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Introduction and Background

The National Park Service Inventory and Monitoring (I&M) Program was designed

to monitor the status and trends in the condition of park resources, providing park
managers with a strong scientific foundation for informing resource management
decisions. The Southern Colorado Plateau Network (SCPN) identified aquatic
macroinvertebrates as a core vital sign and plans to monitor water-quality conditions
and aquatic-ecosystem health of streams in selected SCPN parks (Thomas et al. 2006).
Capulin Creek in Bandelier National Monument (Figure 1) was selected by SCPN for
long-term monitoring of aquatic macroinvertebrates, water quality, and integrated
riparian vital signs.
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Figure 1. Location map of Capulin Creek, Bandelier National Monument, with three sampling reaches.

In 2005 SCPN initiated a pilot study to develop and test aquatic macroinvertebrate
monitoring protocols (Brasher et al. 2006). Two sites at Capulin Creek were sampled
during the pilot study. One of the sites included in this report—located <0.3 km upstream
from the Base Camp cabin (BANDCAPO01)—was initially sampled in that study.

SCPN implemented aquatic macroinvertebrate monitoring at Capulin Creek in
Bandelier National Monument during 2007. During this year samples were collected at
three sites on Capulin Creek. One of these, BANDCAP01, was selected judgmentally

and is co-located with a network water quality monitoring site. The other two sites,

2.6 km downstream of base camp (BANDCAP02) and 2.4 km upstream of base camp
(BANDCAPO03), were selected using the Generalized Random-Tesselation Stratified
(GRTS) design. All three sites were sampled in 2007 to help improve our understanding
of the spatial variability of aquatic macroinvertebrate communities collected from
Capulin Creek.
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The purpose of this report is to (a) document monitoring activities and management actions that
occurred in 2007, (b) summarize data that were collected, and (c) place these data in the context of
aquatic habitat, biological condition, and management actions within the park through time.

The Capulin Creek watershed is a designated wilderness area managed for recreational use within
the monument boundaries. In the upper section of the watershed, the U.S. Forest Service manages
land for recreation and timber harvest. In 1996 the Dome Fire burned several thousand acres

within the watershed. Although ecological recovery of terrestrial and aquatic communities has been
substantial over the past 10 years, effects of this fire can still be observed. Large quantities of woody
debris have accumulated in the floodplain and stream channel, and fine sediments are abundant and
mobile in the system.

Native Rio Grande cutthroat trout (Oncorhynchus clarki virginalis) populations were extirpated
from the stream by flood events following the fire. A reintroduction program for this species is
currently underway through a cooperative effort between the Santa Fe National Forest, Bandelier
National Monument, and the New Mexico Department of Game and Fish. In addition, managers
are currently evaluating the idea of placing native Rio Grande Sucker and native Rio Grande Chub in
Capulin Creek as well (S. Fettig, wildlife biologist, BAND, personal communication 2/27/08).

Controlled-fire treatments, if implemented, could potentially impact stream habitat and aquatic
communities through increased erosion and sedimentation. Roads and timber harvest on Santa Fe
National Forest land also have the potential to affect the stream ecosystem.

Methods

Sample sites

We sampled aquatic macroinvertebrate reaches at three sites on Capulin Creek in Bandelier
National Monument during 2007. In downstream order these sites were: BANDCAPO03, located
2.4 km upstream from the Base Camp Cabin near where a trail leaves Capulin Canyon heading

to Alamo Canyon; BANDCAPO1, located about 0.3 km upstream from the Base Camp cabin (at
the water-quality monitoring site); and BANDCAPO02, located about 2.6 km downstream from the
Base Camp Cabin near a break in the western canyon wall. The channel in the site BANDCAP03
has a boulder and cobble substrate and the nearby riparian forest is dominated by alder (Alnus
oblongifolia). BANDCAPO1 is near a discontinued USGS streamflow gauging station (Capulin
Canyon at Ranger Cabin - station number 083133655). The channel substrate is primarily cobble and
flows through an alder, boxelder (Acer negundo), and narrowleaf cottonwood (Populus angustifolia)
woodland. BANDCAPO02 is surrounded by Ponderosa pine (Pinus ponderosa), alder, boxelder, and
New Mexico olive (Forestiera pubescens) and has a mostly fine/sand substrate.

Field methods
From October 12-17, 2007, aquatic macroinvertebrate samples and physical habitat data were
collected within a 150-m reach of each site (see Figure 2 for reach layout diagram). A brief

description of field methods is provided here and a detailed description of sampling methods can be
found in Brasher et al. (2009).

Two types of macroinvertebrate samples were collected in each reach. Quantitative targeted habitat
samples were collected from five riffles within each reach to provide estimates of aquatic organism
abundance. Each of these samples was collected from a 0.25-m*area using a Slack Sampler.

