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1 Introduction and background

The National Park Service Inventory and Monitoring Program was designed to determine the cur-
rent status and monitor long-term trends in the condition of park natural resources, providing park
managers with a strong scientific foundation for making decisions and working with other agencies
and the public to protect park ecosystems. The Southern Colorado Plateau Network (SCPN) is moni-

toring aquatic macroinvertebrates as an overall indicator of aquatic ecosystem integrity (Thomas et
al. 2000).

In 2007, SCPN implemented annual monitoring of aquatic macroinvertebrates and physical habitat
at two sites on Capulin Creek in Bandelier National Monument (BAND) (Stumpf and Monroe 2009),
and in 2009, the network implemented monitoring at two sites on the Rito de los Frijoles in BAND
(fig. 1).

Figure 1. Map showing locations of SCPN monitoring sites CAPO1 and CAPO2 in Capulin Creek, and RITO1 and
RITO2 in the Rito de los Frijoles at Bandelier National Monument, New Mexico, in 2010

Introduction and background

1



During 2010 the SCPN water resources field crew collected aquatic macroinvertebrate samples and
physical habitat data from two monitoring sites at Capulin Creek:

Capulin Creek at Base Camp Gauging Station (BANDCAP01), identified in this report as CAP01
(see appendix A for list of locations, codes, and common names of monitoring sites), is located
less than 0.3 km upstream from the backcountry ranger cabin and was selected to be co-located
with a network water quality monitoring site. The site is located at a discontinued U.S. Geological
Survey streamflow gauging station (Capulin Canyon at Ranger Cabin, # 083133655). The channel
substrate at this site is primarily cobble, and the stream flows through an alder (Alnus sp.), box-
elder (Acer negundo) and narrowleaf cottonwood (Populus angustifolia) woodland.

Capulin Creek above Painted Cave (BANDCAP02), identified in this report as CAP02, is located
1.8 km up canyon from the Painted Cave and 2.6 km downstream from base camp. This site was
selected using the Generalized Random-Tessellation Stratified (GRTS) design. The riparian com-
munity includes ponderosa pine (Pinus ponderosa), alder, boxelder, New Mexico olive (Forestiera
pubescens), and has a mostly fine/sand substrate.

The Capulin Creek watershed is a designated wilderness area, managed for recreational use within
park boundaries. The U.S. Forest Service manages land in the upper reaches of the watershed for rec-
reation and timber harvest. In 1996 the Dome Fire burned several thousand acres in Capulin Creek
watershed, and, although terrestrial and aquatic communities appear to have been recovering over
the past 10 years, effects of the fire are still apparent. Large quantities of woody debris have accumu-
lated on the floodplain and in the stream channel, and fine sediments are abundant and mobile in the
system. Roads and timber harvest on the Santa Fe National Forest also have the potential to affect the
stream ecosystem. Aquatic macroinvertebrates were sampled in streams at BAND, before the fire, by
Pippin and Pippin (1981), and post-fire by Vieira et al. (2004).

Native Rio Grande cutthroat trout (Oncorhynchus clarki virginalis) populations were extirpated from
Capulin Creek by flood events following the Dome Fire. The New Mexico Department of Game and
Fish, Bandelier National Monument, and the Santa Fe National Forest have been collaborating to
reintroduce this species to the creek. One hundred Rio Grande cutthroat trout were reintroduced

in March 2006, and land managers have been evaluating whether to reintroduce native Rio Grande
Sucker (Catostomus plebeius) and native Rio Grande Chub (Gila pandora) in Capulin Creek as well
(NPS, S. Fettig, Wildlife Biologist, phone conversation with Stephen Monroe, NPS, Flagstaff, 27 Feb-
ruary 2008).

During 2010, the SCPN water resources field crew also collected aquatic macroinvertebrate samples
and physical habitat data from two monitoring sites at the Rito de los Frijoles:

Rito de los Frijoles near Visitor Center (BANDRITO1) is identified in this report as RIT01 (appen-
dix A lists locations, codes, and common names of sampling sites). The site was co-located with a
SCPN water quality monitoring site and a streamflow gauging station (Los Alamos National Labo-
ratory LANL-E350, USGS # 08313350, Rito de los Frijoles in Bandelier Nat Mon, NM) currently
operated by Los Alamos National Laboratory in cooperation with USGS (fig. 1). Riparian vegeta-
tion at the site is dominated by narrowleaf cottonwood, box elder, and New Mexico olive.

Rito de los Frijoles at Upper Crossing (BANDRITO02), identified in this report as RIT02, is located at
the intersection with Upper Crossing Trail . Vegetation is dominated by a Ponderosa Pine/ Broad-
leaf Mixed Montane Riparian Forest.

The Rito de los Frijoles is a perennial stream flowing eastward from the Sierra de los Valles to the Rio
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Grande. The upper reaches of the watershed is a designated wilderness area, managed for recreation-
al use within park boundaries. The BAND visitor center and numerous archeological sites are located
near the stream in the lower portion of the watershed, resulting in high levels of visitor use. In 1977
the La Mesa Fire burned about 15,000 acres in and near the Rito de los Frijoles watershed. As a result
of this fire, the frequency and magnitude of stormflows, and suspended sediment concentrations,
increased along the Rito de los Frijoles (Veenhuis 2002).

The primary purpose of this report is to (a) document the monitoring activities of the water resourc-
es crew that occurred at streams in Bandelier National Monument 2010, (b) summarize data that
were collected, and (c) where appropriate, place these data in the context of aquatic habitat, biologi-
cal condition, and management actions within the park through time.

2 Methods

2.1 Field methods

In New Mexico, the state has identified the aquatic macroinvertebrate sampling window as August
to mid-November (New Mexico Environment Department, Surface Water Quality Bureau 2007). On
October 24-28, 2010, we collected aquatic macroinvertebrate samples and physical habitat data at
CAP01 and CAPO02 on Capulin Creek, and at RIT01 and RIT02 on the Rito de los Frijoles. Each site
consists of a 150 meter reach, composed of 11 transects, spaced 15 m apart (fig. 2). A brief descrip-
tion of field methods is provided here, and a detailed description of sampling methods can be found
in Brasher et al. (2011).

Two types of aquatic macroinvertebrate samples were collected at each site:

= Replicate quantitative samples were collected from five targeted riffle habitats to provide esti-
mates of abundances of organisms. We used a Slack sampler to collect a timed sample from a
0.25 m? area at each targeted riffle.

= A qualitative sample was collected to develop a comprehensive list of species present in the
reach. A Slack sampler was used to collect samples from all habitat types within the sampling
reach which were then compiled into one composite sample. A list of existing habitat types from
which qualitative samples were collected can be found in section 3.2 of this report.

Figure 2. General aquatic
macroinvertebrate sampling reach layout

Left Bank
Right Bank

-------- Habitat transect
O Reach centerpoint

Distance between transects
= Reach length/10
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We collected physical habitat data at three spatial scales: microhabitat, transect, and reach:

» For each of the quantitative targeted rifle microhabitats, we

- measured velocity

- measured depth

- measured substrate particle size

- measured substrate particle embeddedness
=  For each of the 11 transects, we

- measured wetted and active channel widths

- measured water depth, velocity, and canopy closure at five equally spaced points along each
transect

- observed and recorded the presence or absence, and types of aquatic macroinvertebrate
habitats, represented by point data (5 points/transect) across the entire reach
- measured geomorphic channel units (GCU) at five equally spaced points along each transect

= For the entire reach, we

- identified and measured the length of GCUs (reach characterization data represents the
proportion of the reach characterized by that particular GCU)

- identified the dominant vegetation and land cover

- recorded descriptions of low conditions

- recorded weather conditions

- observed and recorded evidence of anthropogenic or natural disturbances

- measured NPS core water quality parameters of temperature, specific conductivity, pH, dis-
solved oxygen, turbidity, and stream discharge

- conducted a zig-zag pebble count measuring the size of a minimum of 400 randomly-se-
lected particles across the length of the entire reach (this reach based pebble count method
differs from transect based methods conducted in 2007-2008)

2.2 Laboratory methods

Aquatic macroinvertebrate samples were sent to the National Aquatic Monitoring Center’s Bug Lab,
a Bureau of Land Management laboratory at Utah State University in Logan. Samples were sorted
under a dissecting scope at 10x magnification, and a 500-organism, fixed-count method was used for
sub-sampling large samples. Ten percent of the sorted samples were re-sorted for quality assurance.

A taxonomist, certified by the North American Benthological Society, identified all aquatic macroin-
vertebrates to the family or genus level. To ensure data quality, 10 percent of the identified samples
were re-identified by a second certified taxonomist.

Quantitative and qualitative aquatic macroinvertebrate samples will be maintained by the contract
aquatic laboratory for at least five years to allow for repeat subsampling should any data questions
arise. For a more detailed description of laboratory methods see Brasher et al. (2011).

2.3 Data analysis

In this report we summarize aquatic macroinvertebrate data in terms of community structure and
function. Genera were classified into functional feeding guilds using the classifications presented in
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Barbour et al. (1999). If functional class information was not available for a particular genus, we ap-
plied a more generalized, family-level classification.

We selected aquatic macroinvertebrate metrics that are generally considered to be sensitive, reliable
indicators of water quality and/or stream health (see appendix B for a table of metrics and their defi-
nitions). Most of these metrics have been used to detect changes in water quality and habitat condi-
tions in other streams in the Southern Rocky Mountains ecoregion (Griffith et al. 2005). Also, they
enable a comprehensive assessment of multiple aspects of community structure because they repre-
sent a range of ecological characteristics. SCPN will periodically evaluate the interpretive value of the
listed metrics and may drop or add additional metrics based upon these evaluations.

