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1. Introduction
1.1.

Executive Summary

Geomorphological observations of the Roaring Fork River through the North Star Nature Preserve (the
“Preserve”) show a reach that bears the effects of legacy land uses but is currently operating in a dynamic
state appropriate for an unconfined floodplain river reach in this region. Stream banks were once denuded
via mid-20th century range management. However, aerial photographs indicate that willow communities
and other woody vegetation are on a trajectory toward increasing riparian forest extent. Hydraulic
geometries are within ranges of observable pre-disturbance forms identifiable in abandoned paleo-channels.
The river shows little sign of excessive sediment deposition or excessive incision, characteristics that would
indicate imbalances in the sediment transport regime. The river remains well connected with its floodplain.
As it moves laterally within its historical migration zone, it maintains the diverse successional vegetation
and riparian patchwork expected in a meandering river floodplain. In specific locations within the James
H. Smith parcel, natural meander bend development threatens a stand of old-growth cottonwood recently
used as nesting habitat for a colony of Great Blue Herons—an area of particularly high social value.
However, this condition is a natural outcome of dynamic planform geometries that are critical for creating
new riparian habitat and does not constitute a management imperative.
The structure of macroinvertebrate and fish communities in the Preserve indicate good water quality
conditions. The overall abundance of organisms in both communities appears limited by habitat when
compared against population densities in upstream and downstream reaches. There is little riffle habitat in
the Preserve. Riffles tend to be areas of high productivity for macroinvertebrates, which, in turn, provide
the food source for trout. Habitat limitations are primarily a function of the low channel gradients and finegrained substrates found across the floodplain. The channel throughout the Preserve tends to be sandbottomed plane-bed glide habitat. The steeper gradients and cobble and boulder substrate found in reaches
above and below the Preserve are more productive areas for aquatic insects and can, therefore, support
greater densities of the fish that feed on them.
No large-scale management interventions are currently needed to support geomorphological functions or
conditions for aquatic biota. Long-term management objectives should focus on encouraging and/or
protecting the mobility of the channel within the floodplain. Regular monitoring of planform and crosssectional geometries, macroinvertebrates communities, and fish populations will help identify changing or
problematic conditions.

1.2.

Purpose and Objectives

Pitkin County Open Space and Trails (OST) is responsible for long-term management of the ecological
assets and natural values of the North Star Nature Preserve according to the purposes and objectives
identified during the Preserve’s establishment. Ongoing monitoring of fluvial geomorphic and aquatic
health conditions is intended to provide actionable information to support decision-making for the property.
OST and other local stakeholders have expressed concerns regarding the geomorphological condition of
the river and floodplain through the Preserve. Questions tend to focus on whether physical channel
alterations or land use practices in the mid- to late-19th century caused or accelerated channel straightening
and the abandonment of historical meander bends (Golder, March 2015). Other concerns focus on the
impacts of the Independence Pass Transbasin Diversion System (IPTDS) on hydrology and consider
whether the current flood regime is sufficient to maintain the health of riparian areas and emergent wetlands.
Ongoing monitoring of fluvial geomorphology seeks to provide further context by characterizing stream
channel geometries, rates of migration, and sediment transport characteristics. Combining
geomorphological monitoring with assessments of aquatic communities, including benthic
macroinvertebrates and fisheries yields insight in the current status and potential trajectories of the physicalNorth Star Nature Preserve Fluvial Geomorphology and Aquatic Life Monitoring Report
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biological system. Monitoring results represent snapshots in time of a system that is constantly changing
on seasonal to millennial time scales. While point-in-time monitoring cannot fully characterize the full suite
of system dynamics, repeat efforts can help characterize typical ranges for some geomorphological
behaviors or biological metrics and identify trajectories in either as the floodplain transitions from an
actively-managed agricultural parcel to an unmanaged and somewhat-natural state. In addition to building
on lines of evidence identified by previous investigators, ongoing monitoring efforts help to identify and
address any issues that degrade the functional characteristics of the floodplain ecosystem as they arise.

1. Site description
The North Star Nature Preserve and the adjacent James H. Smith Open Space represent a contiguous open
space preserve southeast of the City of Aspen. Both parcels are managed by Pitkin County Open Space and
Trails. The parcels straddle a headwaters segment of the Roaring Fork River and support riparian forests,
floodplain wetlands, and mesic shrub communities atop low terraces that stretch to the nearby valley walls.
The river carves through fine-grained lake lacustrine sediments that are not observed in other reaches of the
Roaring Fork River. The low-gradient and wide floodplain support a meandering river geometry. The
geological characteristics of the floodplain are described in detail elsewhere (Golder, March 2015).
Streambank vegetation, riparian forests and emergent wetlands are currently returning to a more naturalized
state following nearly a century of use as grazing lands and irrigated hay pasture. Detailed descriptions of
the area’s wildlife and vegetative communities are recorded in prior ecological assessments (CWS, March
2011; Golder, March 2015; Golder, August 2015; Pitkin County OST, August 2015).
Publicly-available archives served by the Aspen Historical Society (aspenhistory.org) provide a valuable
source of information regarding river alignment and land use/land cover changes in the Preserve over the
last 120 years. Images from the Aspen Historical Society collection provide helpful indications of channel
and riparian characteristics prior to agricultural land uses (Figures 1-5). The also provide a general timeline
for the vegetative and structural changes that occurred on the site over recent history at a level of detail
unavailable from aerial images alone. These images providing important context for the conditions
observed within the Preserve in recent years.

Figure 1. North Star area, looking NW, circa 1900. Large westward meanders present with willow carr complexes throughout the
floodplain and alluvial valley floor.
North Star Nature Preserve Fluvial Geomorphology and Aquatic Life Monitoring Report
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Figure 2. James H. Smith in 1977. Little or no woody vegetation present on streambanks, indicative of typical livestock range
management and hay pasture cultivation activities of the time.