2 Aquatic Macroinvertebrate and Physical Habitat Monitoring for Bandelier National Monument



Left Bank

Right Bank

-------- Habitat transect (XS)

O Reach Centerpoint

W Distance between transects
= Reach length/10

Figure 2. General aquatic-macroinvertebrate monitoring reach layout.

Additionally, one qualitative sample was collected from each reach. A qualitative sample represents
a pooled sample of all habitat types that exist along the sampling reach. The goal of qualitative
sampling is to provide a comprehensive species list of organisms occurring across all habitat types
(Appendix A).

Physical habitat data was collected at 3 scales: microhabitat, transect, and reach. Microhabitat
measurements, including depth, velocity, substrate size, and substrate embeddedness, were collected
at each of the quantitative targeted riffle sampling locations. Habitat measurements were also
collected along 11 transects that were equally spaced throughout the reach (every 15 m). At points
across each transect, measurements of stream width, depth, velocity, substrate size, and canopy
closure were made. Seven point observations of the type and presence of macroinvertebrate habitats
were recorded across each transect (Appendix B). At the reach scale, geomorphic channel unit
lengths were measured to characterize general habitat heterogeneity. Dominant vegetation and

land cover and observations describing anthropogenic or other disturbances in the reach were also
recorded.

Laboratory methods

Macroinvertebrate samples were sorted and identified by the Utah State University BugLab, a
Bureau of Land Management laboratory based in Logan, Utah. Samples were sorted under a
dissecting scope at 10x magnification. A 500-organism, fixed-count method is used for sub-sampling
large samples. Macroinvertebrates were identified to genus by a taxonomist certified by the North
American Benthological Society. Ten percent of the sorted samples were re-sorted for quality
assurance. Ten percent of the identified samples were re-identified by a second certified taxonomist
to ensure data quality. Quantitative and qualitative macroinvertebrate samples will be maintained by
the contract aquatic laboratory for an extended period of time (at least five years) in order to provide
for repeat subsampling should any data questions arise. For a more detailed description of laboratory
methods, see Brasher et al. (2009).

Data analysis
Macroinvertebrate data were summarized in terms of community structure and function. Genera
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were classified into functional feeding-guilds using the classifications presented in Poff et al. (2006).
If functional class information was not available for a particular genus, a more generalized, family-
level classification was applied. Selected macroinvertebrate metrics and indices were calculated and
summarized in terms of the mean and standard deviation among replicates. A list of metrics and their
definitions can be found in Table 1. The majority of these metrics have been used previously to detect
changes in water quality and habitat conditions in other streams in the Southern Rocky Mountains
ecoregion (Griffith 2005).

Four metrics were calculated for both qualitative and quantitative samples, including genus richness,
proportion of Ephemeroptera, Plecoptera, and Trichoptera (EPT) taxa, and the proportions
(individual) of Ephemeroptera (mayflies), Plecoptera (stoneflies), and Trichoptera (caddisflies)

taxa (all based on relative abundance of the taxa group). We monitor EPT taxa because they are
particularly sensitive to changes in water quality. In addition to these, abundance and taxonomic and
functional diversity were calculated for quantitative samples.

Simpson’s Diversity Index was chosen as a measure of community diversity. Simpson’s Diversity
Index was calculated twice—once using taxonomic data, and once using functional data. Simpson’s
Diversity Index (D) was calculated as:

D, =1-[(£n(n-1))/(N(N-1))] (1)

where: n = abundance of an individual taxon or functional guild; and N = total number of individuals
in sample.

Results

Summary of aquatic macroinvertebrate community data

This report includes data describing aquatic macroinvertebrate communities from samples
collected at three sites on Capulin Creek in Bandelier National Monument during 2007. A summary
of key metrics for these samples can be found in Table 2. For all tables and figures listed in this
section, sampling reach results are presented in left to right order corresponding to an upstream to
downstream positioning along Capulin Creek (see Figure 1). In addition, the majority of figures in
this section refer to data collected from quantitative targeted riffles unless otherwise noted.

Opverall, mean abundance and richness were greatest in the BANDCAPO3 site (Figures 3 and 4
respectively). Abundance values for BANDCAPO3 were 1.5 times greater than BANDCAPO1 and 5.5
times greater than BANDCAPO2 (Figure 3). Richness was highest in qualitative samples. Quantitative
richness did not differ greatly between BANDCAP(03 and BANDCAPO1. However, both sites had
roughly twice the richness as samples collected from BANDCAPO02. Diversity as calculated by

the Simpson’s Diversity Index did not differ greatly among the three sampling reaches for either
taxonomic diversity or functional feeding group diversity (Figure 5).

Ecological tolerance describes how well a species tolerates disturbance. Mean abundance and
richness of intolerant taxa decrease from upstream to downstream. Mean abundance of intolerant
taxa was 6 to 144 times greater than abundance of tolerant taxa across sampling sites. Richness of
intolerant taxa was 2 to 10 times greater than tolerant taxa richness across sampling sites (Figure
6). Relative abundance of EPT taxa was high across all 3 sampling sites (Figure 7). Those taxa
were dominated by individuals belonging to the order Ephemeroptera in samples collected from
BANDCAPO03 and BANDCAP 01. Samples collected from BANDCAP02 were overwhelmingly
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Table 1. Selected aquatic macroinvertebrate metrics. .