3 Results

3.1 Aquatic macroinvertebrate community data for Capulin Creek

Key metrics are presented in Table 1 (qualitative) and in Tables 2 and 3 (quantitative), describing
aquatic macroinvertebrate communities from samples collected at CAP01 and CAP02 from 2007 to
2010. For all tables and figures listed in this section, results are presented in left to right order cor-
responding to upstream to downstream position along the stream. Figures in this section refer to
quantitative data unless otherwise noted, and error bars represent one standard deviation from the
mean. Appendix C lists all aquatic macroinvertebrate species detected at the site, from both quantita-
tive and qualitative methods.

Abundance. Mean total abundance was highest at CAP01, averaging 757.00 individuals per sample.
Mean total abundance at CAP02 was 559.60 individuals (fig. 3).

Taxa richness. Samples of aquatic macroinvertebrates at CAPO1 averaged 31.60 different taxa (fig.4).
CAPO02 averaged 21.40 taxa. Total taxa richness from qualitative multihabitat samples was slightly
higher at both monitoring sites. Richness was 33 taxa at CAPO1 and 23 taxa at CAP02.

Diversity. We measured both taxonomic and functional diversity using the Simpson’s Diversity In-
dex. Taxonomic diversity was higher than functional diversity at both monitoring sites. Taxonomic
diversity averaged 0.87 and 0.80 per sample at CAP01 and CAP02 respectively (fig. 5a). Functional
diversity averaged 0.73 at CAPO1 and 0.67 at CAP02 in 2010 (fig. 5b). Continued on page 10
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Table 2. Quantitative metrics for aquatic macroinvertebrate samples collected from CAPQ1 at Capulin Creek in
Bandelier National Monument, New Mexico, 2007-2010. For a given order, tolerance or functional feeding group,
abundance-based metrics are expressed as the percentage of individuals in the group, while richness-based metrics
are expressed as the percentage of taxa in the group.

2007 2008 2009 2010
Quantitative metric Mean SD Mean SD Mean SD Mean SD
Total abundance 456.30 27853 545.00 191.79 655.60 137.52 757.00 158.72
Total richness 24.40 826  28.00 5.15 34.20 1.64  31.60 2.70
Simpson's Diversity—taxonomic 0.86 0.03 0.87 0.02 0.87 0.04 0.87 0.03
Simpson's Diversity—functional group 0.67 0.05 0.70 0.01 0.71 0.02 0.73 0.01
Dominant taxa 28.95 8.78 22.58 4.00 25.59 6.21 23.78 4.41
Tolerance group
Relative abundance of tolerant taxa (%) 2.23 3.78 0.47 0.27 2.77 4.01 0.16 0.16
Relative abundance of moderately tolerant taxa (%)  38.11 13.37 25.27 4.07 32.26 6.04 22.68 6.87
Relative abundance of intolerant taxa (%) 59.66 1231 74.26 0.27 64.96 9.75 77.16 6.88
Richness of tolerant taxa (%) 4.61 4.89 7.41 3.96 7.16 3.04 2.66 1.51
Richness of moderately tolerant taxa (%) 30.24 3.08 26.33 5.03 31.14 5.60 37.65 2.10
Richness of intolerant taxa (%) 65.15 5.01 66.26 3.60 61.70 4.90 59.70 2.04
Functional group
Relative abundance of collector-filterers (%) 15.84 3.20 29.64 9.83 13.07 7.92 26.84 9.55
Relative abundance of collector-gatherers (%) 47 .45 8.48 40.86 6.13 36.50 4.84 32.42 5.68
Relative abundance of scrapers (%) 4.64 2.1 10.49 6.38 33.25 8.39 24.74 6.05
Relative abundance of shredders (%) 6.75 1.65 6.18 2.06 5.70 4.47 5.10 1.59
Relative abundance of predators (%) 25.32 6.60 12.84 2.28 11.48 5.16 10.91 1.67
Richness of collector-filterers (%) 14.50 2.97 11.87 3.95 10.10 1.36 10.12 2.44
Richness of collector-gatherers (%) 22.12 6.14 30.49 4.11 29.79 3.36 32.40 3.11
Richness of scrapers (%) 12.88 3.10 14.73 3.19 15.37 3.40 11.30 1.97
Richness of shredders (%) 15.61 2.82 10.46 4.70 11.32 2.48 12.62 4.36
Richness of predators (%) 34.90 3.51 32.43 4.09 33.42 5.27 33.56 4.29
Taxonomic group
Number of EPT taxa 11.40 2.70 12.80 1.92 13.20 0.84 14.20 2.17
Relative abundance of EPT taxa (%) 54.41 12.45 66.28 12.87 40.55 9.04 62.47 6.87
Relative abundance of Ephemeroptera (%) 29.10 10.08 26.11 4.79 15.88 3.25 21.92 461
Relative abundance of Plecoptera (%) 13.80 6.65 12.25 3.24 8.17 2.46 7.37 0.79
Relative abundance of Trichoptera (%) 11.61 3.84 27.91 10.41 16.50 5.79 33.18 8.51
Relative abundance of noninsect taxa (%) 0.69° 1.182 0.68° 0.30° 5.00 3.30 2.10 1.28
Relative abundance of Chironomid Diptera (%) 27.49  12.60 13.33 8.85 15.90 7.79 7.24 1.68
Relative abundance of non-Chironomid Diptera (%) 7.33 6.44 7.16 5.32 7.94 5.02 5.03 3.25
Relative abundance of Coleoptera (%) 452 1.49 8.77 3.23 27.81 7.29 20.26 4.72
Relative abundance of Odonata (%) 5.12 1.21 3.78 1.09 2.80 1.83 2.88 1.65

3Pre-2009 reports labeled the “noninsect” category as “Other”. The “Other” category was less inclusive of species, resulting in a different

richness count.
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Table 3. Quantitative metrics for aquatic macroinvertebrate samples collected from CAPQO2 at Capulin Creek in

Bandelier National Monument, New Mexico, 2007-2010. For a given order, tolerance or functional feeding group,
abundance-based metrics are expressed as the percentage of individuals in the group, while richness-based metrics

are expressed as the percentage of taxa in the group.

2007 2008 2009 2010
Quantitative metric Mean SD Mean SD Mean SD Mean SD
Total abundance 240.40 196.25 229.20 245.08 467.60 110.44 559.60 203.46
Total richness 13.40 7.09 17.40 9.07 17.20 2.68 21.40 3.29
Simpson's Diversity—taxonomic 0.73 0.06 0.80 0.13 0.60 0.06 0.80 0.05
Simpson's Diversity—functional group 0.65 0.05 0.62 0.09 0.57 0.04 0.67 0.07
Dominant taxa 43.57 7.79 37.05 17.50 59.28 6.34 31.92 8.73
Tolerance group
Relative abundance of tolerant taxa (%) 7.02 9.87 6.87 6.99 3.43 0.91 2.11 1.98
Relative abundance of moderately tolerant taxa (%)  38.00 11.60 48.08 22.48 23.24 6.81 50.66 10.69
Relative abundance of intolerant taxa (%) 5498 15.54 6.87 6.99 73.34 6.54  47.23 11.99
Richness of tolerant taxa (%) 10.78 7.25 16.88 7.33 13.21 5.08 7.46 2.76
Richness of moderately tolerant taxa (%) 49.75 17.14 35.25 18.36 46.86 6.32 46.77 4.47
Richness of intolerant taxa (%) 39.48 15.92 47.87 7.33 39.93 5.62 4577 6.58
Functional group
Relative abundance of collector-filterers (%) 4.85 4.71 2.07 3.18 1.68 0.81 4.39 4.34
Relative abundance of collector-gatherers (%) 31.19  11.44 50.76 15.75 23.86 7.72 4419 10.49
Relative abundance of scrapers (%) 2.59 2.95 22.24 13.48 10.47 3.47 28.61 11.82
Relative abundance of shredders (%) 44.69 7.76 6.85 7.44 59.62 6.36 13.28 4.68
Relative abundance of predators (%) 16.68 9.85 18.08 9.11 4.38 0.81 9.54 2.08
Richness of collector-filterers (%) 13.56 10.81 7.06 6.54 9.10 2.01 8.87 2.83
Richness of collector-gatherers (%) 31.22 8.11 30.59 5.45 31.26 7.87 28.26 4.65
Richness of scrapers (%) 6.40 5.95 15.14 6.69 10.84 3.70 7.53 3.65
Richness of shredders (%) 14.04 479 13.06 7.33 16.10 3.09 17.33 3.13
Richness of predators (%) 34.78 10.58 34.15 5.49 32.69 5.30 38.00 476
Taxonomic group
Number of EPT taxa 4.60 3.05 4.80 4.82 5.20 0.84 7.20 1.30
Relative abundance of EPT taxa (%) 52.33 13.17 15.63 13.47 63.12 5.96 16.30 4.41
Relative abundance of Ephemeroptera (%) 1.14 0.92 5.55 5.69 3.15 1.54 1.20 0.74
Relative abundance of Plecoptera (%) 49.07 11.56 9.35 8.70 59.78 6.38 14.50 3.68
Relative abundance of Trichoptera (%) 2.12 4.02 0.73 1.01 0.19 0.23 0.59 0.39
Relative abundance of noninsect taxa (%) 1.15 1.52 7.592 7.38° 3.25 1.37 5.98 2.83
Relative abundance of Chironomid Diptera (%) 35.73 17.62 41.97 20.50 18.45 6.40 39.05 11.26
Relative abundance of non-Chironomid Diptera (%) 6.55 3.77 9.17 2.46 1.62 0.59 8.50 417
Relative abundance of Coleoptera (%) 4.15 2.96 24.45 13.31 13.48 346  30.16 10.77
Relative abundance of Odonata (%) 0.09 0.12 2.70 3.15 0.08 0.11 0.02 0.06

@Pre-2009 reports labeled the “noninsect” category as “Other”. The “Other” category was less inclusive of species, resulting in a different

richness count.
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Figure 4. Mean taxa richness
in quantitative targeted riffle
samples and total taxa richness
in qualitative multihabitat
samples collected from CAPQ1
and CAPO2 at Capulin Creek in
BAND 2007-2010

Figure 5a. Simpson’s Diversity
Index for taxonomic diversity

in quantitative targeted riffle
samples at Capulin Creek in
BAND, 2007-2010. Values

are expressed as means of all
samples collected from the sites.

