama by the Bureau of Land
Management (BLM), in 2012, 2013, 2015. Processed but not-analyzed macroinvertebrate
data collected in October-November period in 2012, 2013 and 2015 at the Bureau of
Land Management (BLM) monitoring sites at Puerto Chiquito Arroyo (RM 7), Rio
Cebolla (RM 15), Huckbay Canyon (RM 18.5), Chavez (RM 23) and Big Bend (RM 29).
Data are scheduled to be analyzed by BLM Taos Field Office staff in the winter of
2019/2020.

1.2. Project Objectives
RCFP focuses on the 35-mile reach of Rio Chama between El Vado Reservoir and Abiquiu
Reservoir in New Mexico. Rio Chama enters the Rio Grande about 28 RM below Abiquiu
Reservoir. The RCFP’s objective is to identify necessary and obtainable adjustments to
Reclamation-managed operations of El Vado and Heron Reservoirs to achieve economic,
environmental, and recreational improvements in the 35-mile long congressionally designated
Wild and Scenic (1988) reach of Rio Chama between El Vado Dam and Abiquiu Reservoir
(Figure 1) without adversely affecting downstream water users.

1.3. Background
El Vado Dam, on Rio Chama about 160 miles north of Albuquerque, was built by the Middle
Rio Grande Conservancy District (MRGCD) in 1934-1935 and was rehabilitated by Reclamation
in 1954-1955. A new outlet works was built by Reclamation in 1965-1966 to accommodate the
additional water from the San Juan-Chama Project. The San Juan Chama Project (SJCP) was
implemented in 1971 to fulfill obligations of the Colorado River Compact. The project uses
water from the drainage basin of the San Juan River, a tributary of the Colorado River, to
supplement water resources in the Rio Grande watershed. The project furnishes water for
irrigation and municipal water supply to cities along the Rio Grande, including Albuquerque and
Santa Fe. A participating project in the Colorado River Storage Project (CRSP), the SJCP diverts
water from the upper tributaries of the San Juan River, through the Continental Divide, and into
the Rio Grande Basin. SJCP water is stored in Heron Reservoir that was built on Willow Creek,
a tributary to the Chama River upstream of El Vado Reservoir.
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Figure 1. Rio Chama watershed and 35-mile-long RCFP reach between El Vado and Abiquiu Reservoirs (RCFP).
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The Management Plan for the Wild and Scenic
designated reach was finalized by the U.S. Forest
Service (USFS), BLM, and USACE in 1990. The
Management Plan identifies meeting delivery
requirements of Rio Chama water rights holders and
SJCP contractors (Figure 2) as the highest priority
for flow management, followed by maintaining the
aquatic ecosystem. Four areas of environmental
concern were highlighted in the Rio Chama Instream
Flow Assessment (Fogg et al., 1992):
● flow magnitudes at the appropriate time of
the year,
● water temperature,
● sedimentation, and
● macroinvertebrate food base

1.4. Flow Schedules and Volume

Figure 2. Rio Chama annual flow consumption by
organization.
LRG -Lower Rio Grande Users;
Local Chama – Acequias and Pueblos;
ABCWUA– Albuquerque Bernalillo County Water Use
Authority (New Mexico Office of the State Engineer).

Between the reservoirs, an average of about
400,000 acre-feet of water is conveyed annually
without any substantive consumption. Of this
volume, about 96,200 acre-feet is provided annually
by the SJCP trans-basin diversion that came online in 1972. The resulting increased annual flow
volume conveyed by Rio Chama between the two reservoirs provides the potential for
developing a range of multi-objective flow optimization schedules (hydrographs or designed
flows) (Figure 3), depending on the water availability. These schedules would add significant
regional economic value to the flows with additional short-term hydropower peak generation and
water-based recreation (fishing and boating) (e.g., Ward, 1987 and Plummer et al., 2010) and
closely linked environmental betterment without adversely affecting downstream water users
(Acreman et al., 2014).

1.1. Objectives
Restoring the river to pre-El Vado Dam (1935) conditions is not an RCFP objective. Rather, the
aim is to improve the river and ecosystem that have developed over the approximately 85 years
since the dam was constructed, within the constraints imposed by the available flows and belowdam sediment supply and transport (Wohl et al., 2015). In essence, Rio Chama downstream of El
Vado Dam is a novel system that should be valued for the ecosystem services it provides (Hobbs
et al., 2006). It can be defined by its roots in human activity (dam construction and operation),
where ecological thresholds have likely been crossed and where there is a significantly altered
species composition in a system that has a capacity to sustain itself (Morse et al., 2014).
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Figure 3. Idealized Rio Chama non-consumptive flow regime developed by the RCFP (Morrison and Stone,
2015a).

The RCFP’s intended outcome is improved economic and environmental performance of—and
increased satisfaction of all parties with—river operations, by creating a collaborative process for
determining annual water operations that is based on sound multi-disciplinary science and robust
and sustainable policy within an Adaptive Management framework (Williams and Brown, 2012;
Benson and Garmestani, 2011; and Olshefski, 2017).

1.2. Rio Chama Flow Project
1.2.1. Dynamic Model
To address the objectives described above, RCFP participants have conducted a number of
baseline studies since 2010. The understanding of the system gained through these efforts and
the identification of operational, legal, and institutional constraints (e.g., Benson et al., 2013)
could be enhanced through additional operational modeling that further evaluates operational
flexibilities and the impacts of changes in flows.
As part of the RCFP, a system dynamics model was created to evaluate impacts of reservoir
operations on various users and ecosystem components (Morrison, 2014 and Morrison and
Stone, 2015a and b). This model was designed to link to the Upper Rio Grande PowerSim
Operations Model (URGSiM), a monthly time-step operations model, which was used in the
Upper Rio Grande Impact Assessment (Reclamation, 2013), part of Reclamation’s West Wide
Climate Risk Assessment. The Upper Rio Grande Water Operations Model (URGWOM) can
also be used to evaluate reservoir operations and their constraints and flexibilities. URGWOM is
a RiverWare model developed by an interagency team, including Reclamation, USACE,
U.S. Geological Survey (USGS), and the New Mexico Interstate Stream Commission (NMISC).
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1.2.2. Upper Rio Grande Impact Assessment’s Evaluation of Potential Changes in
Water Availability
The potential impacts of climate change on flows in Rio Chama, storage in its reservoirs, and
hydropower generation potential was evaluated as part of the Upper Rio Grande Impact
Assessment (Reclamation, 2013). The modeling performed for this impact assessment projected
significant decreases in flows within the Rio Grande system over the coming century, with
decreases of about a third in the native water supply, and about one-quarter in the San JuanChama Project (providing there are no restrictions on diversions imposed by the Colorado River
Compact, which could significantly decrease the water available to New Mexico through the
SJCP). It also projected commensurate decreases in potential for hydropower generation. Other
projected changes include changes in the timing of flows and increases in the month-to-month
and inter-annual variability of flows.
Recent study compilation work by the West Wide Climate Risk Assessment Team, as part of the
development of the 2016 SECURE Report to Congress, points to the Rio Grande River Basin as
an epicenter of projected water shortage as a result of climate change. This decrease in available
water, along with the projected changes in the spatial and temporal distribution of water
availability, will lead to greatly increased challenges for the management of Rio Chama, its
reservoirs, and its novel ecosystem (Poff et al., 2015).
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2. Background Literature Review
This literature review provides a context for evaluating the downstream physical and ecological
changes that have occurred in the Wild and Scenic reach of Rio Chama due to the combined
effects of operation of El Vado Dam and the San Juan Chama Trans-basin diversion for the last
85 and 47 years, respectively. While restoring pre-dam conditions is not an RCFP goal, it is
important to understand what changes have occurred in the downstream channel and why and
how this novel ecosystem has formed. This understanding then provides a basis for developing
an ecosystem-supporting flow regime using an adaptive management process.

2.1. Geomorphic Effects of Dams
Dams affect the primary factors that determine the shape, size, and overall morphology of a
river; the supply of water and sediment; the sediment-water ratio; and the caliber of the sediment
load (Schumm, 1977). Despite decades of investigation of the effects of dams on downstream
rivers (Petts, 1979 and 1980; Williams and Wolman, 1984; Ligon et al., 1995; Friedman et al.,
1998; Graf, 1999 and 2006; Webb et al., 1999; Petts and Gurnell, 2005; Magilligan and Nislow,
2005; Fitzhugh and Vogel, 2011; and Marren et al., 2014), there are very few general models that
predict how any particular river is likely to respond once a dam is emplaced (Grant et al., 2003).
In fact, geomorphic theory and the results of numerous case studies of dam impacts have
provided some basis for prediction, but more often, the results of case studies have tended to
highlight variation in response rather than consistency (Williams and Wolman, 1984; Ligon et
al., 1995; Friedman et al., 1998; Grant et al., 2003; Fassnacht et al., 2003; and Vadnais et al.,
2012). Much of the variation in response to the dams is probably due to the presence of
exogenous factors such as bedrock, vegetation, and coarse-grained colluvial, paleoflood, debris
flow or glacial or fluvioglacial deposits, or intrinsically low sediment transport rates, and as
such, the geological setting and geological history of the dam and dam-affected reaches must be
factored into the below-dam assessment (Swanson et al., 1985; Webb et al., 1999; Grant et al.,
2003; Fassnacht et al., 2003; Curran and O’Connor 2003; O’Connor et al., 2003; and Vadnais et
al., 2012).
The reported range of downstream geomorphic responses to the changes in the ability of the river
to transport sediment and the amount of sediment available for transport below a dam include:
channel degradation or aggradation, channel narrowing or widening, bed material coarsening or
fining, planform change, change of gradient, tributary degradation or progradation, and changes
to floodplain connectivity and morphology (Kellerhals and Gill, 1973; Petts, 1980; Williams,
1978; Williams and Wolman, 1984; Carling, 1988; Lagasse, 1980; Harvey and Schumm, 1987;
Germanoski and Ritter, 1988; Church, 1995; Brandt, 2000; Grams and Schmidt, 2002; Svendsen
et al. 2009; Swanson, 2012; and Marren et al., 2014). There are also reported instances in which
dams have had very little or no effect on channel morphology (Williams and Wolman, 1984;
Inbar, 1990; Fassnacht et al., 2003; and Vadnais et al., 2012). Additionally, the response time to
dam emplacement and operation ranges from months to millennia, and the direction of the
response may change over time (Petts, 1979 and 1980; Williams and Wolman, 1984; Friedman et
al., 1998; Church, 1995 and 2015; and Gaeuman et al., 2005).

7

Summary of Rio Chama Ecosystem Technical Studies

Various methods have been proposed for assessing the downstream morphological and
sedimentological impacts of dams. These include:
● those based on Lane’s (1955) conceptualization of the balance between grain size, water
and sediment discharge, and slope (Schumm, 1977 and Brandt, 2000);
● empirical methods for estimating bed degradation (Calay et al., 2008);
● dimensionless variables based on the ratio of sediment supply below to that above the
dam (S*) and the fractional change in frequency of sediment-transporting flows (T*)
(Grant et al., 2003); and
● changes in sediment supply and transport capacity, the Shields number for channel
competence, and the ratio of pre-dam to post-dam flood discharge to scale channel
change (Schmidt and Wilcock, 2008).
To some degree, these approaches have been successful, but the downstream effects of dams
cannot be analyzed solely by looking at the dam effects on hydrology and sediment flux
independent of its broader geological setting (Grant et al. 2003) (Figure 4).

Figure 4. Response domains for predicted channel adjustments downstream of dams
(Grant et al., 2003, used by permission).
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2.2. Ecological Effects of Dams
In all cases, there are ecological consequences from dams—whether or not the dams caused
significant geomorphic response in the downstream channel (Turner and Karpiscak, 1980; Petts,
1984; Hanson, 1992; Ligon et al. 1995; Ward and Stanford, 1995; Nilsson and Berrgren, 2000;
Richards et al., 2002; Bunn and Arthington, 2002; Rood et al. 2003; Naiman et al., 2005; Jorde
et al., 2008; Burke et al., 2009; Cross et al, 2011; Marren et al., 2014; and Kennedy et al., 2016).
Riparian and riverine aquatic plant species have evolved under, and are adapted to, natural flow
and disturbance regimes (Poff et al., 1997; Naiman et al., 1998; Lytle and Poff, 2004; and Merritt
et al., 2009). Riparian plant species life history strategies—including morphological,
phenological, and physiological traits—are unique to specific climatic and natural flow and
disturbance regimes. As such, many riparian plant species and riparian plant communities
depend on the natural riverine flow and disturbance regimes for dispersal, survival, and
reproduction (Bunn and Arthington, 2002; Lytle and Poff, 2004; and Merritt et al., 2009).
In river valleys, the riparian vegetation mosaic supports a wide diversity of riverine and riparian
physical, biogeochemical, and fish and wildlife habitat functions. Riparian support functions
include: terrestrial wildlife habitat structure, wildlife food resources, aquatic nutrient and energy
subsidies, and biogeomorphic stabilization of floodplains and river banks (Merritt et al., 2009).
Natural flow alterations and disturbance regimes from dams have been shown to affect
downstream riparian vegetation mosaic composition, structure, and function (Scott et al. 1996;
Jansson et al. 2000a; Naiman et al. 2005; Rood et al. 2003; Johnson et al. 2012; and Shafroth et
al. 2010). The effects of dam hydro-regulation have been demonstrated to result in a cascade of
effects through the downstream ecosystem, first affecting the riparian vegetation mosaic pattern,
and secondly affecting riparian and aquatic fish and wildlife populations (Naiman et al., 2005;
Nilsson and Berggren, 2000; and Bunn and Arthington, 2002). Richards et al. (2002) describe the
cascade of dam effects and their cumulative impact:
“River hydroregulation by dams results in a terrestrialization of the vegetation,
associated with a reduced rate of turnover of the fluvial landscape, reduced rates of
ecosystem change, reduction of channel and ecosystem dynamics and of mosaic detail,
reduced flood frequency, and loss of habitat and age diversity.”
Because of physiological requirements, physical and chemical changes in aquatic ecosystems
downstream of dams often influence the species composition of primary producers, aquatic
invertebrates, and fish (Bunn and Arthington, 2002; Jacobi et al., 2006; Poff and Zimmerman
2010; Hastings et al., 2016; and Kennedy et al., 2016). Furthermore, these shifts in aquatic
biodiversity can disrupt an entire aquatic food web, including the surrounding riparian habitat
(Power et al., 1996).
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2.3. Framework for Assessing Physical and Ecosystem Impacts of
Dam Operations
A process-based, hierarchical framework designed for assessing riverine-floodplain ecosystem
effects of dam operations over space and time was initially proposed by Petts (1984) and was
subsequently modified by Jorde et al. (2008) and Burke et al. (2009). The framework allows for
clear assessment of:
1. physical and biological process linkages at a range of spatial and temporal scales, and
2. cascading effects of dams from first-order physical drivers to second- and third-order
geomorphic and ecological responses to fourth-order biogeomorphic feedback processes.
The framework was subsequently further modified by Tetra Tech (2014) to include ice processes
as a first-order driver (Figure 5).

Figure 5. Hierarchy of physical and biological impacts caused by dam operations (Tetra Tech, 2014;
modified from Petts 1984; Jorde et al., 2008; and Burke et al., 2009).
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3. Rio Chama Studies
Baseline studies for the RCFP were initiated by a grant to Rio Grande Restoration under the
State of New Mexico’s River Ecosystem Restoration Initiative (RERI) Program in 2011 and
were designed to assess the response of the river and its ecosystem to the installation of El Vado
Dam, addition of trans-basin flows with Reclamation’s San Juan Chama Project, and historical
operation of the system. These studies have built on the extensive work that was conducted in the
late 1980s in support of BLM’s Rio Chama Instream Flow Assessment (Fogg et al., 1992).
NMISC provided additional funding to support some modeling. Studies include:
● Light detection and ranging (LiDAR) and multispectral imagery of the entire Rio Chama
corridor from Abiquiu Reservoir to El Vado Dam were flown by the USACE in 2017,
and the imagery was processed by the Civil Engineering and Geography Departments at
UNM under a National Science Foundation (NSF) Grant (No.1641310).
● Analysis of channel changes in Rio Chama and their drivers in the post-dam period
(Swanson, 2012) was supported by the USACE.
● Systems dynamics modeling (Morrison, 2014) was supported by the Hydro Research
Foundation.
● Macroinvertebrate and fish sampling surveys have been conducted by BLM to provide
baseline data for biologic response indicators for changes in flow management
(Gustina, 2013).
● Amphibian monitoring has been conducted by both the BLM (Besser, 2013) and the
Bosque Ecosystem Monitoring Program (BEMP) that is supported by the Bosque School
and the Biology Department at UNM.
● The New Mexico Water Resources Research Institute (NMWWRI) provided funding to
support an investigation of macroinvertebrate responses to Rio Chama managed
hydrology (Hobbs, 2020).
● A considerable amount of volunteer effort has been donated as in-kind services to the
project by UNM faculty and students in the Civil Engineering and Earth and Planetary
Sciences Departments and Water Resources Program (Gregory, 2013; Gregory et al.,
2018; Salvato, 2013; and Olshefski, 2017), as well as by members of New Mexico-based
engineering (Tetra Tech Inc.) and environmental (GeoSystems Analysis) consulting
firms.
● Studies of Rio Chama that have been conducted to-date and their results are reported in
the following sections within the hierarchical framework presented in Figure 5.
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3.1. First-order Impacts
First-order impacts are changes to primary physical drivers of the fluvial system: hydrology,
sediment supply, water quality, and ice processes (Williams and Wolman, 1984; Richter et al.,
1996; Poff et al., 1997; Naiman et al., 2005; Grant et al., 2003; and Church, 2015). Changes in
first-order processes lead to second-order effects.
3.1.1. Hydrology
El Vado Dam was constructed between 1933 and 1935 to provide native Rio Chama water
storage and some flood protection (Reclamation, 2013b). The total storage capacity of the
reservoir is 196,000 acre-feet, and the maximum non-spillway flow release capacity at full pool
elevation (reservoir water surface elevation [RWSE] 6908 feet) is 6,850 cubic feet per second
(cfs). Run-of-the-river hydropower is generated by the Los Alamos County Department of
Utilities at flows up to about 1,200 cfs. Four USGS stream gages on Rio Chama provide a reachwide record of streamflows that can be used to assess temporal and spatial changes in hydrology:
● La Puente gage. Rio Chama at La Puente. USGS Gage No. 082841000 (1956 to present)
– located 15 miles upstream of El Vado and Heron Dams
(https://waterdata.usgs.gov/nm/nwis/uv?site_no=08284100)
● Below El Vado gage. Rio Chama downstream of El Vado Dam. USGS Gage No.
08285500 (1914 to 1924; 1936 to present)
(https://waterdata.usgs.gov/nm/nwis/uv?site_no=08285500)
● Above Abiquiu gage. Rio Chama above Abiquiu Dam. USGS Gage No. 08286500
(1961 to present) – located 30.3 miles downstream of El Vado Dam
(https://waterdata.usgs.gov/nm/nwis/uv?site_no=08286500)
● Chamita gage. Rio Chama at Chamita. USGS Gage No. 08290000 (1912 to present).
(https://waterdata.usgs.gov/nm/nwis/uv?site_no=08290000)
Prior to construction of El Vado Dam, annual flows in Rio Chama were highly variable, the
result of variable snowpack in the upper Rio Chama drainage (Figure 6). For example, based on
tertiles, 1931 was a dry year in which peak flow and total flow volume were 2,100 cfs and
195,000 acre-feet, respectively, whereas 1932 was identified as a wet year and had peak flow and
total flow volume of 7,700 cfs and 820,000 acre-feet, respectively (USGS, 1933). The year 1928,
identified as a normal year, had peak flow and total flow volume of 5,100 cfs and 316,780 acrefeet, respectively (USGS, 1930). During the short duration, post-snowmelt runoff period (March
to June), flow spikes on the three annual hydrographs (Figure 6) represent monsoon season
flows.
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Figure 6. Pre-El Vado Dam annual flow variability at USGS Chamita gage.

3.1.1.1. Flood Frequency

Construction of El Vado Dam in 1935 affected both the peak flows and the seasonal flow
durations downstream of the dam (Langman and Anderholm, 2004). The dam has reduced the
magnitude of the 50 percent annual exceedance probability (AEP) (2-year) flood by about 40
percent and the magnitude of the 1 percent AEP (100-year) flood by about 37 percent, both of
which are considerably less than the average reduction of about 67 percent for the larger dams in
the United States (Graf, 2006) which indicates that the primary purpose of the dam is water
storage and not flood control. Prior to dam construction, the Below El Vado Gage had a very
limited record of peak flows (between 1914 and 1924) that was insufficient to develop a valid
flood frequency curve. However, the La Puente Gage has a record from 1956 to the present and
thus serves as a proxy for the pre-dam flood regime (Figure 7). Based on this gage record, the
2-year peak flow prior to the dam was 3,746 cubic feet per second (cfs), and the 5-, 10-, 25-, 50and 100-year peak flows were 6,027 cfs, 7,727 cfs, 10,071 cfs, 11,952 cfs and 13,941 cfs,
respectively (refer to the table in Figure 7). In contrast, based on the Below El Vado Gage postdam records (Figure 8), the 2-year peak flow is 2,250 cfs, and the corresponding 5-, 10-, 25-, 50and 100-year peak flows are 3,640 cfs, 4,710 cfs, 6,220 cfs, 7,450 cfs, and 8,790 cfs, respectively
(refer to the table in Figure 8).
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Figure 7. Flood frequency curve derived from peak flow record (1956-2009) at the USGS La Puente Gage
(USGS Gage No. 08284100).
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Figure 8. Flood frequency curve derived from peak flow record (1936-2006) at USGS Below El Vado Dam
Gage (USGS Gage No. 08285500).

3.1.1.2. Flow Duration

Construction of Reclamation’s SJCP Heron Reservoir with a storage capacity of 400,000 acrefeet on Willow Creek, a tributary of Rio Chama upstream of El Vado Reservoir (Figure 1) in
1972, added an annual average 96,200 acre-feet to the approximately 300,000 acre-feet average
annual native flow in Rio Chama (Figure 9). The SJC and native water project storage in El
Vado Dam have significantly altered the seasonal distribution of flows downstream of the dam.
Seasonal flow duration curves based on mean daily flows at the La Puente which is
representative of pre dam and pre-SJCP flows (Figure 10) and Above Abiquiu (Figure 11) which
represents the post-dam and post-SJCP flows, gages enable a pre- and post-dam plus SJCP
project comparison to be made. Table 1 provides a comparison of the flow duration statistics for
the two gages.
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Seasonal changes are due to release requirements:
● Fall. The 90 percent, 50 percent, 10 percent, and 1 percent exceedance flows for the two
periods clearly indicate that mean daily flows have increased in the fall (October through
December), primarily due to evacuation of SJCP water stored in Heron Reservoir prior to
the expiration of the release waivers granted by Reclamation, as well as Prior and
Paramount native water release after November 15 that was stored under Rio Grande
Compact Article VII restrictions and has to be released in the calendar year.
● Winter. Similarly, winter (January through March) flows have increased from providing
flows required to maintain fish habitat, primarily to protect brown trout (identified as the
target management species for Rio Chama Management Plan) spawning, rearing, and
over-wintering habitat to support natural reproduction of this species (Fogg et al., 1992).
● Spring. (April through June) flows are not significantly different, primarily because of
Rio Grande Compact Article VII native flow release requirements.
● Summer. July through September flows have increased due to downstream irrigation and
urban demands.
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Figure 9. Average annual hydrographs at the USGS Below El Vado Dam Gage for the pre-SJCP period (1936 to 1971) and post-SJCP period (1972 to
2007).
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Figure 10. Seasonal flow
duration curves derived
from mean daily flow
record (1956 to 2010) at
the USGS La Puente Gage.
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Figure 11.. Seasonal flow
duration curves derived
from mean daily flow
record (1972 to 2007) at
the USGS Above Abiquiu
Gage.
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Table 1. Seasonal Flow Duration Statistics (cfs) for La Puente and Above Abiquiu Gages
Gage
La Puente
(1956-2010)

Above Abiquiu
(1972-2007)

Exceedance %

Fall

Winter

Spring

Summer

90

31

39

125

17

50

57

65

761

61

10

133

213

2,594

206

1

417

731

4,909

600

90

53

42

169

85

50

165

180

768

336

10

415

444

2,524

831

1

1,329

1180

4,732

1,207

3.1.1.3. Indicators of Hydrologic Alteration Methodology

The Indicators of Hydrologic Alteration (IHA) software developed by The Nature Conservancy
(TNC, 2009a) was used to analyze changes to Rio Chama hydrology due to various management
decisions (Morrison, 2013). Based on concepts developed by Richter et al. (1997), the IHA
software calculates statistical parameters to compare changes in hydrology (TNC, 2009b). A
total of 33 IHA parameters are represented by five general groups:
●
●
●
●
●

magnitude of monthly flows;
magnitude and duration of annual extreme water conditions;
timing of annual extreme water conditions;
frequency and duration of low and high pulses; and
rate and frequency of water condition changes.

Each parameter is calculated for pre-development (hereafter defined as unaltered) and postdeveloped (hereafter defined as altered) hydrologic datasets. In addition, IHA software uses the
Range of Variation Approach (RVA) (Richter et al., 1997) to compare natural variations of an
IHA parameter between unaltered and altered hydrologic conditions.
A water balance analysis was performed using USGS gage data to determine the volume of
additional water entering Rio Chama between the La Puente and Below El Vado gages. Daily
flow data from the Below El Vado gage were used to represent altered hydrologic conditions
(period of record October 30, 1935 to January 1, 2012). Because flow data before El Vado Dam
construction (completed 1935) are not available, data from the La Puente gage 15 river miles
upstream of the dam near the town of La Puente, were used to represent unaltered conditions
(period of record October 1, 1955, to January 1, 2012). Although irrigation diversions occur
upstream of the La Puente gage, the effects were assumed to be relatively minor compared to
operations of El Vado Dam. The SJCP, uses Willow Creek to transfer approximately
96,000 acre-feet per year from the San Juan River in the upper Colorado River Basin to Rio
Chama. Water from the SJCP is stored in Heron and El Vado Reservoirs and is typically released
during the summer irrigation season.
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The cumulative volume of water was recorded at the Below El Vado gage during a 15-year
period (1955 to 1970). During this period, discharge from Boulder Creek and Willow Creek
accounted for 3 percent and 5 percent, respectively, of the cumulative volume of water at the
Below El Vado gage. The remaining 92 percent of volume was represented by discharge at the
La Puente gage. Because flow magnitudes from Willow Creek are significantly attenuated due to
reservoir operations, and historical discharge volumes were small compared to those in Rio
Chama, modifications to the La Puente gage dataset were assumed to be unnecessary.
Multiple analyses were conducted to examine the effects of specific management conditions on
the system. Flow data from 1957 to 2010, the longest overlapping period of record for the Below
El Vado and La Puente gages, were used to examine the combined effects of water management
on Rio Chama.
The effects of the SJCP (implemented in 1971) were examined through two separate analyses: a
pre-SJCP analysis (1957 to 1970) and post-SJCP analysis (1971 to 2010). Similarly,
consequences of recreational rafting releases (implemented in 1985) were examined through two
analyses: a pre-rafting analysis (1971 to 1984) and post-rafting analysis (1985 to 2010). The
starting date for the pre-rafting analysis was set to 1971 so that SJCP releases were included in
both the pre- and post-rafting records. Table 2 displays relevant information for each analysis.
The analyses assumed hydrological datasets had a non-normal (skewed) distribution, and that
high/low pulse thresholds were plus or minus 25 percent of the median flow. The RVA
calculations assumed the range of flows was split into equal tertiles (plus or minus
17 percent of the median).
Table 2.. Description of IHA Analyses
Scenario

Analysis Period

Total Years

1956–2010

55

Pre-SJCP

1956–1970

15

Post-SJCP

1971–2010

40

1971–1984

14

All Operations
SJCP

Rafting Releases
Pre-rafting

To examine the effects of different water management operations on Rio Chama, RCFP analyses
were grouped into three scenarios:
(1) IHA calculations were performed for the longest overlapping period of record contained in
the El Vado and La Puente discharge datasets. This corresponded to 55 years of flow data
between 1956 and 2010.
(2) To study impacts of the SJCP on Rio Chama hydrology, pre- and post-SJCP analyses were
conducted for the years 1957 to 1970 and 1971 to 2010.
(3) To examine the effects of weekend rafting releases from El Vado Dam, two additional
analyses for the years 1971 to 1984 and 1985 to 2010 were conducted.
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3.1.1.4. Hydrology Alterations

An analysis of hydrology alterations between 1956 and 2010 (Table 3) revealed that major impacts due to
water management operations included increases in median flows, increases in various temporally
averaged minimum flows, decreases in temporally averaged maximum flows, and greater hydrograph
rise/fall rates. These results were expected considering the augmentation of flows in the basin due to the
SJCP and a compression of the natural hydrograph due to dam operations. Figure 12 shows altered and
unaltered hydrographs between 1956 and 2010 and delineates the pre- and post-SJCP analyses and preand post-rafting analyses. Table 3. IHA Analysis results between 1956 and 2010 (cfs unless otherwise
noted)
Hydrologic Parameter1
Parameter Group #1
October flow
November flow
December flow
January flow
February flow
March flow
April flow
May flow
June flow
July flow
August flow
September flow
Parameter Group #2
1-day minimum flow
3-day minimum flow
7-day minimum flow
30-day minimum flow
90-day minimum flow
1-day maximum flow
3-day maximum flow
7-day maximum flow
30-day maximum flow

Unaltered Median

Altered Median

55
61.5
53
50
60
121
651
1,730
390.5
67
65
51.5

121
126.5
170
76
99
171
637
1,210
513
261
244
193

19
20
24.3
32.7
46.3
3,020
2,910
2,711
1,944

30
31
39.1
64.6
102.1
2,230
2,230
2,077
1396

1,106
0
0.0766

889.7
0
0.0949

Julian date of minimum

262

287

Julian date of maximum
Parameter Group #4
Low pulse count

130

139

7

2

Low pulse duration (days)

4

4

High pulse count

3

7

90-day maximum flow
Number of zero flow days
Base flow index
Parameter Group #3
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Hydrologic Parameter1
High pulse durations (days)
Low pulse threshold
High pulse threshold
Parameter Group #5
Rise rate (cfs/day)
Fall rate (cfs/day)
Number of reversals

Unaltered Median

Altered Median
5
47
237

8

9
–9
112

16.5
–17.5
92

Figure 12. Altered and unaltered hydrographs between 1956 and 2010 (Morrison, 2013).

The mean annual flow increased from 347 cfs to 432 cfs, and median flows for all months
increased except in April and May (Figure 13 is an example of median August flows). Storing
spring runoff in preparation for summer water deliveries is likely the cause of lower flows in
April and May, and flow augmentation caused increases in median monthly discharges. In
addition, 1-, 3-, 7-, 30-, and 90-day minimum flows all increased during altered hydrological
conditions. Maximum flows decreased for the same temporally averaged periods. The increase of
temporally averaged minimum flows, and corresponding decreases in maximum flows, are
indicative of reservoir operations in the basin.
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Figure 13. Example of increased median flow during August (Morrison, 2013).

Finally, the dates of the annual one-day minimum and maximum flows were shifted to later in
the year by 25 and 9 days, respectively.
The RVA analysis supported the IHA parameter calculations. Using unaltered flow data, the
number of values for each parameter was separated into tertiles. The change in variation for each
parameter using altered flow data is indicated by a positive or negative hydrologic alteration
value. Figure 14 reveals how each parameter shifted within the natural variation of values based
on unaltered hydrologic conditions. The values associated with median monthly flows shifted
into the top tertile, except during April and May. Minimum and maximum flows shifted into the
top and bottom tertiles, respectively. Low pulse counts occurred more frequently in the bottom
tertile, and high pulse counts were shifted to the top tertile. Typical hydrograph rise and fall rates
had positive hydrologic alteration values in the top and bottom tertiles.
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Figure 14. RVA analysis for combined operations (Morrison, 2013).
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3.1.2. SJCP Diversions
Two IHA analyses were performed to examine the effects of SJCP diversions to Rio Chama. The
pre-SJCP analysis used a period of record from 1957 to 1970, and the post-SJCP analysis used a
period of record from 1971 to 2010. Before the SJCP, alterations to the natural flow regime
primarily resulted from El Vado Dam operations. The SJCP’s major impact has been an increase
in flow volume within the basin. A comparison of the two analyses reveals that mean annual
flows has increased by nearly 30 percent, and median summer flows have considerably increased
since the implementation of the SJCP. June, July, and August flows increased by nearly 500
percent resulting from the trans-basin delivery of water. The pre-SJCP analysis showed that
median flows varied from -25 percent to 90 percent of unaltered values. Minimum flows
increased for all temporally averaged periods after SJCP, while only the 30- and 90-day
minimum flows increased before SJCP. Maximum flows decreased by up to 30 percent after
SJCP, contrasting sharply with a maximum flow decrease of up to 120 percent before SJCP.
The high pulse count increased during both periods. However, the low pulse count decreased
during the post-SJCP time frame and increased during the pre-SJCP period.
SJCP had a considerable effect on the reversal rates of the hydrograph. The rise and fall rates for
the post- and pre-SJCP periods increased by up to 200 percent and 35 percent, respectively.
3.1.2.1. Rafting Flows

Releases from El Vado Reservoir are increased during summer weekends to provide adequate
flows for recreational and commercial rafters. Discharges near 600 cfs are typically maintained
through weekends and reduced by up to half during the rest of the week, depending on water
delivery schedules. The practice of releasing rafting flows began in 1985 after an agreement
between the City of Albuquerque and the Middle Rio Grande Conservation District, the two
largest water users in the basin.
Two analyses were performed to determine the effects of summer rafting flows in Rio Chama:
the pre-rafting analyses used a period of record from 1971 to 1984, and the post-rafting analysis
used a period of record from 1985 to 2010. The pre-rafting analysis starts in 1971 so that effects
of the SJCP are included in both the pre- and post-rafting analyses. Because operations for
rafting cause rapid increases and decreases in river stage, the IHA analyses focused on
identifying flow pulses above 600 cfs (i.e., a high pulse count).
Before rafting flows were released, the median occurrence of flows greater than 600 cfs was
5.5 per year, and the median duration was 8.5 days. After rafting flows were released, the median
occurrence of flows greater than 600 cfs increased to 8.5 per year with a median duration of
3 days. The contrast in high pulse count and duration between pre- and post-rafting release
periods is assumed to be indicative of water delivery management. Before 1985, water deliveries
were made with a few high-flow releases that lasted for extended durations. After rafting releases
were implemented, a greater volume of water deliveries was made with frequent, high pulse
releases that benefited the rafting community (Figure 15).