Metric type

Abundance/Rich-
ness/Diversity

Tolerance

Functional-

Feeding

Functional-Habit

Composition

Metric
Total abundance

Taxa richness

Simpson’s diversity

Dominant taxa

Relative abundance tolerant taxa

Percent richness tolerant taxa

Relative abundance filtering-collectors

Percent richness filtering-collectors

Relative abundance scrapers
Relative abundance burrowers

Percent richness burrowers
Relative abundance clingers
Percent richness clingers
Number of EPT taxa
Relative abundance EPT

Relative abundance Ephemeroptera
Relative abundance Plecoptera

Relative abundance Trichoptera

Hydroptilidae+ Hydropsychidae: Tri-
choptera

Relative abundance non-insect taxa
Relative abundance Chironomidae

Definition
Total number of individuals.

Total number of taxa (measures the overall diversity of macro-
invertebrates in a sample).

A measure of the variety of taxa that takes into account the
relative abundance of each taxon.

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

Percent of individuals considered to be tolerant to perturba-
tion.

Percent of taxa considered to be tolerant to perturbation.

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.

Percent of individuals that move between substrate par-
ticles (typically finer substrates).

Percent of taxa that move between substrate particles (typi-
cally finer 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 adaptations for at-
tachment to surfaces in flowing water.

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

Percent of individuals in the insect orders Ephemeroptera
(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.

dominated by Plecopteran (stoneflies) species which made up nearly half of all individuals collected

from this site.

In terms of abundance, Ephemeropteran and Chironomid (midges) were the dominant orders,
making up 48% and 57% of the individuals collected from samples taken from BANDCAP02 and
BANDCAPO1 respectively (Figure 8). Plecopterans and Chironomids combined to make up 85% of
the individuals in samples collected from BANDCAPO3. Predators and Collector-Gatherers were the
most sampled functional feeding groups across all sampling reaches (Figure 9). These feeding groups
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Table 2. Summary of macroinvertebrate metrics based on samples collected in three reaches in Capulin Creek. Richness
based metrics are expressed as the number of different taxa in a particular sample. Abundance based metrics are
expressed as the number of individuals in a sample. Only one qualitative multihabitat was taken from each reach. Five
quantitative samples were taken from each reach.

Qualitative Multihabitat
Metric

Taxa Richness

Percent Richness Tolerant Taxa
Percent Richness of Collector-Filterer
Percent Richness of Scrapers
Number of EPT Taxa

Percent Richness of EPT Taxa
Percent Richness of Ephemeroptera
Percent Richness of Plecoptera
Percent Richness of Trichoptera
Percent Richness Non-insect Taxa
Percent Richness of Chironomids

Quantitative Targeted Riffles

Metric

Total Abundance

Taxa Richness

Simpson's Diversity Taxonomic
Simpson's Diversity Func Grp
Dominant Taxa

Relative Abundance Tolerant Taxa
Percent Richness Tolerant Taxa
Relative Abundance Collector-Filterer
Percent Richness of Collector-Filterer
Relative Abundance of Scrapers
Number of EPT Taxa

Relative Abundance of EPT Taxa
Relative Abundance of Ephemeroptera
Relative Abundance of Plecoptera
Relative Abundance of Trichoptera
Percent Tolerant Trichoptera

Relative Abundance Non-insect Taxa
Relative Abundance of Chironomids

BANDCAPO3
40.00
10.53
10.00
12.50
15.00
37.50
7.50
7.50
22.50
5.00
7.50

BANDCAPO3
Mean
633.63
28.2
0.85
0.70
27.15
0.50
5.61
35.69
10.82
10.88
12.2
59.78
26.81
9.75
23.22
954
0.24
20.52

Std Dev
79.76
3.90
0.02
0.03
3.56
0.36
1.41
7.93
1.69
9.59
0.84
8.29
7.49
5.38
7.88

0.33
12.29

BANDCAPO1
43.00
9.30
11.63
9.30
19.00
4419
16.28
9.30
18.60
4.65
6.98

BANDCAPO1
Mean
456.30
24.4
0.86
0.67
28.95
2.23
4.61
15.84
14.50
4.64
11.4
54.51
29.10
13.80
11.60
69.2
0.69
27.49

Std Dev
278.53
8.26
0.03
0.05
8.78
3.78
4.89
3.20
2.97
2.11
2.70
12.45
10.08
6.65
3.84

1.18
12.60

BANDCAP02

27.00

11.54

15.38

3.85

8.00

29.63

7.41

7.41

14.81

7.41

11.11

BANDCAP0Q2

Mean Std Dev
240.4 196.25
13.4 7.09
0.73 0.06
0.65 0.05
43.57 7.79
7.02 9.87
10.78 7.25
4.85 4.71
13.56 10.81
2.59 2.95
4.6 3.05
52.33 13.17
1.14 0.92
49.07 11.56
2.12 4.02
100.00

1.15 1.52
35.73 17.62

Results
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Table 3. Summary of physical habitat transect data in Capulin Creek, 2007.
Measures of Embeddedness, Canopy Closure are described as percentages.
Wetted and Active Channels are described as widths.