Figure 5b. Simpson’s Diversity
Index for functional feeding
groups in quantitative targeted
riffle samples at Capulin Creek
in BAND, 2007-2010. Values
are expressed as means of all
samples collected from the sites.
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Continued from page 5

Anthropogenic stress tolerance. Relative abundance and richness of intolerant taxa dominated
the tolerance classes at CAPO1 (figs. 6a and 6b). We found that 77.16% of all individuals and 59.70%
of all taxa collected at CAPO1 were designated as intolerant to perturbation. Relative abundance

of moderately tolerant individuals averaged 22.68% while taxa richness averaged 37.65%. Tolerant
organisms were the least abundant and species rich at CAPO1. Tolerant individuals made up 0.16%
of the sample, and only 2.66% of the taxa collected. Downstream at CAP02, moderately tolerant
individuals and taxa were the most abundant. Relative abundance of moderately tolerant individu-
als averaged 50.66% of each sample. Intolerant individuals were the next most abundant at 47.23%,
followed by tolerant individuals at 2.11%. Taxa richness at CAP02 followed a similar pattern. Mod-
erately tolerant taxa were the most species rich at 46.77% followed by intolerant taxa at 45.77% and
tolerant taxa at 7.46%.

Figure 6a. Mean relative 100
abundance of aquatic
macroinvertebrate taxa in S a0 d
quantitative targeted riffle =
samples collected from
CAPO1 and CAPO2 at Capulin
Creek in BAND, 2007-2010,
based on their tolerance to
perturbation

60 1

40 4 >

20 1

0 -

2009 2010 2007 2008 2009
01 CAPO02

Monitoring site

Figure 6b. Mean richness of
aquatic macroinvertebrate
taxa in quantitative targeted
riffle samples collected from
CAPO1 and CAPO2 at Capulin
Creek in BAND, 2007-2010,
based on their tolerance to
perturbation

Taxa richness (%)

2007 2008 2009 2010 2007 2008 2009 2010
CAPO1 CAPO02

Monitoring site

EPT taxa. Relative abundance of EPT taxa—those belonging to the orders Ephemeroptera (may-
flies), Plecoptera (stoneflies), and Trichoptera (caddisflies) —averaged 62.47% of the individuals col-
lected at CAPO1 and 16.30% at CAPO2 (fig. 7). Of the 62.47% of EPT taxa found at CAP01, 33.18%
belonged to Trichoptera, 21.92% were Ephemeroptera and 7.37% were Plecoptera. At CAP02 Ple-
coptera dominated, at 14.50% of the sample, followed by Ephemeroptera at 1.20%, and Trichoptera
at 0.59%.
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Aquatic macroinvertebrate orders. Trichoptera was the most abundant order sampled at CAP01
(fig. 8). Ephemeroptera were the second most abundant at 21.92%, followed by Coleoptera (beetles)
at 20.26%. Chironomids (midges) and non-chironomid dipterans (flies) averaged 7.24% and 5.03%
of the sample, respectively. Odonates (damselflies and dragonflies) and noninsect taxa (worms, water
mites, and pea clams) were the least abundant at CAP01, at 2.88% and 2.10%, respectively. At CAP02,
chironomids were the most abundant individuals, at 39.05%. Coleopterans were the second most
abundant at 30.16%, followed by plecopterans at 14.50%, non-chironomid dipterans at 8.49%, and
noninsect taxa at 5.98%. Odonata was the least abundant order at CAP02, making up only 0.02% of
the individuals collected.

Functional feeding groups. Relative abundance of functional feeding groups was dominated by
collector-gatherers at both monitoring sites (fig. 9). Collector-gatherers made up 32.42% of the
indi-viduals collected at CAP01 and 44.19% of the individuals at CAP02. Collector-filterers were the
second most abundant at CAPO1, averaging 26.84%. Scrapers averaged 24.74% at CAP01 followed
by predators at 10.91% and shredders at 5.10%. Scrapers were the second most abundant group at
CAPO02, averaging 28.61% of the individuals collected, followed by shredders at 13.28 %, predators at
9.54%, and collector-filterers at 4.39%.
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Figure 9. Relative abundance 100 -
of functional feeding groups

in quantitative targeted riffle
samples collected from CAPO1
and CAPO2 at Capulin Creek in
BAND, 2007-2010
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3.2 Physical habitat characteristics for Capulin Creek

This section presents data describing physical habitat characteristics collected at CAP01 and CAP02
from 2007-2010. These data are summarized in Tables 4 and 5; additional transect data can be found
in Appendix D.

Microhabitat level. Mean velocity and depth at targeted riffle sampling locations were slightly higher
at CAPO1 than CAPO2 (tables 4, 5). Velocity averaged 0.36 m/s at the upstream site compared to 0.22
m/s at CAP02. Depth averaged 0.08 m at CAPO1 and 0.06 m at CAP02. The largest difference between
riffle habitat at the two sites was in substrate embeddedness. The embeddedness of individual par-
ticles at CAPO1 averaged 39.4% while particles at CAP02 had an average of 21.2%.

Transect level. Stream channel widths were much wider at our downstream site than the upstream
site (tables 4, 5). Active channel widths averaged 12.5 m at CAP02 compared to 10.1 m at CAPO1. The
gap between wetted channel widths was less, with the average wetted channel width at CAP02 equal-
ing 2.1 m and only 1.6 m at CAPO1. Average depths measured along each transect were identical for
both sites, measuring 0.07 m. Stream flow velocities were larger at CAP01 than CAP02. The average
velocity measured along the physical habitat transects were 0.14 m/s at CAP01 and only 0.08 m/s at
CAP02.

Additionally, we measured riparian canopy cover along each transect. Riparian cover was slightly
higher at CAP02, averaging 98.6% cover. Riparian cover at CAP01 averaged 96.3%.

Aquatic macroinvertebrate habitat was more diverse downstream at CAP02. We found six different
habitat types along transects at CAP02 compared to four habitat types at CAPO1 (fig. 10). Rock was
the dominant habitat type at both monitoring sites, averaging 27.8% at CAP01 and 30.6% at CAP02.
Approximately 40% of CAP01 and 33% of CAP02 lacked habitat (Absence) that fit into one of our
habitat types defined as appropriate for aquatic macroinvertebrates.

Reach level. Channel structure dynamics are represented by particle size distributions in Figures 11a
and 11b, based on modified Wolman pebble counts. Particle size distributions were well distributed
across all size classes at both sampling reaches. Cobbles (64-128 mm) and fine particles (<2 mm)
dominated the CAPO1 reach. Cobbles made up 17.5% of the reach while fine particles were found
along 15.8% of the reach. Fine particles (<2 mm) and very coarse gravels (32-64 mm) were the most
abundant size classes at CAP02, making up 22.3% and 13.3% of the reach respectively.
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Table 4. Physical habitat and hydrologic data from CAPO1 at Capulin Creek in Bandelier National Monument, New
Mexico, 2007-2010. Particle embeddedness and canopy closure measurements are expressed as percentages.

Physical habitat metric

Microhabitat level

2007

Mean

SD

2008

Mean

SD

2009

Mean

SD

2010

Mean SD

Riffles
Velocity (m/s)
Depth (m)
Embeddedness (%)

0.23
0.07
14.4

0.10
0.02
5.1

0.35
0.09
30.3

0.20
0.02
12.9

0.33
0.25
26.3

0.17
0.39
6.3

0.36
0.08
394

0.19
0.03
6.5

Transect level

Channel dimensions
Velocity (m/s)
Depth (m)
Wetted channel width (m)

Active channel width (m)

Riparian cover
Canopy closure (%)

0.06

0.07
1.3
2.3

87.4

0.04
0.05
0.4
0.9

21.0

0.14

0.06
1.3
55

91.1

0.06

0.04
0.4
2.3

20.9

0.16

0.07
1.4
9.6

92.0

0.08
0.03
0.3
5.1

0.14

0.07
1.6
10.1

96.3

0.13

0.03
0.4
4.4

7.2

Reach level

Water quality
Temperature (°C)
Specific conductivity (uS/cm)
pH
Dissolved oxygen (% saturation)
Dissolved oxygen (mg/L)
Turbidity (NTU)
Discharge (cfs)

Value
11.5

Value
1.4
151
8.0
96.6
10.5
0.50

Value
9.7
146

Value
8.9
145
7.9

96.7
8.9
1.0
0.4

Results

13



Table 5. Physical habitat and hydrologic data from CAPO2 at Capulin Creek in Bandelier National Monument, New
Mexico, 2007-2010. Particle embeddedness and canopy closure measurements are expressed as percentages.