26

Summary of Rio Chama Ecosystem Technical Studies

Figure 15. Median high pulse counts during rafting years (Morrison, 2013).

In conclusion, the IHA analyses show how Rio Chama hydrology has been altered due to
management efforts on the river. The combined impacts of management efforts include the
squashing of the river’s typical hydrograph—low flows have increased and high flows have
decreased—caused by reservoir operations, an increase in median monthly flows due to SJCP
water deliveries, and more rapid hydrograph rates of change resulting from rafting releases.
3.1.2.2. Monsoon Flows

Rio Chama basin has a bimodal hydrologic regime (Figure 16). Snowmelt runoff provides the
spring peak flows in Rio Chama that tend to occur in May through June. The onset of the North
American Monsoon from July to September (Reclamation, 2013a) can produce short-duration
but high-magnitude, low-volume flow events in Rio Chama that tend not to be morphologically
very significant but are very significant for both coarse- and fine-sediment delivery to the river.
For example, a strong monsoon season developed in Rio Chama basin from mid-June to midAugust in 2015 (Figure 17). In fact, the annual peak flow at the Above Abiquiu gage (2,450 cfs)
was generated by the July 2, 2015, thunderstorm event. At least eight short-duration events can
be identified on the Above Abiquiu gage record in 2015, and a number of these events were
responsible for generating debris flows in the tributaries to the canyon section of the river
downstream of El Vado Dam that delivered both fine and coarse sediments to the river (Figure
18). In addition, monsoon season thunderstorm-generated flows in the tributaries are capable of
delivering large quantities of fine sediments (silts and clays) to the river (Figure 19) that have an
adverse effect on the macroinvertebrate populations in Rio Chama (Hanson, 1992 and Jacobi and
McGuire, 1992).
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Figure 16. 2015 Rio Chama hydrograph at the USGS La Puente gage encompassing the winter ice-covered
period and snowmelt and monsoon seasons.

Figure 17. 2015 hydrograph for the USGS Rio Chama at the Above Abiquiu gage showing the monsoon
season peak flows.
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Figure 18. Debris flow deposit delivered in 2015 to Rio Chama at RM 13.6 (RCFP).

Figure 19. Late September 2017 thunderstorm-delivered mud deposits in Rio Chama downstream of
Puerto Chiquito Arroyo confluence at RM 7 (RCFP).
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3.1.2.3. Recreational Flows

Recreational flow releases from El Vado Dam for permitted boating in the Wild and Scenic
sections between May 1 and Labor Day have generally been provided since 1985 (Fogg et al,
1992; Morrison, 2013). Flows generally vary between 600 and 1,000 cfs and last for 3 days, with
rapid up- and down-ramp rates (Figure 20). If insufficient native flows are being released for
MRGCD downstream irrigation, Reclamation negotiates required flows with SJCP contractors,
or uses its own minnow water that is then stored in Abiquiu Reservoir within the ABCWUA
storage pool. Fogg et al. (1992) suggested that the weekend boating flows might provide
ecological benefits by flushing monsoon-season-derived fine sediments from the bed of the river,
thereby reducing some of the ecological impairment caused by that sediment (Jacobi and
McGuire, 1992). This hypothesis is currently being investigated by the RCFP at the Archuleta
Ranch site. Preliminary results (Gregory et al., 2018) suggest that flows as low as 500 cfs are
capable of flushing surficial fine sediments (<5 millimeters [mm]) in riffles.

Figure 20. Hydrograph at the USGS Below El Vado Dam gage showing weekend boating flow releases
between May and September 2015 on Rio Chama downstream of El Vado Dam.

3.1.2.4. System-Dynamics Modeling

The environmental and economic trade-offs of environmental flow alternatives on Rio Chama
were investigated by Morrison and Stone (2015a and 2015b) using a system-dynamics modeling
approach. In one study, Morrison and Stone (2015a) used system-dynamics modeling to assess
the impacts of four environmental ﬂow alternatives on Rio Chama. The model was specifically
developed to examine impacts of each alternative on reservoir storage and releases, hydropower
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production and revenue, and whitewater boating flows. The model simulated each alternative
within a stochastic framework to explicitly incorporate hydrologic uncertainty into the analyses.
The environmental ﬂow alternatives were developed at a collaborative workshop of
geomorphology, hydrology, and ecology experts (Figure 3). Results from the model indicated
that the proposed ﬂow recommendations on Rio Chama will generally decrease annual reservoir
storage, increase median ﬂows, and have minimal impacts on hydropower production and
whitewater rafting (Morrison and Stone, 2015a).
In a second study, Morrison and Stone (2015b) used a stochastic system-dynamics model to
determine the inﬂuence of ﬂow alternatives on cottonwood recruitment and reservoir storage on
Rio Chama. Specifically, the study used the recruitment box model (Mahoney and Rood, 1998)
to investigate the impact of three alternatives on cottonwood recruitment within the project reach
between El Vado Dam and Abiquiu Reservoir. The recruitment box model attributes seedling
survival to ﬂoodplain elevation, annual timing of peak ﬂows, and river stage declines that match
seedling root growth (Stromberg, 1993). The study demonstrated how ﬂow alternatives can be
evaluated using comparative metrics, which allow water resource managers to evaluate
alternatives more easily before incorporating environmental ﬂows into existing operations. The
study also highlighted the current limitations imposed by the lack of native Rio Chama flow
storage in Abiquiu Reservoir.
3.1.2.5. Planned Flow Releases

Figure 21 and Figure 22 contrast the peak flow record above and below El Vado Dam. In the
post-El Vado Dam period, there have been at least 12 peak flows in excess of 6,000 cfs upstream
of the dam at the La Puente gage (Figure 21). In contrast, in the same period below the dam
(Figure 22), there has only been one peak flow event in excess of 6,000 cfs (1984).

Figure 21. Annual peak flows (1956-2011) at the USGS La Puente gage.
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Figure 22. Annual peak flows (1914-2011) at the USGS Below El Vado Dam gage.

The genesis of the RCFP was a high flow release from El Vado Dam that occurred on May 8,
2009. With a rapidly filling reservoir, a compromised service spillway (Reclamation, 2013b),
and the potential for a rain-on-snow event upstream of El Vado Dam, Reclamation released
5,400 cfs (Figure 23)—which was the highest flow release since 1984 (25 years). With additional
inflows from the tributaries, the release flow peak increased to 5,840 cfs at the Above Abiquiu
gage. The flood event:
● inundated pre-dam floodplain surfaces that had become hydrologically disconnected from
the river (Figure 24 and Figure 25),
● mobilized gravel within the channel (Figure 26),
● caused fossilized bar dissection (Figure 27),
● initiated bank erosion and lateral migration of the channel (Figure 28),
● introduced large woody debris into the channel (Figure 29), and
caused a bend cut-off (Figure 30).
These events demonstrated the potential to effect geomorphic and ecological change with flood
releases within the range of controlled discharge capacity of El Vado Dam.
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Figure 23. Discharge from El Vado Dam, May 1-16, 2009 (USGS Below El Vado Dam gage).

Figure 24. Overbank flows at 5,400 cfs at Chama Wall (RM 17.2), May 9, 2009.
(Photo courtesy of Paul Bauer).
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Figure 25. Overbank flows at 5,400 cfs at Christ in the Desert Monastery (RM 22), May 9, 2009.
(Photo courtesy of Paul Bauer).

Figure 26. Gravel deposits (RM 11.5) following 5,400 cfs release in May 2009 (RCFP).
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Figure 27. Bar dissection (RM 20) after a peak flow of 5,400 cfs in May 2009 (RCFP).

Figure 28. Erosion of pre-dam terrace (RM 28.5) following a high flow release of 5,800 cfs in May 2009
(RCFP).
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Figure 29.Introduction of large woody debris to the river (RM 23) following the May 2009 peak flow of
5,800 cfs (RCFP).

Figure 30. Bend cutoff at RM 25 following peak flow of 5,800 cfs in May 2009
(Google Earth with RCFP license).
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After the 2009 release and the realization that peak flow releases within the range of the
controlled discharge capacity of El Vado Dam could provide significant geomorphic and
ecological benefits in Rio Chama between the two reservoirs, water managers and water users, in
conjunction with the RCFP team, attempted to provide annual peak flows when possible (Figure
31). Water managers were from Reclamation, the USACE, and NMISC. Water users included
the MRGCD, ABCWUA, City of Santa Fe, and the Rio Grande Pueblos.

Figure 31. Annual peak flows between 2009 and 2019 at La Puente and at Above Abiquiu USGS gages
(RCFP).

Peak flows in excess of about 2,200 cfs inundate the post-dam floodplain and flows in excess of
about 3,000 cfs are capable of mobilizing the bed material and promoting lateral migration
within alluvial reaches. Flows in excess of about 4,000 cfs inundate the pre-dam floodplain.
By resolution of the Rio Grande Compact Commission, a pulse flow of 4,000 cfs was generated
in 2016 (Figure 31) following storage of 31,417 acre-feet in El Vado Reservoir from May 6 to
20, 2016, and release of the stored flow between May 21 and June 14 (Figure 32). In contrast, the
peak flow at La Puente in 2016 was less than 3,000 cfs (Figure 31). The purpose of the pulse
flow was to:
● mobilize and redistribute 2015 debris flow deposits within the canyon section (upper 20
miles),
● flush mud and fine sediments from riffles and pools within the canyon section,
● inundate the pre- and post-dam floodplains and riparian vegetation throughout the reach,
● initiate bank erosion on root-reinforced pre-dam gravel bars within the canyon section to
release stored gravels, and
● accelerate terrace erosion and point bar formation to reconnect the river and floodplain
and initiate riparian succession, primarily in the lower reach.
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The success of the pulse flow in meeting its objectives is addressed in following sections of
the report.

Figure 32. 2016 pulse flow hydrograph at the USGS Below El Vado Dam gage.

3.1.3. Sediment Supply
For all intents and purposes, large dams can be considered to have 100 percent trap efficiency for
all sediment sizes (Williams and Wolman, 1984; Meade et al., 1990; and Graf, 2006), whereas
smaller dams that have less storage capacity can have a much wider range of trap efficiencies
ranging from 10 to 90 percent, or higher (Brune, 1953). The downstream impact of the dam on
channel and floodplain processes is dependent to a great extent on the ratio of the sediment
supply below the dam to that above the dam (Grant et al., 2003). If the upstream sediment supply
is low, there will be less of an imbalance below the dam, and therefore, there are unlikely to be
significant morphological effects (Fassnacht et al., 2003). If the transport capacity of the river
below the dam is low because of intrinsically low competence due to geologically controlled
channel slopes, the reduction in sediment supply from above the dam may also result in a very
muted channel response (Vadnais et al., 2012). Additionally, if the sediment supply to the river
below the dam is high, the effects of the dam tend to be mitigated rapidly (Fergus, 1997).
However, more generally, the downstream impacts of the dam from a truncated upstream
sediment supply are most directly influenced by the rate at which sediment is resupplied to the
channel downstream of the dam from tributaries, hillslopes, and channel erosion (Grant et al.,
2003; Petts and Gurnell, 2005; and Arp et al., 2007). Sediment mitigation can occur within a few
miles of the dam (Svendsen et al., 2009), or it may not occur fully for hundreds of miles below
the dam (Williams and Wolman, 1984). Depending on the geological characteristics of the
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watershed and the location of the dam within the watershed, the amount and types of sediment
delivered to the channel downstream of the dam can be different from those derived from above
the dam (Church, 1995 and Pitlick and Wilcock, 2001).
3.1.3.1. Upstream Sediment Supply

At the time of construction of El Vado Dam in the 1930s, the upstream sediment-contributing
drainage area (602 square miles [mi2]) had been significantly affected by grazing and logging—
which elevated the sediment supply to Rio Chama (Swanson et al., 2012). The initial estimate of
the expected 100-year sediment delivery to the reservoir was 30,000 acre-feet (Reclamation,
2008) which translates to a unit watershed yield of about 1.5 tons/acre/year (approximately
580,000 tons/year) assuming a sediment density of 100 pounds per cubic foot (lb/ft3)
(Reclamation, 1987). Resurveys of El Vado Reservoir in 2007 indicated that the actual volume
of sediment that was deposited in the reservoir in the 72 years between 1935 and 2007 was in
fact only 7,382 acre-feet. This translates to a unit watershed yield of 0.4 tons/acre/year, which
could be interpreted to mean that the initial watershed yield had been significantly overestimated.
However, there are two lines of evidence that suggest this might not be the case. Firstly,
Swanson et al. (2012) concluded that the reach of Rio Chama immediately upstream of El Vado
Reservoir exhibited characteristics of a high sediment load that included aggradation, numerous
in-channel bars, and avulsion on the earliest aerial photos investigated (1935 and 1954).
Secondly, in contrast to most rivers downstream of reservoirs in the Western United States, the
water released from El Vado Reservoir is unusually turbid year-round, and comparative turbidity
measurements between reservoir inflows and outflows between 1986 and 1991 showed the
outflows were nearly five times higher than the inflows (Fogg et al., 1992). Turbidity
measurements in June 2018 indicated that the outflows (average 52 Nephelometric Turbidity
Units [ NTU]) were nearly 10 times higher than the inflows (average 5.7 NTU) (Hobbs, 2020).
Suggested potential reasons for the disparity include thermal stratification of the reservoir and
possibly the presence of density (turbidity) flows that were able to convey the inflowing
sediment load to the reservoir outlet (Fogg et al., 1992).
Repeat reservoir sedimentation data for El Vado Dam (Reclamation, 2008) provide a somewhat
clearer picture of the longer-term sedimentation trends within the reservoir (Table 4) and provide
another explanation for the year-round turbidity. Between 1935 and 1967, the unit sediment
yields ranged from 0.2 to 0.4 tons/acre/year. However, between 1967-1984, which included a
period of very high reservoir inflows, the unit sediment yield increased to 1.3. tons/acre/year.
Between 1984 and 2007, there was a reduction in total sediment volume of about 3,900 acre-feet,
which was attributed to a changed methodology for evaluating loss of storage capacity
(Reclamation, 2008). However, the magnitude of the change and the observation that there had
been incision at the upstream range lines (Reclamation, 2008) suggest that the difference may be
due to erosion of the accumulated sediment and discharge through the dam. Using the average
unit sediment yield for the period prior to 1984 as an estimate of annual sediment inflow to the
reservoir (0.3 tons/acre/year) and adding this to the reduction in sediment volume in the reservoir
between 1984 and 2007, indicates that about 299 acre-feet/year (445,000 tons) of sediment were
being passed through the reservoir annually between 1984 and 2007. Assuming that the volume
of sedimentation in the reservoir is now stable because the accumulated sediment is at the level
of the power station inlet, the annual pass through the reservoir is probably on the order of the
annual inflow, which is about 59 acre-feet/year (0.3 tons/acre/year). On an annual basis, this
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would produce an average sediment concentration in Rio Chama downstream of the dam of
about 190 milligrams per liter (mg/l), which is well within the range of measured suspended
sediment concentrations at the Above Abiquiu gage (Figure 33). This concentration is above the
concentration considered to be biologically deleterious (100 mg/l) by the U.S. Environmental
Protection Agency (EPA) (Mills et al., 1985).

Figure 33. Suspended sediment concentrations measured by the USGS at the Above Abiquiu gage
between 1962 and 1985. The Ecological Impairment Threshold of 100 mg/l is defined by EPA (Mills et al.,
1985).
Table 4. Reservoir Sedimentation Data for El Vado Reservoir (data from Reclamation, 2008)

Year

Total Sediment
Volume (acre-feet)

Annual Yield
(acre-feet/year)

Unit Sediment Yield
(acre-feet/mi2/yr)

Unit Sediment Yield
(t/ac/yr)

1935

0

0

0

0

1944
1967
1984
2007

40

669

73.3

0.12

0.4

11,281

262.3

0.44

1.3

1033

7,383

32.8
72

0.05
0.12

0.2
0.4
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This analysis suggests that about 114,000 tons of sediment are being delivered annually to Rio
Chama downstream of the dam. However, the delivered sediment is composed primarily of silts
and clays that are morphologically insignificant but biologically deleterious (Mills et al., 1985;
Fogg et al., 1992). El Vado Dam effectively cuts off 100 percent of the morphologically
significant sand, gravel, and coarser load. Assuming that the bed material comprises about
17 percent of the inflowing sediment load (Vanoni, 1975), then the volume of sand, gravel, and
coarser material stored within the reservoir since construction is on the order of 1,500 acre-feet,
which represents about 20 percent of the total stored sediment volume of 7,382 acre-feet.
Repeat bathymetric surveys of El Vado Reservoir in 1984 and 2007 (Reclamation, 2008) and
local observations of the onset of the chronic turbidity condition (Cooper, 2019) provide the best
explanation for the year-round turbidity and sediment pass-through of the dam. The sill elevation
for the power station outlet works at the dam is 6775 feet (Reclamation, 2013b). Bathymetric
surveys in 1984 and 2007 show the elevation of the top of the reservoir sediments to be at the
same elevation near the dam (Range Line 1). Thus, fine sediment is always available for
transport at all releases up to about 1,200 cfs. Based on the seasonal flow duration curves (Figure
10 and Figure 11), the capacity of the powerplant is only exceeded about 1 percent of the time in
the winter, summer, and fall, and for about 40 percent of the time in the spring. A second outlet
that releases flows above 1,200 cfs is located at 6785 feet, about 10 feet above the surface of the
accumulated sediment. Review of the 2007 bathymetric survey and recent (2013) aerial
photography clearly indicates that there is no conventional delta at the upstream end of El Vado
Reservoir. Because of the way storage in El Vado Dam is managed, the reservoir is essentially
emptied on an annual basis, and there is no dead pool capacity because of the sedimentation.
Effectively, the reservoir becomes a river at low pool levels, and thus, any sediment delivered to
the upstream end of the reservoir at higher pool levels is remobilized and conveyed toward the
dam (Reclamation, 2008). Release of about 96,200 acre-feet of sediment-free SJCP water from
Heron Reservoir, especially during the period when native flows have been evacuated from El
Vado, increases the sediment transport potential within the El Vado Reservoir.
Sedimentation measured in Abiquiu Reservoir by the USACE (Young, 2020) between dam
construction in 1963 and 2012 is shown on Figure 34. The reduction in cumulative loss of
reservoir capacity (i.e., sedimentation) between 1997 and 2012 is attributed to a change in
measurement and computational methodology (Young, 2020). However, the data indicate that
the average sediment delivery from the 2,146 mi2 watershed ranged from 1.9 tons/acre/year
(1963 to 1997) to 0.8 tons/acre/year (1963 to 2012), depending on the period of measurement
used. The higher-unit sediment yield is probably related to the very high sediment yields from
Rio Gallina (Fogg et al., 1992; Persico et al., 2005; and Swanson, 2012).
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Figure 34. Cumulative sedimentation in Abiquiu Reservoir 1963-2012. (Young, 2020).

Without a maintenance dredging program to remove the accumulated sediment with its attendant
disposal problems, the only realistic way of reducing the year-round release of fine (silts and
clays), ecologically-impairing sediment to the Wild and Scenic reach of Rio Chama is to add a
gated inlet tower to at least the lower-elevation power station outlet. This would permit the
release of sediment to be controlled and synchronized with the inflowing upstream sediment
supply (Wohl et al., 2015). This would have the benefits of allowing sediment to pass through
the dam, thereby preserving reservoir capacity (the reservoir has only lost 3.7 percent of its
capacity in 72 years [Reclamation, 2008]) but also reducing the year-round chronic turbidity
problem that occurs due to the current operations. A gated inlet tower would also permit water
temperatures to be managed for the benefit of the downstream macroinvertebrate community
(Peters, 1978) while still maintaining a cold-water fishery. An additional benefit of the reduced
sediment pass-through would be reduced abrasion on the recently refurbished power station
turbines (Neopane, 2010).
3.1.3.2. Downstream Sediment Supply

There are no direct measurements of the sediment supply to Rio Chama downstream of El Vado
Dam. However, based on the reservoir surveys and the estimate of watershed sediment delivery,
about 114,000 tons of fine sediment are delivered to the river downstream of the dam annually.
Observations of the river within the Wild and Scenic reach since 2005 confirm that both coarse
(gravels-boulders) and fine (sands, silts, and clays) sediments are delivered to the river, primarily
as a result of monsoon-season thunderstorms over the tributaries. Debris flows were mapped in
2015 and 2021. For example, during the strong monsoon of 2015 (Figure 17), at least 11 debris
flows were mapped by the RCFP between El Vado Dam and Rio Gallina (Figure 35). The
clustering of the debris flows around RM 12 (RM 10 to RM 14) and RM 19 (RM 19 to RM 20)
strongly suggests that they were caused by spatially varied, high-intensity storms.
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Figure 35. The locations of debris flows that occurred during the 2015 monsoon season (RCFP). The debris
flows clustered around RM 12 and RM 19.
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The size of the material delivered to the river by debris flows depends on the local geology (New
Mexico Bureau of Geology and Mineral Resources, 2003). Relatively smaller material is
delivered from basins underlain by the Cretaceous-age Dakota Sandstone (Figure 18), while
much larger material is delivered from basins underlain by the Jurassic-age Morrison Formation
and Entrada Sandstone (Figure 36). Based on pebble counts conducted on the surfaces of four of
the 2015 debris flow deposits (Figure 37), between 50 and 80 percent of the deposits are within
the range (10 to 100 millimeters [mm]) of spawning gravels used by brown trout (Raleigh et al.,
1986). Boulder counts on an Entrada Sandstone-derived debris flow (Figure 38) show that
boulders up to 1.8 meters (m) large were transported and deposited, but the majority of the
material was too coarse to provide brown trout spawning gravels. However, the coarser fractions
of the debris flow deposits are in fact morphologically significant and create most of the rapids in
the river (Webb, 1987 and Swanson, 2012). The persistence of the rapids and redistribution of
the sediments to create downstream aquatic and terrestrial habitat depends on the ability of
mainstem flows to remobilize the debris flow deposits (Schmidt and Rubin, 1995 and Webb
et al., 1999).

Figure 36. Very coarse debris flow deposits delivered to Rio Chama in 2015 at RM 18.8 (RCFP).
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Figure 37. Gradation curves developed from pebble counts on 2015 debris flow deposits by RCFP. Brown
trout spawning gravel size range is identified by blue lines (Raleigh et al., 1986).

Figure 38. Boulder size frequency distribution on debris flow deposit that occurred in 2015 at RM 18.8
(RCFP).
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Unquantified volumes of finer, sand-clay size
sediments are also delivered to Rio Chama
downstream of El Vado Dam, primarily by
monsoon-generated flows in the smaller tributaries
and a combination of snowmelt and monsoon
flows in the larger tributaries such as the Rio
Nutrias (Figure 39), Rio Cebolla, and Rio Gallina
(Figure 1). Suspended sediment measurements at
the Above Abiquiu gage between 1962 and 1985
(Figure 33) indicate that sediment concentrations
in excess of 10,000 mg/l occur over a wide range
of flows, and that concentrations of up to nearly
90,000 mg/l occur at some very low flows.
Upstream of Rio Gallina, the fine sediments are
clay-dominated and derived primarily from the
Cretaceous-age Mancos Shale (Figure 40).
Rio Gallina is a major source of sand derived from
the extensive outcrop of Triassic and Jurassic-age
sandstones and mudstones capped by the
Cretaceous-age Dakota Sandstone in the basin
(Fogg et al., 1992; Persico et al., 2005; and
Swanson, 2012). The sand makes up about
33 percent of the bed material between Rio
Gallina and Big Eddy (Swanson, 2012). Debris
flows in the numerous tributary arroyos have
delivered boulder-size material to the river
(Faulconer, 2011), and these form the hydraulic
controls in the reach, which has a stepped profile.
Bed material transport rate calculations based on a
one-dimensional HEC-RAS model and measured
bed material gradations using the Wilcock-Crowe
(2003) transport equations indicate that the annual
bed material load is on the order of 300,000 tons
(Swanson et al., 2012). Back calculation from the
annual sediment delivery to Abiquiu Reservoir
(1.6 tons/acre/year) suggests that the total annual
sediment load is on the order of 1.6 million tons,
and thus, the estimation of the annual bed material
load represents about 17 percent of the total load,
which is well within the range of expected values
(Vanoni, 1975).
Some sediment, both coarse and fine, is recruited to
the river due to bank erosion. Within the canyon
section, erosion of the pre-dam floodplain and
terraces, as well as stabilized vegetated gravel bars,
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Figure 40. Google Earth image showing very turbid flows
(more than 640 NTU) in Rio Nutrias, June 5, 2019 (RCFP
under their license). Upstream of the confluence, the
turbidity in Rio Chama was 17.4 NTU.

Figure 39. Fine-grained deposits (more than 80 percent silt
and clay) introduced by summer thunderstorms in the
Arroyo Puerto Chiquito watershed in 2015 deposited on
the bed of Rio Chama at RM 7 (RCFP).
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delivers an as-yet-unquantified volume of
mainly gravel-size sediment to the river
(Figure 41). Downstream of Rio Gallina,
erosion of pre-dam floodplain and older
terraces (Persico et al., 2005) delivers
mainly sand to the river (Figure 42).
Erosion rates are quite variable and depend
to a great extent on the channel planform
geometry. For example, at RM 25.2, while
the channel was relatively straight, the
bank erosion rate between 1977 and 1997
was about 1 foot/year. In contrast, in a
1-year period between June 2016 and June
2017, when the radius of curvature to
channel width ratio of the bend had
adjusted to a value of 2.3, where the bend
Figure 41. Fluvial erosion of vegetated pre-El Vado Dam
is optimally adjusted to migrate (Nanson
gravel bar that is delivering gravels to Rio Chama at RM
and Hickin, 1983 and Harvey, 1989), the
10.5 (RCFP).
bank retreated on average 31 feet (Harvey,
2019). Thus, in one year, this site provided
about 1.7 acre-feet (about 2,620 tons) of sediment to the river. Undercutting and subsequent
mass failure of older, higher terraces (Persico et al., 2005) delivers large quantities of sediment,
primarily sand, to the river (Figure 28).

Figure 42. Lateral erosion of pre-dam floodplain at RM 25.2. The bank retreated about 31 feet between
June 2016 and June 2017 (RCFP).
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3.1.4. Water Quality
Water quality concerns downstream of El Vado Dam include turbidity, water temperature, and
water chemistry, all of which potentially can adversely affect the downstream ecosystem (Fogg
et al., 1992).
3.1.4.1. Turbidity

Turbidity is a measure of light dispersion caused by particles suspended in a water column. Light
penetration, turbidity, and suspended solids are therefore correlated, though the characteristics of
the particles in suspension can change the degree of light dispersion or penetration. Larger
particles can increase total suspended solids (TSS) without refracting light as much as the same
quantity of smaller particles would. Lloyd (1987) concluded that turbidities of between 25 and
95 NTU could be expected to affect fish communities through indirect effects of light extinction
and the accompanying decrease in the production of plants and fish food (Lloyd et al. 1987).
While effects of light penetration are usually associated solely with primary production, turbidity
is also associated with elevated stress in fish (Sigler et al., 1984), predatory efficiency (Sweka
and Hartman, 2001), inducement of invertebrate drift, and suffocation of incubating salmonid
embryos.
As turbidity and suspended solids increase, benthic macroinvertebrates tend to drift. They are
especially prone to drift as the duration of the sediment pulse is lengthened (Shaw and
Richardson, 2001) and when suspended particles are smaller (Runde and Hellenthal, 2000). Netspinning caddisflies have been observed drifting in highly turbid suspended solids, while in less
turbid suspended sediments they will remain to be buried alive (Runde and Hellenthal, 2000). In
a turbid water column, macroinvertebrates will be less visible to salmonid predators and have a
better chance of survival (Vogel and Beauchamp, 1999; Shaw and Richardson, 2001; and Sweka
and Hartman, 2001), while survival is also probable when overlying sediments are large (Runde
and Hellenthal, 2000). On the other hand, there is evidence that short exposures to very high
turbidities (100,000 parts per million) have no lasting effect (Wallen, 1951). A lack of response
to episodes of increased sediment loading is not contradictory, as tolerance of brief periods of
high sediment levels is a trait essential to survival in an environment of spring freshets and
intermittent floods (Gammon, 1970).
As previously stated, releases from El Vado Dam are unusually turbid year-round (Fogg et al.,
1992) because of in-reservoir sedimentation to the level of the power station outlet sill, and
outflow turbidities can exceed inflow values by a factor of 5 to 10 (Fogg et al., 1992 and Hobbs,
2020). Limited sampling of turbidity was conducted in the river between 1986 and 1991 between
the dam (RM 0) and the Above Abiquiu gage (RM 30.3), as well as in the major tributaries, Rio
Nutrias, Rio Cebolla, and Rio Gallina (Fogg et al., 1992). Immediately downstream of the dam
(RM 1), values ranged from 11 to 70 NTU and were lowest in the winter. In general, values
increased downstream, especially downstream of the major tributaries, if they were flowing
(Figure 39). Values of 650 and 1,140 NTU were measured in the Rio Nutrias and Rio Gallina,
respectively. In-river values up to 600 NTU were measured in the reach below Rio Gallina (RM
22.6 to RM 28). BLM turbidity measurements between 2011 and 2015 at their five invertebrate
sampling sites in the months of October and November ranged from 35.5 NTU to 979 NTU, with
higher turbidities generally being recorded downstream of Rio Gallina at the Chavez and Big
Bend sites (Besser, 2019). In June 2018, with flows between 600 and 800 cfs, and with no
inflows from the tributaries, turbidity below the dam (RM 1) was 51.8 NTU and only gradually
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increased to 55.2 NTU just upstream of Rio Gallina (RM 22.6) (Hobbs, 2020). However,
resuspension of fines from the bed in the riffles using the Quorer Method (Lambert and Walling,
1988; Quinn and Cooper, 1997; Quinn et al., 1997; and Clapcott et al., 2011) produced turbidity
values in excess of 4,000 NTU, indicating that significant amounts of fines were deposited
within and on the bed (Hobbs, 2020). In contrast, 12.6 miles upstream of El Vado Dam, the
turbidity in the river was between 3.7 and 7.7 NTU, but the highest resuspension value was only
136 NTU, demonstrating that there were few fines deposited on and within the bed material
(Hobbs, 2020). Suspended sediment data collected at the La Puente gage by the USGS between
1974 and 2011 show that concentrations rarely exceed 100 mg/l.
Suspended sediment concentrations in excess of 100 mg/l are considered to be beyond the
threshold for biological impairment (Mills et al., 1985) and the average annual suspended
sediment concentration (190 mg/l) downstream of El Vado Dam exceeds the impairment
threshold. Without doubt, tributary inflows below the dam raise turbidity and suspended
sediment concentrations significantly. It may be no coincidence that brown trout are rarely
encountered downstream of the Rio Cebolla (RM 15) (Hanson, 1992; Fogg et al., 1992; and
Gustina, 2013). Based on the limited Rio Chama turbidity data and the literature, it is apparent
that the turbidities experienced in Rio Chama immediately downstream of El Vado Dam are
within the range identified to cause biological impairments, especially to salmonids (brown and
rainbow trout) and the supporting macroinvertebrate community (Jacobi and McGuire, 1992).
3.1.4.2. Water Temperature and Dissolved Oxygen

Water temperature requirements for various life stages of brown trout are shown on Figure 43
(Raleigh et al., 1986). The optimal range for juveniles and adults is between 12 degrees Celsius
(° C) and 19° C. There are limited water temperature data for Rio Chama downstream of El Vado
Dam, but in general, between 1983 and 1991 during the months of July through September,
water temperatures measured at the USGS gage (RM 1.5) were above 12° C (Fogg et al., 1992).
Downstream of the Rio Cebolla (RM 15), mean daily summer water temperatures as high as
19° C were recorded in mid-August at flows of about 70 cfs. In the lower reaches (RM 28 to
RM 30.3), water temperatures as high as 25° C have been measured in late July at a flow of
about 60 cfs (Fogg et al., 1992). Water temperature measurements by the BLM between 2011
and 2015 at their five invertebrate sampling sites in the months of October and November ranged
from 6.5° C to 12.9° C (Besser, 2019), but there were no spatial trends in the data. In late June
2018, at a range of flows between 600 and 800 cfs, the daily range of water temperatures did not
vary significantly between RM 1 and RM 26 but did show a diurnal fluctuation between about
14° C in the early morning and 17.5° C in the late afternoon (Hobbs, 2020).
Dissolved oxygen (DO) values ranged from 82 to 92 percent between the dam and Rio Gallina
(Hobbs, 2020), which were somewhat lower than the values measured by BLM (Besser, 2019) at
their five sampling sites (86 to 112 percent) in October and November, when the water
temperatures were lower than in the summer.
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Figure 43. Water temperature requirements for brown trout (Raleigh et al., 1986).