BANDCAPO3 BANDCAPO1 BANDCAPO02
Mean Std Mean Std Mean Std
Dev Dev Dev
Channel
Dimensions
Velocity (m/s) 0.09 0.14 0.06 0.11 0.04 0.06
Depth (m) 0.05 0.03 0.07 0.06 0.06 0.03
Wetted Channel (m) 1.30 0.37 1.18 0.35 1.75 0.51
Active Channel (m) 2.29 0.87 1.70 0.44 4.02 1.48
Microhabitat
Velocity (m/s) 0.30 0.17 0.23 0.10 0.19 0.23
Depth (m) 0.07 0.01 0.07 0.02 0.06 0.03
Substrate Size (mm) 4.05 478 2.74 5.02 1.60 3.24
Embeddedness (%) 12.02 19.38 13.32 19.80 9.20 14.91
Riparian Cover
Canopy Closure 83.65 14.10 86.16 13.85 71.49 13.66

BANDCAPO3
1 O OO O O WO
0.9 1
0.8
g
0.6 {1/ :
0.4 14
03 1+
02 1
0.1 1
0.0

Proportion

Size class (mm)

< 2 mm: silt, sand

2 —8 mm fine gravel

8-16 mm medium gravel
16-64 mm coarse gravel
64- 128 mm small cobble
128-256 mm large cobble
= 256 boulder

__ BANDCAPOL

BANDCAPO02

2 4 8 16 32 64 128256512 2 4 8 16 32 64 128256512 2 4 8 16 32 64 128 256 512

Size class (mm)

Size class (mm)

—— Percent finer than
—— Percent in class

Figure 10. Particle size distribution, based on modified Wolman pebble counts, among macroinvertebrate sampling
reaches in Capulin Creek, 2007. Percent finer than shows cumulative proportion of sediments finer than size class.
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Continued from page 6...

Channel structure dynamics are represented by particle size distributions in Figure 10. Particle

size distributions were controlled primarily by finer sediments in all 3 reaches based on modified
Wolman pebble counts. The proportion of particles in the sand/silt size class increased from
upstream to downstream. There were no sediment particles greater than 62 mm present in any of the
sampling reaches.

Macroinvertebrate habitat was dominated by rock in reaches BANDCAP(03 and BANDCAPO01
(Figure 11). Very little algae existed anywhere in Capulin Creek. BANDCAPO02 was the only site
where algae was present, making up 9% of the total habitat available.

Riffles and glides were the most abundant Geomorphic Channel Unit (GCU’s) found throughout
all sampling reaches (Figure 12). In combination these two channel units made up 54% of
BANDCAPO03, 69% of BANDCAPO01, and 61% of BANDCAPO2. Riffies accounted for half of the
channel units sampled along BANDCAPOQ1 which was twice as much as the other sampling reaches.
For a complete description of GCU’s see Brasher et al. (2009).

Climate conditions

Streamflow and climate are not monitored at Capulin Creek. The closest weather station, Station
Bandelier National Monument (NM07), is located on Frijoles Mesa in the Rito de los Frijoles
drainage. The station is located approximately 0.5 km northeast of Bandelier National Monument
headquarters and 6.1 km northeast of the Base Camp Cabin at Capulin Creek (National Atmospheric
Deposition Program 2009). Monthly precipitation averages for 2007 generally followed trends
established over the past 25 years with the exception of the months of August and October, which
saw significantly decreased precipitation, and December, which was wetter than the long-term
average (Figure 13). No distinct deviations in monthly maximum or minimum temperatures from the
25-year average occurred in 2007 (Figure 14).

Discussion

Data included in this report represent SCPN’s first year of aquatic macroinvertebrate monitoring
along Capulin Creek. The current conditions at our sampling sites suggest that those sites in the
upper reaches of the watershed are the most species rich and provide the greatest sample abundance
for both quantitative and qualitative samples. Taxa richness of riffle habitat along Capulin Creek is
relatively high. Our richness numbers exceeded both pre-fire and post-fire riffle data collected by
Vieria et al. (2004) and MacRury and Clements (2002). However, the SCPN 2007 numbers were
lower than those reported in Pippin and Pippin (1981).

Calculations of Simpson’s Diversity Index for taxonomic differences in quantitative samples suggest
that riffle habitat is quite diverse. These values represent the highest found among any monitoring
sites sampled by SCPN during 2007.