Figure 3. Looking NW in Stillwater area, circa 1978. Denuded streambanks and erosive cutbanks on both sides of river indicate
heavy livestock use and streambank instability that might be driving channel widening.
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Figure 4. Stillwater area flooding in 1984 when the river peaked at 1730 cfs (USGS 09073400). In 1985 and 1995, the river
topped 2200 cfs.

Figure 5. Aerial view of the flooded North Star Nature Preserve in June 2015. Gauge records (USGS 09073400) indicate the river
peaked near 1700 cfs that month. Photo credit: ACES/Greg Poschman.

North Star Nature Preserve Fluvial Geomorphology and Aquatic Life Monitoring Report
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2. Methods
The monitoring methods employed in 2017 intended to characterize rates of lateral channel migration,
compare existing cross-sectional geometries to the geometries of paleo-channels and geometries that might
exist in an idealized equilibrium sediment transport condition. No monitoring protocols are currently
specified by OST for long-term assessments of fluvial geomorphology in the North Star Nature Preserve or
on other properties. Therefore, the methods applied here may be used to describe the protocols for repeat
assessments of cross-sectional geometry and planform channel dynamics carried out in the future on OST
properties.
Monitoring methods employed for characterizing the conditions of aquatic biota followed protocols
established by the Colorado Parks and Wildlife (CPW) and Colorado Department of Health and
Environment (CDPHE) Water Quality Control Division (WQCD). No monitoring protocols are currently
specified by OST for aquatic life monitoring. Therefore, the methods employed here may be used to
establish protocols for repeat assessments of aquatic community condition in future monitoring campaigns
on OST properties.

2.1.

Fluvial Geomorphology

Fieldwork and GIS-based assessments of fluvial geomorphic conditions in the North Star Nature Preserve
were completed in 2017. Work included documentation of historical channel alignments, changes in
channel width, installation of bank pins and measurement of channel cross-sectional geometries, assessment
of particle size distributions, and characterization of idealized channel geometries.

2.1.1. Channel Migration Rates
No estimate of historic rates of lateral channel migration were available prior to this monitoring event. This
is important information for contextualizing migration rates observed in recent years. To fill this data gap,
historical aerial images were obtained from online repositories including the National Agricultural Imagery
Program (NAIP) (i.e. for years 2005, 2011 2017) and USGS Earth Explorer (i.e. for years 1951, 1958, 1979,
1999). Images collected prior to 2005 were generally not orthorectified or referenced to earth surface
coordinates. These images were georeferenced in a GIS by identifying common control points between
images (e.g. roads, rock outcrops and other semi-permanent features) and adjusting digital fit functions
until a visually satisfactory alignment was achieved between all images. Some level of error is inherent to
this process and is expected to be largest with low resolution and/or older images. However, the expected
magnitude of these errors is not expected to significantly bias channel migration mapping results. The active
channel boundary was hand digitized on each georeferenced image in a GIS. Delineations of active channels
included all visible open water and active bar forms and other un-vegetated surfaces adjacent to open water
areas.

North Star Nature Preserve Fluvial Geomorphology and Aquatic Life Monitoring Report
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Figure 6. Workflow for channel mapping and estimating meander migration rates.

A series of cross-sectional transects were digitized at seven meander bends within the North Star Nature
Preserve and James H. Smith parcel boundaries. Transects were intersected with active channel polygons
for each imagery date. This produced a series of adjacent vectors, each representing the length of lateral
channel movement that occurred between photo dates (Figure 6). Vector lengths were used to compute a
series of statistics describing average channel migration rates throughout the second half of the 20th century
and the early part of the 21st century. A series of equally spaced cross-sections were then automatically
digitized along the centerline of the entire active channel delineated for each aerial image in a GIS. Crosssections were clipped to active channel polygon bounds and used to compute statistics on active channel
widths for each imagery date.

2.1.2. Particle Size Distributions
Monitoring the distribution of sediment clast sizes in the streambed provides information useful for
characterizing sediment transport behaviors and anticipated streamflow conditions that will result in
significant alteration of the streambed or banks. Golder (March 2015) collected bed sediment data at two
locations. While precise location data is not available for their sampling locations, small scale published
maps that identify the sites appear to place them within glide channel units. Three additional locations were
added that characterize particle size distributions in riffles. The Wolman Pebble Count method was used to
randomly collect and measure 100+ individual clasts on the streambed at each location. Data were plotted
as cumulative distributions and the characteristic D50 (50th percentile), D84 (84th percentile), and D90
(90th percentile) particle sizes were tabulated.
North Star Nature Preserve Fluvial Geomorphology and Aquatic Life Monitoring Report
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Figure 7. Long-term cross-section monitoring locations.

2.1.3. Cross-Sectional Geometry
Fixed bank monitoring stations can help identify rates of lateral channel movement, bank erosion,
aggradation, or degradation. A previous round of channel geometry and bank erosion monitoring by Golder
(March, 2015) included collection of pebble counts and measurement of cross-sectional geometry at several
locations. Unfortunately, the distance-elevation data were not reported for the cross-sections and each
section’s exact location is not known. Therefore, the Golder cross-sections cannot be used as a baseline
dataset. Five new cross-sections were instead established in the Preserve in the summer of 2017 (Figure 7,
Table 1). Cross-section locations were selected to capture a variety of channel unit types (e.g. pool, riffle,
glide). One-half meter long rebar pins were sunk into the left and right banks and marked with flagging at
each location. Channel geometry was measured at each cross-section using a sag-line, optical level, and
survey rod. Elevation data were plotted for each location and basic bankfull hydraulic characteristics were
computed.

Table 1. Cross-sectional geometry monitoring station descriptions and locations.

