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This report describes and evaluates the ecological communities and fluvial geomorphology for the North
Star Nature Preserve (North Star). The baseline surveys were completed to provide Pitkin County Open
Space and Trails (OST) with the resource information necessary to create a new adaptive management
plan for the property. This report will help enable OST to make sound land management decisions for
North Star based on empirical data and professional judgment.
In 2014, a project team was selected by OST to conduct new baseline biological and fluvial
geomorphological surveys of North Star. This team was composed of wildlife ecologists (Colorado Wildlife
Science, LLC), plant ecologists, wetlands ecologists, and fluvial geomorphologists (Golder). Biological
inventories are used to evaluate and determine the status of biological diversity and ecological integrity in
a defined area or management unit (“Assessment Area” or “AA”) that may contain one or more types of
ecological communities or habitats. For this purpose, a biological inventory involves management and
sampling objectives for the target site, selection and design of specific biodiversity inventory techniques,
field sampling, identification, and classification of species in the context of habitats and communities, and
presentation and analysis of the results in an appropriate format for management application. Biological
inventories can be used to: (1) evaluate if any specific mitigation needs to be implemented, and/or any
management strategy be developed for conservation or restoration of biodiversity at the defined target
site; (2) develop a resource management plan considering human-induced development, construction or
activities within the target site; (3) develop site-specific monitoring programs; (4) prioritize areas of
conservation and restoration concerns; and (5) provide baseline information for scientific inquiry.
Biological and fluvial geomorphological surveys were completed on North Star from June through
September 2014. North Star is located in unincorporated Pitkin County, Colorado approximately 1.5 mi
southeast of downtown Aspen, Colorado in Sections 17 and 20 of Township 10 South, Range 84 West of
th
the 6 Principal Meridian and lies within the North-Central Highlands and Rocky Mountain Section of the

Southern Rocky Mountains Steppe – Open Woodland – Coniferous Forest – Alpine Meadow
Physiographic Province. The 247 ac North Star is composed of two parcels of land – 169 ac North Star
Preserve (acquired in 1978) and 78 ac James H Smith North Star Open Space (acquired in 2001).
North Star is situated near the terminus of a wide, low-gradient valley, which was created by the retreating
Roaring Fork Glacier at the end of the Pleistocene (approximately 11,000 years ago). The glacier’s
moraine deposits acted as a dam that accumulated a thick deposit of alluvium consisting of glacial
outwash and lake and stream sediments to a depth of more than 300 ft. The stream channel of the
Roaring Fork River, a 5th order perennial stream, developed a highly sinuous pattern due to low gradient
and deep deposits of soil. These channel characteristics in combination with native riparian vegetation
and beaver activity enabled elevated annual flows from snowmelt to overbank and spread across the
riparian zone. The Roaring Fork meanders northwesterly through the entire length of the property.
Wetlands and wet meadows occur across much of the valley supported by riverine hydrology,
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subirrigation, and surface water runoff from adjacent slopes. Vegetation is composed largely of a variety
of montane shrublands, isolated stands of aspen and conifer forests, mixed-mesic grasslands, and
wetland and riparian habitats. The property provides habitat for a diverse array of vertebrates including
economically and culturally important species such as Rocky Mountain elk (Cervus elaphus nelsoni) and
species of conservation concern such as bald eagles (Haliaeetus leucocephalus) and great blue herons
(Ardea herodias).

Synopsis of Recommendations
A Summary of Specific Recommendations as compiled from all of the 2014 Golder and CWS Reports for
North Star is as follows:


Develop a plan to stabilize the groundwater table within the existing wetlands
 Remove unnecessary headgates. Eliminate the adjustability of required headgates by
securing them at their maximum elevation.
 Modification to the superficial channels within the floodplain is recommended to
assist in the rehydration of the North Star meadows.


Both the channels associated with the headgates and other, smaller, surface
water drainage channels should be modified to retain water.



Rehydration can be accomplished through a number of means, as will be best
determined by 1-D or 2-D hydrologic modeling.



Recommended mechanisms may include: (1) low-impact geomorphological
techniques such as log placement; (2) low-level weirs; (3) check dams; or
(4) partial infilling of lateral channels, as performed in a manner to encourage
local beaver and wildlife activities and to minimize ecological impact.

 Understand the implications of potential new projects on adjacent properties that may
have an influence on site hydrology, as well as investigate the associated water
rights.





There is the potential for nearby projects to change the hydrologic pattern of
North Star, such as the work by Five Rivers Restoration upstream of North Star,
or potential impacts under consideration by the neighboring subdivision. If these
new projects interact with the site hydrology, they may negatively affect
conditions within North Star.



Golder recommends that the planned future actions of nearby sites be assessed
for their potential hydrologic impact to North Star.

Install biostabilization bank protection or suitably engineered flow deflection structures to
decrease the potential for the destruction of the habitat provided by the mature
cottonwood stand.
 The biostabilization or engineered flow deflectors will need to be designed to match
the hydraulic conditions that the site is likely to experience and make use of local
site-specific native vegetation where feasible.
 The specific restoration recommendations for the mature cottonwood area will
include a combination of modifying the bank angle of repose to an approximate 3:1 to
4:1 grade, combined with site specific plantings that combine willow fascines
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(wattles) from local native species with containerized plantings of willow, cottonwood,
alder, and sub-dominant species such as sedges, rushes, and other graminoids.


Carefully consider the removal, or modification, of the existing in stream structures.
 Modification of the existing in stream structures could have a significant effect on the
channel morphology and existing habitat.
 Golder recommends that potential changes be assessed with a hydraulic modeling
effort prior to removal or modification. 1-D and 2-D modeling, as well as LIDAR
during low-flow periods (as LIDAR is poor at penetrating water) should be used to
determine the current functionality of existing in-stream structures, as well as the
potential consequences of removing these structures.



Monitor downstream channel elevation.
 Incision of the channel into the moraine dam may result in significant changes to the
site.
 Potential changes can be assessed via repeated high resolution surveying efforts
similar to the one conducted as part of this investigation, or repeated LIDAR surveys
under low water conditions.
 If additional incision is observed at the terminal moraine, further stabilization actions
may be required to halt or reverse this incision. Potential stabilization techniques may
consist of the installation of weir-type structures, engineered mechanisms, or
roughness elements at the downstream end of North Star. LIDAR combined with 1-D
and 2-D modeling should be used to best determine the appropriate
recommendations.



Golder recommends further consideration of reconnecting the existing fluvial system to its
floodplain by remedial works to raise the functional crest elevation of the terminal
moraine through placement of a weir or similar mechanism. 1-D and 2-D modeling,
combined with LIDAR during low-flow periods, should be used to determine the specific
types and locations for the recommended devices.
 This action is likely to help facilitate the reversal of the degradation of the wetland
hydrology.
 Golder believes that the hydrology of the adjacent floodplain is partially controlled by
the hillslope and the wetland hydrology, but that reconnecting the fluvial hydrology
through replacement of the terminal moraine is likely to be beneficial for the site.
 The discharge of the river has been significantly reduced by the construction of the
Transmountain Diversion (TMD). Golder does not recommend replacement of the
historic meander pattern due to our concerns about collateral damage to existing
fauna and flora, and recreational activities, as well as concerns about the cost to
benefit ratio of such replacement.


Golder cautions against the partial reconnection of the river channel to the
oxbows without raising of the crest height and the reduction in hydraulic gradient
due to concerns that, at low water elevations without adjustment of the crest
elevation, such reconnection may cause a further dewatering of the surrounding
meadows.



Golder recommends the mitigation of the loss of elevation in the moraine through
undertaking remedial works to raise the functional crest elevation of the terminal
moraine through the placement of downstream flow control structure, such as an
overflow weir, or modification of the channel. This flow control structure could
take the form of a low-head weir, or other structure that decreases the hydrologic
gradient within the North Star. While a more traditional structure would also serve
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this purpose, the potential structure should be congruent with the existing
landscape. The aesthetic, hydrologic, and water rights implications of this
structure should also be carefully considered.
 To quantitatively understand the relationship between the subsurface, hill slope, and
fluvial hydrology, Golder recommends that suitable hydrodynamic modeling (e.g., 1-D
and/or 2-D hydraulic models that couples the processes of subsurface and surface
flow conditions) be considered.


The modeling effort will likely illuminate the subtle conditions that control these
hydrologic processes and facilitate the precise design recommendations that can
help fulfill Pitkin County’s land management goals.



For the modeling effort to be insightful, a thorough field investigation into the
surface and subsurface hydrologic conditions will be necessary. This
investigation will collect data pertaining to the temporal and spatial variability of
the hydrogeologic and hydraulic conditions.



To calibrate this modeling effort, Golder also recommends the collection in
hydraulic and sediment transport data.



Continue vegetation monitoring on a 3-year basis for the five identified community types
– Transitional, Aspen-Dominated, Big Sagebrush-Dominated, Willow-Dominated
Riparian, and Cottonwood-Dominated Riparian.



Recommended Vegetation Monitoring intervals are as follows:



Monitoring Protocol

Interval

Transitional Community
Aspen-Dominated Community
Sagebrush-Dominated Community
Riparian Willow-Dominated Community
Riparian Cottonwood-Dominated Community
Noxious/Invasive Species

Every 3 years
Every 3 years
Every 3 years
Every 3 years
Every 3 years
Every year at beginning and
end of growing season

Initiate a program of groundwater monitoring for North Star utilizing the existing North
Star ground water monitoring wells. Additionally, historic groundwater monitoring records
should be obtained and reviewed for the site. Groundwater well monitoring intervals are
recommended as follows:
Monitoring Protocol

Interval

Transitional Community

Four times annually
(once per spring, summer, fall, winter)
Four times annually
(once per spring, summer, fall, winter)

Aspen-Dominated Community
Sagebrush-Dominated Community
Riparian Willow-Dominated Community
Riparian Cottonwood-Dominated Community
Representative Well per Community Type

Four times annually
(once per spring, summer, fall, winter)
Four times annually
(once per spring, summer, fall, winter)
Four times annually
(once per spring, summer, fall, winter)
Automatic daily data recorder
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Of the 21 wells, one representative well per community type is recommended to be
outfitted with an automated daily data logger, whereas the remaining wells are
recommended to be monitored four times annually (once per spring, summer, fall, and
winter).



Further investigate North Star’s water rights. Included in this investigation should be due
diligence regarding the water rights for the adjacent subdivision.



Begin to address North Star’s hydrologic shift by seeking regulatory approvals as well as
actions necessary to restore ecological functioning through activities such as modification
of ditches, irrigation laterals, and superficial channels, as well as sealing/removing
headgates to assist in the rehydration of the surrounding meadows in such a manner as
to encourage local beaver and wildlife activities and minimize ecological impact.



Implement a more active program of noxious/invasive species management to address
absinth wormwood, plumeless thistle, Canada thistle, houndstongue, oxeye daisy, yellow
toadflax, and common mullein populations, per Pitkin County guidelines (as presented
immediately below). Control of yellow toadflax, especially within the Aspen-Dominated
Community, is considered essential. Control of crack willow is strongly suggested,
whereas control of reed canarygrass is not considered practical, nor is recommended, at
this time.

Cottonwood
Dominant

Willow
Dominant

Sagebrush
Dominant

Common Name

Aspen
Dominant

Scientific Name

Transitional

Community Type

Notation

Noxious Species
Artemisia absinthum

Absinth wormwood

3.8

Carduus acanthoides

Plumeless thistle

Cirsium arvense

Canada thistle

Cvnoglossum officinale

Houndstongue

observed

Leucanthemum vulgare

Oxeye daisy

observed

Linaria vulqaris

Yellow toadflax

observed

Verbascum thapsus

Common mullein

observed

Phalaris arundinancea

Reed canarygrass

28

Salix fragilis

Crack willow

CO Noxious Weed List B,
Pitkin List B – Eradication
observed

observed

7.3

observed

CO Noxious Weed List B,
Pitkin List B – Eradication

observed

CO Noxious Weed List B,
Pitkin List B – Suppression

observed

CO Noxious Weed List B,
Pitkin List B – Suppression

observed

CO Noxious Weed List B,
Pitkin List B – Containment

observed

CO Noxious Weed List B,
Pitkin List B – Suppression
CO Noxious Weed List C,
Pitkin List C – Suppression

Species of Concern
48

NWPL Arid West. FACW
8.5

Monitoring recommendations for noxious and invasive species are recommended with
the recommendations for vegetation monitoring, as presented above (bullet point #7).


Given its regional significance, the fen should be further investigated and characterized.



A Proper Functioning Condition assessment should be conducted to determine the
physical functioning of the fen through consideration of hydrology, vegetation, and soil/
landform attributes. Such an assessment will determine if current conditions will allow
continued development and persistence of the fen.
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Consider further investigation of soil geochemistry. Again, the primary causal agent for
areas devoid of vegetation within the Transitional Community is believed to be the
combination of increased subnivean vole and pocket gopher activity, through reduced
wetland hydrology, in concert with low organic matter with increased permeability that is
inherent to alluvial mineral soils.



Promote improved aspen regeneration through improved wildlife protection for young
trees and active scarification of existing stands, as well as removal of some standing
dead. To prevent further colonization by yellow toadflax, scarification should not be
initiated until after successful eradication has been achieved. Conifers should be
maintained to fewer than 15% of the overall canopy for aspen areas. Monitor wildlife,
insect, and disease impacts.



Establish two climate change monitoring sites in partnership with the Aspen Global
Change Institute (AGCI). One site should be located within the Aspen-Dominated
Community, whereas the second site should be located within the Transitional
Community. Each site should involve multiple measurement points and frequent data
sampling (multiple times daily, each day, throughout the year).



Improved signage for wetland and riparian areas to provide increased public awareness
and education, as well as to provide improved refugia for sensitive wildlife and avian
species.



Initiation of ecotypic seed and vegetative propagule increase program to create the plant
materials necessary to initiate a site-specific revegetation program.



Remove the stakes and guide-wires from the base of the conifers transplanted on the
northern property boundary.



Continue TVES, wildlife camera surveys, avian point transects, diurnal raptor surveys,
and great blue heron monitoring on a long-term basis to develop more comprehensive
species lists, determine population trends, and evaluate the effects of management
actions on MIS.



Wildlife surveys should be conducted every few years (at a consistent interval) to
produce data that will facilitate the adaptive management process in a cost-effective
manner. Surveys that produce statistically robust data (e.g., avian point transects) should
be repeated more frequently than methods that merely produce observational data (e.g.,
TVES).



Recommended wildlife monitoring intervals are as follows:
Monitoring Protocol

Interval

TVES
Camera grids

Every 3 to 5 years
Every 3 to 5 years
Every 3 to 5 years

Raptors
(diurnal and nocturnal)
Avian point-transects
Great blue herons –
recreation effects
Great blue herons –
production and recruitment


Every 2 to 3 years
(every 2, if possible for more robust results)
Every year for 3 years
Every year by volunteer; results analyzed
every 5 years by biologist

One-time targeted surveys for sensitive species, charismatic species, and species
protected by state or federal law should be added prior to the design and/or
implementation of any projects that will result in the loss or substantial alteration of
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habitat. These surveys should be repeated in the next growing season following
implementation to determine effects of the project. Other species-specific surveys should
be added if a new sensitive or protected species is detected for the first time to occur in
proximity to North Star (e.g., boreal toad, Canada lynx, river otter).


Add interpretive displays along the river to educate the river recreation community
regarding North Star’s ecological sensitivity.



Continue the closure of the west side of the river to the general public to maintain North
Star as a nature preserve and as a buffer between human activity and adjacent WRNF
lands.



Maintain the current dog prohibition.



Restore the hydrology of the large emergent wetland in the northwest corner, as well as
other wetlands, by eliminating drainage ditches, culverts, and headgates. This will greatly
improve waterfowl breeding, foraging, nesting, and loafing habitat and increase forage
opportunities for wading birds.



Prevent fragmentation of habitat by recreational trails.



Avoid disruptive, mechanized management activities during the songbird/wading bird
breeding season (May 1 – July 15).



Control invasive plants (refer to vegetation recommendations).



Avoid disruption of the shrub understory during the breeding season.



Restrictions should be continued on the west side of the Roaring Fork River to reduce
recreation disturbance and protect elk habitat effectiveness (e.g., November 1 through
June 30).



Avoid fences on the property except where necessary to achieve management goals.
Fences necessary for recreation management should be wildlife friendly and should have
gaps every 50 to 100 ft to facilitate passage of elk calves and mule deer fawns.



North Star is home to at least six bird species that nest on the ground. These species are
especially sensitive to human recreational disturbance and will abandon a nest after
repetitive disturbance. Even if humans are careful, it is easy to step on eggs or chicks.
The cryptic eggs of killdeers and vesper sparrows blend in with the surrounding ground or
vegetation.



Accordingly, visitors on foot should be restricted to designated access corridors or trails
on the east side of the river. Once established, these trails should be altered infrequently
to allow ground nesting birds to habituate to and avoid the areas of heavy foot traffic.



Maintain Aspen Habitat:
 Maintain at least 35% canopy cover in appropriate aspen-dominated habitats; can be
up to 70% closure.
 Create large exclosures to protect aspen suckers and seedlings from browsing elk;
monitor browse effects on aspen regeneration.
 Monitor aspens for biotic threats such as aspen bark beetles, poplar borer beetles,
bronze borer beetles, and cytospora canker.
 Monitor conifer (i.e., Engelmann spruce, Douglas fir) invasion of aspen stands.
Maintain conifer representation at less than 15% of the canopy.



Riparian Habitat Management:
 Maintain coarse-grained habitat heterogeneity (i.e., willow riparian shrubland
interspersed with mesic meadows and graminoid marsh).
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 Manage for larger stands of riparian shrublands. Larger patches represent better
quality habitat in which individuals produce more offspring, whereas smaller patches
are available to non-breeders or less fit individuals (Rising 1996).
 Maintain, improve, or facilitate flooding of riparian shrublands and avoid management
activities that would diminish surface and/or subsurface flows (USDA Forest Service
1994).
 Continue restoration of stream banks; woody riparian vegetation will increase
breeding habitat and allow the river to access its floodplain.
 Maintain and/or restore water levels in tall emergent wetlands; Eliminate channels
and culverts installed to drain wetlands.
 Protect cottonwood seedlings and saplings from browsing ungulates and beavers.


Ground nesting songbirds:
 Consider potential disturbances to birds and habitat when planning or locating sites
of human activity within riparian areas.
 Locate new recreation sites outside of riparian areas wherever possible. If sites must
be within riparian zones, concentrate them in one area, rather than spreading them
throughout riparian areas.
 Avoid constructing new trails along or parallel to riparian areas.
 Plant dense native vegetation, such as willows, to screen and reduce areas of regular
human use of fragile or vulnerable riparian areas.



Beavers:
 Avoid disturbance of side channels where beavers are active.
 Identify bank lodges and primary forage areas. Create a 50-ft buffer that excludes
recreationists on foot. Prohibit beaching of river recreationists from those areas.
 Install signs and interpretive displays informing river users that bank lodges and
sensitive foraging areas occur throughout the reach.



Great Blue Herons:
 Continue 200 m (656 ft) seasonal river “quiet zone” up- and down-stream of the
heron colony and a 200 m land-based buffer for visitors on foot from March 1 through
July 15 prohibiting all activity except authorized research, monitoring, and
management. Given the sharp rise in river-based recreation at North Star, the river
quiet zone will contribute to the likelihood that the heronry will persist at North Star.
 Interpretive signage on the riverbank at the upstream entrance to North Star should
explain the conservation significance of the heron colony, their sensitivity to
disturbance at the early stages of nesting, and about their natural history.
 Additional signage warning of the approaching “quiet zone” should be placed along
the bank on the ACES property upstream of North Star.
 Identify and conserve potential alternative nesting stands to preserve active nesting
colonies in an area. Nesting herons periodically relocate their colonies and alternate
nesting stands provide places to relocate (Vennesland 2000).


By maintaining alternative nest stands, more expensive measures to preserve
the existing nest stand (e.g., soil remediation) can be avoided
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 Manage for dense ground vegetation, such as Wood’s rose (Rosa woodsii) and
chokecherry (Prunus virginiana), to shield the heronry from human intrusions and
ground predator disturbance.
 Install 36” metal flashing on all active nest trees and potential nest trees in close
proximity at both segments of the heronry to inhibit terrestrial predators.
 Enhance and restore off-river foraging areas on and within proximity to North Star.
 Determine if remediation measures need to be undertaken on soils in and around the
heronry. Have comprehensive soil testing performed to determine soil composition
and drainage properties. Confirm with soil testing agency re: sampling protocol and
frequency of testing.


Implement remediation measures for the ground underneath nest trees as
necessary; potential measures include application of gypsum or other
neutralizing agents to acidic soils or temporary application of mulch during
nesting season to intercept guano.

 Remove nesting debris and waste from the ground beneath the heronry every other
year at the end of the nesting season.
 Continue monitoring the heronry in cooperation with RMBO Colony Watch. Monitor
not only production and occupancy but also behavior, nesting habits, reactions to
disturbance, and any unusual occurrences such as attacks by predators.
 Use monitoring cameras at the base of nesting trees to determine if terrestrial
predators such as raccoons are contributing to the decline.
 Create and install interpretive signs where river-based recreationists can access the
information without disturbing the birds (e.g., at put-ins). These signs should describe
the birds, their habits, and sensitivity during the breeding season.
 Implement active education and interpretation programs that will greatly improve
public understanding regarding the sensitivity of the heronry. Such programs should
be collaborative with ACES and include volunteer and/or ACES staff “River
Ambassadors” who float among the public as well as provide guided interpretative
float trips.
 Conduct a more comprehensive study of the heronry to determine whether
management decisions are affecting occupancy and production.
 Black Bears:




Given that black bears are abundant on and near North Star, signs should be
installed informing visitors not to leave food in parked vehicles and to keep
vehicle windows closed and doors locked.

A comprehensive list of recommended monitoring and intervals:
Vegetation Monitoring Protocol
Transitional Community
Aspen-Dominated Community
Sagebrush-Dominated Community
Riparian Willow-Dominated Community
Riparian Cottonwood-Dominated Community
Noxious/Invasive Species

Interval
Every 3 years
Every 3 years
Every 3 years
Every 3 years
Every 3 years
Every year at beginning and
end of growing season
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Interval
Four times annually
(once per spring, summer, fall, winter)
Four times annually
(once per spring, summer, fall, winter)
Four times annually
(once per spring, summer, fall, winter)

Riparian Willow-Dominated Community

Four times annually
(once per spring, summer, fall, winter)
Riparian Cottonwood-Dominated Community Four times annually
(once per spring, summer, fall, winter)
Representative Well per Community Type
Automatic daily data recorder
Wildlife Monitoring Protocol
TVES
Camera grids
Raptors
(diurnal and nocturnal)
Avian point-transects

Great blue herons –
recreation effects
Great blue herons –
production and recruitment

Interval
Every 3 to 5 years
Every 3 to 5 years
Every 3 to 5 years
Every 2 to 3 years
(every 2, if possible for more robust
results)
Every year for 3 years
Every year by volunteer; results analyzed
every 5 years by biologist
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EXECUTIVE SUMMARY – GEOMORPHIC ASSESSMENT
The modern geomorphology of the North Star Nature Preserve (North Star) consists of a relatively low
gradient meandering, alluvial channel whose lateral boundaries are defined by the glacially carved valley
in which the site resides. The geometry of the meandering channel of the Roaring Fork River is controlled
by the presence of a terminal moraine that spans the valley width. This moraine acts as a dam that has
temporarily blocked the downstream passage of water and sediment for a length of the valley. In the past,
this accumulated sediment has held an active meandering, more sinuous channel that migrated laterally
across most of the valley floor. The valley is located in the tectonically uplifting Rocky Mountains
upstream of Aspen, Colorado. The Roaring Fork River, like most rivers in this landscape, is actively
incising into the landscape that contains it. This process of incision is occurring on the time scale of
geologic events and has been temporarily halted at the site by the aggradation of sediment behind the
moraine dam. In relatively recent past, the moraine has partially breached, causing an increase in the
local river gradient and the meandering channel to straighten substantially. While the breaching of the
moraine is likely an inevitable, natural process, driven by the rivers’ incision into the landscape, Golder
believes that the breaching of the portion of the moraine that controls the hydraulic gradient of the North
Star was facilitated by anthropogenic activities. Evidence exists that indicates that the highly sinuous
morphology existed as late as the turn of the 20th century. The morphologic transition from a very sinuous
channel to a less sinuous one has been accelerated by human intervention.
Also in the relatively recent past, other, subsequent anthropogenic activities have halted the incision and
resulted in a new state of equilibrium in which the river is disconnected from its floodplain. Two
fundamental land use activities have altered the hydrology of the site: first and most significantly, is the
construction of the Transmountain Diversion (TMD), which extracts a large portion of the total annual
discharge of the Roaring Fork River; and secondly, the floodplain surface water modifications, in the form
of ditches, have further lowered the water table within the wetland. The construction of the TMD has
decreased the capacity of the river to move sediment and consequently halted the incision into the
moraine dam. The agricultural practices applied on the site fall into two categories: river straightening and
floodplain ditching. The river straightening was potentially intended to counteract the sedimentation
produced by the TMD, and the water table lowering was intended to improve the land for agriculture by
lowering the local water table. While the river straightening for agricultural purposes has had an
observable, but minimal, impact relative to the moraine breaching and the TMD, the ditching and
channelization within the floodplain has had significant effects on the local ecology. The adjacent
floodplain and hill slopes that were previously mostly wetland, are transitioning into a drier ecological
community due to the lowering of the water table. The lowering of the water table is likely caused by the
diversion of water via existing surficial channels controlled by operational headgates, the floodplain
surface water modifications, and the lowering of the river water level caused by the moraine dam
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breaching. Golder proposes that immediate action be taken to limit the influence of the floodplain ditching
and headgate operation.
Golder proposes to limit the potential for further lowering of the water table by modifying the local
hydraulic controls to facilitate a lower hydraulic gradient, thus retaining more water on the property. In
conjunction with the actions to control the local surface water gradient, Golder recommends that actions
be taken to decrease the influence of the diversion ditches on the surface water hydrology. These actions
can take the form of off-channel beaver habitat enhancement (as discussed in Section 2.0), but they can
also consist of infilling/modifying the ditches with sediment and/or engineered flow impediment structures
(e.g., riffles, weirs). Additionally, there are specific portions of the site where bioengineering solutions
(e.g., native plantings and fascines) are recommended to prevent the erosion of stream bank supporting
high value habitat. Golder also recommends that the headgates be modified to eliminate their potential to
lower the local water table. These actions represent a positive step towards stopping, and potentially
reversing, the changes to the local groundwater table that are detrimental to the existing wetland, but they
may not be sufficient to reverse the effects of the breaching of the moraine dam.
As such, Golder recommends that OST strongly consider remedial works to mitigate the loss of the
terminal moraine through the placement of a weir, or similar mechanism. Golder, however, does not
recommend at this time replacement of the historic meander pattern due to our concerns about collateral
damage to the existing flora and fauna, and recreational activities, as well as cost to benefit ratio of such
replacement. To optimize the design and function of these actions, Golder recommends that appropriate
hydrodynamic modelling (e.g., 1-D and/or 2-D hydraulic models that couples surface and sub-surface flow
conditions) be undertaken. Future modeling will require calibration through field investigations into the
channels and wells onsite.
Golder clearly understands that any of the actions proposed herein are potentialities and ultimately it is up
to the client to decide if these actions are appropriate for the management goals for the site and values of
the community.
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This report by Golder Associates Inc. (Golder) presents the results of the geomorphic assessment of the
Roaring Fork River through the North Star Nature Preserve. This geomorphic assessment was
undertaken as part of the ecological services for Pitkin County Open Space and Trails (OST) being
provided by Golder and Colorado Wildlife Science, LLC. The assessment was conducted by Golder with
fieldwork occurring July 28 through 30, 2014. Subsequent survey data was collected by SGM Inc. in
August 2014.
The Roaring Fork River flows adjacent to Highway 82 from Independence Pass at about 12,000 feet (ft) to
its confluence with the Colorado River in Glenwood Springs at about 5700 ft. The total length of the river
is about 70 miles. The study area of this investigation consists of the North Star Nature Preserve (North
Star) and extends to near Highway 82 and Stillwater Road (Red outline in Figure 1). The Roaring Fork
River channel travels approximately 4900 ft through the study area. The drainage area of the watershed
upstream of the downstream boundary of the study site is approximately 106 square miles (mi²). The
elevation of the valley floor within the project area is approximately 8030 ft above sea level.
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Site Location Map
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Approach

Golder investigated the geomorphic characteristics of the Roaring Fork using a process-based method
(Leopold et al. 1964). The initial steps in the investigation were to assess the current and historic site
conditions, to observe the processes of the river, and to assess the potential for modern and future
geomorphic change. After assessing the processes that drive long-term stability and short-term river
dynamics, Golder has made recommendations for potential remedial actions. The primary goal of this
investigation is characterization of the river processes to develop an understanding of the current
conditions within the context of past and potential future events. Remedial design measures will only be
recommended if their application is deemed appropriate to achieve project goals.
The goal for the North Star project is to work within an adaptive management framework and to facilitate
the achievement of OST’s land management goals. These goals, as expressed to Golder, are primarily
focused on habitat conservation and responsible recreation. Therefore, North Star has been assessed
using these two goals as the paradigm under which these recommendations are made.