Prior to 2006 Capulin Creek was listed on the State of New Mexico’s 303(d) list of impaired surface
water because of increased sedimentation and turbidity after the 1996 Dome Fire. A 2004 assessment
of the watershed resulted in turbidity being removed as a cause of non support for the listing but
sedimentation and its resulting effect on the macroinvertebrate community remained a cause of
concern. After reassessment in 2006, the State concluded that because the sedimentation was due to
“natural causes” it should be removed as a cause of impairment to the stream. The stream was then
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removed from the State’s 303(d) list (NMED 2008). Our first year of physical habitat data indicate
that substrate in the reaches we sampled were dominated by finer sediments as well as showing
that the proportion of fine sediments (<2 mm) present in the channel increases in the downstream
direction. Additionally we found a decrease in Collector-Filtering species as well as in EPT richness
and abundance as we moved downstream. Both groups of organisms are known to be sensitive to
instream sedimentation.

Ecological tolerance describes how well a species tolerates disturbance. Aquatic macroinvertebrate
taxa can be assigned tolerance values based on their ability to withstand pollution or environmental
degradation. Taxa that are considered to beintolerant are expected to decline quickly as water quality
degrades. Conversely, tolerant taxa would be expected to persist during times of degraded water
quality. As shown in Figure 6, the 2007 data indicate that Capulin Creek is dominated by moderately
tolerant and intolerant macroinvertebrate taxa. While a single year of data is insufficient to describe
current conditions with a high degree of confidence, if a similar status is reported in future years, this
would suggest that the aquatic habitats and macroinvertebrate assemblages are in good condition
and are experiencing little disturbance. In addition, this metric could provide useful information if
the numbers of moderately tolerant and intolerant species were to decline as the result of any future
perturbation or management action occurring in the watershed.

12

Aguatic Macroinvertebrate and Physical Habitat Monitoring for Bandelier National Monument



Literature Cited

Blinn, D. W, and D. E. Ruiter. 2006. Tolerance values of stream caddisflies (Trichoptera) in the lower
Colorado River basin, USA. Southwestern Naturalist 51(3):326-337.

Brasher, A.M.D., C.M. Albano, R.N. Close, M.L. Freeman, C.L. Lauver, S.A. Monroe, Snyder, A.E.C.,
and Thomas, L.P. 2009. Aquatic macroinvertebrate monitoring protocol for National Parks in
the Southern Colorado Plateau Network. Natural Resource Technical Report NPS/IMR/SCPN/
NRTR-2009/XXX. 213 pp.

Brasher, A. M. D., C. M. Albano, R. N. Close, and Q. H. Cannon. 2006. Pilot protocol
implementation: report on macroinvertebrate communities and habitat characteristics in
National Parks of the Colorado Plateau. Prepared for the Southern and Northern Colorado
Plateau Networks. 155 pp.

Griffith, M. B., B. H. Hill, F. H. McCormick, P. R. Kaufmann, A. T. Herlihy, and A. R. Selle. 2005.
Comparative application of indices of biotic integrity based on periphyton, macroinvertebrates,
and fish to southern Rocky Mountain streams. Ecological Indicators 5:117-136.

Grimm, N. B., and S. G. Fisher. 1989. Stability of periphyton and macroinvertebrates to disturbance
by flash floods in a desert stream. Journal of the North American Benthological Society 8:293-
307.

MacRury, N. and W. Clements. 2002. Ecological, hydrological, and geo-chemical effects of fire on
canyon watersheds in Bandelier National Monument, New Mexico. National Park Service,
Natural Resource Program Center, Fort Collins, Colorado, USA.

National Atmospheric Deposition Program (NRSP-3). 2009. NADP Program Office, Illinois State
Water Survey, 2204 Griffith Dr., Champaign, IL 61820. Available at http://nadp.sws.uiuc.edu/sites/
siteinfo.asp?net=NTN&id=NMO07 (accessed January 2009).

New Mexico Environment Department. 2008. Record of decision for the 2008-2010 303(d)/305(b)
integrated list for assessed surface waters. Surface Water Quality Bureau. Santa Fe, New Mexico.
336 pp.

Oberlin G. E., ]. P. Shannon, and D. W. Blinn. 1999. Watershed influence on the macroinvertebrate
fauna of ten major tributaries of the Colorado River through Grand Canyon, Arizona.
Southwestern Naturalist 44:17-30.

Pippin W. F. and B. D. Pippin. 1981. Aquatic invertebrates from Capulin Creek, Bandelier National
Monument, New Mexico. National Park Service, Natural Resource Program Center, Fort
Collins, Colorado, USA.

Poff, N. L.,]. D. Olden, N. K. M. Vieira, D. S. Finn, M. P. Simmons, and B. C. Kondratieff. 2006.
Functional trait niches of North American lotic insects: Trait-based ecological applications in
light of phylogenetic relationships. Journal of the North American Benthological Society 25:730-
755.