ID

Description

Latitude

Longitude

NS_XS_1

Meander bend near heron colony

39.165211

-106.79241

NS_XS_2

Glide section near South Gate

39.165535

-106.79029

NS_XS_3

Glide section west of landing zone

39.169131

-106.79049

NS_XS_4

Meander bend at South Beach

39.170328

-106.79344

NS_XS_5

Early stage meander development near fen

39.17405

-106.79643
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Measured cross-sectional geometries were subsequently compared to paleo-channel geometries evident in
abandoned channel features present on the floodplain. Paleo-channel geometries were characterized using
0.3m LiDAR imagery obtained by Pitkin County in 2016. Relic channel features were identified using
visual cues from GIS generated hillshade layers and 2017 NAIP imagery. Slope breaks and changes in
vegetation patterns allowed straightforward identification of relic channels, oxbow lakes, meander scrolls,
and other features. Approximate channel centerlines were hand digitized on three abandoned meander
bends in a GIS. A series of orthogonal sampling transects were created along each centerline. Floodplain
elevations were sampled along each transect and subsequently used to produce a series of cross-sectional
elevation profiles (Figure 8). Cross-sectional profiles exhibiting obvious vegetation interference or other
errors in the LiDAR returns were removed from the data set. Approximate bankfull channel widths and
depths were computed for the remaining cross-sections. Cross-sectional characteristics of paleo-channels
were compared to channel widths observed in historical aerial imagery and channel geometries surveyed in
2017.
Existing and historical cross-sectional characteristics were compared against idealized geometries
computed with a regime model (Eaton and Millar, 2017). The regime model was parameterized with
measured bankfull discharge, measured bankfull channel width, approximated bank cohesion, measured
particle size distributions, and average water surface slope extracted from LiDAR imagery. Uncertainty in
model results was characterized using a Monte Carlo sampling strategy that drew 500 random parameter
values from uniform distributions centered on measured values where maximum and minimum values of
the distribution were positioned +/- 10% from the measured values. The impacts of changing hydrological
conditions due to the IPTDS were evaluated by altering bankfull discharge to approximate a natural flow
regime. The impacts of changing bank strength due to the cessation of grazing within the Preserve were
evaluated by altering the bank cohesion parameter toward increasing bank strength.

Digitize centerlines
and create transects

Sample cross section
elevations

Generate cross sections and
estimate channel geometry

Figure 8. Workflow for estimating channel widths for North Star former meander channels.

2.2. Aquatic Community Structure
Aquatic community structure and health was assessed in 2017 and 2018 and focused exclusively on aquatic
macroinvertebrates and the fishery. Macroinvertebrate monitoring utilized established state and national
protocols. Fishery monitoring was coordinated with Colorado Parks and Wildlife (CPW) and followed
protocols established by that agency.

North Star Nature Preserve Fluvial Geomorphology and Aquatic Life Monitoring Report
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2.2.1. Macroinvertebrates
Macroinvertebrate monitoring occurred during the fall of 2017. Macroinvertebrates are typically collected
in the fall during the state’s regulatory index period in September when the seasonally best representation
of adult-stage organisms is present. Two sampling locations were selected at riffle habitat: one near the
South Gate and one near the Stillwater Gate (Table 2). Macroinvertebrates were extracted from streambed
sediment surfaces using a HESS sampler. Three replicate samples were collected at each riffle. All samples
were preserved in ethyl-alcohol and transported to the Timberline Aquatics lab in Fort Collins, Colorado
for identification. Macroinvertebrates were identified down to the species level. The entire sample was
identified and no sub-sampling was performed. Species counts were used to compute various indices of
macroinvertebrate community structure, including the Multi-Metric Index (MMI), Shannon Diversity
Index, Hilsenhoff Biotic Index (HBI). An assessment of functional food groups was also performed.
Specimen sorting, identification, and index calculation occurred during the winter of 2017-2018 and results
were reported in the summer of 2018. Computed MMI scores were compared against the State of Colorado
water quality standards. Other macroinvertebrate community indices were compared to data collected
across the upper Roaring Fork Watershed previously by Pitkin County, City of Aspen, USFS, CDHPE,
Roaring Fork Conservancy, and other organizations.

Table 2. Locations selected for macroinvertebrate community sampling.

Site

Description

Biotype

Latitude

Longitude

NS_AQ_1
NS_AQ_2

Riffle near South Gate
Riffle near Stillwater Gate

2
2

39.16585
39.17568

-106.78926
-106.79669

2.2.2. Fisheries
Monitoring of the fishery in the Preserve occurred in the fall of 2018. CPW personnel, consultants to Pitkin
County, and community volunteers participated in a fish shocking sampling campaign. A 150-meter long
(500 ft) segment of the river near the viewing platform (39.167896, -106.790852) was selected for sampling
by CPW fish biologists based on habitat diversity and representativeness of channel morphology and
hydraulic conditions present across the Preserve. Nets were installed at the top and bottom of the reach to
prevent escapement. Sampling moved in an upstream direction, utilized a bank shocker with 9 electrodes
and implemented CPW’s multi-pass depletion protocol to ensure collection of a statistically robust sample
size. Three passes were completed. All collected fish were identified to the species level, weighed and
measured. Several tissue samples were collected and tested for the presence of whirling disease. Results
were archived in the CPW database.

3. Results and Discussion
Results presented below are organized around two primary themes: fluvial geomorphology and aquatic
community structure.

3.1. Fluvial Geomorphology
Data collection and analysis activities focused on river structure and behavior yielded important information
regarding historical channel migration rates; streambed sediment particle size distributions, and
characteristics of channel cross-sectional geometry.

North Star Nature Preserve Fluvial Geomorphology and Aquatic Life Monitoring Report
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3.1.1. Channel Migration Rates
An investigation of aerial photography available for the Preserve beginning in the 1950s indicates relatively
consistent rates of lateral migration in meander bends (Table 3, Figures 9-11). Variability in migration rates
between years is expected and is a function of variable hydrology, episodic herbivory, or other similar
occurrences. Interestingly, rates of migration in the relatively-straight channel segment in the northern
portion of the Preserve (i.e. Meander Group 7) appear similar to rates in historically active zones in the
southern portion (i.e. Meander Group 3).

