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Introduction 
 
Water availability in the southwestern U.S. has long been variable, with intermittent periods of 

severe and sustained drought, as well as recurring flash floods (Woodhouse et al. 2010). 

Seasonal snowmelt runoff and monsoonal rainstorms produce the vast majority of surface water 

in this region. From late June to early-July through the end of September, the North American 

monsoon generates substantial precipitation across northern Mexico and the southwestern U.S. 

(Adams & Comrie 1997). The magnitude and intensity of the precipitation brought by the 

monsoon season is variable from year to year. Unpredictable shifting between intense droughts 

and flash floods in the southwest meant controlling surface water resources with large dams and 

reservoirs for both storage and flood control became essential (Billington et al. 2005). Through 

the utilization of dam and reservoir infrastructure, water managers have been able to store water 

during high-flow periods (i.e., spring run-off and monsoonal precipitation events) and release 

water when surface water availability was insufficient (i.e., sustained droughts). The ability to 

manage stream flow enabled the southwestern to expand economically through both agriculture 

and municipal development, but not without costs (Davies 2001).  

 

Dams modify the quantity and quality of river water, often resulting in detrimental physical, 

chemical and biological effects downstream. Altering the quantity of water occurs by altering the 

timing, magnitude, frequency, duration, and rate of change of stream flow (Poff et al. 1997). The 

physical changes that result from adjusting the quantity of water include transformed channel 

geomorphology, a diminished wetted perimeter available as aquatic habitat, and alterations in 

bank stability (Williams & Wolman 1984, Poff & Zimmerman 2010, Acreman et al. 2014). 

Because reservoirs trap sediment and associated nutrients, there will be a reduction in 
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downstream nutrient and sediment loads (Langman & Anderholm 2004). Thermal stratification 

in reservoirs can also alter downstream temperatures, an important physiological component of 

many organisms (Olden & Naiman 2010). Because of physiological requirements, physical and 

chemical changes in an aquatic ecosystem often influence the species composition of primary 

producers, aquatic invertebrates, and fish (Bunn & Arthington 2002, Poff &nd Zimmerman 

2010, Hastings 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).  

 

Degradation of riverine ecosystems below dams has prompted water managers to consider 

improving flow management to generate greater benefits for aquatic ecosystems and mitigate 

impairment, while still supplying water for societal needs. Aspects of river flows (i.e., the 

quantity, quality, and timing) that are required to sustain aquatic ecosystems, while also 

supporting human cultures, economies, and health, are referred to as “environmental flows” or 

“eflows” (Brisbane declaration 2018). A river’s natural flow paradigm (i.e., historical, pre-

infrastructure) is ideal for preserving the structure and function of an aquatic ecosystem (i.e., 

ecological integrity; Poff et al. 1997, Acreman et al. 2014). Because dams in the southwestern 

U.S. are essential for both storing water to supplement meager water years and mitigating flood 

risks, restoring flows to historical or natural conditions is often implausible. Unable to return to 

the natural flow regime, water and land managers can set eflow targets built around particular 

ecological goals (Acreman et al 2014). For example, water managers may be more interested in 

seasonal floodplain inundation for riparian plant recruitment, or conversely, sediment flushing to 

redistribute sandbars and remove fine sediment from coarse substrate to provide more suitable 

habitat for invertebrates and fish.   
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Developing eflow recommendations that try to better support aquatic ecosystems, but also 

continue to meet delivery obligations for water users, is an iterative process that requires the 

best-available scientific information (Richter et al. 2006). Without having base line ecological 

information, like the biological integrity of a modified river, creating ecological objectives and 

measuring the success of eflows will prove challenging for water managers. Biological integrity 

refers to biological systems where the natural structure and function of the community resembles 

original, unimpaired conditions (Karr 1996); therefore, it is often used as an index to measure the 

magnitude of human-derived impairment. In streams, numerous components comprise biological 

integrity including nutrients, algae, aquatic plants, invertebrates, fish, amphibians, and riparian 

plants and animals. When developing base line conditions for biological integrity in a river 

system, a holistic physical, chemical, and biological approach is ideal; however, this 

comprehensive approach requires an immense and costly sampling effort.  

 

Benthic macroinvertebrates are commonly used as indicators of biological integrity because 

macroinvertebrates are ubiquitous across stream types, relatively sedentary, and easy to view 

with the naked eye (Voshell 2002, Rosenberg et al. 2008). Macroinvertebrate communities will 

vary in composition and diversity as their aquatic habitat changes in physical (i.e., streamflow 

and geomorphology) and chemical characteristics; consequently, macroinvertebrate taxa have 

biological traits adapted to different environmental conditions (Jacobi et al. 2006). Various 

species within a community will have different physical and chemical requirements for feeding 

and habitat; consequently, the composition and distribution of the community determined by 

physical and chemical tolerances of individual species (Cummins et al. 2008). Some species are 

sensitive to small physical and chemical changes (e.g., intolerant species) and others can 
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withstand wide ranges of physical and chemical conditions (e.g., tolerant species). Therefore, 

sampling the macroinvertebrate community will serve as an index of the biological integrity of a 

stream that is a result of the physical and chemical environment occurring at that time (Jacobi et 

al. 2006). Collecting benthic macroinvertebrate data below dams (prior to eflows) represents a 

baseline condition, which can assist water managers in assessing the impacts to invertebrate 

communities of prescribed eflows. 