Spindler, P. 2004. Stream channel morphology and benthic macroinvertebrate community
associations in the San Pedro River and Verde River Basins of Arizona, 1999-2002. Arizona
Department of Environmental Quality Open File Report 04-01, Phoenix, Arizona, USA.

Literature Cited

13



Thomas, L., M. Hendrie (ed.), C. Lauver, S. Monroe, N. Tancreto, S. Garman, and M. Miller. 2006.
Vital signs monitoring plan for the Southern Colorado Plateau Network. Natural Resource
Technical Report NPS/SCPN/NRR-2006/002. National Park Service, Omaha, Nebraska, USA.

Vieira, N. K. M., W. H. Clements, L. S. Guevara, and B. F. Jacobs. 2004. Resistance and resilience
of stream insect communities to repeated hydrologic disturbances after a wildfire. Freshwater
Biology 49:1243-1259.

14 Aguatic Macroinvertebrate and Physical Habitat Monitoring for Bandelier National Monument



SabpIA aeplwouoiyd esa1diqg esa1dig easu|  epodoiyuy

SabpIIA deplwouoiyd esa1dig es21dig easu|  epodoiyuy

SabpIA aeplwouoiyd esa1diqg es21dig epasu|  epodoiyuy

SabpIN buig aepluobodoielad) esa1dig esa1diqg e1asu|  epodolyuy

sabpiN bunig eIzzd3qold  depluobodoieia) esa1dig esR1dig e1asu|  epodolyuy

S9199g JobusnedS IS1eAN aepl|iydoipAH es9)dosjo) e491do3|0) epasu|  epodoiyuy
S39|199g J9bUdARDS JD1BAN snwifoeled aepl|iydoipAH eJ91dos|0d) e191d09|0) easu]  epodolyny
S9[199¢g JobUBAEDS J91BAN sniyooug 9epl|iydolpAH e191d03|0D e191d0a|0) easu|  epodolyuy
SETIEETEETIN aepiug eJ91dos|0d e191d09|0) easu|  epodolyny
SO[1o9g-9|IY e|nAed eINSZ}IEZ Seplwg es9)dosjo) e491do3|0D) epasul  epodoiyuy
SEIIEETEETINN snalRsondo aepiw3 eJ91dos|0d e191d03|0) e1asu]  epodolyuy
So[19ag-9|ly  Sniejndewnpenb snAIRsoido Seplw|3 es21dosjo) eJ93dosj0D PIOasU|  epodolyuy

S9[199g-9| 1y suabanIp snasesondo sepiwig e191d0s|0D e491do3j0) epasul  epodoiyuy

So[1eag-9| iy Jojoouod sndieN seplwg e491d0os|0D) eJ93dosj0D epasul  epodoiyuy

SEIEET EETTIN| snjus|ndJod SV EAETE sepiw|g e91d03|0D £191d09]0D PIsU|  epodolyuy

S9[1999 J21eAN PR0L-buoT aeppsiAQ es91dosjo) e193dosj0D easul  epodoiyny
91999 J91eA Pa0]-buoT Snueyy aepnsiAg e191d03|0D £191d09|0D PIsU|  epodolyuy
S9[1999 J21eA PR0L-buoT snjejoulq snueyy 2eppsiAQ es91dosjo) e19)dosj0D e19sU|  epodoiyuy
91999 J91eAA Pa0]-buoT sngeby aepnsiAg e491d03|0) £191d09]0D p3sU|  epodoiyuy
S91999 J21eA\ PR0L-buoT SNYdI9H aepidolug es91dosjo) e19)dosj0D) e1O9sU|  epodoiyuy
SO 21BN B|OD1}ULIOL OPPIOJUDLIOL  SOWOHPIGUIO)|  SSWOHPIQUIO]]  epluydely  epodolyly

SO 21BN uoydiads 9EPIIUOYDIRdS  SSWUOHPIQUIO]]  SSWLIOHPIqWOL]  epluydely  epodoiyuy

SO 21BN SOWIOHPIQUIO)|  SSWLOHPIQUIO]]  epluydely  epodolyly

SWIOAA PR1UBWIBS e19eYD0bI|0 epiRUUY
SweN uowwo) sapads snuap Ajlwey 19pIogns 19pI0 ssepd wnjAyd