Table 3. Calculated lateral migration rates for selected meander bends in the North Star Nature Preserve.

Meander transect group
1
2
3
4
5
6
7
Mean rate for all transects:

Minimum (m/yr)
0
0.01
0
0
0
0
0.03
0.01

Average (m/yr)
0.26
0.23
0.31
0.26
0.24
0.12
0.33
0.25

North Star Nature Preserve Fluvial Geomorphology and Aquatic Life Monitoring Report

Maximum (m/yr)
0.64
0.8
0.97
0.86
0.58
0.76
0.89
0.79
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Figure 9. Georeferenced aerial photography from the last 70 years show a generally stable channel with zones of increased lateral channel migration in the James H. Smith parcel,
and slow but steady regrowth of meanders in portions of the Preserve.
North Star Nature Preserve Fluvial Geomorphology and Aquatic Life Monitoring Report
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Figure 10. Comparative channel alignments from 1951 and 2017. The 1951 channel bounds are overlaid on the 2017 image and the 2017 bounds are overlaid on the 1951 image.
North Star Nature Preserve Fluvial Geomorphology and Aquatic Life Monitoring Report

17

Pitkin County Open Space and Trails

North Star Open Space | Roaring Fork River

Figure 11. Mapping historical channel alignments from aerial photographs provides a basis to develop quantitative estimates of lateral movement in active meander zones.
North Star Nature Preserve Fluvial Geomorphology and Aquatic Life Monitoring Report
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3.1.2. Particle Size Distributions
Pebble count results demonstrate the range of sediment characteristics for the channel segments found
within the Preserve (Table 4). As expected, riffle channel units (L_XS1, L_XS2, and L_XS3) exhibit
coarser particle sizes than glides and pools (G_XS5 and G_XS7). However, particle size distributions for
the reach as a whole indicate significantly smaller clast sizes when compared qualitatively to upstream and
downstream reaches (Appendix A). This is not an unexpected characteristic for a low-gradient floodplain
made of up lacustrine deposits.

Table 4. Particle size distribution characteristics across the Preserve.

ID

Description

Monitoring
Entity

Latitude

Longitude

D50
(mm)

D84
(mm)

D90
(mm)

L_XS1

At Stillwater Gate

Lotic

39.17564

-106.79707

32

64

64

L_XS2

At South Gate

Lotic

39.165194

-106.79044

32

90

128

L_XS3

At James H Smith Boundary

Lotic

39.162170

-106.79212

32

90

128

G_XS5

At Landing Zone

Golder

39.167462

-106.79057

19

25

25

G_XS7

Upstream of Heronry

Golder

39.165116

-106.79458

25

38

38

3.1.3. Cross-Sectional Geometry
Paleo-channel transects indicate a historical mean channel width of approximately 20 meters (66 feet) with
a range of 15 to 25 meters (50 to 80 feet). Observations of active channel width (approximate bankfull
width) estimated from measured channel cross sections and modern aerial photographs provide reasonable
agreement with these geometries but do indicate a trend toward channel narrowing (Table 5). The period
of channel narrowing coincides with a transition in land uses away from hay pastures and cattle grazing and
toward a managed condition more conducive to riparian vegetation growth and a reduction in average
annual peak flows due to water diversions through the IPTDS. Current active channel width measurements
yield a range of 7 – 21 meters (23-69 feet) on straight segments where riparian vegetation has encroached
and established stable bank communities and up to 32 meters (105 feet) on actively growing meanders
(Figure 12). Full characterization of cross-sectional hydraulic geometries occurred at five locations across
the floodplain (Appendix B). Each location is discussed in the proceeding sections.

Table 5. Channel widths measured from aerial photographs of the Roaring Fork River through the North Start Nature Preserve
between 1951 and 2017. All values reported in meters.

Year

Minimum

10th Percentile

Median

Mean

90th Percentile

Maximum

1951

11.4

15.2

20.8

22.5

33.0

40.0

1958

8.7

14.3

20.2

21.6

30.8

40.0

1979

12.0

15.4

21.3

23.2

35.2

40.0

1999

8.9

12.8

17.1

18.6

26.8

40.0

2005

10.7

12.6

15.8

17.3

23.5

36.0

2011

9.1

12.1

15.2

16.2

21.6

35.7

2017

7.3

11.0

14.6

15.1

19.1

31.9
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Figure 12. Distribution of channel widths in straight reaches and meander zones observed in aerial photographs over the last 65
years.

3.1.3.1. North Star XS 1
This cross-section is located at a meander bend in James H. Smith parcel near a stand of cottonwood trees
used for nesting by a colony of Great Blue Herons. This is a dynamic response zone on the Roaring Fork
River where evidence of active meander migration exists. Point bar development and highly sinuous
channel forms exist in this area. Sediment deposition maintains a transition in point bar elevations from the
low water line to an elevation approximately equal to the elevation of the eroding cutbank on the opposite
side of the river. Channel incision is not evident. As such, this site represents a useful location for
characterizing relatively stable cross-sectional channel geometries in actively meandering sections of the
river. The cross-section exists above downstream reaches that either experienced mechanical straightening
or natural meander bend neck-cutoff in the period after 1900. Critically, this site bears evidence of past
bank stabilization efforts meant to arrest or slow lateral channel movement.
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Figure 14. Cross-sectional profile for NS_XS_1. Blue line represents river elevation at the time of the
survey (51 cfs).

Figure 13. View of cross-section NS_XS_1 looking northwest from the river-right streambank.