Physical habitat metric

Microhabitat level

2007

Mean

SD

2008

Mean

SD

2009

Mean

SD

2010

Mean

SD

Riffles
Velocity (m/s)
Depth (m)
Embeddedness (%)

0.19
0.06
9.2

0.23
0.03
6.1

0.21
0.05
29.5

0.14
0.02
10.6

0.01
0.07
29.4

0.12
0.22
11.4

0.22
0.06
21.2

0.09
0.02
8.4

Transect level

Channel dimensions
Velocity (m/s)
Depth (m)
Wetted channel width (m)

Active channel width (m)

Riparian cover
Canopy closure (%)

0.04
0.06
1.2
1.7

70.6

0.03

0.03
0.4
0.4

15.2

0.02
0.07
0.9
4.2

98.0

0.02
0.05
0.4
1.9

7.0

0.29

0.07
3.9
13.6

96.3

0.38

0.04
35
6.8

6.2

0.08

0.07
2.1
125

98.6

0.03

0.03
3.3
6.0

3.6

Reach level

Water quality
Temperature (°C)
Specific conductivity (uS/cm)
pH
Dissolved oxygen (% saturation)
Dissolved oxygen (mg/L)
Turbidity (NTU)
Discharge (cfs)

Value
1.4

Value
11.2
165
7.8
96.4
10.6
1.9

Value
10.6
172
7.8
96.1
8.2
2.6

Value
9.2
157
7.7

95.1
8.7
1.2
0.1
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Figure 10. Aquatic
macroinvertebrate habitat
characterization based upon

line point intercept data along
transects from CAPO1 and CAP02
at Capulin Creek in BAND,
2007-2010

Figure 11a. Particle size
distribution, based on a minimum
of 400 particles, from CAPO1 at
Capulin Creek in BAND, 2007-
2010. EB represents particles that
are completely embedded into the
stream channel, which precludes
size measurements.

Figure 11b. Particle size
distribution, based on a minimum
of 400 particles, from CAP02 at
Capulin Creek in BAND, 2007-
2010. EB represents particles that
are completely embedded into the
stream channel, which precludes
size measurements.
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Cascades and riffles were the dominant geomorphic channel units (GCU) at CAPO1 (fig. 12). Cas-
cades made up 29.9% of the monitoring sites while riffles made up 25.1%. At CAP02, runs and riffles
were the dominant GCU’s, averaging 33.2% and 20.6% of the site respectively.

Figure 12. Geomorphic channel 10 4
unit characterization from CAPO1
and CAPO2 at Capulin Creek in

BAND, 2007-2010 081
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3.3 Hydrologic conditions for Capulin Creek

This was the third consecutive year in which we collected water quality data while sampling aquatic
macroinvertebrates at Capulin Creek. Values presented in Tables 4 and 5 represent recorded mea-
surements at or near midday of the sample date. The midday temperature was 8.9°C at CAP01 and
9.2°C at CAP02. Specific conductivity was higher downstream at CAP02, measuring 157 uS/cm
compared to 145 uS/cm at CAP01. pH measured 7.9 at CAPO1 and 7.7 at CAP02. Dissolved oxygen
at CAPO1 measured 96.7% saturation and 8.9 mg/L. Dissolved oxygen was slightly lower at CAP02,
measuring 95.1% saturation and 8.7 mg/L. Turbidity was 1.0 NTU at CAPO1 and 1.2 NTU at CAP02.
In addition to these water quality parameters, we measured stream discharge along both monitoring
sites. Total discharge at CAP01 was 0.4 cfs, and 0.1 cfs at CAP02.

We recorded air and water temperatures quarter-hourly at Capulin Creek, and daily averages are
presented in Figures 13a and b, and 14a and b, for 2010. The average air and water temperatures at
CAPO1 during 2010 were 9.9°C and 8.9°C, respectively. Air temperature reached a high of 35.1°C
on 17 June, and a low temperature of -16.8°C on 31 December. Water temperatures were milder at

25

Figure 13a. Daily water
temperature statistics from
CAPO1 at Capulin Creek in
BAND, 2010
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CAPO1, reaching a high of 20.3°C on 20 June and low of 0.12°C on 8 January. Average air and water
temperatures at CAP02 in 2010 were 12.1°C and 10.5°C respectively. Air temperatures at CAP02
ranged from a high of 36.1°C on 25 April to a low of -14.0°C on 8 January. The high water tempera-
ture at CAP02 was 26.8°C on 23 June. The low water temperature at CAP02 was 0.12°C on 8 January.

The dataset for CAP02 is incomplete because we were unable to download 2010 data past November.
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Figure 13b. Daily air temperature
statistics from CAPO1 at Capulin
Creek in BAND, 2010

Figure 14a. Daily water
temperature statistics from CAP02
at Capulin Creek in BAND, 2010.
Spike in daily maximum is a result
of the datalogger being removed
from the site.

Figure 14b. Daily air temperature
statistics from CAPO2 at Capulin
Creek in BAND, 2010
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3.4 Aquatic macroinvertebrate community data for the Rito de los Frijoles

Key metrics are presented in Table 6 (qualitative) and in Table 7 (quantitative), describing aquatic
macroinvertebrate communities from samples collected at RIT01 and RIT02 in 2010. For all tables
and figures listed in this section, results are presented in left to right order corresponding to up-
stream to downstream position along the stream. Figures in this section refer to quantitative data
unless otherwise noted, and error bars in figures represent one standard deviation from the mean.

Table 6. Qualitative metrics for aquatic macroinvertebrate samples collected from RITO1 and RITO2 at the
Rito de los Frijoles in Bandelier National Monument, New Mexico, 2009-2010. Richness-based metrics are
expressed as the percentage of taxa in a given order, tolerance or functional feeding group.

RIT02 RITO1

Qualitative metric 2009 2010 2009 2010
Taxa richness 37 38 38 39
Tolerance group
Richness of tolerant taxa (%) 11.76 5.71 10.81 13.16
Richness of moderately tolerant taxa (%) 32.35 25.71 35.14 42 .11
Richness of intolerant taxa (%) 55.88 68.57 54.05 4474
Functional group
Richness of collector-filterers (%) 10.81 10.81 10.53 10.53
Richness of collector-gatherers (%) 29.73 35.14 26.32 28.95
Richness of scrapers (%) 8.11 13.51 10.53 2.63
Richness of shredders (%) 10.81 10.81 18.42 13.16
Richness of predators (%) 40.54 29.73 34.21 44.74
Taxonomic group
Number of EPT taxa 15 17 15 15
Richness of EPT taxa (%) 40.54 44.74 39.47 38.46

Richness of Ephemeroptera (%) 10.81 13.16 13.16 10.26

Richness of Plecoptera (%) 8.11 13.16 13.16 15.38

Richness of Trichoptera (%) 21.62 18.42 13.16 12.82
Richness of noninsect taxa (%) 13.51 10.53 10.53 7.69
Richness of Chironomid Diptera (%) 8.11 7.89 7.89 7.69
Richness of non-Chironomid Diptera (%) 18.92 28.95 26.32 30.77
Richness of Coleoptera (%) 13.51 5.26 13.16 10.26
Richness of Odonata (%) 5.41 2.63 2.63 5.13
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Table 7. Quantitative metrics for aquatic macroinvertebrate samples collected from RITO1 and RIT02 at the Rito de

los Frijoles in Bandelier National Monument, New Mexico, 2009-2010. For a given order, tolerance or functional

feeding group, abundance-based metrics are expressed as the percentage of individuals in the group, while richness-
based metrics are expressed as the percentage of taxa in the group.

RITO2 RITO1

2009 2010 2009 2010
Quantitative metric Mean SD Mean SD Mean SD Mean SD
Total abundance 70090 134.75 760.60 80.43 688.00 172.57 697.60 91.52
Total richness 28.40 3.29 30.00 2.92 27.00 2.74 28.40 5.41
Simpson's Diversity—taxonomic 0.89 0.02 0.89 0.01 0.86 0.02 0.83 0.04
Simpson's Diversity—functional group 0.65 0.04 0.67 0.01 0.72 0.02 0.72 0.01
Dominant taxa 20.16 3.93 23.25 3.11 26.42 4.22 31.65 7.42
Tolerance group
Relative abundance of tolerant taxa (%) 0.20 0.32 0.26 0.39 0.12 0.13 0.13 0.14
Relative abundance of moderately tolerant taxa (%)  31.52 8.14 32.56 5.77 25.19 3.98 29.02 10.79
Relative abundance of intolerant taxa (%) 68.28 8.04 67.18 5.93 74.68 4.00 70.85 10.74
Richness of tolerant taxa (%) 2.87 2.88 2.97 3.11 2.33 2.15 3.20 3.35
Richness of moderately tolerant taxa (%) 24.43 3.22 26.11 2.32 30.01 4.85 27.58 4.40
Richness of intolerant taxa (%) 72.70 5.44 70.92 2.65 67.66 5.27 69.23 4.43
Functional group
Relative abundance of collector-filterers (%) 21.18 9.31 18.49 3.29 17.91 7.10  26.51 4.31
Relative abundance of collector-gatherers (%) 48.11 7.55 47.95 2.90 29.45 6.89 26.55 5.51
Relative abundance of scrapers (%) 23.50 3.41 23.83 5.91 36.90 5.51 35.85 5.29
Relative abundance of shredders (%) 1.12 0.70 3.40 1.63 10.34 4.29 5.73 2.09
Relative abundance of predators (%) 6.09 1.31 6.33 2.27 5.40 3.63 5.35 2.46
Richness of collector-filterers (%) 14.35 3.21 14.39 0.89 11.29 1.20 13.46 3.68
Richness of collector-gatherers (%) 38.53 2.95 36.31 5.44 29.27 4.30 30.47 2.38
Richness of scrapers (%) 18.71 3.16 14.43 1.46 15.90 4.89 12.48 1.95
Richness of shredders (%) 4.84 1.29 10.21 1.79 14.67 4.66 15.99 3.53
Richness of predators (%) 23.57 6.32 24.65 4.63 28.86 4.84 27.59 6.60
Taxonomic group
Number of EPT taxa 14.40 1.52 15.80 0.84 11.80 1.64 15.00 2.45
Relative abundance of EPT taxa (%) 41.54 11.16 51.30 10.30 43.70 4.83 46.92 3.69
Relative abundance of Ephemeroptera (%) 25.30 6.87 30.36 5.56 14.53 5.1 19.90 3.09
Relative abundance of Plecoptera (%) 476 1.58 6.06 2.58 12.81 2.74 6.05 1.88
Relative abundance of Trichoptera (%) 11.48 4.41 14.88 2.96 16.37 5.72 20.97 6.42
Relative abundance of noninsect taxa (%) 14.49 11.10 7.03 2.54 1.60 1.57 1.18 1.15
Relative abundance of Chironomid Diptera (%) 6.08 2.29 9.03 5.68 10.80 4.65 4.05 2.69
Relative abundance of non-Chironomid Diptera (%) 2.73 1.11 2.96 1.55 4.86 2.09 14.11 4.08
Relative abundance of Coleoptera (%) 35.12 4.71 29.63 8.49 38.55 443 3366 7.62
Relative abundance of Odonata (%) 0.04 0.09 0.05 0.07 0.49 0.92 0.08 0.12
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Abundance. Mean abundance of aquatic macroinvertebrates was greatest at our upstream site,
RITO2 (fig. 15). Mean abundance from our quantitative targeted riffle samples averaged 760.60 indi-
viduals at RIT02 compared to 697.60 individuals at RITO1.