£00Z Buunp %931) uiinded) ul pa1da]j0d Bxe) d1RIgaLISAUICIDRW diienby

Vv Xipuaddy

15

Appendix A



Sal|pAelA SODLL S9POYIAIoDLIL oepiydAyords]  essidosswsydy  essydosswisyd] epasul  epodoiyuy
saljpheln weans sepliusbeiday essydosswaydy  essrdosswsyds easu|  epodolyny
saljhe\ weains SnJoad3 oepliusbeidsy  essydosswsydy  eissrdosswsyds easu|  epodolyuy

salheln Jopmesd Auids deplplawaydy  essrdosswaydy  essrdosswsyds e1asu]  epodolyny
salpheln Jopmesd Auids SISUSPeJO|0D e|jaunig oep||psswsydy  essidosswsydy  essydosswisyd]y epasu|  epodoiyuy
S3I|4ABIN MOUUI 3||Inb uoD||e4 sepioeg  esdrdosswsydy  essrdosswsyd] e1asu|  epodolyny
S3I|JABIN MOUUIA siloeg sepnoeg  essldosswsydy  essydosswsyd3 epasu|  epodoiyuy
S3I|4ABIN MOUUI IENUERY oepnoeg  essldosswsydy  essydosswsyd3 epasul  epodoiyuy
S3I|JABIN MOUUI wn|ndosus) oeplleeg  essrdosswisydy essrdosswsyd3 epasul  epodoiyuy
salhel\ mouulip oepieeg  essrdosswisydy  essrdosswayd3 PIasU|  epodolyuy
SalHARIN YInowquiod SUETENNY oepnspwy  essjdosswsydy  essydosswsyd]y PIOasU|  epodolyuy
Sal|4 sueld aepindi] esardig ess1dig easu|  epodolyny

S3l|4 auesD eindi sepindiL esa1dig esa1dig easul  epodoiyuy

Sal|4 aueld enIpad aepindi] esa1dig ess1dig easu|  epodolyny

S3l|4 auesd ejydouwn sepindiL esa1dig esa1dig easul  epodoiyuy

Sal|4 aueld eloueniq aepindi} eso1dig ess1dig e9su|  epodolyny

S3l|4 auesD B|odnuUoW BYd0IUY sepindiL esa1dig esa1dig pasul  epodoiyuy

S31|4 9SI0H snueqe| aeplueqe] esordig els1dig e19asu|  epodolyny

Sal|4 43Ip|0S snydAiedojed aeplAwoneins elaydig esaydiqg e1asu|  epodolyny

Sall4 de|g deplnwiIsS esa1dig es91dig PIsU|  epodolyuy

Sal|4 >elg wninwis 2eplINWIS elaydig esa1diqg e1asuU|  epodolyny

S3l|l4 pUeS 3 Y10 PWODLIR 9epIpoydAsy esa1dig es1dig PIsU|  epodolyuy
S3I|4 puUes B Yo\ euInIeN 9epIPOYIAsY els1diq els1dig e1O9suU|  epodolypy
S3l|4 9SNOH SBPISNIA esa1dig esa1dig PI3sUl  epodolyuy

Sal|4 dueq eIRHIIBYD aepipidw3 esa1dig esaydig e1d9su|  epodolypy

S9BPIA SNISIUSIA 2epixig elo1diq elo1dig e1d9su|  epodolypy
SIBPIN SNOSIUSIA| exig 9epIXIg esa1dig es1dig PIO9sU|  epodolyuy
SweN uowwo) sapads snuap Ajwey 19pIOgns 19pI0 ssep wnjAyd

panuiuod y xipuaddy

16  Aquatic Macroinvertebrate and Physical Habitat Monitoring for Bandelier National Monument



S314SIppPeD UIBYLON aepijydauwin esa1rdoydu eJardoydii| easu|  epodolyly
Sal|ysippeD pauloybuoT SICRETe) 9EepIS10}daT] esa1doydu es21doydii epasul  epodoiyuy
SalySippeD ailezig ewolsopidal  aepnewoisopida] eJa1rdoydu eJardoydull e19su|  epodolyly
S3I|4SIPPEIODIN aepl|ndoipAy esa1doyduy es21doydiy epasul  epodoiyuy
S3I|4SIPPEIODIN RIYIAXO aepijndoipAy esa1doydu esa1doydig epasul  epodoiyuy
S3I|4SIPPEIODIN elyd3Ayy aepl|ndoipAy esa1doyduy es1doydiy eposul  epodoiyuy
salysipped buluuidsisN aepiydAsdoipAy esa1doydu es21doydug epasul  epodoiyuy
salysippeD buluuidsisN aydAsdoipAy sepiydAsdoipAH essydoydul es21doydu easul  epodoiyuy
salysippeD buluuidsisN aydAsdorewnayd aepiydAsdoipAy esa1doydu esa1doyduy epasul  epodoiyuy
Sal|4SIppeD) 9sed-|leus SI|ealoq aydAsdodijsH aepiydAsdodiayH essydoydul es21doyduy epasul  epodoiyuy
SaI|SIPPeD oe|g 91 9PPIIBWOSOSSO|D) esardoypdL| esardoydul| PasuU|  epodolyuy
SOIYSIPPED) 2B|g S1HT PWOSOSSO[D)  9EPIIRWOSOSSO|D) esa1doydL| esa1doydu| e9sU|  epodolyuy
SallsippeD WINJIUIOH[eD uoJ19|dossIsH depleldowele) esa1doydL| esa1doydu| PsU|  epodolyuy