3.1.3.2. North Star XS 2
This cross-section is located in a glide. It features a sandy plane-bed geometry and indicators of a relatively
stable morphology. This site is representative of other relatively straight and stable segments in the North
Star Nature Preserve. It is upstream of sections that experienced mechanical straightening or natural neckcutoffs after 1900. Woody vegetation is established on both sides of the channel. Channel unit bedforms
exhibit relatively low complexity. There are no significant bars, woody debris jams, alternating thalweg
pools, etc. There is also an absence of strong and active bank undercutting observed elsewhere in the
Preserve.

Figure 15. Cross-sectional profile for NS_XS_2. Blue line represents river elevation at the
time of the survey (51 cfs).
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Figure 16. View of cross-section NS_XS_2 looking southeast from the river-left streambank.

3.1.3.3. North Star XS 3
This section is located in a glide west of landing zone near the South Gate. The site exhibits a stable
morphology. Like North Star XS 2, this cross-section is representative of other relatively straight and stable
segments in the North Star Nature Preserve. It is upstream of sections that experienced mechanical
straightening or natural neck-cutoffs after 1900. Woody vegetation is established on both sides of the
channel. Channel unit bedforms exhibit relatively low complexity. There are no significant bars, woody
debris jams, alternating thalweg pools, etc. There is also an absence of strong and active bank undercutting
observed elsewhere in the Preserve.

Figure 17. Cross-sectional profile for NS_XS_3. Blue line represents river elevation at the
time of the survey (51 cfs).

Figure 18. View of cross-section NS_XS_3 looking north from the river-right streambank.
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3.1.3.4. North Star XS 4
This cross-section is located on a meander bend near North Star Beach. This is a site of active lateral channel
migration toward the west. The channel exhibits a relatively-young meander geometry, trending towards
an expanding bend and increased curvature. It lies within the area believed to have experienced
straightening or natural meander bend neck-cutoff in the time period after 1900. The meander is not as
fully developed as those located further upstream, although it is migrating into an area that saw the
development of large meander bends historically, as evidenced by relic channel features and circa-1900
photos. Little woody vegetation is established on the outside bend (river left); bank undercutting continues
to initiate large turf slumps on this side of the river. Fine sediment accumulation on the inside of the bend
(river-right) indicates active point-bar development.

Figure 19. Cross-sectional profile for NS_XS_4. Blue line represents river elevation at the
time of the survey (51 cfs).

Figure 20. View of cross-section NS_XS4 looking northeast from the river-left streambank
.

3.1.3.5. North Star XS 5
This cross section is located in a slightly curving glide section that exhibits very early-stage meander
development characteristics. The cross-sectional geometry appears fairly stable. Channel geometry
suggests the channel may be in a transition state between glide and meander bender bend morphology. This
cross-section lies within an area that historically experienced mechanical straightening or natural meander
bend neck cutoff after 1900. The channel does not appear to have experienced significant lateral movement
over the last century. Undercutting and active turf slumping on the outside bend, paired with shallow
sediment deposition on the inside are indicative processes that will trend towards meander development
over the long-term.
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Figure 21. Cross-sectional profile for NS_XS_5. Blue line represents river elevation at
the time of the survey (51 cfs).

Figure 22. View of cross-section NS_XS_5 looking west from the river-right streambank.

3.1.4. Regime Modeling
Observed channel widths and depths align well with regime modeling predictions for the Roaring Fork
River through the Preserve (Figure 23). Satisfactory alignment between modeled and observed conditions
permitted testing the impacts of changing bank cohesion and peak flows on the geomorphological
characteristics of the channel. This was useful for helping to understand the driving forces behind the
progressive channel narrowing observed over the last 75 years (Figure 12).
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Figure 23. Regime modeling predictions of bankfull channel width (W), depth (d), water velocity (U), and sediment transport
capacity (Qb) generated from Monte Carlo sampling.

Bank cohesion in the Preserve is assumed a function of spatial patterns of vegetative cover types and
densities on streambanks. Cessation of historical grazing activities in the Preserve coincided with increased
woody vegetation densities along streambanks and a presumed increase in bank cohesion. Hydrological
modifications to the Roaring Fork River due to water diversions through the IPTDS are also expected to
impact channel morphology. These diversions decrease peak flow rates through the Preserve, reducing
shear stress and sediment transport capacities. The joint effects of increasing bank cohesion and decreasing
peak flows were investigated with the regime model (Figure 24). Results support the hypothesis that the
interaction between average peak flow magnitude and the cohesion of stream banks as it is affected by
riparian vegetation are dominant controls on channel width in the Preserve. Results also suggest that
continued recovery of riparian vegetation will likely lead to a reduction in reach averaged channel widths.
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Figure 24. Simulated changes in channel width associated sequential transitions: (A) from a natural landscape to hay pasture
where grazing reduced riparian vegetation density and bank strength (mu), (B) following modification of peak flows by the IPTDS
that reduced the erosive capacity of the stream, and (C) along a trajectory of recovery for riparian vegetation that leads to
increasing bank strength and progressive channel narrowing.

3.2.

Aquatic Community Structure

North Star supports a variety of cold-water aquatic biota including fish and benthic macroinvertebrates as
well as a diverse array of aquatic-dependent terrestrial wildlife. Benthic macroinvertebrates serve as a
strong indicator of localized water quality conditions due to their relative immobility, the duration of their
life cycles, and measurable sensitivities to a variety of disturbance and pollution types. Fisheries are an
excellent condition of overall watershed health but serve as a weaker indicator of localized water quality
conditions due to their high mobility and ability to easily migrate throughout a connected stream network,
utilizing many miles of stream reach and a variety of habitat types throughout. Colorado’s mountain
communities often place high intrinsic value on healthy fisheries that, in turn, depend on robust aquatic
macroinvertebrate communities as a food source.

