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1 Introduction and Background

The National Park Service Inventory and Monitoring (I&M) Program was designed to determine
the current status and monitor long-term trends in the condition of park natural resources, provid-
ing 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 monitoring aquatic macroinvertebrates as an overall indicator of aquatic ecosystem
integrity (Thomas et al. 2006). Little or no data has been collected describing the aquatic ecology of
perennial streams in Canyon de Chelly National Monument (CACH). SCPN selected Tsaile Creek
for long-term monitoring of aquatic macroinvertebrates in CACH. Additional monitoring sites on
other streams may be added in the future.

In 2008 SCPN implemented aquatic macroinvertebrate monitoring for the first time at one site
on Tsaile Creek in CACH. Our sampling site, Tsaile Creek below Tsaile Dam (CACHTSAO1), is
identified in this report as TSAO1 (see Appendix A for list of locations, codes, and common names
of sampling sites). The site, located approximately 0.95 km downstream from the Tsaile Dam,
was selected using Generalized Random-Tesselation Stratified design (fig. 1).

The purpose of this report is to (a) document monitoring activities that have occurred in 2008,
(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.

Legend
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Figure 1. Location map of Tsaile Creek, Canyon de Chelly National Monument.
Aquatic macroinvertebrate monitoring site TSAO1 is depicted in the figure inset.
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Tsaile Creek flows across the western side of the Defiance Plateau, with headwaters in the
Chuska Mountains. The watershed is approximately 42,395 ha (104,760 acres) and is located en-
tirely on Navajo Nation lands. Tsaile Dam was constructed in 1963 for irrigation and recreational
purposes and forms Tsaile Lake. The lake separates the upper portion and lower portions of the
watershed. The approximate boundary of Canyon de Chelly National Monument passes through
Tsaile Lake. Tsaile Creek enters Canyon del Muerto in the monument immediately downstream
of the dam (NRCS 2000). The Tsaile Creek watershed receives most of its moisture in the spring,
as snowmelt from the nearby Chuska Mountains, and in summer, as monsoon rains. Summer
monsoons are responsible for approximately 40% of the annual precipitation (Rydout 1983).

In 1996, the Navajo Nation Watershed Prioritization Study identified the Tsaile Creek watershed as a
top conservation priority because of the natural and cultural resources that exist there and the need
to protect these resources from the many threats that exist (NRCS 1999). For example, the Navajo
Nation has concerns about the status and threats to several native species found within the water-
shed, including the northern leopard frog (Rana pipens), speckled dace (Rhinichthys osculus), and
the federally endangered blueheaded sucker (Catostomus discobolus). Puebloan ruins which date as
far back as 350 to 1300 AD are found throughout Canyon del Muerto.

Aquatic macroinvertebrates face multiple threats in Tsaile Creek watershed, including flow regula-
tion and invasion by exotic plant and animal species. Water diverted by Tsaile Dam is used for irriga-
tion upstream of the monument, eliminating peak flows and altering the hydrologic regime of Tsaile
Creek. Streamflow data for Tsaile Creek below Tsaile Dam is not available, but recent observations
indicate that about 4.5 miles of the creek flows perennially between the dam and approximately
Middle Trail Canyon. Introductions of invasive species, pose another threat to aquatic life along
Tsaile Creek. Two riparian species, salt cedar (Tamarix ramosissima) and Russian olive (Elaeag-

nus angustifolia), introduced to control erosion (NRCS 2000), can outcompete and replace native
vegetation, as well as deplete groundwater resources. Furthermore, non-native aquatic species in
Tsaile Creek, including goldfish (Carassius auratus), fathead minnow (Pimephales promelas), and
virile crayfish (Orconectes virilis) (Trammell unpublished report 2008) have the potential to harm the
aquatic macroinvertebrate community within Tsaile Creek.

