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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 of 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).
The Mancos River in Mesa Verde National Park (Figure 1) was selected by SCPN for long-term
monitoring of aquatic macroinvertebrates, water quality and integrated riparian vital signs.

Inset Map Area

Figure 1. Location map of Mancos River, Mesa Verde National Park, with two
sampling reaches.

The Southern Colorado Plateau Network implemented aquatic-macroinvertebrate monitoring

at two sites on the Mancos River in 2007. These sites were the Mancos River near stream flow

gauge (MEVEMANO1) and Mancos River 0.4 km upstream from southern park boundary
(MEVEMANO02). MEVEMANO01 was selected judgmentally and is co-located with a network

water quality monitoring site and a streamflow gaging station. Aquatic macroinvertebrates were
sampled at this site in 2005 and 2006 by the USGS as part of a pilot study supporting SCPN protocol
development (Brasher 2009). MEVEMANO2 was sampled for the first time in 2007. The site was
selected using the Generalized Random-Tesselation Stratified (GRTS) design.

The purpose of this report is to (a) document monitoring activities and management actions that
have 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.
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The Mancos River makes up approximately 6 km of the park’s eastern boundary and is located
adjacent to a checkerboard of federal, state, and private lands. The streamflow gaging station USGS
09370600 Mancos River at Anitas Flat below Mancos, CO is 1.69 km south of the park boundary
and is operated cooperatively by the National Park Service (NPS) and the USGS. Streamflow gaging
station USGS 09371000 Mancos River near Towaoc, CO is 45 km downstream of the park boundary
on Ute Indian Reservation. The State of Colorado has a streamflow gaging station (MANMANCO)
15 km upstream of the park, near the town of Mancos. Water is diverted upstream from the park for
irrigation and flow in the river has been partially regulated by Jackson Gulch Reservoir since 1949.

Methods

Field methods

Aquatic macroinvertebrate reaches were sampled at two sites on the Mancos River in Mesa Verde
National Park, CO. In downstream order these sites were MEVEMANO01 and MEVEMANO02.
MEVEMANQOL1 is just downstream of an active gaging station. The dominant riparian vegetation
in this reach is cottonwood (Populus spp.), coyote willow (Salix exigua) and silver buffaloberry
(Shepherdia argentea). The lower reach is on a large meander and the vegetation community is
primarily coyote willow, juniper (Juniperus monosperma), rabbitbrush (Chrysothamnus spp.) and
narrowleaf cottonwood (Populus angustifolia).

Aquatic-macroinvertebrate samples were collected within two 150-m reaches (see Figure 2 for reach
layout diagram). Physical habitat surveys were conducted within this same area. Sampling occurred
October 3-4, 2007. Sampling was cut short by a storm event that caused the river to rise, and only
seven habitat transects were completed at each reach. A detailed description of methods can be
found in Brasher et al. (2009).

Two types of macroinvertebrate samples were collected in each reach. Quantitative samples were
collected from riffle habitats to provide estimates of organism abundance. Five replicate quantitative
macroinvertebrate samples were collected from a 0.25-m? area in five riffles using a Slack Sampler.
Qualitative samples were collected from all types of habitat present within the reach to provide

a comprehensive list of species. One
qualitative macroinvertebrate sample
was collected using a D-frame Kick Net.

Microhabitat measurements, including
depth, velocity, substrate size, and
substrate embeddedness, were

Right Bank collected at each of the quantitative
macroinvertebrate sampling locations.
Physical habitat measurements were
collected along 7 of 11 transects that

Left Bank

XS 11 Key were equally spaced throughout the
"""" Habitat transect reach (every 15 m). At each transect,
O Reach Centerpoint measurements of stream width, depth,
W Distance between velocity, substrate size, and canopy

transects

 Reach length/10 closure were made. Seven point

observations of the type and presence
of macroinvertebrate habitats were

Figure 2. General aquatic-macroinvertebrate reach layout.
9 q y recorded across each transect. At
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the reach scale, geomorphic channel unit lengths were measured to characterize general habitat
heterogeneity. Dominant vegetation and land cover and any disturbances present in the reach were
also recorded.

We were unable to collect a complete set of physical habitat data during the 2007 sampling event.

A large weather system had been predicted to arrive on our second day of sampling, therefore, in
order to ensure we would be able to collect aquatic macroinvertebrate and physical habitat data
from both sampling reaches, we reduced the number of physical habitat transects for MEVEMANO02
from 7 of the 11 transects. On our second day of sampling, during our physical habitat sampling at
MEVEMANQO1, the forecasted storm arrived, preventing us from completing transects 8-11, and all
reach characterization measurements.