Upstream of El Vado Dam at the USGS La Puente gage, water temperature data were collected
between 1974 and 2011. In general, water temperatures are well within the range required by
brown trout. However, at flows less than about 180 cfs, there is a bimodal distribution of
temperatures. Winter and spring temperatures range between 0° and 10° C, and in the summer
and fall, water temperatures range between 14° and 25° C.
Based on the available data, summer water temperatures in Rio Chama downstream of El Vado
Dam do not appear to be limiting to brown trout, at least within the observed range of the species
(RM 1 to RM 15).
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3.1.4.3. Water Chemistry

pH measurements by the BLM (Besser, 2019) between 2011 and 2015 at their five invertebrate
sampling sites in the months of October and November ranged from 7.3 to 8.8, but there were no
spatial trends in the data. A similar range of pH values was measured in June 2018 and again the
data showed no spatial trends (Hobbs, 2020).
Salvato (2013) conducted a baseline study of water chemistry in Rio Chama between the La
Puente gage and Abiquiu Reservoir and completed a preliminary evaluation of hyporheic
exchange in the Archuleta Ranch reach (RM 7) between October 2012 and October 2013. Thirtyseven samples were collected from the river, reservoirs, springs, and wells (Salvato and Crossey,
2013). Peak flows at the Below El Vado gage in 2011, 2012, and 2013 were all less than 1,100
cfs—which would not have inundated the islands in the Archuleta Ranch site where the sampled
shallow groundwater wells were located. The data showed that the surface and groundwaters are
calcium-bicarbonate-dominated in terms of solute composition and that calcium is the dominant
cation, which is typical of waters that interact with calcite and gypsum in watersheds associated
with sedimentary strata.
Between El Vado Dam and Rio Gallina, water quality sampling in June 2018 showed that
chloride and sulphate concentrations varied between 1.9 and 2.6 mg/l and 17.4 and 26.7 mg/l,
respectively, but there were no spatial trends in the data (Hobbs, 2020). Changes in the surface
water-to-groundwater composition included increased solute concentrations, higher bicarbonateto-chloride and lower sulfate-to-chloride ratios that are attributed to water-rock interaction and
microbial respiration in the groundwater, including sulfate reduction, which was attributed to less
flooding as a result of dam operations.
3.1.5. Ice Processes
Flow regulation downstream of dams located on ice-affected rivers significantly affects the
location, timing, duration, and thickness of ice cover (Prowse and Conly 2002 and Prowse et al.,
2002). Regulation causes the release of relatively warm water (typically 0.5° to 4.0° C) from the
dam, and this can delay freeze-up and accelerate break-up (Keenham et al., 1982 and Andres,
1996).
As can be seen on the 2015 annual flow hydrograph of Rio Chama at La Puente (Figure 16), the
river upstream of El Vado Dam is ice-affected between about mid-December and mid-February.
In contrast, in the same time period, no ice effects were recorded at the Below El Vado gage, but
ice effects were recorded at the Above Abiquiu gage from late-December to mid-March.
Stahlecker (1991) noted that near the Rio Cebolla confluence, frazil ice began to form at an air
temperature of -6° C and that ice cover then formed over both pools and riffles. Aerial
reconnaissance of the river from El Vado Dam to Rio Gallina (RM 22.6) during January 1989,
1990, and 1991 (when mean daily air temperatures for the 14 preceding days were between -6.7°
C and -7.6° C) indicated that there was a strong correlation between the flow in the river and the
extent of the ice cover (Fogg et al., 1992). In 1989, at a flow of 104 cfs, more than 50 percent of
the river was ice-covered, whereas at a flow of 116 cfs in 1990, the ice covered only about 25
percent of the river. At a flow of 210 cfs in 1991, there was no ice cover. Based on these data,
Fogg et al. (1992) concluded that a flow of about 200 cfs was adequate for limiting ice formation
in most years and for maximizing bald eagle feeding opportunities during the winter.
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Although ice cover forms on Rio Chama, it is highly unlikely that anchor ice forms on the bed of
the river, and any ice break-up in the spring is likely to be thermal, so no ice jams or ice runs are
likely to occur (Zabilanksy et al., 2002; Prowse and Culp, 2003; and Ettema and Kempema,
2012). Consequently, ice formation is very unlikely to have any significant geomorphic effects
on Rio Chama (Vandermause and Harvey, 2019).

3.2. Second-order Impacts
Second-order impacts result from changes in hydrology, sediment supply, and ice processes.
They include: altered hydraulics, sediment transport, channel, and floodplain morphology.
(Williams and Wolman, 1984; Church, 1995; Grant et al., 2003; Marren et al., 2014; and Church,
2015).
3.2.1. Research Sites and Activities
In 2011, RCFP selected four research sites along Rio Chama between the dam and Rio Gallina
(RM 22.6) to study the impacts of the dam and the altered hydrology and sediment regimes on
the channel and floodplain morphology (Figure 44). The sites, located within the confined
canyon section of the river, were selected for their alluvial nature—and thus their potential for
adjustment—in a canyon-dominated reach of the river (Harvey et al., 1993). The four sites are:
● Archuleta Ranch (RM 7),
● Dark Canyon (RM 14.3),
● Cebolla Canyon (RM 15), and
● Monastery (RM 20.5).
Two of the sites, Archuleta Ranch and Cebolla Canyon, have been sites of historical research
(Stahlecker, 1991; Fogg et al., 1992; and Hanson, 1992) and the ongoing BLM
macroinvertebrate and fish surveys include these sites (Gustina, 2013). In 2013, a further two
sites were selected in the lower reach of the river downstream of Rio Gallina: Chavez (RM 23)
and Big Bend (RM 28.5). The latter site had been previously used as part of Rio Chama Instream
Flow Assessment (Fogg et al., 1992) and had also been surveyed and hydraulically modeled to
evaluate overbank inundation (Parametrix and Mussetter Engineering, Inc. [MEI], 2010). Both
sites located downstream of Rio Gallina are used for macroinvertebrate monitoring by the BLM
(Gustina, 2013). At each of the initial four sites:
● topographic and bathymetric surveys were conducted,
● bed material was sampled,
● riparian vegetation was mapped,
● one-dimensional HEC-RAS models were developed (Tetra Tech, 2011),
● model output was used to evaluate inundation at a range of flows between 400 and
6,000 cfs, and
● incipient motion calculations were conducted to evaluate sediment mobilization.
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Figure 44. Locations of the six Rio Chama Flow Project study sites in the Wild and Scenic reaches of Rio
Chama (RCFP).
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Geomorphic maps were constructed for all the sites. In addition, geomorphic maps showing the
distribution of riffles; bars; active floodplain; and bounding terraces, landslides and bedrock
controls were developed from the dam (RM 0) to Rio Gallina (RM 22.6) (Appendix A).
Vegetation maps using the Hink and Ohmart (1984) classification (Caplan and McKenna, 2013,
Appendix B) were also developed for the entire river corridor from the dam to Big Eddy (RM
32). HEC-RAS files are provided in Appendix C.
At the Chavez and Big Bend sites, data collection to date by the RCFP has included topographic
and bathymetric surveys and riparian vegetation mapping. Additional data collection to address
the dynamics of the alluvial river sections in the Wild and Scenic portion of the river is planned
for both of the sites (refer to Section 5).
3.2.2. Floodplain Morphology
In general, floodplains are built by a combination of vertical and lateral accretion processes
(Wolman and Leopold, 1957) with the proportion of each process being dependent on the type of
river being considered (Nanson and Croke, 1992). This rather simplified view has to be tempered
by the realization that the type of floodplain varies spatially in most large river systems (Church,
1995 and Richards et al., 2002) and that biogeomorphic feedbacks (i.e., vegetation effects) affect
both the construction and destruction of floodplains over time (Marren et al., 2014).
The effects of dams on downstream floodplains have received relatively little scrutiny in the dam
impacts literature (Marren et al., 2014). However, Marren et al. (2014) have suggested that the
impacts can be grouped into either passive or active. Passive impacts primarily reflect
hydrological and thus sedimentological (Meade, 1982) disconnection of the floodplain from the
existing channel due to reduced peak flows below the dam, leading to the formation of a terrace.
Active impacts are the result of changes in geomorphological processes and include the impacts
of dams on both hydrology and sediment supply:
1. vertical bed changes (aggradation or degradation) that can either further disconnect the
floodplain (Kellerhals and Gill, 1973 and Mussetter Engineering, Inc. [MEI], 2005) or
mitigate the hydrological impact and reduce the impact of the reduced flow regime
(Svendsen et al., 2009);
2. bed material fining (Fergus, 1997) or coarsening (Lagasse, 1980) with the latter
potentially increasing the rates of lateral channel erosion (Williams and Wolman, 1984);
3. channel narrowing or widening that can have opposite effects on hydrological
disconnection of the floodplain (Petts, 1980; Williams, 1978; and Williams and Wolman,
1984), and
4. increased or decreased rates of bank erosion and lateral migration that either decrease or
increase the rates of floodplain reworking over longer time spans, depending on the
hydrological regime and the erodibility of the floodplain sediments (Bradley and Smith,
1984; Friedman et al., 1998; and Shields et al., 2000).
Provided that sufficient sediment is still transported downstream of the dam, new floodplain
surfaces may form that are related to the new hydrological regime, but the surface elevation will
be lower than that of the pre-dam floodplain (Lewin, 1978). Where there is insufficient sediment
to form a new floodplain, vegetation is likely to encroach into the channel and occupy lower
bars, thereby extending the riparian zone into the channel (Uunila and Church, 2015). Evidence
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of a passive response to the changed hydrological and sedimentological regime in Rio Chama
downstream of El Vado Dam is very clear. The pre-El Vado floodplain that was inundated at a
flow of between 4,000 and 5,000 cfs (2- to 5-year recurrence interval peak flow) is now a
hydrologically disconnected terrace (T1) that has been invaded by Rocky Mountain juniper,
sagebrush, and other upland plant species (Figure 45).
At the Archuleta Ranch site, the T1
surface is bounded by a higherelevation pre-El Vado Dam terrace
(T2) and alluvial fans that have built
out onto the T2 surface (Figure 46).
Peak flows above 6,000 cfs (the
highest modeled flow) are required to
inundate these surfaces. The postdam’s hydrologically connected
surface at the 2- to 5-year recurrence
interval peak flow (about 2,500 cfs) is
composed of vegetated and stabilized
mid-channel bars and a narrow strip of
recently accreted floodplain. The
active floodplain is composed
Figure 45. Upland Rocky Mountain juniper and sagebrush on
primarily of fine-grained sediments
pre-El Vado Dam floodplain (T1) in the middle ground and active
that have accreted to the former
floodplain surface in the foreground (RCFP).
channel bank and are heavily
vegetated with sedges and sandbar
willows. This vegetation creates hydraulic roughness that reinforces sediment deposition and
further lateral and vertical accretion, and the roots provide root-reinforcement of the surface
(Smith, 1976 and Harvey and Trabant, 2006).
At the Dark Canyon site (Figure 47), before the dam, there had been a very strong backwater
effect from the downstream hydraulic constriction formed by the Dark Canyon fan (right side)
and a massive landslide on the left side of the channel, the pre-dam floodplain (T1) was more
extensive than at Archuleta Ranch. The active floodplain that is inundated at about 2,500 cfs is
now restricted to the margins of the currently eroding mid-channel bar. Reduced backwater
effects because of the lower peak flows in the post-dam period appear to be accelerating erosion
of the mid-channel bar and could also be causing channel incision in the reach. This might result
in further hydrologic disconnection of the T1 pre-dam surface.
At the Cebolla Canyon site (Figure 48), before the dam, there was a limited amount of floodplain
(T1) and the site was dominated by the Rio Cebolla fan. The currently active area at the site is
composed of coyote willow-vegetated mid-channel bars and a narrow strip of intermittent
floodplain that are inundated at a flow of about 2,500 cfs.
A large portion of the Monastery site (Figure 49) was inundated at a flow of 5,000 cfs. After the
dam, a significant part of the site that is primarily vegetated with coyote willows is still
hydrologically connected at a flow of 2,500 cfs.
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Figure 46. Geomorphic map of the Archuleta Ranch site. Inundation of the mapped surfaces was
determined with a one-dimensional HEC-RAS model (TetraTech, 2011, used by permission).
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Figure 47. Geomorphic map of the Dark Canyon site. Inundation of the mapped surfaces was determined
with a one-dimensional HEC-RAS model (TetraTech, 2011, used by permission).
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Figure 48. Geomorphic map of the Cebolla Canyon site. Inundation of the mapped surfaces was
determined with a one-dimensional HEC-RAS model (Tetra Tech 2011, used by permission).
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Figure 49. Geomorphic map of the Monastery site. Inundation of the mapped surfaces was determined
with a one-dimensional HEC-RAS model (Tetra Tech, 2011, used by permission).
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Downstream of Rio Gallina (RM 22.6), the longitudinal profile of Rio Chama is stair-stepped,
resulting from tributary arroyos delivering coarse debris flow sediments to the river (Faulconer,
2011 and Swanson, 2012) (Figure 50). The more adjustable alluvial reaches also exhibit
hydrologic disconnection of the pre-dam floodplain.

Figure 50. Longitudinal profile of Rio Chama between Rio Gallina and Abiquiu Reservoir. The stepped
profile is formed by coarse-grained tributary fan sediments. The green segments represent alluvial
sections. Big Bend is located where the HEC-RAS model is identified, and the Chavez site is located at
about Station 640+00 (Parametrix and MEI, 2011).

At the Big Bend site (Figure 51), the T2 surface, which represents the pre-dam floodplain, is
inundated at a flow of about 4,500 cfs. The surface supports riparian pre-dam cottonwood and
willow vegetation species—but this pre-dam floodplain has been invaded by mountain junipers
and other upland species. The active floodplain surface and bars are inundated at a flow of about
3,000 cfs (i.e., the 2-year peak flow at the Above Abiquiu gage) and are primarily vegetated with
coyote willows. The T1 surface (a Holocene-age terrace) that is vegetated with xeric woodland
species is not overtopped by the current 100-year peak flow and pre-dates construction of El
Vado Dam. Based on the distribution of mapped vegetation categories between Rio Gallina (RM
22.6) and Abiquiu Reservoir (RM 33) and their association with the geomorphic surfaces at the
modeled Big Bend site, there are currently about 165 acres of floodplain and bars in the reach
that are inundated by the 2-year peak flow for a duration of about 6 to 18 days in the spring
(Parametrix and MEI, 2011).
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Figure 51. Geomorphic map of the Big Bend site. Inundation of the mapped surfaces was determined with
a one-dimensional HEC-RAS model (Parametrix and MEI, 2011).

Except for data on channel narrowing described in the next section of the report, there are few
data to quantify any active impacts that could affect the floodplain. It is unlikely that there has
been widespread channel degradation immediately downstream of the dam because of the
coarseness of the bed material. USGS rating curves for the Below El Vado gage (1995 to 2019)
indicate there has been no significant aggradation or degradation at this location (Cordova,
2019). At the Above Abiquiu gage, the USGS rating curves indicate that there was a shift of
about +2.9 feet between 1998 and 2009 (Cordova, 2019), which suggests that there was local
aggradation of the channel in that time period, most likely the result of upstream tributary arroyo
delivery of coarse-grained sediments, but the rating curves have been stable since 2009.
3.2.3. Channel Morphology
Below dams, there are a range of channel attributes that can adjust in response to the changed
hydrological regime and sediment supply. These include adjustments to the cross-section, bed
material, planform, and gradient (Williams and Wolman, 1984). The reported range of
downstream geomorphic responses to the change in the ability of the river to transport sediment
and the amount of sediment available for transport below a dam are extremely varied and depend
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to a large extent on the geological setting of the watershed that integrates water and sediment
supply and valley floor width and slope, as well as historical events such as glaciation,
landslides, and debris flows (Grant et al., 2003). Additionally, the location of the dam within the
watershed affects the response of the downstream channel (Church, 1995 and Marren et al.,
2014).
Reported channel responses to upstream dams include: channel degradation or aggradation,
channel narrowing or widening, bed material coarsening or fining, planform change from multichannel to single channel, reduced or increased rates of meander migration, increases or
decreases in sinuosity, and increases or decreases in gradient, as well as tributary degradation in
response to base-level lowering or tributary progradation into the mainstem channel (Kellerhals
and Gill, 1973; Williams, 1978; Petts, 1980; Williams and Wolman, 1984; Bradley and Smith,
1984; Carling, 1988; Lagasse, 1980; Germanoski and Ritter, 1988; Church, 1995; Brandt, 2000;
Grams and Schmidt, 2002; and Svendsen et al., 2009). There are also reported cases in which
dams have had very little or no effect on channel morphology (Williams and Wolman, 1984;
Inbar, 1990; Fassnacht et al., 2003; and Vadnais et al., 2012). The time needed for response to
dam emplacement and operation ranges from months to millennia, and the direction of the
response may change over time (Petts, 1979, 1980; Williams and Wolman, 1984; Friedman et
al., 1998; Church, 1995, 2015; and Gaeuman et al., 2005).
The channel has narrowed at numerous locations along Rio Chama following dam emplacement.
Both upstream of El Vado Dam and downstream of Rio Gallina, in primarily alluvial reaches of
the river, Swanson et al. (2012) quantified reductions in channel width of 38 percent and 32
percent, respectively, between 1935 and 2005. The reduction in channel width in the upstream
reach was attributed to a reduction in watershed sediment supply following earlier periods of
accelerated erosion of the watershed due to over-grazing and logging. The reduction in the
downstream reach was attributed primarily to El Vado Dam, since most of the narrowing
occurred between 1935 and 1963.
In the canyon reach between El Vado Dam and Rio Gallina, where the floodplain is intermittent,
the channel has narrowed by about 20 percent locally since dam construction in 1935. Channel
narrowing has generally occurred through vegetative stabilization of bars and their subsequent
attachment to the floodplain (Figure 52), as well as vegetation encroachment into the channel
that has led to fine-grained sediment deposition and formation of a new inset floodplain at a
lower elevation (Figure 45). Attachment of the bars to the floodplain has simplified the channel
morphology in many locations from multi-channel to single channel (Figure 53). Based on onedimensional HEC-RAS modeling, the current channel capacity in the alluvial segments
downstream of the dam is about 4,000 cfs (Figure 54), and this corresponds to the pre-dam
2-year recurrence interval peak flow of 3,740 cfs at the La Puente gage (Figure 7). This suggests
that the observed channel narrowing has not significantly increased pre-dam floodplain
inundation. The post-dam, lower elevation floodplain is inundated at a flow of about 2,500 cfs,
which corresponds reasonably closely to the post-dam 2-year recurrence interval peak flow
(2,250 cfs) at the Below El Vado gage (Figure 8).
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Figure 52. Bar accretion leading to channel narrowing at Archuleta Ranch site, RM 7. Infilled former
channel is located along the base of the higher elevation terrace (RCFP).

Figure 53. Channel planform change in an alluvial reach of Rio Chama downstream of Rio Gallina between
1935 and 2005 (Swanson, 2012).

63

Summary of Rio Chama Ecosystem Technical Studies

Figure 54. Inundation mapping at Archuleta Ranch site for a range of flows between 400 and 6,000 cfs.
Pre-dam channel capacity is about 4,000 cfs. The current floodplain is inundated at about 2,500 cfs
(Tetra Tech, 2011).

Downstream of Rio Gallina, Swanson (2012) demonstrated channel narrowing between 1935 and
2005 (Figure 55). HEC-RAS modeling (Swanson, 2012) indicated that in the alluvial segments,
the post-dam bankfull channel capacity was about 2,500 cfs, which corresponds to a 1.8-year
recurrence interval peak flow at the Above Abiquiu gage. Prior to the dam, the floodplain
elevation (T2 surface) corresponded to a flow of about 4,500 cfs, which had a recurrence interval
of between 2 and 5 years (Figure 7).
The effects of the dam on the tributary confluences depend primarily on the size of the material
delivered by the tributaries and the degree of flow reduction by the dam. On Rio Chama
downstream of El Vado Dam, most of the coarser tributary sediment is delivered to the river by
monsoon-season debris flows that occur when released flows in Rio Chama are less than 500 cfs
(Swanson, 2012). This leads to immediate local aggradation in the mainstem (Figure 18).
However, if subsequent flows in the mainstem are sufficient to mobilize the debris flow deposits,
the aggradation is short-lived (Schmidt and Rubin, 1995). Prior to 2009, when the highest flow
since 1984 was released from El Vado Dam, there was no evidence of local aggradation in the
vicinity of historical debris flows, which suggests that the mainstem flows had been sufficient to
entrain and remobilize all but the coarsest material.
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Figure 55. Changes in channel width between 1935 and 2005 from upstream of Rio Gallina to Big Eddy (Swanson, 2012).
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After the 2015 monsoon season, when at least 10 debris flows occurred between RM 7 and RM
20 (Figure 18, Figure 36) the higher flow releases (Figure 31) have mobilized and redistributed
an unquantified portion of the finer debris flow deposits. The remobilized sediments have
contributed to in-channel bar growth and formation of brown trout spawning (Figure 56) and
macroinvertebrate habitat (Figure 57)

Figure 56. Deposited gravels
derived from upstream debris
flows at the head of a mid-channel
bar expanded brown trout
spawning habitat at RM 10.6. (July
2018) (RCFP).

Figure 57. Hatched stonefly
nymphs on reworked debris flow
deposits at RM 11.5 (July 2016)
(RCFP).

Downstream of Rio Gallina, the stair-step profile of Rio Chama (Figure 50) is controlled by the
coarse lag deposits from tributary debris flows (Faulconer, 2011 and Swanson, 2012). Swanson
(2012) concluded that tributary arroyo confluences primarily impact local gradient and bed
sediment size, reducing both parameters upstream of the confluence and increasing them both
downstream. He concluded that major shifts in slope (Figure 58) and grain size (Figure 59) at the
confluences appeared to drive variations in sediment entrainment and transport capacity and the
storage of sand in the bed (Figure 60).
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Figure 58. Friction slopes for two discharges, 13 cubic meters per second (m3/s) (460 cfs) and 70 m3/s (2,478 cfs), for the reach of Rio Chama from
Rio Gallina confluence to Big Eddy. The locations and sizes of the tributary arroyos in the reach are also shown, as are the areas of the river (gray
shading) where the planform is affected by bedrock (Swanson, 2012).
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Figure 59. Bed sediment size (Ψ units) along Rio Chama between Rio Gallina and Big Eddy. Red squares represent the 33 locations where the grain
size is statistically significant compared to the five cross-sections upstream. The locations and sizes of the tributary arroyos in the reach are also
shown, as are the areas of the river (gray shading) where the planform is affected by bedrock (Swanson, 2012).
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Figure 60. Proportion of the channel bed covered in sand along Rio Chama between Rio Gallina and Big Eddy. The locations and sizes of the
tributary arroyos in the reach are also shown, as are the areas of the river (gray shading) where the planform is affected by bedrock (Swanson,
2012).
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3.2.4. Hydraulics and Sediment Transport
Grant et al. (2003) suggested that a downstream geomorphic response is most likely where the
geomorphically effective flow regime has been altered and there has been a change in the
frequency and magnitude of flows that are capable of mobilizing and transporting sediment.
They proposed a dimensionless ratio (T*) between the pre-dam (Tpre) and the post-dam (Tpost)
frequency of sediment transporting flows. In general, T* is less than 1, since Tpre is greater than
Tpost because dams reduce peak flows and coarsening and armoring of bed sediments occurs
below a dam, which in turn increases the critical discharge necessary for bed mobilization. Since
most dams have very high sediment trap efficiency, the downstream impacts due to the truncated
sediment supply from upstream are most directly controlled by the rate at which sediment is
resupplied to the channel below the dam from tributaries, hillslopes, and channel (bed and bank)
erosion. Grant et al. (2003) expressed the sediment supply relation as a dimensionless supply
ratio (S*) of the below-dam sediment supply (SB) to the above-dam sediment supply (SA), at a
particular location below the dam. With increasing downstream sediment supply, the value of S*
increases, and therefore, the expected channel response changes within the T*-S* domain.
One-dimensional HEC-RAS hydraulic models were developed for each of the four RCFP
research sites by Tetra Tech (2011). In addition, two-dimensional Sedimentation and River
Hydraulics (SRH-2D) hydraulic models were developed from the same topographic and
bathymetric data at the Archuleta Ranch and Cebolla Canyon sites (Gregory, 2013 and Gregory
et al., 2018). Bed material has been sampled in riffles with pebble counts (Wolman, 1954) at all
the sites (Table 5).
Table 5.. Compilation of Pebble Count-Derived Data
D50 Range
(mm)

D84 Range (mm)

Archuleta Ranch (n=30) RM 7

45-92

70-147

Dark Canyon (n=3) RM 14

30-46

45-76

Cebolla Canyon (n=6) RM 15

50-64

90-120

35

64

Site (RM)

Monastery (n=1) RM 20
(Tetra Tech, 2011; Gregory, 2013; and Hobbs, 2020).

Incipient-motion analyses (i.e., an evaluation of flows required to mobilize the bed material)
were performed for the Archuleta Ranch, Dark Canyon, and Cebolla Canyon sites (Tetra Tech,
2011; Gregory, 2013; and Gregory et al., 2018) by evaluating the effective shear stress on the
channel bed, which was determined from the hydraulic models in relation to the amount of shear
stress that is required to move the surface particles represented in the pebble count samples
provided in Table 5.
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The shear stress required for bed mobilization was estimated from the standard Shields (1936)
relation, given by Equation 1:
τc = τ*c (γs - γ) D50
where τc

=

critical shear stress for particle motion,

τ*c

=

dimensionless critical shear stress (often referred to as the Shields
parameter),

γs

=

unit weight of sediment (~2,650 kilograms per cubic meter [kg/m3]),

γ

=

unit weight of water (1,000 kg/m3), and

D50

=

median particle size of the bed material (mm).

(1)

A value of 0.03 for the Shields parameter is used in this analysis. Reported values for the Shields
parameter range from 0.03 (Neill, 1968 and Andrews, 1984) to 0.06 (Shields, 1936). A value of
0.047 is commonly used in engineering practice, based on the point at which the Meyer-Peter,
Müller (MPM) bed-load equation indicates no transport (MPM, 1948). Detailed evaluation of the
MPM data and other data (Parker et al., 1982 and Andrews, 1984) indicate that true incipient
motion occurs at a value of about 0.03 in gravel- and cobble-bed streams. Neil (1968) concluded
that the dimensionless shear value of 0.03 corresponds to true incipient motion of the bedmaterial matrix, while 0.047 corresponds to a low but measurable transport rate.
In performing an incipient-motion analysis, the bed shear stress due to grain resistance (τ′) is
used rather than the total shear stress, because τ′ is a better descriptor of the near-bed hydraulic
conditions that are responsible for sediment movement. The grain shear stress is computed from
Equation 2:
where Y’

=

(2)

𝜏𝜏 ′ = 𝛾𝛾𝛾𝛾′𝑆𝑆

the portion of the total hydraulic stress associated with grain resistance
(Einstein, 1950), and

S

=

the energy slope at the cross-section.

The value of Y’ is computed by iteratively solving the semi-logarithmic velocity profile in
Equation 3:
V
Y′
= 6.25 + 5.75 log
V*′
Ks

where V

=

mean velocity at the cross-section,

Ks

=

characteristic roughness of the bed, and

V*’

=

shear velocity due to grain resistance given by Equation 4:

(3)

(4)

V*′ = gY ′S
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The characteristic roughness height of the bed (Ks) is assumed to be 3.5 D84 (Hey, 1979).
Normalized grain shear stress (φ′) is the ratio of the grain shear stress (τ′) to the critical shear
stress for particle mobilization (τc). When φ′ is equal to 1, the bed material begins to mobilize
(point of incipient motion), and substantial sediment transport occurs when φ′>1.5 (Mussetter et
al., 2001). The concept of equal-mobility, as advanced by Parker et al. (1982) and Andrews
(1984), indicates that, at φ′>1.5, all material up to about five times the median (D50) size can be
transported by the flow, and measurable sediment transport rates would be expected.
At the Archuleta Ranch site, based on the one-dimensional hydraulic model and using reachaveraged hydraulics, bed mobilization (φ′>1.5) occurs at a flow of about 5,000 cfs (Figure 61),
which is equivalent to the 4-year recurrence interval peak flow prior to the dam and the 10-year
recurrence interval peak flow in the post-dam period (Tetra Tech, 2011).

Figure 61. Results of incipient motion analysis for the Archuleta Ranch site (D50 45 mm and D84 70 mm).
(Tetra Tech, 2011).
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At the Dark Canyon site, based on the one-dimensional hydraulic model and using reachaveraged hydraulics, bed mobilization (φ′>1.5) occurs at a flow of about 3,700 cfs (Figure 62),
which is equivalent to the 2-year recurrence interval peak flow prior to the dam and the 5-year
recurrence interval peak flow in the post-dam period (Tetra Tech, 2011). These results suggest
that a reasonable value for T* is about 0.4. The higher critical discharge at the Archuleta Ranch
site is probably due to the wider channel, lower slope, and proximity of the Arroyo Puerto
Chiquito that had delivered coarse material to the site. Analyzing the more refined twodimensional hydraulic model output (Gregory, 2013) at the Archuleta Ranch and Cebolla
Canyon sites indicates that the critical discharge for mobilization of the D50 at both sites is about
3,000 cfs, which is equivalent to the 1.8-year recurrence interval peak flow prior to the dam and
the 4-year recurrence interval peak flow in the post-dam period, which provides similar values
for T*.

Figure 62.. Results of incipient motion analysis for the Dark Canyon site (D50 46mm and D84 66 mm) (Tetra
Tech, 2011).

73

Summary of Rio Chama Ecosystem Technical Studies

Estimating a value for S* is far more complex. Immediately downstream of the dam, since the
dam has 100 percent trap efficiency for sand and coarser material, the value of S* must be very
low and the most likely response in the T*-S* domain would be bed material coarsening (Figure
4). There are no pre-dam bed material data available for comparison purposes, but Hobbs (2020)
sampled the bed material in rifles above and below El Vado Dam. Upstream of the dam, D50
values ranged from 35 to 71 mm and D84 values ranged from 77 to 128 mm. From the dam to
just upstream of the Rio Nutrias (RM 3.7), D50 values ranged from 70 to 73 mm and D84 values
ranged from 120 to 143 mm. Between the Rio Nutrias and the Rio Cebolla (RM 15), D50 values
ranged from 25 to 62 mm and D84 values ranged from 46 to 98 mm. Immediately downstream of
the Rio Cebolla, D50 and D84 values were 62 and 98 mm, respectively, but the bed material was
smaller at the Monastery site (RM 20), with D50 and D84 values of 35 and 64 mm, respectively.
The limited bed material data suggest that the bed material may have coarsened immediately
downstream of the dam, but tributary contributions of sediment below the Rio Nutrias appear to
have counteracted any coarsening farther downstream. Local contribution of coarser sediments is
most likely responsible for the bed material coarsening below the Rio Cebolla confluence
(Gregory, 2013).
The high annual pass through of fine sediments (about 114,000 tons/year) complicates
interpretation of the channel response below the dam. Vegetation encroachment into the channel
and trapping of fines by the vegetation have caused channel narrowing by about 20 percent
(Figure 45 and Figure 52), but this is not due to channel incision that would be predicted
immediately below the dam by a moderate T* value coupled with a low S* value, which is a
classic case of geomorphic convergence (Schumm, 1991).
Additionally, the T*-S* domain immediately downstream of the dam would suggest that there
should probably be island/bar erosion because of the sediment deficit, but clearly this is not the
case, because most pre-dam gravel bars are densely vegetated and very stable (Figure 63).
Similarly, bank erosion might be expected, but this too is prevented by the dense riparian
vegetation (Figure 64). In fact, Fogg et al. (1992) argued that the presence of the encroaching
riparian vegetation was important for stabilizing banks. It would appear that vegetation
encroachment, promoted by raised baseflows and reduced flood flows, has developed a
biogeomorphic feedback that is countering the expected responses based on the T*-S* domain.

Figure 63. Vegetation-stabilized pre-dam gravel bar at RM 1.5. Note Rocky Mountain juniper growth on
the bar surface (RCFP).
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Figure 64. Riparian vegetation (primarily coyote willow) stabilized banks at RM 19.5 (RCFP).

Father downstream of the dam, sediment supply to the river increases due to tributary inflow and
periodic debris flows, and thus, the S* value increases, and the channel response should change
as well. There is little evidence to suggest that the bed of the channel has coarsened, and the
incipient motion analysis tends to indicate that the bed material is still mobilized relatively
frequently. Until peak flows were increased following the 2009 release, there was little evidence
of either bank or island/bar erosion, because of the root reinforcement provided by the
vegetation. However, since the peak flows have been increased (Figure 31), there is evidence of
increased bank (Figure 41) and bar/island erosion (Figure 27) and recruitment of sediment to the
river as the value of T* has effectively increased.
Downstream of Rio Gallina, the dominant geomorphic response to the dam has been channel
narrowing by about 32 percent between 1935 and 2005 (Swanson et al., 2012). This is a
consistent response with respect to the T*-S* domain since the T* value is somewhat reduced
and the S* value is increased, primarily by the very high sand load from Rio Gallina. Swanson
(2012) and Swanson and Meyer (2014) investigated the potential for entrainment of the D50 of
the bed sediment between Rio Gallina and Big Eddy at the post-dam bankfull discharge
(2,500 cfs) and focused on the effects of the tributary confluences on sediment transport through
the reach (Figure 65). He concluded that the D50 and finer sediment is readily entrained between
tributary junctions, but immediately downstream of junctions, the D50 is often too coarse to be
moved under the current bankfull flow. However, his analysis also showed that sand-sized
material is entrained along the entire channel even though coarser material (24 to 68 mm) may
not be below the tributary confluences (Figure 66), which may explain why below the major
tributary confluences frequently there is split-flow round gravel/cobble islands (Figure 67).

75

Summary of Rio Chama Ecosystem Technical Studies

Figure 65. Downstream variations in dimensionless shear stress for the D50 bed material size at 2,500 cfs from Rio Gallina to Big Eddy. Immediately
downstream of confluences and in semi-confined bedrock-controlled reaches (gray areas), the D50 is generally immobile, whereas in the red areas,
the bed material is readily entrained. The blue line indicates the bed material size. (Swanson, 2012).
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Figure 66. Downstream variations in dimensionless shear stress for sand at 2,500 cfs (blue line)from Rio Gallina to Big Eddy. Sand is largely mobile
along the entire reach (Courtesy of Swanson, 2012; all rights reserved).
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Figure 67. Mid-channel bar located downstream of confluences of three large arroyos, RM 28 (Google
Earth with RCFP license).

Increases in the frequency of higher flows downstream of Rio Gallina since 2009 has effectively
increased the value of T*, and as a result, there is more evidence of lateral migration of the
channel in the self-adjusting alluvial reaches. Erosion of hydrologically disconnected terraces
that support upland plant species increases sediment loading to the channel, but also facilitates
formation of lower-elevation surfaces that are hydrologically connected to the river, thus
enabling riparian vegetation colonization and succession (Figure 68).

Figure 68. Cutbank erosion at RM 25.1 following a flow of 3,800 cfs in May 2019 that removed
hydrologically disconnected terraces and upland vegetation on the left side of the channel and caused
point bar accretion with coyote willow succession on the right bank (RCFP).
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3.3. Third-order Impacts
Third-order impacts are ecological responses to altered physical habitat. This section
describes the third-order ecological responses of biological communities and ecosystems,
through direct and indirect linkages, to both first- and second-order impacts (Ligon et al.,
1995; Jorde and Bratrich 1998; Naiman et al., 2000; Rood et al., 2003; and Merritt et al.,
2009).
3.3.1. Floodplain and Aquatic Vegetation
The riparian areas and wetlands along Rio Chama Wild and Scenic corridor were
described by EcoPlan (1991) using the U.S. Fish and Wildlife Service classification system
for wetlands and deepwater habitats (Cowardin et al., 1979). The Palustrine System is
defined as including all non-tidal wetlands outside of river channels, including lakeshores,
river edges, and islands. Within the Wild and Scenic reach, the Palustrine System zone is
bounded by the river edge and upland vegetation that includes all riparian vegetation
along the river and on the adjacent floodplain (Fogg et al., 1992). The Palustrine System
supports five different classes of wetlands along Rio Chama: Aquatic Bed, Unconsolidated
Shore, Emergent Wetland, Scrub-shrub Wetland, and Forested Wetland. The Aquatic
Bed and Unconsolidated Shore are most likely to be affected by low flows, whereas the
Emergent Wetland, Scrub-shrub Wetland, and Forested Wetland are most likely to the
affected by higher flows.
From the perspective of vegetation response to the dam and subsequent water operations,
it is clear that the Emergent and Scrub-shrub Wetlands are the most important wetland
classes (Fogg et al., 1992). The Emergent Wetlands category includes rushes (Juncus sp.)
and sedges (Carex sp.) that have been responsible for encroachment of vegetation into the
channel and formation and maintenance of the inset floodplain that occurs intermittently
between the dam and Rio Gallina (Figure 45) (Caplan and McKenna, 2013). The very
high root density of these species provides effective cohesion to the alluvial soils (Smith,
1976 and Gray and Leiser, 1982) that makes them very resistant to erosion (Fogg et al.,
1992; Harvey and Trabant, 2006). In addition, the high hydraulic roughness created by
the erect plants induces fine sediment deposition when the surfaces are inundated, thereby
leading to further vertical and lateral accretion (Figure 70). Dam operations since the
SJCP came online have created conditions that are favorable for the Palustrine Emergent
Wetlands since the root zones are kept wet (Fogg et al., 1992) by the increased flows
during the growing season (Table 1). The Shrub-Scrub Wetland class, which includes
coyote willow (Salix sp), box elder (Acer sp.) and alder (Alnus sp.), has also benefited from
the post-dam water operations, especially upstream of Rio Gallina (Caplan and McKenna,
2013, Appendix B). Coyote willow is extensive along the banks, and the roots provide
bank stabilization (Figure 64) while the stems increase hydraulic roughness and induce
sedimentation (Figure 71).
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Figure 69. Root reinforcement of the channel bank by Palustrine Emergent Wetland vegetation, including
sedges and rushes (RM 15) (RCFP).