1.3

Assessment of Physical Processes through Time

Historic observations are a critical component of a geomorphic assessment. Evidence of change in the
patterns of the spatial and temporal distribution of the water, sediment, and geomorphic features of the
site were used to assess its morphologic character. Sudden or gradual changes in these variables can
potentially indicate that the processes that define the site are undergoing changes.

1.3.1

Glaciation

Glacial activity during the late Pleistocene Epoch (ending about 11,000 years ago) formed a wide, lowgradient valley (Bryant 1979). The sediment deposited by the glacier, both during and after recession,
often forms the modern landscape features that control the location and hydrology of stream and riparian
areas. During recession of the glacier that formerly occupied the Roaring Fork valley, there was a
temporary pause in its retreat up the valley. This pause resulted in the deposition of a terminal moraine,
or recessional moraine, at the toe of the glacier (Figure 2). After the eventual retreat of the glacier up the
valley, this moraine began to act as a natural dam, behind which a thick deposit of alluvium formed. This
accumulated alluvial material can be as much as 300 ft thick (Hickey et al. 2000). In the modern setting,
this moraine dam still controls the site hydraulics and maintains the low-gradient sinuous stream and lowlying wetland morphology of the site. Presented below, the reader will see that the modern condition is
significantly changed from previous conditions.
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Moraine

Figure 2

Geologic Map (Aspen Quadrangle, Colorado, Map I-785-H (Bryant 1971))

The surficial characteristics of the site are well represented in the infrared aerial photograph shown in
Figure 3. The open water shows as a black color, and Highway 82 is the curved blue line on the right of
the photograph. Some of the most striking features of this photograph are the in-filled oxbow lakes, which
are the red semi-circular features on the left bank of the river. These arcs identify the former locations of
the river that have been filled with sediment after the river moved to a new alignment. These features
indicate that at some point in the past, the river migrated over a large portion of the valley floor,
accounting for approximately half to two-thirds the valley width. The absence of open water in these old
channels indicates that the modern channel has been confined to a smaller portion of the valley for more
than several decades. Although in the absence of context provided by other data sources, this evidence
could be interpreted as a high rate of modern geomorphic change, the data presented herein shows that
the fundamental shift in channel plan form occurred in recent history (e.g., last couple of centuries), that
the rate of geomorphic change has decreased in recent time likely due to the TMD, and that other land
use practices are having a detrimental impact on the ecological resources within North Star.

I:\14\1400717\0400\007 R Rev0\1400717 007 R Rev0 FINAL PitkinOSTNorthStarNatPres 12MAR15.docx

March 2015

Figure 3

1.3.2
1.3.2.1

5

1400717 007 R Rev0

1990 Infrared Aerial Photograph of the Historic Meander Pattern within the North Star
Nature Preserve Area (Clark et al. 2008)

Hydrology
Intra-Annual Hydrology

The USGS gaging station #09073400 on the Roaring Fork River near Aspen, Colorado, is the closest
stream gauge to North Star and is located in proximity to the moraine. The period of the discharge record
spans from 1964 to the present. It is important to note that the period of record for the hydrologic data
occurs after the TMD, whose influence is discussed in Section 1.3.2.8.
The drainage area for the gauge is 106 mi2 and the elevation is 8014 ft. The Roaring Fork River has a
snowmelt (nivally) dominated discharge pattern, in which the maximum discharge events are associated
with the snowmelt of the summer months, typical of mountain rivers. Figure 4 depicts the mean, minimum,
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and maximum values for each day of the year for the period of record. The maximum discharge event of
each year is most likely to occur between May and July. This pattern is similar to that observed (Wohl
2008) on Front Range drainage basins above 2300 m (7545 ft), in which discharge patterns in basins
above this elevation are dominated by snowmelt hydrology. Wohl (2008) notes that Pleistocene alpine
glaciation strongly influences the valley geometry above elevations of 2300 m (7550 ft). North Star is
located above this threshold elevation. The general observation of glacial influence is confirmed by the
fundamental role that the moraine plays in the site hydrology. Not coincidentally, the period during which
the most water is abstracted from the watershed by the TMD is the same as the time of year in which the
maximum discharge occurs.

Figure 4

Daily Discharge Statistics for the Period of Record at Roaring Fork Gauge #09073400
(USGS 2014)

The conclusions drawn concerning the dominance of snowmelt relative to precipitation on the site
hydrology are confirmed by the precipitation data displayed in Figure 5. The majority of the precipitation
events occur outside of the months of highest discharge. Precipitation that falls on the site typically occurs
as snow in the winter months.
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Figure 5

Average Total Monthly Precipitation, Snow Fall, and Snow Depth for Independence
Pass (Station 054270) for Period 7/1/1947–1/31/1980 (Kolm and ven der Heijde 2011)

1.3.2.2

Inter-Annual Hydrology and Bankfull Discharge

The assessment of a characteristic, or channel forming, discharge is a meaningful method of interpreting
the channel geometry’s relation to the flux of water and sediment through the fluvial system. The
characteristic discharge is the discharge event that is large enough to move a significant quantity of
sediment, and occurs frequently enough as to define the channel geometry. This discharge event is
termed the effective discharge and is equated with the bankfull discharge. Bankfull discharge can also be
defined as the maximum discharge that the channel can convey without overflowing on to the floodplain.
While effective discharge and bankfull flow are not exactly the same, their values are equated for practical
restoration purposes (Klasz et al. 2012). As the effective discharge calculated in this report is derived
from a post TMD hydrologic data set, a comparison of this discharge to the ability of the river to interact
with its bank material will be used to assess the connection of the modern hydraulics to the existing
landscape.

1.3.2.3

Bankfull Discharge Method Selection

Bankfull flow can be estimated via two methods. One method identifies specific characteristics of the
channel geometry and relates the characteristics to the discharge associated with their formation, and the
second assesses the recurrence interval of the largest storm within each year for the period of record and
selects the discharge value associated with a specific recurrence interval. In the following section, we
discuss the selected method and assess the trends observed within the results.
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Ideally, both the bankfull indicator and the recurrence interval methods would be used to assess the
bankfull discharge. However, when the bankfull indicators were used to assess the discharge at several
surveyed locations during this investigation, the results were inconsistent, likely due to the influence of the
TMD on the hydrology. There is the potential that suitable hydrodynamic models (e.g., 1-D and 2-D
hydraulic models) could be used as a method of estimating discharge of the pre-diversion hydraulics.
Golder believes that the inconsistent results from the channel geometry analysis invalidate the use of this
method in this study, and therefore these results are not presented. Consequently, Golder has relied on
the recurrence interval method to define the bankfull discharge. It is important to note that the dataset
used to calculate the recurrence interval is solely derived from the hydrologic record collected after the
construction of the TMD.

1.3.2.4

Maximum Annual Discharge

The assessment of the recurrence interval of the discharges within a period of record is conducted as
follows. Initially, the maximum discharge for each year is identified (Figure 6).

Figure 6

Maximum Annual Discharge for Gauge #09073400 (USGS 2014)

The temporal occurrence of the high and low discharge years does not display a significant trend within
the period of record (Figure 6). This indicates that there has not been a fundamental change in the
hydrologic regime over the period of record (1964 to present).
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Recurrence Interval Calculations

With the maximum annual discharges identified, the calculation of the recurrence interval proceeds as
follows. The maximum annual discharges are ranked in increasing order by discharge, with the largest
maximum discharge being given a rank of 1, and the minimum value equaling the number of years in the
continuous record. In this case, there are 49 years of continuous record.
Golder used two equations to calculate the recurrence interval of the discharge events, one based on the
earlier work by Gumbel (1958) and subsequent work by Gringorten (1963). These equations are applied
to each value of in the maximum discharge time series. The Gumbel equation takes the form:
1

And the Gringorten adaptation of the equation takes the form:
0.12
0.44
In both of these equations, T is the recurrence interval in years, n is the total number of years in the
record, and m is the rank of the discharge event. The Gumbel and the Gringorten methods both result in
very similar assessments of the data.
Prior to identifying a bankfull discharge from these assessments, a minimum of data cleaning must take
place. This cleaning is necessary to exclude the statistical outliers that have the potential to skew the
results of a recurrence interval assessment. The reason that these points are outliers is likely that they
belong to much larger populations that are not represented by the relatively short time series collected
during the period of record. In this investigation, the identification of the points to be excluded is done
based on professional judgment. Figure 7 depicts the recurrence interval of each discharge event relative
to the discharge of that event. Logarithmic trend lines are fit to the cleaned data for both the Gumbel and
Gringorten methods. Note that the formulas that represent these lines are very similar. Due to this
similarity, only the results from the Gumbel trend line are presented in subsequent sections. The
remaining task is to identify the recurrence interval associated with the bankfull discharge and then
identify the discharge of that recurrence interval.
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Figure 7

Recurrence Interval Analysis for Gauge #09073400 (USGS 2014)

1.3.2.6

Selection of a Bankfull Discharge Recurrence Interval

1400717 007 R Rev0

The selection of a recurrence interval that defines the bankfull discharge is a debated topic in the
geomorphic literature. Consensus has defined this value as ranging from 1 to 2.5 years (Klasz et
al. 2012), although substantial outliers have been observed. For the purpose of this investigation, Golder
has selected the recurrence interval value of 2 years based on professional judgment.

1.3.2.7

Bankfull Discharge

The discharge was calculated for multiple recurrence intervals from 1.5 to 2.1 (Table 1) using the trend
line fit to the Gumbel recurrence interval results. For erosion calculations presented later in the text, the
2-year discharge of 721 cfs (cubic feet per second) was used to represent bankfull conditions.
Table 1

Recurrence Interval of Flows near Bankfull Conditions

Time
(years)

Q: Gumbel
(cfs)

1.5
1.8
2
2.1

564
663
721
747

1.3.2.8

TMD

The TMD, finished in 1937, has diverted a significant portion of the water from the Upper Roaring Fork
watershed each year since construction. The water is diverted to the eastern side of the Continental
Divide to supply water to the communities of the Front Range (Clark et al. 2008). This diverted water
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decreases the peak discharge rate of the high magnitude events and shifts the timing of the occurrence of
the peak to later in the year. The maximum rate of water diversion through the upstream Twin Lakes
Tunnel is approximately 675 cfs (Winchester 2001). Thus, it is possible that the bankfull flow of the preTMD Roaring Fork was as large as 1396 cfs (e.g., 721 + 675 cfs). This decrease in peak discharge has
had significant geomorphic and ecological implications that are discussed in Section 1.3.3 below.

1.3.3

Channel Plan Form

The following variables were evaluated for the channel plan form assessment:

1.3.3.1



Alignment



Sinuosity

Alignment

To evaluate the channel alignment, Golder used historic aerial photography and maps provided in Miller
and Ayers (2011). Figure 8 through Figure 12 present these images and maps that have been made
transparent and overlaid on a modern image from Google Earth. The congruence of the channel
alignments in the historic and modern landscapes (Figure 8 through Figure 12) illustrate that the channel
alignment has not changed significantly since 1951. While this series of maps and photographs provide
relatively high-resolution temporal insight into the changes that have occurred since 1951, Golder has
located other historic photographs that contradicted the USGS topographic map from 1893 used for the
Miller and Ayers 2011 report. These additional photographs shed significant light on the geomorphic
history of the Roaring Fork River through North Star.
In Figure 13, an image from the USGS monograph from 1898 of the Roaring Fork River in North Star can
be seen. This image depicts a very sinuous channel that is interpreted to be the Roaring Fork in North
Star based on the pattern of abandoned meanders in Figure 8. Additionally, the image seen in Figure 14
depicts another oblique view of the highly sinuous channel of the Roaring Fork within North Star. This
image is from the Aspen Historical Society and is dated circa 1900. A comparison of the channel
meanders from Figure 13 and 14 is shown in Figure 15. The close agreement in meander pattern
supports the interpretation of the location of Figure 13.
Golder has used these images to estimate the channel sinuosity circa 1900 and incorporate the value into
the assessment of the channel sinuosity through time (see Figure 16). Two fundamental conclusions can
be drawn based on the existence of these photographs: (1) the highly sinuous channel was likely in
existence until at least the turn of the last century; and (2) the likelihood that the breaching of the moraine
dam was intentional is significantly increased. The implication of these two conclusions is that the more
recent existence of the highly sinuous channel increases the potential for successful reconnection of the

I:\14\1400717\0400\007 R Rev0\1400717 007 R Rev0 FINAL PitkinOSTNorthStarNatPres 12MAR15.docx

March 2015

12

1400717 007 R Rev0

river to its floodplain through replacement of the terminal moraine through the placement of a weir, or
similar mechanism.

Figure 8

Roaring Fork River Alignment in 1951
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Roaring Fork River Alignment in 1958

Figure 10 Roaring Fork River Alignment in 1983
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Figure 11 Roaring Fork River Alignment in 1999

Figure 12 Roaring Fork River Alignment in 2011
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Figure 13 Roaring Fork River within North Star in 1898 (Spur 1898)
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Figure 14 Highly Sinuous Channel of the Roaring Fork River through North Star circa 1900
(Aspen Historical Society)
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Figure 15 Channel Geometry Observed in Spur 1898 Overlain on a Modern Aerial Photograph

1.3.3.2

Sinuosity

Sinuosity is calculated as the ratio of channel length by valley length, or the ratio of valley slope to
channel slope. In this case, the sinuosity was calculated as the ratio of the channel length to the valley
length using the images in Figure 8 through Figure 14. The channel sinuosity has remained relatively
consistent since the 1950s, with a low rate of increase and some subtle variations that Golder believes
can be correlated to specific events (Table 2 and Figure 16). A discussion of the trends observed in this
graph is presented below.
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Sinuosity of the Roaring Fork River at North Star
North Star Sinuosity

Year

South Reach

North Reach

~1900
1951
1958
1983
1999
2011
2014

NA
2.03
1.91
1.95
1.99
1.99
2.04

1.98
1.29
1.24
1.29
1.28
1.28
1.35

Figure 16 Sinuosity at North Star through Time

1.4

Erosion Calculations

The purpose of the erosion calculation is to assess the potential for erosion for the streambed, vegetated
stream banks, and bare stream banks at the seven cross sections identified during the site visit in
July 2014. The likelihood of stream bank and bed erosion of the Roaring Fork River through North Star
was assessed using Annandale’s Erodibility Index Method (Annandale 2006). The methodology accounts
for both the erosive power of the water, as stream power, and the erosive resistance of the soil material.
The analysis was conducted as two components, the ability of water to erode, and the ability of the earth
materials to resist erosion. These two components are compared relative to each other and interpreted
relative to their significance to the balance of the fluvial system.
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Stream Power Calculations

Stream power was calculated for straight reaches and at bends for the meandering Roaring Fork River
through North Star. The total stream power, Ptotal, can be expressed as:

Where Ptangential is the stream power due to flow in the longitudinal direction of the river and Ptransverse is the
stream power due to secondary flow in bends.
Odgaard’s (1986) Meander Flow Model is used to assess the flow and bed topography of a cross section
along a channel. The model is valid for steady, subcritical, turbulent flow in alluvial channel meanders
with uniform bed sediment and accounts for the development and decay of stream power through a bend.
Constraints of the model are that (1) the channel width is assumed to be constant, (2) the centerline
radius of curvature is assumed large compared to channel width, (3) flow depth is small compared to
channel width, (4) cross-sectional velocity components are small compared to down-channel
components, and (5) turbulence is isotropic. The definition sketch of a meander channel and cross
section are provided in Figure 17. The variables identified in Figure 17 are defined in the subsequent
paragraphs.
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Figure 17 Definition Schematic of Channel Geometry and Hydraulic Variables (Odgaard 1986)
The method has been tested with field data and was found to provide accurate representation of the
streamwise and cross-sectional geometry of meandering rivers. The solution presented here is for
constant radius bends.
Model input parameters and their sources include:


Total discharge, Q, estimated from the 2-year storm event identified from the regression
curve for North Star in Figure 6



Median size of the bed material, D, from Wolman pebble counts conducted during the
site visit



Bed slope, So, averaged across the site from the SGM site thalweg survey conducted in
August 2014

I:\14\1400717\0400\007 R Rev0\1400717 007 R Rev0 FINAL PitkinOSTNorthStarNatPres 12MAR15.docx

March 2015

21

1400717 007 R Rev0



Average water surface width, W, calculated based on the cross section profiles, bed
slope, and 2-year discharge event using Flowmaster software



Average flow depth, dc, from Flowmaster software output



Radius of the bend at the centerline, rc, estimated from the SGM August 2014 survey

Odgaard’s (1986) equation combines the input parameters to calculate the centerline and shear velocities
(uc and ustar, respectively), the transverse bed slope, Sf, for a given distance traveled along the curve, s,
and the expected maximum flow depth, dmax, along the outer edge of the channel.
u c 

Q
b dc

u star  g S0 dc

The transverse bed slope changes as water travels around the curve and is dependent on the radius of
curvature of the bend, effective width of the channel, centerline and shear velocities, and bed material.
The variation in the transverse bed slope in the stream is calculated by dividing the stream reach into
straight and constant radius reaches, and identifying the starting point for each reach computation,
generally the point of inflection between adjacent bends, where the variation in transverse bed slope is
roughly equal to zero. The progression of transverse bed slope variation depending on the relationship
between the distance along the centerline, s, and the effective channel width, b as: σ = s/b. Figure 18
shows the change in transverse bed slope, sTc, with distance along the bend, s, for subsequent
downstream cross sections.

Transverse Bed Slope at rc

0.03

0.02

0.01

0

0

100

200

300

400

Perimeter Distance (ft)

Figure 18 Transverse Bed Slope, sTc, as a Function of Distance, s, for Cross Section 2
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The change in slope can be used to identify the maximum flow depth expected at a location at distance ‘ ’
along the meander. The tangential stream power can be calculated directly from the shear velocity as
shown below, where ρ is the density of water (Annandale 2006):
Ptangential  7.853  u star

3

The transverse flow velocity and stream power are calculated using Chang’s (1988) relations. Transverse
velocity, v, is first calculated:













v  expF2( f )  rc  theta   v 0  F1( f )  u  rc  theta 







exp F2( f )  rc  theta
rc






Where rc is defined as previously and theta is the angle of the arc defined by the beginning of the bend
and the location of the point of interest along the bend, as depicted in Figure 18. The tangential velocity
component u is estimated as the channel centerline velocity defined previously, the initial transverse
velocity vo is assumed equal to 0 ft/s, and F1 and F2 are coefficients based on the friction factor and von
Karman coefficient.
The transverse stream power is further calculated as a function of the radial distance outward from the
channel centerline, tangential and transverse velocities, u and v respectively, and the transverse bed
slope as follows:

 1 2 


 m ( f ) 
2

dmax 1 
(  v ) 
1
2  1  m1( f )  



Ptransverse  
 r  ( u )  

 
2 
rc 
m1( f )
1  2 



 


m1( f ) 
  d  m1( f ) 


 max

Where dmax is the maximum calculated flow depth from Odgaard’s (1986) equation. The tangential and
transverse stream power values can be combined to calculate the total stream power acting on the
channel cutbank, or the tangential component can be used by itself to represent the stream power acting
on the channel bed. Tangential, transverse, and total stream power values were calculated at the location
of each cross section as well as at the location of the maximum flow depth around each meander on
which a cross section is located to gauge the highest stream power available. These values represent the
water’s ability to erode the bed and banks. In the following section, the ability of the banks to resist
erosion is assessed.
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Soil Erodibility Calculations

Annandale’s Erodibility Index Method has been used to assess the erosive resistance of the earth
materials based on the Erodibility Index, K, of the material:
∙

∙

∙

Here Ms is the mass strength number, Kb is the block size number, Kd is the discontinuity bond shear
strength number, and Js is the relative ground structure number, equal to 1 for soils.
The mass strength number is a function of the material’s shear strength for cohesive soils and density for
non-cohesive soils. The higher the mass strength number, the greater the erosive resistance of the soil
material.
The block size number is a function of the material particle size. For intact cohesive soils, Kb is equal to
one. For non-cohesive or granular soils, Kb is related to the characteristic particle diameter (in meters) by
the following equation:
3

Kb  1000 D

Where D equals the D50 (median diameter) of the armor layer, if present, or the D85 (particle diameter
below which 85% of soil particles are smaller) of the surface material if an armor layer can potentially
form. For this analysis, D was set equal to the D50 value for the bed and bank material based on soil
testing, where bare granular soils were present. For cases where vegetation was present and/or
assessed, D was set equal to the size of the vegetation root ball. Sizes and associated Kb values for
grass and willows are provided in Table 3 below:
Table 3

Root Ball Size

Vegetation

Diameter
in. (m)

Kb

Grass
Willow

5.0 (0.127)
10.0 (0.254)

2.05
13.49

The discontinuity/inter-particle bond shear strength number, Kd, is estimated from the residual friction
angle of granular earth materials, as shown in the following equation, and is set equal to 1 for cohesive
materials.
Kd  tan (  )
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Annandale’s Erodibility Index, K value, can be related to stream power using the equation below, where
Pcrit is the critical stream power of the soil material.
Pcrit  0.48 K

Pcrit  K

0.44

when K ≤ 0.1

0.75

when K > 0.1

When the available stream power of the stream (Ptotal or Ptangential) exceeds the critical stream power,
erosion will occur.

1.4.3

Erosion Assessment

Representative samples of the material that composes the bed and banks were collected during the field
investigation and assessed for particle size distribution. The methods presented above enable a
comparison of the hydraulic forces along a meander bend relative to the ability of the bed and bank
materials to resist erosion or transport. In general, the bankfull discharge has the potential to transport the
material that lies on the bed of river, but the cohesion provided by the fine sediment and vegetation in the
bank material makes the banks stable at the modern bankfull discharge. The stability of the channel
geometry through time, as observed in the historical changes in the channel position and characteristics,
indicates that flows greater than the modern bankfull discharge would likely be needed to induce channel
migration. This higher magnitude flow likely occurred prior to the TMD. These higher magnitude discharge
events can and do occur in the post TMD time, this observation is confirmed by cutbank erosion, but they
are significantly less frequent. The transport of the bed material is also a logical result, as the conveyance
of material delivered from upstream through the site is needed to maintain the observed morphologic
equilibrium.

1.4.4

Field Investigation

Golder conducted fieldwork at North Star from July 28 to 30, 2014. During field assessment, the entire
reach of the Roaring Fork within North Star was observed and photo documented (Appendix A). The onsite headgates were identified and surveyed. Golder also collected soil samples of the bed and bank
materials (Appendix B).

1.5

Discussion

1.5.1

Ecological significance

As presented in Section 3.0 Vegetation Assessment of this report, there is shift occurring in the montane
wetlands of North Star from a hydric plant community to a more mesic plant community. This trend
coincides with the shift in the local hydrology. There are multiple factors that are likely to be driving this
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shift. The wetland hydrology and the fluvial hydrology have a strong probability of being fundamentally
connected. Key components of the relationship between the local hydrology and the ecology setting are:
1. The non-riparian plant communities of North Star are dependent upon the hillslope
hydrology for much of their water supply.
2. The decrease in local water supply is most likely caused by the breaching of the moraine
dam, but is also strongly influenced by the localized ditching and channelization of
floodplain surface water.
3. The reconnection of the river to the floodplain is possible through remedial works to
mitigate the loss of the terminal moraine through the placement of a weir, or similar
mechanism, and when coupled with better management and delivery of the hillslope
hydrology, would likely restore many of the previous hydrologic conditions that facilitated
the existence of the wetland.
4. The removal of water by the TMD has resulted in a general drying of the North Star
wetlands due to the lowering of the surface water level and, subsequently, the
groundwater level in the surrounding areas. Reconnecting the channel to the floodplain
by installing a downstream weir, or similar mechanism, will help to lower the gradient
through North Star and raise the water level on site, helping to reverse the dewatering
effect of the TMD.
Therefore, Golder recommends that OST proceed with restoration at North Star that stabilizes the
wetland hydrology by altering the surface water hydrology of the floodplain and strongly consider
mitigating the lowering of the crest elevation of the terminal moraine. The specific type of mechanism that
will be recommended to help mitigate the lowering of the crest height will need to be determined through
subsequent 1-D and/or 2-D modeling. Based on the results of this modeling, an appropriate mechanism
will be designed for North Star in a subsequent project phase, as authorized by Pitkin OST. The range of
mechanism options varies from simple, weir-type structures to full hard-engineered solutions, as based on
the modeling results, as well as specific guidance from OST.

1.5.2

Role of the TMD

The TMD plays a fundamental role in the geomorphology of North Star. The TMD diverted an annual
average of 37,221 ac-ft (37%) of the Upper Roaring Fork Sub-watershed from 1997 to 2005. While the
amount of water abstracted from the system varies through time, the majority of the abstraction takes
place from May to August when the highest magnitude of discharge occurs. In a typical year, the IPTDS
extracts approximately 38% of the total volume of the Upper Roaring Fork watershed (Clark et al. 2008).
The decrease in discharge values associated with the diversion of a portion of the upstream water has
likely decreased the rate of morphologic change and increased the potential for deposition for the site.
The decrease in the magnitude and timing of the high volume discharge events has also likely caused the
river to be disconnected from the floodplain. This disconnection occurs because the floodwaters no longer
access the over bank portion of the channel geometry as frequently as prior to the diversion.
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Morphologic Stability

Since 1951, the site appears to be a morphologically stable fluvial system controlled by the downstream
boundary condition provided by a terminal moraine and the reduced discharge rates of the post IPTDS
hydrology. Future morphologic change is unlikely due to the decrease sediment transport capacity of the
river. The former channel alignment and associated infilled oxbow lakes represent a time of active
geomorphology.

1.5.4

Bank Erosion

While there is some bank erosion on the outside of the meander bends (Appendix A: Photographs 5, 6, 9,
13 and 14), the eroded bank material is likely deposited on the next downstream point bar (Appendix A:
Photographs 3, 9, and 15). The erosion and deposition is a natural process that is typical of
geomorphically active environments. This observation is supported by channel stability calculations that
indicate lateral erosion will occur at discharges greater than bankfull flow. Additionally, these cutbanks are
failing through undercutting allowing for the vegetated banktop to over-hang the river to provide fish
habitat, refugia, and cooler water temperatures.
The on-site willows and riparian vegetation help to fortify the bank, but if isolated, they are flanked by
stream flow (Appendix A: Photograph 6). Channel bifurcation is a natural process that can potentially
provide diverse habitat (Appendix A: Photograph 11). The riparian vegetation prevents access to the river
and can be used as a natural method for redirecting recreational activities. However, it is not
recommended that riparian vegetation be planted on every bank because, by stopping cutbank erosion,
the local sediment supply would be removed and the point bars would cease developing. Currently the
point bars provide excellent habitat for vegetative succession.