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
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 metrics presented here were selected because
they are generally considered to be sensitive, reliable indicators of water quality and/or stream
health. In addition, these metrics represent a range of ecological characteristics, thus providing a
comprehensive assessment of multiple aspects of community structure. The majority of these metrics
have previously been used to detect changes in water quality and habitat conditions in streams
(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 Index was chosen as a measure of community diversity. Simpson’s Index was calculated
twice; once using taxonomic data, and once using functional data. Simpson’s D was calculated as:

D, =1-[(£n(n-1))/(N(N-1))] ()

where: n = abundance of an individual taxon or functional guild and N = total number of individuals
in the sample. Continued on page S...

Methods
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Results

Summary of aquatic macroinvertebrate community data

This report includes data describing aquatic macroinvertebrate communities from samples collected
at two sites on the Mancos River in Mesa Verde National Park during 2007. A summary of key
metrics 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 upstream to downstream positioning along the
stream (see Figure 1). Figures located in this section refer to data collected from quantitative targeted
riffle habitat unless otherwise noted.

A total of 28 taxa were present in qualitative and quantitative samples collected at the Mancos River
(Appendix A). Abundance and taxa richness was highest in samples collected from MEVEMANO02
(Table 2). Total abundance was nearly twice as high at MEVEMANO02 compared to MEVEMANO01
(Figure 3). Species richness was highest in qualitative multihabitat samples. Richness in quantitative
targeted riffle samples was greatest at MEVEMANO2 and greatest in qualitative samples from
MEVEMANO1 (Figure 4).

Taxonomic diversity as calculated using the Simpson’s Diversity Index was slightly higher in samples
collected from MEVEMANO1 samples. Functional group diversity was slightly greater in samples
collected from MEVEMANO?2 (Figure 5).

Ecological tolerance describes how well a taxon tolerates disturbance. Tolerant taxa were collected
from only one riffle sample in MEVEMANO(2, and were not found in any sample collected from
MEVEMANO?2. Richness of moderately tolerant and intolerant species did not differ greatly between
sites. Abundance was dominated by moderately tolerant organisms. Moderately tolerant organisms
made up 82% of the organisms collected from MEVEMANO02, and 76% of MEVEMANO1(Figure 6).

Abundance

MEVEMANOI MEVEMANO2
Sampling Site

Figure 3. Total abundance of macroinvertebrate samples collected
from quantitative samples in the Mancos River. Abundance is
expressed as the mean number of individuals per quantitative
targeted riffle habitat.

Results
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Table 2. Summary of macroinvertebrate metrics based on samples collected in the Mancos River.

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.

Qualitative Multihabitat MEVEMANO1 MEVEMANO2
Metric

Taxa Richness 19.00 10.00

Percent Richness of Tolerant Taxa 16.67 11.11

Percent Richness of Filterer-Collectors 16.67 20.00

Percent Richness of Scrapers 0.00 0.00

Number of EPT Taxa 7.00 4.00

Percent Richness of EPT Taxa 36.84 40.00

Percent Richness of Ephemeroptera 21.05 30.00

Percent Richness of Plecoptera 0.00 0.00

Precent Richness of Trichoptera 15.79 10.00

Percent Richness of Non-Insect Taxa 21.05 20.00

Percent Richness of Chironomids 10.53 10.00
Quantitative Targeted Riffle Habitat Mean Std Dev Mean Std Dev
Total Abundance 24.96 14.93 59.20 16.39
Taxa Richness 5.20 0.84 6.60 1.34
Simpson's Diversity Taxonomic 0.67 0.06 0.61 0.06
Simpson's Diversity Functional Group 0.38 0.07 0.50 0.40
Dominant Taxa 0.56 0.05 0.59 0.06
Relative Abundance Tolerant Taxa 0.00 0.00 0.16 0.36
Percent Richness Tolerant Taxa 0.00 0.00 2.86 6.39
Relative Abundance Filterer-Collector 32.58 25.19 32.95 7.82
Percent Richness of Filterer-Collector 31.33 12.38 31.33 6.39
Relative Abundance of Scrapers 0.00 0.00 0.45 1.02
Number of EPT Taxa 58.00 13.04 52.17 14.04
Relative Abundance of EPT Taxa 73.51 16.87 73.37 12.52
Relative Abundance of Ephemeroptera 59.43 18.82 59.04 8.10
Relative Abundance of Plecoptera 0.00 0.00 3.00 217
Relative Abundance of Trichoptera 14.08 4.69 11.33 7.95
Percent Tolerant Trichoptera 100.00 100.00