Figure 70. Sediment deposition on Palustrine Emergent Wetland vegetation, including sedges and rushes
(RM 2.5) (RCFP).
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Figure 71. . Coyote willow-induced sedimentation on a bar at RM 23.4, June 5, 2019, following a peak flow
of 3,800 cfs. Flow in the river is about 1,300 cfs (RCFP).

As indicated by the results of the hydraulic modeling at the four canyon sites (Tetra Tech, 2011,)
and the Big Bend site (Parametrix and MEI, 2010), it is clear that the reductions in peak flows
since the dam was constructed have caused hydrological disconnection of the pre-dam floodplain
throughout the Wild and Scenic reach. Floodplain surfaces that were inundated by the pre-dam
2-year peak flow of about 3,700 cfs (Figure 7) are now only inundated by flows with a 10-year
recurrence interval (Figure 8). Vegetation mapping of the riparian corridor between the dam and
Big Eddy (Appendix B) using the Hink and Ohmart (1984) classification indicates that much of
the former floodplain has been invaded by upland plant species, including Rocky Mountain
juniper (Juniperus scopulorum), big sagebrush (Artemesia tridentate) and rubber rabbitbrush
(Ericameria nauseosa) (Caplan and McKenna, 2013, Appendix B). A summary of the mapping
clearly shows the dominance of coyote willow that grows primarily on surfaces inundated by
flows on the order of 2,500 cfs, the current post-dam 2-year recurrence interval peak flow, and
that Rocky Mountain juniper has invaded the pre-dam floodplain both upstream and downstream
of Rio Gallina (Figure 72).
Detailed vegetation mapping was conducted by Geosystems Analysis (Caplan and McKenna,
2013, Appendix B) at the six RCFP research sites. Results from the more detailed analysis
indicated that herbaceous species composition was a more reliable indicator of hydrologic
regime and geomorphic surface than woody plant species. The shallow rooting structure of
herbaceous plant species makes them particularly sensitive to minor changes in topographic
relief and associated changes in soil moisture availability. Three general categories were
established: Wetland Herbaceous (typically dominated by sedges [Carex spp.], rushes [Juncus
spp.], spikerushes [Eleocharis spp.], and/or horsetail [Equisetum spp.], along with wetland
grasses); Upland Herbaceous (typically dominated by various combinations of hairy golden aster
[Heterotheca villosa] bottlebrush squirreltail [Elymus elymoides], blue gramma [Bouteloua
gracilis], dropseeds [Sporobolus spp], sagebrushes [Artemisia spp.], globe mallows [Sphaeralcea
spp.], alkali sacaton [Sporobolus airoides], and western wheatgrass [Pascopyron smithii]), and
Transitional Herbaceous (composed of a relatively even mix of wetland and upland herbaceous
plant indicators, although the transitional herbaceous community type was often more forbdominated than the upland or wetland herbaceous types).
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Figure 72. Percent of mapped area of Rio Chama in which individual species had at least 25% aerial cover.
Species codes include: Rio Grande Cottonwood (RGC), narrowleaf cottonwood (NLC), tree willow (TW),
box elder (BE), coyote willow (CW), New Mexico Olive (NMO), Russian olive (RO), saltcedar (SC), Rocky
Mountain juniper (RMJ), rubber rabbitbrush (RB), big sagebrush (BS), oak (Q), redosier dogwood (RD),
common chokecherry (CC) and thinleaf alder (TLA) (Caplan and McKenna, 2013).

Generally, the herbaceous plant communities were found in association with woody plant
species, and thus woody vegetation types were defined as:
● Woodland if the tree canopy cover in the map unit was between 10 and 30 percent,
● Forest if tree canopy cover in the map unit exceeded 30 percent,
● Shrubland if the shrub cover exceeded 30 percent of the mapping unit, and
● Sparse Type if the total woody cover was less than 10 percent of the map unit.
3.3.1.1. Archuleta Ranch Site

The Archuleta Ranch study site (Figure 73) supports a long, narrow riparian corridor with
multiple vegetated channel bars and islands. Twelve different vegetation types were delineated
within 37 distinct map units across approximately 4.21 acres. Wetland Herbaceous plant
communities, associated with surfaces inundated at about 2,500 cfs, were the most widespread
(63 percent of mapped area), followed by Transitional Herbaceous (27 percent), on surfaces
inundated by flows up to about 4,000 cfs, and Upland Herbaceous (10 percent) on surfaces
inundated by flows in excess of 6,000 cfs (Figure 46). Woody species associated with Wetland
Herbaceous map units include coyote willow, planted Rio Grande cottonwood, and rubber
rabbitbrush. The vast majority of Wetland Herbaceous map units, however, lacked dominant
woody plant cover. Eight map units contained Transitional Herbaceous plant communities, and
half of these lacked substantial woody plant cover. Those that did contained saltcedar, planted
Rio Grande cottonwood, or sparse stands of coyote willow. Only four map units totaling
0.43 acres contained Upland Herbaceous communities. See the full map for this site in Figure
24, Appendix B.
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Figure 73. Vegetation mapping at the Archuleta Ranch site (Caplan and McKenna, 2013).
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3.3.1.2. Cebolla Canyon Site

The Cebolla Canyon study site is a long, narrow riparian corridor that spans approximately
8 acres (Figure 74). Seventeen different vegetation types within 46 distinct map units were
delineated. Wetland Herbaceous plant communities were the most widespread (65 percent of
mapped area), followed by Upland Herbaceous (20 percent) and Transitional Herbaceous
(15 percent) that were inundated at flows of 2,500 cfs, 5,000 cfs, and in excess of 6,000 cfs,
respectively (Figure 48). Coyote willow was the most widespread woody plant and was present
in 94 percent of the mapped area. Most dense coyote willow stands were associated with
Wetland and Transitional Herbaceous communities along the main channel bankline, on islands
and bars, and near Rio Chama-Rio Cebolla confluence. Mature narrowleaf cottonwood was
associated with Upland Herbaceous plant communities along a portion of the elevated bankline
of the Rio Cebolla. These were the only mature cottonwoods in the study site, and no new
cottonwood recruitment was observed anywhere in the site. Rocky Mountain juniper was
observed encroaching into all herbaceous community types. See the full map for this site in
Figure 26, Appendix B.
3.3.1.3. Dark Canyon Site

At the Dark Canyon site (Figure 75), there is a relatively wide floodplain and there are fewer
islands. Across the approximately 7.71 acres, 23 map units were identified supporting
13 vegetation communities. Both the number of map units and the total mapped area were
relatively evenly divided across the three herbaceous community types: Wetland Herbaceous,
(30 percent of the mapped area), Transitional Herbaceous, (35 percent), and Upland Herbaceous,
(35 percent). With the exception of the southernmost portion of the terrace (river right), Wetland
Herbaceous communities were more or less confined to channel and island bankline margins.
While two small map units contained only herbaceous vegetation, nearly all of the mapped area
supporting Wetland Herbaceous communities also hosted dense coyote willow cover. These
mapping units were all inundated at a flow of about 2,500 cfs (Figure 47). The extensive terrace
on river right primarily supported Transitional and Upland Herbaceous communities inundated at
about 5,000 cfs and 6,000 cfs, respectively (Figure 47). Narrowleaf cottonwood and Rocky
Mountain juniper were dominant trees across most of these map units. The narrowleaf
cottonwood trees appeared to colonize along a former high-flow channel that once flowed along
the western edge of the site. No cottonwood seedlings were observed, but there were numerous
narrowleaf cottonwood root-sprouts on both the terrace and along portions of the eroded terrace
bankline. Coyote willow was present in variable densities across all map units containing
Transitional Herbaceous communities and in a few map units supporting Upland Herbaceous
communities. See the full map for this site in Figure 28, Appendix B.
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Figure 74. Vegetation mapping at Cebolla Canyon site (Caplan and McKenna, 2013;).
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Figure 75. Vegetation mapping at the Dark Canyon site. (Caplan and McKenna, 2013;).
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3.3.1.4. Monastery Canyon Site

The Monastery Canyon (Benson’s Bar) site is the downstream-most study site in the upper
(canyon) reach, situated approximately 2 miles upstream of Rio Gallinas confluence (Figure 76).
The site is composed of two large islands and one small island totaling approximately 5.25 acres
that have formed upstream of a landslide-induced valley floor constriction. Twelve vegetation
types across 29 distinct map units were identified. The majority (66 percent) of the mapped area
supports Wetland Herbaceous vegetation communities and is inundated at about 2,500 cfs.
Coyote willow grew in all but one of these map units, and Box elder was a notable component of
about two-thirds of the mapped areas supporting Wetland Herbaceous species. No cottonwood
was observed anywhere in the site. Upland Herbaceous communities comprised about 20 percent
of the site and are inundated by flows in excess of 6,000 cfs (Figure 49). Rocky Mountain
juniper was present only on the T2 surface (Figure 49). See the full map for this site in Figure 30,
Appendix B.

Figure 76. Vegetation mapping at the Monastery (Benson’s Bar) Canyon site (Caplan and McKenna, 2013).

87

Summary of Rio Chama Ecosystem Technical Studies

3.3.1.5. Chavez Site

The Chavez site is 0.8 miles downstream of Rio Gallina confluence (Figure 77). Nineteen
different vegetation communities within 35 map units were mapped on this 16.5-acre site.
Upland Herbaceous communities (39 percent of the mapped area), Transitional Herbaceous
communities (27 percent), followed by Wetland Herbaceous (21 percent) and Sparse Herbaceous
(13 percent). No hydraulic modeling is currently available for this site—but results from the
downstream Big Bend site can be reasonably extrapolated. The Upland Herbaceous and
Transitional Herbaceous communities are unlikely to be inundated by flows less than 6,000 cfs.
Wetland Herbaceous community is likely to be inundated at about 2,500 cfs. Coyote willow was
present in variable densities in all map units of the Wetland Herbaceous community. Relatively
young, pole-size Rio Grande cottonwood trees were found in one Wetland Herbaceous map unit
occurring along a high-flow channel on the west-side floodplain. These were the only naturally
occurring (i.e., not planted) pole-size Rio Grande cottonwoods in any of the six study sites.
Transitional Herbaceous communities also ubiquitously supported coyote willow, but it tended to
co-occur with other species including box elder, narrowleaf cottonwood, Rio Grande
cottonwood, New Mexico olive, and/or rubber rabbitbrush. These same woody species were also
found in Upland and Sparse Herbaceous communities. See the full map for this site in Figure 32,
Appendix B.
3.3.1.6. Big Bend Site

The Big Bend site is the downstream-most site in the project area and is constrained by bedrock
outcrop on the south side of the river (Figure 78). The mapped area encompasses approximately
18 acres supporting 18 vegetation communities within 43 map units. Upland herbaceous
communities dominated the site (63 percent followed by Wetland Herbaceous (19 percent),
Transitional Herbaceous (16 percent), and Sparse Herbaceous (<1 percent), respectively. The
Wetland Herbaceous community is inundated at about 2,500 cfs, the Transitional Herbaceous
community is inundated at about 5,000 cfs, and the Upland Herbaceous community is inundated
at flows above 6,000 cfs (Parametrix and MEI, 2010).
About 63 percent of the Wetland Herbaceous communities supported variable densities of coyote
willow, while the remaining map units lacked woody vegetation. The latter map units were
confined mostly to narrow linear bands along the streambank. Many of the Upland Herbaceous
communities had overstory cover provided by Rio Grande cottonwood and/or narrowleaf
cottonwood, while shrublands were dominated by rubber rabbitbrush, New Mexico olive, and/or
big sage. Transitional Herbaceous communities lacked overstory tree cover but did support
stands of coyote willow and/or rubber rabbitbrush. Sparsely vegetated areas were mapped in both
dry upland terraces and along exposed channel margins. See the full map for this site in Figure
34, Appendix B.
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Figure 77. Vegetation mapping at the Chavez site (Caplan and McKenna, 2013).
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Figure 78. Vegetation mapping at the Big Bend site (Caplan and McKenna, 2013)
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3.3.1.7. Vegetation Trends

Based on Caplan and McKenna’s (2013) reach-wide (Appendix B) and detailed site data (Figure
73 through Figure 78), it is apparent that the dam and water operations have affected the
composition of the vegetation along the Wild and Scenic reach (Table 6).
Table 6. Summary of herbaceous community data from the six detailed vegetation mapping sites (data
from Caplan and McKenna, 2013)
Site (RM)
Archuleta Ranch (RM7)
Dark Canyon (RM 14.5)
Cebolla Canyon (RM 15)
Monastery (RM 20)
Chavez (RM 23.5)
Big Bend (RM 29.5)

Wetlands
Herbaceous
(% mapped area)
63
30
65
66
21
19

Transitional
Herbaceous
(% mapped
area)
27
35
15
14
27
16

Uplands Herbaceous
(% mapped area)
10
35
20
20
39
63

In the canyon reach upstream of Rio Gallina, the Wetland Herbaceous community dominates
(about 65 percent of mapped area) along a relatively narrow strip that borders the river channel,
probably due to the reduction in peak flows and increase in baseflows (Fogg et al., 1992). The
extensive presence of the Wetland Herbaceous community is responsible for the stability of the
channel banks within the canyon section (Fogg et al., 1992).
Downstream of Rio Gallina, the Upland Herbaceous community dominates (40 to 60 percent of
the mapped area), because reduced peak flows effectively converted the pre-dam floodplain to a
hydrologically disconnected terrace. River narrowing and simplification (Swanson, 2012)
followed dam construction, but the accreted lands (the inset floodplain) are stabilized by the
Wetland Herbaceous community (about 20 percent of the mapped area). In conjunction, reduced
rates of lateral migration of the river limit the production of suitable substrate for riparian species
that depend on a disturbance regime (e.g., cottonwoods) for their establishment, and flow
recession rates mitigate against survival of seedlings (Stromberg, 1993). The general absence of
riverine wetlands, including new marshes, oxbow wetlands, and moist-soil wetlands, in the
alluvial reach of Rio Chama was noted by Caplan and McKenna (2013), who attributed it to flow
management generally, and peak discharges in particular, that appear to have been insufficient
for promoting channel avulsions or creating new side channels or backwater habitats (Hauer and
Lorang, 2004).

Systems dynamic modeling (Morrison and Stone, 2015a) demonstrated that suitable
hydrodynamic conditions for cottonwood establishment based on the recruitment box model
(Mahoney and Rood, 1998) could be achieved on Rio Chama without adversely affecting
reservoir storage and downstream water supply. Caplan and McKenna (2013), however,
suggested that large scale cottonwood seedling recruitment may be constrained by limited
germination “safe sites” (i.e., bare, moist alluvium; Polzin and Rood, 2006) due to dense
vegetation conditions across most floodplain surfaces along the river corridor. Furthermore, they
suggested that ungulate browsing prevents many existing cottonwood populations from
developing stem growth necessary to achieve a woodland or forest growth structure. Upstream of
Rio Gallina, the heavy browsing is due primarily to deer and elk and thus is probably not
manageable. However, downstream of Rio Gallina, browsing is primarily due to cattle, and thus
could be managed.
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3.3.2. Macroinvertebrates, Fish, Amphibians, and Birds
Documented hydro-geomorphic changes (first- and second-order impacts) are likely to cause
changes to the composition of the macroinvertebrate, fish, amphibian, and bird populations
(Power et al., 1996), potentially to the point where ecological thresholds may have been crossed,
thereby qualifying Rio Chama as a novel ecosystem (Morse et al., 2014).
3.3.2.1. Macroinvertebrates

Macroinvertebrates in Rio Chama downstream of El Vado Dam were categorized as impaired by
Jacobi and McGuire (1992) due to the stable temperature regime below the dam and also due to
fine sediment deposition downstream of the major tributaries (Fogg et al., 1992). Jacobi and
McGuire (1992) captured 70 taxa of invertebrates at four sites between the dam and Rio Gallina,
and the majority of the sites were dominated by taxa tolerant of silt substrate, such as
Chironomid midge larvae (Fogg et al., 1992).
Rapid changes in streamflow (Figure 20) and flow fluctuations outside the range of normal
seasonal variation (Figure 13) might also directly influence macroinvertebrates in Rio Chama as
well (Jacobi and McGuire, 1992). Invertebrate data collected at three sites in 2011 by the BLM
(Gustina, 2013), Puerto Chiquito (Archuleta Ranch), Rio Cebolla, and Huckbay (RM 18),
showed that the Puerto Chiquito site had the highest abundance of invertebrates at 5,824 per
square meter (m2) and the Huckbay and Rio Cebolla sites had much lower but equivalent
abundances of 339/m2 and 319/m2 respectively (Figure 79). Though the Puerto Chiquito site had
the greatest abundance of invertebrates, it also had the lowest richness value (Figure 80) and was
dominated by fines-tolerant chironomids. Abundance values at the Puerto Chiquito site in 2007
and 2011 were 450 and 5,824/m2, respectively—indicating a very marked change in abundance
in different years. Additionally, the data in Figure 79 and Figure 80 clearly show there is no
relationship between abundance and richness in Rio Chama. Additional invertebrate data have
been collected by BLM in 2012, 2013, and 2015 at the Puerto Chiquito, Rio Cebolla, Huckbay,
Chavez, and Big Bend sites (Appendix D). Analysis of the data is scheduled for late 2019
(Besser, 2019). Macroinvertebrate data collected in June 2018 at 12 sites, two of them upstream
of El Vado Dam, are currently being analyzed (Hobbs, 2020).
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Figure 79. Invertebrate
abundance in Rio Chama
in 2007 and 2011 and
other northern New
Mexico rivers between
2003 and 2007 (Gustina,
2013).

Figure 80. . Invertebrate
richness in Rio Chama in
2007 and 2011 and other
northern New Mexico
rivers between 2003 and
2007 (Gustina, 2013).

Relations between flow and a wide range of organisms (periphyton and benthic macroinvertebrates) that use the bed material of rivers as habitat are not well understood (Biggs et al.,
2001). Disturbances within the system can have a major impact on the in-channel biomass at any
given time, and it is probable that the frequency of disturbance events strongly influences the
biotic assemblages (Resh et al., 1988; Scrimgeour and Winterbourne, 1989; and Power, 2001).
The nature of the physical disturbances in a gravel-cobble bed river is variable and may or may
not be associated with floods (Jowett, 1997). Increases in local near-bed velocity or shear stress
due to increased flow in the river can lead to increases in drag on benthic communities, which
can then lead to detachment and downstream transport of the organisms (Horner and Welch,
1981 and Biggs and Thomsen, 1995). Substantial mobilization of the bed sediment during a
flood causes severe disruption of the benthic communities (Power, 2001). Abrasion of benthic
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communities due to increased suspended sediment concentration can also lead to adverse effects
(Newcombe and MacDonald, 1991 and Jowett and Biggs, 1997). Deposition of fine suspended
sediment onto stable framework gravel-cobble bed material causes benthic smothering (Doeg
and Milledge, 1991; Allan, 1995; and Henley et al., 2000), and may result in changes to the
benthic taxa that occupy the bed (von Guerard, 1989). However, it is generally believed that
floods improve invertebrate habitat by coarsening substrate and removing fines (Jowett and
Richardson, 1989), provided that the bed is mobilized and the frequency of disturbance is
moderate (Scarsbrook and Townsend, 1993). Clearly, downstream of El Vado Dam, the flood
magnitude and flood frequency have changed in the post-dam period, and as a result, the
frequency of bed-mobilizing disturbance has decreased. The high percentage of fine sediment
(smaller than 6.35 mm) at depth in the bed material (Fogg et al., 1992) probably reflects the
reduced frequency of bed material mobilization.
In the literature, what constitutes fine sediment as it pertains to biological systems depends on
what is being evaluated and can range from sands and fine gravels (Reiser, 1998); to fine sands,
silts and clays (Owens et al., 2005). A number of studies have shown that fine sediment (defined
as sands and very fine gravels smaller than 6.35 mm) cannot be winnowed or flushed from
appreciable depths within the bed material without mobilization of framework gravels (Reiser et
al., 1989; Diplas, 1994; Diplas and Parker, 1985; Kondolf and Wilcock, 1996; and Milhous,
1998). De Vries (2002) has argued that in gravel- and cobble-bed streams, the maximum depth
of streambed disturbance following initiation of bed material mobilization is approximately
twice the D90 of the surface layer. Wilcock and Kenworthy (2002) concluded that when the bed
sand content (fs) in a gravel bed river is less than about 10 percent, sand grains can settle through
the bed surface layer and become unavailable for transport unless the gravel is entrained. When
the sand content is between 10 and 30 percent, pore filling becomes nearly complete, and this
prevents further deep percolation of sand particles.
Because fine sediment has the potential to adversely affect both salmonid spawning success and
macroinvertebrates, sediment flushing flows were investigated at three sites located 1 mile
(Coopers Ranch), 6 miles (downstream of Rio Nutrias) and 15 miles (Rio Cebolla confluence)
downstream of El Vado Dam (Fogg et al., 1992). Freeze core and Hubble bed material samples
were collected before and after a 2,000 cfs, 36-hour release in October 1991. Results from the
sampling indicated that the 36-hour release produced no significant improvement in the amount
of fines (smaller than 6.35 mm) either within the surface layer or to a depth of 30 cm at any of
the three sites. Also, the mean value of fines in all the samples (36 percent) suggests that both
spawning habitat for brown trout and macroinvertebrate habitat are impaired (Fogg et al., 1992).
Based on the results of the incipient motion studies at the Archuleta Ranch and Rio Cebolla sites
(Tetra Tech, 2011; Gregory, 2013; Gregory et al., 2018), where the critical discharge is about
3,000 cfs, it is unlikely that the bed material mobilized at the 2,000 cfs release, and thus the
absence of any flushing at the three sites is not surprising.
Field observations (e.g., Figure 40) indicated that there was a significant amount of fine sediment
(80 percent silt and clay) on and within the gravel-cobble bed material in the riffles downstream
of the dam in June 2018 after the annual peak flow of about 1,000 cfs (Figure 31). Resuspension
of the fines from the bed of the stream using the Quorer Method (Lambert and Walling, 1988;
Quinn and Cooper, 1997; Quinn et al., 1997; and Clapcott et al., 2011) yielded average
turbidities up to 3,600 NTU while the background water turbidities were less than 60 NTU
downstream of the dam (Figure 81) (Hobbs, 2020). In contrast, upstream of the dam,
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resuspended turbidity values were much lower, ranging from 60 to 70 NTU (Figure 81) (Hobbs,
2020). The data show that there was a significant amount of fine sediment on and within the
coarser bed sediments downstream of the dam and very little upstream. Resuspended sediment
concentrations were less than 42 mg/l upstream of the dam and generally greatly exceeded 100
mg/l downstream of the dam (Figure 82) (Hobbs, 2020).
Flushing of finer sediment (defined as silts and clays smaller than 0.062 mm) that can
significantly impair macroinvertebrate habitat can occur due to both mobilization of the
framework gravels and by surficial flushing without general bed material mobilization (Miller
Ecological Consultants (MEC) and MEI, 2004). Based on field measurements in the Upper
Colorado River, fines delivered to the river by summer thunderstorm tributary flows deposited
on and within the coarser bed material at velocities and shear stresses less than 2.5 feet per
second (ft/s) and 0.03 lb/ft3, respectively. Velocities in excess of 4 ft/s and shear stresses in
excess of 0.07 lb/ft3 appear to be able to remobilize deposited fine sediment to a depth of about
the D84 size of the bed material, and thus remove some of the biological impairment (MEC and
MEI, 2004).

Figure 81. Background and resuspended turbidity measurements at 12 riffles, two of which are upstream
of El Vado Dam, June 2018 (Hobbs, 2020). The background values are displayed because of the disparity
in magnitudes between the two sets of data.

95

Summary of Rio Chama Ecosystem Technical Studies

Figure 82. Total organic and inorganic resuspended sediment concentrations at 12 riffles, two of which are
upstream of El Vado Dam, June 2018 (Hobbs, 2020).

Replication of these results in Rio Chama will require specific field data collection and twodimensional hydrodynamic modelling. At the Archuleta Ranch site, where there are 11 riffles, 22
pebble counts have been collected (Figure 83) and a calibrated SRH-2D model (calibrated to
surveyed water-surface elevations at flows of 3,400 cfs and 1,300 cfs) is being developed to
address the questions of bed material mobilization and fine sediment flushing (RCFP, in
preparation). Completion of this work will enable the hypothesis that boating flows might be
useful for surficial flushing of fine sediments to improve macroinvertebrate habitat, to be tested
(Fogg et al., 1992). Initial results (Gregory et al., 2018) suggest that sufficient shear stress can be
developed to flush surficial fines (<5 mm) in riffles at flows as low as 500 cfs.
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Figure 83. Pebble count gradation curves for 11 riffles at Archuleta Ranch site.

3.3.2.2. Fish

The Wild and Scenic reach of Rio Chama supports a high-value cold-water game fishery in the
upper 15 miles. Between 1983 and 1989, 14 fish species, only six of which were native to Rio
Chama (43 percent), were captured below El Vado Dam (Hanson, 1992 and Fogg et al., 1992). A
total of eight fish species, of which only three were native to Rio Chama, were captured in 2009
(Gustina, 2013). The highest number of fishes caught were downstream of the Rio Nutrias (RM
4.8), and the number of fishes decreSased gradually to the Rio Cebolla confluence (RM 15.6)
(Figure 84). Brown trout numbers were highest also downstream of the Rio Nutrias and declined
down to the Rio Cebolla confluence (Figure 84). Non-native fish species dominated the catch in
all reaches, but as pointed out by Gustina (2013), raft-based electrofishing tends to underrepresent small-bodied fish such as the native Rio Grande chub and longnose dace, which were
the most numerous fish reported by Hanson (1992). The uncertainty in the 2009 data then raises
an issue regarding whether there has been a shift in the fish species composition since the 1980s,
or if the difference is due to sampling. Regardless, the available data show that the fish species
downstream of the dam are dominated by non-natives, a clear indication of the development of a
novel ecosystem (Morse et al., 2014).
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Figure 84. 2009 fish catch per unit effort (CPUE) by species and survey reach downstream of El Vado Dam.
RM 2.4 – upstream of Rio Nutrias; RM 4.8 – downstream of Rio Nutrias; RM 6.9 – Archuleta Ranch/Puerto
Chiquito Arroyo; RM 10 – Aragon Canyon; RM 13.9 – Dark Canyon; RM 15.6 – Rio Cebolla confluence
(modified from Gustina, 2013).

Because Rio Chama Management Plan focuses on supporting a naturally reproducing brown
trout population, the following minimum flow recommendations from Instream Flow
Incremental Methodology (IFIM) studies were developed to support all life stages of the brown
trout (Fogg et al., 1992):
● Year round: 150 to 700 cfs year round, with 400 cfs as an optimum for spawning and
incubation and a minimum flow of 185 cfs to maintain habitat for macroinvertebrates as
forage for fish;
● Spring: 150 to 300 cfs, with an optimum of 200 cfs for fry; and
● Summer: 75 to 300 cfs, with 200 cfs as an optimum for juveniles and adults
The flow recommendations were based on the Instream Flow Incremental Methodology (IFIM)
procedure that aims to optimize the available habitat for the various life stages.
Figure 85 shows the released flows from El Vado Dam from July 2018 to July 2019 and
highlights the differences between the flow recommendations and operational reality during the
Water Year. The major concern is the fall-winter flows, which are governed by reservoir
operational authorities, but for which there is not an established and consistent water source.
Brown trout spawn between mid-October and mid-December, and eggs are incubated through
the winter. Significant flow changes within that period can disturb this process and lead to
unsuccessful spawning.
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Figure 85. Hydrograph at the USGS Below El Vado gage, July 2018 to July 2019. The end of the MRGCD
irrigation season is October 31, and November 15 for Pueblo’s irrigation season. Irrigation season begins
on March 1.

If water for the Prior and Paramount lands of the Six Middle Rio Grande Pueblos is stored under
Article VII restrictions of the Rio Grande Compact, then those stored waters are typically
released between the end of the Pueblos’ irrigation season, November 15, and the end of the
calendar year. In addition, operational authorities for the SJCP and Heron Reservoir prevent
SJCP water in the Federal pool in Heron Reservoir from being carried over to the next calendar
year, which requires Project water to be routed downstream by December 31. Therefore, flows
are often high through December 31, and then are cut dramatically. As pointed out by Parker
(2012), significant reduction in flow following spawning during the brown trout egg incubationhatch periods between mid-December and early April can result in desiccation of the redds, ice
damage to redds, fines sedimentation in the redds, and potentially the loss of a significant portion
of a cohort of fish (Figure 86 and Figure 87).
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Figure 86. Downstream view of the exposed bed of Rio Chama (RM 9.1) at a flow of 42 cfs on January 1,
2012. Arrows indicate the approximate locations of the water surface at flows of 400 cfs, when spawning
occurred, and 100 cfs and the locations of exposed redds (annotated photograph courtesy of Noah
Parker, Land of Enchantment Guides, 2012).