3.2.1. Macroinvertebrates
Aquatic ecologists typically analyze a variety of macroinvertebrate community structure metrics to evaluate
water quality or habitat-related stream health impairments. Colorado uses a multi-metric index (MMI) to
assess aquatic life use standards for Clean Water Act reporting. The MMI is comprised of a selection of
region-specific community metrics. Timberline Aquatics reported MMI scores and 11 additional metrics
for North Star sampling in 2017 (Table 6). Timberline Aquatics also reported information on functional
feeding guilds (Table 7). These groupings provide diagnostic information on community function and
balance.
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Table 6. Benthic macroinvertebrate community metrics for aquatic life monitoring locations in 2017. Scores indicate good overall
water quality.

Metric
MMI
Diversity
HBI
Evenness
EPT
Percent EPT excluding Baetidae
Ephemeroptera Taxa
Percent Heptageniidae
Insect Taxa
Percent Chironomidae
Percent Non-insect Taxa
Density (#/m2)

NS_AQ_1
73.6
3.37
2.62
0.635
17
42.71%
6
3.02%
32
1.77%
13.5%
3,721

NS_AQ_2
79.8
3.31
1.69
0.638
19
64.11%
6
31.73%
30
3.12%
16.7%
2,981

Table 7. Functional feeding guild proportions for sampled locations.

Site
NS_AQ_1
NS_AQ_2

CollectorGatherer
69.90%
52.67%

CollectorFilterer
1.88%
5.72%

Shredder

Scraper

Predator

1.46%
1.43%

17.08%
37.58%

9.69%
2.60%

MMI scores for the Preserve are well above the state’s threshold for water quality impairment. Other index
values also suggest the Preserve is home to a healthy macroinvertebrate population. Reporting from
Timberline Aquatics (Appendix C) indicated satisfactory metrics of community balance (Diversity and
Evenness) and the richness of sensitive taxa (EPT and Insect Taxa). Percent Heptageniidae and Percent
EPT (excluding Baetidae) show significant change between the upper and lower sampling locations. Low
scores for these metrics at NS_AQ_1 may indicate low-level impacts from dissolved metals. However, the
lack of negative response in other metrics at the site makes this conclusion uncertain. Future repeat sampling
will help determine whether the low scores at NS_AQ_1 are persistent or unique to the sampling event in
2017. The largest limited factor for macroinvertebrate biomass in the Preserve is, likely, the low areal extent
of riffle habitat.
Sample results from the Preserve in 2017 were compared to MMI scores generated over the last decade by
various entities across the upper Roaring Fork Watershed (Figure 25). Due to the mix of reporting sources
and uncertainty in metadata completeness, sampling methodologies, and index calculation, data from
outside the Preserve should be considered provisional and is merely provided as general context for
understanding how conditions in the North Star Nature Preserve relate to conditions downstream in Aspen.
This comparative approach displays the degradation of macroinvertebrate community health that occurs
below the Preserve as the Roaring Fork enters the City of Aspen and experiences a range of developmentrelated impacts.
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Figure 25. North Star aquatic life scores attain state standards and are healthy within the regional context of the Roaring Fork watershed.
North Star Nature Preserve Fluvial Geomorphology and Aquatic Life Monitoring Report

28

Pitkin County Open Space and Trails

North Star-James H. Smith Open Space – Roaring Fork River

3.2.2. Fishery
Brook trout, brown trout, and mottled sculpin were observed in the sampling reach. Population
characteristics for brook trout and mottled sculpin were derived from raw counts. Brown trout population
and biomass characteristics were derived from CPW’s 3-Pass Estimator method. Sampling in the
Preserve indicated relatively low numbers and densities of fish. Observed brown trout biomass was
estimated at 33 kg/hectare (Table 5). Fewer fish were present and most fish were relatively small
compared to upstream and downstream reaches (Appendix D). A sampling event in spring of 2018
conducted by CPW yielded approximately 50 kg/hectare more brown trout biomass than in the Preserve.
A sampling event near Jaffee Park in the fall of 2018 yielded approximately 65 kg/hectare of brown trout
and 468 kg/hectare of rainbow trout biomass. The greatest numbers of fish were removed from the
sampling reach in the North Star Nature Preserve near cutbanks and undercuts, highlighting the
importance of these habitat areas in the low-complexity channels that dominate in this section of the
Roaring Fork River. CPW aquatic biologists did not perceive any critical or degraded condition
producing relatively low fish biomass in the Preserve. Ultimately, the fishery is limited by food supply,
which, in turn, is naturally limited by the habitat types and substrates that dominate the reach. Channels
in the Preserve are relatively low gradient and bedded by fine-grained substrates. These conditions are
not conducive to the formation and maintenance of the shallow, fast-flowing riffle habitat that aquatic
insects prefer. Macroinvertebrate densities are higher in the gravel, cobble, and boulder-laden reaches
above and below the Preserve and able to support larger numbers of trout. The river through the Preserve
probably serves as a pass-through reach for salmonid populations but may also supplying shallow and
slow backwater habitat types utilized by younger life stages of some fish species. Increasing meander
bend development may produce more complex channel forms and more favorable habitat for trout over
the long term.

Table 8. Population characteristics of the fishery sampled in the Preserve.