 

Case Study: The Rio Chama 

The Rio Chama (Chama) in northern New Mexico (Figure 1) has a 50km section of river 

dammed by two reservoirs (El Vado and Abiquiu). Because of the dams and reservoirs, 

streamflow in this reach is highly managed and divergent from historical (i.e. pre-infrastructure) 

conditions (Figure 2). Seasonal streamflow regimes are largely determined by the needs and 

rights of downstream users, as well as compact and treaty obligations (Langman & Anderholm 

2004). Within the past few years, there has been a growing interest by a wide range of 

stakeholders in optimizing flows for both the ecosystem and societal needs (i.e., establishing 

eflows; Benson et al. 2013). There have been several research projects to gather baseline 

physical and biological data; however, a comprehensive analysis of macroinvertebrates and the 

associated chemical and physical environment would aid the ongoing flow optimization program 

to design and measure the success of eflows on the Chama.  

 
Background 
 
Rio Chama 
 
The Rio Chama is an important water resource for municipalities and agriculture throughout 

New Mexico. The headwaters of the Chama are located in the San Juan Mountains of southern 



 

5 
 

Colorado. The Chama flows for approximately 290 km into New Mexico until converging with 

the Rio Grande, making the Chama the largest tributary of the Rio Grande with a catchment area 

of 8,300km2 (Swanson and Meyer 2014). The drainage region is semiarid to arid, with the 

majority of precipitation coming from snowmelt and high intensity, monsoonal thunderstorms. 

From year-to-year, the magnitude of snowmelt and monsoonal precipitation is highly variable 

and can result in a “boom or bust” in availability of surface water, as well as intense flash floods 

associated with “booms.”  

 

The unpredictability of droughts and flooding served as an impetus for constructing dams and 

reservoirs on the Chama. In 1935, the Middle Rio Grande Conservancy District (MRGCD) 

constructed El Vado Dam and Reservoir (El Vado) to store surface water for irrigation (Langman 

& Anderholm 2004). Abiquiu Dam and Reservoir (Abiquiu), in contrast, was built by the U.S. 

Army Corps of Engineers (USACE) for flood and sediment control and was authorized by the 

1950 Flood Control Act (PL 81-516). As storage capacity increased, legislation was amended to 

allow municipal and agricultural water to be stored in Abiquiu (Kelley 2011). The focus of this 

project is the 50km stretch of river between El Vado and Abiquiu, which was designated as a 

Wild and Scenic River in 1988 (PL 100-633). Although this reach of the Chama is qualified as 

having outstanding natural, cultural, and recreational values, stream flow is highly modified from 

historical conditions. 

 

Although management operations of El Vado and Abiquiu reduce streamflow, this section of the 

Chama actually has more water overall compared to historical conditions. In 1962, Congress 

approved the San Juan-Chama Project (SJCP), which authorized the conveyance of 96,200 acre-
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feet (~119 million m3) of water from the Colorado River Basin to the Rio Grande Basin by way 

of the Rio Chama (PL 87-483). To store and control the influx of water in the system, the 

construction of the SJCP also included installation of an additional reservoir: Heron Lake 

(Heron). Heron is positioned on a tributary of the Chama, Willow Creek (Figure 1), where only 

SJCP water can be stored and native water is released (Kelley 2011). The first diversion of SJCP 

occurred in 1971, further altering historical flow conditions (Flannigan & Haas 2008). 

 

Additional SJCP water increases annual streamflow in the Chama; however, storage and release 

operations altered the timing, magnitude, and rate of change of the spring flood pulse. Water 

managers curtail spring flows below El Vado Dam to store water in El Vado Reservoir; 

consequently, there is more water in this section of Chama overall, but less water during spring 

runoff. Reductions in spring runoff peaks has resulted in channel deepening and narrowing, 

sediment aggregation, and island stabilization (Swanson 2012, Swanson &Meyer 2014). In 2009, 

elevated spring temperatures combined with precipitation resulted in rapid snowmelt, which 

quickly filled El Vado Reservoir necessitating an emergency release (USBR 2009). The Bureau 

of Reclamation (Reclamation) released 6,000 cfs (170m3s-1), which was more than four times the 

average managed release during spring runoff, which had not occurred since 1941 (USBR 2009). 

The emergency release resulted in positive geomorphic change in the river channel, such as fine 

sediment mobilization from both the substrate and solidified islands.   

 

The geomorphic change that resulted from the emergency release encouraged stakeholders to 

come together and discuss the possibility of implementing eflows (Benson et al. 2013). In 2013, 

a collaborative flow release workshop was held with a diverse group of scientists to develop 
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targets for eflows, including sediment management (Morrison and Stone 2015). The group 

developed a range of flow objectives for different year intervals (Table 1). By the following 

year, an experimental pulse flow of 2,050 cfs (58 m3s-1) was released over period of 24 hours 

before being decreased to 1,300 cfs (37 m3s-1) for an additional 24 hours and then back to a 

baseflow of 280 cfs (8 m3s-1) (Gregory et al. 2018). Substrate samples collected from three 

adjacent locations  prior to the experimental flow pulse had a mean percent of fine sediment at 

53 percent Post experimental release, the mean percent of fine sediment at those sites was 

reduced to 21 percent (Gregory et al. 2018). The results affirmed to interested stakeholders that a 

spring pulse of approximately 2,000 cfs (56 m3s-1) was sufficient to mobilize sediment; although, 

managers were unsure of the biological response to sediment mobilization.  