Figure 87. Downstream view of the exposed bed of Rio Chama (RM 9.6) at a flow of 42 cfs on January 1,
2012. Arrows indicate the approximate locations of the water surface at flows of400 cfs, when spawning
occurred, and 100 cfs and the locations of exposed redds (annotated photograph courtesy of Noah
Parker, Land of Enchantment Guides, 2012).
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Temporary waivers to permit carryover storage until March or April of the following year
initially, and now until September 30 of the following year, when such waivers are “to the
benefit of the government,” have allowed more favorable winter flow releases since 1984. The
RCFP has worked with Reclamation in recent years to coordinate winter flows to protect brown
trout spawning and recruitment of juveniles into the population, using waivered water from the
City of Santa Fe, ABCWUA, and Reclamation’s Supplemental Water Program.
However, in the winter of 2018-2019, there was not enough SJCP water available for these
winter flows. Flow releases in 2018 ranged from 150 cfs to 85 cfs (Figure 85) during the midOctober to mid-December spawning period. As can be seen on Figure 85, flows dropped in midDecember, at the end of the spawning period, to about 25 cfs, and these low flows were
maintained until late March. As a result, it is highly unlikely that brown trout reproduction was
successful in 2019. Flows as low as 25 cfs also probably desiccated large areas of potential
macroinvertebrate habitat on the bed of the river, since the average minimum critical flow for
maintaining marginal macroinvertebrate habitat is about 40 cfs (Fogg et al., 1992). Review of the
El Vado release hydrograph (Figure 85) indicates that there was probably non-SJCP water in
storage in El Vado Reservoir for the releases to be increased to about 700 cfs after the start of the
MRGCD irrigation season on March 1, because reservoir inflows at the La Puente gage were
only about 150 cfs at that time. The ability to store native water in Abiquiu Reservoir would
enable the winter flows to be better managed to support successful brown trout reproduction, a
primary goal of Rio Chama Management Plan.
Available data indicate that water temperatures downstream of El Vado Dam are within the
required range for brown trout (12° C and 19° C) but that they might be impairing the
macroinvertebrate community (Jacobi and McGuire, 1992). To prevent ice formation and its
adverse impacts on redds, as well as providing open-water winter foraging habitat for bald
eagles, a minimum flow of 200 cfs appears to be required in the winter. The high volume of fine
sediment smaller than 6.35 mm (36 percent of the total volume) to a depth of 30 cm in the bed
material samples (Fogg et al., 1992) suggests that the spawning habitat for brown trout might
also be impaired. This suggests that flows in excess of 3,000 cfs are required to mobilize the bed
material on a regular basis (Figure 3) and flush the accumulated fines. High turbidity values
year-round are also likely to be adversely affecting the fish through indirect effects of light
extinction and the accompanying decrease in the production of plants and fish food (Lloyd et al.
1987). Turbidity is also associated with elevated stress in fish (Sigler et al., 1984), reduced
predatory efficiency (Sweka and Hartman, 2001), inducement of invertebrate drift (Shaw and
Richardson, 2001), and suffocation of incubating salmonid embryos (Reiser and Wesche, 1977).
Macroinvertebrates in Rio Chama downstream of El Vado Dam were categorized as impaired by
Jacobi and McGuire (1992) due to the stable temperature regime below the dam and also due to
fine sediment deposition downstream of the major tributaries (Fogg et al., 1992).
Order-of-magnitude differences in macroinvertebrate abundance at the Puerto Chiquito site
(Archuleta Ranch) between 2007 and 2011 (Gustina, 2013) may well be due to late summer
sedimentation as occurred in 2015 and 2017 (Figure 19 and Figure 40). Late-season surficial
flushing flows to mobilize deposited fines (smaller than 0.062 mm) may well benefit the
macroinvertebrate community and, therefore, the fish population (Fogg et al., 1992).
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3.3.2.3. Amphibians

Amphibians are well documented indicator species of environmental health (Welsh and Ollivier,
1998; Sheridan and Olson, 2003; Wilson and McCranie, 2003; and Relyea et al., 2005).
However, care must be taken in distinguishing between annual or seasonal changes and declines
due to human impacts (Pechmann et al., 1991 and Pechmann and Wilbur, 1994), as well as
differences in various species’ responses to human-induced changes (Welsh and Ollivier, 1998
and Carignan and Villard, 2002). Preliminary BLM amphibian surveys within the Wild and
Scenic reach of Rio Chama commenced in 2009 and were conducted along six ephemeral
tributaries, one perennial tributary, and at one spring along the main channel of Rio Chama in
2010 and 2012 to develop an understanding of the current distribution diversity and qualitative
habitat use by amphibian species (Besser, 2013). Two juvenile Woodhouse’s toads (Bufo
woodhousii) were detected along the Arroyo del Puerto Chiquito (RM 7), and two tadpoles were
detected in the Rio Cebolla near Rio Chama confluence (RM 15). An adult Woodhouse’s toad
was also detected opportunistically on July 6, 2012 as well as on a separate trip on July 9, 2022,
in an arroyo near Aragon Campground (RM 11). The paucity of amphibian data makes it
difficult to assess any dam impacts on the amphibian population in Rio Chama.
New Mexico-wide sampling for the amphibian Chytrid fungus Batrachochytrium dendrobafidis
(Bd) that has been associated with both the decline and extinction of amphibian species worldwide and in New Mexico indicated that Bd was detected in the Upper Rio Grande Hydrologic
Unit Code (HUC)-2 that includes Rio Chama, but there was no detection in Rio Chama itself
(Christman and Jennings, 2019). Sampling of amphibians in Rio Chama by the BEMP between
2014 and 2017 (Table 7) confirmed the absence of Bd in the Wild and Scenic reach in that period
(Elder, 2019).
Table 7. Amphibian Bd infection survey data from Rio Chama (Elder, 2019)
Date

Woodhouse
Toad (#)

6/2014

1

6/2015

6

Leopard
Frog (#)

6

3.3.2.4. Birds

1

1

A
A

1
1

Presence (P) or
Absence (A) of Bd

A
2

2016
6/2017

Northern
Leopard
Frog (#)

A

8/2015
9/2015

Green
Leopard
Frog (#)

A
A

Rio Chama Management Plan (1990) identifies more than 80 species of birds in the Wild and
Scenic reach of Rio Chama, and Audubon (2020) ranks the Chama Canyon and adjacent
Golondrina Mesa as an Important Bird Area. Bald eagles winter along Rio Chama, and their
ability to forage for fish is affected by both turbidity and the presence of ice. Low flows in winter
are likely to be less turbid, but the presence of ice in the river increases with diminishing flow
levels. To keep the river ice-free, a minimum winter flow of about 200 cfs appears to be required
(Fogg et al., 1992).
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3.4. Fourth-order Impacts
Fourth-order impacts describe biogeomorphic feedback between ecological responses and
physical processes (Naiman et al., 2000 and Rood et al., 2003). Together, the effects of dams on
downstream riverine-riparian ecosystems can be seen as a cascade of impacts from first to
second to third to fourth order, with fourth-order biogeomorphic feedbacks to second- and thirdorder impacts (Figure 5). The cascade of effects of dams throughout the riverine-riparian
ecosystem, and the complex alteration of downstream aquatic and riparian species composition,
structure, and function has been widely reported (Ward and Stanford, 1983; Ligon et al., 1995;
Richter et al., 1996; Poff et al., 1997; Naiman et al., 2000 and 2005; Nilsson and Berggren, 2000;
Rood et al., 2003; Tockner and Stanford, 2002; Jorde et al., 2008; Burke et al., 2009; and
Kennedy et al., 2016).
Biogeomorphic feedback between the riparian zone vegetation and physical processes occurs at a
wide range of scales along Rio Chama. Within the canyon segment, the most obvious feedbacks
occur between the Palustrine Emergent Wetland (Herbaceous Wetland community) plants and
the stability of the banks of the inset, post-dam floodplain that is inundated at flows of about
2,500 cfs (Figure 45). The sedges and rushes provide root reinforcement of the bank materials
(Figure 69), thereby increasing their erosion resistance (Smith, 1976; Gray and Leiser, 1982; and
Harvey and Trabant, 2006), and they also create hydraulic roughness that reduces the overbank
flow velocities, thereby reducing erosion potential (Fischenich, 1997). Sedges and rushes also
promote both vertical and lateral growth of the inset floodplain by causing fine sediment
deposition (Figure 70) and accretion of bars to the floodplain (Figure 52), both of which have
contributed to channel narrowing and planform simplification from multi-channel to single
channel (Swanson, 2012 and Caplan and McKenna, 2013). Shrub-scrub wetland plant
communities that include coyote willow (which is frequently associated with the Wetland
Herbaceous community) are responsible for root reinforcement and stabilization of the river
banks throughout Rio Chama (Figure 64) and are also responsible for inducing overbank
sedimentation (Figure 71). Channel width reduction of about 32 percent from 1935 to 2005 was
accompanied by coyote willow encroachment downstream of Rio Gallina (Swanson, 2012).
Lateral migration of the channel due to cutbank erosion and accompanying point bar deposition
provides the substrate for colonization by primarily coyote willow. The coyote willow increases
the hydraulic roughness on the inside of the bend, induces sediment deposition that, in turn,
reduces the cross-section width and maintains erosion of the opposite bank.
Increased peak flows since 2009 along Rio Chama have accelerated lateral erosion of pre-dam
floodplain surfaces, as well as higher elevation pre-dam terraces (Persico et al., 2005) that
support Rocky Mountain juniper, cottonwood, oak, and box elder trees (Caplan and McKenna,
2013). Erosion of these surfaces by the river introduces large woody debris (LWD) into the river,
especially downstream of Rio Gallina (Figure 29). Woody debris in the river provides habitat for
macroinvertebrates and fish (Schneider and Winemiller, 2008). However, the LWD is also
important for nucleating mid-channel bars and islands that increase the planform complexity of
the river (Figure 88) (Featherston et al., 1995), as well as for creating new habitat that is
inundated frequently and rapidly colonized by coyote willow (Figure 89). Bank-attached LWD
can accelerate bank erosion downstream, thereby increasing the amount of LWD that is added to
the river (Figure 90).
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Figure 88. Large woody debris at the head of a mid-channel bar, RM 26 (RCFP).

Figure 89. Upstream view of recent sediment deposition and coyote willow colonization of mid-channel
bar formed below large woody debris accumulation at RM 26 (RCFP).
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Figure 90. Bank-attached large woody debris causing downstream eddy and accelerated bank erosion,
RM 25.5 (RCFP).

In 2009, the bend at RM 25 was cut off (Figure 30). Since that time, the upstream entrance to the
cutoff segment (oxbow) has narrowed from about 115 feet to 25 feet as it has become vegetated
with coyote willow, and this, in turn, has induced sediment deposition that further reinforces the
cutoff process and limits flows into the former channel (Figure 91).

Figure 91. View of narrowed inlet channel to 2009 channel cutoff at RM 25 (RCFP).

Since 2015, when there were a number of debris flows (Figure 35), if there had been subsequent
high flow releases, the deposits might have been reworked. However, there has been colonization
of the remaining deposits primarily by coyote willow—and this has limited the amount of
material that has been entrained. Comparison of photographs of the debris flow at RM 18.8 that
were taken in 2015 (Figure 92) and 2019 (Figure 93) clearly shows the stabilization of the debris
flow deposits by vegetation. The rapid colonization of the debris flow deposits suggests that
there is a limited window available for mobilization of the deposits and that flow release
planning should take this into account.
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Figure 92. 2015 debris flow deposits at RM 18.8. Photograph taken in September 2015 (RCFP).

Figure 93. Heavily vegetated 2015 debris flow deposit at RM 18.8. Photograph taken in July 2019 (RCFP).
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Finally, sand deposition in sedges, rushes, and coyote willow at flows that are greater than the
current bankfull (about 2,500 cfs) can form natural levees on the top of the channel banks that
block off low-lying areas landward of the channel bank, thereby creating off-channel wetlands
(Figure 94). These ephemeral wetlands are believed to provide habitat for amphibians (Elder,
2019).

Figure 94. Natural levee formed on the edge of the bank by sand deposition in coyote willows at a flow of
3,400 cfs creates off-channel wetland habitat in the former channel segment (RM 21) (RCFP).
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4. Rio Chama as a Novel Ecosystem
Restoring the river to pre-El Vado Dam (1935) conditions is not an objective of Rio Chama Flow
Project (RCFP). Rather, the aim is to improve the river and ecosystem that has developed over
the approximately 85 years since the dam was constructed, within the constraints imposed by the
available flows and below-dam sediment supply and transport (Wohl et al., 2015).
Morse, et. al. (2014) proposed the following four criteria for a novel ecosystem: “A novel
ecosystem can be identified by its origins in human agency, the ecological thresholds it has
crossed, a significantly altered species composition, and a capacity to sustain itself.”
Morse et al. (2014) have suggested that systems can also be characterized as either impacted
ecosystems or designed ecosystems depending on the degree of human intervention and the
ecological response. They suggested that, based on their definition of a novel ecosystem, rivers
downstream of dams in the Western United States probably did not meet the final criterion of
being self-sustaining, because human management continues to provide hydrologic controls.
Therefore, these systems should be characterized as designed ecosystems rather than novel
ecosystems.
However, based on the data and information presented in this report, it can be argued that Rio
Chama in the Wild and Scenic reach downstream of El Vado Dam is, in fact, a novel ecosystem
that has developed over 85 years since the dam was constructed, and that it meets all the Morse
et al. (2014) criteria. Even though there will be hydrologic control in perpetuity, this control is
primarily in response to the needs of downstream water users (Figure 2)—regardless of
ecosystem needs in the Wild and Scenic reach. In fact, Rio Chama presents a unique situation in
the Western United States, where there is more water today than there was historically because
of the San Juan Chama Project (SJCP) trans-basin diversion and the fact that no water is
withdrawn between El Vado and Abiquiu Reservoirs. This additional water, and the position of
the Wild and Scenic reach between the two dams, provides the operational flexibility to develop
hydrographs that can both sustain and improve the novel ecosystem (Figure 3) and enhance its
resilience to projected hydroclimate changes (Reclamation, 2013a), while fully meeting the
needs of downstream water users.
Hydrological and sedimentological changes caused by the dam and water operations meet the
first criterion, that the system has been altered through human agency (Morse, et. al, 2014). The
diminished magnitude and frequency of peak flows has reduced the size of the channel, the
frequency and duration of floodplain inundation, the frequency of bed material mobilization, and
the overall disturbance regime downstream of the dam. Importing trans-basin water and
management of native Rio Chama water has redistributed the annual flows such that, except for
in the spring, when Article VII of the Rio Grande Compact currently prevails, median flows in
the river have increased for the remainder of the year, to the benefit of the novel ecosystem.
Reservoir trapping of all inflowing coarse sediment means that all morphologically significant
sediment downstream of the dam is provided by tributaries, primarily by debris flows that occur
periodically during the monsoon season. Release of silts and clays from the dam and tributary
inflows of fine sediment have resulted in a year-round elevated turbidity and suspended sediment
concentrations that have probably resulted in changes in species composition to those species
that are more able to tolerate the high-turbidity conditions.
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The net result of the hydro-geomorphic changes has been most likely irreversible changes to the
composition of the riparian vegetation, fish populations and macroinvertebrates, indicating that
ecological thresholds have been crossed, and thus the second criterion for a novel system has
been met. The riparian vegetation community is now dominated by Palustrine Emergent Wetland
and Shrub-Scrub Wetland species that impart a high level of stability to the channel margins. The
fish community is now dominated by non-native species and the macroinvertebrate community
tends to be dominated by species that are tolerant of non-fluctuating temperatures and high finesediment loading. These changes indicate that the third criterion, significantly altered species
composition, has also been met.
The ecosystem that has developed over the last 85 years since the dam was constructed has
evolved in a hydro-sediment regime that was designed to meet the needs of downstream water
users and not the ecosystem. In spite of this, an ecosystem has evolved that appears by definition
to be self-sustaining, thereby meeting the last of the novel ecosystem criteria. Rio Chama
downstream of El Vado Dam, therefore, can be characterized as a novel ecosystem that should
be valued for the ecosystem services it provides (Hobbs et al., 2006).
The purpose of the RCFP is to identify necessary and obtainable adjustments to Reclamationmanaged operations of El Vado and Heron Reservoirs to achieve economic, environmental, and
recreational improvements in the 35-mile-long Wild and Scenic reach of Rio Chama between El
Vado Dam and Abiquiu Reservoir without adversely affecting downstream water users. Since
1986, flow management on Rio Chama has been modified to provide rafting and some additional
environmental benefits (Fogg et al., 1992). Environmental flow recommendations for the
purposes of improving the novel ecosystem were initially developed collaboratively by the RCFP
(Figure 3; Morrison and Stone, 2015a) and then adapted as more information became available
(Table 8). The ecological objectives of the recommended flows vary between the two reaches.
Within the canyon reach, where there is limited potential for channel migration, the objectives of
the higher flows are more focused on redistribution of tributary-supplied sediment, sediment
transport, the formation of in-channel habitat, and improvement of existing habitat for fish
spawning and macroinvertebrates. Downstream of Rio Gallina, the objectives are more focused
on developing a more dynamic and complex river system that improves both in-channel and
floodplain habitats for the benefit of fish, macroinvertebrates, and riparian vegetation.
Morrison and Stone (2015a and 2015b) developed a Systems Dynamics (SD) model of Rio
Chama to provide a more holistic approach for comparing flow alternatives on the basis of their
impact to environmental and recreational processes, as well as other important basin
considerations. The predominant goal of their SD model was to provide a framework for
comparing flow alternatives. When the model is used foremost as a tool for understanding
relationships between basin components, it facilitates a natural transition into an adaptive
management approach. Managers and stakeholders can use comparative metrics, such as the
success ratios presented in their research, to justify or dispel perceived institutional or physical
capacity issues and can move forward with new operational strategies within an adaptive
management framework (Benson et al., 2013). The same model has been used to evaluate the
economic values of alternative flow scenarios (Stradling and Chermak, 2022 [Economics
Report]).
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Table 8. Idealized Rio Chama Non-Consumptive Flow Regime to Meet Ecological Objectives*
Flows
Purpose

Maximum
controlled
release from
El Vado

Peak
Magnitude
(cfs)

6,000

Flow
Volume
(acre-feet)

63,000

Ecological Objectives

Recurrence
Interval
(years)

Duration
(days)

10

2 days at
peak flow;
21-day
total event
duration

5

2 days at
peak flow;
21-day
total event
duration

Season

Spring
(Apr-Jun)

Spring pulse

4,000

Bankfull
discharge

Weekend
boating
flows
Brown trout
spawning
Winter
sustaining
flows

30,000

2,500

18,000

2

2 days at
peak flow;
21-day
total event
duration

700-1,000

4,0005,900

NA

3/event

Summer
(May-Oct)

150

17,00025,000

NA

60-90

Fall (OctDec)

90

Winter
(Jan-Mar)

100

18,000

*Annual total discharge about 400,000 acre-feet
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Spring
(Apr-Jun)

NA

Spring
(Apr-Jun)

Canyon (Wild Reach)
Redistribution of tributary debris-flow
sediments
Mobilization of bed and bank material
New bar formation and fossilized bar
dissection
Inundation of limited floodplain segments
Redistribution of tributary debris-flow
sediments
Mobilization of bed and bank material
New bar formation and fossilized bar
dissection
Creation of fish spawning habitat
Inundation of limited floodplain segments
Bed material mobilization and gravel
flushing

Lower Reach (Scenic Reach)
Floodplain and low terrace inundation
Accelerate lateral migration and pointbar formation in alluvial reaches
Creation of off-channel habitat for
amphibian and avian species
Recruitment of large woody debris
Floodplain inundation
Accelerate lateral migration and pointbar formation in alluvial reaches
Riparian plant recruitment
Maintenance of off-channel habitat for
amphibian and avian species
Recruitment of large woody debris
Bed material mobilization and gravel
flushing

Maintenance of in-channel habitats for
fish and macroinvertebrates

Riparian vegetation maintenance

Monsoon-season riffle flushing for
macroinvertebrates

Monsoon-season riffle flushing for
macroinvertebrates

Spawning redd inundation

In-channel habitat maintenance

Redd maintenance
Maintain macroinvertebrate habitat

In-channel habitat maintenance
Maintain macroinvertebrate habitat

Pool habitat for fish over-wintering

Pool habitat for fish over-wintering

Summary of Rio Chama Ecosystem Technical Studies

A number of approaches could be used to address the chronic turbidity problem downstream of
El Vado Dam. These approaches include:
● A maintenance dredging program in the reservoir bed: A maintenance dredging
program could be used to remove the accumulated sediment to an elevation below the
low-level outlet. This approach would solve the chronic turbidity problem as well as
maintain the reservoir storage volume. However, even though the El Vado sediments
have very low concentrations of metals and very few human-made organic compounds
(Bio-West, 2019), disposal and dewatering of the dredged material may be problematic.
● Raising the outlet works to the lower-level power station: Alternatively, the outlet
works to the lower-level power station outlet could be raised in a similar manner to the
outlet work modifications that were completed by Reclamation for the non-hydropower
outlet works at El Vado Dam between 1965 and 1966 (Gould, 1999). While this approach
would provide an immediate solution to the turbidity problem, the effectiveness would be
time-limited, as sediment would eventually accumulate to the new outlet elevation, with
an attendant loss of reservoir storage capacity unless it was accompanied by a
maintenance dredging program, as described above.
● Construction of a gated intake tower to the lower-level power station: A more
comprehensive way of addressing the turbidity problem would be the addition of a gated
intake tower to the lower-elevation power-station outlet. This would permit the release of
sediment to be controlled and synchronized with the inflowing upstream sediment supply
(Wohl et al., 2015) and eliminate the current year-round turbidity problem. A gated
intake tower would have the added benefits of allowing sediment to pass through the
dam, thereby preserving reservoir capacity (the reservoir has only lost 3.7% of its
capacity in 72 years; Reclamation, 2008). A gated intake tower would also permit water
temperatures to be managed for the benefit of the downstream macroinvertebrate
community (Peters, 1978) while still maintaining a cold-water fishery. An additional
benefit of the reduced sediment pass-through would be reduced abrasion on the recently
refurbished power station turbines (Neopane, 2010).
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5. Research and Monitoring Needs
Researching the biogeomorphic responses to the planned flow releases that have occurred since
2011 will help develop a better understanding of the dynamics of the novel ecosystem that has
evolved in Rio Chama over the last 85 years. These insights will provide a more robust basis for
identifying a suite of flows for both maintaining and improving the novel ecosystem through
adaptive management processes (Acreman et al., 2014).

5.1. RCFP Research Sites
The initial four RCFP research sites located within the canyon section of Rio Chama, Archuleta
Ranch (RM 7), Dark Canyon (RM 14), Rio Cebolla (RM 15) and Monastery (RM 20) were
established in 2011, and the two sites located downstream of Rio Gallina, Chavez (RM 23) and
Big Bend (RM 29), were established in 2013. Since the initial topographic and bathymetric
surveys of the sites, there have been morphological, sedimentological, and botanical changes
observed at all the sites in response to the planned flow releases (Figure 31). To quantify the
changes that have occurred at the six sites, and thus learn from the flow release experiments, the
topography and bathymetry of the sites need to be resurveyed. In addition, bed material sampling
and botanical surveys should be repeated at each of the sites. Based on the new topography and
bathymetry, hydrodynamic modeling can be conducted at each of the sites:
● Archuleta Ranch – SRH-2D modeling to analyze bed material mobilization and finesediment flushing at the 11 riffles within the site would help evaluate the range of flows
required to provide adequate spawning substrate for fish and suitable conditions for the
macroinvertebrate food base. Macroinvertebrate sampling and analysis could be used to
validate the analytical work.
● Dark Canyon – 1-D HEC-RAS modeling would be useful to investigate channel incision
potential as the downstream hydraulic control is reduced as well as the potential effects
on the hydrodynamic connection with the riparian vegetation and fish spawning habitat
development as the mid-channel bar is eroded.
● Rio Cebolla – SRH-2D modeling would be useful to analyze bed material mobilization
and fine-sediment flushing at the nine riffles within the site to evaluate the range of flows
required to provide adequate spawning substrate for fish and suitable conditions for the
macroinvertebrate food base. Macroinvertebrate sampling and analysis could be used to
validate the analytical results.
● Monastery – SRH-2D modeling would be useful to analyze bed material mobilization and
fine-sediment flushing within the site to evaluate the range of flows required to provide
adequate spawning substrate for fish and suitable conditions for the macroinvertebrate
food base. Macroinvertebrate sampling and analysis could be used to validate the
analytical results. In addition, the modelling would inform the on-going dissection of the
two fossilized bars within the site and the hydrologic reconnection of the site to the
current flow regime and its effects on the composition of the riparian vegetation.

Rio Chama Reservoir Operations Pilot: Technical Summary
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● Chavez – SRH-2D modeling would be useful to investigate bank erosion, point bar
growth, and floodplain accretion processes, and development of suitable substrate and
hydrologic conditions for establishment of native riparian vegetation succession, as well
as the associated biogeomorphic feedbacks.
● Big Bend – SRH-2D modeling would be useful to investigate bank erosion, point bar
growth, and floodplain accretion processes and provision of suitable substrate and
hydrologic conditions for establishment of native riparian vegetation succession, as well
as the associated biogeomorphic feedbacks.

5.2. Sediment
El Vado Dam effectively has a 100 percent trap efficiency for the morphologically significant
sand and coarser sediment while it passes a significant quantity of fine sediment. Therefore, to
understand the morpho-dynamics of Rio Chama and attendant formation and maintenance of
both in-channel and channel margin habitats, a sediment mass balance is needed. In addition,
estimating sediment delivery to Abiquiu Reservoir is important to understand its potential
impacts on storage of native Rio Chama water in Abiquiu. The mass balance can be developed
around suspended sediment sampling and bed material modeling (one-dimensional HEC-RAS
models at the gage sites) at the three USGS gages that are located within the reach of interest: La
Puente, Below El Vado, and Above Abiquiu gages. Data from the three gage sites would address
inflow to El Vado Reservoir, outflow from El Vado Reservoir, and inflow to Abiquiu Reservoir.
HEC-RAS modeling of the lower reaches of the major tributaries, Rio Nutrias, Arroyo Puerto
Chiquito, Rio Cebolla and Rio Gallina, coupled with bed material sampling, would provide
estimates of sediment loading to the mainstem. Estimates of sediment delivery from bank erosion
can be derived from field sampling of bank materials and laboratory gradation analysis and
measurements of bank retreat.
Estimates of the periodic influx of sediment from debris flows can be assessed by field
measurement of deposits and sampling for gradations. Dating of debris flow deposits in the
larger tributary drainages will provide an estimate of their recurrence interval (Mellis et al.,
1995). Comparisons of these and future debris flows would help inform the amount of materials
coming into and entrained in the river.
Repeat bathymetric surveys of El Vado (Reclamation) and Abiquiu (USACE) Reservoirs would
provide validation data.

5.3. Spatial Relationships
Limited water temperature data are available for the Wild and Scenic reach of Rio Chama.
Available data suggest that the temperatures are not limiting for brown trout (Rayleigh et al.,
1986), but they may be affecting the composition of the macroinvertebrate food base (Jacobi and
McGuire, 1992). Installing air and water temperature data loggers between the dam and Big
Eddy would provide a year-round temperature profile for the river. The role of hyporheic
exchange, as measured by a network of piezometers, in modulating water temperatures could be
coupled with assessment of fines-effects on spawning habitat and on water chemistry
(Buffington and Tonina, 2009; Tonina and Buffington, 2009; and Salvato and Crossey, 2013).
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The spatial distribution, extent, and suitability of brown trout spawning habitat has yet to be
determined in the Wild and Scenic reach. In general, spawning sites are located at the head of
riffles where there is hyporheic exchange with the bed material (Tonina and Buffington, 2007),
flow depths exceed about 15 centimeters (cm), velocities range between 40 and 70 m3/s, and the
bed material is between 10 and 100 mm (Rayleigh et al., 1986 and Wollebaek, et al., 2008). The
locations of the riffles between El Vado Dam and Rio Gallina have been mapped (Appendix A),
but as yet, there has been no sedimentological or hydraulic characterization of associated
spawning habitat and very limited observation of its usage by brown trout (Parker, 2012).
Riffles provide the bulk of the macroinvertebrate habitat (Logan and Brooker, 1983 and Cross et
al., 2011), but to-date bed material and fine-sediment data collected in the riffles and
macroinvertebrate sampling has been limited. Strategic sampling of both riffles and
macroinvertebrates would provide valuable information on the role of the tributaries and provide
a basis for determining suitable flows for optimizing productivity.

5.4. Vegetation Effects on Channel Processes
Biogeomorphic feedback between the riparian zone vegetation and physical processes occurs at a
wide range of scales along Rio Chama. The most obvious feedbacks occur between the
Herbaceous Wetland community plants (sedges and rushes) and the Shrub-Scrub Wetland plants
(coyote willow) that affect the stability of the banks as a result of their roots providing effective
cohesion to the bank materials (Gray and Leiser, 1982) and also induce sediment deposition due
to increased hydraulic roughness (Fischenich, 1997). Measurement of the shear strength of the
root-reinforced soils can be accomplished by in-situ field shear box testing of various vegetation
types (Norris and Greenwood, 2000) which can then be used to evaluate the erodibility of the
root-reinforced alluvium and thus the potential for flow-induced adjustments of the river.
The interactions between flow, suspended sediment, and vegetation (primarily coyote willow)
induce channel margin deposition of sediment (mainly sand) that creates small-scale natural
levees (Bran et al., 2016) that form ephemeral wetlands that support amphibians. Mobileboundary, two-dimensional hydrodynamic modelling (SRH-2D), coupled with field
measurement, can be used to evaluate formation of these features and identify the range of flows
required to maintain them. Amphibian monitoring will determine whether the created habitat is
used.
Erosion of tree-supporting terraces located primarily downstream of Rio Gallina provides large
woody debris (LWD) to Rio Chama that both provides habitat for fish and macroinvertebrates
(Schneider and Winemiller, 2008) and helps to nucleate mid-channel bars that increase the
complexity of the channel planform, thereby increasing the amount of available in-channel
habitat (Featherston et al., 1995). Monitoring of fish use and macroinvertebrates at LWD sites
will help to quantify the added ecological value of the more dynamic channel that has resulted
from the planned flow releases. Since about 30 percent of the bed of the river is sand-covered
between Rio Gallina and Big Eddy (Swanson, 2012), the presence of LWD is likely to increase
the macroinvertebrate habitat in the reach. Identifying the range of flows required to mobilize
LWD and evaluating the role of LWD in nucleating mid-channel bars and thus increasing
channel complexity will also address the added ecological value of a more dynamic river system.
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5.5. Effects of Flow Variations on Insect Population Dynamics
Kennedy et al. (2016) hypothesized that the abundance of aquatic insects downstream of dams
depends on the adult egg-laying behavior of the various insect species. Open-water layers are
relatively unaffected by rapid flow fluctuations because the channel is always wet, whereas riveredge layers are adversely affected because the channel margins are dried and thus there is a
higher probability of egg mortality. Extensive citizen science collected data were critical to
support limited scientist-based monitoring for Kennedy et al. 2016 (Figure 95) in their studies of
the effects of dam induced flow variations on the Colorado River in the Grand Canyon.

Figure 95. Illustration of the value of citizen-science data collection. (Kennedy et al., 2016).

Therefore, standardized light trapping of adult aquatic insects by river guides, private boaters,
and other groups who frequently float Rio Chama using the very successful approach developed
by Kennedy et al. (2016) in the Grand Canyon has the potential to significantly increase our
understanding of the effects of flow fluctuations on aquatic insect abundance.
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5.6. Flow Variations Effects on River Infrastructure and River
Banks
Between El Vado Dam and Big Eddy, there is a very limited amount of infrastructure along Rio
Chama. Structures include riverside cabins and the launch sites for rafting at Coopers El Vado
Ranch at RM 1, and various riverside structures at Christ in the Desert Monastery between RM
20.2 and RM 21.5. Flows below 5,000 cfs will not inundate these structures, and the banks of the
rivers are heavily reinforced by vegetation; thus, no erosion is expected to occur. RCFP conducts
constant monitoring of the river in the vicinity of the structures.
Two U.S. Forest Service roads, FS 151 and FS 474, parallel portions of Rio Chama downstream
of Rio Gallina (Figure 67). The bend cutoff at RM 25 in 2009 significantly reduced the threat to
FS 151 but increased the threat to FS 474 at RM 25.2 where the river eroded about 31 feet of the
floodplain in a 1-year period between 2017 and 2018 as a result of change in planform geometry,
which necessitated relocation of a portion of the road (Harvey, 2016, 2019). Monitoring of the
situation at RM 25.2 by the RCFP is ongoing. At most other locations where FS 151 is close to
the river, the bank toes are armored with coarse, distal alluvial fan deposits and extensive coyote
willow vegetation, and therefore, river-related problems are not expected to occur.
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Appendix A – Geomorphic Mapping
Geomorphic maps showing the distribution of riffles, bars, active floodplain and bounding
terraces, landslides and bedrock controls on the Rio Chama from
El Vado Dam (RM 0) to the Rio Gallina (RM 22.6).
Prepared by Michael D. Harvey, PhD, PG, Fluvial Geomorphologist
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Summary
Appendix B – Vegetation Mapping

TECHNICAL MEMORANDUM
Date:

March 10, 2013

To:

Steve Harris – Rio Grande Restoration

From: Todd Caplan and Chad McKenna
Re:

Review Draft – Rio Chama Riparian Vegetation Assessment

Introduction
The Rio Chama Flow Project was initiated in 2011 to examine opportunities for how flow releases from El
Vado Dam could be modified to improve aquatic and riparian habitats along the 29-mile Wild and Scenic
reach of the Rio Chama (Project Area). The project is led by Steve Harris, Executive Director of Rio Grande
Restoration, a non-profit organization based in Pilar, New Mexico. Rio Grande Restoration received grant
funding from the New Mexico Environment Department, the Department of Interior, and the New Mexico
Community Foundation to initiate Phase 1 of the multi-phase project. Phase 1 focuses on evaluating
hydrologic conditions, documenting the fluvial geomorphic setting, and evaluating baseline riparian and
aquatic resources throughout the project reach. Results from the Phase 1 investigation will be used to
generate hypotheses of how elements of the annual hydrograph could be managed, under different water
years, to improve aquatic and riparian habitat diversity. The goal of subsequent project phases is to
collaborate with water management agencies to modify El Vado flow releases and test the hypotheses to
determine if the physical and biological responses predicted are realized, and to guide adaptive management
of future flows.
This technical memo provides results of riparian vegetation assessment performed by GeoSystems Analysis,
Inc. as part of the Phase 1 site baseline characterization. The riparian vegetation assessment had four primary
goals:
• Create coarse-level riparian vegetation maps of the entire 29-mile project reach;
• Develop high-resolution baseline vegetation maps at six long-term monitoring sites;
• Utilize site data and field observations to formulate hypotheses about current riparian vegetation
community composition and factors influencing habitat structure, and;
• Integrate vegetation data with hydro-geomorphological information to generate hypotheses about how
riparian habitats would respond to changes in flow management.
Methods for reach-wide and detailed vegetation mapping are presented in the first section of this document.
Results are discussed in section two, followed by key questions and hypotheses.

1. Methods
Reach-Wide, Reconnaissance-Level Vegetation Mapping
Reconnaissance-level vegetation mapping was performed for the 29-mile project reach between Coopers
Landing and Big Eddy (Figure 1). Field work was performed between June 25 and June 28, 2011 and involved
floating the river in an oar-powered raft, whereby a vegetation ecologist would document field observations,
take photographs and record GPS locations of plant communities occurring along the river, while the oarsman
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would slow the raft to allow adequate vegetation community documentation on both sides of the river before
drifting downstream. Transition points between vegetation communities on either side of the river were also
typically marked on the GPS unit. The vegetation ecologist would record visual estimates of dominant woody
plant species, whether the species occurred in the overstory and/or understory canopy layers, and the
approximate canopy cover and height classes of each species.
For the purposes of this study, the Rio Chama riparian zone mapping included fluvial geomorphic surfaces
with field indicators of flood inundation (e.g., deposition of woody debris, etc.) at discharges less than or
equal to 6,000 cfs, which is the maximum discharge that can currently be released from El Vado Dam. It
should be stated, however, that floodplain and terrace surfaces were not delineated and mapped prior to the
vegetation mapping, so we used our best professional judgment to guide field decisions regarding which
surfaces to include in the reach-wide vegetation mapping. It is also important to state that we were only able
to map what we could discern from the aerial photography, so it is possible that some potentially floodable
surfaces were missed.
Vegetation cover and height classes followed the modified Hink & Ohmart Vegetation Classification System
(citation). This vegetation classification system distinguishes vegetation community types based on species
dominance, woody plant canopy cover and canopy height diversity. A total of six structure types are used in
this classifications system to describe woody plant canopy height and percent aerial cover (Table 1).
Dominant and co-dominant tree and shrub species are listed for both the overstory (canopy) and understory
layers. In both layers, any woody plant species with greater than 25 percent cover is included in the
community name. The classification system also provides categories for open water marsh habitats and wet
meadows, which are labeled as MH and WM, respectively (Table 1). Open areas that are sparsely vegetated
by woody plants and lack wetland herbaceous species are labeled on maps as OP (Table 1).
Once the field work was completed all field notes, photographs and GPS data were reviewed in the office to
create vegetation community maps. GPS data was downloaded and viewed over Bing Aerial Imagery via ESRI
ArcMap™ 10.0 software and used as a guide for determining transitions between unique riparian vegetation
assemblages. Hink & Ohmart Vegetation unit perimeters were drawn (i.e. digitized) at a relatively fine scale
in the upper canyon, typically between 1:2,000 and 1:5,000 map scale, in order to capture the narrow linear
bands along the active channel. A representative Hink & Ohmart Vegetation Type was then assigned to each
polygon based on field notes and photographs associated with the GPS points.
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Figure 1.
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Table 1. Vegetation Structure Types used in the Modified Hink & Ohmart Vegetation Classification System.

Overstory
Cover (%)

Understory
Cover (%)

1

>40

≥25

≥25

Tall trees
with
medium to
high foliage
density in
multiple
canopy
layers

2

>40

≥25

<25

Tall trees
with sparse
understory
foliage
density

3

20-40

≥25

≥25

Intermediate
height
overstory
canopy with
medium to
high foliage
density in
multiple
canopy
layers

Multiple Story Communities

Structure
Type

Dominant
Overstory
Height
(feet)
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Table 1. Vegetation Structure Types used in the Modified Hink & Ohmart Vegetation Classification System.

Structure
Type

Dominant
Overstory
Height
(feet)

Overstory
Cover (%)

Understory
Cover (%)

4

20-40

≥25

<25

Intermediate
height
overstory
canopy with
sparse
understory
foliage
density

5

≤20, >5

<25

≥25

Short
stature tree
or shrub
dominated
community
with
medium to
high foliage
density 0-15
feet above
ground

6

≤5

<25

≥25

Low growing
shrub or
seedling tree
community
with
moderate to
high foliage
density 0-5
feet above
ground

Representative Photo

Single Story Communities

Description
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Table 1. Vegetation Structure Types used in the Modified Hink & Ohmart Vegetation Classification System.