Taxa richness. Taxa richness of quantitative targeted riffle samples averaged 30.00 taxa and 28.40
taxa at RIT02 and RITO1 respectively (fig. 16). Total richness of the qualitative multihabitat sample
was higher at both sites. We found 38 taxa at RIT02 and 39 taxa at RITO01.

Figure 15. Total abundance 1000

expressed as the mean
number of individuals per
quantitative targeted riffle
samples collected from RITO2
and RITO1 at the Rito de los
Frijoles in BAND, 2009-2010

Mean abundance

. 2009
2010

RIT0O2 RITO1
Monitoring site

Figure 16. Mean taxa richness 50

in quantitative targeted
riffle and total taxa richness 40
in qualitative multihabitat
samples collected from RITO2
and RITO1 at the Rito de los
Frijoles in BAND, 2009-2010

30 A

Richness

20 A

I 2009 Quantitative
Wzzza 2010 Quantitative

Bl 2009 Qualitative
ESSE 2010 Qualitative

Monitoring site

Diversity. We measured both taxonomic and functional diversity using the Simpson’s Diversity In-
dex. Taxonomic diversity averaged 0.89 at RIT02 and 0.83 at RITO1 (fig. 17a). Functional diversity
was lower at both sites, averaging 0.67 at RIT02 and 0.72 at RITO1 (fig. 17b).

Anthropogenic stress tolerance. Relative abundance was dominated by intolerant individuals at
both sites (fig. 18a). Intolerant individuals averaged 67.18% of the samples collected at RIT02 and
70.85% at RITO1. Moderately tolerant individuals were the next most abundant at both sites, averag-
ing 32.56% at RIT02 and 29.02% at RITO01. Tolerant individuals were found in abundances of 0.26 %
at RIT02 and 0.13 at RITO1. Taxa richness by tolerance class followed an identical pattern to abun-
dance (fig. 18b). Intolerant taxa were the most species rich at both sampling sites, averaging 70.92%
at RIT02 and 69.23% at RIT01. Moderately tolerant taxa averaged 26.11% and 27.58% at RIT02 and
RITO1, respectively. Tolerant taxa averaged 2.97% at RIT02 and 3.20% at RITO1.
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Figure 18b. Mean richness of 100 4
aquatic macroinvertebrate taxa
in quantitative targeted riffle
samples collected from RITO2
and RITO1 at the Rito de los
Frijoles in BAND, 2009-2010,
based on their tolerance to
perturbation

60 A

Richness (%)

40 1

20 1 I Tolerant

Wz Moderately tolerant
R Intolerant

2009 2010 2009 2010
RIT02 RITO1
Monitoring site

EPT taxa. EPT taxa were abundant at both monitoring sites in 2010 (fig. 19). Relative abundance of
EPT taxa was 51.30% at RIT02 and 46.92% at RITO1. At RIT02, Ephemeroptera dominated EPT
individuals, at 30.36% of the sample collected. Trichopterans averaged 14.88% and plecopterans
6.06%. Trichopterans were the most abundant EPT taxa at RIT01, averaging 20.97% of the individu-
als col-lected. Ephemeropterans and plecopterans averaged 19.90% and 6.05%, respectively.

Aquatic macroinvertebrate orders. Ephemeropterans were the most abundant order sampled at
RIT02 in 2010 (fig. 20). Coleopterans were the second most abundant at 29.63%, followed by tri-
chopterans at 14.88%, chironomids at 9.03%, and noninsect taxa at 7.03%. Non-chironomid dipter-
ans and odonates were the least abundant orders at RIT02, averaging 2.96% and 0.05%, respectively.
At RITO01, coleopterans were the most abundant order sampled, averaging 33.66% of the individuals
collected, followed by trichopterans, and then ephemeropterans. Non-chironomid dipterans aver-
aged 14.11%, and chironomids averaged 4.05% of the individuals collected at RITO1. Noninsect taxa
and odonates were the least abundant orders sampled at RITO01, averaging 1.18% and 0.08 % respec-
tively.

Functional feeding groups. Collector-gatherers were the most abundant functional feeding group
collected at RIT02, averaging 47.95% of the individuals collected (fig. 21). Scrapers averaged 23.83%
of the individuals at RIT02 followed by collector-filterers (18.49%), predators (6.33%), and shred-
ders (3.40%). Scrapers were the most abundant functional group sampled at RIT01, averaging
35.85% of the individuals collected. Collector-gatherers and collector-filterers were similar in their
abundances, averaging 26.55% and 26.51% respectively. Shredders and predators were the least
abundant of the functional feeding groups, at 5.73% and 5.35%, respectively.

3.5 Physical habitat characteristics for the Rito de los Frijoles

This section presents data describing physical habitat characteristics collected during 2009 and 2010
at RITO1 and RIT02. These data are summarized in Table 8; additional transect data can be found in
Appendix D.

Microhabitat level. Mean velocity and depths at quantitative targeted riffles did not differ greatly at
the Rito de los Frijoles monitoring sites (table 8). Flow velocities averaged 0.40 m/s at RIT02 and 0.39
m/s at RITO1. The depth at riffles averaged 0.08 m at RIT02 and 0.11 m at RITO1. Substrate embedde-
ness was greater downstream at RIT01, where on average 51% of each particle was embedded while
an average of 33% of each particle was embedded at RIT02.
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Figure 21. Relative
abundance

of functional
feeding groups

in quantitative
targeted riffle
samples collected
from RITO2 and
RITO1 at the Rito de
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Table 8. Physical habitat and hydrologic data from RITO1 and RITO2 at the Rito de los Frijoles in Bandelier
National Monument, New Mexico, 2009-2010. Particle embeddedness and canopy closure measurements are
expressed as percentages.

RITO2 RITO1
2009 2010 2009 2010
Physical habitat metric Mean SD Mean SD Mean SD Mean SD

Microhabitat level

Riffles
Velocity (m/s) 0.50 0.18 0.40 0.16 0.46 0.13 0.39 0.15
Depth (m) 0.12 0.03 0.08 0.02 0.12 0.02 0.11 0.02
Embeddedness (%) 30.6 13.8 33.0 16.0 50.0 24.4 51.0 20.1

Transect level

Channel dimensions
Velocity (m/s) 0.25 0.12 0.23 0.08 0.20 0.17 0.20 0.08
Depth (m) 0.09 0.05 0.10 0.04 0.09 0.06 0.08 0.03
Wetted channel width (m) 2.3 0.6 2.1 0.6 2.3 2.4 1.5 0.7
Active channel width (m) 4.2 0.8 5.8 1.4 10.5 3.2 1.9 3.3

Riparian cover
Canopy closure (%) 72.9 22.4 61.9 20.3 79.6 14.1 69.9 253

Reach level

Water quality Value Value Value Value
Temperature (°C) 10.3 5.8 12.3 5.8
Specific conductivity (uS/cm) 107 114 111 108
pH 7.9 7.6 7.8 7.9
Dissolved oxygen (% saturation) 94.7 102.5 94.4 98.5
Dissolved oxygen (mg/L) 8.2 10.1 7.8 9.6
Turbidity (NTU) 2.2 1.4 2.2 2.4
Discharge (cfs) — 1.2 — 0.7

Transect level. Active and wetted channel widths differed between the two sites (table 8). Active
channel width was narrower upstream, averaging 5.8 m at RIT02. In comparison, the active channel
width at RITO1 averaged 11.9 m. Wetted channel width was wider upstream at RIT(2, averaging 2.1
m compared to 1.5 m at RIT01. Stream flow and depth did not differ largely between the two sites.
Stream flows averaged 0.23 m/s at RIT02 and 0.20 m/s at RIT01. Stream depth along transects was
slightly deeper upstream at RIT(2, averaging 0.10 m compared to 0.08 m downstream at RITO01.
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Aquatic macroinvertebrate habitat types were dominated by rocks at RIT02, making up 50.0% of the
site, and leaf packs at RIT01, which made up 29.3% (fig. 22). Forty percent of RIT01 and 23.0% of
RITO02 lacked habitat that we have defined as appropriate for aquatic macroinvertebrates.