 
 
Macroinvertebrates 
 
Benthic macroinvertebrates are an important biological component in stream ecosystems. For 

example, macroinvertebrates play an important role in accelerating nutrient transfer and 

generating energy flows within aquatic food webs, and represent the amount of secondary 

production, or the formation of biomass over time (mass area-1 time-1, Covich et al. 1999, Voshell 

2002 Huryn et al. 2008). Accordingly, macroinvertebrates are an important link between primary 

producers and higher trophic levels. Different taxa of macroinvertebrates will have particular 

roles or niches in nutrient cycling and food web dynamics, and multiple taxa can have 

overlapping niches. The physical and chemical conditions in the stream will place a control on 

community structure, and ultimately on the structure and function of the community (Voshell 

2002, Jacobi et al. 2006, Cummins et al. 2008). As a result, studying community composition of 

macroinvertebrates serves as an index of biological integrity. The different indices of a 



 

8 
 

macroinvertebrate’s physical-chemical tolerance are called metrics and include taxonomic 

composition and richness, habitat preference, tolerance, and functional feeding group (Jacobi et 

al. 2006). The purpose of this section is to discuss the various ways macroinvertebrates are 

indicative of the physical-chemical conditions occurring in streams.  

 

The physical conditions in a stream, including substratum type, presence of absence of 

macrophytes, and flow velocity, will define habitat types for macroinvertebrates (Huryn et al. 

2008). Habitat categories were developed around the flow velocity and substratum type required 

for feeding and maintaining position within the stream while exposed to high velocity currents 

(Table 2; Voshell 2002, Jones 2012). Different taxa of macroinvertebrates will have various 

substrate preferences, ranging from boulders to fine silt; however, generally riffles, a lotic-

erosional zone, have the greatest abundance and diversity of invertebrates (Barbour et al. 1999, 

Jones et al. 2012). Because one of the major objective of eflows in the Chama is to stimulate fine 

sediment movement, the proportion of clinger, burrowers, and sprawlers will assist in evaluating 

how fine sediment accumulation is impacting the biological community. High densities of 

clingers and sprawlers within the community likely indicate that fine sediment deposition is 

occurring, and high flow of approximately 2,000cfs is required to mobilize sediment.  

 

Food resources are another key driver of community composition for aquatic macroinvertebrates. 

Important food resources for macroinvertebrates are algae, detritus as both coarse particulate 

organic matter (CPOM) and fine particulate organic matter (FPOM), macrophytes, and other 

aquatic invertebrates (Voshell 2002, Cummins 2018). The type of food resource that a 

macroinvertebrate taxa utilizes will determine the functional feeding group that type of 
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macroinvertebrate is in (Table 3). Examining the relative proportions of each functional feeding 

group within a sample is a useful surrogate for available food resources within a system. If 

nutritional resources or levels shift in a system, so will the representative proportions of 

functional feeding groups. The relative proportions of functional feeding groups prior to 

implementing eflows is useful baseline information because it will give insight as to how eflows 

are impacting the food resources within a managed reach.  

 

Another metric utilized in relating community composition to physical-chemical parameters is 

stress tolerance. In this case, stress is a broader term that is used for any action that brings about 

undesirable changes. (Voshell 2002). Stress can be a result of physical changes (e.g., in 

temperature, light, turbidity, water current, and substrate) or chemical changes (e.g., oxygen, 

acidity, alkalinity, hardness, and anions). Stress tolerance refers to how well a species can 

withstand changes to physical and chemical adjustments in the system, and ranges from stress-

intolerant to stress-tolerant (Voshell 2002, Rosenberg et al. 2008). Stress tolerances of many 

macroinvertebrates have been well documented in the literature (Voshell 2002, Jacobi et al. 

2006, Rosenberg et al. 2008, Sundermann et al. 2013), which will help evaluate what stressors 

are influencing the community. Identifying the dominant stressor will require statistical analysis 

to determine which stressors are statistically significant drivers of the invertebrate communities  

 

Research Objectives  

The objective of this research is to consider the potential effects of variable flow on 

macroinvertebrate communities in the highly managed reach of the Rio Chama, by gathering 

site-specific ecological data to help managers design eflow targets and measure eflow success. 
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This research will involve sampling benthic macroinvertebrates and various physical and 

chemical parameters that may influence the community, and performing a statistical analysis to 

assist in determining which parameters are most important in driving the community, and ideally 

what role the current managed flow regime plays.  

 

Research question: What physical and chemical parameters are driving the macroinvertebrate 

community within the highly managed reach of the Rio Chama, and could that relate to the 

current managed flow regime? 

 

Hypothesis 1: I hypothesize that the macroinvertebrate community composition at each 

site will be mainly driven by the percent of fine sediment accumulation, available food resources, 

and point velocity.  