Structure
Type

Dominant
Overstory
Height
(feet)

Overstory
Cover (%)

Understory
Cover (%)

OP

n/a

<25

<25

“open” area with <25% total aerial plant cover

MH

n/a

n/a

n/a

Marsh with cattail, rush or other permanent marsh vegetation

WM

n/a

n/a

n/a

“meadow” dominated by grasses and forbs

OW

n/a

n/a

n/a

Open water (pond, lake, river)

Description

Representative Photo

Detailed Vegetation Mapping
Detailed vegetation maps were produced for six sites; four in the upper reach and two in the lower reach. Site
names were assigned to each, and in the upper reach included Archuleta Ranch, Cebolla Confluence, Dark
Canyon and Benson’s Bar. The lower reach sites included Chavez and Big Bend. Site locations are show in
Figure 1 and Figures 3-8.
The purpose of the detailed mapping was to delineate fine scale map units with enough sensitivity to detect
vegetation changes triggered by flow management. Thus, the detailed mapping was mostly restricted to
geomorphic surfaces deemed floodable at flows equal to or less than 6,000 cfs (exceptions included elevated
surfaces within a mid-channel bar or island, and portions of the Dark Canyon Study Site).
Detailed mapping at each site was completed by a team of two field ecologists. After arriving onsite, the
perimeter of the map unit was logged with a GPS and was subsequently divided into distinct “map units”
(Figure 2) differentiated according to the bullets presented in Table 2. Vegetation types were sometimes
subdivided into multiple map units based upon changes in dominant soil condition or the presence of a
unique hydrologic unit (like an abandoned backwater or side channel, or a pool of open water). This
approach was intended to increase the predictability of vegetation change, enable future correlation analysis
between dominant soil substrate and vegetation type, allow correlation analysis between geomorphologic
disturbance and vegetation, and allow the map units to be used to assess habitat value for wildlife such as
songbirds, small mammals and/or amphibians.
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Table 2. Biotic and physical attributes used to delineate separate map units
• Vegetation community structure
• Dominant vegetation stratum; for example:
– Grass
– Grass (wetland herb)
– Forb
– Low shrub (<1.8’)
– Medium shrub (1.8’-6.5’)
– Tall shrub (>6.5’)
– Sapling/pole (1”-9” dbh)
– Small tree (10”-14” dbh)
– Medium tree (15”-19” dbh)
– Large tree (>19” dbh)
• Overall dominance of upland indicator vs. wetland indicator herbaceous plants
• Composition of dominant woody species
• Dominant surface soil substrate (i.e. sandy, loamy, clayey, and the prominence of cobble, rock, or gravel
cover)
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Figure 2. Example of how field sites are delineated into distinct map units.
Photo illustration extracted from the Draft EcoMetrix™ Field Guide v1.0 (Parametrix, 2009)
and used with permission from Parametrix.
This mapping approach typically yielded a very small average map unit size (e.g., fraction of an acre). After
the map units were delineated for a study site, a field datasheet was completed for each map unit and a
representative photograph was taken. The field forms used on this project were adopted from the
EcoMetrix™ functional assessment tool with permission from Parametrix. A sample field datasheet is
included in Appendix X.
The dominant vegetation in each map unit was determined and the average height of tree and shrub classes
was recorded. Ocular estimates of aerial and basal cover were recorded in predetermined cover classes for
grasses, forbs, shrubs, and trees. A list of the dominant herbaceous species was also complied along with the
total estimated cover for each species. Any tree or shrub species observed in the map unit and their
estimated cover was recorded. All non-native species observed in the map unit were also noted along with
the presence of recent cottonwood recruitment.
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Figure 3. Map showing location of detailed vegetation mapping area at the Archuleta Ranch study site.

p. 9 of 61

Figure 4. Map showing location of detailed vegetation mapping area at the Cebolla Confluence study site.
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Figure 5. Map showing location of detailed vegetation mapping area at the Dark Canyon study site.
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Figure 6. Map showing location of detailed vegetation mapping area at the Benson’s Bar study site.
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Figure 7. Map showing location of detailed vegetation mapping area at the Chavez study site.
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Figure 8. Map showing location of detailed vegetation mapping area at the Big Bend study site.

2. Results
Reach-Wide Vegetation Mapping
As stated previously, the Rio Chama riparian zone includes fluvial geomorphic surfaces with field indicators
of flood inundation (e.g., deposition of woody debris, etc.) at discharges less than or equal to 6,000 cfs, which
is the maximum discharge that can currently be released from El Vado Dam. Since floodplain and terrace
surfaces were not delineated and mapped prior to the vegetation mapping, we used our best professional
judgment to guide field decisions regarding which surfaces to include in the reach-wide vegetation mapping.
It is also important to re-emphasize that we were only able to map what we could observe from the raft, so it
is possible that some potentially floodable surfaces were missed. The current reach-wide mapping, therefore,
should be considered a working draft version whose accuracy would be improved through field verification of
individual map unit polygons, especially downstream of the confluence with Rio Gallinas, where the riparian
extent becomes significantly wider and large islands oftentimes block observation of vegetation on the other
side of the active channel.
Vegetation data and observational summaries are reported according to proximity (upstream versus
downstream) of the Rio Gallinas confluence because this major tributary is considered an approximate
dividing line separating the more confined canyon reach upstream (upper reach), and the broader alluvial
reach downstream (lower reach). As one would expect, the riparian zone through the upper reach is mostly
confined to relatively narrow linear bands along the channel bankline and to vegetated point-bars and
islands. While there are exceptions, there is generally an abrupt transition between the riparian and upland
(non-phreatic) vegetation zones. In the lower reach, the alluvial valley broadens and the riparian zone is
much wider. This is reflected in the fact that the lower reach supports nearly twice the mapped riparian
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acreage than the upper reach (486-acres and 250-acres, respectively), even though the upper reach is
approximately three times longer (approximately 22 river miles compared to the lower reach, which is
approximately 7 river miles). Representative photos highlighting the general character of the two reach
segments are presented in Figure 9.

Figure 9a. Representative photo of the riparian zone in the
canyon reach upstream of the Rio Gallinas confluence (upper
reach). Note that riparian vegetation is restricted to relatively
narrow bands along the bankline and to channel bars/islands.

Figure 9b. Representative photo of the wide riparian zone in
the alluvial reach downstream of the Rio Gallinas confluence
(lower reach).

Dominant Woody Plant Species
Woody vegetation occupying the riparian zone in both reaches is dominated1 primarily by native species such
as coyote willow (Salix exigua), box elder (Acer negundo), narrowleaf cottonwood (Populus angustifolia), Rio
Grande cottonwood (Populus deltoides ssp. wislizeni), and New Mexico olive (Forestiera neomexicana) (Figure
10). Upland (non-phreatophytic) species, most notably rubber rabbitbrush (Ericameria nauseosa) and rocky
mountain juniper (Juniperus scopulorum) are actively encroaching onto many of the T-1 terraces.
Other native riparian shrubs, including redosier dogwood (Cornus sericea), common chokecherry (Prunus
virginiana), and thinleaf alder (Alnus incana) were observed in small disjunct patches in the upper reach, but
these species were relatively uncommon. Only a few individual tree willows (Salix gooddingii or S.
amygdaloides) were observed near the Rio Gallinas confluence. Non-native species observed in the project
area included disjunct patches of saltcedar (Tamarix spp.) and Russian olive (Elaeagnus angustifolia). Both of
these species were observed primarily in the lower reach. A few individual Siberian elm (Ulmus pumila) trees
were also observed, but only in the upper reach.

1

As stated in the Vegetation Methods section, “dominant” species in the Hink & Ohmart Vegetation Classification are
visually estimated to have at least 25% aerial cover in the overstory and/or understory canopies.
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Figure 10. Percent of mapped area in which individual species had at least 25% aerial cover.
Species codes include: Rio Grande cottonwood (RGC), narrowleaf cottonwood (NLC), tree willow (TW), box elder (BE), coyote
willow (CW), New Mexico olive (NMO), Russian olive (RO), saltcedar (SC), Rocky Mountain juniper (RMJ), rubber rabbitbrush
(RB), big sagebrush (BS), oak (Q), redosier dogwood (RD), common chokecherry (CC) and thinleaf alder (TLA).

Data in box elder was dominant across a much larger percentage of the mapped area upstream of the Figure
10 shows the percent of the total mapped area in which different woody plant species comprised at least 25%
relative cover in the canopy layer. These data indicate that coyote willow was a dominant species in
approximately 56% of the total mapped riparian area upstream of the Gallinas confluence and approximately
44% of the total mapped area downstream of the confluence. Rocky Mountain juniper was very common in
the riparian zone, and was mapped as dominant in 34% and 29% of the mapped riparian areas in the upper
and lower reaches, respectively. Most of the other woody plant species were considerably more dominant in
one reach over the other. For example, Figure 10 shows that Gallinas than downstream. The converse was
true for New Mexico olive (NMO) and rubber rabbitbrush.

Riparian Vegetation Structure
The canopy structure of the riparian vegetation communities was diverse, and between both reaches
included most of the Hink and Ohmart Structure Types defined in Table 1. Figure 11 shows that the
vegetation structure in the upper reach was dominated primarily by Structure Types 4, 5 and 6. Riparian
communities of structure types 5 and 6 were usually dominated by coyote willow. Type 4 communities were
dominated primarily by Rocky Mountain Juniper and/or Box elder in the overstory, with understory cover
dominated mostly by herbaceous species. Wet Meadow vegetation, which supported diverse assemblages of
sedges, rushes, grasses and forbs, occupied approximately 26 acres (10%) of the riparian zone in the upper
reach. These Wet Meadow communities generally occurred in narrow bands along the active channel and
sometimes also included very short and sparse coyote willow. Type 3 communities comprised only about 17
acres (7%) of the riparian zone in the upper reach. Box elder was dominant in all (100%) of these
communities, and coyote willow was typically the dominant understory species. Rocky Mountain juniper was
also dominant in the overstory in approximately 50% of the area occupied by Type 3 riparian plant
communities. Narrowleaf cottonwood was documented as dominant in less than 1% of these communities.
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Figure 11. Percent of vegetated mapped area occupied by different Hink & Ohmart Structure Types.
(Refer to Table 1 for structure type descriptions).
For the downstream reach, the most widespread riparian communities fell within structure type 5. These
communities occupied approximately 40% of the mapped area downstream of the Rio Gallinas (Figure 11).
The species composition of these map units was variable, but coyote willow was usually (>70% of Type 5
map unit area) a dominant component. Type 6 communities were also very widespread, comprising
approximately 23% of vegetated area downstream of the Gallinas. Type 6 communities in the lower reach
were typically dominated by coyote willow and/or rubber rabbitbrush.
Type 3 forest communities comprised approximately 18% of the mapped acreage in the lower reach. Rocky
Mountain juniper and New Mexico olive were dominant in a large percentage of these riparian habitats.
Other co-dominant plant species varied considerably through the lower reach and depending on the site may
have included Rio Grande cottonwood, narrowleaf cottonwood, saltcedar, box elder, Russian olive and/or
coyote willow.
Wet meadows were very uncommon in the lower reach, but older, taller forest stands were more abundant
than in the upper reach. Rio Grande cottonwood dominated the overstory canopy in most Type 1 and 2 forest
stands. Narrowleaf cottonwood was present in many of these stands, although their aerial cover was often
less than 25% (so they weren’t considered “dominant”). Dominant understory species in Type 1 stands
typically included New Mexico olive, rubber rabbitbrush and Rocky Mountain juniper.
Representative photographs of different vegetation communities in the Upper and Lower Reaches are
displayed in Figure 12. Vegetation maps showing the location and extent of different riparian plant
communities documented along both reaches are displayed in Figures 13 through 21 (9 total maps).
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Figure 12a. Representative photograph of a Rio Grande cottonwood/New Mexico olive
Structure Type 3 plant community observed in the Lower Reach.

3393 N. Dodge Blvd.
Tucson, AZ 85716
520.628.9330

16 Oak St., Ste 203
Hood River, OR 97031
541.716.4167

3150 Carlisle Blvd. NE, Ste 107
Albuquerque, NM 87110
505.830.6039

Rio Chama Riparian Vegetation Assessment
TECHNICAL MEMO

Figure 12b. Representative photograph of a Box Elder Structure Type 4 community
observed along the bankline in the Upper Reach.
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Figure 12c. Representative photo of a Coyote Willow Structure Type 5 community.
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Figure 12d. Representative photograph of a Rubber Rabbitbrush-Coyote Willow
Structure Type 6 community growing in the Lower Reach.

Figure 12e. Representative photo of a Wet Meadow (WM) community in the Upper Reach.
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Detailed Vegetation Mapping
The vegetation community composition and structure at the six long-term monitoring sites was similar to
those described for the reach-wide mapping; however, the level of detail and emphasis in the plant
community descriptions for the detailed vegetation mapping is driven more by the interest in understanding
relationships between riparian vegetation composition, surface and groundwater hydrology, fluvial
geomorphic features, and improving our ability to predict and detect changes in vegetation community
attributes associated with flow-induced site disturbances. As such, the vegetation community descriptions
for the detailed mapping differ from those used for the more general, reach-wide mapping.
Results from detailed vegetation mapping indicate that herbaceous species composition was a more reliable
indicator of hydrologic regime and geomorphic surface type than woody plant species. The shallow rooting
structure of herbaceous plant species make them particularly sensitive to minor changes in topographic relief
(and associated changes in soil moisture availability), whereas woody species, with their deeper rooting
structure, are relatively less sensitive. These relationships are widely understood by riparian ecologists, and
have been well documented in other locations, including along the Rio Jemez in Bernalillo County. Figures 22
and 23 are inserted below to illustrate the relative differences between wetland herbaceous and riparian
woody plants in terms of their sensitivity to changes in topography and associated soil-water availability.

Figure 22. Data from the Rio Jemez (Bernalillo County, NM) showing shifts in herbaceous plant cover with
relatively minor changes in maximum depth to groundwater.
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Figure 23. Data from the Rio Jemez (Bernalillo County, NM) showing canopy cover shifts for coyote willow and
saltcedar associated with maximum depth to groundwater.
For mapping and discussion purposes, herbaceous plant communities were divided into the following general
categories to relative differences in soil “wetness”:
• Wetland Herbaceous: Herbaceous plant communities typically dominated by sedges (Carex spp.),
rushes (Juncus spp.), spikerushes (Eleocharis spp.), and/or horsetail (Equisetum spp.), along with
wetland grasses. Other wetland plants like cattail (Typha spp.) or bulrush could be present in this
herbaceous community, but they were uncommon in the project area. Common forbs observed in the
wetland herbaceous communities included various cinquefoils (Potentilla spp.), clovers (Trifolium
spp.), wild mints (Mentha spp.), indian hemp (Apocynum cannabinum), bee balms (Monarda spp.), and
tall coneflower (Rudbeckia laciniata). The Wetland Herbaceous community was usually a reliable
indicator of a low-set floodplain surface that inundates at flows less than or equal to approximately
3,500 cubic feet per second (cfs). This herbaceous community was commonly observed on freshly
deposited soils along the channel fringe, on sloughed banks, and within abandoned side channels and
ephemeral backwater habitats.
• Upland Herbaceous: Herbaceous plant communities typically dominated by various combinations of
hairy golden aster (Heterotheca villosa), bottlebrush squirreltail (Elymus elymoides), blue gramma
(Bouteloua gracilis), dropseeds (Sporobolus spp.), sagebrushes (Artemisia spp.), globe mallows
(Sphaeralcea spp.), alkali sacaton (Sporobolus airoides), and western wheat grass (Pascopyron smithii).
This herbaceous community was composed of species that also dominate the surrounding rangelands
and montane forests. As the name implies, the Upland Herbaceous community rarely, if ever
experiences overbank flood inundation, and was considered a reasonably reliable indicator of a Tier-2
terrace or geomorphic surface that requires flows greater than 6,000 cfs to be inundated.
• Transitional herbaceous: As its name implies, the Transitional Herbaceous community was
composed of a relatively even mix of aforementioned wetland and upland herbaceous plant indicators,
although the transitional herbaceous community type was oftentimes more forb dominated than the
upland or wetland herbaceous types. In addition to the plant species listed for the wetland and upland
herbaceous communities, the transitional herbaceous communities also often included other species
like wild licorice (Glycyrrhiza lepidota), sweet clover (Melilotus spp), and white heath aster
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(Symphyotrichum ericoides). The transitional herbaceous communities were generally associated with
Tier 1 geomorphic surfaces that become inundated somewhere between approximately 3,500 cfs and
6,000 cfs. This herbaceous community was also sometimes observed on low-set floodplain surfaces,
particularly when those surfaces were dominated by well-drained, sand-gravel/cobble soil or on an
actively eroding, steep bank.
While these herbaceous plant communities were occasionally observed growing without co-occurring woody
plant species (and visa versa), most vegetated map units contained varying amounts of both woody and
herbaceous plant species. In order to develop meaningful, descriptive plant community names for the
detailed vegetation maps, standard rules were applied during data analysis to categorize different woody
vegetation “types” based upon differences in foliage cover values recorded in the field. As such, woody
vegetation types were defined as follows:
• Woodland: Plant community names included the term woodland if tree canopy cover in the map unit
was between approximately 10 percent and 30 percent.
• Forest: Plant community names included the term forest if tree canopy cover in the map unit exceeded
30 percent.
• Shrubland: We applied the term shrubland to the plant community name if shrub cover was greater
than 30 percent, or if shrubs were considered the dominant stratum in the map unit (i.e., still
considered shrubland if shrub cover was 10%-30% as long as herbaceous cover was less than 10%).
• Sparse Type: The term “sparse” was included in the plant community name if the total woody (tree
and/or shrub) cover was less than 10 percent. We also included “sparse” in outlying cases where field
notes stated that shrubs should be included in the type because they might be indicative of a
predictable community change, geomorphic surface, or previous disturbance.

Archuleta Ranch Study Site
The Archuleta Ranch study site supports a long, narrow riparian corridor with multiple vegetated channel
bars and islands. We delineated 12 different vegetation types within 37 distinct map units across
approximately 4.21-acres (Table 3; Figure 24). Wetland Herbaceous plant communities were the most
widespread (63% of mapped area), followed by Transitional Herbaceous (27%) and Upland Herbaceous
(10%).
Woody species associated with Wetland Herbaceous map units include coyote willow, planted Rio Grande
cottonwood, or rubber rabbitbrush. The vast majority of Wetland Herbaceous map units, however, lacked
dominant woody plant cover. For example, Table 3 shows that 20 map units totaling 1.23 acres (30% of the
study site) supported a Wetland Herbaceous vegetation type without dominant woody plant cover.
Eight map units contained Transitional Herbaceous plant communities, and half of these lacked substantial
woody plant cover. Those that did contained saltcedar, planted Rio Grande cottonwood, or sparse stands of
coyote willow. Only four map units totaling 0.43 acres contained Upland Herbaceous communities. Two
lacked woody vegetation; the other two supported either planted Rio Grande cottonwood or a mix of Rocky
Mountain juniper and saltcedar.
Representative photos of vegetation types at the Archuleta Ranch Study Site are displayed in Figure 25.
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Table 3. Vegetation Types occupying map units at the Archuleta Ranch study site.

Archuleta Study Site
Archuleta Ranch Total
Coyote willow shrubland (Wetland herbaceous)
Planted cottonwood (Transitional herbaceous)
Planted cottonwood (Upland herbaceous)
Planted cottonwood (Wetland herbaceous)
Rabbitbrush shrubland (Wetland herbaceous)
Saltcedar shrubland (Transitional herbaceous)
Sparse Coyote willow (Wetland herbaceous)
Sparse Coyote willow shrubland (Transitional herbaceous)
Sparse Juniper and Saltcedar (Upland herbaceous)
Transitional herbaceous
Upland herbaceous
Wetland herbaceous

3393 N. Dodge Blvd.
Tucson, AZ 85716
520.628.9330

16 Oak St., Ste 203
Hood River, OR 97031
541.716.4167

Count of
Map
Units % of Area % of MU
Total Acres
4.21
37
0.59
2
14%
5%
0.35
2
8%
5%
0.18
1
4%
3%
0.41
1
10%
3%
0.10
1
2%
3%
0.07
1
2%
3%
0.31
1
7%
3%
0.06
1
1%
3%
0.09
1
2%
3%
0.66
4
16%
11%
0.16
2
4%
5%
1.23
20
29%
54%

3150 Carlisle Blvd. NE, Ste 107
Albuquerque, NM 87110
505.830.6039
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Wetland Herbaceous community composed of
wetland grasses, sedges, rushes and forbs.

Another Wetland Herbaceous community at the
Puerto Chiquito confluence dominated by rushes and sedges.

Transitional Herbaceous community with planted
Rio Grande cottonwood.

Upland Herbaceous community. This particular community
is heavily impacted by human use.

Note the abrupt shift from Wetland Herbaceous species near
the channel edge to Transitional/Upland Herbaceous with
encroaching Rocky Mountain juniper.

Saltcedar encroaching into a Transitional Herbaceous
community. The photo shows a very narrow Wetland
Herbaceous community along the channel margin.

Figure 25. Representative photos from the Archuleta Ranch study site.
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Cebolla Confluence Study Site
The Cebolla Confluence study site is a long-narrow riparian corridor that spans approximately 8-acres. We
delineated 17 different vegetation types within 46 distinct map units (Table 4, Figure 26). Wetland
Herbaceous plant communities were the most widespread (65% of mapped area), followed by Upland
Herbaceous (20%) and Transitional Herbaceous (15%).
Coyote willow was the most widespread woody plant, and was present in 94% of the mapped area. Most
dense coyote willow stands were associated with Wetland and Transitional Herbaceous communities along
the main channel bankline, on islands and bars, and near the Chama/Cebolla confluence (Figure 26). Box
elder and Wood’s rose were also associated with a few Wetland Herbaceous map units.
Vegetation communities supporting Upland Herbaceous communities typically supported sparse cover by
coyote willow or in some cases, by Wood’s rose. Mature narrowleaf cottonwood was associated with Upland
Herbaceous plant communities along a portion of the elevated bankline of the Rio Cebolla. These were the
only mature cottonwoods in the study site, and no new cottonwood recruitment was observed anywhere in
the study site. Rocky Mountain juniper was observed encroaching into all herbaceous community types
(Wetland, Transitional and Upland).
Representative photos from the Cebolla Confluence study site are shown in Figure 27.
Table 3. Vegetation Types occupying map units at the Cebolla Confluence study site.

Cebolla Study Site
Cebolla Confluence Total
Box elder woodland/Coyote willow shrubland (Wetland herbaceous)
Coyote willow shrubland (Transitional herbaceous)
Coyote willow shrubland (Upland herbaceous)
Coyote willow shrubland (Wetland herbaceous)
Coyote willow-Juniper shrubland (Transitional herbaceous)
Coyote willow-Juniper shrubland (Wetland herbaceous)
Narrowleaf cottonwood woodland (Upland herbaceous)
Sparse Box elder and Wood's rose (Wetland herbaceous)
Sparse Coyote willow (Transitional herbaceous)
Sparse Coyote willow (Upland herbaceous)
Sparse Coyote willow (Wetland herbaceous)
Sparse Coyote willow and Juniper (Transitional herbaceous)
Sparse Wood's rose and Coyote willow (Upland herbaceous)
Transitional herbaceous
Upland herbaceous
Wetland herbaceous
Wood's rose shrubland (Wetland herbaceous)

Count of
Total Acres Map Units % of Area % of MU
7.96
46
0.57
1
7%
2%
0.28
2
3%
4%
0.32
3
4%
7%
3.48
17
44%
37%
0.46
2
6%
4%
0.17
1
2%
2%
0.06
1
1%
2%
0.01
1
0%
2%
0.09
1
1%
2%
0.97
3
12%
7%
0.88
4
11%
9%
0.28
2
3%
4%
0.03
1
0%
2%
0.07
1
1%
2%
0.23
2
3%
4%
0.06
3
1%
7%
0.03
1
0%
2%
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Transitional Herbaceous community with encroaching Rocky
Mountain juniper.

Dense coyote willow shrubland growing over a Wetland
Herbaceous community.

Sloughed banklines typically supported Wetland Herbaceous
communities and coyote willow.

Narrowleaf cottonwood along the steep banks
of the Rio Cebolla.

Upland Herbaceous community with sparse coyote willow.

Wetland Herbaceous community with coyote willow shrubland
along the sloughed bank, and Transitional Herbaceous
community with coyote willow on the higher bankline terrace.

Figure 27. Representative photos from the Cebolla Confluence study site.
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Dark Canyon Study Site
The Dark Canyon study site supports a relatively wider floodplain and fewer islands than the previous two
study sites. We identified 23 map units, supporting 13 vegetation communities across approximately 7.71
acres (Table 4). Both the number of map units and the total mapped area were relatively evenly split across
the three herbaceous community types (Wetland Herbaceous – 7 map units, 30% of mapped area;
Transitional Herbaceous – 8 map units, 35% of mapped area; Upland Herbaceous – 8 map units, 35% of
mapped area).
With the exception of the southern-most portion of the floodplain terrace (river right), Wetland Herbaceous
communities were more or less confined to channel and island bankline margins (Figure 28). While two small
map units contained only herbaceous vegetation, nearly all of the mapped area supporting Wetland
Herbaceous communities also hosted dense coyote willow cover.
The extensive floodplain terrace on river right (west-side) primarily supported Transitional and Upland
Herbaceous communities. Narrowleaf cottonwood and Rocky Mountain juniper were dominant trees across
most of these map units (Figure 28). The narrowleaf cottonwood trees appeared to colonize along a former
high-flow channel that apparently once meandered through the western edge of the study site. No
cottonwood seedlings were observed, but there are numerous narrowleaf cottonwood root-sprouts on both
the floodplain terrace and along portions of the sloughed terrace bankline.
Coyote willow was present in variable densities across all map units containing Transitional Herbaceous
communities, and in a few map units supporting Upland Herbaceous communities. Big sage (Artemesia
tridentata) was the dominant shrub in one Upland Herbaceous map unit near the upstream end of the
floodplain terrace.
Table 4. Vegetation Types occupying map units at the Dark Canyon study site.

Dark Canyon Study Site
Dark Canyon Total
Big sage shrubland (Upland herbaceous)
Coyote willow shrubland (Transitional herbaceous)
Coyote willow shrubland (Upland herbaceous)
Coyote willow shrubland (Wetland herbaceous)
Coyote willow-Juniper shrubland (Transitional herbaceous)
Narrowleaf cottonwood-Juniper forest (Upland herbaceous)
Narrowleaf cottonwood-Juniper shrubland (Upland herbaceous)
Narrowleaf cottonwood-Juniper woodland/Coyote willow shrubland
(Transitional herbaceous)
Narrowleaf cottonwood-Juniper woodland/Coyote willow shrubland
(Upland herbaceous)
Sparse Coyote willow (Transitional herbaceous)
Transitional herbaceous
Upland herbaceous
Wetland herbaceous
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Tucson, AZ 85716
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Hood River, OR 97031
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Count of
Total Acres Map Units % of Area % of MU
7.71
23
0.20
1
3%
4%
0.27
1
4%
4%
0.38
2
5%
9%
1.22
5
16%
22%
0.56
2
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9%
0.37
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1.66
1
22%
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1.41
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Narrowleaf cottonwood-Juniper woodland and an Upland
Herbaceous community growing just upslope from what
appears to be a former high-flow channel (left).

Narrowleaf cottonwood root-sprouts were abundant on some
terraces supporting Upland Herbaceous communities. Heavy
browse by elk and deer appears to maintain this shrubby
growth form.

Sparse coyote willow and Upland Herbaceous vegetation along Wetland Herbaceous community on the opposite (west) side of
the east edge of the island. Note the sparsely vegetated coarse
the same island pictured left.
gravel & cobble below the sloughed bank.

Dense coyote willow shrubland associated with a Wetland
Herbaceous community along the eastern bankline.

Dead and decadent coyote willow growing with Transitional
Herbaceous vegetation on the west-side floodplain terrace.

Figure 29. Representative photos from the Dark Canyon study site.
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Benson’s Bar Study Site
The Benson’s Bar study site is the most downstream study site in the upper (canyon) reach, situated
approximately 1-mile upstream of the Rio Gallinas confluence. The study site is located on two large islands
(and one small island) totaling approximately 5.25-acres. We identified and mapped 12 vegetation types
across 29 distinct map units (Table 5).
As shown in Table 5 and Figure 30, the majority (66%) of the mapped area supported Wetland Herbaceous
vegetation communities. Coyote willow grew in all but one of these map units, and Box elder was a notable
component of about two-thirds of the mapped areas supporting Wetland Herbaceous species. No cottonwood
was observed anywhere in the study site.
Upland Herbaceous communities dominated only three map units, but one of these map units (see east island
in Figure 30), comprised about 20% of the study site. This map unit supported a Big sage-Wood’s rose
shrubland growing on relatively dense upland herbaceous vegetation (see photo in Figure 31). This was one
of the few map units in this study site in which Rocky Mountain juniper was encroaching (Figure 30).
Two other herbaceous plant communities – Transitional Herbaceous and Sparse Herbaceous – were present
in the study site, but comprised a relatively small area (6% and 5% of the mapped area, respectively). All of
these map units supported variable densities of coyote willow. Sparse Herbaceous communities, which
generally lacked herbaceous vegetation, were primarily associated with gravel bars, or in one case, a
backwater channel.
Table 5. Vegetation Types occupying map units at the Benson’s Bar study site.

Benson's Bar Study Site
Benson's Bar Total
Big sage-Wood's rose shrubland (Upland herbaceous)
Box elder forest/Coyote willow shrubland (Wetland herbaceous)
Box elder woodland/Coyote willow shrubland (Wetland herbaceous)
Coyote willow shrubland (Sparse herbaceous)
Coyote willow shrubland (Transitional herbaceous)
Coyote willow shrubland (Wetland herbaceous)
Coyote willow-Wood's rose shrubland (Wetland herbaceous)
Juniper-Coyote willow-Big sage shrubland (Upland herbaceous)
Sparse Coyote willow (Sparse herbaceous)
Sparse Coyote willow (Transitional herbaceous)
Sparse Coyote willow (Wetland herbaceous)
Wetland herbaceous

Count of
Total Acres Map Units % of Area % of MU
5.25
29
1.04
1
20%
3%
0.35
1
7%
3%
1.52
4
29%
14%
0.20
3
4%
10%
0.15
1
3%
3%
0.50
9
10%
31%
1.04
1
20%
3%
0.19
0.06
0.14
0.03
0.03

2
2
2
2
1

4%
1%
3%
1%
1%

7%
7%
7%
7%
3%

p. 43 of 61

Figure 30.
348200

348250 4029700

348300

4029700

348150

Vegetation Mapping:
Benson's Bar

4029600

4029550 348100

4029650

4029600

348100

Legend

Cottonwood Recruitment (Not Observed at Site)
Juniper Encroachment
YES

Label, Vegetation

4029550

4029500

Vegetation Type

2, Big sage-Wood's rose shrubland (Upland herbaceous)
6, Box elder forest/Coyote willow shrubland (Wetland herbaceous)

4029450

4029500 348350

9, Box elder woodland/Coyote willow shrubland (Wetland herbaceous)
15, Coyote willow-Wood's rose shrubland (Wetland herbaceous)
16, Coyote willow shrubland (Sparse herbaceous)
17, Coyote willow shrubland (Transitional herbaceous)
19, Coyote willow shrubland (Wetland herbaceous)
20, Juniper-Coyote willow-Big sage shrubland (Upland herbaceous)
43, Sparse Coyote willow (Sparse herbaceous)
44, Sparse Coyote willow (Transitional herbaceous)
45, Sparse Coyote willow (Upland herbaceous)

16

19

47

4029400

4029350

19

59, Wetland herbaceous

4029450

348150

47, Sparse Coyote willow (Wetland herbaceous)

16
9

4029300

43

47

4029250

348400

44

19

2

4029300

20

15

20

59

6

19

17

43

Map created by Chad McKenna of GeoSystems Analysis, Inc.
on February 19, 2013. Original map unit data dissolved by
vegetation type. Vegetation types labeled according to numbers
included in legend items. Map unit perimeters based on
field GPS logging of the vegetation unit perimeter.

4028900

348500

4029000

4028950

4029050

348250

4029100

4029050

348450

4029100

19

4029200

4029150

19

4029250

348200

44

348300

348350 4028900

348400

348450

348500

Grid projection = UTM, NAD 1983, Zone 13N, meters.

0

50

100
Meters

±

Rio Chama Riparian Vegetation Assessment
TECHNICAL MEMO

Box elder and dense coyote willow growing over a
Wetland Herbaceous community.

Large box elder trees line the eastern bank
of the east island.

Isolated pockets of standing water were present in channel
depressions within the west island.

More sparsely vegetated map units found on gravel bars.

Big sage and Rocky Mountain juniper
occupied a large map uniton the east island.

Dense coyote willow shrublands were widespread,
particularly on surfaces supporting Wetland Herbaceous
plant communities.

Figure 31. Representative photos from the Benson’s Bar study site.
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Chavez Study Site
The Chavez study site is located a short distance downstream of the Rio Gallinas confluence. We mapped 19
different vegetation communities across 35 map units on this 16.5 acre study site (Table 6). Upland
Herbaceous communities were documented in 15 map units comprising 39% of the study site. Transitional
Herbaceous communities were the next most abundant (27% of mapped area), followed by Wetland
Herbaceous (21%) and Sparse Herbaceous (13%), respectively.
Coyote willow was present in variable densities in all map units supporting Wetland Herbaceous vegetation.
Relatively young, pole-size Rio Grande cottonwood trees were found in one Wetland Herbaceous map unit
occurring along a high-flow channel on the west-side floodplain (Figure 32). These were the only naturally
occurring (i.e., not planted) pole-size Rio Grande cottonwoods in any of the six study sites.
Transitional Herbaceous communities also ubiquitously supported coyote willow, but in most map units it cooccurred with other species including box elder, narrowleaf cottonwood, Rio Grande cottonwood, New
Mexico olive, and/or rubber rabbitbrush. These same woody species were also found in different map units
supporting Upland and Sparse Herbaceous communities. Representative photos are displayed in Figure 33.
Table 6. Vegetation Types occupying map units at the Chavez study site.