Figure 2. General aguatic-
macroinvertebrate sampling
reach layout.
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2 Methods

2.1 Field Methods

Most of the states on the Colorado Plateau have established index periods for collecting macro-
invertebrate samples (Brasher et al. in review). In Arizona, macroinvertebrate samples are collect-
ed from cold-water perennial sites (above 1,500 m elevation), such as Tsaile Creek, during May-
June (ADEQ-WQD 2006). On September 23, 2008, SCPN Water Resources field crew collected
aquatic macroinvertebrate samples and physical habitat data from the monitoring site (TSA01),
comprised a 150-m reach on Tsaile Creek within Canyon de Chelly National Monument (CACH),
Arizona (see fig. 2 for reach layout diagram). This site is located approximately 0.95 km downstream
from the Tsaile Dam where the creek flows through a Poa pratensis, Scirpus spp., and Pascopyrum
spp- meadow. Channel substrate in the reach is primarily coarse gravel. A brief description of field
methods is provided here, and a detailed description of sampling methods can be found in Brasher
et al. (in review). We collected two types of aquatic macroinvertebrate samples in the reach.

(1) Replicate quantitative samples were collected from five targeted riffle habitats to provide
estimates of abundances of organisms . Using a Slack Sampler, we collected a timed
sample from a 0.25-m? area at each targeted riffle.

(2) A qualitative sample was collected to develop a comprehensive list of species present in
the creek. Using the Slack Sampler, we collected samples from all habitat types within
the sampling reach and combined them into one composite qualitative sample. A list
of existing habitat types from which qualitative samples were collected can be found in
section 3.2 of this report.

We collected physical habitat data at three spatial scales: microhabitat, transect, and reach.

« For each of the quantitative targeted riffle microhabitats, we measured depth, velocity,
particle size, and particle embeddedness.

« For each of the 11 transects (see fig. 2), we

- measured wetted and active channel widths

- measured water depth, velocity, and canopy closure at multiple points along each
transect

- observed and recorded the presence or absence, and types of macroinvertebrate
habitats. Macroinvertebrate habitat cover represents point data (5 points/transect)
across the entire reach

- measured geomorphic channel units (GCU) at multiple points along each transect

- measured the size of 40-50 randomly-selected particles using a modified Wolman
pebble count

« For each 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
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- measured NPS core water quality parameters of temperature, specific conductivity,
pH, dissolved oxygen, and turbidity

2.2 Laboratory Methods

Macroinvertebrate samples were sent to be sorted and identified at the Utah State University Na-
tional Aquatic Monitoring Center’s Bug Lab, a Bureau of Land Management laboratory based in
Logan, Utah. Samples were sorted under a dissecting scope at 10x magnification, and a 500-organ-
ism, 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. 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 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. (in review).

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
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, reli-
able indicators of water quality and/or stream health (see Appendix B for a table of metrics and
their definitions). Most of these metrics have been used to detect changes in water quality and
habitat conditions 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 represent 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.

25

Figure 3. Taxa richness. Mean number of
taxa found in quantitative targeted habitat
samples and the qualitative multihabitat
sample collected from TSAO1 in Tsaile Creek
at CACH in 2008.
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Table 1. Summary of macroinvertebrate metrics based on samples collected from the monitoring site (TSAO01)
on Tsaile Creek during 2008. 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. The mean was reported

for the five replicate targeted riffle habitat samples

Qualitative Multihabitat

Taxa richness

Richness of tolerant taxa (%)
Richness of filterer-collectors (%)
Richness of scrapers (%)
Number of EPT taxa

Richness of EPT taxa (%)
Richness of Ephmeroptera (%)
Richness of Plecoptera (%)
Richness of Trichoptera (%)
Richness of non-insect taxa (%)

Richness of Chironomids (%)

0.7

20.00
26.32
15.79
10.53

3.00
15.00

5.00

0.00
10.00
25.00

15.00

Quantitative Targeted Riffle Habitat  Mean SD
Total abundance 311.80 229.80
Taxa richness 11.60 4.04
Simpson's Diversity - Taxonomic 0.51 0.09
Simpson's Diversity - Functional Group 0.22 0.09
Dominant taxa 63.83 12.8
Relative abundance tolerant taxa 27.78 12.83
Richness tolerant taxa (%) 36.88 7.86
Relative abundance Filterer-collector 2.10 1.73
Richness Filterer-collector (%) 10.98 7.44
Relative abundance of Scrapers 2.29 1.56
Number of EPT taxa 1.80 1.48
Relative abundance of EPT taxa 1.21 1.27
Relative abundance of Ephmeroptera 0.36 0.45
Relative abundance of Plecoptera 0.00 0.00
Relative abundance of Trichoptera 0.86 1.38
Relative abundance of non-insect taxa 24.96 15.85
Relative abundance of Chironomids 69.64 16.35