Hypothesis 2: I hypothesize that there will be more stress-intolerant species closer to El 

Vado, where physical and chemical conditions are more stable, and more facultative to tolerant 

species moving longitudinally downstream as physical and chemical conditions begin to 

fluctuate. 

 
 
 
Methods 
 

Site Descriptions 

We collected macroinvertebrates as well as other biological, physical, and chemical parameters 

along 12 transects, strategically placed along riffles, from June 17 – June 23, 2018. Two of the 

12 transects were located above El Vado and the inflow of SJCP water at Heron, to serve as 
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reference sites. Because streamflow is more representative of historical conditions at these 

“upstream” transects, the physical and chemical parameters will likely vary and will support a 

more robust statistical analysis. There were 10 transects placed within the highly managed reach, 

where the first transect was located approximately 2.5km downstream from the outflow at El 

Vado (Figure 3). The next transects, moving longitudinally downstream, are located above and 

below the Rio Nutria tributary. The Rio Nutrias is a perennial stream that flows westward into 

the Chama, converging at approximately 8km downstream of El Vado. The next transects (6-9) 

are located downstream at various distances from each other to capture a longitudinal profile. 

The next west-flowing tributary is the Rio Cebolla. One transect was placed directly upstream 

(transect 10) and downstream (transect 11) of the Rio Cebolla confluence. The final transect was 

located approximately 41.5km downstream of the outflow at El Vado, completing the 

longitudinal profile. 

 

Physical Parameters 
 
Substrate characteristics included an assessment of both coarse material and deposited fines. The 

coarse materials, in this case cobbles and small boulders, were characterized throughout the 

transect using the “pebble count” method (Wolman 1954). Within each transect, 100 rocks are 

randomly selected and measured along the intermediate axis using a gravelometer. The amount 

of deposited fines at each site was estimated using the Quorer method, where resuspended 

sediment serves as a surrogate to measure deposited fines (Quinn et al. 1997).  In this method, a 

background water sample of 125mL is collected; then, a PVC pipe with a 24 cm diameter and a 

32 cm length is placed firmly into the sediment. Five depth measurements are taken then the 

sediment is disturbed with a stirring rod for one minute. Another 125mL water sample with the 
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resuspended sediment is taken. Five more depth measurements are taken and compared with the 

first five measurements to quantify the depth of sediment disturbed. Once in the lab, background 

and resuspended sediment water samples are dried and weighed to get a mass per area (g m-2) for 

the magnitude of sediment. The amount of resuspended sediment in each sample serves as a 

proxy for deposited fines in the river. Point velocity (m/s) and depth (cm) were measured at each 

site using an Acoustic Doppler Velocimeter (ADV).  

 

Chemical Parameters 
 
Chemical parameters including temperature (°C), pH, dissolved oxygen (mg L-1 and %), salinity 

(ppt), total dissolved solids (TDS in mg L-1), and specific conductivity (μS cm-1), were 

measured using a YSI 556 multimeter. Turbidity (NTU) and anion (mg/L) samples were 

collected at each transect. Turbidity, or the measure of suspended particles, was assessed in the 

field using a LaMotte 2020 EW Turbidity Meter. Water samples were collected for anions, or 

negatively charged ions, then measured in the lab. Anion are important nutrients for primary 

producers; therefore, nutrient concentrations indirectly affect macroinvertebrates (Voshell 2002). 

The anion concentrations (mg/l) evaluated in this study were fluoride (F-), chloride (Cl-), nitrite 

(NO2
-), nitrate (NO3

-), bromide (Br-), phosphate (PO4
3-), and sulfate (SO4

2-). We gathered anion 

samples by collecting a 125mL filtered sample of water at each site, using a glass fiber filter (0.7 

µm pore size) then samples are directly in the cooler. Anion samples will be analyzed at the 

UNM Analytical Chemistry lab through Dionex ion chromatography.  

 
 
Biological Parameters 
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The biological parameters sampled in this project were macroinvertebrates (individuals m-2) and 

chlorophyll a (chl-a, µg/cm2). Macroinvertebrates were sampled using a modified Surber 

sampler. The Surber sampler consists of two 1 ft2 (0.09 m2) collapsible frames; one frame 

delineates the sampling area, while the other supports a 500 µm mesh net that aligns parallel to 

streamflow. To collect macroinvertebrates, the metal frame is placed firmly on the stream bottom 

and each stone within the metal frame is scrubbed thoroughly until visibly free of 

macroinvertebrates. The stones within the sampling area are scrubbed for a total of four minutes 

and the remaining sediment is disturbed for one minute to a depth of 10 cm. Macroinvertebrates 

drift into the net, and the net is carefully inverted and rinsed. Samples were preserved in 10% 

formalin in the field, then rinsed and preserved in 70% ethanol once back in the lab (CCME 

2011). Once in the lab, invertebrate samples are sorted taxonomically and calculated to 

individuals m-2. Using developed life-history literature, the different taxon will be assessed for 

functional feeding group, habitat utilization, and degree of tolerance.  