Chavez Study Site
Chavez Total
Big sage-Rabbitbrush shrubland (Upland herbaceous)
Box elder forest/Coyote willow-New Mexico olive shrubland (Sparse
herbaceous)
Box elder forest/New Mexico olive shrubland (Sparse herbaceous)
Box elder woodland/Coyote willow shrubland (Transitional herbaceous)
Box elder-Juniper-Narrowleaf cottonwood woodland/New Mexico oliveCoyote willow shrubland (Upland herbaceous)
Coyote willow shrubland (Transitional herbaceous)
Coyote willow shrubland (Upland herbaceous)
Coyote willow shrubland (Wetland herbaceous)
Coyote willow-New Mexico olive shrubland (Upland herbaceous)
Coyote willow-Rabbitbrush shrubland (Upland herbaceous)
Juniper-Narrowleaf cottonwood woodland/Coyote willow-New Mexico
olive shrubland (Upland herbaceous)
Rabbitbrush-Coyote willow shrubland (Upland herbaceous)
Rabbitbrush-New Mexico olive-Coyote willow shrubland (Transitional
herbaceous)
Rio Grande cottonwood-Box elder-Narrowleaf cottonwood
woodland/Coyote willow shrubland (Transitional herbaceous)
Sparse Coyote willow (Sparse herbaceous)
Sparse Coyote willow (Wetland herbaceous)
Sparse Coyote willow and Rabbitbrush (Upland herbaceous)
Sparse Coyote willow and Rio Grande cottonwood (Wetland herbaceous)
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Count of
Total Acres Map Units % of Area % of MU
16.58
35
0.08
1
0%
3%
0.91
1.02

1
1

5%
6%

3%
3%
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1

15%

3%

2.13
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1
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6
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1
3
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Rabbitbrush-Coyote willow shrubland over an Upland
Herbaceous community.

Coyote willow shrubland and a Wetland Herbaceous
community along the channel bankline.

A complex woodland composed of Box elder-Juniper-Narrowleaf
cottonwood in the overstory, and New Mexico olive and coyote
willow shrubland in the understory. Russian olive was present,
but not dominant in this community.

Box elder forest/coyote willow-New Mexico olive shrubland
growing over a Sparse Herbaceous plant community.

Sparse coyote willow colonizing a gravel bar.

Coyote willow shrubland growing with an Upland Herbaceous
community.

Figure 33. Representative photographs from the Chavez study site.
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Big Bend Study Site
The Big Bend study site is the downstream most study site in the project area. The mapped area
encompasses approximately 18-acres supporting 18 vegetation communities across 43 map units (Table 7;
Figure 34). Upland herbaceous communities dominated the study site (63% of mapped area), followed by
Wetland Herbaceous (19%), Transitional Herbaceous (16%), and Sparse Herbaceous (<1%), respectively.
About 63% of the Wetland Herbaceous communities supported variable densities of coyote willow, while the
remaining map units lacked woody vegetation. The latter map units were confined mostly to narrow linear
bands along the stream bank.
Many of the Upland Herbaceous communities had overstory cover provided by Rio Grande cottonwood
and/or narrowleaf cottonwood, while shrublands were dominated by rubber rabbitbrush, New Mexico olive,
and/or big sage. Transitional Herbaceous communities lacked overstory tree cover, but did support stands of
coyote willow and/or rubber rabbitbrush. Sparsely vegetated areas were mapped in both dry upland
terraces and along exposed channel margins.
Representative site photographs are displayed in Figure 35.
Table 7. Vegetation Types occupying map units at the Big Bend study site.

Big Bend Study Site
Big Bend Total
Coyote willow shrubland (Transitional herbaceous)
Coyote willow shrubland (Wetland herbaceous)
Coyote willow-Rabbitbrush shrubland (Transitional herbaceous)
Narrowleaf cottonwood-Rio Grande cottonwood woodland (Upland
herbaceous)
Rabbitbrush shrubland (Transitional herbaceous)
Rabbitbrush shrubland (Upland herbaceous)
Rabbitbrush-Big sage shrubland (Upland herbaceous)
Rabbitbrush-Coyote willow shrubland (Upland herbaceous)
Rio Grande cottonwood woodland/New Mexico olive-Rabbitbrush
shrubland (Upland herbaceous)
Rio Grande cottonwood woodland/Rabbitbrush shrubland (Upland
herbaceous)
Sparse Coyote willow (Sparse herbaceous)
Sparse Coyote willow (Upland herbaceous)
Sparse Coyote willow (Wetland herbaceous)
Sparse Coyote willow and Rabbitbrush (Upland herbaceous)
Sparse herbaceous
Sparse Rabbitbrush (Upland herbaceous)
Sparse Rabbitbrush and Coyote willow (Transitional herbaceous)
Wetland herbaceous

Count of
Map
Units % of Area % of MU
Total Acres
18.05
43
1.94
2
11%
5%
3.17
11
18%
26%
0.11
1
1%
2%
2.41
0.56
2.15
1.41
0.38

1
2
3
1
1

13%
3%
12%
8%
2%

2%
5%
7%
2%
2%

4.28

1

24%

2%

0.44
0.02
0.27
0.14
0.31
0.03
0.02
0.30
0.13

1
3
1
3
1
1
1
1
8

2%
0%
2%
1%
2%
0%
0%
2%
1%

2%
7%
2%
7%
2%
2%
2%
2%
19%
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Narrowleaf cottonwood-Rio Grande cottonwood woodland with
Upland Herbaceous vegetation.

Rio Grande cottonwood woodland/New Mexico oliverabbitbrush shrubland over an Upland Herbaceous community.

Coyote willow shrubland growing with a Transitional
Herbaceous plant community.

Dense coyote willow shrubland with Wetland herbaceous
vegetation along a channel margin.

Rabbitbrush-Coyote willow shrubland with a Transitional
Herbaceous community.

Small Wetland Herbaceous community along the edge of a
channel separating a small island from the east bankline.

Figure 35. Representative photographs from the Big Bend study site.
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Questions and Hypotheses Regarding Current Riparian Vegetation
Community Composition and Factors Influencing Habitat Structure
Question #1: Why is cottonwood tree cover and distribution so limited
along the Rio Chama Floodplain?
Cottonwood plants are poorly represented in the study area. The general vegetation mapping across the
entire 29-mile reach indicates that cottonwood was a dominant species (at least 25% aerial cover) in only 7%
and 16% of the mapped vegetation in the upper reach and the lower reach, respectively (Figure 36).
Cottonwood seedlings were also surprisingly limited throughout the project area, particularly in the upper
reach, where, with the exception of Archuleta Ranch, no (zero) new seedlings were observed during detailed
vegetation mapping work (Figure 37). Cottonwood seedlings were observed in a few map units within the
Chavez and Big Bend study sites (lower reach), but more than 85% of the map units at these sites lacked new
cottonwood seedlings (Figure 37).
Preliminary flood inundation analysis performed at the four detailed study sites in the upper reach indicate
that a high percentage of the mapped areas can be inundated at approximately 5,000 cfs. Since peak flows of
5,000 cfs or greater have occurred 1-2 times per decade since 1970 (Figure 38), we would expect to observe
mixed cohorts of narrowleaf and/or Rio Grande cottonwood occupying many of these alluvial surfaces.
In addition to low cover dominance by mature trees and very few new seedlings throughout the reach,
detailed vegetation mapping also revealed that individual cottonwood trees (larger than sapling size) were
relatively rare, or were completely absent from our study sites. For example, individual cottonwood trees
were not present in any of the map units at Archuleta (only planted Rio Grande cottonwoods) or Benson’s
Bar. The only cottonwood trees observed at the Cebolla Confluence study site was a small, isolated stand
found along the elevated bankline of the Rio Cebolla, approximately ½ mile upstream from the
Chama/Cebolla confluence. It is not clear whether these trees established in relation to flood pulses associate
with the Rio Cebolla or from water backing up the Cebolla during a Rio Chama flood event, although we
suspect probably the latter due to mismatched timing of cottonwood seed dispersal (April-June) and mid-late
summer monsoon driven hydrology of the Rio Cebolla.
The only relatively extensive stand of cottonwood observed in the upper reach occurred within the Dark
Canyon study site. Mature narrowleaf cottonwoods were mapped along a former channel-meander. Tree ring
analysis of this Dark Canyon cottonwood stand indicates that these trees established during periods of
moderate to low flow (i.e., <5,000 cfs) events (Figure 39). In other words, it appears that cottonwood seeds
germinated in and adjacent to the channel bottom once flows in the former channel subsided but alluvium
was moist enough to facilitate germination and root elongation. Flow records indicate that no larger scouring
floods came through this channel for several years after the establishment events. Such lulls between larger
flood events enabled the young plants to become firmly established before any subsequent large scouring
flood events had the chance to uproot them or bury them in sediment.

3393 N. Dodge Blvd.
Tucson, AZ 85716
520.628.9330

16 Oak St., Ste 203
Hood River, OR 97031
541.716.4167

3150 Carlisle Blvd. NE, Ste 107
Albuquerque, NM 87110
505.830.6039

Rio Chama Riparian Vegetation Assessment
TECHNICAL MEMO

So other than this one stand at Dark Canyon, why are cottonwoods absent from a large percentage of
the Rio Chama?

Figure 36. Percent of total vegetated area in the upper and
lower project reaches in which cottonwood trees comprised
at least 25% aerial cover.

Figure 37. Percent of map units at the six detailed study sites
containing cottonwood seedlings.

Figure 38. Peak discharge records for the Rio Chama at El Vado Dam.
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Figure 39. Approximate establishment year, as determined through tree-ring analysis,
for narrowleaf cottonwoods growing at the Dark Canyon study site.

Hypothesis #1: Densely vegetated floodplain surfaces limit “safe sites” for cottonwood seedling
recruitment.
Justification: Cottonwood seed requires moist, unvegetated mineral soil or alluvium to germinate
(Stromberg 1993), and dense herbaceous cover limits cottonwood seed germination because it prevents
seeds from making physical contact with the soil (Noble 1979; Fenner et al. 1984). Field observations and
data from our recent mapping effort demonstrate that most alluvial surfaces in the riparian zone are already
vegetated. Bare or semi-exposed alluvium is primarily limited to narrow margins along bank-lines, islands
and point-bars, and on sandy floodplain benches that support relatively low herbaceous plant cover (see
photographs in Figure 40).
Cottonwood seedlings that take root along the margins of channels and bars suffer high mortality by flow
induced scour or sediment burial. The primary cottonwood recruitment zones, therefore, are on patches of
sandy alluvium with low herbaceous plant cover, which from field observations, are most commonly
associated with elevated geomorphic surfaces (i.e., surfaces that require >3,500 cfs to become inundated).
Seedlings that establish on these sandy surfaces, however, may suffer high mortality from desiccation due to
the inability of seedling root elongation to keep pace with rapid soil-water drainage as the snow-melt flood
pulse recedes (Stromberg 1993; Mahoney & Rood 1998).
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Figure 40. The riparian zone along the Rio Chama is densely vegetated. Bare alluvium is limited to relatively narrow channel
margins or where sandy alluvial substrate limits dense herbaceous plant cover (e.g. note cottonwood seedlings in lower left and
right photos).

Hypothesis #2: Ungulate browsing strongly limits cottonwood establishment and stand development
throughout the project reach.
Justification: While germination safe-sites are believed to strongly limit establishment of extensive
cottonwood stands, there should be enough micro-sites where individual cottonwood seedlings could
successfully establish and grow. This is validated by the fact that cottonwood seedlings were documented in a
few locations throughout the study area.
However, field observations also indicate that most cottonwood plants are heavily browsed by ungulates. For
example, the only non-browsed cottonwood seedling found at the Archuleta Ranch study site was slightly
shorter than the dense wetland herbs that surrounded it (top left photo in Figure 41). This was one of the
only Rio Grande cottonwood seedling observed in the upper reach, but all of the narrowleaf cottonwood and
coyote willow plants taller than surrounding herbaceous wetland plants were heavily browsed (top right
photo in Figure 41). Intense ungulate browse pressure at Archuleta Ranch is further validated by
cottonwoods (and willows) branches extending to the edge of fenced exclosures established in the 1990’s
(bottom left and right photos in Figure 41).
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Figure 41. Photographs illustrating browsing pressure by ungulates exert strong control over cottonwoodwillow establishment at the Archuleta Ranch study site.
In addition to limiting cottonwood establishment, continuous ungulate browse pressure on existing
narrowleaf cottonwoods prevents stem elongation and aerial canopy development for many potential stands
throughout the project area. While there were exceptions, a large percentage of narrowleaf cottonwoods
observed throughout the reach had a “browse-induced” shrubby growth form similar to those photographed
at Dark Canyon (Figure 42). Thus we hypothesize that browse pressure not only contributes to limiting
cottonwood establishment in the 29-mile reach, but it prevents many existing populations from developing
stem growth necessary to achieve a woodland or forest growth structure.
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Figure 42. Repeated seasonal browse pressure by elk and deer prevents this group of narrowleaf cottonwoods at Dark Canyon
from elongating and developing a forest canopy structure. Although their heights average approximately three feet, tree ring
2
analyses of cores taken from six different plants indicate that these narrowleaf cottonwoods
are approximately 10-15 years old.

Questions #2: Why are wet meadows, marsh habitats/oxbow wetlands so limited
along the Rio Chama?
Open water and moist-soil wetland habitats are extremely important centers of biological diversity (Mitsch &
Gosselink 1993). Data presented previously (see Figure 11 in Reachwide Vegetation Mapping section) shows
that such habitats (e.g., marsh habitats, wetland meadows and oxbows wetlands) are either extremely
limited, or are essentially non-existent throughout the 29-mile project reach. Other than the relatively
extensive wetland meadow habitats at the Archuleta Ranch (and to a lesser extent at the Cebolla Confluence)
study site, wetland meadow vegetation was generally confined to a narrow zone along channel banklines.
Open water habitats observed during the study were limited to a handful of very small topographic
depressions associated with ephemeral side channels or a flow induced scour hole (Figure 43).

2 All tree ring analyses performed for this project was conducted with technical guidance and support from the
Laboratory of Tree Ring Research at the University of Arizona, Tucson, AZ.
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Figure 43. Off-channel open water habitats were extremely limited in the project reach. Areas with ponded water were limited to
small depressions associated with ephemeral channels. Ephemeral channels, however, were very limited at the six study sites and
at most other areas observed during the reach-wide mapping.

3393 N. Dodge Blvd.
Tucson, AZ 85716
520.628.9330

16 Oak St., Ste 203
Hood River, OR 97031
541.716.4167

3150 Carlisle Blvd. NE, Ste 107
Albuquerque, NM 87110
505.830.6039

Rio Chama Riparian Vegetation Assessment
TECHNICAL MEMO

Hypothesis #3: Peaks flow releases from El Vado Dam have been insufficient to promote the
geomorphic disturbances required to facilitate creation of new marshes, oxbow wetlands, and moistsoil wetlands in the alluvial reach of the Rio Chama.
Justification: The ecological integrity of river systems is maintained by the constant reworking of floodplain
habitat driven by fluvial geomorphic processes (Hauer & Lorang 2004). Riverine wetlands are early seral
habitats that depend on these flood mediated disturbances to develop. In naturally functioning (i.e.,
unregulated) river systems, riparian-wetlands are created, eventually fill in or dry up, and they succeed to
transitional or xeric habitats. New wetlands are eventually created in different locations by subsequent flood
events. This process of fluvial mediated destruction of old and development of new aquatic and riparianwetland habitats in a spatially and temporally dynamic manner has been referred to as the Shifting Habitat
Mosaic (Hauer et al. 2003). The disruption of this process has occurred to various degrees on all regulated
rivers worldwide, and the Rio Chama is no exception.
While the canyon reach upstream of the Gallinas confluence has little potential for creation of expansive
wetland habitats, the wider alluvial reach has the appropriate geomorphic character to support extensive offchannel wetlands. However, flow management generally, and peak discharges in particular, appear to have
been insufficient for promoting channel avulsions or creating new side channels or backwater habitats.
Figures 44 through 46 show the channel location of the Rio Chama approximately every decade between
1969 and 2005 at three locations in the alluvial reach downstream of the Rio Gallinas confluence. These
figures highlight the fact that the channel location has changed little over the past 50 years, and if anything,
the overall channel width has reduced as former side channels have filled in and become vegetated.

Figure 44. Channel locations in 1969, 1985, 1996, and 2005 through the Chavez study site.
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Figure 45. Channel locations in 1969, 1985, 1996 and 2005 approximately 0.5-miles downstream of Chavez.

Figure 46. Channel locations in 1969, 1985, 1996, and 2005 through the Big Bend study site.
3393 N. Dodge Blvd.
Tucson, AZ 85716
520.628.9330

16 Oak St., Ste 203
Hood River, OR 97031
541.716.4167

3150 Carlisle Blvd. NE, Ste 107
Albuquerque, NM 87110
505.830.6039

Rio Chama Riparian Vegetation Assessment
TECHNICAL MEMO

List of References
Fenner, P., W. W. Brady, and D.R. Patton. 1984. Observations on seeds and seedlings of Fremont cottonwood.
Desert Plants, Vol. 5: 55-58.
Hauer, F.R. and M.S. Lorang. 2004. River regulation, decline of ecological resources, and potential for
restoration in a semi-arid lands river in the western USA. Aquatic Sciences, Vol. 66: 388-401.
Hauer, F.R., C.N. Dahm, G.A. Lamberti, and J.A. Stanford. 2003. Landscapes and ecological variability of rivers
in North America: factors affecting restoration strategies, pp. 81-105. In: Wissmar, R.C. and P.A. Bisson (eds.),
Strategies for Restoring River Ecosystems: Sources of Variability and Uncertainty in Natural and Managed
Systems. American Fisheries Society, Bethesda, Maryland.
Mahoney, J. M., and S. B. Rood. 1998. Streamflow requirements for cottonwood seedling recruitment – an
integrative model. Wetlands 18(4):634-645.
Mitsch, W.J. and J.G. Gosselink. 1993. Wetlands, 2nd Edition. Van Nostrand Reinhold Publishing Co. New
York.
Noble, M.G. 1979. The origin of Populus deltoides and Salix interior zones on point bars along the Minnesota
River. American Midland Naturalist, Vol. 102: 59-67.
Stromberg, J.C. 1995. Fremont cottonwood-Goodding willow riparian forests: A review of their ecology,
threats, and recovery potential. Journal of the Arizona-Nevada Academy of Science. Vol. 27: 97-110.

p. 61 of 61

Summary of Rio Chama Ecosystem Technical Studies

Rio Chama Reservoir Operations Pilot: Technical
Summary
Appendix C – HEC-RAS Files
Data files available from Reclamation's
Albuquerque Area Office

Summary of Rio Chama Ecosystem Technical Studies

Rio Chama Reservoir Operations Pilot: Technical
Summary
Appendix D – Macroinvertebrate Data
Collected in the Rio Chama by BLM, in 2012, 2013, 2015.
Processed but not-analyzed macroinvertebrate data collected in October-November period in
2012, 2013 and 2015 at BLM monitoring sites at Puerto Chiquito Arroyo (RM 7), Rio Cebolla
(RM 15), Huckbay Canyon (RM 18.5), Chavez (RM 23) and Big Bend (RM 29). Data are
scheduled to be analyzed by BLM Taos Field Office staff in the winter of 2019/2020.
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Common metrics used to assess freshwater biological integrity, as well as basic field and lab processing information. Note that values for richness based metrics are
standardized to operational taxonomic units (OTUs; sensu Cuffney et al. 2007) and a fixed count (i.e., rarefaction) of 300, but density metrics are based on the raw taxa list.
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Collector-filterer abundance
FPOM in the water column

Decrease

[Abundance]E +
[Abundance]P +
[Abundance]T

N

"

NA

NA

N

NA

Increase

[Abundance]dominant family

N

NA

NA

NA

N

NA

Increase

[Abundance]dominant taxa

N

NA

Increase

∑([Abundance]taxa
*[Tolerance]taxa)
/[Abundance]Total

Y

Hilsenhoff (1987, 1988)

Decrease

[Richness]intolerant

Y

"

Decrease

[Abundance]intolerant

N

"

Increase

[Richness]tolerant

Y

"

Increase

[Abundance]tolerant

N

"

Decrease

∑([Tolerance Quotient] *
log([Abundance]taxa))
/∑ log([Abundance]taxa)

Y

Winget and Mangum (1979)

Decrease

[Richness]shredder

Y

Merritt et. al (2008)
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Class
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Arachnida
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Insecta
Insecta
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Order
Trombidiformes
Trombidiformes
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Ephemeroptera
Ephemeroptera
Ephemeroptera
Ephemeroptera
Ephemeroptera
Ephemeroptera
Ephemeroptera
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Lepidoptera
Plecoptera
Plecoptera
Plecoptera
Plecoptera
Plecoptera
Plecoptera
Plecoptera
Trichoptera
Trichoptera
Trichoptera
Trichoptera
Trichoptera
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SubFamily

Ceratopogoninae

Genus

Microcylloepus
Optioservus
Optioservus
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Atherix
Probezzia

pusillus

quadrimaculatus
pachypus

Simulium
Hexatoma
Acentrella
Baetis

Heptagenia
Rhithrogena
Nymphulinae

149447

149448

36.41045921
-106.6984864
10/29/2012
Targeted Riffle
Surber net
NULL
NULL
0.74
100
100
426

149449
CHAVEZ
CHAVEZ
Rio Chama - Chavez
Rio Arriba
NM
36.36604356
-106.6827635
10/30/2012
Targeted Riffle
Surber net
NULL
NULL
0.74
100
68.75
610

149450
BIGBEND
BIGBEND
Rio Chama - Big Bend
Rio Arriba
NM
36.31839417
-106.6101372
10/30/2012
Targeted Riffle
Surber net
NULL
NULL
0.74
100
100
411

0
3
0
3
0
8
1
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4
7
0
1
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0
5
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0
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0
15
0
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3
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0
4
0
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0
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7
0
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4

0
0
0
0
0
10
0
2
0
0
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0
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0
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0
40
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2
75
2
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2
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0
0
0
0
14
9
0
35
0
38
10
74
31
0
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12

0
0
4
0
0
0
0
3
24
0
1
27
99
1
65
0
1
0
35
0
36
0
35
1
0
0
0
0
3
5
72
0
0
0
4
7
5
9
0
93
20

R-Ceballa
CIBOLLA
Rio Ceballa
Rio Arriba
NM

Huck
HUCKBAY
Rio Chama
Rio Arriba
NM

36.45506999
-106.702918
10/25/2012
Targeted Riffle
Surber net
NULL
NULL
0.74
100
25
678
5
27
0
38
0
32
11
0
0
0
0
11
249
5
2168
0
0
0
519
0
43
0
59
0
0
11
0
49
22
24
11
0
0
0
22
16
0
86
0
226
32

Species

Chironominae
Orthocladiinae
Tanypodinae
Simuliinae

149446
Chiq
CHIQUITO
Rio Chama
Rio Arriba
NM
36.53794698
-106.7358991
10/24/2012
Targeted Riffle
Surber net
NULL
NULL
0.74
100
46.88
660

Petrophila

Claassenia
Hesperoperla

sabulosa
pacifica

Perlodinae

Isogenoides
Skwala
Brachycentrus

americana
occidentalis

Glossosomatinae

Glossosoma

Arctopsychinae
Hydropsychinae

Arctopsyche
Hydropsyche

grandis

0
0
0
0
1
53
0
12
3
3
6
0
43
0
6
193
0
0
0
0
429
3
69
20
26
0
64
0
3
33
6
6
1
3
14
0
12
0
10
937
3

509
579
581
652

Arthropoda
Arthropoda
Arthropoda
Nemata

Insecta
Insecta
Insecta

Trichoptera
Trichoptera
Trichoptera

Hydroptilidae
Psychomyiidae
Psychomyiidae

Hydroptilinae

Hydroptila

Psychomyiinae

Psychomyia

0
0
0
0

141

0
0
5
0

20
5
11
0

43
0
10
0

0
1
0
1

SampleID
Station (NAMC)
Station (Customer)
Waterbody
County
State
Latitude
Longitude
Collection Date
Habitat Sampled
Collection Method
Field Notes
Lab Notes
Area sampled (m^2)
Field Split
Lab Split
Split Count
OTUCode
510
5
7
338
39
43
244
78
80
84
86
89
257
268
271
304
308
373
375
378
383
398
404
407
409
414
454

Phylum
Annelida
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda

Class

Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta

Order

Coleoptera
Coleoptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Ephemeroptera
Ephemeroptera
Ephemeroptera
Ephemeroptera
Plecoptera
Plecoptera
Plecoptera
Plecoptera
Trichoptera
Trichoptera
Trichoptera
Trichoptera
Trichoptera
Trichoptera

Family

Elmidae
Elmidae
Athericidae
Ceratopogonidae
Chironomidae
Chironomidae
Chironomidae
Tipulidae
Baetidae
Baetidae
Heptageniidae
Heptageniidae
Perlidae
Perlidae
Perlodidae
Perlodidae
Brachycentridae
Glossosomatidae
Hydropsychidae
Hydropsychidae
Hydroptilidae
Psychomyiidae

Genus

Species

OTUName
Nemata
Other_Oligochaeta
Acari
Lepidoptera
Microcylloepus
Optioservus
Simuliidae
Atherix
Ceratopogoninae
Chironominae
Orthocladiinae
Tanypodinae
Hexatoma
Acentrella
Baetis
Heptagenia
Rhithrogena
Claassenia
Hesperoperla
Isogenoides
Skwala
Brachycentrus
Glossosoma
Arctopsyche
Hydropsyche
Hydroptila
Psychomyia

149446

149447

36.53794698
-106.7358991
10/24/2012
Targeted Riffle
Surber net
NULL
NULL
0.74
100
46.88
660

R-Ceballa
CIBOLLA
Rio Ceballa
Rio Arriba
NM
36.45506999
-106.702918
10/25/2012
Targeted Riffle
Surber net
NULL
NULL
0.74
100
25
678

0
0
0
64
1
53
193
3
3
0
43
0
0
0
429
20
26
33
6
1
3
14
12
10
937
0
0

0
5
27
0
0
32
2168
0
0
11
249
5
0
0
43
0
0
24
11
0
0
22
0
0
226
0
5

Chiq
CHIQUITO
Rio Chama
Rio Arriba
NM

149448

149449

149450

36.41045921
-106.6984864
10/29/2012
Targeted Riffle
Surber net
NULL
NULL
0.74
100
100
426

CHAVEZ
CHAVEZ
Rio Chama - Chavez
Rio Arriba
NM
36.36604356
-106.6827635
10/30/2012
Targeted Riffle
Surber net
NULL
NULL
0.74
100
68.75
610

BIGBEND
BIGBEND
Rio Chama - Big Bend
Rio Arriba
NM
36.31839417
-106.6101372
10/30/2012
Targeted Riffle
Surber net
NULL
NULL
0.74
100
100
411

0
0
3
0
0
11
27
0
0
4
7
0
5
0
19
0
20
27
23
4
0
41
31
0
265
20
11

0
0
0
0
0
10
375
0
0
0
10
0
40
2
75
2
20
14
9
35
0
38
74
0
292
43
10

1
0
4
0
0
3
65
24
0
27
99
1
0
0
36
1
0
5
72
0
0
4
5
0
93
0
0

Huck
HUCKBAY
Rio Chama
Rio Arriba
NM

BLM/USU National Aquatic Monitoring Center (NAMC)
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Excel Worksheet Name

Metrics

Worksheet Description
Common metrics used to assess freshwater biological integrity, as well as basic field and lab processing information. Note that values for richness based metrics are
standardized to operational taxonomic units (OTUs; sensu Cuffney et al. 2007) and a fixed count (i.e., rarefaction) of 300, but density metrics are based on the raw taxa list.
Standardized metrics are indicated with an asterisk. NAMC OTU standardization uses the method of removing individuals identified to the coarser taxonomic resolution or
merging finer level identifications to coarser levels. We are able to standardize your data to custom OTUs and/or fixed counts if provided, although additional charges may
apply. A more detailed explanation of each metric, as well as references, can be obtained by contacting NAMC and will soon be available on our website.
This report was generated with the following settings - OTUs: Genus (NAMC Level 2); Fixed Count: 300.

Species Matrix (Raw)

Raw taxonomic and abundance data for sampled sites. Abundance data is the estimated number of individuals per square meter for quantitative samples OR the estimated
number of individuals per sample for qualitative samples. Note that the taxonomic data in this worksheet has not been standardized to operational taxonomic units (OTUs),
thus considerable redundancy likely exists in the taxonomic hierarchy.

Species Matrix (Standardized)

Taxonomic and abundance data (Species matrix) for sampled sites that has been standardized to Operational Taxonomic Units (OTUs) but not standardized to fixed count.
Please note that data has not been standardized to a fixed count as in the 'Standardized Metrics worksheet'. Also, abundance data is the estimated number per square meter
for quantitative samples OR is the estimated number per sample for qualitative samples.

Description of the fields contained in the 'Metrics' worksheet. A more detailed explanation of each metric can be obtained by contacting NAMC and will soon be available on our website.

Category
Collection information

Column Name

SampleID
Station (NAMC)

Explanation
NAMC unique tracking
number
NAMC station tracking id

Predicted response to
increasing perturbation
(Barbour et al. 1999)

Calculation

NA
NA

Standardized
(OTU and Rarefication)

Reference

NA

NA

NA

NA

NA

NA

Waterbody

Station abbreviation
provided by the customer
Specific location name

County

Administrative boundary
Administrative boundary

Station (Customer)

State
Latitude
Longitude

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

Collection Date

Date of sampling event

NA

NA

NA

NA

Habitat Sampled

Microhabitat or channel
unit(s) where sample(s) was
taken. Values are restricted
to predetermined values as
specified in the PDF
metadata.

NA

NA

NA

NA

Collection Method

Method used to collect
sample. Values are
restricted to predetermined
values as specified in the
PDF metadata.