0.6

0.5 A

04 A

0.3 A

0.2 A

Simpson’s Diversity Index

0.1 4

0.0

3 Results

3.1 Summary of Aquatic Macroinvertebrate Community Data

TSAO01

Figure 4. Diversity. Simpson’s Diversity
Index for Taxonomic (red) and Functional
Feeding Diversity (green) calculated for
guantitative targeted habitat samples
collected from TSAO1 in Tsaile Creek at
CACH in 2008. Values expressed are
means of all samples collected from the
reach.

I Taxonomic
EZZZ) Functional

Table 1 presents data describing aquatic macroinvertebrate communities from samples collected in
2008 at the TSA01 sampling reach on Tsaile Creek in Canyon de Chelly National Monument. A sum-
mary of metrics describing these data can be found in Appendix C. All tables and figures listed in this
section refer to data collected from quantitative targeted riffle habitat unless otherwise noted.
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Abundance. Mean abundance was relatively high at 311.80 individuals per quantitative targeted riffle
habitat.

Richness. Taxa richness was higher in the qualitative sample than in the quantitative samples. Taxa
richness for the qualitative sample was 20.00 taxa. Mean taxa richness for our quantitative samples
was 11.60 (fig. 3).

Diversity. Taxonomic diversity as calculated by the Simpson’s Diversity Index was 0.51, and func-
tional diversity was considerably lower at 0.22 (fig. 4).

Tolerant taxa. Twenty-seven percent of the individuals collected were classified as tolerant, and tol-
erant taxa made up 37% of all taxa collected. Moderately tolerant taxa were the most abundant (72
%) and taxa rich (54%) of any tolerance classification. We collected very few intolerant individuals
(0.45%) and richness for intolerant taxa was (8.68%) (fig. 5).

EPT taxa. Relative abundance of EPT (Ephemeroptera, Plecoptera, Trichoptera) taxa was extremely
low—1.2% of the individuals collected in the sample. Ephemeroptera (mayflies) made up 0.36% and
Trichoptera made up 0.86%. No Plecopterans (stoneflies) were present in the sample (fig. 6).

100 Figure 5. Ecological tolerance. Mean

relative abundance (left) and richness
(right) of aquatic macroinvertebrate taxa
considered to be tolerant, moderately
tolerant, and intolerant to perturbation
in samples collected from TSAQ1 in Tsaile
Creek at CACH in 2008.

Percent

I Tolerant
Wz Moderately Tolerant
RN [ntolerant

%
.

Abundance Richness

3.0

Figure 6. EPT abundance. Relative
abundances of Ephemeropteran (Mayflies),
Plecopteran (Stoneflies), and Trichopteran
(Caddisflies) taxa in samples collected from
2.0 - TSAO1 in Tsaile Creek at CACH in 2008,
expressed as a percentage. The last bar for
the site (EPT) represents the total relative
abundance of all three orders.

2.5 A -

Abundance (%)
&

1.0 1
Il Ephemeroptera

05 - Plecoptera
Trichoptera
BEE Total EPT

0.0

TSAO1
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Aquatic macroinvertebrate orders. Chironomids (midges) were the largest order (60%) of taxa in
samples collected from Tsaile Creek in 2008. Odonates (dragonflies/damselflies) and non-Chirono-
mid dipterans (flies) were the second largest groups, each making up 2% of the sampled taxa. Tri-
chopterans (caddisflies) comprised one percent of the taxa, and Coleopterans (beetles) and Ephem-
eroptera both comprised less than one percent of the taxa collected. Thirty-four percent of the taxa
collected belonged to orders outside of these major macroinvertebrate groups. The majority of these
belonged to the orders Basommatophora and Amphipoda (fig. 7).