Reach level. Channel structure dynamics are represented by particle size distributions in Figure 23,
and are based on modified Wolman pebble counts. In 2010, particle size distributions were dominat-
ed by cobbles (64-128 mm), making up 25.3% of RIT02, and fines (<2 mm) which made up 33.9% of
RITO1. At RIT02, very coarse gravels (32-64 mm) and coarse gravels (16-32 mm) were the next most
abundant size classes at 19.6% and 11.0%, respectively. Cobbles and very coarse gravels followed
fines in abundance values at RIT01, making up 12.5% and 10.5% of the reach, respectively.

Riffles (40.5%) and runs (21.0%) were the dominant GCU’s along RITO02 (fig. 24). Further down-
stream, runs (47.7%) dominated RITO01, followed by riffles, which made up 29.4% of the reach. For a
complete description of GCUs see Brasher et al. (2011).
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Figure 24. Geomorphic channel 1.0 -
unit characterization of RIT02 and
RITO1 at the Rito de los Frijoles in

BAND, 2009-2010 %

\%

777

0.6

0.4 A I Riffle

Run
Cascade
Bl Scour pool
B Dammed pool
E Glide

EE Rapid

Proportion of reach length

0.2 1

0.0 -

2009 2010 2009 2010

RIT02 o . RITO1
Monitoring site

3.6 Hydrologic conditions for the Rito de los Frijoles

3.6.1 SCPN field data

This was the third consecutive year we collected water quality data while sampling aquatic macroin-
vertebrates at the Rito de los Frijoles. Table 8 presents recorded measurements at or near midday of
the sample date. The midday temperature was 5.8°C for both RIT02 and RITO1. Specific conductivity
at RIT02 was 114 uS/cm and 108 pS/cm at RITO01. pH at RIT01 was 7.9 and 7.6 at RIT02. Dissolved
oxygen at RIT02 was 102.5% saturation and 10.1 mg/L. Dissolved oxygen at RIT01 measured 98.5%
saturation and 9.6 mg/L. Turbidity at RIT01 averaged 2.4 NTU and 1.4 NTU at RIT02. In addition to
these water quality parameters, we measured total discharge at RIT02 (1.2 cfs) and at RIT01 (0.7 cfs).

Air and water temperatures are recorded quarter-hourly at the Rito de los Frijoles. The average air
and water temperatures at RIT01 were 10.4°C and 8.9°C, respectively. Air temperature reached a
maximum of 43.6°C on 13 July and a minimum of -12.2°C on 31 December (fig. 25a). Water tempera-
ture at RITO1 reached a maximum of 19.2°C on 05 September and minimum of -5.5°C on 31 January
(fig. 25b). The spike in water temperature values at RIT01 from June to late July, similar to air datalog-
ger values for that same time period, indicates that the water datalogger was not submerged during
that time period. Additionally, from late July to mid September daily maximum, average, and mini-
mum air temperatures are similar, indicating that the datalogger may have been buried by sediments
brought downstream from a precipitation event.
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Figure 25a. Daily air
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Figure 25b. Daily water
temperature statistics from RITO1
at the Rito de los Frijoles in BAND,
2010

At RITO02, the average air temperature and water temperature was 6.8°C and 9.0°C, respectively. Air

temperature reached a maximum of 34.9°C on 5 June and minimum of -18.8°C on 31 December (fig.
26a). Water temperature at RIT02 reached at maximum of 18.7°C on 17 July and minimum of 0.01°C
on 31 December (fig. 26b).
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Figure 26a. Daily air temperature
statistics from RITO2 at the Rito
de los Frijoles in BAND, 2010.
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3.6.2 LANL station data
Mean daily stream discharge from the gauging station, LANL-E350, is presented in Figure 27.
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4 Discussion

This report presents data from SCPN’s fourth year of monitoring aquatic macroinvertebrates and
physical habitat at Capulin Creek, as well as our second year of monitoring aquatic macroinverte-
brates and physical habitat at the Rito de los Frijoles in Bandelier National Monument, New Mexico.
We stress that any differences between sampling years and locations should not to be interpreted as
an ecologically significant trend, as trends cannot be determined with confidence by a few years of
sampling data.

Differences may be attributed to multiple factors, including ecological variability and sampling error
or may be a result of observer bias. SCPN attempts to minimize sampling error and observer bias by
thoroughly training crew members in the proper field techniques prior to each sampling season.

4.1 Aquatic macroinvertebrate communities

Data collected from Capulin Creek show a steady increase in aquatic macroinvertebrate abundance
at both monitoring sites during the past four years (tables 2, 3). Likewise, abundance values increased
at both sites on the Rito de los Frijoles between 2009 and 2010 (table 7). Taxonomic diversity remains
high at all sites in 2010, ranging from a low of 0.80 at CAP02, to a high of 0.89 at RIT02.

Opverall, CAPO1 is the most species rich, and most diverse of the two monitoring sites on Capulin
Creek. Quantitative targeted riffle samples, on average, have nearly 200 more individuals per sample
than samples collected at CAP02. On average, samples collected from CAP01 had 10 more taxa than
CAPO2 for both quantitative and qualitative samples. On the Rito de los Frijoles, the RIT02 site aver-
aged 63 more individuals and two more taxa per quantitative sample. Taxonomic diversity was greater
at RIT02, but functional diversity was greater at RITO1.

4.2 Anthropogenic stress tolerance of aquatic communities

Aquatic macroinvertebrate taxa differ in their abilities to withstand anthropogenic perturbations to
the aquatic environment. Separating taxa based on their tolerance to perturbation allows us to make
inferences about the response of aquatic macroinvertebrate populations to stream conditions during
our sampling period. Intolerant individuals and taxa overwhelmingly dominated samples collected

28  Aquatic Macroinvertebrate and Physical Habitat Monitoring in Bandelier NM



from CAPO1 (table 2). At CAP02, abundance and richness was evenly split between moderately
tolerant and intolerant organisms. While our data does not suggest that a disturbance is occurring at
CAPO02, it does suggest that there is some component or suite of components, abiotic or biotic, of the
ecosystem that allow for more favorable conditions for aquatic macroinvertebrates at CAP01. The
abundance of intolerant taxa and individuals at both sites along the Rito de los Frijoles suggest that
this stream may have been experiencing very little stress or disturbance in 2010. Approximately 70%
of all taxa and individuals collected at both sites along the Rito de los Frijoles belonged to the group
of intolerant taxa. Tolerant taxa abundances at these sites were less than 1%.

The data in this report should be viewed as a snapshot of conditions existing within the aquatic
community at the time of our visit. Data and analyses in this report are provisional and are subject to
change. When sufficient data are available, SCPN plans to produce an interpretive report including
trend analysis of aquatic macroinvertebrate metrics and physical habitat data for both Capulin Creek
and the Rito de los Frijoles.
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Appendix A Monitoring sites at Bandelier National Monument, New Mexico, 2010

Site code

Common name

Report name

UTM X

UTM 'Y

Elevation (m)

BANDCAPO1

BANDCAPO2

BANDRITO1

BANDRITO2

Capulin Creek
at Base Camp
Gauging Station
Capulin Creek
above Painted
Cave

Rito de los
Frijoles near
Visitor Center

Rito de los
Frijoles at Upper
Crossing

CAPO1

CAPO2

RITO1

RITO2

379713

380300

385363

377109

3958026

3955457

3959889

3964316

1904

1791

1840

2151

30 Aquatic Macroinvertebrate and Physical Habitat Monitoring in Bandelier NM



Appendix B Selected aquatic macroinvertebrate metrics

Metric type

Metric

Definition

Abundance/Rich-
ness/ Diversity

Total abundance
Taxa richness

Simpson’s diversity

Total number of individuals.

Total number of taxa (measures the overall variety of
aquatic macroinvertebrates in a sample).

A measure of the variety of taxa that takes into ac-
count the relative abundance of each taxon.
D =3(n(n -1)/N(N-1))

Tolerance

Dominant taxa

Relative abundance tolerant taxa

Percent richness of tolerant taxa

Measures the dominance of the most abundant
taxa. Typically calculated as dominant 2, 3, 4, or 5
taxa.

Percent of individuals considered to be sensitive to
perturbation.

Percent of taxa considered to be sensitive to pertur-
bation.

Functional-Feeding

Relative abundance collector-filterers
Percent richness collector-filterers

Relative abundance scrapers

Percent of individuals that filter fine particulate
organic matter from the water column.

Percent of taxa that filter fine particulate matter
from the water column.

Percent of individuals that scrape or graze upon
periphyton.

Functional-Habit

Relative abundance burrowers
Percent richness burrowers

Relative abundance clingers

Percent richness clingers

Percent of individuals that move between substrate
particles (typically fine substrates).

Percent of taxa that move between substrate par-
ticles (typically fine substrates).

Percent of individuals that have fixed retreats or
adaptations for attachment to surfaces in flowing
water.

Percent of taxa that have fixed retreats or adapta-
tions for attachment to surfaces in flowing water.

Composition

Number of EPT taxa

Relative abundance EPT

Relative abundance Ephemeroptera
Relative abundance Plecoptera

Relative abundance Trichoptera
Hydroptilidae+ Hydropsychidae/Trichop-
tera

Relative abundance noninsect taxa
Relative abundance Chironomidae

Number of taxa in the insect orders Ephemeroptera
(mayflies), Plecoptera (stoneflies), and Trichoptera
(caddisflies).