Relative Abundance Non-insect Taxa 3.93 4.27 1.43 0.90
Relative Abundance of Chironomids 9.04 7.45 3.13 2.57

6
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Species Richness
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MEVEMANO1 MEVEMANO2
Sampling Site

HEE Qualitative
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Figure 4. Mean species richness in qualitative multihabitat
samples and quantitative targeted riffle samples collected in
the Mancos River.
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MEVEMANO1 MEVEMANO02
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Figure 5. Simpson’s Diversity Index for Taxonomic Diversity
(upper) and Functional Feeding Diversity (lower) for
quantitative targeted riffle samples collected in the Mancos
River. Values are expressed as means of all samples collected
from each site.

EPT taxa were dominated by
Ephemeroptera (mayflies) taxa. Sixty
percent of the EPT taxa collected

from both sites were Ephemeroptera.
Plecopterans (stoneflies) were absent from
MEVEMANO01 samples and made up only
3% of MEVEMANO2 samples (Figure 7).
In addition, Ephemeropteran taxa were the
most abundant taxa of any order found in
either sampling site (Figure 8).

Collector-Gatherer taxa were the most
abundant functional feeding group sampled
at either site. Very few scrapers were present
and no shredder taxa were present in
samples collected from the Mancos River
(Figure 9).

Summary of physical habitat
characteristics

The SCPN macroinvertebrate protocol
calls for physical habitat data to be collected
along 11 transects and at each of the 5
targeted riffle habitats. During the 2007
sampling event we were only able to

collect physical habitat data from 7 of the
11 transects at each site because of storm
activity in the area. Additionally, the storms
resulted in a rapid rise in flow preventing us
from collecting reach characterization data
from MEVEMANO1 site. A summary of
these data are presented in Table 3 and the
entire data set is included in Appendix B.

Stream velocity and depth did not differ
between sampling reaches. Targeted riffle
data suggests that embeddedness increased
as we moved from the upstream reach to the
downstream reach, increasing by 9 % (Table
3). Both sampling reaches were dominated
by particles in the fine sand to small gravel
particle size classes. Particles in these size
classes accounted for 81% of the substrate
sampled from MEVEMANO1 and 77% of
the substrate sampled from MEVEMANO02
(Figure 10). We found little diversity

among macroinvertebrate habitat cover

in either sampling reach. Both sites were
dominated by rock (MEVEMANOL1 - 85.7%;

Results
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Figure 6. Mean relative abundance (upper figure) and
richness (lower figure) of taxa based on taxa tolerance
to perturbation.
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Figure 7. Mean abundance of Ephemeropteran
(mayflies), Plecopteran (stoneflies), and Trichopteran

(caddisfly) species. The last bar (EPT) represents the total

relative abundance of all three orders.

MEVEMANO?2 - 71.4%) with a small amount

of woody debris (4%) found at MEVEMANUO2.
Rock was the only suitable habitat cover sampled
from MEVEMANO1 (Figure 11).

The MEVEMANO02 sampling reach was
dominated by riffles and runs. No other
geomorphic channel units (GCU’s) were
present. For a complete description of GCU’s see
Appendix D in Brasher et al. (2009).

Streamflow and Climatic conditions

Streamflow data are collected at the USGS
gaging station at Anitas Flat just inside the park
boundary (Figure 12). Climate data are collected
at the town of Mancos, CO, approximately 12.5
km upstream of the gaging station along the
Mancos River, and at the Mesa Verde National
Park headquarters, approximately 14 km
southeast of the gaging station on an escarpment
above the river. Precipitation was mostly lower
than average through August 2007 at Mancos,
CO while precipitation was mostly above average
on the Mesa Verde cuesta through spring and
summer (Figure 13). Temperatures were close

to average at both Mancos and Mesa Verde
National Park during the recorded period of 2007
(Figure 14). Precipitation and temperature data
are available from the Western Regional Climate
Center (www.wrcc.dri.edu).

Continued on page 12...
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Figure 8. Proportion of individuals (by Order) of
guantitative targeted riffle samples collected from the

Mancos River.
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Figure 9. Proportion of functional feeding groups of
quantitative targeted riffle samples based on richness.