Functional feeding groups. Organisms belonging to the collector functional groups (gatherers and
filter feeders) dominated the samples we collected from TSA01, comprising 90% of the functional
taxa collected. Predators made up 28%, scrapers 11% and shredders 4% of the samples collected
(fig. 8).

3.2 Summary of Physical Habitat Characteristics

Physical habitat data collected at one site (TSA01) on Tsaile Creek in Canyon de Chelly National
Monument in 2008 are presented in Table 3. Additional transect and microhabitat data can be found
in Appendix D. Particle size distribution data are presented as the proportion of particles counted
across each transect per reach. Aquatic macroinvertebrate habitat cover represents point data (5
points/transect) across the entire reach. Reach characterization data represent the proportion of the
reach characterized by that particular geomorphic channel unit (GCU).

Figure 7. Aquatic macroinvertebrate
order abundance. Relative abundance of
aguatic macroinvertebrate orders found in
quantitative targeted riffle samples collected
from TSAO1 inTsaile Creek at CACH in
2008.
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Figure 8. Functional group abundance.
Abundance of functional feeding groups in
quantitative targeted riffle samples collected
from TSAO1 inTsaile Creek at CACH in
2008.
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Transect level. Mean velocity along each Table 2. Summary of physical habitat transect

transect (channel dimension) and at each data for TSAO1 in Tsaile Creek at CACH in
riffle (microhabitat) averaged 0.0 m/s. The 2008. Wetted and active channel measurements
active channel width was nearly double the are expressed as widths. Particle embeddedness

wetted channel width along our sampling
reach. Very little riparian cover (9.12%)
existed along the sampling reach (table 3).

Channel structure dynamics are represent-
ed by particle-size distributions in Figure
9. Based on modified Wolman pebble
counts, fine sediments were the dominant
particle-size class in the sampling reach.
Fine gravels in the 4-8 mm and 8-16 mm
were the next most abundant size classes
represented. No particles larger than
cobble (64-128 mm) were present at our
sampling reach.

Reach level. We found only two types of
aquatic macroinvertebrate habitat struc-
tures along our sampling reach-44% of
the reach was composed of vegetation and
42% was composed of rock. The remain-
ing 14% of the reach lacked habitat suit-
able for aquatic macroinvertebrates (“No
habitat” in fig. 10).

Four geomorphic channel units (GCU)
occurred in our sampling reach in Tsaile
Creek. Runs dominated the GCUs, making
up 76% of the entire reach. Riffles were the
next largest category of GCU at 17%, fol-
lowed by dammed pools (5%) and scour
pools (2%). For a complete description of
GCUs see Brasher et al. (in review).

and canopy closure measurements are expressed as
percentages. Water quality measurements were made
at or near noon on the day of the sampling event.

Microhabitat level

Riffles Mean SD

Velocity (m/s) 0.00 0.09

Depth (m) 0.07 0.02

Particle size (mm) 8.76 0.89

Embeddedness 10.44 7.57
Transect level

Channel dimensions

Velocity (m/s) 0.00 0.02

Depth (m) 0.18 0.10

Wetted channel (m) 2.73 1.16

Active channel (m) 5.58 1.23

Riparian cover

Canopy closure 1.05 2.01
Reach level

Water Quality

Temperature (°C) 12.9 —

Specific conductivity (uS/cm)* 362 -

pH 8.2 -

Dissolved oxygen (% saturation) 108.7 -

Turbidity (NTU)** 19.9 -

* Microsiemens per cm
** Nephelometric Turbidity Units
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Figure 9. Channel surface substrate
particle size distribution. Particle size
distribution, based on the modified

Wolman pebble counts, for the aquatic
macroinvertebrate sampling reach at TSAO1 in
Tsaile Creek at CACH in 2008.