1.5.5

Headgates and Wetland Hydrology

The ditches and channels associated with the headgates (see Figure 19) are the result of previous on-site
agricultural activity. While their original purpose was to lower the local groundwater table to facilitate hay
production and ranching, their continued effect is a likely source of the observed ecological transition.
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Figure 19 Headgate structure in North Star

1.5.6

In-Stream Structures

Previous investigations (Miller and Ayers 2001) have noted the presence of in-stream structures
consisting of placed riprap at multiple locations throughout the site. Many of these in-stream structures
appear to be no longer fulfilling their original intended purpose. The Miller and Ayers (2011) report
recommends removal and relocation of the materials. While Golder believes that this recommendation is
well intentioned, we recommend careful consideration prior to such action. There are many potential
benefits and detriments that could result from this remedial action and its consequences should be
assessed relative to the long-term management goals.

1.5.7

Mature Riparian Cottonwood Stand

One location that appears to be threatened by bank erosion is the mature stand of cottonwood trees
(Appendix A: Photograph 13). The cutbank in this location is composed of medium to coarse sand that is
eroding more quickly than other locations through the reach. As these cottonwoods are important for the
ecological functionality and health of North Star, it is recommended that localized bioengineering
techniques or suitable stream deflection structures be applied in coordination with biostabilization. The
restoration recommendations for the mature cottonwood area will include a combination of modifying the
bank angle of repose to an approximate 3:1 to 4:1 grade, combined with site specific plant material
installation that combines willow fascines (wattles) from local native species with containerized plantings
of willow, cottonwood, alder, and sub-dominant species such as sedges, rushes, and other graminoids.

1.5.8

Long-Term Channel Incision

While the recent past and predictable future of North Star are, in Golder’s assessment, a stable
morphology, in the larger context of geologic time, the channel is likely to further incise into the
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surrounding landscape. This larger scale incision was initially inhibited by the moraine dam and recently
by the TMD. While the particles that make up the moraine are likely to be relatively stable, eventually the
larger scale process of incision will cause the local channel to incise through the moraine. The continued
existence of wetlands at North Star is dependent upon the stability of the moraine dam. It must also be
emphasized that the natural process of incision into the moraine is likely to be decreased by the TMD,
and that cessation of the diversion could reactivate incision.

1.6

Conclusions

The Roaring Fork River through North Star is in a state of recently attained morphologic stability with the
recent human impacts to the current site conditions. The abstraction of a significant portion of the basins’
water supply by the TMD has decreased the transport capacity of the river to the extent that it is likely no
longer incising into the terminal moraine that defines the site hydrology and hydraulics. This condition is
likely to persist in the near term future, depending on the stability of the moraine dam and the continued
operation of the TMD. However, within the larger context of geologic time, the Roaring Fork River is
gradually incising. In the future, this long-term incision and the local control of the site hydrology may
interfere with one another resulting in the further incision into the moraine dam.
While it is likely that the reduced discharge induced by the TMD has decreased the connection of the river
to its floodplain, Golder believes that this floodplain disconnection was further exacerbated by the
straightening of the river channel through North Star, and that incision into the terminal moraine occurred
between 1900 and 1951. The morphologic shift from the state of equilibrium, as represented by the
preserved meanders in the form of oxbow lakes to the modern channel, is a result of the gradient
increase caused by the moraine incision. This morphologic shift is accompanied by the disconnection of
the modern channel from the floodplain. Reestablishing this connection under the post TMD hydrologic
regime is possible through remedial works to raise the functional crest elevation of the terminal moraine
through placement of a weir or similar mechanism. To optimize the design and functions of these actions,
Golder recommends the use of suitable hydrodynamic models (e.g., 1-D and 2-D hydraulic models that
couple surface and subsurface flow conditions) to evaluate conditions and provide input to engineering
design. This model will require calibration through field investigations of the channels and onsite
groundwater wells.

1.7

Recommendations

Golder’s recommendations for North Star are:


Develop a plan to stabilize the groundwater table within the existing wetlands
 Remove unnecessary headgates. Eliminate the adjustability of required headgates
by securing them at their maximum elevation.
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 Modification to the superficial channels within the floodplain is recommended to
assist in the rehydration of the North Star meadows.


Both the channels associated with headgates and other, smaller, surface water
drainage channels should be modified to retain water.



Rehydration can be accomplished through a number of means, as will be best
determined by 1-D or 2-D hydrologic modeling.

Recommended mechanisms may include: (1) low-impact geomorphological
techniques such as log placement; (2) low-level weirs; (3) check-dams; or (4) partial
infilling of lateral channels, as performed in such a manner to encourage local beaver
and wildlife activities (as discussed in Section 2.0) and to minimize ecological impact.
 Understand the implications of potential new projects on adjacent properties that may
have an influence on site hydrology. Investigate associated water rights accordingly.





There is the potential for nearby projects to change the hydrologic pattern of
North Star, such as the work by Five Rivers Restoration upstream of North Star,
or potential impacts under consideration by the neighboring subdivision. If these
new projects interact with the site hydrology, they may negatively affect
conditions within the Preserve.



Golder recommends that the planned future actions of nearby sites be assessed
for their potential hydrologic impact to North Star.

Install biostabilization bank protection or suitably engineered flow deflection structures to
decrease the potential for the destruction of the habitat provided by the mature
cottonwood stand.
 The biostabilization or engineered flow deflectors will need to be designed to match
the hydraulic conditions that the site is likely to experience and make use of local
site-specific native vegetation where feasible.
 The specific restoration recommendations for the mature cottonwood area will
include a combination of modifying the bank angle of repose to an approximate 3:1 to
4:1 grade, combined with site specific plantings that combine willow fascines
(wattles) from local native species with containerized plantings of willow, cottonwood,
alder, and sub-dominant species such as sedges, rushes, and other graminoids.



Carefully consider the removal, or modification, of the existing in stream structures.
 Modification of the existing in stream structures could have a significant effect on the
channel morphology and existing habitat.
 Golder recommends that potential changes be assessed with a hydraulic modeling
effort prior to removal or modification. 1-D and 2-D modeling, as well as LIDAR
during low-flow periods (as LIDAR is poor at penetrating water) should be used to
determine the current functionality of existing in-stream structures, as well as the
potential consequences of removing these structures.



Monitor downstream channel elevation.
 Incision of the channel into the moraine dam may result in significant changes to the
site.
 Potential changes can be assessed via repeated high resolution surveying efforts
similar to the one conducted as part of this investigation, or repeated LIDAR surveys
under low water conditions.
 If additional incision is observed at the terminal moraine, further stabilization actions
may be required to halt or reverse this incision. Potential stabilization techniques may
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consist of the installation of weir-type structures, engineered mechanisms, or
roughness elements at the downstream end of North Star. LIDAR combined with 1-D
and 2-D modeling should be used to best determine the appropriate
recommendations.


Golder recommends further consideration of reconnecting the existing fluvial system to its
floodplain through remedial works to raise the functional crest elevation of the terminal
moraine through placement of a weir or similar mechanism. 1-D and 2-D modeling,
combined with LIDAR during low-flow periods, should be used to determine the specific
types and locations for the recommended devices.
 This action is likely to facilitate the reversal of the degradation of the wetland
hydrology.
 Golder believes that the hydrology of the adjacent floodplain is partially controlled by
the hillslope and the wetland hydrology, but that reconnecting the fluvial hydrology
through reconstruction of the terminal moraine is likely to be beneficial to the site.
 The discharge of the river has been significantly reduced by the construction of the
TMD.
 The potential modifications necessary to reestablish the original river meanders will
likely require substantial landscape modifications that are likely to be detrimental to
the existing flora and fauna and recreational use, therefore are not recommended.


Golder cautions against the partial
oxbows without raising of the crest
gradient due to concerns that, at low
crest elevation, such reconnection
surrounding meadows.

reconnection of the river channel to the
height and the reduction in the hydraulic
water elevations without adjustment of the
may cause a further dewatering of the

 To quantitatively understand the relationship between the subsurface, hill slope, and
fluvial hydrology, Golder recommends that suitable hydrodynamic modeling (e.g., 1-D
and/or 2-D hydraulic models that couples the processes of subsurface and surface
flow conditions) be considered.


This model will likely illuminate the subtle conditions that control these hydrologic
processes and facilitate the precise design recommendations that can help fulfill
Pitkin County’s land management goals.



For this model to be insightful, a through field investigation into the surface and
subsurface hydrologic conditions will be necessary. This investigation will collect
data pertaining to the temporal and spatial variability of the hydrogeologic and
hydraulic conditions.



To calibrate this modeling effort, Golder also recommends the collection in
hydraulic and sediment transport data.
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This report contains detailed information on the wildlife baseline surveys conducted on the North Star
Nature Preserve (North Star) in 2014. For the purpose of this report, wildlife is defined as free-ranging
terrestrial vertebrates. Specifically, the wildlife resources addressed in this report include non-chiropteran
mammals and birds. The wildlife resources of North Star are listed and described including the results of
numerous multi-taxa, mammal, nocturnal and diurnal raptor, and songbird field surveys. This report
concludes with management and monitoring recommendations to be integrated into future adaptive
management plans for North Star. Wildlife surveys were completed on North Star by Colorado Wildlife
Science (CWS) over multiple visits from June through September 2014.

2.2

Existing Management

Currently, North Star is managed to balance recreational opportunities with ecological integrity. These two
largely conflicting goals are physically separated at North Star by the Roaring Fork River. On the west
side of the river, the primary objective is management and protection of ecological processes and
communities. The general public is not allowed on the west side except for a few permitted educational
opportunities. The east side, however, is primarily devoted to a combination of passive recreation such as
bird watching and wildlife viewing and active recreation such as paragliding, paddle boarding, tubing, and
kayaking. Under the current management plan, fishing and hunting is not allowed at North Star. Dogs are
restricted to the East Aspen Trail paralleling North Star’s eastern perimeter. Additional measures are in
place under the existing management plans to protect wildlife and wildlife habitat at North Star including
the following:
1. Visitors are restricted to the following access corridors:
A. The north take-out
B. The ranch gate to the “beach”
C. The southeast put-in
D. The paraglider landing zone – paragliders and hang gliders are restricted to this area
E. The main gate at the south end (former JSOS) of North Star
2. Interpretive signage has been installed along the East of Aspen Trail describing the
ecological values at North Star
3. Snowshoeing is restricted to a groomed trail adjacent to the Nordic trail between
November 15 and April 15
4. Anchoring boats at North Star is prohibited
5. Walking along the riverbanks outside of the access corridors is prohibited
6. Motorized or mechanized activities not directly related to management activities or Nordic
ski trail maintenance are prohibited
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7. Recreational use is restricted to the East of Aspen Trail between 6:00 PM and 8:00 AM
8. Use, other than authorized research and management, is restricted to the East of Aspen
Trail and access corridors 1 and 3 during the height of the bird breeding season and elk
calving season — June 1st through June 30
9. Horses and other livestock are prohibited on North Star at all times
10. Unauthorized collection of plants or plant materials is prohibited on North Star at all times
11. Special events (e.g., weddings, concerts) are prohibited on North Star
12. Hunting is prohibited at all times on North Star
13. A 200 m buffer around the perimeter of the existing and any future heron colonies has
been established from March 1 through July 30.
14. Putting-in and taking-out canoes, kayaks, or rafts is prohibited on the former JSOS
portion of North Star.
A. Beaching canoes and kayaks is only allowed on 2 designated beaches east of the
river on the former JSOS

2.3

Wildlife Resources

2.3.1

Literature Review & Agency Consultation

Prior to conducting field surveys a variety of published and online resources were reviewed regarding
distribution, occurrence, behavior, habitat requisites and other species information. These resources
included:

2.3.1.1



U.S. Fish and Wildlife Service (USFWS) current list of federally protected species for
Pitkin County (U.S. Fish and Wildlife Service 2014)



Colorado Parks & Wildlife (CPW) Species Activity Mapping (SAM) (Colorado Parks &
Wildlife 2014)



2014 Colorado Natural Heritage Program (CNHP) conservation status data for sensitive
wildlife species occurrences and Potential Conservation Areas (PCA) (CNHP 2014)



Mammals of Colorado (Armstrong et al. 2011)



Amphibians and Reptiles in Colorado (Hammerson 1999)



Colorado Breeding Bird Atlas (Kingery 1998, Wickersham 2007)



The Birds of North America (Poole 2005)



USFS Rocky Mountain Region Species Conservation Program Species Conservation
Assessments (U.S. Department of Agriculture Forest Service 2006)



NatureServe Explorer (NatureServe 2014)

Colorado Division of Parks & Wildlife Consultation

In addition to analyzing the CPW Species Activity Mapping (SAM) data for the project area, CPW District
Wildlife Manager (DWM) Kevin Wright was consulted by CWS to review the project area and identify
wildlife-related concerns.
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Federally Listed Species

Species protected under the Endangered Species Act (ESA) that may occur in Pitkin County are listed
below in Table 4. On September 15, 2014 a generalized area of interest including North Star was
submitted to USFWS via the IPaC system (http://ecos.fws.gov/ipac/) requesting an official list of
threatened, endangered, or candidate species that may occur within the boundary of the proposed project
area and/or may be affected by the proposed project. An official list was received and is attached as
Appendix C. No federally protected species are expected to occur at or adjacent to North Star. No
designated critical habitat exists for any listed species within the project area. Canada lynx do, however,
have the potential to occur on White River National Forest (WRNF) lands adjacent to North Star.
Table 4

Threatened, Endangered, and Proposed Species that Occur or Have the Potential to
Occur within Pitkin County

Species
MAMMALS
Canada Lynx
Lynx canadensis
North American Wolverine
Gulo gulo luscus
BIRDS
Mexican Spotted Owl
Strix occidentalis lucida
FISH
Colorado Pikeminnow
Ptychochelius lucius
Razorback Sucker
Xyrauchen texanus
Humpback Chub
Gila cypha
Bonytail Chub
Gila elegans
INVERTEBRATES
Uncompahgre Fritillary
Boloria acrocnema

Status1

Typical Habitat2

Suitable Habitat
Present at North Star

T

A, C, D, E, G

No

P

B, K

No

T

B, D

No

E

J

No

E

J

No

E

J

No

E

J

No

E

K w/ snow willow above 12,500 ft

No

Notes:
1. Status: T=Threatened ; E=Endangered; P=Proposed
2. Habitat Key: A=Aspen; B=Cliff/Rock/Scree; C=Cottonwood/Riparian; D=Conifer Forest; E=Headwaters/ Willow Riparian;
F=Lakes/Rivers; G=Marsh/Wetlands/Beaver Complexes/Fens; H=Rangelands/Sage; I=Creek w/ Limestone drips; J=Colorado
River; Green River, Lower Yampa & White Rivers; K=Above timberline; L=Mountain parks; M=Piñon Juniper; N=Soils derived
from Pierre, Niobrara, and Troublesome formations.

2.3.1.2.1

Federally Listed Species – Extirpated

Two of North America’s top predators, gray wolves (Canis lupus) and grizzly bears (Ursus arctos
horribilis), roamed the upper Roaring Fork Valley as recently as the 1940s and 1950s, respectively. Both
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wolves (Endangered) and grizzlies (Threatened) are listed under the federal Endangered Species Act.
The anthropogenic extirpation of these apex predators has had unknown effects on the populations of the
valley’s other predators and former prey. Similarly, Canada lynx were extirpated from most of Colorado by
1936 with rare trapping occurrences in 1972 and 1974 and some tracks in the late 1980s (McKelvey et al.
2000).

2.3.1.3

USFS & BLM Sensitive Species

The current USFS Region 2 Sensitive Species list is dated August 24, 2013 (R2 Supplement FSM 2600,
Chapter 2670, Supplement No. 2600-2013-1) and on the November 2009 BLM Colorado State Director’s
Sensitive Species List. Agency designated Sensitive birds and mammals having the potential to occur on
at North Star are listed in Table 5. Those species shown in Table 5 as not having suitable habitat within
the area of management influence are denoted as such.
Table 5

US Forest Service, Rocky Mountain Region Sensitive Bird and Mammal Species that
Occur or Have the Potential to Occur at North Star

Suitable
Habitat at
Agency North Star

Species
Documented
w/in or near
Area of
Influence/
Project Site

American Peregrine Falcon
Falco peregrinus anatum

USFS

No

No

Nest on steep precipitous cliffs; forages over
forests and shrublands in proximity to cliffs.
Primarily below 10,000 ft.

American White Pelican
Pelecanus erythrorhynchos

BLM

No

No

Large bodies of water (i.e., lakes, reservoirs).

Bald Eagle
Haliaeetus leucocephalus

USFS
BLM

Yes

No – occasional in In Central Colorado, primarily uses low
summer and
elevation riparian habitat along the Colorado,
during migration
Eagle, and White River drainages and their
major tributaries. Roosts and nests in trees
near open water.

Black Swift
Cypseloides niger

USFS

No

No

Nests behind or next to waterfalls and wet
cliffs. Forages over forests and open areas.

Boreal Owl
Aegolius funereus

USFS
BLM

No

No

Mature spruce/fir and mixed conifer forested
areas with preference for wet situations (bogs
or streams) for foraging.

Brewer’s Sparrow
Spizella breweri

USFS
BLM

Yes

No

Higher quality sagebrush shrublands; may be
found in alpine willow stands.

Burrowing Owl
Athene cunicularia

BLM

No

No

Open grasslands with available small mammal
burrows.

Columbian Sharp-tailed Grouse
Tympanachus phasianellus
columbianus

USFS

No

No

Mid elevation mountain sagebrush/grassland
habitat usually adjacent to forested areas,
potential habitat on NW corner of WRNF
Blanco District, NE Eagle County.

Ferruginous Hawk
Buteo regalis

USFS
BLM

No

No

Open grassy prairies and shrub steppe
communities. Nests in trees or shrubs along
streams or on steep slopes. Highly dependent
on prairie dogs and jackrabbits as prey.

Species

Basic Habitat Description

BIRDS
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Basic Habitat Description

Flammulated Owl
Otus flammeolus

USFS

No

No – Surveys
done by K. Potter
nearby in early
2000s

Depends on cavities for nesting, open forests
for foraging, brush for roosting. Occupy open
ponderosa pine or forests with similar features
(dry montane conifer or aspen, with dense
saplings).

Greater Sage-grouse
Centrocercus urophasianus

USFS
BLM

No

No

Large sagebrush shrublands in northwestern
Colorado including Routt and northern Eagle
County.

Gunnison Sage-grouse
Centrocercus minimus

BLM

No

No

Tall dense stands of sagebrush near wet
meadows with tall grasses for hiding; occurs
primarily in southwestern and west-central CO,
but also including Saguache & S Chaffee
County

Lewis’s Woodpecker
Melanerpes lewis

USFS

Yes – but may
be outside
upper
elevation limits

No

Open pine forests, burnt over areas with snags
and stumps, riparian and rural cottonwoods,
and piñon-juniper woodlands.

Loggerhead Shrike
Lanius ludovicianus

USFS

No – Outside
upper
elevation limits

No

Sagebrush shrublands, mountain parks; may
be found in willow stands. Nests in shrubs or
small trees, preferably thorny such as
hawthorn. Most common at 4000 to 6000 ft
elevation.

Long-billed Curlew
Numenius americanus

BLM

No

No

Forages predominately in grasslands, but also
uses wet meadows and agricultural habitats
including plowed and active crop fields.

Northern Goshawk
Accipiter gentilis

USFS
BLM

Yes

Yes

Mature forest generalist. Often found in mixed
conifer/aspen stands. Nests primarily in mature
aspen and pine trees. Throughout WRNF
nesting above 7500 ft to 11,000 ft.

Northern Harrier
Circus cyaneus

USFS

Yes

No

Rare summer resident in mountain marshes
and wetlands. In alpine tundra in fall migration.
Uses shrublands for foraging. Documented in
Garfield, Eagle, Pitkin, and Rio Blanco
Counties, generally ranges up to 10,000 ft in
summer.

Olive-sided Flycatcher
Contopus cooperi

USFS

Yes

Yes

Mature spruce/fir or Douglas-fir forests with
preference for natural clearings, bogs, streams,
and lakeshores with water-killed trees, forest
burns, and logged areas with standing dead
trees. Generally from 7500 to11,000 ft.

Purple Martin
Progne subis

USFS

No – aspen
stands small,
declining

No

A, G, nesting in decadent aspen trees or snags
from 8000 to 9000 ft. near streams or water. In
Garfield, Eagle, Pitkin, Mesa, and Rio Blanco
Counties.

Sage Sparrow
Amphispiza belli

USFS

No

No

Sagebrush shrublands, found in Garfield Co. &
western Eagle Co.

Western Snowy Plover
Charadrius alexandrines nivosus

BLM

No

No

Breed in sandy areas, dry salt beds, reservoir
shores.

White-faced Ibis
Plegadis chihi

BLM

Yes

Yes (migration)

Feed in wet hay meadows and flooded
agricultural croplands, favor tall emergent for
nesting.

White-tailed ptarmigan
Lagopus leucurus

USFS

No

No

Alpine tundra, high-elevation willow thickets,
krummholz, spruce-fir (winter).
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Suitable
Habitat at
Agency North Star

Species
Documented
w/in or near
Area of
Influence/
Project Site

American Marten
Martes americana

USFS

Yes

No

Spruce/fir and mixed conifer forests with
complex physical structure.

Big Free-tailed Bat
Nyctinomops macrotis

BLM

No

No

Roost in crevices on cliff faces or in buildings.
Little known of their natural history. No
occurrences for Pitkin County.

Desert Bighorn Sheep
Ovis canadensis nelsoni

BLM

No

No

Rocky desert environments.

Fringed Myotis
Myotis thysanodes

USFS
BLM

No

No

Conifer, oakbrush, shrublands; caves, mines,
building roosts, western WRNF including Rio
Blanco, Garfield, and Mesa up to 7500 ft.

Hoary Bat
Lasiurus cinereus cinereus

USFS

Yes

No

Conifer & deciduous tree cavities or cliffs on
edge of clearings up to 9500 ft

Kit Fox
Vulpes macrotis

BLM

No

No

Found in desert scrublands of western
Colorado.

Pygmy Shrew
Sorex hoyi

USFS
BLM

Yes

No

In subalpine spruce-fir forest edges that are
adjacent to wetlands, fens, or standing water
habitats. Documented on WRNF Sopris District
above 9500 ft.

River otter
Lontra canadensis

USFS

Yes

No

Riparian habitats that traverse a variety of other
habitats. Mainly larger river systems.

Rocky Mountain Bighorn Sheep
Ovis canadensis canadensis

USFS

No

No

Rocky, steep, or rugged terrain for escape
cover with open grass-dominated habitats
nearby for foraging. Summer range at high
elevation and winter range in valley bottoms or
where snow depth is minimal.

Spotted Bat
Euderma maculatum

USFS
BLM

No

No

Cliff/Rock/Scree in arid Douglas-fir or
Ponderosa Pine canyons associated with
water, 6000 to 8000 ft.

Townsend’s Big-eared Bat
Corynorhinus townsendii
townsendii

USFS
BLM

Yes

No

Forages in semi-desert shrublands, piñonjuniper woodlands, and open montane forests.
Rare to uncommon during summer. Roosts in
caves, mines, and mature forests. Generally
not found above 10,500 ft.

White-tailed Prairie Dog
Cynomys leucurus

BLM

Species

Basic Habitat Description

MAMMALS

Desert scrublands; most records are below
8500 ft.

AMPHIBIANS & REPTILES
Western (boreal) toad
Anaxyrus boreas boreas

USFS

Yes (nonbreeding)

No

Subalpine forest habitats with marshes, wet
meadows, streams, beaver ponds, and lakes,
7000 to 12,000 ft.

Canyon treefrog
Hyla arenicolor

BLM

No

No

Found in western desert and southeastern
Colorado.

Great Basin spadefoot
Spea intermontana

BLM

No

No

Found in western Colorado at elevation below
7000 ft.

Longnose Leopard Lizard
Gambelia wislizenii

BLM

No

No

Occurs in west-central Colorado and
southwestern Colorado at elevations below
5200 ft.

Milk Snake
Lampropeltis triangulum taylori

BLM

No

No

Occurs throughout most of eastern, southern,
and western Colorado at elevations primarily
below 7800 ft.
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Species
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w/in or near
Area of
Influence/
Project Site

Midget Faded Rattlesnake
Crotalus oreganus concolor

BLM

No

No

Northern Leopard Frog
Lithobates pipiens

USFS
BLM

Yes – but near No
upper
elevational limit

Species

1400717 007 R Rev0

Basic Habitat Description
Occurs in desert and semi-desert habitats.
Records for CO restricted to Garfield, Mesa,
and San Miguel Counties.
Riparian and wetland areas, rarely above
8500 ft.

Notes:
1. Habitat Descriptions: A=Aspen, B=Cliff/Rock/Scree, C=Cottonwood/Riparian, D=Conifer Forest, E=Headwaters/Willow/
Riparian, F=Lakes/Rivers, G=Marsh/Wetlands/Beaver Complexes/Fens, H=Rangelands/Sage, I=Creek w/Limestone Drips,
J=Colorado, Green, Lower Yampa, & White Rivers, K=Above Timberline, L=Mountain Parks, M=Piñon/Juniper, N=Soils of
Pierre, Niobrara, & Troublesome Formations
2. Sources for species occurrence and habitat association include the following: Adams (2003), Armstrong et al. (2011),
Hammerson (1999), Kingery (1998), and unpublished information provided by FS staff (P. Nyland pers. comm. 2014; J. Proctor
pers. comm. 2014) and Colorado Parks & Wildlife (CPW) staff (J. Logan pers. comm. 2014; K. Bakich pers. comm. 2014)

2.3.1.4

Colorado Natural Heritage Program Data

Review of the latest CNHP data (CNHP 2013), in combination with the CNHP Roaring Fork Biological
Inventory (Spackman et al. 1999) revealed 11 sensitive vertebrate species (global or state rank ≤ 3)
recorded within proximity to North Star (Table 6).
Table 6

CNHP Element Occurrences within Proximity to North Star

Common Name

Latin Name

Global Rank

State Rank

Bald Eagle
Boreal Owl

Haliaeetus leucocephalus
Aegolius funereus
Anaxyrus boreas boreas

G5
G5
G4T1Q

S1B,S3N
S2
S1

Lynx canadensis
Accipiter cooperii
Ardea herodias
Accipiter gentilis
Contopus cooperi
Pandion haliaetus
Accipiter striatus
Porzana carolina

G5
G5
G4
G5
G4
G5
G5
G5

S1
S3S4B,S4N
S3B
S3B
S3S4B
S3B
S3S4B,S4N
S3S4B

Western (Boreal) Toad
(Southern Rocky Mountain Population)
Canada Lynx
Cooper’s Hawk
Great Blue Heron
Northern Goshawk
Olive-sided Flycatcher1
Osprey
Sharp-shinned Hawk
Sora

2.3.1.5

Pitkin County Open Space & Trails Reports

The following reports were reviewed for information pertaining to wildlife species occurrences and other
pertinent information. The only report in Table 7 that provides data on species abundance or estimated
population sizes is the CWS authored Avian Monitoring Report.

1

IUCN Conservation Status: Near Threatened
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Reports Reviewed

Report

Author

Year Description
2000 Resource management plan establishing ecological values,
management priorities, and regulations.

North Star Nature Preserve
Pitkin
2000 Resource Management County
Plan
OST Avian Monitoring
Report: 2000-2008

CWS

2011 Reports results of point-transect monitoring and recommends
Management Indicator Species for Filoha Meadows Nature
Preserve, North Star & Seven Star Open Space.

Great Blue Herons

Charlie
Hopton

2014 Spreadsheet with monitoring data from 2000 through 2014.

Roaring Fork Watershed
Biological Inventory
1997-1999

CNHP

1999 Three-year effort to identify the locations in the Roaring Fork
Watershed with natural heritage significance.

2.3.1.6

Consultation Summary

At least 11 species classified as Federal or State Endangered or Threatened; BLM/USFS Sensitive;
and/or with high (≤ 3) CNHP global or state rank have suitable habitat within the project area. Existing
data on species occurrence within the project area is incomplete. The 2014 baseline surveys were
designed and implemented to close some of these data gaps.