Table 3. Summary of physical habitat transect data in the Mancos River, 2007.

Wetted and active channel measurements are expressed as widths. Embeddedness

and canopy closure measurements are expressed as percentages. Channel

dimension and riparian cover means for both sampling reaches represent transects

SCPN staff were able to obtain during the sampling event. It does not represent
a complete data set of habitat characteristics as prescribed by SCPN protocols.

Microhabitat represents data collected from targeted riffle habitat.

MEVEMANO1 MEVEMANO02

Mean Std Dev Mean Std Dev
Channel Dimensions
Velocity (m/s) 0.68 0.32 0.63 0.32
Depth (m) 0.30 0.14 0.31 0.14
Wetted Channel (m) 5.71 2.11 6.37 2.35
Active Channel (m) 7.49 2.16 10.28 434
Microhabitat
Velocity (m/s) 0.69 0.27 0.91 0.20
Depth (m) 0.18 0.07 0.15 0.05
Substrate Size (mm) 9.08 3.37 9.19 3.93
Embeddedness 19.20 16.75 28.00 17.32
Riparian Cover
Canopy Closure 8.96 5.23 14.28 11.91
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Figure 10. Particle size distribution, based on modified Wolman pebble counts, among
macroinvertebrate sampling reaches in the Mancos River, 2007. Percent finer than shows cumulative
proportion of sediments finer than size class. Bars represent percent sediments in class.
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Figure 11. Proportion of macroinvertebrate habitat
cover found in sampling reaches along the Mancos
River.
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Figure 12. Hydrograph from the streamflow
gaging station Mancos River at Anitas Flat,
Mesa Verde National Park, CO (09370600)
showing streamflow for 2007.

Figure 13. Average monthly precipitation
(cm) for 2007 and for the period 1948-2007 at
Mancos, CO.

Figure 14. Average monthly temperature. Monthly
average maximum and minimum temperatures (°C)
from 1948-2007 and monthly minimum, maximum,
and average temperature averages for 2007 at
Mancos, CO.
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Discussion

This report presents data from SCPN’s first year of monitoring macroinvertebrates and physical
habitat at the Mancos River in Mesa Verde National Park, CO.

Physical habitat data collected at transects in aquatic macroinvertebrate sampling reaches on
the Mancos River are incomplete for the 2007 monitoring year. Transects 5, 7, 9, and 11 from
MEVEMANO2 were not sampled due to the interruption of sampling efforts by a severe weather
system. Transects 8-11 from MEVEMANO1 were not completed due the occurrence of a flash
flooding event during sampling.

Data from transects sampled showed very little diversity in macroinvertebrate habitat types or
geomorphic channel units within each reach. Mean velocity and depth measurements taken along
transects from both reaches differed by 5% and 1 % respectively between sampling reaches,
suggesting that the sampling reaches selected are very homogeneous in substrate type and flow.
Grain size was more diverse throughout the two sampling reaches, with substrate categories ranging
from finer sediments (<2 mm) up to very coarse gravels (32 mm) in both. Microhabitat data suggests
that embeddedness increased as we moved from the upstream reach to the downstream reach.

These findings correspond to the findings of Stacey (2007) and Joyal and Anderson (2008), who
state that the increase downstream reaches is most likely the result of sediment inflows from nearby
tributaries.

Homogeneity in habitat throughout the two sampling reaches may explain the relatively low
taxa richness found in both quantitative and qualitative samples. Although taxonomic diversity
is relatively high, dominant taxa data suggests that abundance was weighted towards the most
dominant taxa found in quantitative samples.

Ecological tolerance describes how well a taxon 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 be intolerant are expected to decline quickly as water
quality degrades. Conversely, tolerant taxa would be expected to persist during times of degraded
water quality. We found very few tolerant taxa in either the qualitative or quantitative samples (Figure
6). Although richness of moderately tolerant and intolerant taxa was somewhat high, abundance

for most was quite low. These data suggest that any disturbance or degradation in water quality has
the potential to impact the aquatic community through declines in both diversity and abundance of
macroinvertebrate taxa.