 

Chlorophyll-a, a photosynthetic pigment, is often used as an index of algal biomass (Bellinger & 

Sigee 2015). We sampled chl-a by scrubbing the top, sun-exposed portion of rocks, a process 

referred to as the “rock-scrape” method (Hambrook Berkman & Canova 2007). We placed 

several rocks from each site in a dishpan, until the pan was half-full, then scrub and rinse the top 

portion of each rock. We collected 25mL of the rinsed liquid into Falcon tubes, then cover the 

samples with foil to prevent light penetration and place the samples directly into a cooler. We 

placed foil over the top of each rock and cut the foil to delineate the area scrubbed to denote the 

surface area sampled on each rock, which is necessary to quantify the weight per area (µg/cm2) 

of chl-a. The absorbance levels of chl-a at 664 nm, 665 nm, and 750 nm was determined using a 
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spectrophotometer. With a known surface area and volume, the absorbance level can be 

converted into a weight per area, indicating the amount of algae biomass at each site. 

 

Experimental Design 

Each transect was set up perpendicular to streamflow along a riffle. There were three sites within 

each transect, where we collected all physical, chemical, and biological parameters listed above. 

Depending on the location of the riffle, we entered from either the right or left side of the stream, 

positioning the first site closest to the bank as to not disturb sites when transporting equipment 

and collecting data. All samples were collected directly downstream of each site to reduce 

disturbance contamination. We collected water quality samples first, because these parameters 

are most sensitive to disturbance (Figure 4). Secondly, we collected the biological parameters 

starting with chl-a, then macroinvertebrates. Once that was complete, point velocity and depth 

measurements were then collected. Substrate samples, including both coarse and fine material, 

were collected last because they involve the greatest level of disturbance.  

 
 
Preliminary Results 
 
Physical Parameters 
 
The physical parameters, including fine substrate, coarse substrate, velocity, and depth, varied 

between transects and sites. The course substrate analysis exhibited no clear patterns between 

transects. The D50, or median particle diameter, ranged from 24.9 cm to 71.3 cm, and the D84 

ranged from 46.3 cm to 128 cm (Table 4). Overall, each site had moderately sized coarse 

substrate. Fine sediment accumulation, conversely, displayed a noticeable pattern with the 

magnitude of fine sediment accumulation lowest at the upstream sites (Figure 5). Fine sediment 
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accumulation below the dam was slightly higher than the upstream transects, and increased 

moving longitudinally downstream. The variability around the mean for sites along a transect, 

also increased moving down stream. The velocity for all sites was relatively low, with all below 

1 ms-1. The highest measured velocity was at 0.673 ms-1, and the lowest was 0.023 ms-1. The 

depth at each site ranged from 9 cm to 30cm; however, depths were limited to 30.2 cm, because 

that is the maximum height of the Surber sampler. If sites were placed where depth was above 

30.2 cm, macroinvertebrates could escape the net.  

 
 
 
 
Chemical Parameters 
 
 
A number of chemical parameters measured on the YSI multimeter varied between upstream 

(sites 1-2; from now on referred to as upstream) and downstream (sites 3-10; from now on 

referred to as downstream) sites, some varied while moving longitudinally downstream, and 

others remained relatively stable. Temperature remained within the range of 14.0-18.25°C, 

which was similar between upstream and downstream sites, and did not vary much moving 

longitudinally downstream (Table 5). There were, however, diurnal difference in temperature 

between morning and afternoon samples that were on approximately 2-4°C different in 

temperature. For pH, there were also diurnal fluctuation between samples collected in the 

morning comparted to those collected in the afternoon (Figure 6). Unlike temperature, there was 

a difference in pH between the upstream and downstream sites. Salinity remained relatively 

stable throughout all 12 sites. Additionally, the level of TDS remained rather stable at each site. 

Specific conductivity was highest at the upstream sties, and lowest just below El Vado. The 
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specific conductivity levels began to elevate as we sampled longitudinally downstream, but 

never reached the same levels as the upstream sites.  

 

As for turbidity and anions, the levels also showed similar patterns where in some cases there 

were differences between upstream and downstream sites, and other times there were not. There 

was a pronounced difference in the magnitude of turbidity between upstream and downstream 

sites (Figure 7), where the turbidity level was much lower in the upstream sites than the 

downstream sites. The levels of nitrate were also lower at the upstream sites, compared to the 

downstream sites (Figure 8). Nitrite, conversely, was only detected at four sites, located in 

transects 2, and 8-10 (Table 6). Bromide and phosphate were not detected along any transects. 

Fluoride and chloride concentrations varied among each transect; although, variations were small 

and were on average very similar. The concentrations of sulfate were the highest out of all anions 

sampled. The concentrations ranged between 15mgL-1 and 28 mgL-1, where the lower 

measurements were observed at the upstream sites.  

 
Biological Parameters 
 
The macroinvertebrates results are incomplete at this point; although, initial trends show that the   

dominant taxa at the upstream sites is Tricoptera (caddisflies), whereas Ephemeroptera are more 

common at the downstream sites. Detrital algae appears to increase the abundance of annelids 

(segmented worms), and increased accumulation increases the abundance of lower-quality taxa, 

such as Chironomidae (midges). The measurements of chl-a appears to be highest above at the 

upstream sites and lowest directly below the El Vado at transect number 3. Chl-a also looks to 

increase at the transects moving longitudinally downstream.  
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Next Steps 
 
Macroinvertebrate samples still require processing at several of the downstream sites. Once these 

samples are processed, I will perform a statistical analysis of macroinvertebrates in accordance to 

all other parameters measured. The statistical analysis will likely involve nonmetric 

multidimensional scaling and a principle component analyses. The results of this analysis will 

help determine the most important factors in determining the macroinvertebrate community at 

each site, which will infer the ecological objectives needed for managers to implement eflows.  