2.3.2

Baseline Surveys

A variety of wildlife baseline surveys were conducted. The goal of these surveys was twofold: (1) to
establish a baseline of species currently using North Star; and (2) to identify species which have the
potential to use North Star. Survey techniques included Terrestrial Vertebrate Encounter Surveys (TVES);
Multiple Species Inventory and Monitoring (MSIM) (Manley et al. 2006) camera trap arrays; and diurnal
raptor (Kennedy and Stahlecker 1993, Joy et al. 1994, Watson et al. 1999, Balding 2001); and owl
broadcast surveys (Takata and Holroyd 1997, Bibby et al. 2000, Barnes and Belthoff 2008, Blakesley
2009). In addition, CWS conducted avian point-transect surveys at North Star from 2001 through 2008
(Lowsky 2011). These methods and the results of the surveys are presented in Sections 2.3.2.1 through
2.3.2.6.

2.3.2.1

General Wildlife Surveys

General wildlife surveys were conducted to determine wildlife species diversity and habitat use. The
method used for these surveys was Terrestrial Visual Encounter Surveys (TVES), arranged according to
the MSIM protocols (Manley et al. 2006). TVES are general wildlife surveys designed to detect a variety
of terrestrial species, especially mammals (e.g., ungulates, lagomorphs), reptiles, and diurnal raptors
(Forys and Humphrey 1997, Weckerly and Ricca 2000), as well as less common or difficult to detect
landbirds (Manley et al. 2006). As a result, TVES is a core survey method for all classes of vertebrates as
a companion to taxon-specific core survey methods. Sampling areas will be contained within a 200 m
radius hexagonal area occupying approximately 10 ha (Fig. 1). The relatively large area occupied by the
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sampling hexagon reflects the desire for surveys to encounter the variety of vegetation types and
conditions that occur in proximity to the center point, thus increasing the number of species available for
detection (Manley et al. 2006). In addition, all visits to the property were considered walking surveys and
any direct or indirect wildlife encounters of note were recorded.

2.3.2.1.1

Survey Methods

Given the size and shape of North Star, two TVES hexagons were established in locations that provided
the greatest representation of the major vegetation types (i.e., habitat) on the property (Appendix D:
Map 1). Each corner and the center point of the TVES grid are permanently marked with wooden stakes
or fiberglass rods and monumented via GPS. The TVES was conducted on July 1-2, 20142 between 0900
and 1400 hours. Two qualified observers searched within each TVES hexagon. Observers followed a
transect that loops through the hexagon at approximately 50-m spacing (Fig. 1). The length of each route
on each half of the sample unit is approximately 1200 m, for a total of 2400 m and covers approximately
10 ha (24.7 ac). Observers used pre-established GPS coordinates along the centerline and perimeter of
the hexagon and a compass to walk the transect lines. All areas within 2 m of either side of the transect
line were surveyed.
200
m
Start

End

Figure 20 MSIM TVES Hexagonal Sampling Unit (from Manley et al. 2006)

2

If deemed necessary, additional TVES will be conducted in fall and/or winter to establish migration and winter use of the
property
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Results

The TVES at North Star resulted in the detection 467 occurrences of the sign of 11 mammal species3.
Sign was detected (e.g., scat, tracks, excavation, rubs, beds, dens) of the following mammals (in order of
abundance): Rocky Mountain elk, northern pocket gopher (Thomomys talpoides), Microtine vole (Microtus
sp.), mule deer (Odocoileus hemionus hemionus), coyote (Canis latrans), American black bear (Ursus
americanus), North American red squirrel (Tamiasciurus hudsonicus), North American beaver (Castor
canadensis) and golden-mantled ground squirrel (Urocitellus elegans).
Vole presence was determined by the occurrence of trail castings or “eskers” (Halfpenny 1986, Elbroch
2003). Northern pocket gopher sign included mounds of dirt formed by soil they have removed from their
tunnels to form a conical mound (Halfpenny 1986) as well as eskers, entry holes, and runways. Vole and
gopher eskers were differentiated by size. Vole castings are smaller – typically less than 1 inch in
diameter (Halfpenny 1986) and shorter – typically no more than a few feet long (Elbroch 2003). In
addition, the following mammal species were also detected via direct observation during the TVES:
coyote, least chipmunk (Neotamias minimus), Microtine vole (most likely montane vole [M. montanus]),
mule deer, and red squirrel.
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Figure 21 Sign Detections by Species4

3

4

It is important to note that this number does not represent the number of individual animals but, rather, the sign left by
individual or multiple animals. It should be considered as an index of activity of mammals as a whole or of individual species at
North Star.
See Appendix E for species codes.
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Although the presence of many birds were detected during TVES, the only detections documented were
those of raptors, Galliformes (e.g., grouse, turkeys, etc.), wading birds, waterfowl, or any occurrence of
particular interest (e.g., rare, first detection, etc.). Such birds recorded during the TVES were: American
coot (Fulica americana), American dipper (Cinclus mexicanus), dusky grouse (Dendragapus obscurus),
gadwall (Anas strepera), great blue heron, lazuli bunting5 (Passerina amoena), mallard (A. platyrunchos),
red-tailed hawk (Buteo jamaicensis), sora (Porzana carolina), spotted sandpiper (Actitis macularius), and
Wilson’s snipe (Gallinago delicata).

2.3.2.2

Rare and Nocturnal Mammals

2.3.2.2.1

Survey Methods

Infrared cameras and associated scent stations were used to detect rare and nocturnal mammals. Survey
locations were based on the general MSIM hexagonal survey design survey point locations. Five
camera/scent stations were established at the south MSIM grid for a total of five stations (Appendix D:
Map 2). This grid was selected since it more completely covered the various habitat types at North Star.
Survey points were at the center of the hexagon and 400 m from the center at each of the cardinal
directions. At each station, a motion sensitive monitoring camera was used to document species
encounters. Bushnell® Trophy Cam brand (4 ea) and Reconyx® brand (1 ea) cameras were set up to
capture color photographs during the day and infrared photographs at night. Infrared LED night vision
flash was used so that a visible flash would not scare wildlife or disclose the location of the cameras to
humans. The camera and infrared detector were attached to a tree or other suitable substrate6, with the
bait no higher than 0.5 m above the ground, and the camera positioned to detect visitation to the base of
the bait tree. The camera and sensor are generally arranged vertically on the same tree or on adjacent
trees. Cameras and detectors are attached to trees using Slate River EZ-Aim Trail Camera Mounts
(Photograph 1) and to T-posts using EZ-Aim T Post Game Camera Mounts (Photograph 2). Each camera
was left in place for a total of 14 days.

5
6

This is particularly interesting since this was the first lazuli bunting detected in 14 years of bird monitoring at North Star.
When no tree was available, a T-post was used and left in place for future monitoring.
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400 m

Figure 22 Camera Array
Camera stations were baited and set to maximize detections of a variety of species. The primary bait was
half a chicken (Photograph 3) secured to the vertical substrate with wire mesh and baling wire,
approximately 0.5 to 1.5 m from the ground. The camera was positioned such that any visitation to the
tree triggered the camera. A mixture of Caven’s Gusto® brand, a skunk scent gland derivative; Carman’s
Superior Animal Lures Trails End® Lure, a lure for fox, coyotes and cats; and lanolin is used as a longdistance attractant. The lure mixture is prepared by combining a 1 oz jar of Gusto and 0.5 oz of Trails End
with 32 oz of heated lanolin in liquid form. Approximately 1 to 3 tablespoons (T) of the mixture is placed
within 4 m of the station on a substrate such as a tree branch (Photograph 4). The mixture is applied on
the setup day and is not reapplied or removed for the duration of the survey.

2.3.2.2.2

Results

Over 1,800 photographs were recorded by the 5 cameras placed at North Star. Wildlife species of interest
were recorded at all locations. In total, 116 photographs of 7 mammal species and 5 bird species were
recorded (Fig. 2). Of these, mule deer were the most common species photographed (31%) followed by
black bears (30.2%), coyotes (9.5%) and elk (9.5%). American kestrel (Falco sparverius) detections
comprised 8.6% of total detections but it should be noted that nearly all of these detections were from a
single male kestrel that would perch on the T-post and hunt grasshoppers in front of the camera (see
Appendix F for sample monitoring photographs). In addition, red (or “pine”) squirrels (3.5%), least
chipmunks (0.9%), and raccoons (Procyon lotor) (0.9%) rounded out the mammal detections. Two
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Galliformes were detected by the cameras: dusky grouse (2.6%) and wild turkey (Meleagris gallopavo
merriami) (0.9%) as well as a male and female mountain bluebird (Sialia currucoides) (1.7%) and a single
unidentifiable bird (0.9%). The remaining photographs were triggered by wind moving vegetation,
sunlight, and precipitation, rather than by wildlife.

2.3.2.3

Owls & Other Nocturnal Birds

As top predators, owls play an important trophic role in ecosystems. Consequently, owls are considered
good indicators of ecological health. Due to their nocturnal behavior and time of breeding, however, owls
often go undetected using traditional avian population monitoring methods. Therefore, although nocturnal
broadcast surveys do not detect a large number of species per unit effort, they can generate reliable
monitoring data on an important group of carnivores.

2.3.2.3.1

Survey Methods

Nocturnal owl surveys (Appendix D: Map 1) were conducted at points established at regular intervals (350
m at North Star) spaced such that they maximized representation of the different cover types while
minimizing the likelihood of detecting the same owl at multiple stations (Takats et al. 2001). Each point
was surveyed at the time of year when vocal activity of the majority of species is greatest (June 10-11).
Owls are strongly territorial during their breeding season, and readily respond to perceived conspecific
intruders. Consequently, when a recorded owl calls within an owl’s territory, the owl usually responds by
calling back and often flying closer to the person (Fuller and Mosher 1987, Takats et al. 2001). Portions of
this protocol were adapted from surveys conducted in western Montana since the mid 1980s (Holt and
Hillis 1987). At each station, the surveyor broadcast 3 times for 10 seconds in 3 directions, rotating 60˚
right or left (determined randomly) from the direction of travel, and then listen and search in all directions
for owl responses for 30 seconds (Joy et al. 1994). The broadcast and observation procedures are then
repeated two more times after rotating 120” from the previous broadcast.
The calls of all owl species that may occur in the AA were broadcast in approximate order of increasing
size. This is important because some larger species of owls may compete with or prey upon smaller
species; thus, smaller owls are less inclined to begin vocalizing if the larger species have already begun
to vocalize. Any detection was recorded by the locations of survey points. A compass bearing and
distance to the owl was also recorded with the location documented via GIS (RISC 2001, Takats et al.
2001, Blakesley 2009, Kissling and Lewis 2009). All other wildlife encountered was recorded by species
and location. Calling equipment consisted of an mp3 player connected to a Cass Creek Big Horn XL

©

speaker, producing 80 to 110 dB output at 1 m. Particular effort was made to note the occurrence of any
non-owl nocturnal birds such as nightjars.
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Results

The nocturnal owl surveys at North Star resulted in the detection of 1 northern saw-whet owl (Aegolius
acadicus). This owl, detected from two calling points (#5, #8), was, however, perched in a tree
approximately 110 m east of North Star’s eastern boundary on WRNF land (Map 3). In addition, three
great-horned owl feathers (Photograph 5) were found during the TVES underneath a grove of narrowleaf
cottonwoods (Populus angustifolia) at the big river bend to the north on the James H. Smith Open Space
portion of North Star (Appendix D: Map 3). A nest search was conducted in this area to no avail. Calls
and sounds were recorded from at least 8 other species including: coyotes, chorus frogs (Pseudacris
7

triseriata), northern mockingbird (Mimus polyglottos) , sora, Virginia rail (Rallus limicola), Wilson’s snipe,
and various waterfowl species.
40
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Figure 23 Number of Camera Detections of 7 Mammal and 5 Bird Species Animals
The only species photographed that was somewhat unexpected was the turkey. Wild turkeys have been
expanding their range in the Roaring Fork valley and no turkey had been detected by formal surveys at
North Star in prior years. Otherwise, all of the species detected were expected. A few mammals known to
occur at North Star were not detected including American marten (Martes americana), American mink
(Neovison vison), bobcat (Lynx rufus), mountain lion (Puma concolor), and short-tailed weasel (Mustela
erminea). Given the duration of the survey, however, it is not surprising that these species that occur at
7

Another first recorded occurrence at North Star
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relatively low densities were not confirmed by the cameras. It is interesting to note that the 35 total black
bear detections comprised at least 13 different individuals. These included 2 sows with 2 cubs
(Photographs 6, 7), 1 sow with 3 cubs (Photograph 8), and 3 solitary bears (Photographs 9, 10, 11).

2.3.2.4

Avian Point Transects

No avian point transects were conducted in 2014. OST and CWS have, however, been conducting point
transects at North Star since 2000 and the results from the 2000-2008 period were reported in an
unpublished technical report to OST (Lowsky 2011). Survey methods are described in detail with that
report.

2.3.2.4.1

Summary of Results

Over the 7 years of monitoring at North Star between 2000 and 2007, 2,352 (

year

= 336 individuals)

individuals representing 77 species were detected. Estimated species richness at North Star between
2001 and 2008 varied from a low of 44.16 in 2004 to a high of 69.82 in 2003 (

year

= 56.8). Although the

linear trend indicates a slight downward trend, only 15% of the variation in species richness can be
explained by the model; the remaining 85% can be explained by unknown variables or inherent variability.
The 10 most abundant species represented a mean of 70.93% (SE = 0.02) of the total individuals
detected with a maximum of 76.84% in 2004 and a minimum of 62.86% in 2002. Red-winged blackbirds,
yellow warblers, song sparrows, and tree sparrows were among the 10 most detected species for each
year and Lincoln’s sparrow, great blue heron, and warbling vireo were among the 10 most detected ever
year except one.
The ratio of the number of detected individual species at North Star known to be habitat specialists or
particularly sensitive to human activity (sensitive species) to the number of individuals of habitat
generalist species and species known to be tolerant of human activity (generalists) was calculated. The
ratio favored the specialist/sensitive species in all years with a range of 2.56:1 in 2002 to 5.44:1 in 2006.
The linear trend indicates an increase in the ratio of sensitive species to generalists over time. Forty-nine
percent of the variation in species richness can be explained by the model. The remaining 51% can be
explained by unknown variables or inherent variability. Although, based on a linear regression, this trend
is not statistically significant at the 95% confidence level (p = 0.08, R2 = 0.49, df = 6), the positive trend in
the specialist to sensitive species ratio indicates that current management at North Star is having a
positive effect on those species that are most sensitive to human activity and anthropogenic habitat
alteration.
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Most of the mean annual density estimates fell within the range of estimates reported in the literature from
studies conducted within or adjacent to Colorado8 (Winternitz 1976, Aldrich 1984, Wiens et al. 1985,
Paige et al. 1999, Rotenberry et al. 1999, Odell and Knight 2001, Stephens and Anderson 2003, Riparian
Habitat Joint Venture 2004, Parrish et al. 2005, Dobbs 2006, Giroir and Sparks 2006, Beason 2007,
Beason et al. 2007, Cariveau 2007, Sparks et al. 2007, Blakesley and Hanni 2009, Panjabi and Beyer
2009, Rehm-Lorber et al. 2010). While the estimated densities of black-billed magpies and red-winged
blackbirds were around the middle of reported density estimates, the densities of Lincoln’s sparrows and
song sparrows were estimated near the upper end of reported densities9. The numbers of birds/ha of
warbling vireos and yellow warblers were estimated at densities greater than the what was reported by
Rocky Mountain Observatory and others in the papers reviewed for this report (Rotenberry et al. 1999,
Riparian Habitat Joint Venture 2004, Giroir and Sparks 2006, Beason 2007, Sparks et al. 2007, RehmLorber et al. 2010). Again, these results indicate that, for the most part, OST management at North Star
has been effective in maintaining or improving conditions for songbirds.

2.3.2.4.2

Species of Concern

There are 17 species that were detected at North Star during the 2000-2008 point transects that are
designated by one or more governmental agencies or conservation organizations as having special status
or have been found to be in decline.

2.3.2.5

Diurnal Raptor Surveys

Raptors, also known as birds of prey, are a group of birds composed of the orders Falconiformes (diurnal
birds of prey) and Strigiformes (owls, nocturnal birds of prey). Due to differences in their behavior, raptors
are split into diurnal and nocturnal (Section 2.3.2 above) groups for surveying purposes. Diurnal raptor
surveys were designed to investigate the presence of both diurnal and nocturnal raptors within the study
area. Specific objectives were to determine the presence and distribution of diurnal raptor species that
use North Star as part of their home range during the breeding season.
Although all diurnal raptors are active during the day, they vary in detectability. Some, such as red-tailed
hawks, are readily observed if soaring over open fields. Others, notably the Accipiters tend to be more
difficult to reliably detect, due to their preference for vegetation cover. Inconspicuous diurnal raptors were
targeted for inventory purposes using call playback surveys.
Surveys were conducted during the early summer (June 24) to increase our chances of detecting multiple
species, which generally vary in their nesting chronology. Accipiter broadcast surveys were combined

8

9

Density estimates reported in the literature were only included the study was conducted in Colorado or an area in an adjacent
state with similar habitat attributes to the subject properties or statewide efforts (e.g., Monitoring Colorado Birds (Beason 2007,
Blakesley and Hanni 2009)).
For more detailed information on these results, please see the 2011 Avian Monitoring Report.
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with informal surveys for all raptors during the other survey methods included in this report (e.g., TVES,
owl surveys).
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Note:

For each species, mean relative abundance was derived by summing the maximum abundance in each year and
averaging over the 7 survey years.

Figure 24 Mean Relative Abundance (2000-2008) of Bird Species at North Star
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List of Bird Species with Special Management Designation Detected on North Star
from 2000-2007

Species

USFS

Band-tailed pigeon
Broad-tailed hummingbird
Cordilleran flycatcher
Golden eagle
Green-tailed towhee
Hairy woodpecker
Lazuli bunting
Lincoln’s sparrow
MacGillivray’s warbler
Mountain bluebird
Olive-sided flycatcher
Plumbeous vireo
Pine siskin
Red-naped sapsucker
Vesper sparrow
Virginia’s warbler
Wilson’s warbler

MIS

USFWS

BLM

BCC

CPW

T&E

PIF

SGCN
SGCN
SGCN
SGCN

CC
RS, PS
RS, PS
RC
CS,RS, PS

SGCN

PS

MIS
MIS
PS
MIS
R2S

SGCN
SGCN

CC, PS
RS
RC,RS

MIS
MIS
MIS

BCC
BCC

SGCN
SGCN
SGCN

PS
CC,RC,RS

PS
PS

Special management designations: USFS=United States Forest Service, R2S=US Forest Service Region 2 Sensitive Species,
MIS=Management Indicator Species; USFWS=U.S. Fish and Wildlife Service, BCC=Bird of Conservation Concern for Bird
Conservation Regions (BCR) 16 & 18; BLM=Bureau of Land Management, S=BLM Sensitive Species in Colorado; CPW=Colorado
Division of Parks & Wildlife, SGCN=Species of Greatest Conservation Need (Colorado Division of Wildlife 2005); T&E= State or
Federal Threatened or Endangered Species List, FE=Federally Endangered Species, SE=State Endangered Species, FT=Federally
Threatened Species, ST=State Endangered Species, SC=State Special Concern; PIF=Partners In Flight Species of Concern for
Bird Conservation Region 16 (from the Species Assessment Database version 2009 found at www.rmbo.org), CC=Continental
10
Concern, RC=Regional Concern, CS=Continental Stewardship, RS=Regional Stewardship, PS=Priority Species for Physiographic
Region 62 (Southern Rocky Mtns).

2.3.2.5.1

Survey Methods

Broadcast survey methods were based on those outlined by Kennedy and Stahlecker (1993) and Joy et
al. (1994), with modifications to suit project specific needs. Broadcast stations were established every
150 m along a single 1229 m transect along the toe of the slope leading to Richmond Ridge (Appendix D:
Map 2). The survey was limited to this transect since it sufficiently covered the nesting habitat for the
target species. The spacing between stations was based on the literature (Kennedy and Stahlecker 1993,
Joy et al. 1994, Watson et al. 1999) concerning typical spacing of accipiter nesting areas and rough
estimates of the broadcast range of the broadcast caller, striving for an interval believed to would
maximize chances of detecting any existing territories. In addition to the broadcast survey, visual nest
searches were conducted throughout North Star to determine whether any inactive nests or nonresponsive nesting raptors occurred on the property.
10

Priority Species are those that have conservation priority in each of its planning units; it assumes that conservation measures
focused on these priority species and their habitats will benefit the other species using these habitats as well (Colorado
Partners in Flight 2000).
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At each station, the observer broadcast alarm calls in four directions, at 45° angles to the road. Surveyors
reduced the number of broadcast directions to two if a patch was located on only one side of the road.
Each 10-sec broadcast in a specific direction was followed by 30 sec of scanning and listening for
responses. At each station, the observer broadcast sharp-shinned hawk (Accipiter striatus), Cooper’s
hawk, and northern goshawk alarm calls, in that order, to avoid potential size-related inhibitory effects11.
When a focal species was detected, the observer recorded the species, age, and sex, when possible; an
assessment of the observer’s confidence in identifying the responding species (i.e., confident or not
confident, as supported by a description of what was heard and/or seen); time of response; time elapsed
since first call broadcast; species of call broadcasted immediately preceding the detection; response type
(i.e., call, call and approach, call and flyby, silent approach, silent fly-by); estimated distance and bearing
to response; station number and location; and general vegetation characteristics surrounding the
detection point (i.e., maturity and stature of aspen forest).

2.3.2.5.2

Summary of Results

Two raptor species were detected during the broadcast surveys: one Cooper’s hawk (male) and one redtailed hawk (unknown sex). In addition, an American kestrel (male) was detected via the monitoring
cameras, and a Cooper’s hawk (female) was observed while preparing for the TVES surveys (Map 3).
The male Cooper’s hawk responded to the broadcast of the conspecific alarm call at point 8 by flying in
silently, perching in a Gambel oak snag for approximately 10 seconds, then flying away. The hawk
returned for once more at point 9 (Cooper’s and sharp-shinned hawk calls were broadcast from points 1
through 9 or north to south, then goshawk calls from points 9 through 1 or south to north) and then left
without vocalizing. The observed female Cooper’s hawk was observed approximately 120 m southsouthwest of point 2 and 130 m west of point 3. An assumption can be made that the two Cooper’s hawks
were a mated pair. A subsequent nest search near the female observation, however, failed to discover a
nest. The red-tailed hawk was observed circling at canopy-level approximately 75 m west-northwest of
point 5 goshawk calls were broadcast. The hawk continued circling in this vicinity through the completion
of point 4 then flew off to the south-southeast. In addition, an historic red-tailed hawk nest situated
approximately 23 m southwest of the transect along a perpendicular bearing, approximately 40 m southsouthwest of point 4, and approximately 125 m northwest of point 5 was examined to determine current
occupancy. The examination revealed that the nest was no longer in the tree with remnants spread
across the ground.

2.3.2.5.3

Significant Raptor Habitat

Forest and riparian forest habitats are generally considered important for both diurnal (and nocturnal)
raptor nesting, as these areas provide nesting and roosting opportunities. The shrub and mesic

11

Although broadcasts were limited to Accipiter calls, Buteos (e.g., red-tailed hawks) respond to these calls as well. This is likely
due to the perceived predator/competitor interaction.
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meadow/grassland plant communities provide habitat for raptor prey such as songbirds, insects,
amphibians, and small mammals. Larger forest patches associated with the Roaring Fork River riparian
corridor, the quaking aspen (Populus tremuloides) forest on and around the alluvial fans, and the mixed
conifer forest on the northeasterly facing slopes of Richmond Ridge provide habitat suitable for raptor
nesting. The shrub and grass habitat at North Star provide excellent foraging habitat for multiple raptor
species.

2.3.2.6

Colonial Wading Birds

North Star is home to a colony of great blue herons (Photograph 12). This heronry has existed at the
south end of North Star for more than 25 years. Until 2006, it was located on the west side of the river in
spruce trees (Photograph 13). As is often the case, however, the accumulation of guano at the base of
the trees resulted in the decline, and in some cases, death of the nest trees. Following the removal of a
barn across the river to the northeast, the herons established a new location in the narrowleaf
cottonwoods and spruce in the current location (Photograph 14; Map 3). Although monitoring of the
herons was not part of this baseline, the herons have been monitored by Charlie Hopton of Aspen in
cooperation with the RMBO Colony Watch program12 since 2000.
Table 9

Great Blue Heron Activity at North Star

Year

Nests

Active
Nests

Adults

Juveniles

2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014

NA
NA
NA
NA
11
13
NA
15
NA
NA
NA
NA
7
NA
7

4
7
7
8
11
11
NA
6
6
4
8
6
5
3
4

4
7
14
16
22
22
NA
9
12
6
NA
NA
10
NA
8

4
7
24
19
30
20
NA
6
8
0
11
NA
6
5
7

Mr. Hopton’s data (Hopton, pers. comm.) indicates a substantial decrease in occupancy and production at
the North Star heronry. A sharp drop in active nests, adults, and juveniles coincided with the change in
12

For more information see http://rmbo.org/v3/avian/CitizenScience/ColonyWatch.aspx.
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location. Further study is necessary to determine whether this is part of a natural fluctuation or if
management actions have contributed to this decline.

2.3.3

Species Activity Mapping – Ungulates13

2.3.3.1

Methods

For management planning purposes, current Colorado Division of Parks & Wildlife (CPW) Species Activity
Mapping (SAM) (Lyon and Christensen 2002) data was reviewed in ArcGIS® 10.2 for bighorn sheep, elk,
moose, and mule deer and then field verified. The mapping was reviewed and then discussed with Kevin
Wright, CPW Aspen Area DWM and Julie Mao, CPW Area 8 Terrestrial Biologist.

2.3.3.2

Results

No substantial discrepancies were identified between NDIS mapped habitat and ground-truthed habitat
types for bighorn sheep, elk, and mule deer.

2.3.3.2.1

Mule Deer

North Star’s mule deer (Photograph 15) are part of 2 different Game Management Units (GMU). The river
is the divide between GMU 471 (west of the Roaring Fork) and GMU 47 on the east side. North Star is
part of Data Analysis Unit (DAU) D-13, which includes GMU 43, 471, and 47. The current CPW
population objective is 7500-8500 with a current population estimate of 5700. Over the past 2 decades,
there has been significant loss and degradation of mule deer habitat in D-13, due, in large part, to
residential development in winter range combined with an increase in human population and increased
year-round recreational use of public lands. The current population objective is no longer realistic, given
the significant changes in habitat quality and quantity. The 2009 post-hunt population estimate is 6400
deer. Maintaining the population at a size lower than the current population objective will result in less
intraspecific and interspecific (elk) competition, better body condition, higher recruitment of fawns,
increased population growth rate, and thus more resiliency to hunter harvest, winter kill, and other
sources of mortality sources.
According to CPW SAM data, North Star lies within mule deer summer range only (Map 4). Through the
course of 2014 fieldwork for this report, it has become apparent that mule deer use North Star to a
greater extent than previously documented. The non-winter mule deer population using North Star as part
of their home range is substantial and has increased since the late 1990s. This could be due to the
improvement in habitat for deer that has occurred since that time. The overall coverage by narrowleaf
cottonwoods (Populus angustifolia), willows (Salix spp.), and other shrubs has increased the amount of
forage for this obligate browser and improved the security habitat (Watkins et al. 2007). During the day,
deer usually stay in the thickest vegetative cover available and as far as possible from areas of human
13

See Appendix G for CPW seasonal habitat definitions.
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activity. At night, deer leave the security of daytime cover and venture out in search of forage.
Continuation of the riparian habitat at North Star along this same trajectory of woodland expansion will
likely benefit the area’s deer population.