Percent of individuals in the insect orders Ephem-
eroptera (mayflies), Plecoptera (stoneflies), and
Trichoptera (caddisflies).

Percent of individuals that are mayflies.

Percent of individuals that are stoneflies (for streams
>1,500 m in elevation).

Percent of individuals that are caddisflies.

Percent of trichopteran individuals in Hydroptilidae
plus Hydropsychidae (ratio of tolerant caddisfly
abundance to total caddisfly abundance).

Percent of individuals that are not insects.
Percent of individuals that are midges.

Source: Data from Brasher et al. (2011)

Appendix B

31



X sabpiw buniq “ds uobodoydLpy seuliAwodpio4  sepluobodoiels) esa1dig easu|  epodoiyuy

X X X sabpiw buiq esfayfseq deulBpYAseq  aepluobodoielsd es91dig easuU|  epodoiyuy
X sabpiw buniq deuiuobodolels)  aepiuobodolessd esa1dig easuUl  epodoiyuy

X X X X sabpiw buiq ‘ds eizzaqol4  seuuobodojess)  sepluobodolelsd esa1dig easU|  epodoiyuy
X S3l|} JapIjos “ds snydAuedn3 aepiAwionens esa1dig epasu|  epodoiyuy

X X S31|} J2pIjoS ‘ds snydfuedojed aeplAwonens esa1dig easu|  epodoiyuy

X X X 31|} duUep aepipidw3 esa1dig epasu|  epodoiyuy

X X X 31|} duep “ds ejsejdosyy sepipidw3 esa1dig easu|  epodoiyuy
X X 31|} duUep “ds esgyay>  SRUIIWOIPOISWSH sepipidw3 esa1dig epasu|  epodoiyuy

X X S9[199q Jabuaneds Jarem “ds snwAdesed aepl|iydoipAH e191do3|0) easu|  epodoiyuy

X X 9[393Q Ssow InuIw “ds euselpAH aepluaeipAH e191d03|0) epasu|  epodoiyuy

X X X X S3|199Q 3| aepiw|3 e191do3|0) epasu|  epodoiyuy
X X X X SENEEETI] (uloH) einrsed einaziiez aepiw3 e191d03j0) epasu|  epodoiyuy
X X X X S9199q 3|41 “ds snasssondo [epiw3 e191d03|0) easu|  epodoiyuy
X X X X S9[199q | sniendewipenb snasssondo aepiw3 e191d03j0) epasu]  epodoiyuy
X X S9199q 3|41 10jO2U0D sndiep Qepiw3 e191do3|0) easu|  epodoiyuy
X X X 9)393q buiip snopepaud 2epsiAQ e191do3j0) epasu]  epodoiyuy

X 91939 buiip snoadepaud seunodoipAH 2epsiAQ e191d03|0) easu]  epodoiyny

X X 9)193q buinip snoadepaud “ds sngeby Seuigeby 2epsSiAQ e191do3j0) epasu]  epodoiyuy

X S9}W J91eM SSWIOJIpIqWOl]  epluydely  epodoiyuy

X SOHW J91eM 9PpIOdUSIIOl  SswloypIquwiol  epluydely  epodoiyuy
X S9HW Ja1eM “ds ejoonua.10] SPpIOdUSLIOl  SSWUOypIquIol]  epluydely  epodoiyuy

X X X SOHW Ja1eM oepluoydsads  sswuoypiquios]  epluydery  epodoiyuy

X S9HW ID}eM “ds sisdouoyoiads SepluoydIads  SSwUOpIqwoll  epluydesy  epodoiyuy
X X X X SOHW J91eM “ds uoyosads sepiuoydsads  sswuoypiquios]  epluydery  epodoiyuy
X X SOHW J91eM oepneqolbAH  sswoypiquoll  epluydely  epodoiylly
X S9HW ID}eM 5212q0.IbAH SepneqolbAH  sswloyipiquiol]  epluydely  epodolypy

X X S9}UW ID}eM ‘ds e1zjoid oepnueydlpAH  sswuoyplqwiol.  epluydely  epodoiyuy
X X X X SWIOM pa1uaWbas eplRuUY
Z0LI¥ LOLIY 2Z0dVD L0dVD aweu uowwod saads shuap Ajlwe4qns Ajlweq 19pI0 sseD)  wnjAyd

"9)S BulojuOW NdDS SIY} 10} pI0I3J MBU B S310UIP ULIN|0D
3}S 9y} Jopun X P|og WV "010Z 'OJIX3\ M3IN ‘JUSWNUOA [BUONEN J3I|SpuUeg Ul SSHS Bullojuow ||e wouy 35I| saads aieigaiisaulonew dienby D xipuaddy

Aquatic Macroinvertebrate and Physical Habitat Monitoring in Bandelier NM

32



X X salyfew pa|jibbuoid sepligajydoids eJaydosswaydy easu|  epodoiyuy

X X X salyhew pa|jibbuoid “ds eigajydoydajeleq aepligajydoidan esa1dosswaydy easu|  epodoiyuy
sa||jhew

X X J3|MeID 1N03S 31| ‘ds sapoyfioony aepiydAyoids esoydosswaydy epasu|  epodoiyuy

X X X sal|jkew Jojmeld Auids aepl||esewaydy esa1dosswsydy epasu|  epodoiyuy

X X X X sal|jhew Jajmeld Auids “ds gjpioweydy depl||esewayd] eJoydosswaydy epasu|  epodoiyuy

X sal|jkew Jajmeld Auids “ds gypunig aepl||esewaydy esa1dosswsydy epasu|  epodoiyuy

X X sal|jhew Jajmeld Auids sipuesb ejjpun.ig aepljpsewayd3  essrdosswayd] easuU|  epodoiyuy

X Sal|} esa1dig epasu|  epodoiyuy

X X X 31|} aueld aepindip esa1diq epasu|  epodoiyuy

X X S3l|4 dued “ds epipad sepindip esa1dig epasu|  epodoiyuy

X X S3l|} aueld ‘ds ewojexaH sepindip esa1dig epasu|  epodoiyuy

X X X X S3l|4 duesd “ds ejouenig sepindip esa1diq epasu]  epodoiyuy

X X X X 31|} aueld “ds g/ndiy seundi] sepindi] esa1dig epasu|  epodoiyuy

X s34 auesd “ds xipsewopqeyy Seuluow sepindip esa1dig epasu]  epodoiyuy

X X X 31|} aueld “ds eiydouwry Qeuliuow sepindi} esa1dig epasu]  epodoiyuy

X 31|} auesd “ds esspdouy Qeuluow sepindip esa1diq epasu]  epodoiyuy

X X 31|} aueld ejodnuow eydouy Seuluow sepindip esa1dig epasu]  epodoiypy

X X X X Sall} 3oe|q aeplnwis esa1dig epasu]  epodoiyuy

X X X X Sally elq ds wnynwis seullnwis aeplinwis ei21dig epasu|  epodoiyuy

X Sa1}4 auesd wojueyd “ds esspdoydfid aepusIdoydAig esa1dig epasu]  epodoiyny

X X X 3|4 Yyrow "ds ewodLad SepIpoYdAsd esa1dig epasu]  epodoiypy

X X X X s34 Yyrow “ds euinsepy 2epIpoyYdAsd esa1diq epasu]  epodoiypy

X X sabpiw snosiusw aepixig es91dig easu|  epodoiyuy

X X X X sabpiw snosiusw ‘ds exig 2epixig eJa1diq epasu]  epodoiypy

X X X X sabpiw SBepIWOouoIIYD es91dig epasu]  epodoiypy

X X X X sabpiw seuipodAuel SEpIWOUOIIYD esa1diq epasu]  epodoiypy

X X X X sabpiw seulipepPoyruQ aeplwouoiyd) es91dig epasu]  epodoiypy

X X X X sabpiw aeulwouolIyd SEpIWOUOIIYD esa1dig epasu]  epodoiyny

X X X sabpiw buig sepiuobodoiesad esa1dig easu]  epodoiyny

T0L1Y LOLIY ZOdVYD LOdVD aweu uowwo)d sapads shuan Ajlwe4qns Ajlwey 19pI0 sseD  wnjAyd