 

Both the native and SJCP water conveyed through the Chama is a critical resource for New 

Mexican residents. The ability to store water in Heron, El Vado, and Abiquiu reservoirs  

provides a reliable water supply for agriculture, and industrial and municipal development, and 

also allow managers to prevent catastrophic flooding. Dams and reservoirs have helped New 

Mexico expand economically, but have changed the physical nature of the Chama itself. Eflows 

could help mitigate impairment caused by water operations in the section of river between El 

Vado and Abiquiu, but there needs to be more comprehensive baseline ecological data to help 

tease out which parameters (i.e., physical and chemical) are influencing the biological 

community, specifically benthic macroinvertebrates. Previous eflow experiments have guided 

stakeholders on the appropriate magnitude of water to release for sediment mobilization, whereas 

this proposed research will help establish a relationship between the aquatic biology and the 

physical and chemical environment. Ecohydrological linkages will help water and land managers 

in their collaborative effort to develop eflow targets, and will serve as a metric to measure the 

ecological success of eflows. Furthermore, the results could also help inform water managers 
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interested in designing eflows for similar, highly managed river systems throughout the 

southwestern US, where surface water resources are extremely limited. 
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Tables 
 
 
Table 1. Results from the 2013 Rio Chama Flow Target Workshop (Morrison & Stone 2015).  
 

Flow target (cfs)  Required time frame for desired result 

6,000           
(170cms) 

Every 10 years to reconnect the main channel to the floodplain and 
promote off-channel habitat.  

4,500           
(127cms) 

Every 3-5 years to encourage riparian vegetation recruitment for 
native species.  

2,500           
(71cms) 

Every two years to provide maximum geomorphic disturbance 
within the channel to flush sediment. 

100                 
(3cms) 

A steady base flow ideal for reducing loss of brown trout spawning 
habitat. 

 
 
Table 2. Invertebrate movement types with associated habitat, modified from Voshell (2002). 

Movement type Desired habitat 

Burrowers Adapted to dig down and reside in soft sediments. Mostly found in 
lotic-depositional habitats.  

Climbers Adapted to live on macrophytes. Found in lentic-littoral and lotic-
depositional habitats.  

Clingers Modified to maintain fixed position on hard substrates in rapid 
currents. Mostly found in lotic-erosional habitats.  
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Crawlers Require habitats firm substrates with shelter from the current. Most 
found in lotic-erosinal habitats.  

Skaters Adapted to remain on the surface of the water. Found in both lotic 
and lentic-depositional habitats 

Sprawlers Modified to live on top of fine sediment. Most often inhabit lentic-
littoral and lotic-depositional habitats.  

Swimmers Adapted to move through the water column. Swimmers occupy both 
lotic and lentic (i.e., pools) habitats.  

 
 
 
Table 3. Macroinvertebrate functional feeding group and corresponding adaptions to acquire 
food resources, modified from Cummings (2018). 
 

Functional 
feeding group Adaptions for acquiring food resources 

Filtering 
collectors 

Filtering fans or setae on front legs or silk nets or strands that trap FPOM 
from the passing water column.  

Gathering 
collectors 

Non-specialized mouth part morphology that facilitates sweeping fine 
FPOM into the mouth.  

Predators 
Crushing, piercing or grasping mouth parts and/or front legs; active, with 
large eyes or ambush predators; with swimming hind legs, crawling legs 
or welts or prolegs.  

Scrapers 
Mandibles with knife-like leading edge in aquatic insects, and file-like 
radula in Mollusca that removes attached algae. In some species, the 
front legs assist in algal removal. 

Shredders 
(detrital) 

Chewing mouthparts, selection for softest portions of vascular plants 
colonized by microbes. 

Shredders 
(herbivore) Chewing mouth parts and crochets that hold plans in place while feeding. 
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Table 4. Results of coarse substrate analysis (D50 and D84), and fine sediment (Inorganic and 
Organic) 
 
 

Transect 
Name 

Transect 
Number Site Name D 50 (cm) D 84 (cm) Inorganic 

(mg) 
Organic 
(mg) 