Weight
Range (g)

Mean
Length
(mm)

Length
Range
(mm)

Number
per
Hectare

Kilograms
Per
Hectare

Name

Catch

Mean
Weight (g)

Brook Trout
Brown Trout

2
130

96
92.64

62 - 130
17 - 680

204
132.85

185 - 223
50 - 468

6.3
431.4

0.5
33.2

Mottled Sculpin

6

7.83

2 - 17

73.67

59 - 111

-

-

4. Discussion and Conclusions
The Roaring Fork River in the North Star Nature Preserve exhibits unique geomorphological forms and
behaviors for the upper Roaring Fork Watershed. The Preserve is home to a wide unconfined floodplain
composed of fine-grained lacustrine sediments left during the last ice age. The river’s gradient slackens
significantly as it enters the Preserve. Stream power rapidly drops and any entrained sediment load, fine
or coarse, is prone to settling, promoting localized aggradation and the tendency for the channel to
dynamically meander across the floodplain. This lateral movement is not an indication of unnatural or
undesirable instability; rather, it is a characteristic typical of alluvial valley rivers in which the crosssectional hydraulic geometries (active channel width, cross sectional area, mean bankfull depth, etc.)
remain relatively constant while planform geometries (meander curvature and frequency) are in a
continual state of change. Lateral migrations occur in both slow consistent movements over time as a
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meander grows radially outward and shifts downstream, as well as in rapid bursts such as when a meander
cutoff or flood-driven avulsion forces abandonment a former channel and cuts a new path across the
floodplain. This repeated pattern leaves a network of paleo-channel forms mosaiced across the
floodplain. These relic features are visible across as swales, scrolls, oxbows—all readily identifiable by
localized changes in elevation or vegetation patterns.
The Roaring Fork River through the Preserve displays several characteristics that indicate a dynamically
stable morphology, where channel geometries are adjusting to transitions in land uses and permanent
alteration of peak flow hydrology. Meander migration rates appear to be steady through time and
locations of active meander formation are consistent with locations of relic meander features. Zones of
elevated channel dynamism occur at the Preserve’s southern boundary where channel gradient rapidly
flattens, as well as on the eastern margin of the Preserve where the river abuts alluvial terrace and fan
deposits.
Meander bend dynamics mediate a successional mosaic of herbaceous and woody riparian vegetation.
Meanders push into mature forest stands of spruce or cottonwood on outside bends forming cutbanks,
while the formation of point bars on the inside of bends provides bare substrate readily colonized by
pioneer grasses, forbs, and willow/shrub communities (Figure 26). In some locations, these earlysuccessional stages transition into cottonwood pole stands before fully transitioning to mature forests
deeper inside the bend (Figures 27).

Figure 26. Lateral channel migration often mediates riparian community structure and extent where meandering steams flow
across alluvial floodplains, like the Roaring Fork River through North Star (adapted from Richter and Richter, 2000).

Suspended sediment load is likely to pass easily through the reach during higher flows, while larger clasts
carried in bedload will continue to drop out soon after the river enters the James H. Smith parcel.
Deposition of sediment in this area will continue to increase the tendency for relatively-rapid processes
of meander migration, neck-cutoff, or channel avulsion. Sediment deposition is also expected to occur
in the low-gradient upstream river segment between Difficult Creek and the Preserve. Much of floodplain
in this transition zone has been encroached upon by suburban development. Levees, bank armoring, or
other treatments are evident in the MacFarlane, Wildwood, and Popcorn Lane neighborhoods. Structures
were likely installed to resist lateral channel shifts that represented risks to human infrastructure. These
structures and other management activities that restrict channel movement in upstream reaches may
increase rates of sediment deposition and channel dynamism in the James H. Smith parcel.
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Figure 27. Meander vegetation communities in North Star display appropriate transitions from pioneer species on newly created
bars up to mature forest types deeper into the floodplain.

Historically, the floodplains between Difficult Creek and the northern edge of the Preserve may have
supported multi-threaded channel patterns and a robust beaver community. Large amounts of woody
debris may have existed in the channel and across the floodplain, creating complex and ‘messy’
geomorphological structures and behaviors that effectively trapped sediment, raised water tables, and
provided diverse habitat for aquatic and terrestrial species. While current channel forms and behaviors
appear suitable for the geophysical location, the pre-development condition in the Preserve may have
looked significantly different than it does today. Questions remain regarding OST’s selected reference
state when managing the Preserve for natural attributes.

5.