(penunuod) D xipuaddy

33

Appendix C



X Sol|4au03s Juelh eipeq g//92.4eu0I3]d 9eulAdipUOIRld seplhdieuossid eJ91doda|d epasul  epodolyuy
X X X X Sal|}au03s pipojiad 2epIpojIad esa1dods|d epasul  epodolyuy
X X X sal2u0ls pabuim-usaib “ds epados) seuljiados) 9epIpo}ad e491doda|d e}asU|  epodoiyuy
X S31|42U0)S UOWLIOD aepljiad esa1dods|d epasul  epodolyuy
X X S31}2U0}S Usp|ob eoyped el49doIadsaH 9eplad eJ91doda|d easuU|  epodoiyuy
X X X X S31|42U03S URUD “ds esyams aepiladololyd eJ91dodald epasu]  epodoiyuy
X X X S91[49U03S UUD deuladololyd aepiadololyd ea1dods|d easU|  epodoiyuy
X X X salyauols buuds 9epLINOWSN eJ9)dodald easU|  epodoiyuy
X X X X Sa1|42u03s bulds sadiun epedez 9epLINOWSN eJ91doda|d e}asU|  epodoiyuy
X X X X S31|}2UOIS JSIUIM ||ews aeuliude) aepliuded esa1dods|d epasul  epodoiyly
X Sal|juobelp/sal|jeswep £1eUOPQ epasul  epodoiyly
X Sal|jjaswep pabuim aepluolbeuso) e1eUOPQ epasul  epodoiyly
X siaduep ‘ds elbuy 9epluolbeusn) e1eUOPO easU|  epodoiyuy
X SIBWWIS ELJIl[EL e1eUOPQ epasul  epodolyly
X X s|ieyaids diyded sijesiop J9)sebajnp.o) aeplisebs|npio) e1PUOPQ epasul  epodoiyly
X X X sisuiep aepluysay e1euopQ SARENT]] epodolyuy
X X X SIsuJep sy ejewe euydsseuojdo {epluyssy e1euopO epasu|  epodoiyuy
X SJauJep JIesoW ds euysay aepluysay e1PUOPQ epasul  epodolyly
X SYIOW INOUS piquie.d “ds ejiydoyad aeulnydwAn QepIquies) es9ydopids epasu|  epodoiyuy
X X SIDPUIS JDIEM |[BWIS “ds epnonipy SeUlllSAODIN JepliA esa1diwaH epasul  epodolyly
X SI9PLIS J91eMm “ds snuenby 9BeULISD) 9epLISD ela1diwsH epasu|  epodoiyuy
X salphew weains aepiiuabeldsH esoydosswaydy epasu|  epodoiyuy
X X X salphew weans “ds snioad3 aepliusbeldsH eJoydosswaydy epasu|  epodoiyuy
X salphew weans “ds enwbAu aepiuabeldsH esoydosswaydy epasu]  epodoiyuy
X X X SalAew mouuiw ||ews depiiaeq eJoydosswaydy epasu|  epodoiyny
X X salphew mouuiw [jews uajjinb uoad|jed sepiiaeg esoydosswaydy epasu]  epodoiyuy
X salpAew mouulw jews  iusbey Joraydig Joeydig oepiaeg eJoydosswaydy epasu]  epodoiyuy
X X X X salphew mouuiw [jews “ds sneeg sepiiaeq esoydosswaydy epasu]  epodoiyuy
X SalpAew mouuiw [[ews “ds ejp.spusdy oepiaeq eJoydosswaydy epasu]  epodoiyny

sal|ykew
X X AMOUUIW PaYINOWQUIOd “ds smsjpwy sepnspwy  essydosswayd3y epasul  epodolyuy
T0LIY LOLIY ZOdVYD L0dVD awleu uowwo)d sapads shuan Ajlwe4qns Ajlwey 19pI0 sseD  wnjAyd

(penunuod) D xipuaddy

34 Aquatic Macroinvertebrate and Physical Habitat Monitoring in Bandelier NM



X SopoleWaU e]ewsN
X X X X sj@ssnw wiepd ead “ds wnipisid aeplipisid ePIOJBUBA elAeAlg e0sN| |0\
X X X X Sal|sIpped esardoydl|. epasul  epodoiyly
X S31|4SIPPeD 8SED BUOIS “ds sapogajydobijo 9eplousn esardoyduy epasu|  epodoiyuy
X sabpas uaalb ‘ds ejiydodefyy aepljlydodeAyy esardoydu easU|  epodoiyuy
Seulp
X SI|4SIPPED JS¥EW 3gN} -odonuadAjod  sepipodo.iuadAjod esaydoyduy epasu]  epodoiyuy
Jeulp
X X S31|4SIPPED Jew sgni “ds sndo.spuadAjod -odonjuadAjod  sepipodo.iuadAjod esaydoydu) easu]  epodoiyuy
X Sal|sipped 1aulsbuly “ds elpjeuwo) aeulwelodo)iyd sepiweiodojiyd esardoydli. epasul  epodolyuy
X Sal|Jsipped 1aulsbuly "ds sspojiydojoq aeulwelodo)iyd sepiwelodojiyd esardoydl|. epasul  epodolyuy
X X X X S31|JSIPPed UJayLou aepljiydauwr esardoypli. epasul  epodoiyly
X S31|4SIPPED UJayHou “ds xejfydosadsaH seuljiydauwiy aepljiydauwi] esaydoyduy easu]  epodoiyuy
X Sal|jsipped pauloybuol ds sinesa0 aeul0yda] aepuadoyda esardoydli. epasul  epodolyuy
X X X X S3l|JSIpped alleziq "ds ewojsopida]  seunewolsoplds]  eeplewosopidan esardoydl|. epasul  epodolyuy
X X S3l|JSIPPE0.DIL aepl|ndoipAy esardoydli. epasul  epodolyly
X X X sal|ysipped buluuidsyau oeplydAsdoipAH esardoydi e}asU|  epodoiyuy
X X X sal|ysipped buluuidsyau “ds aydAsdo.ipAH aeulydAsdoipAH aepiydAsdoipAH eJaydoyduy epasu]  epodoiyuy
“ds
X Salysipped buluuidsiau ayoAsdojewnayd seulydAsdoipAH sepiydAsdoipAy esvydoyduy epasu|  epodoiyuy
X X S31|4SIppeD 3sed-|ieus “ds ay>AsdodiaH sepiydAsdodieH esaydoyduy epasu]  epodoiyuy
X X X SI|4SIPPED 32B|q S| 9PPI1EWOSOSSO|D esardoydl). epasul  epodolyuy
X X X S9I|4SIPPED 32B|q 31| ‘ds PLIOSOSSO[D  SBUIIBWIOSOSSOD)  9BPI1PWOSOSSO|D) esardoydiy. epasul  epodolyly
X Sal|sIpped SeplieladowWele) esardoyd). epasul  epodolyuy
Sal|jsipped
X Joxewased ssajdwny aepujuadAydelg esardoypii. epasu|  epodoiyly
Sal|JsIpped
X Joyewased sseidwiny “ds ewaseniy aeplyuadAydelg esardoydl|. epasul  epodoiyuy
Sal|jsipped
X Jaxewased ssajdwny “ds snipuadAyoeig QepuiuadAydelg esaydoyduy epasu]  epodoiyuy
Sal|jsipped
X J9yewssed ssajdwny snuedLswe sniuadfyoeig 9epLIUAYDEIg esardoypu|. epasul  epodolyuy
X X X X S3l|}auols e191dods|d epasu]  epodoiyuy
T0L1Y LOLIY ZOdYD LOdVD awleu uowwo)d sapads shuan Ajlwe4qns Ajlwey 19pI0 sseD)  wnjAyd

(ponunuod) D xipuaddy

35

Appendix C



Appendix D Measured velocity and channel characteristics at four monitoring sites in Bandelier National Monument,
New Mexico, 2010

Wetted Active
channel channel
Velocity (m/s) Depth (m) width (m) width (m)
Transect Mean Std Dev Mean Std Dev Value Value

CAPO1

1 0.13 0.10 0.06 0.04 1.6 4.7

2 0.12 0.07 0.12 0.04 1.0 7.6

3 0.07 0.06 0.09 0.03 1.4 15.7

4 0.10 0.06 0.08 0.04 1.1 15.8

5 0.05 0.11 0.07 0.03 2.3 16.3

6 0.04 0.10 0.10 0.01 2.0 53

7 0.05 0.09 0.06 0.03 1.4 6.7

8 0.20 0.1 0.06 0.02 1.2 6.2

9 0.11 — 0.06 — 1.8 9.0

10 0.51 0.01 0.03 0.02 1.9 11.0

11 0.12 0.10 0.03 0.02 2.1 12.7
CAP02

1 0.09 0.07 0.04 0.03 1.0 7.3

2 0.04 0.09 0.09 0.06 1.0 7.5

3 0.14 0.10 0.04 0.01 1.0 3.7

4 0.05 0.04 0.14 0.01 0.6 7.2

5 0.07 0.08 0.03 0.03 0.7 16.9

6 0.04 0.02 0.08 0.02 1.4 24.2

7 0.05 0.05 0.08 0.03 1.4 18.8

8 0.12 0.07 0.03 0.02 1.2 11.8

9 — — — — 12.0 13.2

10 0.09 0.05 0.07 0.02 0.8 15.3

11 0.07 0.05 0.06 0.02 1.9 11.2
RITO1

1 0.28 0.14 0.07 0.02 1.3 16.3

2 0.27 0.21 0.07 0.03 1.1 16.1

3 0.27 0.17 0.05 0.03 1.3 7.8

4 0.14 0.11 0.08 0.04 1.7 12.1

5 0.36 0.19 0.06 0.02 0.8 9.0

6 0.09 0.15 0.12 0.03 1.5 13.7

7 0.24 0.09 0.06 0.02 1.6 10.2

8 0.18 0.17 0.10 0.02 1.2 6.9

9 0.13 0.15 0.04 0.02 3.4 9.7

10 0.14 0.18 0.14 0.04 1.0 13.5

11 0.12 0.13 0.09 0.05 1.7 15.3
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Appendix D (continued)

Wetted Active
channel channel
Velocity (m/s) Depth (m) width (m) width (m)
Transect Mean Std Dev Mean Std Dev Value Value
RIT02

1 0.18 0.17 0.07 0.03 3.5 6.4

2 0.24 0.09 0.08 0.03 2.2 54

3 0.28 0.11 0.09 0.04 1.9 7.2

4 0.28 0.18 0.07 0.03 1.8 5.9

5 0.23 0.14 0.05 0.03 2.5 4.1

6 0.17 0.18 0.09 0.02 2.2 6.5

7 0.17 0.14 0.1 0.06 1.6 5.5

8 0.11 0.13 0.12 0.06 2.1 3.3

9 0.18 0.05 0.22 0.04 0.9 5.1

10 0.23 0.08 0.09 0.04 2.0 55

11 0.42 0.23 0.09 0.04 2.1 8.6
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