La Puente Up 
Stream 1 

LAPU_U_RB 

35.6 77.4 
20.552 2.372 

LAPU_U_C 264.801 26.463 
LAPU_U_LB 262.181 26.453 

La Puente Up 
Down Stream 2 

LAPU_D_RB 

71.3 128 
223.964 14.892 

LAPU_D_C 23.237 3.505 
LAPU_D_LB 45.526 4.291 

Cooper's 
Ranch 3 

COOP_RB 

73 120.1 
33.655 1.599 

COOP_C 88.049 3.418 
COOP_LB 498.758 36.573 

Above the 
Nutrias 4 

NUTR_A_RB 

69.7 143.4 
445.084 32.739 

NUTR_A_C 401.341 27.01 
NUTR_A_LB 668.714 36.711 

Below the 
Nutrias 5 

NUTR_B_RB 

62.1 98.3 
962.869 47.228 

NUTR_B_C 658.893 33.246 
NUTR_B_LB 269.987 10.329 

Above 
Archuleta 6 

ARCH_U_RB 

35.3 84 
689.44 33.675 

ARCH_U_C 604.39 33.134 
ARCH_U_LB 2338.61 131.33 

Below 
Archuleta 7 

ARCH_B_RB 

47.8 76.2 
731.721 34.037 

ARCH_B_C 904.148 47.923 
ARCH_B_LB 577.579 32.133 

Above Aragon 8 

ARAG_A_RB 

24.9 46.3 
2089.608 90.984 

ARAG_A_C 1490.77 59.534 
ARAG_A_LB 645.036 27.723 

Dark Canyon 9 

DARK_RB 

44.1 70.8 
940.675 57.661 

DARK_C 130.936 9.006 
DARK_LB 398.965 87.916 

Above Rio 
Cebolla 10 

CEBO_A_RB 

52.8 69.6 
1457.653 67.599 

CEBO_A_C 2325.431 114.258 
CEBO_A_LB 2419.681 286.221 

Below Rio 
Cebolla 11 

CEBO_B_RB 

62.4 98.3 
230.691 8.481 

CEBO_B_C 2488.689 95.254 
CEBO_B_LB 751.086 36.614 
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Benson's Bar 12 

BENS_RB 

34.8 64.2 
7020.637 346.982 

BENS_C 915.371 32.702 
BENS_LB 157.245 3.491 

 
 
Table 5. YSI Multimeter water chemistry results.  
 

Transect 
Name 

Transect 
Number Site Name 

Temp 
(C°) 

DO 
(%) pH Conductivity 

(μ/cmc) 
TDS 
(g/L) Salinity 

La Puente 
Up Stream 1 

LAPU_U_RB 16.06 85.0 8.34 227 0.148 0.11 
LAPU_U_C 16.02 85.9 8.42 228 0.148 0.11 
LAPU_U_LB 16.01 80.7 8.62 227 0.148 0.11 

La Puente 
Up Down 

Stream 
2 

LAPU_D_RB 19.27 98.3 8.69 260 0.169 0.12 
LAPU_D_C 19.14 96.5 8.51 261 0.169 0.12 
LAPU_D_LB 19.18 96.4 8.45 261 0.169 0.12 

Cooper's 
Ranch 3 

COOP_RB 18.84 83.2 8.26 191 0.124 0.09 
COOP_C 14.8 90.2 7.80 190 0.123 0.09 
COOP_LB 14.78 90.0 7.67 191 0.124 0.09 

Above the 
Nutrias 4 

NUTR_A_RB 15.32 88.7 7.95 192 0.126 0.09 
NUTR_A_C 15.3 88.7 8.01 192 0.126 0.09 
NUTR_A_LB 15.27 88.7 8.22 192 0.124 0.09 

Below the 
Nutrias 5 

NUTR_B_RB 17.15 91.6 7.83 195 0.127 0.09 
NUTR_B_C 17.12 91.8 7.74 194 0.126 0.09 
NUTR_B_LB 17.12 92.2 7.72 195 0.127 0.09 

Above 
Archuleta 6 

ARCH_U_RB 14.68 87.7 8.27 202 0.131 0.1 
ARCH_U_C 14.73 88.0 8.19 199 0.13 0.1 
ARCH_U_LB 14.83 89.7 8.14 200 0.129 0.09 

Below 
Archuleta 7 

ARCH_B_RB 17.44 93.2 7.72 200 0.13 0.1 
ARCH_B_C 17.39 92.6 7.70 199 0.13 0.09 
ARCH_B_LB 17.37 91.4 7.80 200 0.13 0.1 

Above 
Aragon 8 

ARAG_A_RB 14.59 84.3 7.90 202 0.131 0.1 
ARAG_A_C 14.55 84.2 7.94 201 0.131 0.1 
ARAG_A_LB 14.5 84.3 8.15 203 0.132 0.1 

Dark 
Canyon 9 

DARK_RB 18.2 90.4 7.72 204 0.133 0.1 
DARK_C 18.22 91.0 7.70 203 0.131 0.1 
DARK_LB 18.26 91.1 7.71 201 0.13 0.1 

Above Rio 
Cebolla 10 

CEBO_A_RB 14.69 83.9 8.44 204 0.133 0.1 
CEBO_A_C 14.72 84.3 8.27 203 0.132 0.1 
CEBO_A_LB 14.76 83.8 8.20 203 0.132 0.1 

Below Rio 
Cebolla 11 

CEBO_B_RB 17.71 87.3 7.72 209 0.136 0.1 
CEBO_B_C 17.67 87.3 7.69 206 0.134 0.1 
CEBO_B_LB 17.61 87.4 7.75 209 0.136 0.1 

12 BENS_RB 14.15 82.3 7.98 209 0.136 0.1 
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Benson's 
Bar 

BENS_C 14.08 82.0 8.05 210 0.136 0.1 
BENS_LB 14.05 82.3 8.18 210 0.136 0.1 

 
 
Table 6. Anion results at each site.  
 