Management Recommendations

OST maintains a variety of management objectives designed to protect and enhance the natural and social
values associated with the North Star Nature Preserve. Concern has previously been voiced over the
physical condition of the river and the health of the local biological community. Several management
questions focus on whether the Preserve currently exists in a degraded form that limits critical ecological
functions. Over the years, concerns about the condition of the Roaring Fork River through the Preserve
led to proposals for physical modification of streambanks or realignment of the channel through
abandoned meander bends. These efforts were variously intended to elevate groundwater tables, reduce
erosion on the outside of meander bends or arrest lateral movement in an effort to preserve a stand of
cottonwood that provided nesting habitat to a colony of Great Blue Herons. Several management actions
(e.g. removal of fallen trees from the river) were implemented in recent years exclusively for the
protection of the social and recreational uses of the Preserve. These potentially-competing social and
ecological values present a complex template for land use management. OST continues to search for
management practices or projects that will maximize the ecological functioning of the floodplain without
negatively impacting recreational uses.
Managing for improved ecological characteristics typically involves selection of a reference state for
guiding management activities. A circa-1900 photograph showing the river course prior to mid-century
meander cutoff events (Figure 1) provides OST with one potential reference state. Unfortunately, it is
unknown to what degree the watershed land cover, biological communities (e.g. beavers), and hydrologic
regimes were already altered by the time period of the photograph—twenty years of rapid mining-fueled
settlement and transformation were already underway. Additionally, flow and sediment transport regimes
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are significantly altered by water abstractions through the IPTDS, forests have shifted to predominantly
closed-canopy cover types in the upper watershed, and climate-influenced changes to precipitation
regimes may be underway. It is not altogether clear that current flow and sediment regimes could
successfully and indefinitely support the circa 1900 channel configuration. Still, if early 20th century
channel characteristics are a desirable management condition, several routes may help push the river
towards this trajectory. Some possibilities include engineered physical modification of floodplain
terraces, reintroduction of large woody debris masses, hardening of floodplain surfaces prone to channel
avulsions, and/or intentional amplification of beaver community activity. Each of the aforementioned
options comes with costs and benefits.
There is no single ‘correct’ science-based answer for how to best manage the Preserve to promote or
protect important ecological characteristics or behaviors. Physical restoration is resource intensive,
expensive, invasive, and long-term outcomes tend to be uncertain. Management decisions are also
inevitably influenced by the social and recreational values that the greater community places on the
Roaring Fork River where it flows through the Preserve. Reintroduction of woody vegetation or increased
beaver activity may increase channel complexity at the expense of current aesthetics, terrestrial wildlife
habitat, and recreation access for fishing and boating. Encouragement of large woody debris deposits and
overlapping beaver complexes could greatly increase the diversity of floodplain habitat and raise
groundwater elevations by driving highly-sinuous multi-threaded channel development. However, those
characteristics may reduce the viability of the stretch for paddle boarding, tubing, and other recreation
uses. The circa-1900 channel configuration also only represents a single snapshot in time for a floodplain
known to support a high degree of channel dynamism. For all of these reasons, we suggest that the desire
is to return the system to a single end-point resembling an assumed pre-Anglo settlement condition of
the river may be problematic for this section of the Roaring Fork River. A more prudent set of
management objectives may be developed around support of non-static geomorphological conditions—
of concurrent cycles of floodplain and riparian destruction and formation—over the long term.
This management paradigm prioritizes functional characteristics rather than physical/aesthetic
resemblance to previous ecosystem states. Rather than selecting a reference condition for guiding
management actions, this approach requires identification of the high-priority social and ecological
functions desired for the floodplain. Management actions arise through reflection on existing conditions
and management practices and asking whether they provide the desired functions. Critically, this
management accommodates the co-evolution of floodplain characteristics and community values and
perspectives expected to occur over years and decades. The Roaring Fork River through the Preserve
currently features good water quality that supports healthy, albeit limited, bug and fish communities. The
river is able to overbank regularly and maintain the geomorphic and soil characteristics of the floodplain
and associated floodplain wetlands. Relatively low abundances of fish and macroinvertebrates are a
function of the reach’s fine-grained sediment and low gradient rather than a human-induced shortcoming.
Riparian communities are somewhat limited in extent but appear to be recovering from previous range
management influences. Some of the most robust riparian communities appear in active channel
migration zones. Lateral movement of the channel across the floodplain creates new surfaces for
colonization of riparian vegetation and mediates the complexity of community structure. The river and
floodplain are able to accommodate the variability in current flow and sediment regimes without
experiencing changes in morphology at a rate that outstrips the response of riparian forests and aquatic
biota. This is an important consideration when reflecting on the value of management actions meant to
arrest lateral channel migration in order to protect the stand of cottonwood trees that were a recent nesting
site for a colony of Great Blue Heron. River-floodplain systems with relatively-high but proportional
rates of riparian-to-channel and channel-to-riparian turnover are typically credited for supporting highvalued terrestrial and aquatic-dependent plant and animal communities. Halting channel movement at
the nesting site may spare several old trees, but it does so at the cost of creating habitat for new
cottonwood stand development on the opposite bank. As the old trees succumb to age or disease, the net
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effect of bank stabilization may be a localized narrowing of the riparian corridor. In summary, it is our
opinion that the Roaring Fork River in the North Star Nature Preserve is generally able to perform
geomorphological and ecological functions appropriate for the biophysical setting.
Continuation of a passive management approach that promotes dynamic geomorphological behaviors
while developing and distributing outreach and educational materials that engender greater understanding
of the importance of channel and ecosystem dynamism appears appropriate. This recommendation is
largely consistent with previous assessments (e.g. Miller, 2011) that characterized physical restoration
and re-meandering of the stream channel as largely problematic, advocated for reintroduction of woody
material to the channel, and suggested promoting greater social acceptance for a dynamic floodplain
environment. While we don’t believe that any large-scale geomorphological management intervention is
imminently required in the Preserve, further investigation of the relationships between IPTDS-induced
changes to the hydrological regime, the sinuosity and slope of the channel, typical cross-sectional
geometry, and late-season groundwater elevations may identify strategies for greater floodplain and
alluvial aquifer activation. This investigation may be a useful undertaking for OST in the future.
In the near-term, we recommend the following management actions:
•

•
•
•

Develop and distribute educational materials (e.g. maps, renderings, infographics and
illustrations) that help the Pitkin County residents understand the importance of a dynamic
floodplain environment in the North Star Nature Preserve. Focus on the role that changes in
channel geometry and complexity and the turnover of riparian areas play in mediating long-term
floodplain health.
Refrain from removing large woody debris (e.g. fallen trees) from the stream channel whenever
and wherever possible. If such debris presents an unacceptable danger to recreational users,
attempt to reposition the debris within the channel rather than removing it.
Do not remove beaver dams or other natural structures that may drive localized bank erosion
and/or sediment deposition.
Do not attempt to arrest (e.g. with engineered structures, bank re-grading, etc.) active point bar
development that is creating cutbanks and driving lateral channel movement.

We make the following recommendations for long-term monitoring of geomorphological
characteristics/behavior and aquatic biology:
•
•
•
•
•
•

Monitor cross-sectional channel geometries at fixed stations once every five years.
Monitor streambed particle size distributions in a diversity of channel unit types (i.e. pools,
riffles, runs) once every five years.
Monitor macroinvertebrate population characteristics once every two years. Coordinate all
sampling activities with any scheduled sampling conducted by Roaring Fork Conservancy,
USFS, and/or City of Aspen.
Work with CPW to monitor fish population characteristics once every two years. Coordinate
sample timing with CPW to coincide with fish population data collection from other locations
on the upper Roaring Fork River.
Characterize rates of lateral channel migration using aerial imagery once every 10 years.
Map channel aquatic habitat types (pools, riffles, runs), extents, and locations throughout the
Preserve once every 10 years.
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Appendix A. Sediment Particle Size Distributions
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Appendix B. Cross-Sectional Geometries
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Appendix C. Macroinvertebrate Identification Report
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Appendix D. Colorado Parks and Wildlife Fish Population Data Sheet
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