2.3.3.2.2

Rocky Mountain Bighorn Sheep

CPW SAM data does not indicate any bighorn sheep habitat on or around North Star. Field surveys
confirm the SAM mapping. North Star is not within close proximity to suitable bighorn sheep habitat. The
nearest active bighorn sheep habitat area is approximately 2.7 mi to the west on the southwesterly facing
slopes east of Maroon Creek.

2.3.3.2.3

Rocky Mountain Elk

As with mule deer, the elk occurring at North Star are part of GMUs 471 (west of the river) and 47 (east of
the river). GMU 471, which encompasses most of North Star, is part of the Avalanche Creek Elk DAU (E15). Since 1988, the elk in E-15 have been managed for a population objective 3800-5400 with a current
elk population estimate of 3850. Through the 1990s and early 2000s, the herd numbered from
approximately 7000 to 8000 elk. To reduce the population toward the herd management objective, liberal
antlerless licenses were provided to achieve increased cow elk harvest. The population has been
gradually reduced and is currently estimated at 4500 elk (Mao et al. 2013).
According to CPW SAM data, North Star does not encompass important elk winter range, winter
concentration areas, severe winter range, or production habitat. It does, however, correctly document use
of North Star as summer range and as a migration corridor linking habitat on the west side of Smuggler
Mountain with habitat on the east side of Richmond Ridge. The field verified winter range and severe
winter range on both sides of North Star (Map 4) are actively used with North Star serving as a vital
conduit between the two.
During the summer, small bands of cows, calves, and yearlings are frequently observed foraging in North
Star’s meadows. Bulls are rarer in summer but occasionally foray down from Richmond Ridge to the
valley floor. The number of elk at North Star is typically greatest in late fall after snow begins to
accumulate at higher elevations and elk spend greater periods of time feeding on North Star’s abundant
woody and herbaceous forage until the deepening snowpack forces them on to winter range
(Photograph 16).
An active production area is located on the slopes of Richmond Ridge southwest of North Star and some
production may occur on North Star itself. Young elk calves were observed in the meadows during the
nocturnal bird surveys and have been infrequently observed by CWS staff since 1998. Given the
interspersion of varied forest types with the meadows, riparian woodland, and surface water, North Star
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provides excellent elk rearing habitat (Phillips 1974, Phillips and Alldredge 2000, Rearden et al. 2011,
Pitman et al. 2014).

2.3.3.2.4

Moose

Although moose (Alces americanus) are quite charismatic, they are a non-native species introduced to
Colorado by CPW. In 1978, CPW transplanted 24 male and female moose from Wyoming and Utah to
create a breeding population in North Park and provide hunting opportunities. Additional moose from
Wyoming, Utah, as well as Colorado’s population were introduced to other areas of western Colorado
over the years. By 2012, the introduction program had established a breeding population of about 2300
moose in Colorado. Moose hunting is available in 39 game management units (GMU). There were 16,500
applicants for 219 moose hunting licenses and 185 moose were harvested in 2012. While the moose
population in other states has declined, Colorado’s moose population continues to grow.
The moose in the upper Roaring Fork drainage are recent arrivals. Most of the moose appearing in the
area have migrated from the Grand Mesa reintroduction area. Between 2005 and 2007, 91 moose were
released on the Grand Mesa to establish a self-sustaining herd (Colorado Division of Parks & Wildlife
2012). The moose have pioneered across the Grand Mesa and into the Crystal River, Threemile Creek,
and Fourmile Creek Valleys to the east. In addition, moose were also introduced along the Taylor River in
the Almont area, between Crested Butte and Gunnison in 2007.
Although, to date, moose have not been observed at North Star it is only a matter of time. Moose have
taken up residence in the Maroon Lake area and have been regular visitors to the Difficult Campground
area and, more recently, Little Annie. North Star and its environs provide excellent year-round moose
habitat. According to CPW SAM data, North Star is not within moose overall range, but these data are
somewhat out of date since the data excludes the entire Roaring Fork watershed including areas where
moose are currently known to be persisting (e.g., Maroon Lake, Threemile and Fourmile Creeks,
Fryingpan Lakes).
According to a comprehensive review of moose habitats in North America, “typical” habitat includes open
upland environs providing abundant herbaceous forage and deciduous browse such as logged areas,
burns in early succession, and subalpine shrublands, as well as aquatic habitats in spring and early
summer (Telfer 1984, Peek 2007). Closed-canopy areas are often used in late summer for protection
from extreme heat (Telfer 1984). Moose return to shrubby, open upland areas — such as large stands of
shrubs and saplings — in fall and early winter during the rut and prior to migration (Telfer 1984, Peek
2007). Closed-canopy areas — tall shrub communities or tall closed-canopy conifer and hardwood-conifer
stands — are used in late winter when forage quantity and nutritive quantity is lowest and moose seek
areas sheltered from snow (Peek 2007). Moose may remain in shrubby, open habitats throughout winter
if snow is soft and shallow and forage remains accessible (Telfer 1984).
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In mountainous terrain, regardless of region, moose tend to occupy subalpine forests, timberline forestshrubland mosaics, and shrublands above timberline in summer and early fall (Telfer 1984, Peek 2007).
Because snow depths are often less at low elevations, moose often move from high elevations in early
winter to low elevations in late winter. In late fall in mountainous terrain, moose typically migrate into
lowland shrublands in old burns or logged areas or into floodplain riparian vegetation, remaining there
through winter (Peek 2007). In some regions, where snow depth is lower at wind-blown, high-elevation
sites than at low-elevation sites, the reverse pattern is exhibited

2.3.4

Wildlife Baseline Summary

The scope and focus of the wildlife baseline surveys were guided by OST and supported by past studies
by OST, CWS, and other resource professionals. The following sections summarize each target group.

2.3.4.1

Mammals

The following conclusions can be made about mammals at North Star:


Only 1 federally listed mammal species has the reasonable potential to occur on or
around North Star: Canada lynx. No lynx or lynx sign was identified during the 2014
surveys.



Only 3 mammal species designated by a state or federal agency or of other conservation
concern have the reasonable potential to occur at North Star: American marten, river
otter, and Townsend’s big-eared bat. These species were not documented at North Star
via sign or direct observation during the 2014 surveys.



North Star is heavily used by elk throughout the year. Elk cows use North Star in the
summer for rearing habitat and as part of their general summer range (bulls to a lesser
extent). Cows may use North Star for calving but this is unconfirmed.



North Star provides excellent summer mule deer habitat and mule deer appear to be
using North Star in the non-winter months at higher densities than previously thought.



Northern pocket gophers and voles are abundant at North Star and are important biotic
components contributing to soil dynamics, infiltration, and plant ecology at North Star.
Soil disturbance by these animals, however, also creates microsites where weeds can
flourish.



Eleven mammalian predator species are known to use North Star as part of their home
range but only black bears, coyotes, and raccoons were recorded by the 2014 surveys.
American marten, American mink, bobcats, ermine, long-tailed weasel (Mustela frenata),
mountain lions, red fox, and striped skunk (Mephitis mephitis) have been observed or
identified via sign by CWS at North Star since prior to this effort.



Abundant small mammals (i.e., leporids and rodents) of a variety of species provide an
excellent prey base for both mammalian and avian predators. At least 6 small mammal
species (American red squirrel, deer mouse, golden-mantled ground squirrel, least
chipmunk, northern pocket gopher, vole spp.) were recorded during the 2014 surveys.
Past small mammal surveys have also found bushy-tailed woodrat (Neotoma cinerea),
long-tailed vole (Microtus longicaudus), montane vole (Microtus montanus), mountain
cottontail, (Sylvilagus nuttallii), muskrat (Ondatra zibethicus), snowshoe hare (Lepus
americanus), southern red-backed vole (Myodes gapperi), western jumping mouse
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(Zapus princeps), and Wyoming ground-squirrel occurring at and on the periphery of
North Star.


North Star provides excellent moose habitat but none have been observed on the
property to date. North Star could, however, become a human-moose conflict area as
moose become more abundant in the upper Roaring Fork Valley (J. Mao, pers. comm.).



American black bears are abundant at North Star and the 2014 surveys revealed that
North Star is heavily used by sows with cubs. At least 3 sows with 7 cubs were recorded
using North Star during the same period in 2014. No less than 3 solitary bears were also
documented by the monitoring cameras.

2.3.4.1.1

Beavers

The beaver population at North Star has been steadily increasing over the past decade or so. Beavers
typically inhabit streams with a gentle gradient (< 15%) and in wide valleys (at least wider than the stream
channel) (Bierly 1972). In Colorado, beavers preferred forage is woody members of the plant family
Salicaceae (i.e., Populus – aspens, cottonwoods and Salix – willows) (Pastor and Naiman 1992). Thus
North Star provides outstanding beaver habitat. Beaver dams impound surface water creating open water
areas. Beaver activity at North Star has resulted in the flooding of former upland areas and creation of
new side channels to the river. These areas have been colonized by herbaceous emergent and
submergent hydrophytic vegetation, as well as woody species such as willows and alders (Alnus incana
ssp. tenuifolia). The presence of beavers enhances the heterogeneous complex of wet meadows and
riparian shrublands and increases species richness on the landscape. For example, Wright et al. (2002)
noted that beaver-modified areas may contribute as much as 25% of the species richness of herbaceous
species. Naiman et al. (1988) note that beaver-influenced streams are very different from those not
impacted by beaver activity by having numerous zones of open water and vegetation, large
accumulations of detritus and nutrients, more wetland areas, having more anaerobic biogeochemical
cycles, and in general are more resistance to disturbance. Neff (1957; in Knight 1994) estimated that a
Colorado valley with an active beaver colony had eighteen times more water storage in the spring and an
ability to support higher streamflow in late summer than a drainage where beaver were removed. It is not
known what the density of beaver were at North Star prior to the fur trade; however, Naiman et al. (1986)
suggest that when beaver are not managed or harvested their activity may influence 20 to 40% of the
total length of 2

nd

to 5th order streams in the boreal forest of Canada. It is apparent that active beaver

colonies are very important for ecosystem development in riparian systems such as those at North Star.

2.3.4.2

Birds

Only nocturnal birds and raptors were specifically surveyed for in 2014. Based on the results of those
surveys, in combination with past efforts (e.g., Hopton 2014, Lowsky 2011), the following conclusions can
be made about North Star’s avifauna:
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At least 79 bird species occur at North Star during the breeding season.



Seventeen species of conservation concern (Table 8) have been documented at North
Star. Evidence of reproduction was observed on North Star for northern flicker, red-naped
sapsucker, and hairy woodpecker (active nest cavities). Most of the passerines listed in
Table 8 likely breed on the property.



North Star is home to a large number of bird species known to be sensitive to human
activity. During the 2000-2008 monitoring period, the ratio of sensitive species to
generalist species increased at North Star (Lowsky 2011). It should be noted, however,
that this was prior to the boom in river-based recreation at North Star.



Six species of diurnal raptor (American kestrel, Cooper’s hawk, golden eagle, northern
goshawk, osprey, red-tailed hawk) have been recorded at North Star during the breeding
season. Northern harriers are suspected to use North Star but have not been observed
on the property to date.



Red-tailed hawks have nested at North Star as recently as 2012. Northern goshawks and
Cooper’s hawks are known to have bred on WRNF land within 100 m of North Star’s
western boundary. The Cooper’s hawk nest was probably active in 2014.



At least two owl species use North Star during the breeding season (great-horned owl,
northern saw-whet owl). Early spring boreal owl surveys have not been conducted.



Five wetland/wading birds (great blue heron, sora, spotted sandpiper, Virginia rail,
Wilson’s snipe) were identified at North Star in 2014.



Seven species of waterfowl (American coot, Canada goose, cinnamon teal, gadwall,
green-winged teal, mallard, and pied-billed grebe) likely breed at North Star.

2.3.4.2.1

Great Blue Herons

The greatest threats to heron colonies are from humans and eagles; these two factors have been cited in
numerous cases of heronry abandonment. Many heron colonies are highly sensitive to human
disturbance or to changes in their surroundings. Habitat fragmentation and loss from urban encroachment
result in smaller colonies that have lower nest productivity. Human activities such as recreation,
construction, and destruction of wetlands disrupt colonies. While herons are known to nest in urban
areas, this is likely due to reduction in available habitat due to urban encroachment and also because
humans and herons compete for the same resources – water, fish, trees, and fields. Depredation by
eagles is considered the second biggest threat to heron populations and often results in abandonment of
nests or entire colonies. Herons are most sensitive to disturbance during the pre-nesting and early
nesting phases as shown in Figure 25.
Klein (1993) reported that great blue heron responses to humans in vehicles and afoot varied from no
response to flying away, and that they reacted more to humans on foot than in vehicles. Rodgers and
Smith (1995) reported that great blue herons flushed at a mean distance of 32.0 ± 12.3 m in response to
persons approaching on foot. Skagen et al. (2001) found a reduction in the number of great blue heron
nests when they were exposed to humans on foot. Vos et al. (1985) studied a heronry at Fossil Creek
Reservoir in Larimer County, Colorado. They found that heron response to human activity changed as the
breeding season progressed each year. Herons were most responsive to human intrusions early in the
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breeding season (March), flushing from the nest at the slightest disturbance and not returning until the
cause was no longer present. During egg laying and incubation (mid-April), herons were less willing to
abandon nests and returned more readily. Attachment further strengthened in late-May to early-June
when young were present.
According to the Heron Working Group3,
“As a rule, general day-to-day activity by humans that reside near colonies does not interfere with heron
nesting activities. It is novel sounds that frighten herons from nests and lead to abandonment. Sudden blasts
of horns or dynamite and starting of chain saws are known to frighten herons from nests. Colonies will
sometimes abandon if these activities persist.”

Vennesland (2000) was among the first to experimentally show that herons habituate to nonthreatening
presence of people near colonies. He measured the response of herons to his approach (on foot) through
the nesting season. He found that colonies in rural areas that seldom experienced people departed their
nests sooner than colonies in urban areas. He also established recommendations for the nesting season
(February to August) in British Columbia. His study revealed that heron breeding productivity was
Young Present in the Nest

Stages of
Nesting Cycle

Duration of
Stages in Days
Age of Young
at Key Times

Sensitive
Periods

Courtship & Nest
Construction
Arrival at Heronry
(~Mar 15)

Variable

Egg Laying Incubation
Last Egg Layed

17 Days

Last Egg
Hatches

25-29 Days Up to19 Days

Sensitive Period
Mar 15 - Jun 15 (varies)

Large Active
Young

Brooding

Flying Young Return
To Heronry to be Fed
Fledging

Young are 19 to 40 Days Old
28 Days

Quiet Activity with Caution
~Jun 15 - Jul 15 (varies)

Colony Abandoned
for Season (~Aug. 1)

64-91 Days
Young
Fledge at
49 to 56
Sensitive
Period

Acceptable Activity
with Caution

Figure 25 Sensitive Periods in the Nesting Cycle of Great Blue Herons at North Star
significantly and negatively predicted by the frequency of pedestrian traffic within 250m of colonies. The
low productivity documented at colonies with high levels of pedestrian activity, however, was more directly
due to bald eagle disturbance. Hence, there may be an interaction between human and bald eagle
disturbances at heron colonies. Vennesland concluded that “(t)otal human activity (including pedestrians,
cars, planes and land clearing equipment) had no relationship to heron breeding” (Vennesland 2000).
Timing
Great blue heron colonies are most sensitive to human disturbance during the early stages of nest
selection, nest building, pair formation and egg-laying (Butler 1992; Quinney 1982; Vos et al. 1985). Once

I:\14\1400717\0400\007 R Rev0\1400717 007 R Rev0 FINAL PitkinOSTNorthStarNatPres 12MAR15.docx

March 2015

59

1400717 007 R Rev0

eggs are laid, adults flush reluctantly, and once chicks are in the nest few adults will flush. As the chicks
grow, there appears to be a growing commitment by the adult herons and they are much less likely to
abandon a nest when disturbed. Vos et al. (1985) determined that the distance in which herons
responded to experimental human intrusion averaged around 150 m early in the breeding season,
dropping to 60 m late in the breeding period. Vennesland (2000) found that herons at isolated colonies in
southwestern British Columbia reacted more strongly to human disturbance than at colonies in urban
settings, and that response varied as the season advanced. Herons at the isolated Canadian Forces
Base and Hatzic colonies reacted strongly to the approach of Vennesland at 100 m and 90 m,
respectively, whereas urban colonies at Beacon Hill Park, Victoria, and Stanley Park, Vancouver, never
responded. At nine colonies in southwestern British Columbia, Vennesland found that the average
distance at which herons responded to the first approach of a colony in the season was 49 m, whereas
response distance to the last approach averaged 15 m, suggesting that herons habituate to observers
over the season.
Table 10

Recommended Width and Timing of Great Blue Heron Buffers in the Literature
Buffer
(meters)

Timing

Author

Year Location

BC Ministry of
Environment

2004 British Columbia 300 (undeveloped) January 15 –September 15
200 (Rural)
60 (Urban)

Bowman and Siderius 1984 Ontario

300

March 15 – August 1

Buckley & Buckley

1978 New York

300

Through pair-formation- nest construction and
early egg laying

Butler

1992 British Columbia 300

February 15 – July 31

Carlson & McLean

1996 Ohio, W Penn

300

NA

Colorado State Parks

1998 Lit Review

200

NA

Gebauer & Moul

2001 British Columbia 250-300

February 15 – July 31

Erwin

1989 Virginia,
N Carolina

100

NA

Mackintosh et al.

2006 Vancouver, BC

300

Varied

Parker

1980 Montana

200

NA

Quinn & Milner

1999 Washington

250-300

February 15 – July 31

Rodgers & Smith

1995 Florida

100

NA

Vennesland

2000 British Columbia 165

February to August

Vos et al.

1985 Colorado

250

Mid-February – Early-August

Werschkul

1976 Oregon

250

NA

Establishing a second nest after an initial failure is more likely to be successful if it is done early; if the
herons do not make a second attempt to nest after moving a colony, an entire generation can be lost,
which contributes to the overall decline in populations.
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Buffers
To protect heronries from human disturbance, most studies reviewed by Butler (1991) recommended a
minimum 300 m (984 ft) buffer zone from the periphery of colonies in which no human activity occurs
during the courtship and nesting season (15 February to 31 July). Following experimental work on the
disturbance of nesting great blue herons in Larimer County, Colorado and Ontario, Canada, Vos et al.
(1985) recommended that a 250 m buffer zone (their greatest flushing distance) plus 50 m for a total of
300 m would be suitable to minimize disturbance to nesting great blue herons. In a similar study on
flushing distance in Florida, Rogers and Smith (1995) recommended a distance of 100 m to avoid
disturbance to nesting great blue herons from motor boats and humans on foot. For great blue herons in
Colorado, Colorado State Parks (1998) recommends a 200 m buffer based on an unpublished literature
review in 1994 by Clint Miller, Boulder Open Space. Rodgers and Smith (1995) recommended a 100 m
setback to limit disturbance to nesting colonies. Vennesland (2000) suggested that a quiet zone and a
limited activity zone be considered for all colonies. Each colony responds slightly differently to the
presence of people and specific rules should be adopted for each situation. The quiet zone extends 165
meters away from the outer edge of a colony. In remote uninhabited areas, the quiet zone is out of
bounds to people. In inhabited areas, the quiet zone allows people to carry on with their normal activity
but restricts any sudden, loud activity. The limited activity zone extends 165 to 300 meters from a colony
in which no sudden, loud activity should be allowed. These recommendations only apply while herons are
nesting.
Abandonment
Heronries may be very stable and can exist for 20 to 50 years (Bjorkland 1975; Sullivan & Payne 1988),
but the average lifespan of heronries in Ontario is only about 9 years (Collier et al. 1992). Heronries may
be temporarily unoccupied for a year and then subsequently reoccupied; heronries unoccupied for 2 or
more consecutive years are generally considered to be abandoned (Collier et al. 1992). Herons can
habituate to everyday human activities that do not threaten their survival, but may abandon colonies if a
threat is perceived; they may abandon even with apparently benign stimuli. What constitutes a threat is
not known: it may be damage to habitat in a defined radius (e.g., as would happen with removal of nearby
trees). Great blue herons may relocate their colonies in response to increased predation on eggs and
young by mammals and birds such as eagles (Jensen & Boersma 1993), declines in food availability
(Simpson et al. 1987), or human disturbance. Jensen and Boersma (1993) suggested that 2 of the 5 King
County, Washington colonies monitored in 1991 were abandoned in late spring due to bald eagle
predation. Or, it may be encroachment of human activities, such as people or objects moving around a
nesting area, or construction taking place in the nesting or foraging areas (Butler 1991b; Vennesland
2000).
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The most sensitive period for nesting great blue herons is from the courtship/pair bonding stage through
nest building and incubation. Once the eggs have hatched and nestlings are present, it is believed that
the significant parental investment and increasing opportunity to continue the parents’ genetic lineage
significantly decrease the parents’ willingness to abandon their offspring.
Current Status
Production at North Star’s great blue heron colony may be declining as well with an average of 6 young
successfully fledging from 2012 through 2014 as compared to an average of 23 per year from 2002
through 2005 and an average of 10 per year since monitoring began in 2000.This decline coincided with
the move of the colony across the river. While the colony persists, its occupancy and production level are
reduced from their peak in 2004. Further study is necessary to determine if current management has
contributed to this decline. For example: (1) Continue monitoring the heronry. Monitor not only production
and occupancy but also behavior, nesting habits, reactions to river recreation; (2) Use monitoring
cameras at the base of nesting trees to determine if terrestrial predators such as raccoons are
contributing to the decline; and (3) Test the soils under and in proximity to the heronry to determine if
remediation measures are necessary to increase the longevity of nest stands.

2.3.5

Habitat Types

One of the objectives of this study was to identify existing habitats at North Star. For detailed descriptions
of the vegetation types comprising those habitats, see Section 3.0. For the purposes of this study, habitat
delineation was based on dominant existing vegetation and physical features. Seven major wildlife habitat
types were identified on the property.

2.3.5.1

Open Water

Water is crucial for all fish and wildlife, and the high quality open water habitat at North Star provides
essential habitat to many aquatic and terrestrial species, including important spawning and rearing habitat
for trout, and breeding habitat for amphibians. In many locations, flow and hydrology have been impacted
by barriers, culverts and diversions that have reduced water flow (For more information see the fluvial
geomorphology report in Section 1.0) and interfere with fish movement and wildlife use. Channelization
and development can restrict the natural ability of streams and riparian habitats to meander over time,
limiting the quality and availability of these habitats, as well as affecting floodplain function. North Star’s
larger, cool spring-fed and run-off supported pools and river oxbows provide valuable water sources for
numerous wildlife species and are important habitat for bats (foraging and drinking), waterfowl and
shorebirds/wading birds (foraging and breeding), and amphibians (breeding; e.g., tiger salamander
(Ambystoma tigrinum)). Open water areas provide nesting, feeding, and resting habitat for migrating
waterbirds (Foster 1986). North Star’s oxbows, watercourses and adjacent open water areas are also
important to furbearers such as muskrats, beaver, and mink.
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Aspen Woodland

Aspen is a deciduous tree, and stands generally have high invertebrate prey diversity and densities. A
suite of associated species, particularly songbirds, is entirely dependent on aspen. Aspen is important for
birds in both migration and breeding seasons. It also provides fawning and calving habitat, hiding cover,
and forage for mule deer and elk. Other wildlife that uses aspen includes bats, black bear, beaver,
rabbits, dusky grouse, and voles. Woodpeckers such as northern flickers and red-naped sapsuckers,
create nesting cavities in aspen and secondary cavity nesters such as tree and violet-green swallows and
mountain bluebirds nest in those cavities.
Although the aspen stands on North Star are relatively small, such small aspen patches are an important
component of the landscape to many species of birds (Turchi et al. 1995). In fact, a study in northern
Arizona found that aspen stands do not harbor separate populations, but rather are locations where the
regional avifauna reaches high local density and richness and may be disproportionately important to
birds in years of resource scarcity (Griffis-Kyle and Beier 2003).

2.3.5.3

Riparian Woodland & Shrubland

Riparian habitats at North Star are those adjacent to the river and streams, or that occur on the river’s
floodplain, terraces and oxbows. Riparian habitats are shaped and maintained through seasonal flooding,
scour, and soil deposition. Floods replenish nutrients, recharge groundwater, and reset successional
processes. Other riparian habitats at North Star also include the various springs, seeps, and intermittent
streams occurring throughout the property.
In Colorado, the importance of riparian habitat to wildlife is inversely proportionate to its representation on
the landscape (Miller et al. 2003). In the arid west it is estimated that riparian areas, which account for
only 1% of the landscape, are used by greater than 70% of the state’s wildlife species and that 27% of the
breeding bird species depend on riparian habitats for their viability (Knopf et al. 1988, Howe 1996), and
Colorado riparian habitat hosts a greater diversity of bird species than any other habitat (Kingery 1998).
Riparian habitats, such as those at North Star, also play an important function in providing for the habitat
requirements of mule deer and elk (and moose). Deer, elk, and moose seek out riparian shrublands and
wet meadows for their nutritious grasses and forbs (Foster 1986). North Star’s broad riparian corridor
provides mature trees and tall shrubs for thermal and screening cover, and drainage patterns promote
pooling of water, growth of forbs, and a greater diversity of important shrubs. Small mammals such as
montane voles, pocket gophers, deer mice, jumping mice, shrews (Sorex spp.), and mink use North Star’s
seasonally wet riparian woodlands.
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Sagebrush

Sagebrush shrubland occupies relatively little acreage at North Star. It is likely, however, that this habitat
type once occupied substantially greater acreage including most of the non-riparian upland outside the
alluvial fans and below the toe of Richmond Ridge. Sagebrush supports a unique biodiversity that is at
risk due to threats of urbanization, development, mineral exploration and extraction, grazing and
agriculture. There is substantial concern regarding the decline of sagebrush habitat throughout the
western United States. Fragmentation and degradation is causing a decline of habitat that is vital to
numerous wildlife species ranging from insects to big game. Sagebrush habitats support a unique
biodiversity. Several bird and mammal species are almost entirely dependent on sagebrush for survival
(e.g., greater sage-grouse (extirpated from the Roaring Fork Watershed), sage sparrow (nearly extirpated
from the Roaring Fork Watershed), and Brewer’s sparrow). An additional 100 species of birds, 90
mammals, and 60 herpetofauna have a facultative association with sagebrush (Welch 2005). At least one
bird, 18 small mammals, and 3 native ungulates consume sagebrush in their diets. Over 240 insects as
well as 70 spiders and other arachnid species are associated with sagebrush (Welch 2005).

2.3.5.5

Grassland

It is likely that the historic representation of upland grasslands at North Star is inversely proportional to
that of sagebrush. In other words, the sagebrush shrublands at North Star were cleared by former
landowners and converted to hayfields for agricultural purposes. These anthropogenic grasslands are
dominated by smooth brome (Bromus inermis) and support the lowest species diversity of any habitat
type on the property. That is not to say that they are not of value to wildlife, rather, this habitat type is
simply less valuable than the other, naturally occurring habitat types.
The North Star grasslands provide highly palatable forage for elk, voles, jumping mice, and pocket
gophers. In turn, the small mammals are important prey for coyotes, red fox, weasels, and raptors. The
grasslands support high densities of grasshoppers and other insects that provide prey to songbirds and
kestrels (Photograph 17). North Star’s grasslands provide excellent Wyoming ground squirrel habitat.
Unfortunately, these colonial ground squirrels were eliminated from the property by previous owners and
have yet to recolonize. Once that happens, American badgers (Taxidea taxus) will likely follow.