Figure 10. Aquatic macroinvertebrate
habitat. Macroinvertebrate habitat
characterization based upon line point
intercept data collected from habitat transects
in the sampling reach at TSAO1 in Tsaile Creek
at CACH in 2008.
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Figure 11. Geomorphic channel units.
Geomorphic channel unit characterization of
sampling reach at TSAO1 in Tsaile Creek at
CACH in 2008.
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4 Discussion

Data included in this report represent SCPN’s first year of monitoring aquatic macroinvertebrates
and physical habitat at Tsaile Creek in Canyon de Chelly National Monument, Arizona.These data
suggest that overall abundance of aquatic macroinvertebrates is relatively high and diversity is rela-
tively low compared to other sites sampled by SCPN. Mean abundance for all quantitative samples
was high, but the large standard deviation suggests that the mean was not representative of all sam-
ples.

Diversity at both the taxonomic and functional levels was low (table 1). Possible explanations for the
low levels are the presence of non-native crayfish or the altered hydrologic regime. Crayfish have
been shown to greatly reduce diversity and abundance of aquatic macroinvertebrate communities
(Stenroth & Nystrom 2003; Usio and Towsend 2004). In addition, crayfish are polytrophic, feed-
ing at multiple trophic levels which may affect aquatic macroinvertebrates, not only through direct
predation but by reducing available food resources as well.

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 qual-
ity degrades. Conversely, tolerant taxa would be expected to persist during times of degraded water
quality. We found very few taxa that were intolerant to disturbance in our samples from Tsaile Creek
(fig. 5). These data suggest that the system may be undergoing some form of disturbance or stress.

The data in this report should be viewed as a snapshot of conditions existing within the aquatic
community at the time of our visit. When sufficient data are available, SCPN plans to produce an
interpretive report including trend analysis of macroinvertebrate metrics and physical habitat
data for Tsaile Creek.
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Appendix A. Monitoring site codes, names, and location information for

Canyon de Chelly National Monument

Horizontal coordinates are reported in Universal Transverse Mercator (UTM) Projection, Zone 12, North
American Datum of 1983 (NAD 83). Vertical coordinates are referenced to the North American Vertical

Datum of 1988 (NAVD 88).

Site Code Common Name

Report Name

UTM X

UTM Y

Elevation (m)

CACHTSAO1

Tsaile Creek below

Tsaile Dam

TSAO1

660576

4015393

2125

13
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Appendix B. Selected aquatic macroinvertebrate metrics*

Metric type Metric Definition

Abundance Total abundance Total number of individuals.

Richness Taxa richness Total number of taxa (measures the overall diversity of
aquatic macroinvertebrates in a sample).

Diversity Simpson’s diversity A measure of the variety of taxa that takes into account
the relative abundance of each taxon.
D, = 1-[(En(n-1))/(N(N-1))]

Tolerance Dominant taxa Measures the dominance of the most abundant taxa.

Functional-Feeding

Functional-Habit

Composition

Relative abundance for tolerant taxa

Percent richness for 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:

Relative abundance non-insect taxa
Relative abundance Chironomidae

Typically calculated as dominant 2, 3, 4, or 5 taxa.

Percent of individuals considered to be tolerant to per-
turbation.

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 periphy-
ton.

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

Percent of taxa that move between substrate particles
(typically finer substrates).

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

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

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

Percent of individuals in the insect orders Ephemeroptera
(mayflies), Plecoptera (stoneflies), and Trichoptera (cad-
disflies).

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.

* from Brasher et al. in review.
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Appendix C. Aquatic macroinvertebrate taxa collected from TSAO01 in Tsaile
Creek at CACH in 2008

S|IeUS UJoysuwiel snjneifo aepigJoueld ejoydolewwoseq epodoJisen eJSN||0|Al

S|leus Jsppe|q wnipisid Seplipisid ejoydorewwoseq epodo.isen eOSN||0|Al

S|leus Jappe|q esAyd aepisAyd ejoydolewwoseq epodoJisen eJSN||0|Al

S|leus Jsppe|q esAyd aepisAud EPIOISUIA eINeAIg eISN|[O\

sjieus puod jeaib eseuwf] aepleeuwA] BPIOJSUIA eIAjBAIg eJSN||0|Al
ysiyhen Qepueqwe)  elewskdos|d epodeds@  edensodeelN  epodosyuy