Transect 
Name 

Transec
t 

Number 
Site Name 

Flouride 
(F) mg/L 

Chlorid
e (Cl) 
mg/L 

Nitrit
e 
(NO2
) 
mg/L 

Nitrat
e 
(NO3) 
mg/L 

Bromid
e (Br) 
mg/L 

Phosphat
e (PO4) 
mg/L 

Sulfat
e 
(SO4) 
mg/L 

La 
Puente 

Up 
Stream 

1 

LAPU_U_RB 0.479 1.910 n.a. n.a. n.a. n.a. 13.090 

LAPU_U_C 0.566 2.441 n.a. 0.163
0 n.a. n.a. 20.874 

LAPU_U_LB 0.496 2.205 n.a. n.a. n.a. n.a. 12.709 
La 

Puente 
Up 

Down 
Stream 

2 

LAPU_D_RB 0.523 2.662 n.a. 0.411 n.a. n.a. 20.759 

LAPU_D_C 0.565 3.815 n.a. 0.244 n.a. n.a. 27.106 

LAPU_D_LB 0.561 3.935 n.a. 0.188 n.a. n.a. 27.353 

Cooper's 
Ranch 3 

COOP_RB 0.574 2.751 0.688 0.681 n.a. n.a. 27.075 
COOP_C 0.516 1.437 n.a. 0.318 n.a. n.a. 10.041 

COOP_LB 0.485 1.524 n.a. 0.404 n.a. n.a. 15.109 

Above 
the 

Nutrias 
4 

NUTR_A_RB 0.558 2.243 n.a. 0.716 n.a. n.a. 23.558 
NUTR_A_C 0.550 2.382 n.a. 0.561 n.a. n.a. 27.136 
NUTR_A_LB 0.515 2.026 n.a. 0.345 n.a. n.a. 19.209 

Below 
the 

Nutrias 
5 

NUTR_B_RB 0.545 2.589 n.a. 0.505 n.a. n.a. 28.163 

NUTR_B_C 0.562 2.467 n.a. 0.509 n.a. n.a. 25.626 
NUTR_B_LB 0.535 2.249 n.a. 0.419 n.a. n.a. 22.619 

Above 
Archulet

a 
6 

ARCH_U_R
B 0.492 1.974 n.a. 0.503 n.a. n.a. 24.112 

ARCH_U_C 0.480 1.656 n.a. 0.337 n.a. n.a. 17.567 

ARCH_U_LB 0.607 2.735 n.a. 0.382 n.a. n.a. 29.590 

Below 
Archulet

a 
7 

ARCH_B_RB 0.587 2.568 n.a. 0.550 n.a. n.a. 29.969 
ARCH_B_C 0.549 2.598 n.a. 0.629 n.a. n.a. 29.944 
ARCH_B_LB 0.505 2.069 n.a. 0.337 n.a. n.a. 20.209 

Above 
Aragon 8 

ARAG_A_R
B 0.507 1.871 n.a. 0.327 n.a. n.a. 16.803 

ARAG_A_C 0.568 2.689 n.a. 0.673 n.a. n.a. 31.001 
ARAG_A_L
B 0.569 2.578 0.664 0.540 n.a. n.a. 30.651 

Dark 
Canyon 9 

DARK_RB 0.488 1.850 n.a. 0.235 n.a. n.a. 16.062 
DARK_C 0.491 2.495 0.630 0.437 n.a. n.a. 27.860 
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DARK_LB 0.557 2.611 n.a. 0.414 n.a. n.a. 29.427 

Above 
Rio 

Cebolla 
10 

CEBO_A_RB 0.506 2.026 n.a. 0.585 n.a. n.a. 21.572 

CEBO_A_C 0.514 2.158 0.606 0.702 n.a. n.a. 21.195 

CEBO_A_LB 0.634 2.620 n.a. 0.474 n.a. n.a. 29.368 

Below 
Rio 

Cebolla 
11 

CEBO_B_RB 0.512 2.389 n.a. n.a. n.a. n.a. 24.237 

CEBO_B_C 0.481 1.888 n.a. 0.379 n.a. n.a. 20.163 

CEBO_B_LB 0.475 1.896 n.a. 0.163 n.a. n.a. 18.099 

Benson's 
Bar 12 

BENS_RB 0.478 1.553 n.a. 0.427 n.a. n.a. 13.861 
BENS_C 0.534 2.702 n.a. 0.245 n.a. n.a. 32.883 
BENS_LB 0.502 1.897 n.a. n.a. n.a. n.a. 21.630 

 
 
 
 
 
 
 
 
 
Figures  
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Figure 1. Location map of the Rio Chama with Heron Lake, El Vado Reservoir, and Abiquiu 
Reservoir. The highly managed reach between El Vado Dam and Abiquiu Reservoir, and focus 
of this project, is denoted by the thicker blue line.  
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Figure 3. Location map with black dots indicating position of transects, numbered in the order 
they were visited.  
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Figure 4. Experimental design of transect. Each site is placed along a riffle, perpendicular to 
flow. The different symbols represent the various parameters collected and corresponding 
location.  
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Figure 5. Fine sediment accumulation at each site.  
 
 

 
Figure 6. The level of pH by site number.  
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Figure 7. The level of turbidity at each site.  
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Figure 8. The nitrate concentration at each site.  
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