S3I|SIPPED I9XeWaseD BWISBLIN 9eplIUadAYdRIg essydoydrp es21doyduy easul  epodoiyuy
Salsipped eJaydoydii eJaydoyduiL easu|  epodolyny

S91|}2U03S PIPOJId e|1ados| 9epIPO|Iad eJa1dodald el91dods|d e19suU|  epodolyny
Sa1§2u03S Bbunds 9ePLINOWSN eJ91d0d9|d e491d0d9|d PIsU|  epodolyuy
Salyau0ls bunds sadipuid epedez 9EpLNOWSN eJ91dodald eJ91dods|d e1I9suU|  epodolyny
S3I42U01S aepiedoioly)d eJ91doda|d e491d0d9|d PsU|  epodolyuy

S31|}2U03S aepiiude) eJ91doda|d eJ91dods|d e1asu|  epodolypy

S3I42U01S pJ91d0od9|d e91d0d9|d PIsU|  epodolyuy

Salj[sweq pabuim-moLieN 9epluoLbeusn) P}RUOPO B]RUOPQ e19suU|  epodolyly
Saly[sweq pabuim-molieN eibly 9epluoLbeuso) P1PUOPO P1PUOPQ PY3sUl  epodolyuy
Siauleq SBPIUYSIY P}RUOPO B]RUOPQ PIO9sU|  epodolyuy

Yo pljeskd ejlydosad aepljelid eJaydopida eJaydopida easu]  epodoiyuy

SIDPUIS JDIBAN BI[SA0IIN SepPIIIRA eJ9}doJaIeH e91dossieH PIOsU|  epodolyuy

sa1|jhelN pa||ibbuo.d aeplgs|ydoyds] essydosswaydy  esspdosswsyd] easu]  epodoiyuy
SweN uowwo) sapads shuap Ajlwey 19pIoqns 19pI0 ssep wnjAyd

panuuod y xipuaddy

17

Appendix A



swiepead wnipisid aeplipisid BPIOIBUSA ESEEN eIA[RAIG eISN||OIN
Sal|JsippeD pajielysng ebewno  9eplIeWO0ISOdIISS eia1doydlll ea1doydLL epasU|  epodoiyly
awleN uowwo)d sapadsg snuan Ajlwey 19piogns 19pI0 sse]d wnjAyd

panuniuod y xipuaddy

18  Aquatic Macroinvertebrate and Physical Habitat Monitoring for Bandelier National Monument



Appendix B

Physical Habitat Data Collected at Capulin Creek in 2007

Channel Velocity (m/s) Depth (m)
Dimensions

Mean Std Dev Mean Std Dev Wetted Active

Channel (m)  Channel (m)

BANDCAPO3
1 0.05 0.11 0.12 0.06 1.30 3.65
2 0.09 0.13 0.06 0.02 1.00 1.20
3 0.03 0.07 0.02 0.03 0.85 1.05
4 0.06 0.13 0.02 0.04 1.40 2.50
5 0.04 0.12 0.02 0.03 1.20 2.75
6 0.08 0.11 0.04 0.03 0.80 1.40
7 0.17 0.38 0.02 0.03 1.97 3.00
8 0.05 0.08 0.08 0.07 1.60 1.60
9 0.09 0.10 0.08 0.02 1.05 2.30
10 0.08 0.14 0.02 0.01 1.70 3.20
1M 0.23 0.20 0.06 0.03 1.45 2.58
BANDCAPQ1
1 0.05 0.09 0.05 0.04 0.95 1.90
2 0.03 0.06 0.16 0.06 1.25 1.50
3 0.09 0.11 0.05 0.04 1.15 1.15
4 0.08 0.11 0.02 0.02 1.15 1.90
5 0.02 0.05 0.04 0.04 0.55 1.20
6 0.04 0.03 0.12 0.06 1.00 1.60
7 0.02 0.05 0.02 0.04 2.00 2.40
8 0.09 0.34 0.14 0.26 1.20 1.50
9 0.05 0.09 0.04 0.07 1.15 1.35
10 0.05 0.06 0.08 0.04 1.45 2.50
11 0.15 0.18 0.03 0.02 1.10 1.70
BANDCAPQ2
1 0.03 0.06 0.02 0.02 1.10 4.60
2 0.03 0.03 0.12 0.06 1.65 2.50
3 0.05 0.07 0.09 0.01 2.55 3.45
4 0.04 0.02 0.08 0.03 2.50 5.50
5 0.01 0.05 0.05 0.02 1.65 3.80
6 0.10 0.07 0.04 0.02 1.85 2.75
7 0.02 0.04 0.04 0.02 1.45 3.40
8 0.07 0.11 0.02 0.02 1.80 7.00
9 0.04 0.06 0.07 0.04 1.17 2.20
10 0.00 0.04 0.04 0.04 2.30 5.50
11 0.07 0.08 0.04 0.04 1.25 3.50
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