spodiydwe prewuweb elsefH depl|leAH  espuewwen epodiydwy  edensodeely  epodolyuy
S314SIPPED UJsyLIou Qepljiydauwir] esaydoydu) e9sul  epodoiyuy
Aysipped Joxew ased asind aepi|ndolpAH eJardoydu) easul  epodoiyuy
saljysipped buluuidsisu ay>Asdojewnay> aepiydAsdoipAH eso1doydu) easu|  epodolyly
S3l|§joswep pabuim-molleu elbiy aepluoLbeusod) el91dobA7 B1RUOPO easul  epodoiyuy
Sal|4|aswep pabuim-molleu aepluolbeuson) e191dobAz e1RUOPQ easu|  epodolyly
slaulep SEPIUYSAY eJaydosiuy e1eUOPQ epasu|  epodolyly

SIS Ja1eM depuien  elsydossisH esa1diwsH easu|  epodolyly

USW3eoq Ja1em elebis 9epIX0D)  eJ91doISISH esa1diwsH epasu|  epodolyly

USW3eoq Jarem 9epixi0D)  eJ31dossieH esa1diwsH easu|  epodolyly

sallew mouulw |jews uajjinb uoadjje{ oeplioeq PWIOHDSI] esa1dosswsydy epasu|  epodolyly
saljpfew mouuiw ||ews si2eqijied aeplioeq BWIOHDSI] esa1dosswsydy epasu|  epodolyy
S3l|4 due.d sepindil  BJSDOIBWSN esa1diqg e9sul  epodoiyuy

Sally Yoelq  dnoub wnsoisqny wninwis £J9D0}RWSN es1dig epasu|  epodolyuy

Salj4 yoelq wninwis JeplijnwiS  eJID01RWSN esa1dig epasu|  epodolyly

S9bpIW SNdSIUSW exig 9epIXIq  BJ9d01RWSN esa1dig epasu|  epodolyy

sabpiw SEPIWOUOIIYD)  BJIDOIRWSN esa1diqg epssul  epodoiyuy

S31|4 J2IP|OS snydAiedojed seplAwonens eJ90Aydelg esa1dig epasu|  epodolyny

sa0ynbsow soppydouy 2epnIND esa1diqg epssul  epodoiyuy

ssbpiw buniq e1ZZ9q0Jd sepiuobodoiess) esa1dig e9sul  epodoiyuy

Sa199q bulaip snodepaid snqeby aeppsiAg ebeydspy eJ93dos|0) eposul  epodoiyuy
s9|399q bulAlp snopepald aeppsiAg ebeydspy eJ93dos|0) e9sul  epodoiyuy
$9[199 YJeq pue Inous 9epluolnIND e491d03|0D epasu|  epodolyuy
SWJoM paruswbas ele|[s|D eplpuuy
SaweN uowwod saads snuan Ajlwey Japioqgns 19pI10 sse|D wnjAyd
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Appendix D. Physical habitat data collected from TSA01 in Tsaile Creek at

CACH in 2008
Velocity (m/s) Depth (m) Wetted Active
channel channel
(m) (m)
Transect Mean SD Mean SD
1 0.01 0.01 0.18 0.08 1.90 5.50
2 <0.01 <0.01 0.13 0.06 3.30 4.80
3 0.01 0.01 0.12 0.04 1.80 5.60
4 <0.01 <0.01 0.26 0.15 4.85 6.10
5 -0.05 0.11 0.09 0.02 1.58 8.18
6 0.01 0.02 0.11 0.02 1.41 6.76
7 <0.01 <0.01 0.08 0.05 2.01 4.97
8 -0.02 0.06 0.18 0.05 2.96 3.79
9 0.02 0.04 0.36 0.22 3.92 5.50
10 <0.01 0.01 0.33 0.08 3.55 4.60
Microhabitat Velocity Depth
(m/s) (m)
1 -0.09 0.05
2 0.12 0.08
3 -0.10 0.09
4 0.004 0.06
5 0.07 0.07
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