2.3.5.6

Herbaceous Wetlands

The herbaceous wetland habitat at North Star consists of those areas that are non-riparian and saturated
by water during all or part of the year. Permanently saturated habitats include backwater sloughs,
oxbows, and marshes, while seasonally saturated herbaceous habitats include seasonal ponds, vernal
pools, and wet meadows. The marshes (including emergent marshes) at North Star occur in depressions
(ponds), fringes around open water and along slow-flowing reaches of the river. Marshes are seasonally
or continually flooded and have hydrophytic plants such as sedges, wetland grasses, and rushes;
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whereas wet meadows occur on gentle slopes where ground water exists (at least seasonally) near the
surface but does not saturate the soil sufficiently to create wetland conditions (For more information on
North Star’s wetlands, see Section 4.0). They are dominated by tufted hairgrass (Deschampsia
caespitosa), fowl mannagrass (Glyceria striata), sedges (Carex spp.), reedgrass, rushes (Juncus), and
other graminoids, as well as by various wildflowers.
Unfortunately, at least 50% of the original wetland area in Colorado has been lost to drainage, land-use
development, and other human activities since colonial settlement (Dahl 1990). Wetlands provide
important habitat for migrating and breeding waterfowl, shorebirds, waterbirds, songbirds, mammals, and
amphibians (e.g., western chorus frog – Pseudacris triseriata). In addition to being critical for birds and
many kinds of wildlife, floodplain wetlands, backwater sloughs, and swamps are important rearing
habitats for juvenile trout. Of the 295 species of birds, 123 mammals, 47 reptiles, and 18 amphibians that
inhabit Colorado at some time during the year, 125 (26%) can be classified as “wetland-dependent
species”(Ringelman 1996). Within this category of “wetland wildlife,” 98 species (78%) are migratory
birds, 18 (14%) are amphibians, 6 (5%) are reptiles, 3 (1%) are mammals. CNHP has categorized 34% of
these species (n=42; 29 migratory birds, 11 amphibians, 1 reptile, and 1 mammal) as “rare and imperiled”
(CNHP 1996).

2.3.5.7

Mixed Conifer Forest

The mixed-conifer forests on the western side of North Star contain a range of species including Douglasfir (Pseudotsuga menziesii), Engelmann spruce (Picea engelmannii), subalpine fir (Abies lasiocarpa), and
aspen. The composition varies greatly depending largely on aspect. Due to the large number of fruit- and
mast-bearing shrubs that occur within this habitat type, a relatively diverse assemblage of species can
regularly be found in the mixed conifer at North Star. Deciduous fruit-bearing shrubs include shrubs that
commonly dominate or co-dominate the understory are currants (Ribes spp.), thimbleberry (Rubus
parviflorus), wortleberries (Vaccinium spp.), Oregon grape (Mahonia repens), and mountain lover
(Paxistima myrsinites). Three USFS R2 Sensitive species have been recorded in North Star’s mixed
conifer forest: American marten, northern goshawks and olive-sided flycatchers. Other R2 Sensitive
species may occur including hoary bat (Lasiurus cinereus), pygmy shrew (Sorex hoyi), and Townsend’s
big-eared bat (Corynorhinus townsendii pallescens). In addition, black bears, bobcats, elk, red squirrels,
least chipmunks, golden-mantled ground squirrels, southern-red-backed voles, and short-tailed weasels
have all been recorded within North Star’s mixed conifer forest.

2.3.6

Wildlife Management Indicator Species (MIS)

OST plans to update the management plan for North Star in 2015. This plan will incorporate the MIS
concept as an integral part of the adaptive management effort. Since managers cannot measure
everything of potential interest within an ecosystem, the choice of what to measure is critical. According to
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Noss et al. (1997), this step is among the most difficult and controversial in developing a monitoring
program. Valuable indicators may possess some or all of the following characteristics:


Provide early warning of natural responses to environmental impacts (Noss 1990, Munn
1993, Woodley 1996b).



Directly indicate the cause of change rather than simply the existence of change (e.g.,
Measuring fecundity and survival rather than simple measurements of abundance)
(Woodley 1996a).



Provide continuous assessment over a wide range and intensity of stresses (Woodley
1996a). This allows to detect numerous impacts on the ecosystem and also means that
an indicator will not bottom out or level off at certain thresholds (Noss 1990, Woodley
1996b).



Are cost-effective to measure and can be accurately estimated by a broad-range of all
personnel (including even non-specialists) involved in the monitoring (Davis 1989, di
Castri 1992).

Avian MIS were recommended for North Star in the 2011 avian monitoring report (Lowsky 2011). These
species remain appropriate today and are included below. In addition, mammalian MIS are added for
consideration in future management of North Star.

2.3.6.1

MIS – Aspen Forest or Woodland

2.3.6.1.1

Warbling Vireo (G5/S5B)

Selection: Selection of the warbling vireo addresses concerns regarding management of aspen
woodlands. In Colorado, the vast majority of warbling vireos breed in aspen woodlands (Barrett 1998) of
the western mountains (to around 9000 ft) from around May 21 to around August 10 (Kingery 1998). They
are also commonly found in montane and lowland riparian forests but are rarely found where conifers
dominate (Andrews and Righter 1992). Warbling vireos show a particular affinity for aspen stands that are
interspersed with willows (Winternitz 1973). In addition, warbling vireos are believed to be negatively
correlated with Sudden Aspen Decline (SAD) (Bombacia and Korba 2009). The work of Matson (2000)
also suggests that the warbling vireo may be used as an indicator species of aspen habitats, given their
strong association with aspen.
Conservation Issues: Since warbling vireos commonly favor nest sites with canopy cover, probably to
provide thermoregulation and protection from heat stress (Walsberg 1981), the decrease in canopy cover
and associated increase in crown fade in declining aspen stands may be particularly impactful on
warbling vireo populations. This species is sensitive to removal of aspen or other deciduous vegetation in
breeding areas and conifer invasion of aspen stands are likely to negatively impact warbling vireo
populations (Dobkin 1994). Habitat disturbance by humans may limit breeding success (Fraterrigo and
Wiens 2005). Warbling Vireo nests are frequently parasitized by Brown-headed Cowbirds, which
combined with nest predation, may be limiting to the population in some areas (Ward and Smith 2000).
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Selection: Selection of Lincoln’s sparrow addresses the management and ecological condition of
riparian-shrub communities. This common songbird breeds in high elevation shrubby habitats associated
with wet meadows, freshwater marshes, riparian thickets, or forest edge. They prefer mesic areas with
dense vegetation, often willow and alder (Rising 1996) and will serve as an indicator for the condition of
North Star’s riparian shrub communities. Lincoln’s sparrow is a distinct microsite specialist, preferring low
willow cover with dense ground vegetation and building its nest in sites that are relatively wet (Ammon
1995a). Interspersion of riparian shrubs and dense graminoids is considered essential for reproduction
(Ammon 1995a) which is typically from around June 1 to around August 10 (Kingery 1998). In Colorado,
Lincoln’s sparrows lower elevational limit is around 8000 ft (Stephens and Anderson 2003), and nest sites
are typically found in the subalpine and montane zones (Kingery 1998).
Conservation Issues: Lincoln’s sparrow’s riparian habitat is negatively affected by grazing and browsing
by mule deer and elk, riparian and riverine recreation, and alteration of flood regimes. Conversely, their
habitat can be positively affected via riparian restoration and facilitation of seasonal flooding by
managers. Breeding Lincoln’s sparrows are particularly sensitive to human activity, which is known to
cause nest desertion (Ammon 1995b). Also, nest parasitism by brown-headed cowbirds may be more
common near human activity (Ammon 1995b).

2.3.6.2.2

Song Sparrow (G5/S5)

Selection: The song sparrow was selected as an MIS for riparian areas because its abundance is
indicative of riparian management and reflects the overall health of riparian communities (USDA 2005).
Because over 80% of song sparrows observed for the Colorado Breeding Bird Atlas occurred in lowland
and montane willow carrs (37%), lowland and montane riparian woodlands (33%), and emergent
wetlands (10%) (Kingery 1998), its population trends are considered indicative of changes to riparian
habitat. Unlike Lincoln’s sparrows, song sparrows typically nest a few feet off the ground in dense willow
stands (Finch 1987). Song sparrows are residents of the Roaring Fork watershed, migrating to lower
elevations in winter and back up to the montane and sub-alpine in late April and early May. Breeding is
from around June 2 (courtship) through around August 22 (fledging) (Kingery 1998).
Unlike Lincoln’s sparrows, song sparrows typically nest a few feet off the ground in dense willow stands
(Finch 1987). Incubating or brooding females often remain on their nest with humans 1 to 3 m away but
rarely within 0.5 m. Females often return to nest with humans ≤ 5 to 10 m from a nest, then return more
rapidly if one averts eyes. Males visit nests to feed with humans present more readily than female (Arcese
et al. 2002).
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Conservation Issues: Song sparrows are at risk due to loss of riparian habitat to development, changes
in riparian habitat that may result from diversions or flood regime alteration, brood-parasitism by brownheaded cowbirds, and predation by native wildlife as well as introduced cats, dogs, and rodents (Finch
1987). The amount of riparian habitat in Colorado has been greatly reduced by development. Flood
control channels, dams, and agricultural and residential development have destroyed thousands of acres
of habitat (Arcese et al. 2002). Song sparrows are also threatened by habitat fragmentation. A banding
study in the Pacific Northwest found that population sizes of adult song sparrows correlate negatively with
the amount of fragmented edge, and more adults were captured at stations surrounded by larger
contiguous patches of habitat (Nott et al. 2005).

2.3.6.3

MIS – Emergent Wetlands

2.3.6.3.1

Red-Winged Blackbird (G5/S5)

Selection: The red-winged blackbird is one of the most abundant species in North America with an
estimated winter population of 190 million (Marshall et al. 2003). They are most commonly associated
with permanently flooded emergent wetlands, but they will nest in a variety of habitats including riparian
areas and grasslands (Kingery 1998). Emergent wetland nest sites, however, may be 10 times more
successful than upland nest sites and experience higher reproductive success in natural habitats (60 to
77%) than in anthropogenic habitats (<25%) (Vierling 2000). They construct nests in sturdy herbaceous
vegetation, and feed primarily on emergent aquatic insect larva. Predation is a major cause of nest
failures and birds breeding in anthropogenic habitats suffer higher predation rates than those that nested
in natural habitats. This difference may be due in large part to the presence of human-commensal
predators, such as domestic cats and raccoons (Vierling 2000).
Conservation Issues: Loss of emergent wetland habitats is the most significant threat. Diversions,
overgrazing by native and domestic ungulates, and cutting or burning tall emergent vegetation such as
cattails and bulrushes for agriculture and other management purposes reduces breeding habitat.
Fragmentation of habitat for recreation, transportation infrastructure, or development reduces breeding
success. Red-winged blackbirds are a common host for brown-headed cowbirds.

2.3.6.4

MIS – Riparian Woodland

2.3.6.4.1

American Beaver (G5/S4)

Selection: This species is selected due to: (1) its relationship to riparian/aquatic habitat condition; (2)
status as a keystone species; (3) available monitoring protocols; and (4) its dependence on riparian forest
and shrub habitat. Likely limits to persistence of beaver at North Star include degradation and/or loss of
riparian shrubs and forests from historic management activities, as well as the loss of hardwood (i.e.,
aspen) components on adjacent uplands. Historically, beavers at North Star influenced riparian
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vegetation and changed stream flows, often converting intermittent drainages to perennial streams
(Parrish et al. 1996).
Beavers improve many aspects of riparian habitats for wildlife. Ponds created by beavers improve water
quality, increase riparian area and store water during dry periods (Olsen and Hubert 1994, Baker and Hill
2003). A number of studies have documented higher bird abundance and diversity associated with
beaver activity in comparison with sites without beavers (Medin 1990, Grover and Baldassarre 1995,
McKinstry et al. 2001, Bulluck and Rowe 2006, Longcore et al. 2006, Aznar and Desrochers 2008, Cooke
and Zack 2008, Chandler et al. 2009). In one case, bird densities in active beaver habitats were shown to
be three times that of adjacent riparian habitats (Collins 1993). Forage production is improved around
beaver ponds, which increases grazing capabilities for wild and domestic ungulates (Schulte and MüllerSchwarze 1999, Cooke and Zack 2008). Beaver also create excellent habitat for trout. Studies have
shown that trout size and biomass are greater in streams with beaver ponds (Olson and Hubert, 1994). In
addition, beaver can serve as a surrogate species indicative of the occurrence of amphibian habitat and
populations on montane streams (Stevens et al. 2007). Allowing for and encouraging beaver
recolonization in appropriate areas is widely viewed as a cost-effective wetland and riparian habitat
restoration strategy, especially when compared to the cost and challenge of other human-engineered
restoration alternatives (Burchsted et al. 2010).
Conservation Issues: Historically, the greatest threats to beavers in the Roaring Fork Valley were
overharvesting by the unregulated fur trade from the early 1800’s to the early 1900’s, coupled with
extensive degradation of riparian areas by livestock overgrazing and other human land uses during the
late 1800’s to early 1900’s (Boyle and Owens 2007). The most serious remaining threat to beavers
region-wide is loss and degradation of habitat to human land uses including water manipulations,
livestock grazing in riparian areas, and urban and agricultural development in riparian areas. Excessive
browsing of woody riparian vegetation by wild ungulates, particularly elk and moose, can also reduce the
quality and abundance of beaver food (Kay 1994). Trampling and browsing by large herbivores can
suppress aspen reproduction along streams and reduce beaver food availability (Rutherford 1964 in
Boyle and Owens 2007).

2.3.6.4.2

Yellow Warbler (G5/S5B)

Selection: Yellow warblers were selected for monitoring to answer the question, “Does current
management maintain populations of species dependent on riparian forest?” Yellow warblers are among
the most common species in the riparian bird community (Knopf 1985; Krueger 1985) and one of the
most common and widely distributed warblers in North America. In Colorado, yellow warblers breed in
deciduous habitats across the state (Andrews and Righter 1992; Kingery 1998). Preferred breeding
habitat, however, is deciduous (i.e., cottonwood) riparian woodlands and shrublands (Kingery 1998).
Breeding territories often include tall trees for singing and foraging with a shrub (typically willow)
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understory for nesting (Stauffer and Best 1980, USFS 1994). Many authors have documented preference
for moist habitats with vertical structure (e.g., Stauffer and Best 1980). Using ordination analysis,
Whitmore (1977) found that yellow warblers occupy habitats with high canopy cover, low ground cover,
low shrub density, and many trees.
Yellow warblers are particularly sensitive to cowbird brood parasitism (Cornell University. Laboratory of
Ornithology. and American Ornithologists’ Union, Kingery 1998, Lowther et al. 1999). Yellow warblers do,
however, defend against these attacks by constructing false nest bottoms over the cowbirds eggs.
Nesting near a colony of blackbirds reduces the cowbird threat since the blackbirds will drive away the
cowbirds (Terres 1980).
In Colorado, breeding is approximately from May 16 through August 19 (Kingery 1998). Nests are built
0.5 to 2.0 m above the ground in a bush or tree (Knopf and Sedgwick 1992). A clutch of three to six eggs
is laid and then incubated by the female alone for about twelve days (Lowther et al. 1999).
Conservation Issues: Riparian habitat destruction and degradation is the most significant threat for this
species. Cottonwood riparian forests in western Colorado are on a trajectory toward rapid decline.
Regeneration of these forests has been disrupted in many areas due to overgrazing (by both livestock
and elk) and flood control. Residential, transportation, and recreational development in riparian areas has
led to reduction of cottonwood riparian patch size, resulting in corresponding reduction in the richness
and abundance of habitat interior species (Davidson and Knight 2001). Non-native invasive plant species
can also degrade habitat. Exotics such as salt cedar (Tamarisk spp.), reed canarygrass, crack willow
(Salix fragilis), and Russian olive (Elaeagnus angustifolia) displace native plant species and provide little
in the way of habitat values for yellow warblers.

2.3.6.5

MIS – Broad-scale Riparian Specialist

2.3.6.5.1

Great Blue Heron (G5/S3B)

Selection: Great blue herons, due to their large size, graceful flight, and interesting feeding behavior,
generate much attention among the public. For many people, observing a great blue heron is often a
memorable and meaningful wildlife experience. In natural systems, the great blue heron supports
ecological functions as predator and prey, colonial breeder, habitat bridge (between aquatic, riparian, and
upland zones) and as an indicator of environmental health. With wide-spread distribution, herons use a
variety of habitats, consuming both aquatic and terrestrial organisms. During nesting and reproduction,
heron eggs and young fall prey to raptors and other predators, further linking the complexity of species
and habitats. All colonial wading birds, including great blue herons, are classified as nongame species,
and are protected under the Federal Migratory Bird Treaty Act (MBTA).
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Conservation Issues: Populations of great blue herons have fluctuated throughout their range over time.
Colorado’s great blue herons historically bred chiefly in northeastern Colorado, with some, however,
breeding up to 8000 ft in the mountain parks (Cooke 1900, Sclater 1912). Today they occur throughout
the state, with most heronries along major rivers and their tributaries. As of 2013, there were 3186
breeding great blue herons in 82 colonies across Colorado (Cavitt et al. 2014). Most western Colorado
heronries are on the Yampa, White, Gunnison, and Colorado rivers (Kingery 1998).
Activities like forestry and development have led to the loss and degradation of heron habitat, disturbance
to nesting and foraging grounds, and to direct mortality (Butler 1997, Vennesland 2000). Habitat removal,
water diversions, and urban and agricultural development are the chief causes of habitat loss in Colorado.
Increased human disturbance at breeding and foraging sites can lead to increased predation, lower
breeding success, nest failure, and less efficient foraging (Butler 1992, Vennesland 2000, Gebauer and
Moul 2001). Although herons can nest in disturbed areas, disturbance can lead birds to terminate
breeding attempts, especially when a disturbance occurs early in the nesting period or when it is a largescale or novel event (Moul 1990, Vennesland 2010).
Klein (1993) reported that great blue heron responses to humans in vehicles and afoot varied from no
response to flying away, and that they reacted more to humans on foot than in vehicles. Rodgers and
Smith (1995) reported that great blue herons flushed at a mean distance of 32.0 ± 12.3 m in response to
persons approaching on foot. Skagen et al. (2001) found a reduction in the number of great blue heron
nests when they were exposed to humans on foot. Vos et al. (1985) studied a heronry at Fossil Creek
Reservoir in Larimer County, Colorado. They found that heron response to human activity changed as the
breeding season progressed each year. Herons were most responsive to human intrusions early in the
breeding season (March), flushing from the nest at the slightest disturbance and not returning until the
cause was no longer present. During egg laying and incubation (mid-April), herons were less willing to
abandon nests and returned more readily. Attachment further strengthened in late-May to early-June
when young were present.
Because of the transitory nature of many of western aquatic habitats, heronries can be transitory,
persisting only until the habitats become unsuitable (Cavitt et al. 2014). Colonies may greatly alter nesting
locations from year-to-year. This results in an inherent variability of local breeding populations. Their
characteristic breeding behavior, together with the reliance on often limited and impacted aquatic
habitats, make great blue herons and other colonial waterbirds particularly vulnerable to disturbance and
loss of breeding sites (Gibbs and Kinkel 1997, Vennesland 2000, Quinn and Milner 2004, Vennesland
2010, Cavitt et al. 2014).
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Selection: Elk have been chosen for two reasons: (1) elk are sensitive to the size and configuration of
habitat patches across a landscape; (2) they are good indicators of ecological conditions at broad scales
and, therefore, are helpful in the process of landscape scale conservation planning; and (3) they are
charismatic and provide excellent watchable wildlife opportunities. Elk migration and seasonal use of the
property could be monitored via seasonal counts, cameras, winter track surveys, and browse
assessments. Elk are a habitat generalist typically associated with early succession vegetation including
spruce-fir, Douglas-fir, lodgepole pine, aspen, and mountain shrub. Although habitat generalists, elk
dependence on early successional vegetation represents a large number of wildlife species that are also
dependent on early successional vegetation
Conservation Issues: As discussed above, North Star provides summer range and is part of an
important migration corridor linking habitat on the west side of Smuggler Mountain with habitat on the east
side of Richmond Ridge. In some places, elk can live around people, although this is not their normal
behavior. There are certain things elk need — early spring food, safe calving areas, nutritious summer
forage, room for rutting — that are not easily found if their habitat has been reduced or disturbed. As
described above, residential development in the upper Roaring Fork watershed has resulted in the direct
and indirect loss of important winter range, calving habitat, and blocked historic migration routes.
Recreation can cause problems for elk, also. The disruption of migration routes, loss of seasonal habitat,
and the reduction in habitat security on winter range and calving habitat from recreation, roads, livestock
grazing, etc., are serious problems for many elk herds. One researcher (Cassirer 1992) has reported
even the sight of a relatively quiet backcountry skier in Yellowstone National Park caused wintering
female elk to move an average of 1675 m (usually until a topographical break or tree line shielded their
view from the skier). The authors recommended a minimum buffer of 650 m between cross country skiers
and non-habituated elk on winter range (Cassirer 1992). Lieb and Mossman (1966) found that human
disturbance caused elk with young calves to move to secondary forage areas away from the central parts
of their home ranges. Phillips and Alldredge (2000) were able to show that repeated displacement
resulting from hiker disturbance during the calving season resulted in major declines in survival of elk
calves. Whenever elk or any wild animal must move unnecessarily, that extra action burns calories the
animals cannot afford to lose at this time of year.
Increasing recreational use of North Star presents risks to elk. If human use becomes excessive in
amount and distribution, elk could abandon North Star, particularly during parturition and in summer. In
the unlikely event that elk remain in the face of increased human use, they will be subject to increased
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stress and decreased access to critical habitats. In either case, the result probably will be decreased
survivorship (i.e., fewer calves or healthy calves born and lowered calf survival through their first year).

2.4

Management Recommendations

As discussed above, OST takes an adaptive approach to management of open space properties. Each of
the recommended management actions, whether for a specific MIS or for the general welfare of wildlife
on the property, must be evaluated to determine if it is having the desired effect on the target taxa. If the
result of management actions is outside the range of desired outcomes, that action should be
discontinued or altered based on sound data resulting from monitoring.
1. Continue TVES, wildlife camera surveys, avian point transects, diurnal raptor surveys,
and great blue heron monitoring on a long-term basis to develop more comprehensive
species lists, determine population trends, and evaluate the effects of management
actions on MIS.
2. Wildlife surveys should be conducted every few years (at a consistent interval) to
produce data that will facilitate the adaptive management process in a cost-effective
manner. Surveys that produce statistically robust data (e.g., avian point transects) should
be repeated more frequently than methods that merely produce observational data (e.g.,
TVES).
3. Recommended wildlife monitoring intervals are as follows:
Monitoring Protocol

Interval

TVES

Every 3 to 5 years

Camera grids

Every 3 to 5 years

Raptors
(diurnal and nocturnal)

Every 3 to 5 years

Avian point-transects

Every 2 to 3 years
(every 2, if possible for more robust results)

Great blue herons –
recreation effects

Every year for 3 years

Great blue herons –
production and recruitment

Every year by volunteer; results analyzed
every 5 years by biologist

4. One time targeted surveys for sensitive species, charismatic species, and species
protected by state or federal law should be added prior to the design and/or
implementation of any projects that will result in the loss or substantial alteration of
habitat. These surveys should be repeated in the next growing season following
implementation to determine effects of the project. Other species specific surveys should
be added if a new sensitive or protected species is detected for the first time to occur in
proximity to North Star (e.g., boreal toad, Canada lynx, river otter).
5. Add interpretive displays along the river to educate the river recreation community
regarding North Star’s ecological sensitivity.
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6. Continue the closure of the west side of the river to the general public to maintain North
Star as a nature preserve and as a buffer between human activity and adjacent WRNF
lands.
7. Maintain the current dog prohibition.
8. Restore the hydrology of the large emergent wetland in the northwest corner, as well as
other wetlands, by eliminating drainage ditches, culverts, and headgates. This will greatly
improve waterfowl breeding, foraging, nesting, and loafing habitat and increase forage
opportunities for wading birds.
9. Prevent fragmentation of habitat by recreational trails.
10. Avoid disruptive, mechanized management activities during the songbird/wading bird
breeding season (May 1 – July 15).
11. Control invasive plants (refer to vegetation recommendations).
12. Avoid disruption of the shrub understory during the breeding season.
13. Restrictions should be continued on the west side of the Roaring Fork River to reduce
recreation disturbance and protect elk habitat effectiveness (e.g., November 1 through
June 30).
14. Avoid fences on the property except where necessary to achieve management goals.
Fences necessary for recreation management should be wildlife friendly and should have
gaps every 50 to 100 ft to facilitate passage of elk calves and mule deer fawns.
15. North Star is home to at least 6 bird species that nest on the ground. These species are
especially sensitive to human recreational disturbance and will abandon a nest after
repetitive disturbance. Even if humans are careful, it is easy to step on eggs or chicks.
The cryptic eggs of killdeers and vesper sparrows blend in with the surrounding ground or
vegetation.
16. Accordingly, visitors on foot should be restricted to designated access corridors or trails
on the east side of the river. Once established, these trails should be altered infrequently
to allow ground nesting birds to habituate to and avoid the areas of heavy foot traffic.
17. Maintain Aspen Habitat:
A. Maintain at least 35% canopy cover in appropriate aspen-dominated habitats; can be
up to 70% closure.
B. Create large exclosures to protect aspen suckers and seedlings from browsing elk;
Monitor browse effects on aspen regeneration.
C. Monitor aspens for biotic threats such as aspen bark beetles, poplar borer beetles,
bronze borer beetles, and cytospora canker.
D. Monitor conifer (i.e., Engelmann spruce, Douglas fir) invasion of aspen stands.
Maintain conifer representation at less than 15% of the canopy.
18. Riparian Habitat Management:
A. Maintain coarse-grained habitat heterogeneity (i.e., willow riparian shrubland
interspersed with mesic meadows and graminoid marsh).
B. Manage for larger stands of riparian shrublands. Larger patches represent better
quality habitat in which individuals produce more offspring, whereas smaller patches
are available to non-breeders or less fit individuals (Rising 1996).
C. Maintain, improve, or facilitate flooding of riparian shrublands and avoid management
activities that would diminish surface and/or subsurface flows (USDA Forest Service
1994).
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D. Continue restoration of stream banks; woody riparian vegetation will increase
breeding habitat and allow the river to access its floodplain.
E. Maintain and/or restore water levels in tall emergent wetlands; Eliminate channels
and culverts installed to drain wetlands.
F. Protect cottonwood seedlings and saplings from browsing ungulates and beavers.
19. Ground nesting songbirds:
A. Consider potential disturbances to birds and habitat when planning or locating sites
of human activity within riparian areas.
B. Locate new recreation sites outside of riparian areas wherever possible. If sites must
be within riparian zones, concentrate them in one area, rather than spreading them
throughout riparian areas.
C. Avoid constructing new trails along or parallel to riparian areas.
D. Plant dense native vegetation, such as willows, to screen and reduce areas of regular
human use of fragile or vulnerable riparian areas.
20. Beavers:
A. Avoid disturbance of side channels where beavers are active.
B. Identify bank lodges and primary forage areas. Create a 50-ft buffer that excludes
recreationists on foot. Prohibit beaching of river recreationists from those areas.
C. Install signs and interpretive displays informing river users that bank lodges and
sensitive foraging areas occur throughout the reach.
21. Great Blue Herons:
A. Continue 200 m (656 ft) seasonal river “quiet zone” up- and down-stream of the
heron colony and a 200 m land-based buffer for visitors on foot from March 1 through
July 15 prohibiting all activity except authorized research, monitoring, and
management. Given the sharp rise in river-based recreation at North Star, the river
quiet zone will contribute to the likelihood that the heronry will persist at North Star.
B. Interpretive signage on the riverbank at the upstream entrance to North Star should
explain the conservation significance of the heron colony, their sensitivity to
disturbance at the early stages of nesting, and about their natural history.
C. Additional signage warning of the approaching “quiet zone” should be placed along
the bank on the ACES property upstream of North Star.
D. Identify and conserve potential alternative nesting stands to preserve active nesting
colonies in an area. Nesting herons periodically relocate their colonies and alternate
nesting stands provide places to relocate (Vennesland 2000).
1) By maintaining alternative nest stands, more expensive measures to preserve
the existing nest stand (e.g., soil remediation) can be avoided
E. Manage for dense ground vegetation, such as Wood’s rose (Rosa woodsii) and
chokecherry (Prunus virginiana), to shield the heronry from human intrusions and
ground predator disturbance.
F. Install 36” metal flashing on all active nest trees and potential nest trees in close
proximity at both segments of the heronry to inhibit terrestrial predators.
G. Enhance and restore off-river foraging areas on and within proximity to North Star.
H. Determine if remediation measures need to be undertaken on soils in and around the
heronry. Have comprehensive soil testing performed to determine soil composition
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and drainage properties. Confirm with soil testing agency re: sampling protocol and
frequency of testing.
1) Implement remediation measures for the ground underneath nest trees as
necessary; potential measures include application of gypsum or other
neutralizing agents to acidic soils or temporary application of mulch during
nesting season to intercept guano.
I.