NA

NA

NA

NA

Field Notes

Field notes provided by
customer

NA

NA

NA

NA

Lab Notes

Laboratory processing
notes, particularly regarding
condition of received
samples and QAQC

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

Cuffney et al. (1993),
Moulton et al. (2000),
Vinson and Hawkins (1996)

NA

NA

NA

"

NA

NA

NA

NA

Area Sampled
Laboratory Processing

Y coordinate in decimal
degree units
X coordinate in decimal
degree units

NA

Field Split
Lab Split

Split Count
Fixed count

Big Rare Count

Total area sampled in
square meters
% sample submitted for
processing
% of sample processed to
obtain 600 random
individuals (if present)
# of organisms randomly
subsampled from [Lab Split]
for identification
# of computationally
resampled organisms
# of "big and rare"
organisms selected NONRANDOMLY for
identification from the
entire submitted sample

"

NA

"

Richness
(metrics summarizing all unique
taxa in a sample)

Richness

Abundance

Shannon's Diversity

Simpson's Diversity

Evenness

Dominance Metrics
(metrics summarizing all most
abundant taxa in a sample)

# of unique taxa,
standardized to OTU
Estimated # number of
individuals per unit area
(m2) for quantitative
samples OR the estimated
number per sample for
qualitative samples.
Measure of richness and
evenness (based on relative
abundance of each species);
weighted toward rare
species
Measure of richness and
evenness (based on relative
abundance of each species);
weighted toward common
species
Measure of relative
abundance indicative of taxa
dominance

Decrease

[Richness]UniqueTaxa

Y

NA

Increase or decrease

(([Split Count]*
(100/[Lab Split]))
+ [Big_Rare Count])
*(100/[Field Split])
*(1/[Area Sampled])

N

NA

Decrease

-∑([Relative Abundance]taxa
*ln([Relative
Abundance]taxa))

Y

Ludwig and Reynolds (1988,
equation 8.9, page 92)

Decrease

1 - [Simpson's Diversity] = 1 ∑([Relative Abundance]taxa)2

Y

Ludwig and Reynolds (1988,
equation 8.6, page 91),
Krebs (1999, equation 12.2712.30)

Decrease

[Shannon's
Diversity]/ln([Richness])

Y

Ludwig and Reynolds (1988,
equation 8.11, page 93)

# of EPT Taxa

Richness of Ephemeroptera,
Plecoptera, and Trichoptera
taxa

Decrease

[Richness]E + [Richness]P +
[Richness]T

Y

Barbour et al. (1999),
Karr and Chu (1998)

EPT Taxa Abundance

Abundance of
Ephemeroptera, Plecoptera,
and Trichoptera taxa

Decrease

[Abundance]E +
[Abundance]P +
[Abundance]T

N

"

NA

NA

N

NA

Increase

[Abundance]dominant family

N

NA

NA

NA

N

NA

Increase

[Abundance]dominant taxa

N

NA

Increase

∑([Abundance]taxa
*[Tolerance]taxa)
/[Abundance]Total

Y

Hilsenhoff (1987, 1988)

Decrease

[Richness]intolerant

Y

"

Decrease

[Abundance]intolerant

N

"

Dominant Family
Abundance of Dominant
Family
Dominant Taxa
Abundance of Dominant
Taxa

Tolerance Indices
(indices based on the indicator
Hilsenhoff Biotic Index
species concept in which taxa are
assigned tolerance values)
# of Intolerant Taxa
Intolerant Taxa abundance

Taxonomic family with the
highest abundance
Abundance of dominant
family
Individual taxa with the
highest abundance
Abundance of dominant
taxa
Abundance-weighted
average of family-level
pollution tolerances
# of taxa with an HBI score
<= 2
Abundance of taxa with an
HBI score <= 2

# of taxa with an HBI
score>=8
Abundance of taxa with an
Tolerant Taxa abundance
HBI score >=8
Dominance weighted
USFS Community Tolerance
community tolerance
Quotient (d)
quotient
Functional Feeding Groups
# of taxa utilizing living or
(classification of organisms based # of shredder taxa
decomposing vascular plant
tissue and CPOM
on morphological or behavioral
Abundance of taxa utilizing
adaptations for where and how
vascular plant tissue and
food is acquired)
Shredder Abundance
CPOM
# of taxa utilizing
periphyton, particularly
# of scraper taxa
algae and diatoms
Abundance of taxa utilizing
Scraper abundance
periphyton, particularly
algae and diatoms
# of taxa utilizing FPOM in
# of collector-filterer taxa
the water column
Abundance of taxa utilizing
Collector-filterer abundance
FPOM in the water column
# of taxa utilizing FPOM
# of collector-gatherer taxa
from benthic deposits

Increase

[Richness]tolerant

Y

"

Increase

[Abundance]tolerant

N

"

Decrease

∑([Tolerance Quotient] *
log([Abundance]taxa))
/∑ log([Abundance]taxa)

Y

Winget and Mangum (1979)

Decrease

[Richness]shredder

Y

Merritt et. al (2008)

Decrease

[Abundance]shredder

N

"

Decrease

[Richness]scraper

Y

"

Decrease

[Abundance]scraper

N

"

Variable

[Richness]collector-filterer

Y

"

Variable

[Abundance]collector-filterer

N

"

Variable

[Richness]collector-gatherer

Y

"

Variable

[Abundance]collector-gatherer

N

"

Decrease

[Richness]predator

Y

"

Decrease

[Abundance]predator

N

"

Decrease

[Richness]clinger

Y

Karr and Chu (1998), Merritt
et al. (2008)

Decrease

[Richness]long-lived

Y

"

# of Ephemeroptera taxa

Decrease

[Richness]Ephemeroptera

Y

NA

Ephemeroptera abundance

Decrease

[Abundance]Ephemeroptera

N

NA

# of Plecoptera taxa
Plecoptera abundance
# of Trichoptera taxa
Trichoptera abundance
# of Coleoptera taxa
Coleoptera abundance

Decrease
Decrease
Decrease
Decrease
Variable
Variable

[Richness]Plecoptera
[Abundance]Plecoptera
[Richness]Trichoptera
[Abundance]Trichoptera
[Richness]Coleoptera
[Abundance]Coleoptera

Y
N
Y
N
Y
N

NA
NA
NA
NA
NA
NA

# of Tolerant Taxa

Collector-gatherer
abundance
# of predator taxa
Predator abundance
Functional Traits
(metrics based on morphological
and life history traits)

# of clinger taxa
"# of" Long-lived Taxa

Compositional Metrics
(richness and abundance of
various taxonomic groups)

Abundance of taxa utilizing
FPOM from benthic deposits
# of taxa utilizing living
animal tissue
Abundance of taxa utilizing
living animal tissue
# of taxa with fixed retreats
or other strategies for
clinging to rocks
# of taxa with 2 to 3 year life
cycles

# of Elmidae taxa
Elmidae abundance
# of Megaloptera taxa
Megaloptera abundance
# of Diptera taxa
Diptera abundance
# of Chironomidae taxa
Chironomidae abundance
# of Crustacea taxa
Crustacea abundance
# of Oligochaete taxa
Oligochaete abundance
# of Mollusca taxa
Mollusca abundance
# of Insect taxa
Insect abundance
# of non-insect taxa
Non-insect abundance

Decrease
Decrease
Variable
Variable
Variable
Variable
Increase
Increase
Variable
Variable
Increase
Increase
Variable
Variable
Decrease
Decrease
Increase
Increase

[Richness]Elmidae
[Abundance]Elmidae
[Richness]Megaloptera
[Abundance]Megaloptera
[Richness]Diptera
[Abundance]Diptera
[Richness]Chironomidae
[Abundance]Chironomidae
[Richness]Crustacea
[Abundance]Crustacea
[Richness]Oligochaeta
[Abundance]Oligochaeta
[Richness]Mollusca
[Abundance]Mollusca
[Richness]Insect
[Abundance]Insect
[Richness]Non-insect
[Abundance]Non-insect

Y
N
Y
N
Y
N
Y
N
Y
N
Y
N
Y
N
Y
N
Y
N

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

SampleID
Station (NAMC)
Station (Customer)
Waterbody
County
State
Latitude
Longitude
Collection Date
Habitat Sampled
Collection Method
Field Notes
Lab Notes
Area sampled (m^2)
Field Split
Lab Split
Split Count

19
Code
19
121
1802
135
2095
1076
2195
180
182
184
2253
221
223
241
249
907
250
262
276
285
350
403
444
798
838
455
932
487
491
490
495
807
499
509
581
652

Phylum
Annelida
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Nemata

Class
Clitellata
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta

Order

Family

Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Ephemeroptera
Ephemeroptera
Ephemeroptera
Ephemeroptera
Ephemeroptera
Ephemeroptera
Lepidoptera
Plecoptera
Plecoptera
Plecoptera
Plecoptera
Plecoptera
Trichoptera
Trichoptera
Trichoptera
Trichoptera
Trichoptera
Trichoptera
Trichoptera
Trichoptera
Trichoptera

Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Athericidae
Chironomidae
Chironomidae
Chironomidae
Empididae
Simuliidae
Simuliidae
Tipulidae
Baetidae
Baetidae
Baetidae
Ephemerellidae
Heptageniidae
Heptageniidae
Crambidae
Perlidae
Perlidae
Perlidae
Perlodidae
Brachycentridae
Glossosomatidae
Glossosomatidae
Glossosomatidae
Hydropsychidae
Hydropsychidae
Hydropsychidae
Hydroptilidae
Psychomyiidae

SubFamily

Genus

Dubiraphia
Optioservus
Optioservus
Optioservus
Atherix

vittata

quadrimaculatus
pachypus

Neoplasta
Simulium
Hexatoma
Acentrella
Baetis

Nymphulinae

Rhithrogena
Petrophila

Claassenia
Hesperoperla

sabulosa
pacifica

Brachycentrus

occidentalis

Glossosomatinae
Protoptilinae

Glossosoma
Culoptila

Arctopsychinae
Hydropsychinae
Hydroptilinae
Psychomyiinae

Arctopsyche
Hydropsyche
Hydroptila
Psychomyia

151051
Huck
HUCK
Rio Chama
Rio Arriba
NM
36.41045921
-106.6984864
11/7/2013
Targeted Riffle
Surber net
NULL
NULL
0.74322
100
100
423

12
209
0
315
0
55
37
12
166
794
0
425
0
0
25
0
31
18
25
0
192
12
0
15
6
6
0
12
0
0
49
6
1332
62
0
0

5
13
0
129
1
11
3
0
15
24
0
0
9
1
0
0
1
1
0
1
0
0
1
4
9
0
82
0
11
3
8
0
222
8
4
0

151053
151054
CHAVEZ
BIGBEND
CHAVEZ
BIGBEND
Rio Chama - Chavez
Rio Chama - Big Bend
Rio Arriba
Rio Arriba
NM
NM
36.36604356
36.31839417
-106.6827635
-106.6101372
10/29/2013
10/30/2013
Targeted Riffle
Targeted Riffle
Surber net
Surber net
heavily trampled area, sigheavily trampled area, signs of cattle
NULL
NULL
0.74322
0.74322
100
100
100
100
100
615

Species

Chironominae
Orthocladiinae

Simuliinae

151052
Chiq
CHIQ
Rio Chama
Rio Arriba
NM
36.53794698
-106.7358991
10/24/2013
Targeted Riffle
Surber net
NULL
NULL
0.74322
100
21.87
619

grandis

170

1
0
0
4
0
0
0
0
8
0
0
0
0
0
0
3
0
0
0
0
0
0
1
0
0
91
0
1
0
0
0
23
0
0
1

4
3
1
39
0
16
27
1
124
359
3
1
27
5
0
1
17
0
7
3
0
0
0
3
16
0
17
0
7
0
9
0
124
12
0
0

SampleID
Station (NAMC)
Station (Customer)
Waterbody
County
State
Latitude
Longitude
Collection Date
Habitat Sampled
Collection Method
Field Notes
Lab Notes
Area sampled (m^2)
Field Split
Lab Split
Split Count
OTUCode
510
5
338
34
43
244
78
84
86
227
257
268
271
308
373
375
398
892
404
407
409
414
454

Phylum
Annelida
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda

Class

Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta
Insecta

Order

Coleoptera
Coleoptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Ephemeroptera
Ephemeroptera
Ephemeroptera
Plecoptera
Plecoptera
Trichoptera
Trichoptera
Trichoptera
Trichoptera
Trichoptera
Trichoptera
Trichoptera

Family

Elmidae
Elmidae
Athericidae
Chironomidae
Chironomidae
Empididae
Tipulidae
Baetidae
Baetidae
Heptageniidae
Perlidae
Perlidae
Brachycentridae
Glossosomatidae
Glossosomatidae
Hydropsychidae
Hydropsychidae
Hydroptilidae
Psychomyiidae

Genus

Species

OTUName
Nemata
Other_Oligochaeta
Lepidoptera
Dubiraphia
Optioservus
Simuliidae
Atherix
Chironominae
Orthocladiinae
Chelifera_Metachela_Neoplasta
Hexatoma
Acentrella
Baetis
Rhithrogena
Claassenia
Hesperoperla
Brachycentrus
Culoptila/Protoptila
Glossosoma
Arctopsyche
Hydropsyche
Hydroptila
Psychomyia

151051

151052

Huck
HUCK
Rio Chama
Rio Arriba
NM
36.41045921
-106.6984864
11/7/2013
Targeted Riffle
Surber net
NULL
NULL
0.74322
100
100
423

Chiq
CHIQ
Rio Chama
Rio Arriba
NM
36.53794698
-106.7358991
10/24/2013
Targeted Riffle
Surber net
NULL
NULL
0.74322
100
21.87
619

0
5
0
0
129
9
3
15
24
0
1
0
1
1
4
9
82
3
11
0
222
8
4

0
12
192
0
315
425
37
166
794
0
0
0
31
0
15
6
0
0
0
6
1332
62
0

151053

151054

CHAVEZ
BIGBEND
CHAVEZ
BIGBEND
Rio Chama - Chavez
Rio Chama - Big Bend
Rio Arriba
Rio Arriba
NM
NM
36.36604356
36.31839417
-106.6827635
-106.6101372
10/29/2013
10/30/2013
Targeted Riffle
Targeted Riffle
Surber net
Surber net
heavily trampled area, sheavily trampled area, signs of cattle
NULL
NULL
0.74322
0.74322
100
100
100
100
100
615
1
1
0
0
4
0
0
0
8
0
0
0
3
0
1
0
91
0
1
0
23
0
0

0
4
0
1
39
27
27
124
359
3
5
1
17
3
3
16
17
0
7
0
124
12
0
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Excel Worksheet Name

Metrics

Worksheet Description
Common metrics used to assess freshwater biological integrity, as well as basic field and lab processing information. Note that values for richness based metrics are
standardized to operational taxonomic units (OTUs; sensu Cuffney et al. 2007) and a fixed count (i.e., rarefaction) of 300, but density metrics are based on the raw taxa list.
Standardized metrics are indicated with an asterisk. NAMC OTU standardization uses the method of removing individuals identified to the coarser taxonomic resolution or
merging finer level identifications to coarser levels. We are able to standardize your data to custom OTUs and/or fixed counts if provided, although additional charges may
apply. A more detailed explanation of each metric, as well as references, can be obtained by contacting NAMC and will soon be available on our website.
This report was generated with the following settings - OTUs: Genus (NAMC Level 2); Fixed Count: 300.

Species Matrix (Raw)

Raw taxonomic and abundance data for sampled sites. Abundance data is the estimated number of individuals per square meter for quantitative samples OR the estimated
number of individuals per sample for qualitative samples. Note that the taxonomic data in this worksheethas not been standardized to operational taxonomic units (OTUs),
thus considerable redundancy likely exists in the taxonomic hierarchy.

Species Matrix (Standardized)

Taxonomic and abundance data (Species matrix) for sampled sites that has been standardized to Operational Taxonomic Units (OTUs) but not standardized to fixed count.
Please note that data has not been standardized to a fixed count as in the 'Standardized Metrics worksheet'. Also, abundance data is the estimated number per square meter
for quantitative samples OR is the estimated number per sample for qualitative samples.

Description of the fields contained in the 'Metrics' worksheet. A more detailed explanation of each metric can be obtained by contacting NAMC and will soon be available on our website.

Category
Collection information

Column Name

Predicted response to
increasing perturbation
(Barbour et al. 1999)

Calculation

Standardized
(OTU and Rarefication)

Reference

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

Waterbody

NAMC unique tracking
number
NAMC station tracking id
Station abbreviation
provided by the customer
Specific location name

NA

NA

NA

NA

County

Administrative boundary

NA

NA

NA

NA

State

Administrative boundary

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

SampleID
Station (NAMC)

Station (Customer)

Latitude
Longitude

Y coordinate in decimal
degree units
X coordinate in decimal
degree units

Collection Date

Date of sampling event

NA

NA

NA

NA

Habitat Sampled

Microhabitat or channel
unit(s) where sample(s) was
taken. Values are restricted
to predetermined values as
specified in the PDF
metadata.

NA

NA

NA

NA

Collection Method

Method used to collect
sample. Values are
restricted to predetermined
values as specified in the
PDF metadata.

NA

NA

NA

NA

Field Notes

Field notes provided by
customer

NA

NA

NA

NA

Lab Notes

Laboratory processing
notes, particularly regarding
condition of received
samples and QAQC

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

Area Sampled
Laboratory Processing

Explanation

Field Split

Total area sampled in
square meters
% sample submitted for
processing

Lab Split

Split Count
Fixed count

Big Rare Count

Richness
(metrics summarizing all unique
taxa in a sample)

Richness

Abundance

Shannon's Diversity

Simpson's Diversity

Evenness

# of EPT Taxa

% of sample processed to
obtain 600 random
individuals (if present)
# of organisms randomly
subsampled from [Lab Split]
for identification
# of computationally
resampled organisms
# of "big and rare"
organisms selected NONRANDOMLY for
identification from the
entire submitted sample
# of unique taxa,
standardized to OTU
Estimated # number of
individuals per unit area
(m2) for quantitative
samples OR the estimated
number per sample for
qualitative samples.

Measure of richness and
evenness (based on relative
abundance of each species);
weighted toward rare
species
Measure of richness and
evenness (based on relative
abundance of each species);
weighted toward common
species
Measure of relative
abundance indicative of taxa
dominance
Richness of Ephemeroptera,
Plecoptera, and Trichoptera
taxa

NA

NA

NA

Cuffney et al. (1993),
Moulton et al. (2000),
Vinson and Hawkins (1996)

NA

NA

NA

"

NA

NA

NA

NA

NA

"

Decrease

[Richness]UniqueTaxa

Y

NA

Increase or decrease

(([Split Count]*
(100/[Lab Split]))
+ [Big_Rare Count])
*(100/[Field Split])
*(1/[Area Sampled])

N

NA

Decrease

-∑([Relative Abundance]taxa
*ln([Relative
Abundance]taxa))

Y

Ludwig and Reynolds (1988,
equation 8.9, page 92)

Decrease

1 - [Simpson's Diversity] = 1 ∑([Relative Abundance]taxa)2

Y

Ludwig and Reynolds (1988,
equation 8.6, page 91),
Krebs (1999, equation 12.2712.30)

Decrease

[Shannon's
Diversity]/ln([Richness])

Y

Ludwig and Reynolds (1988,
equation 8.11, page 93)

Decrease

[Richness]E + [Richness]P +
[Richness]T

Y

Barbour et al. (1999),
Karr and Chu (1998)

"

EPT Taxa Abundance
Dominance Metrics
(metrics summarizing all most
abundant taxa in a sample)

Dominant Family
Abundance of Dominant
Family

Dominant Taxa
Abundance of Dominant
Taxa

Tolerance Indices
(indices based on the indicator
Hilsenhoff Biotic Index
species concept in which taxa are
assigned tolerance values)
# of Intolerant Taxa

Abundance of
Ephemeroptera, Plecoptera,
and Trichoptera taxa
Taxonomic family with the
highest abundance
Abundance of dominant
family
Individual taxa with the
highest abundance
Abundance of dominant
taxa

Abundance-weighted
average of family-level
pollution tolerances

# of taxa with an HBI score
<= 2
Abundance of taxa with an
Intolerant Taxa abundance
HBI score <= 2
# of taxa with an HBI
# of Tolerant Taxa
score>=8
Abundance of taxa with an
Tolerant Taxa abundance
HBI score >=8
Dominance weighted
USFS Community Tolerance
community tolerance
Quotient (d)
quotient
Functional Feeding Groups
# of taxa utilizing living or
(classification of organisms based # of shredder taxa
decomposing vascular plant
on morphological or behavioral
tissue and CPOM
adaptations for where and how
Abundance of taxa utilizing
food is acquired)
Shredder Abundance
vascular plant tissue and
CPOM
# of taxa utilizing
# of scraper taxa
periphyton, particularly
algae and diatoms
Abundance of taxa utilizing
Scraper abundance
periphyton, particularly
algae and diatoms
# of taxa utilizing FPOM in
# of collector-filterer taxa
the water column
Abundance of taxa utilizing
Collector-filterer abundance
FPOM in the water column

Decrease

[Abundance]E +
[Abundance]P +
[Abundance]T

N

"

NA

NA

N

NA

Increase

[Abundance]dominant family

N

NA

NA

NA

N

NA

Increase

[Abundance]dominant taxa

N

NA

Increase

∑([Abundance]taxa
*[Tolerance]taxa)
/[Abundance]Total

Y

Hilsenhoff (1987, 1988)

Decrease

[Richness]intolerant

Y

"

Decrease

[Abundance]intolerant

N

"

Increase

[Richness]tolerant

Y

"

Increase

[Abundance]tolerant

N

"

Decrease

∑([Tolerance Quotient] *
log([Abundance]taxa))
/∑ log([Abundance]taxa)

Y

Winget and Mangum (1979)

Decrease

[Richness]shredder

Y

Merritt et. al (2008)

Decrease

[Abundance]shredder

N

"

Decrease

[Richness]scraper

Y

"

Decrease

[Abundance]scraper

N

"

Variable

[Richness]collector-filterer

Y

"

Variable

[Abundance]collector-filterer

N

"

# of collector-gatherer taxa

# of taxa utilizing FPOM
from benthic deposits

Variable

[Richness]collector-gatherer

Y

"

Collector-gatherer
abundance

Abundance of taxa utilizing
FPOM from benthic deposits

Variable

[Abundance]collector-gatherer

N

"

Decrease

[Richness]predator

Y

"

Decrease

[Abundance]predator

N

"

Decrease

[Richness]clinger

Y

Karr and Chu (1998), Merritt
et al. (2008)

Decrease

[Richness]long-lived

Y

"

# of Ephemeroptera taxa

Decrease

[Richness]Ephemeroptera

Y

NA

Ephemeroptera abundance

Decrease

[Abundance]Ephemeroptera

N

NA

# of Plecoptera taxa
Plecoptera abundance
# of Trichoptera taxa
Trichoptera abundance
# of Coleoptera taxa
Coleoptera abundance
# of Elmidae taxa
Elmidae abundance
# of Megaloptera taxa
Megaloptera abundance
# of Diptera taxa
Diptera abundance
# of Chironomidae taxa
Chironomidae abundance
# of Crustacea taxa
Crustacea abundance
# of Oligochaete taxa
Oligochaete abundance
# of Mollusca taxa
Mollusca abundance
# of Insect taxa
Insect abundance
# of non-insect taxa
Non-insect abundance

Decrease
Decrease
Decrease
Decrease
Variable
Variable
Decrease
Decrease
Variable
Variable
Variable
Variable
Increase
Increase
Variable
Variable
Increase
Increase
Variable
Variable
Decrease
Decrease
Increase
Increase

[Richness]Plecoptera
[Abundance]Plecoptera
[Richness]Trichoptera
[Abundance]Trichoptera
[Richness]Coleoptera
[Abundance]Coleoptera
[Richness]Elmidae
[Abundance]Elmidae
[Richness]Megaloptera
[Abundance]Megaloptera
[Richness]Diptera
[Abundance]Diptera
[Richness]Chironomidae
[Abundance]Chironomidae
[Richness]Crustacea
[Abundance]Crustacea
[Richness]Oligochaeta
[Abundance]Oligochaeta
[Richness]Mollusca
[Abundance]Mollusca
[Richness]Insect
[Abundance]Insect
[Richness]Non-insect
[Abundance]Non-insect

Y
N
Y
N
Y
N
Y
N
Y
N
Y
N
Y
N
Y
N
Y
N
Y
N
Y
N
Y
N

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

# of predator taxa
Predator abundance
Functional Traits
(metrics based on morphological # of clinger taxa
and life history traits)
"# of" Long-lived Taxa
Compositional Metrics
(richness and abundance of
various taxonomic groups)

# of taxa utilizing living
animal tissue
Abundance of taxa utilizing
living animal tissue
# of taxa with fixed retreats
or other strategies for
clinging to rocks
# of taxa with 2 to 3 year life
cycles

SampleID
Station (NAMC)
Station (Customer)
Waterbody
County
State
Latitude
Longitude
Collection Date
Habitat Sampled
Collection Method
Field Notes
Lab Notes
Area sampled (m^2)
Field Split
Lab Split
Split Count
Code
19
12
58
2115
2127
59
67
76
1291
1292
1992
1641
2703
4321
745
1315
99
105
726
1335
906
2185
1538
730
108
119
115
117
1767

Phylum
Class
Order
Family
SubFamily Genus
Species
Annelida Clitellata
Annelida Clitellata ArhynchobdErpobdellidae
ArthropodaArachnida Trombidiformes
ArthropodaArachnida TrombidiforArrenuridae
Arrenurus
ArthropodaArachnida TrombidiforHydrachnidae
Hydrachna
ArthropodaArachnida TrombidiforHygrobatidae
ArthropodaArachnida TrombidiforSperchonidae
Sperchon
ArthropodaBranchiopo Anostraca
ArthropodaBranchiopo Anostraca Branchinectidae
ArthropodaBranchiopo Anostraca Branchinectidae
Branchinecta
ArthropodaBranchiopo Anostraca Streptocephalidae
Streptocephalus
ArthropodaBranchiopo Anostraca Streptocephalidae
Streptocephtexanus
ArthropodaBranchiopo Anostraca Thamnocephalidae
Thamnocepplatyurus
ArthropodaBranchiopo Conchostraca
ArthropodaBranchiopo Diplostraca Daphniidae
Daphnia
ArthropodaBranchiopo Notostraca Triopsidae
Triops
longicaudatus
ArthropodaInsecta
ArthropodaInsecta
Coleoptera Dytiscidae
ArthropodaInsecta
Coleoptera Dytiscidae
Dytiscus
ArthropodaInsecta
Coleoptera Dytiscidae
Eretes
stricticus
ArthropodaInsecta
Coleoptera Dytiscidae
Graphoderus
ArthropodaInsecta
Coleoptera Dytiscidae
Sanfilippodytes
ArthropodaInsecta
Coleoptera Dytiscidae
Stictotarsus
ArthropodaInsecta
Coleoptera Dytiscidae
Uvarus
ArthropodaInsecta
Coleoptera Dytiscidae Agabinae Agabus
ArthropodaInsecta
Coleoptera Dytiscidae Colymbetin Rhantus
ArthropodaInsecta
Coleoptera Dytiscidae Hydroporin Hygrotus
ArthropodaInsecta
Coleoptera Dytiscidae Laccophilin Laccophilus
ArthropodaInsecta
Coleoptera Dytiscidae Laccophilin Laccophilusmaculosus

157316

1
100
25
660

157317
CHAVEZ
Chavez15
Rio Chama - Chavez
Rio Arriba
NM
36.36604356
-106.6827635
10/20/2015
Targeted Riffle
Surber net
NULL
NULL
1
100
100
550

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Chiq
Chaquito15
Rio Chama
Rio Arriba
NM
36.53794698
-106.7358991
10/28/2015
Targeted Riffle
Surber net
NULL
NULL

157318

1
100
100
340

157319
BIGBEND
BigBend15
Rio Chama - Big Bend
Rio Arriba
NM
36.31839417
-106.6101372
10/19/2015
Targeted Riffle
Surber net
NULL
NULL
1
100
50
708

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
4
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Huck
Huckbay15
Rio Chama
Rio Arriba
NM
36.41045921
-106.6984864
10/26/2015
Targeted Riffle
Surber net
NULL
NULL

121
135
1076
160
153
163
155
158
166
173
2195
179
908
772
180
182
184
187
189
199
2253
207
221
223
227
234
248
249
907
250
251
834
262
271
276
281
285
307
314
317
318
321
322
323
335
336
337

ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta

Coleoptera Elmidae
Coleoptera Elmidae
Optioservus
Coleoptera Elmidae
Optioservusquadrimaculatus
Coleoptera Helophoridae
Helophorus
Coleoptera Hydrophilidae
Coleoptera Hydrophilidae
Hydrophilus
Coleoptera HydrophilidHydrophilinBerosus
Coleoptera HydrophilidHydrophilinEnochrus
Coleoptera HydrophilidHydrophilinTropisternus
Diptera
Diptera
Athericidae
Atherix
pachypus
Diptera
Ceratopogonidae
Diptera
CeratopogoCeratopogoProbezzia
Diptera
Chaoborida Chaoborina Chaoborus
Diptera
Chironomidae
Diptera
ChironomidChironominae
Diptera
ChironomidOrthocladiinae
Diptera
ChironomidTanypodinae
Diptera
Culicidae
Diptera
Dolichopodidae
Diptera
Empididae
Neoplasta
Diptera
Ephydridae
Diptera
Simuliidae
Diptera
Simuliidae Simuliinae Simulium
Diptera
Syrphidae
Diptera
Tipulidae
Ephemeroptera
EphemeropBaetidae
EphemeropBaetidae
Acentrella
EphemeropBaetidae
Baetis
EphemeropBaetidae
Callibaetis
EphemeropBaetidae
Diphetor hageni
EphemeropEphemerellidae
EphemeropEphemerellidae
Serratella
EphemeropHeptageniidae
EphemeropHeptageniidae
Heptagenia
EphemeropHeptageniidae
Rhithrogena
EphemeropLeptohyphidae
Tricorythodes
Hemiptera Corixidae
Hemiptera Corixidae Corixinae Cenocorixa
Hemiptera Corixidae Corixinae Corisella
Hemiptera Corixidae Corixinae Hesperocorixa
Hemiptera Corixidae Corixinae Sigara
Hemiptera Corixidae Corixinae Trichocorixa
Hemiptera Notonectidae
Hemiptera Notonectidae
Buenoa
Hemiptera Notonectid Notonectin Notonecta

52
121
24
0
0
0
0
0
0
0
66
4
0
0
4
8
253
4
0
0
0
0
728
148
0
0
0
0
0
192
0
0
0
4
28
0
0
4
0
0
0
0
0
0
0
0
0

0
7
2
0
0
0
0
0
0
0
0
0
0
0
4
10
91
0
0
0
1
0
0
165
0
0
0
0
93
72
0
0
1
0
6
1
0
3
0
0
0
0
0
0
0
0
0

0
5
1
0
0
0
0
0
0
0
2
0
0
0
0
25
53
0
0
0
0
0
0
20
0
0
0
0
7
14
0
0
3
0
7
0
2
3
0
0
0
0
0
0
0
0
0

0
20
2
0
0
0
0
0
0
0
2
0
6
0
28
44
581
0
0
0
2
0
2
192
0
0
0
0
111
15
0
0
0
0
18
0
0
4
0
0
0
0
0
0
0
0
0

343
350
374
377
378
393
396
403
439
798
838
455
460
932
487
491
495
499
509
581
4324
760
78
1928
655
1047

ArthropodaInsecta
Hymenoptera
ArthropodaInsecta
LepidopteraCrambidae NymphulinaPetrophila
ArthropodaInsecta
Odonata Coenagrionidae
ArthropodaInsecta
Odonata Coenagrionidae
Enallagma
ArthropodaInsecta
Odonata Coenagrionidae
Ischnura
ArthropodaInsecta
Odonata Lestidae
ArthropodaInsecta
Odonata Libellulidae
ArthropodaInsecta
Plecoptera
ArthropodaInsecta
Plecoptera Nemouridae
Zapada
ArthropodaInsecta
Plecoptera Perlidae
Claassenia sabulosa
ArthropodaInsecta
Plecoptera Perlidae
Hesperoperpacifica
ArthropodaInsecta
Plecoptera Perlodidae
ArthropodaInsecta
Plecoptera Perlodidae
Isogenoides
ArthropodaInsecta
TrichopteraBrachycentridae
Brachycent occidentalis
ArthropodaInsecta
TrichopteraGlossosomatidae
ArthropodaInsecta
TrichopteraGlossosomaGlossosomaGlossosoma
ArthropodaInsecta
TrichopteraHydropsychidae
ArthropodaInsecta
TrichopteraHydropsychHydropsychHydropsyche
ArthropodaInsecta
TrichopteraHydroptilid Hydroptilin Hydroptila
ArthropodaInsecta
TrichopteraPsychomyii Psychomyii Psychomyia
ArthropodaMaxillopoda
ArthropodaMaxillopod Calanoida
ArthropodaMaxillopod Cyclopoida
ArthropodaOstracoda
PlatyhelminTurbellaria
Rotifera

0
132
0
0
0
0
0
12
0
8
4
4
0
66
0
0
176
586
16
0
0
0
0
0
4
0

0
0
0
0
0
0
0
0
0
5
1
0
2
6
3
2
8
54
12
1
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
1
0
0
42
0
36
7
64
48
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
2
0
5
0
1
12
10
18
41
240
72
14
0
0
0
0
0
0

SampleID
Station (NAMC)
Station (Customer)
Waterbody
County
State
Latitude
Longitude
Collection Date
Habitat Sampled
Collection Method
Field Notes
Lab Notes
Area sampled (m^2)
Field Split
Lab Split
Split Count
OTUCode
513
5
1
7
495
1773
579
782
790
793
338
16
18
646
19
21
23
28
29
30
794
43
1657
59
63
674
69
221
226
235
244
521

Phylum

Class

Order

Family

Genus

Annelida
Annelida Clitellata Arhynchobdellida
Arthropoda
Arthropoda
ArthropodaBranchiopoda
ArthropodaBranchiopo Anostraca
ArthropodaBranchiopo Anostraca
ArthropodaBranchiopo Anostraca
ArthropodaBranchiopo Notostraca Triopsidae
ArthropodaInsecta
ArthropodaInsecta
Coleoptera Dytiscidae
ArthropodaInsecta
Coleoptera Dytiscidae
ArthropodaInsecta
Coleoptera Dytiscidae
ArthropodaInsecta
Coleoptera Dytiscidae
ArthropodaInsecta
Coleoptera Dytiscidae
ArthropodaInsecta
Coleoptera Dytiscidae
ArthropodaInsecta
Coleoptera Dytiscidae
ArthropodaInsecta
Coleoptera Dytiscidae
ArthropodaInsecta
Coleoptera Dytiscidae
ArthropodaInsecta
Coleoptera Dytiscidae
ArthropodaInsecta
Coleoptera Elmidae
ArthropodaInsecta
Coleoptera Helophoridae
ArthropodaInsecta
Coleoptera Hydrophilidae
ArthropodaInsecta
Coleoptera Hydrophilidae
ArthropodaInsecta
Coleoptera Hydrophilidae
ArthropodaInsecta
Coleoptera Hydrophilidae
ArthropodaInsecta
Diptera
ArthropodaInsecta
Diptera
ArthropodaInsecta
Diptera
ArthropodaInsecta
Diptera
ArthropodaInsecta
Diptera

Species

OTUName
Turbellaria
Other_Oligochaeta
Erpobdellidae
Acari
Ostracoda
Conchostraca
Branchinectidae
Streptocephalidae
Thamnocephalidae
Triops
Lepidoptera
Agabus
Dytiscus
Eretes
Graphoderus
Hygrotus
Laccophilus
Rhantus
Sanfilippodytes
Stictotarsus
Uvarus
Optioservus
Helophorus
Berosus
Enochrus
Hydrophilus
Tropisternus
Culicidae
Dolichopodidae
Ephydridae
Simuliidae
Syrphidae

157316
Chiq
Chaquito15
Rio Chama
Rio Arriba
NM

157317
CHAVEZ
Chavez15
Rio Chama - Chavez
Rio Arriba
NM

36.53794698
-106.7358991
10/28/2015
Targeted Riffle
Surber net
NULL
NULL

157318
Huck
Huckbay15
Rio Chama
Rio Arriba
NM

36.36604356
-106.6827635
10/20/2015
Targeted Riffle
Surber net
NULL
NULL

157319
BIGBEND
BigBend15
Rio Chama - Big Bend
Rio Arriba
NM

36.41045921
-106.6984864
10/26/2015
Targeted Riffle
Surber net
NULL
NULL

36.31839417
-106.6101372
10/19/2015
Targeted Riffle
Surber net
NULL
NULL

1
100
25
660

1
100
100
550

1
100
100
340

1
100
50
708

4.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
132.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
121.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
728.00000000
0.00000000

0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
7.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
165.00000000
0.00000000

0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
5.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
20.00000000
0.00000000

0.00000000
0.00000000
0.00000000
4.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
20.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
192.00000000
0.00000000

78
80
82
84
86
89
227
268
271
273
277
298
304
308
316
330
335
356
350
367
373
375
378
398
404
409
414
454

ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta
ArthropodaInsecta

Diptera
Athericidae
Diptera
Ceratopogonidae
Diptera
Chaoboridae
Diptera
Chironomidae
Diptera
Chironomidae
Diptera
Chironomidae
Diptera
Empididae
EphemeropBaetidae
EphemeropBaetidae
EphemeropBaetidae
EphemeropBaetidae
EphemeropEphemerellidae
EphemeropHeptageniidae
EphemeropHeptageniidae
EphemeropLeptohyphidae
Hemiptera
Hemiptera
Odonata
Odonata Coenagrionidae
Plecoptera Nemouridae
Plecoptera Perlidae
Plecoptera Perlidae
Plecoptera Perlodidae
TrichopteraBrachycentridae
TrichopteraGlossosomatidae
TrichopteraHydropsychidae
TrichopteraHydroptilidae
TrichopteraPsychomyiidae

Atherix
Ceratopogoninae
Chaoborus
Chironominae
Orthocladiinae
Tanypodinae
Chelifera_Metachela_Neoplasta
Acentrella
Baetis
Callibaetis
Diphetor
Serratella
Heptagenia
Rhithrogena
Tricorythodes
Corixidae
Notonectidae
Libellulidae
Other_Coenagrionidae
Zapada
Claassenia
Hesperoperla
Isogenoides
Brachycentrus
Glossosoma
Hydropsyche
Hydroptila
Psychomyia

66.00000000
0.00000000
0.00000000
8.00000000
253.00000000
4.00000000
0.00000000
0.00000000
192.00000000
0.00000000
0.00000000
4.00000000
0.00000000
0.00000000
4.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
8.00000000
4.00000000
0.00000000
66.00000000
0.00000000
586.00000000
16.00000000
0.00000000

0.00000000
0.00000000
0.00000000
10.00000000
91.00000000
0.00000000
1.00000000
93.00000000
72.00000000
0.00000000
0.00000000
0.00000000
1.00000000
0.00000000
3.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
5.00000000
1.00000000
2.00000000
6.00000000
2.00000000
54.00000000
12.00000000
1.00000000

2.00000000
0.00000000
0.00000000
25.00000000
53.00000000
0.00000000
0.00000000
7.00000000
14.00000000
0.00000000
0.00000000
0.00000000
0.00000000
2.00000000
3.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
1.00000000
0.00000000
42.00000000
36.00000000
64.00000000
48.00000000
0.00000000

2.00000000
6.00000000
0.00000000
44.00000000
581.00000000
0.00000000
2.00000000
111.00000000
15.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
4.00000000
0.00000000
0.00000000
0.00000000
0.00000000
2.00000000
0.00000000
5.00000000
1.00000000
12.00000000
18.00000000
240.00000000
72.00000000
14.00000000