Factors potentially affecting aquatic communities

Many factors could be contributing to a depauperate aquatic community in the Mancos River.
Upstream management actions in 2007 may have affected conditions along the Mancos River. In
2000 the Bircher Fire burned several thousand acres on the East Escarpment of Mesa Verde within
the Mancos River watershed. Stacey (2007) recognized increased sediment loads in the river as

a result of the Bircher Fire. Aquatic macroinvertebrate and native fish populations were severely
reduced following the fire. A reintroduction program for roundtail chub (Gila robusta) is currently
underway through a cooperative effort between the Colorado Division of Wildlife, Ute Mountain
Ute Tribe, and Mesa Verde National Park. Beginning in 2003 the Colorado Division of Wildlife
provided 1,000 round tail chub fingerlings to Mesa Verde National Park to release into the Mancos
River; another several thousand of these fish were provided to the Ute Mountain Ute Tribe for
release below the park boundary.
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Upstream of the park boundary the Mancos River flows through agricultural land where it is
diverted for irrigation and is potentially subject to anthropogenic inputs of nutrients and pesticides,
which could have a negative effect on the aquatic community (Colyer 2005, unpublished).

The Mancos Conservation District removed Russian olive (Elaeagnus angustifolia) from a one

mile stretch of river bottom about three river miles upstream from the park boundary, potentially
affecting sediment loads and channel morphology. Several irrigation ditches were enclosed in
pipelines to decrease ground water salinization, including Beaver Ditch, Sheek Ditch, Bowen Ditch,
Number Six Ditch, Coppinger Ditch, Bauer Lake Ditch and Koppenhaffer/Walcott Ditch. Ten river
miles were put under conservation easements by private landowners and the Montezuma Land
Conservancy. Private preserves were created in two upper forks of the Mancos River to protect new
beaver colonies moving into the area (Colyer 2005. unpublished).

Park resource managers have been active within the reach of the Mancos River included within the
park. Local ranchers grazed cattle in the park up until 1998. At that time livestock were removed
from the Mancos River canyon and fences at the north and south boundaries were repaired to
reduce or prevent future entry of cattle to the park. Grazing has not been permitted in the park
during the past ten years, however, trespass livestock have been noted within the park during SCPN
sampling visits. Any of these factors or combination of factors may be contributing to the poor
condition of the macroinvertebrate community.

Discussion

13



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., Albano, C.M., Close, R.N., Freeman, M.L., Lauver, C.L., Monroe, S.A., Snyder,
AE.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. Fort Collins, Colorado, USA.

Brasher, A. M. D., C. M. Albano, R. N. Close, and Q. H. Cannon. 2006. Pilot protocol imple-
mentation: 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. Clements, W. H. 1994. Benthic community responses to heavy metals in the
Upper Arkansas River Basin, Colorado. Journal of the North American Benthological Society.
13:30-44.

Colyer, M. 2005. History of the Mancos River corridor. National Park Service unpublished report,
Fort Collins, Colorado.

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.

Joyal, T., D. Anderson, and K. Anderson. 2008. Investigate the embedded cobble concern in the
Mancos River, Mesa Verde National Park, Colorado. Colorado Plateau Cooperative Ecosystem
Studies Unit. Flagstaff, Arizona.

Oberlin G. E., J. 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. South-
western Naturalist 44:17-30.

Poff, N. L., ]. D. Olden, N. K. M. Vieira, D. S. Finn, M. P. Simmons, and B. C. Kondratieff. 2006. Func-
tional 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 associa-
tions in the San Pedro River and Verde River Basins of Arizona, 1999-2002. Arizona Department
of Environmental Quality. Open File Report 04-01. 26 pp.

Stacey P. 2007. Functional assessment of the Mancos River watershed: Mancos Valley and Adjacent
Areas. Mancos Conservation District, Mancos Colorado. 126 pp.

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 Tech-
nical Report NPS/SCPN/NRR-2006/002. National Park Service, Omaha, Nebraska.

Western Regional Climate Center. 2009.www.wrcc.dri.edu. Accessed January 2009.

14 Aquatic Macroinvertebrate and Physical Habitat Monitoring for Mesa Verde National Park



QMIN J91eAA uoypuads 9epliuoydJeds SawllolIpIquiod] SaulIoJIpIquIoa] epiuydely  epodosyuy
S3YSIPPEIODIN oepl|irdoiphAH esa1doydi| esa1doydil| eposu|  epodoiyuy
salysippeD buluuidsisN aydAsdolewnayd aepiydAsdoipAH es21doyduy es1doyduy e109sU|  epodoiyuy
saljysippeD buluuidsisn aydAsdolpAH aepiydAsdoipAH eJaydoydliL elaydoydliL p1O9suU|  epodoiyuy
SWEN UOWWOD) Sa1Dads SNUID Ajiwe 19p1ogns 19pIO Sse|D wnjAyd
S3I42U01S 9epIPOIdd ©491d023|d pJ91d0od9|d ppasul  epodoiyny

saljpuobeiq pajieign|d SNISASS snydwoboiydo seplydwon P}PUOPO P}RUOPO epasu|  epodoiyuy
SIDPUIS JD1BAN elanobeyy 9ePIIIRA IENCJEIETE eJ9)1dolsIaH ppasul  epodoiyny