Remove nesting debris and waste from the ground beneath the heronry every other
year at the end of the nesting season.

J.

Continue monitoring the heronry in cooperation with RMBO Colony Watch. Monitor
not only production and occupancy but also behavior, nesting habits, reactions to
disturbance, and any unusual occurrences such as attacks by predators.

K. Use monitoring cameras at the base of nesting trees to determine if terrestrial
predators such as raccoons are contributing to the decline.
L. Create and install interpretive signs where river-based recreationists can access the
information without disturbing the birds (e.g., at put-ins). These signs should describe
the birds, their habits, and sensitivity during the breeding season.
M. Implement active education and interpretation programs that will greatly improve
public understanding regarding the sensitivity of the heronry. Such programs should
be collaborative with ACES and include volunteer and/or ACES staff “River
Ambassadors” who float among the public as well as provide guided interpretative
float trips.
N. Conduct a more comprehensive study of the heronry to determine whether
management decisions are affecting occupancy and production.
22. Black Bears:
A. Given that black bears are abundant on and near North Star, signs should be
installed informing visitors not to leave food in parked vehicles and to keep vehicle
windows closed and doors locked.
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This report presents the data and recommendations for Golder’s 2014 vegetation assessment for the
North Star Nature Preserve (North Star). Vegetation assessment of North Star was undertaken as part of
the ecological services for Pitkin County Open Space and Trails (OST), as provided by Golder and
Colorado Wildlife Science, LLC. The vegetation assessment was conducted over multiple visits during
July through September 2014. Specific vegetation transect dates were August 2 and 3, 2014. The
Assessment Area (AA) includes both the J.A. Smith Open Space and the North Star Nature Preserve
properties.
The average elevation for the North Star AA is approximately 8030 ft msl, and its coordinates are
39.173020 N, -106.798286 W. The extent of the AA is 247 ac, of which approximately 50 ac is estimated
as wetland. The plant associations for the AA include meadow habitat, riparian vegetation, emergent
wetlands, a fen, and shrub-dominated wetland. The aquatic resources surrounding the fen may be critical
to the fen’s persistence and are collectively referred to as a “fen complex.” The estimated extent of the
fen complex is 17.6 ac with 14.7 ac on North Star and 2.9 ac on adjacent private land. Colorado Natural
Heritage Program (CNHP) have designated shrub dominated wetlands and fens as conservation priority
habitat types (CNHP 1999).

3.2

Methodology

In preparation for field monitoring, Golder conducted a review of available resource documents including
past monitoring reports, floristic literature and available GIS data to evaluate floristics, potential stressors
and known populations of noxious plants. Plant communities were evaluated within the AA to evaluate
ecological condition and health. Photographs of the survey area are provided by community type.
Prior to field monitoring, Golder reviewed rare and sensitive plant species data relevant to the AA. Only
one federally listed plant species, Ute ladies’ tresses orchid (Spiranthes diluvialis) is known to occur within
Pitkin County. However, the closest known occurrence of Ute ladies’ tresses orchid to the AA is along the
Roaring Fork River near Carbondale at 6300 ft msl. Subsequent conversations with Mr. John Proctor,
USFS Botanist for White River National Forest, confirmed that surveys for Ute ladies’ tresses orchid are
not necessary above 7000 ft msl in the Roaring Fork Valley. Federal listing information is summarized in
Table 11.
Table 11

Federally Listed Threatened, Endangered, and Candidate Plants for Pitkin County

Scientific Name

Common Name

Status

Habitat

Spiranthes diluvialis Ute ladies’ tresses orchid Threatened Subirrigated, alluvial soils along streams, and in
open meadows, in floodplains. 4500 to 6800 ft.
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Through review of the BLM Colorado River Valley Field Office sensitive species list, five species were
noted to occur at elevations significantly lower, or habitats significantly distinct from, those found at North
Star. These five species include: DeBeque milkvetch (Astragalus debequaeus), Naturita milkvetch
(Astragalus naturitensis), Piceance bladderpod (Lesquerella parviflora), Roan Cliffs blazing star
(Mentzelia argillosa), and sunloving meadowrue (Thalictrum heliophilum). Alternatively, Harrington’s
penstemon (Penstemon harringtonii) is found from 6500 to 9200 ft. msl in Pitkin County, therefore was
included within the survey. A full listing of the considered BLM sensitive species is presented in Table 12.
Table 12

BLM Sensitive Species, Colorado River Valley Field Office

Scientific Name

Common Name

Astragalus debequaeus DeBeque milkvetch

Status

Habitat

Habitat
Presence

Sensitive Varicolored, fine textured, seleniferous, or saline soils of
Wasatch Formation. 5100 to 6400 ft.

No
No

Astragalus naturitensis

Naturita milkvetch

Sensitive Sandstone mesas, ledges, crevices, and slopes in
piñon-juniper woodlands. 5000 to 7000 ft.

Lesquerella parviflora

Piceance bladderpod

Sensitive Shale outcrops of Green River Formation, on ledges and No
canyon slopes in open areas.6200 to 8600 ft.

Mentzelia rhizomata

Roan Cliffs blazing star Sensitive Steep, eroding shale talus slope, Green River
Formation. 5800 to 9000 ft.

No

Penstemon harringtonii Harrington penstemon

Sensitive Open sagebrush or sagebrush sites with encroaching
piñon-juniper. Soils typically rocky loams/rocky clay
loams derived from coarse calcareous parent materials
(basalt). 6500 to 9200 ft.

Yes

Sunloving meadowrue

Sensitive Shale talus slopes with sparse vegetation, Green River
Formation. 6300 to 8800 ft.

No

Thalictrum heliophilum

Review of USFS information showed 36 sensitive species as potentially occurring within the White River
National Forest. However, the majority of these species occur at elevations and/or under habitat
conditions significantly different from those found at North Star. Conversely, ten species were determined
to have potential habitat within the project area. These include: park milkvetch (Astragalus leptaleus),
trianglelobe moonwort (Botrychium ascendens), slender moonwort (Botrychium lineare), lesser panicled
sedge (Carex diandra), yellow lady’s slipper (Cypripedium parviflorum), Hall’s fescue (Festuca hallii),
Harrington’s penstemon, dwarf raspberry (Rubus arcticus ssp. acaulis), and lesser bladderwort
(Utricularia minor). A full listing of the considered USFS Sensitive species is summarized in Table 13.
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USFS Sensitive Species, White River National Forest
Common Name

Status

Armeria maritima ssp.
sibirica

sea pink

Sensitive Grassy tundra slopes in wet, sandy, or spongy organic
soils. 11,900 to 12,000 ft.

No

Astragalus leptaleus

park milkvetch

Sensitive Sedge‐grass meadows, swales and hummocks, wet
aspen areas, riparian willows, transitional sagebrush to
wet areas. 6000 to 9000 ft.

Yes

Astragalus wetherillii

Wetherhill milkvetch

Sensitive Eroding shale bluffs and washes in sagebrush and
juniper areas. Up to 7400 ft.

No

Botrychium ascendens

trianglelobe moonwort

Sensitive Montane short and tall willow communities with high
moss, gravel, and cobble ground cover, on volcanic or
granitic alluvium. 8000 to 9000 ft.

Yes

Botrychium furcatum

slender moonwort

Sensitive Upper subalpine stabilized formerly disturbed areas, ski
runs, road cuts, skid trails, landings, decommissioned
roads, diches, abandoned mines and townsites, tundra,
open meadows. 10,120 to 11,000 ft.

No

Botrychium lineare

slender moonwort

Sensitive Medium‐statured grass along riparian edge in aspen.
Additionally old disturbances, clearings, fires, dams,
mines, and roadsides. 7900 to 11,000 ft.

Yes

Sensitive Grass meadows, gravely roadsides, low herbaceous
understory for conifer saplings. Grand Mesa,
Uncompahgre National Forest

No

Botrychium paradoxum paradox moonwort

Habitat

Habitat
Presence

Scientific Name

Braya glabella

smooth rockcress

Sensitive Sparsely vegetated gravely slopes on Leadville
Limestone. Above 12,000 ft.

No

Carex diandra

lesser panicled sedge

Sensitive Peat fens or on mossy floating logs in spring‐fed ponds.
6100 to 8800 ft.

Yes

Carex livida

livid sedge

Sensitive Peat fens on floating mats, usually in calcareous soils in
Colorado. Above 6398 ft.

No

Cirsium perplexans

Rocky Mountain thistle

Sensitive Barren gray shale slopes and adobe hills above
intermittent streambeds. 4500 to 7000 ft.

No

Cypripedium
parviflorum

Yellow ladies slipper

Sensitive Riparian to riparian‐transition areas. 7400 to 12,500 ft.

Yes

Draba exunguiculata

clawless draba

Sensitive Alpine fell fields 12,000 to 14,000 ft.

No

Draba grayana

Gray’s Peak draba

Sensitive Gravelly alpine slopes and fell fields. 11,500 to
14,000 ft.

No

Drosera rotundifolia

roundleaf sundew

Sensitive Poor to intermediate‐poor fens on floating mats, and in
iron fens. 9100 to 9800 ft.

No

Epipactis gigantea

giant helleborne

Sensitive Seeps on sandstone cliffs and hillsides, springs, or hot
springs (Filoha Meadows). 4800 to 8000 ft.

No

Eriogonum exilifolium

slenderleaf buckwheat

Sensitive Sparely vegetated habitats, barren hills, mountain
sagebrush flats, semi‐bare sandy clay flats, shaley‐
gypsum ridges, clay hills, limestone outcrops in cushion
plant-bunchgrass. 6900 to 8600 ft.

No

Eriophorum altaicum
var. neogaeum

altai cottongrass

Sensitive Open to partially shaded fens or other water‐ saturated
soils. 9500 to 14,000 ft.

No

Eriophorum chamissoni Chamisso’s
cottongrass

Sensitive Subalpine wet meadows and fens in saturated peat soils No
with graminoid and herbaceous dicot dominance.
10,400 to 12,000 ft.

Eriophorum gracile

slender cottongrass

Sensitive Montane to subalpine fens on floating peat mats.
No
Occurrences limited to specific microhabitats, hydrology,
or chemical gradients, often calcareous. 6900 to
10,500 ft.

Festuca hallii

Hall’s fescue

Sensitive Montane to subalpine meadows on slopes and forest
edges of lodgepole pine-Englemann spruce forests,
alpine tundra, and dry subalpine grasslands. Associated
with mature Kobresia myosuroides stands in tundra.
6800 to 11,000 ft.
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Habitat

Habitat
Presence

Sensitive Fens, marshes, mesic to wet tundra, gravels, rocky
slopes, usually on calcareous substrates. 12,000 ft. and
below.

No

Machaeranthera
coloradoensis

Colorado tansy‐aster

Sensitive Montane and alpine environments in sunny mountain
parks, slopes, rock outcrops, and dry tundra, usually on
open or barren sites. 8500 to 12,940 ft.

No

Parnassia kotzebueii

Kotzebue’s grass of
Parnas

Sensitive Open wet rocky areas, along small rocky streams and
amongst moss in alpine and subalpine areas. 10,000 to
12,000 ft.

No

Sensitive Open sagebrush or sagebrush sites with encroaching
piñon-juniper. Soils typically rocky loams/rocky clay
loams derived from coarse calcareous parent materials
(basalt). 6500 to 9200 ft.

Yes

Penstemon harringtonii Harrington penstemon

Phacelia scopulina
var.submutica

DeBeque phacelia

Sensitive Sparsely vegetated steep slopes in brown to gray clay in No
Wasatch Formation in soils with shrink‐swell potential
4700 to 6200 ft.

Ptilagrostis porteri

Porter’s feathergrass

Sensitive Fen hummocks and willow carrs. Complex of wetland
patch‐types, mostly organic soils, but some with mineral
inclusion. 9200 to 12,000 ft.

No

Ranunculus karelinii

ice‐cold buttercup

Sensitive Among rocks and scree on exposed summits and
slopes. 12,000 to 14,100 ft.

No

Rubus arcticus ssp.
caulis

dwarf raspberry

Sensitive Willow carrs and mossy streamsides, or partially shaded Yes
wet habitats under spruce. 8600 to 9700 ft.

Salix candida

hoary willow

Sensitive Calcareous fens and willow thickets on histic soils. 6600
to 9200 ft.

No

Salix serissima

autumn willow

Sensitive High mineral content and alkaline, calcareous, or rich
fens. 7800 to 9720 ft.

No

Thalictrum heliophilum

Sunloving meadowrue

Sensitive Shale talus slopes with sparse vegetation, Green River
Formation. 6300 to 8800 ft.

No

Sphagnum
angustifolium

peat moss

Sensitive Nutrient‐poor fens, including iron fens and intermediate
poor fens, in depressions between or on hummocks.
9600 to 11,483 ft.

No

Sphagnum balticum

Baltic bog moss

Sensitive Wet portions of acidic peatlands (iron), with strongly
acidic, yet high calcium content. Fen hollows or bogs,
rather than hummocks. Low to high elevations

No

Utricularia minor

lesser bladderwort

Sensitive Basin fens in shallow water open grown or partially
shaded subalpine ponds. 5500 to 10,950 ft.

Yes

CNHP has recorded 29 species of state rare vascular plants for Pitkin County. Two of these species, i.e.,
Harrington’s penstemon and mountain bladder fern, have been found relatively proximate to North Star –
Harrington’s penstemon in the Light Hill and Williams Hill Potential Conservation Areas (PCA) and
mountain bladder fern in the Hunter Creek PCA (Spackman et al 1999).
Vegetation cover was evaluated within North Star for 5 distinct community types: (1) the Transition
between Anthropogenic Upland Grasslands and the Montane Wet Meadow Community (i.e., Transitional
Community); (2) the Aspen-Dominated Community; (3) the Big Sagebrush-Dominated Community; (4) the
Willow-Dominated Riparian Community; and (4) the Narrowleaf Cottonwood-Dominated Riparian
Community. Vegetation surveys were used to document plant community composition and type.
Vegetation cover, species of special concern, and species richness data were collected using the pointintercept method, as described in Muller-Dombois and Ellenberg 1974.
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Transect locations were determined to best represent the inherent and observable characteristics for
each of the community types. One, 100-m permanent transect was staked with rebar and verified through
GPS for each type. Samples were recorded on each side of the transect at each of the 10-m intervals of
the 100-m transect, perpendicular to and 0.50 m from the transect. In total, 10 data points were sampled
at 1-m intervals along each 100-m transect, with a total of four intercepts (left overstory, right overstory,
left understory, right understory) sampled per point. Therefore, 40 intercepts were taken per transect.
Plant cover was determined through a tripod-mounted, ocular scope featuring a magnification lens with
fine cross hairs. The scope includes an adjustable mirror that was used to sample overstory plant cover in
a manner equitable with the treatment of the understory. The sampling scope was centered on the
transect and its adjustable arm oriented perpendicular to the transect, first to the right and then to the left.
The scope was first directed upward to record overstory vegetation and then directed downward to record
understory vegetation in shrub and herbaceous canopies. Vegetation along the vertical profiles was
recorded sequentially from left to right to measure structural diversity. Where vegetation was absent
along the vertical profile, soil, rock, litter, standing dead, or water occurrence was recorded. All vegetation
was recorded according to scientific and common name, as well as by common synonymy. Taxonomy is
consistent with USDA PLANTS Database nomenclature (USDA-NRCS 2014). For transects that include
wetland and riparian vegetation, the synonymy was included from the Biota of North America Project
(BONAP) through the U.S. Army Corps of Engineers’ (USACE) Wetland Plant List (Lichvar, et al. 2014),
as BONAP’s synonymy frequently differs from that of PLANTS Database nomenclature.
In addition to quantitative sampling, Golder performed ocular pedestrian surveys to determine:
(1) presence of noxious weeds, (2) rare or sensitive species, or other species or notation of special
concern, (3) assessment of insect or disease damage, and (4) assessment of relative ecological vigor.
Colorado Department of Agriculture and Pitkin County noxious weed lists were used to analyze invasive
species data (Colorado Department of Agriculture 2014; Pitkin County 2014). Alternatively, U.S. Fish and
Wildlife Service (USFWS) Wetland Species List for the Mountain Region was used to analyze the wetland
indicator status for each species (Lichvar, et al. 2014). CNHP Community Descriptions were used to
analyze species composition, and to assist in the determination of ecological health (CNHP 2005 a, b).
As consequence of observance of large areas of bare-soil, soils analysis was performed for a
representative site within the Transitional Community. The results of the soils analysis are presented in
Table 13.

3.3

Vegetation Transects

As noted above, five major North Star plant communities were selected for survey during 2014: (1) the
Transitional Community; (2) the Aspen-Dominated Community; (3) the Big Sagebrush Dominated
Community; (4) the Willow-Dominated Riparian Community; and (5) the Narrowleaf CottonwoodDominated Riparian Community. These community types were selected because they were deemed as
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the most effective vegetative indicators for North Star’s current ecological health. A map illustrating the
respective location of the vegetation transects for each community type is presented in Figure 26.
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Transitional Community

The vegetation transect for the Transitional Community was positioned to effectively measure the floristic
transition between the Rocky Mountain Montane Wet Meadow Community and its surrounding Dryland
Meadow Community (CNHP 2005 a, b). It is important to note that North Star’s Dryland Meadow
Community is considered to be anthropogenic in origin, due to past land conversion, and was most likely
dominated by Big Sagebrush and additional Montane Wet Meadow Communities prior to impact. The
transect for the Transitional Community is shown in Photograph 1 and Photograph 2.
The physiographic information for the vegetation transect for the Transitional Community is shown in
Table 14:
Table 14

2014 Physiographic Data for Vegetation Transect for North Star Transitional
Community

Area – North Star

2014

Transitional Community

Physiographic Data

Date
Transect Length (ft)
Vegetation Community
GPS POB (NAD83)
GPS POE (NAD83)

8/2/2014
100
Transitional
39.17098320

Elevation (ft msl)
Orientation
Slope (^)

‐106.79902742
8060.33
N13E
2

The Montane Wet Meadow Community is found throughout the Rocky Mountain and Intermountain
Regions, and is dominated by high-elevation herbaceous plant species (CNHP 2005 a, b). This
community type typically occurs as large meadows within montane or subalpine valleys, such as those of
North Star. Montane Wet Meadow Communities are generally found on flat to gently sloping terrain (i.e.,
less than 10%). This community type occurs on wetter sites that demonstrate very low velocity surface
and subsurface hydraulic flow, thereby performing important water filtration, flow attenuation, and wildlife
habitat functions.
Montane wet meadows, such as those at North Star, are not typically subjected to flooding or other high
disturbance events. They are, however, tolerant of moderate intensity ground fire and low-intensity
grazing. Moisture for wet meadow communities generally comes from groundwater, stream discharge,
overland flow, overbank flow, and nivean (snow-based) precipitation. Montane wet meadows are typified
by their low salinity and alkalinity, due to frequent flushing of moisture through their systems. Montane
wet meadow soils typically possess a high proportion of organic matter, but this can vary considerably by
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site. These soils also may exhibit gleying and/or mottling throughout their profile. Water tables often
fluctuate throughout the growing season, with late-season water tables being up to 1 m below the
surface.
Montane Wet Meadow Communities most commonly are a mosaic of graminoid-dominated plant
associations. Three such associations were noted for this community type within North Star: (1) the
Baltic/arctic/mountain rush (Juncus arcticus ssp. littoralis) seasonally flooded herbaceous alliance; (2) the
fowl mannagrass (Glyceria striata) seasonally flooded herbaceous alliance; and (3) the beaked sedge
(Carex utriculata) seasonally flooded herbaceous alliance (CNHP 2005 a, b). It is important to note that
although Juncus arcticus ssp. littoralis is the proper nomenclature for Baltic/arctic/mountain rush
according to PLANTS; Juncus balticus ssp. arcticus is the nomenclature used by BIONAP, hence the
National Wetlands Inventory List, for the species (PLANTS 2014, Lichvar 2014).
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An example of an area devoid of soil can be seen in the foreground.

Photograph 1

Overview of the Vegetation Transect for the North Star Transitional Community
(Facing Northeast)
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Vegetation Transect for North Star Transitional Community (Facing Southwest)
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The 2014 vegetation transect data for the Transitional Community is shown in Table 15:
Table 15

2014 Vegetation Transect Data for North Star Transitional Community

Area ‐ North Star
2014
Transect Data
Transitional Community
Descriptor
Total Hits
Total % Overstory Cover
Total % Understory Veg Cover
Total % Other Understory Cover
Species Richness
% Litter
% Soil
% Rock
% Standing Dead
% Open Water
% Slash
Species Name
Synonym
% overstory
overstory woody species

Common Name

Native

First Intercept Second Intercept Average Notes
20
20
0
0
74.5
74
74.3
25.5
26
25.7
6
9
9 total species
13
13
13
9.5
8
8.75
3
0
1.5
0
5
2.5
0
0
0
0
0
0
First
Second
Average Notes

% understory
woody species

0

0

0

0

0

0

understory graminoids
Agropyron cristatum
Bromus anomalus
Bromus inermis
Carex utriculata
Festuca idahoensis
Glyceria striata
Juncus arcticus ssp. littoralis
Phalaris arundinancea

Agropyron cristatum
Bromopsis anomala
Bromus inermis
Carex utriculata
Festuca idahoensis
Glyceria striata
Juncus balticus ssp. arcticus
Phalaris arundinancea

crested wheatgrass
nodding brome
smooth brome
beaked sedge
Idaho fescue
fowl mannagrass
mountain/Arctic/Baltic rush
reed canarygrass

No
Yes
No
Yes
Yes
Yes
Yes
No

0
7
6.5
6
10
19
26

5
0
6
7
10
4
11
30

herbaceous dicots
Saxifraga sp.

Saxifraga sp.

rockfoil

Yes

0

1

0.5

0

0

0

Bryophyte
species in blue indicate NWPL Wetland Indicator Species

2.5
7
6.25
6.5 NWPL Mountain OBL
10
2 NWPL Mountain OBL
15 NWPL Mountain FACW
28 NWPL Mountain FACW

Averaging all intercepts, there was approximately 74% vegetation cover and 26% other ground cover
(rock, soil, litter, standing dead) observed for the Transitional Community transect. The transect yielded a
species richness of nine. Neither rare or sensitive species, nor noxious weed species, were observed
within or near the transect. However, reed canarygrass (Phalaris arundinacea) represented 36% of the
vegetation cover and there is strong potential for this species to increase its site occupancy, and
therefore, dominance over time. Of the observed species, nine were graminoid and one was an
herbaceous dicot. No woody or bryophytic vegetation was intercepted. Of the nine grass species, six
were native and three were introduced. Native species include nodding brome (Bromus anomalus),
beaked sedge (Carex utriculata), Idaho fescue (Festuca idahoensis), fowl mannagrass (Glyceria striata),
and Baltic/arctic/mountain rush. An average of 53% of the vegetation ground cover was occupied by
native species. Introduced species accounted for 47% of the vegetation and included crested wheatgrass
(Agropyron cristatum), smooth brome (Bromus inermis), and reed canarygrass. The only herbaceous
dicot intercepted was an unknown native saxifrage (rockfoil) species, which occupied less than 0.5% of
the understory.
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In total, 4 species – beaked sedge, fowl mannagrass, Baltic/arctic/mountain rush, and reed canarygrass –
were included on the Wetland Indicator Species List for the Mountain Region. Beaked sedge and fowl
mannagrass are listed as Obligate Wetland species (OBL), whereas Baltic/arctic/mountain rush and reed
canarygrass are listed as Facultative Wetland species (FACW). In total, 66% of the vegetation was
represented by wetland species; however, as previously noted, 42% of this total wetland vegetation was
occupied by reed canarygrass. Therefore, 24% was occupied by native wetland species.
Ideally, the mesic portion of the Transitional Community would be dominated by native grass species,
such as fescues (Festuca saximontana, F. thurberii, etc.), western wheatgrass, slender wheatgrass, and
prairie junegrass (Koeleria cristata), with intermittent herbaceous dicots such as rosy pussytoes
(Antennaria microphylla), buckwheats, (Eriogonum umbellatum, E. jamesii), phlox (Phlox multiflora), and
many others. Unfortunately, however, North Star’s Transitional Community, like many similar areas, has a
proliferation of introduced grasses, including crested wheatgrass, smooth brome, Kentucky bluegrass,
and orchardgrass (Dactylis glomerata), as well as noxious species such as oxeye daisy (Leucanthemum
vulgare; syn. Chrysanthemum leucanthemum, which is on the Class “B” list for Colorado and listed by
Pitkin County for containment.
To address concerns over the occurrence within the Transitional Community of denuded soil areas (i.e.,
lacking vegetation), samples were obtained for analysis from a representative site (see Figure 27). USDA
Natural Resource Conservation Service Soils data (SCS 1992) was used as the primary reference, as
confirmed through Google Earth overlay through California Soil Resource Lab Streaming Soil Survey
Data (see Figure 28) (California Soil Resource Lab 2014).
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Figure 27 Specific Location of Soil Sample (Google Earth, Accessed 12.6.14 10:39 pm mst)

Figure 28 Google Earth Overview of North Star, Showing Soil Mapping (California Soil Resource
Lab 2014)
The soils for the representative sampling site are mapped as Redrob Loam, Map Unit 92. The Redrob
series consists of very deep, somewhat poorly drained soils that are moderately deep to a gravelly sublayer. Redrob soils are formed in mixed alluvium on valley floors, low terraces, and floodplains along
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major streams. These soils exist on slopes from 1% to 6%, where average annual precipitation is 16 to
18 inches, and mean average annual air temperature is from 40 to 44 degrees F. Redrob Loams are fineloamy over sandy or sandy-skeletal, mixed (calcareous), frigid Fluvaquentic Haploquolls.
Laboratory analysis of the obtained soil samples was performed by SVL Analytical, Kellog, ID. A summary
of the resulting soils data is presented in Table 16:
Table 16

Soils Analysis Data for Selected Denuded Site within Transitional Community

SampDate

ResultDate

Analyte

Result

MDL

Units

PQL

Flag

7/30/2014
7/30/2014
7/30/2014
7/30/2014
7/30/2014
7/30/2014

8/26/2014
8/26/2014
8/26/2014
8/26/2014
8/27/2014
8/27/2014

Clay%
Sand%
Silt%
Textural Class
Aluminum
Antimony

7.13
66.9
25.9
Sandy Loam
3440

2.7
0.8

N/A
N/A
N/A
N/A
mg/kg
mg/kg

8
2

U

7/30/2014
7/30/2014
7/30/2014
7/30/2014

8/27/2014
8/27/2014
8/27/2014
8/27/2014

Arsenic
Barium
Beryllium
Boron

0.8
0.081
0.048
0.3

mg/kg
mg/kg
mg/kg
mg/kg

2.5
0.2
0.2
4

U

7/30/2014
7/30/2014
7/30/2014
7/30/2014
7/30/2014
7/30/2014
7/30/2014
7/30/2014
7/30/2014
7/30/2014
7/30/2014
7/30/2014

8/27/2014
8/27/2014
8/27/2014
8/27/2014
8/27/2014
8/27/2014
8/27/2014
8/27/2014
8/27/2014
8/27/2014
8/27/2014
8/27/2014

Cadmium
Calcium
Chromium
Copper
Iron
Lead
Magnesium
Manganese
Nickel
Phosphorus
Potassium
Selenium

‐4

0.05
2.3
0.15
0.25
2.7
0.41
4.7
0.12
0.13
2.6
16
1.5

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

0.2
4
0.6
1
6
0.75
20
0.4
1
5
50
4

U

7/30/2014

8/27/2014

Silver

‐0.5

0.16

mg/kg

0.5

U

7/30/2014

8/27/2014

Sodium

‐50

11

mg/kg

50

U

7/30/2014

8/27/2014

Thallium

0.7

mg/kg

1.5

U

7/30/2014
7/30/2014

8/27/2014
8/26/2014

Zinc
Mercury

‐1.5
92.3

0.34
0.004

mg/kg
mg/kg

1
0.033

U

7/30/2014
7/30/2014

8/26/2014
8/25/2014

% Solids
Sodium CEC

0.003

%
meq/100 g

0.1
0.04

‐2
3.5
69
0.394
‐4
0.86
4610
3.39
9.2
9810
30.7
1640
334
3.48
911
965

‐0.033
96.8
35.5

Notes:
MDL = Method Detection Limit
PQL = Practical Quantitation Limit
U = analyte not detected at levels above reporting limit (PQL)
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Soil analysis showed that boron, selenium, silver, sodium, thallium, and mercury levels were present at
levels below the minimum analytical level of the testing methodology. Conversely, aluminum
(3440 mg/kg), calcium (4610 mg/kg), iron (9810 mg/kg), and magnesium (1640 mg/kg) were found at
levels possibly warranting further investigation. Measured levels for both potassium and phosphorus also
appear to be quite high, perhaps indicating limiting factors for plant growth; therefore further testing may
be required.
The cause of the observed areas devoid of vegetation is believed to be the combination of low organic
matter with increased permeability that is inherent to alluvial mineral soils, with the increased drying of the
Transitional Community’s soils allowing for elevated subnivean mammal activity (primarily pocket gophers
and voles). A negative consequence of the resulting bare areas is that they serve as open corridors for
noxious weed and other invasive plant colonization.