Ajphen BII9ACDIN aeplydAyoidan IEe[QIEIETH! e [OIEIETE! epasu|  epodoiyuy

Ajphein sapoyrAiodL| aepiydAyoidan eJaydosswaydy eia3dolswayd] eIasSU]  epodolyly

Sal|JABIN MOUUIIA ||ewS 119||INb uo||e4 aepiiaeg eJoyrdosswaydy eJaydosswaydy epasu|  epodoiyuy
S3I|JABIN MOUUIIA ||ewS siyoeg aepiiaeq eJaydosswaydy esa3dolswayd] p1asSU]  epodolyly
Sal|4AelA MOUUIA [lewS  suedijubisul IEINVERY aepiiaeg eJoyrdosswaydy eJay1dosswaydy epasu|  epodoiyuy
S3I|JABIN MOUUIIA ||ewS B||2/3UddY aepiiaeg eJaydosswaydy esa1dosswayd3 p1asU]  epodolyly
S3l|4 dueID BWO}EX3H sepindiL esa1dig esa1dig elasu|  epodoiyuy

S3l|4 9SI0H Seplueqgel esa1dig esa1dig ppasul  epodoiyny

Sall4 >de|g wnoioJe wninwis SeplNWIS esa1dig esa1dig elasu|  epodoiyuy

Sall4 3de|g wninwis SeplNWIS es91dig esa1dig epasul  epodoiyny

Sall4 dueqg RIBJIBYD sepipidw] esa1dig esa1dig elasu|  epodoiyuy

S3ll4 dueqg BIWOJPOISWSH sepipidw] esa1dig esa1dig ppasul  epodoiyny

S9bpPIN 2epIWOoUOIIYD ela1diq eJa1diq epasu|  epodoiyuy

S3bPIN [epiwouosyd elardiq ela1diq e19suUl  epodoiyuy

SSbpPIN 2epIWOoUOIIYD ela1diq ela1diq epasu|  epodoiyuy

ysiyheld Sepleque) epodeds epodeda( eORJISODEElN  BPOdOIYMY

Sal||e pue s|ieburids BlOQWIS||0D Bloqwa||0D eyreuboiuy  epodoiyuy
S39(1939 S|y snAJRsoRdQ Sepiw|g PJ31d03|0D PJ31d03|0) ppasul  epodoiyny
podiydwy pUewwen e||9|eAH aepl||9|eAH epodiydwy/ epodiydwy edelisodejel\  epodolyuy
SWIOAA PRIUSWIBS SELTIple]i]Te) epljRuUUY
SwWeN uowwo) sapads snuap Ajlwey 19pIogns 19pIO sse|D wnjAyd

/00T '19A1Y SODUBIAl 9Y1 Ul P3129||0D BXE] 91RIGS1ISAUIOIIRW dilenby

Vv Xipuaddy

15

Appendix A



Appendix B

Physical habitat data collected at the Mancos River in 2007.

Velocity (m/s) Depth (m) Wetted Active
Mean Std Dev Mean Std Dev Channel (m) Channel (m)

MEVEMANO1

1 0.61 0.10 0.16 0.06 8.60 10.30
2 0.60 0.11 0.24 0.07 6.80 9.40

3 0.51 0.12 0.20 0.10 7.10 8.50

4 0.45 0.10 0.32 0.16 6.70 8.10

5 0.82 0.26 0.34 0.09 4.10 5.20

6 0.67 0.43 0.45 0.19 2.90 4.60

7 1.12 0.42 0.35 0.13 3.80 6.30
MEVEMANO2

1 0.92 0.49 0.38 0.18 3.60 8.50

2 0.38 0.27 0.26 0.18 11.00 18.50
3 0.74 0.29 0.24 0.24 5.60 7.80

4 0.67 0.16 0.36 0.08 5.30 7.35

6 0.63 0.13 0.19 0.04 7.61 9.10

8 0.42 0.12 0.47 0.04 5.60 7.30
10 0.64 0.38 0.27 0.05 5.90 13.40
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