3.3.2

Aspen-Dominated Community

The vegetation transect for the North Star Aspen-Dominated Community was positioned to effectively
sample a representative extent of this community. North Star’s Aspen-Dominated Community falls within
the CNHP Rocky Mountain Aspen Forest and Woodland Habitat Type (CNHP 2005 a, b). The transect for
the Aspen-Dominated Community is shown in Photograph 3 and Photograph 4.
The physiographic information for the aspen vegetation transect is presented in Table 17:
Table 17

2014 Physiographic Data for Vegetation Transect for North Star Aspen Community

Area – North Star
Aspen Community

2014
Physiographic Data

Date
Transect Length (ft)
Vegetation Community
GPS POB (NAD83)

8/2/2014
100
aspen
39.16723051

GPS POE (NAD83)
Elevation (ft msl)
Orientation
Slope (^)

‐106.79652864
8044.51
N25E
3

The Rocky Mountain Aspen Forest and Woodland Community is widespread; quaking aspen (Populus
tremuloides) being the most widely distributed tree in North America. These areas are upland forests and
woodlands dominated by quaking aspen without a significant percentage of conifers (under 25% relative
tree cover) (CNHP 2005 a, b). Aspen forests are typically much more productive and biologically diverse
than are coniferous forests. Aspen-dominated areas commonly occur as a mosaic of plant associations
that may include grasslands, wetlands, coniferous components, etc. They are typified by having a closed
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tree canopy, 5 to 20 m in height. Conifers that occur within this community at North Star include white fir
(Abies concolor), subalpine fir (Abies lasiocarpa), Englemann spruce (Picea englemannii), blue spruce
(Picea pungens), and Douglas fir (Psuedotsuga menziesii). Common shrubs include Rocky Mountain
maple (Acer glabrum), Saskatoon serviceberry (Amelanchier alnifolia), big sagebrush (Artemisia
tridentata), common juniper (Juniperus communis), chokecherry (Prunus virginiana), Wood’s rose (Rosa
woodsii), russet buffaloberry (Shepherdia canadensis), snowberry (Symphoricarpos oreophilus, S.
rotundifolius), creeping mahonia (Mahonia repens), and billberry (Vaccinium spp.). Aspen Forest and
Woodland communities typically have highly vigorous herbaceous components. Their topography is
variable, with sites ranging from level to steep slopes. Higher elevation occurrence is temperaturerestricted; therefore, aspen communities are most frequently found on warmer, south-facing aspects.
Alternatively, lower elevation occurrence is normally moisture restricted; therefore, at lower elevations the
Aspen-Dominated Community is typically found on northern aspects, under more mesic conditions.
Aspen dominated areas typically receive from 38 to 50 cm of annual moisture.
Aspen communities are maintained through catastrophic disturbance, such as fire, clear-cutting, or
disease. Aspen dominated stands can quickly re-sprout following disturbance, as the species is
predominantly clonally propagated through root grafts. Aspen stands are relatively short-lived (under 150
years) and, without disturbance, will proceed towards dominance by coniferous species. Given their open
stand structure, aspen stands typically allow for adequate light penetration to facilitate dense and
complex understory development. The soils of Aspen-dominated areas are often deep and well-formed,
but can also be significantly shallower.
Aspen stands are beneficial to biodiversity, pollinator habitat, critical soil stabilization, water quality
improvement, wildlife browse and habitat, and multiple other ecological functions. In many areas of
Colorado, aspen woodlands have experienced a rapid increase in mortality over the past decade. This
die-off is referred to as “Sudden Aspen Decline” (SAD), and is believed to be the result of the cumulative
effects of fire management, drought, climate change, and insect stress and disease. Lower elevation
stands, in drier areas that are populated by trees above 60 years in age, are most susceptible. According
to the Colorado State Forest Service (CSFS), 2008 was the peak year for SAD with 553,000 ac of
damage being recorded. Since 2008, there has been significant regeneration of understory aspen in
areas where older individuals have declined (CSFS 2013).
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Note yellow toadflax in understory.

Photograph 3

Vegetation Transect for North Star Aspen Community (Facing Northeast)
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Vegetation Transect for North Star Aspen Community (Facing Southwest)
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The 2014 vegetation transect data for the Aspen-Dominated Community is presented in Table 18:
Table 18

2014 Vegetation Transect Data for North Star Aspen-Dominated Community

Area ‐ North Star
2014
Aspen Community
Transect Data
Descriptor
Total Hits
Total % Overstory Cover
Total % Understory Veg Cover
Total % Other Understory Cover
Species Richness
% Litter
% Soil
% Rock
% Standing Dead
% Open Water
% Slash
Species Name
Synonym
% overstory
woody species
Populus tremuloides
Populus tremuloides

First Intercept
20
40
78
23.5
5
17.5
0
0
0
0
6
Common Name

Native

quaking aspen

Yes

First

% understory
woody species
graminoids
Achnatherum nelsonii
Bromus marginatus
Poa pratensis

Stipa columbiana
Bromus marginatus
Poa pratensis

Columbia needlegrass
mountain brome
Kentucky bluegrass

Yes
Yes
No

herbaceous dicots
Delphinium sp.
Lathyrus laetivirens
Linaria vulgaris
Pyrola sp.
Senecio integerrimus
Thalictrum fendleri

Delphinium sp.
Lathyrus leucanthus
Linaria linaria
Pyrola sp.
Senecio integerrimus
Thalictrum fendleri

larkspur
white‐flowered peavine
yellow toadflax
wintergreen
lambstongue ragwort
Fendler's meadowrue

Yes
Yes
No
Yes
Yes
Yes

40

34.5

37.25

0

0

0

6
27.5
40

20.5
23

3
24
31.5

4.5

0

Bryophyte
species in red indicate Noxious Weed Species

Second Intercept Average Notes
20
34.5
71
74.5
29
26.25
9
10 total species
23
20.25
0
0
Trace
Trace
0
6
6
Second
Average Notes

2
9
11
1
2.5
2

1
4.5
5.5 CO Noxious Weed List B, Suppression
0.5
1.25
1

0

0

The species alliance for the North Star Rocky Mountain Aspen Forest and Woodland is quaking aspen
(Populus

tremuloides)/Saskatoon

serviceberry

(Amelanchier

alnifolia)

–

mountain

snowberry

(Symphoricarpos oreophilus)/roundleaf snowberry (S. rotundifolius)/Fendler’s meadowrue (Thalictrum
fendleri) Forest (CNHP 2005 a, b).
Averaging all intercepts, there was an approximate total of 74% vegetation cover and 26% other ground
cover (rock, soil, litter, standing dead) observed. The transect yielded a combined species richness of ten.
No rare or sensitive species were noted. Yellow toadflax (Linaria vulgaris), a Colorado Class B Noxious
Species, was locally abundant around the site, as well as throughout North Star as a whole, and occupied
an approximately 7.3% of the vegetation cover for the transect. Pitkin County lists yellow toadflax under
Category B – suppression. Quaking aspen, a native, was the only woody species recorded, and occupied
approximately 37% of the overstory. The understory was composed of two native grass species –
Columbia needlegrass (Achnatherum nelsonii) and mountain brome (Bromus marginatus), and one
introduced grass species – Kentucky bluegrass (Poa pratensis), as well as five native herbaceous dicots
– a larkspur species (Delphinium sp.), white-flowered peavine (Lathyrus laetivirens), a wintergreen
species (Pyrola sp.), lambstongue ragwort (Senecio integerrimus), and Fendler’s meadowrue (Thalictrum
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fendleri), as well as the noxious weed species yellow toadflax. Approximately 47% of the understory was
occupied by native species, and 53% occupied by introduced species. It should be noted that noxious
and invasive species frequency at North Star was extensive enough that specific GPS locations that
specific mapping was deemed irrelevant.
None of the species found are included on the Wetland Indicator Species List for the Mountain Region.
The majority of aspens found within North Star appear to be under stress and suffering from SAD. The
primary causal agent for this decline is moisture stress, possibly induced in part through climate change,
combined with wildfire suppression, and disease damage through wildlife-induced entry of cytospora,
anthracnose, and other canker-borne diseases. Canker-borne diseases result in the girdling, killing the
portion of the plant above the canker, and increasing the likelihood of infection of the remainder of the
plant through subsequent fissures. The disease causing fungi over-winter in cankered bark, and then
spread to other portions of the tree and throughout the stand through spore dispersal via rain, wind,
insects, or birds (CSU Cooperative Extension 2004). Reproduction, as noted through observation of the
degree of resprouting, was low to low-intermediate.

3.3.3

Big Sagebrush-Dominated Community

The vegetation transect for the Big Sagebrush-Dominated Community was positioned to effectively
measure a typical stand for the big sagebrush portion of the AA. North Star’s Big Sagebrush-Dominated
Community falls within the CNHP Rocky Mountain Gamble Oak – Mixed Montane Shrubland Habitat Type
(CNHP 2005 a, b). The transect for the Big Sagebrush Community is shown in Photograph 5 and
Photograph 6.
The physiographic information for the big sagebrush vegetation transect is presented in Table 19:
Table 19

2014 Physiographic Data for Vegetation Transect for North Star Sagebrush-Dominated
Community

Area – North Star
Big Sagebrush Community

2014
Physiographic Data

Date
Transect Length (ft)
Vegetation Community
GPS POB (NAD83)
GPS POE (NAD83)
Elevation (ft msl)
Orientation
Slope (^)

8/2/2014
100
sage
39.16682972
106.79532493
8069.86
N85E
2
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The Rocky Mountain Gambel Oak – Mixed Montane Shrubland Habitat Type occurs throughout the
Southern Rocky Mountains in mountains, plateaus, and foothills. This habitat type is commonly found in
dry foothills, lower mountain slopes, and along the western edge of the Great Plains. The average
elevational range of this habitat type is from 6500 to 9500 ft msl, and it is often occurs above piñonjuniper woodlands. The Rocky Mountain Gambel Oak – Mixed Montane Shrubland habitat frequently
intergrades with the Lower Montane-Foothills Shrubland Habitat Type. Its vegetation is typically
dominated by Gambel Oak (Quercus gambelii), either alone, or co-dominant with other species including
mountain serviceberry, big sagebrush, true mountain mahogany (Cercocarpus montanus), chokecherry,
antelope bitterbrush (Purshia tridentata), and mountain and/or roundleaf snowberry. Vegetation cover
varies from sparse to dense and may have multi-layered canopies. Shrub distribution is often
intermittently interdispersed with graminoid species. The specific Sagebrush-Dominated Community type
for North Star is Sagebrush/Snowberry/Slender Wheatgrass Shrubland. Within Big Sagebrush
Communities under climax conditions, multiple understory species of native grasses and herbaceous
dicots would occur. Grasses would ideally include prairie junegrass (Koeleria cristata), bottlebrush
squirreltail (Elymus elymoides), various needlegrasses (Achnatherum spp., Hesperostipa spp.), and
western wheatgrass, whereas herbaceous dicots would include paintbrush (Castilleja spp.), penstemon
(Penstemon spp.), and lupine (Lupinus spp.), as well as phlox (Phlox multiflora), scarlet gilia (Ipomopsis
aggregata), and many other species.
The climate for big sagebrush-dominated areas is typified by winter precipitation, and their soils are
typically poorly developed and well-drained. While many shrubland community types are fire-maintained,
with regeneration occurring largely from existing root systems, big sagebrush is fire-intolerant with
regeneration being dependent upon seed dispersal. As up to 60% of sage-dominated ecosystems have
been land-converted through agricultural and both domestic and industrial development, this community
is considered imperiled at the global (G3/G4) and State (S3/S4) levels. Many unique flora and fauna are
dependent on big sagebrush-dominated areas. As well, they play important roles in the provision of
pollinator habitat, critical soil stabilization, wildlife browse and avian habitat, and multiple other ecological
functions.
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Vegetation Transect for North Star Big Sagebrush Community (Facing East)

I:\14\1400717\0400\007 R Rev0\1400717 007 R Rev0 FINAL PitkinOSTNorthStarNatPres 12MAR15.docx

March 2015

Photograph 6

99

1400717 007 R Rev0

Vegetation Transect for North Star Big Sagebrush Community (Facing West)
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The 2014 vegetation transect data for the Big Sagebrush-dominated area is presented in Table 20:
Table 20

2014 Vegetation Transect Data for North Star Big Sagebrush-Dominated Community

Area ‐ North Star
Big Sagebrush Community
Descriptor
Total Hits
Total % Overstory Cover
Total % Understory Veg Cover
Total % Other Understory Cover
Species Richness
% Litter
% Soil
% Rock
% Standing Dead
% Open Water
% Slash
Species Name
% overstory
woody species

2014
Transect Data

Synonym

Common Name

First Intercept Second Intercept Average Notes
20
20
0
0
88
96
92
12
4
8
9
5
11 total species
7
4
5.5
5
0
2.5
0
0
0
0
0
0
0
0
Native First
Second
Average Notes
0

0

0

% understory
woody species
Artemisia tridentata ssp. vaseyana Artemisia tridentata ssp. vaseyana mountain big sagebrush
Chrysothamnus viscidiflorus
Chrysothamnus viscidiflorus
yellow rabbitbrush

Yes
Yes

6
24

22
50

14
37

graminoids
Achnatherum nelsonii
Bromus anomalus
Hesperostipa comata
Melica spectabilis
Poa pratensis

Stipa columbiana
Bromus anomalus
Stipa comata
Bromelica spectabilis
Poa pratensis

Columbia needlegrass
nodding brome
needle and thread
purple oniongrass
Kentucky bluegrass

Yes
Yes
Yes
Yes
No

38
5
3
2

16
0
0
0
4

27
2.5
1.5
1
2

herbaceous dicots
Artemisia absinthum
Erigeron speciosus
Penstemon strictus
unknown forb

Artemisia absinthum
Erigeron speciosus
Penstemon strictus
unknown forb

wormwood
aspen fleabane
Rocky Mountain penstemon
unknown forb

No
Yes
Yes
Unk

7
1
2

0
0
4
0

0

0

Bryophyte
species in red indicate Noxious Weed Species

3.5 CO Noxious Weed List B, Eradication
0.5
2
1
0

Averaging all intercepts, there was an approximate total of 92% vegetation cover and 8% other ground
cover (rock, soil, litter, standing dead) observed. The transect yielded a combined species richness of 11.
No rare or sensitive species were noted. Absinth wormwood (Artemisia absinthium), a Colorado Class B
Noxious Species, was observed around the site, and occupied approximately 3.8% of the vegetation
cover for the transect. Pitkin County lists absinth wormwood under Category B – eradication. The transect
intercepted two native woody plant species: mountain big sagebrush (Artemisia tridentata ssp. vaseyana)
and yellow rabbitbrush (Chrysothamnus viscidiflorus). No overstory was observed for the transect. The
understory was composed of four native grass species – Columbia needlegrass, nodding brome (Bromus
anomalus), needle-and-thread (Hesperostipa comata), and purple oniongrass (Melica spectabilis), and
one introduced grass species – Kentucky bluegrass, as well as two native herbaceous dicots – aspen
fleabane (Erigeron speciosus), Rocky Mountain penstemon (Penstemon strictus), as well as the invasive
absinth wormwood, plus 1 unknown forb that occupied approximately 1% of the total stand.
Approximately 93% of the understory was dominated by native species, while 7% of the understory was
occupied by introduced species.
None of the species found are included on the Wetland Indicator Species List for the Mountain Region.
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As a whole, the dominant sagebrush appeared vigorous with strong leaf-expansion and good seedhead
formation; however, little regeneration was noted for the species. This lack of regeneration is believed to
reflect the early-seral state of North Star’s recovering big-sagebrush areas, as demonstrated through the
elevated presence of yellow rabbitbrush. Yellow rabbitbrush represents a pioneer species that should
facilitate eventual dominance for later seral vegetation types, such as big sagebrush, over time.

3.3.4

Riparian Willow-Dominated Community

The vegetation transect for the Riparian Willow-Dominated Community was positioned to effectively
measure a typical willow-dominated riparian area within North Star. North Star’s willow-dominated areas
fall within the CNHP Rocky Mountain Subalpine – Montane Riparian Shrubland Habitat Type (CNHP
2005 a, b). The transect for the Willow-Dominated Riparian Community is shown in Photograph 7 and
Photograph 8.
The physiographic information for the willow-dominated riparian area vegetation transect is presented in
Table 21:
Table 21

2014 Physiographic Data for Vegetation Transect for North Star Willow-Dominated
Riparian Community

Area – North Star
Willow‐Dominated Riparian Community

2014
Physiographic Data

Date
Transect Length (ft)
Vegetation Community
GPS POB (NAD83)
GPS POE (NAD83)

8/2/2014
100
riparian
39.16437711

Elevation (ft msl)
Orientation
Slope (^)

‐106.79527916
8029.06
N61E
flat

The Rocky Mountain Subalpine – Riparian Shrubland Habitat Type occurs throughout the Southern and
Central Rocky Mountain Regions. These ecosystems can occur either as riparian bands or as willow carrs
in floodplains and subalpine valleys. The dominant species for these areas are elevation-specific and for
elevational gradients such as those present at North Star, typically include thinleaf alder (Alnus incana),
Bebb’s willow (Salix bebbiana), Drummond’s willow (S. drummondiana), Geyer’s willow (S. geyeriana),
shining/whiplash willow (S. lucida), strapleaf willow (S. ligulifolia), and Rocky Mountain willow (S.
monticola). The herbaceous layer for these areas commonly includes invasive reed canarygrass, beaked
sedge, aquatic sedge, Drummond’s rush (Juncus drummondii), threestamened rush (Juncus ensifolius),
and herbaceous dicots such as largeleaf geum (Geum macrophyllum), cow parsnip (Heracleum
maximum), monkshood (Aconitum columbianum), bluebells (Mertensia ciliata), Macoun’s buttercup
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(Ranunculus macounii), and Rocky Mountain iris (Iris missouriensis). Introduced grasses include creeping
foxtail (Alopecurus arundinaceus), meadow foxtail (Alopecurus pratensis), redtop (Agrostis gigantea),
foxtail barley (Hordeum jubatum), and European timothy (Phelum pratense). According to the CNHP, the
specific alliance for the North Star willow-dominated riparian areas is the Drummond’s willow (Salix
drummondiana) Temporarily Flooded Shrubland (CNHP 2005 a, b).
Often Subalpine – Riparian Shrubland habitats are surrounded by upland conifer or aspen forests. These
systems occur from 5500 to 11,500 ft msl, and can occur as a mosaic between multiple shrub- and
herbaceous dicot-dominated communities. Subalpine – Riparian Shrubland communities are normally
snowmelt driven.
Many of the stand dynamics for subalpine – riparian willow-dominated systems occur in association with
beaver (Castor canadensis). Beaver are important for riparian health through the reduction of riverine
down-cutting, bank erosion, and downstream sediment transport, and hence play important roles in water
quality and biofiltration. Additionally, plant recruitment and sediment accumulation behind beaver dams
helps to raise channel beds and to create healthier wetland environments.
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Vegetation Transect for North Star Willow-Dominated Riparian Community
(Facing Northeast)
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Vegetation Transect for North Star Willow-Dominated Riparian Community
(Facing Southwest)
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The 2014 vegetation transect data for the willow-dominated riparian area is presented in Table 22:
Table 22

2014 Vegetation Transect Data for North Star Willow-Dominated Riparian Community

Area ‐ North Star
Willow‐Dominated Riparian Community
Descriptor
Total Hits
Total % Overstory Cover
Total % Understory Veg Cover
Total % Other Understory Cover
Species Richness
% Litter
% Soil
% Rock
% Standing Dead
% Open Water
% Slash
Species Name
% overstory
woody species
Salix geyeriana
Salix monticola

2014
Transect Data
First Intercept Second Intercept Average Notes
20
20
5
12
8.5
98
90
94
2
10
6
5
7
8 total species
2
7
4.5
0
0
0
0
0
0
0
0
0
0
0
0
0
3
1.5
Native First
Second
Average Notes

Synonym

Common Name

Salix geyeriana
Salix monticola

Geyer's willow
Yes
Rocky Mountain willow Yes

% understory
woody species

0
5

2
10

0

0

9
34
3
43

graminoids
Carex aquatilis
Carex utriculata
Glyceria striata
Phalaris arundinancea

Carex aquatilis
Carex utriculata
Glyceria striata
Phalaris arundinancea

water sedge
beaked sedge
fowl mannagrass
reed canarygrass

Yes
Yes
Yes
No

0
32
2
53

herbaceous dicots
Equisetum arvense

Equisetum arvense

field horsetail

Yes

11

moss

Yes

0

Bryophyte
Moss
Moss
species in blue indicate NWPL Wetland Indicator Species

1 NWPL Mountain OBL
7.5 NWPL Mountain OBL

0

4.5 NWPL Mountain OBL
33 NWPL Mountain OBL
2.5 NWPL Mountain OBL
48 NWPL Mountain FACW

5.5

1

0.5

Averaging all intercepts, there was an approximate total of 94% vegetation cover and 6% other ground
cover (rock, soil, litter, standing dead) observed. The transect yielded a total species richness of eight. No
rare or sensitive species were observed within the willow-dominated riparian area. While no noxious
weed species were intercepted by the willow-dominated area vegetation transect, plumeless thistle
(Carduus acanthoides), a Colorado Class B Noxious Species, was frequently observed near the site.
Plumeless thistle is listed by Pitkin County as a Class B – eradication. The transect intercepted two native
woody species – Rocky Mountain willow, and Geyer’s willow. The average overstory for the transect was
6%. The understory was composed of three native grass species – water sedge (Carex aquatilis), beaked
sedge, and fowl mannagrass, and one introduced grass species – reed canarygrass, as well as one
native herbaceous dicot – field horsetail (Equisetum arvense) and an unknown native moss. The
overstory was dominated 100% by native species (Rocky Mountain willow and Geyer’s willow).
Approximately 51% of the understory was occupied by native species, while 49% of the understory was
occupied by introduced species (reed canarygrass).
In total, six species – Rocky Mountain willow, Geyer’s willow, water sedge, beaked sedge, fowl
mannagrass, and reed canarygrass – are included on the Wetland Indicator Species List for the Mountain
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Region. Rocky Mountain willow, Geyer’s willow, water sedge, beaked sedge, and fowl mannagrass are
listed as Obligate Wetland species (OBL), whereas reed canarygrass is listed as Facultative Wetland
species (FACW). In total, 88% of the understory transect was occupied by wetland species. However
approximately 51% of the wetland plant understory was reed canarygrass, with 49% being occupied by a
composite of native species.

3.3.5

Riparian Narrowleaf Cottonwood-Dominated Community

The vegetation transect for the Riparian Cottonwood-Dominated Community was positioned to effectively
measure a typical willow-dominated riparian area for North Star. North Star’s cottonwood-dominated
riparian areas fall within the CNHP Rocky Mountain Lower Montane Riparian Woodland and Shrubland
Habitat Type (CNHP 2005 a, b). Specifically, the North Star cottonwood-dominated riparian areas are an
example of the Narrowleaf Cottonwood (Populus angustifolia) – Blue Spruce/Thinleaf Alder (Alnus incana
ssp. tenuifolia) Community, which the CNHP ranks as globally and state vulnerable (G3/S3). The transect
for the Narrowleaf Cotton-Dominated Riparian Community is shown in Photograph 9 and Photograph 10.
The physiographic information for the cottonwood-dominated riparian area vegetation transect is
presented in Table 23:
Table 23

2014 Physiographic Data for Vegetation Transect for North Star Narrowleaf-Dominated
Riparian Community

Area – North Star
Cottonwood‐Dominated Riparian Community

2014
Physiographic Data

Date
Transect Length (ft)
Vegetation Community
GPS POB (NAD83)
GPS POE (NAD83)

8/2/2014
100
riparian
39.16992261

Elevation (ft msl)
Orientation
Slope (^)

‐106.79386956
8052.93
N96E
flat

The specific alliance for North Star is the Populus angustifolia Temporary Flooded Woodland (CNHP
2005 a, b). Within North Star, the dominant arboreal species for this community is narrowleaf cottonwood,
with only occasional blue spruce, as well as substory woody species that include thinleaf alder, Bebb’s
willow, Drummond’s willow, crack willow (Salix fragilis), Geyer’s willow, strapleaf willow, and shining
willow. The herbaceous layer for North Star’s cottonwood-dominated areas typically include invasive reed
canarygrass; an array of sedges that include beaked sedge, aquatic sedge, shortbeaked sedge (Carex
brevior), and smallheaded sedge (C. illiota), fowl mannagrass; rushes including Baltic/arctic/mountain
rush, Drummond’s rush, threestamened rush; and herbaceous dicots such as largeleaf geum, cow
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parsnip, monkshood, bluebells, Macoun’s buttercup, and false-Solomon’s seal (Maianthemum stellatum).
Introduced pasture grasses such as smooth brome, orchardgrass, and European timothy (Phleum
pretense), are also common to these areas.
Cottonwood-dominated riparian communities are hydrologically driven, and include the flood zone of
riverine systems, as well as their zone of saturation. Soil profiles are highly variable, but typically consist
of alluvial deposits of sand, clays, silts, and cobbles that are highly stratified due to flood scour and
deposition. Lower montane cottonwood-dominated systems are frequently beaver-influenced and
associated with natural disturbance cycles. Beaver activity and their structures promote riparian health by
reducing down-cutting, bank erosion, and sediment transport and, therefore, play important roles with
water quality, biofiltration, and sediment management.
Per recommendation in the 2011 WER Report, striped coralroot orchid (Corallorhiza striata) was included
as one of the species of special concern during analysis of North Star cottonwood-dominated areas;
however given that coralroot flowers from May to June, the 2014 survey was conducted too late in the
year to effectively observe the species. Accordingly, survey for coralroot is recommended to commence in
2015.
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Vegetation Transect for North Star Narrowleaf Cottonwood-Dominated Riparian
Community (Facing East)
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Vegetation Transect for North Star Narrowleaf Cottonwood-Dominated Riparian
Community (Looking West)
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The 2014 vegetation transect data for the cottonwood-dominated riparian area is presented in Table 24:
Table 24

2014 Vegetation Transect Data for North Star Cottonwood-Dominated Riparian
Community

Area ‐ North Star
Cottonwood‐Dominated Riparian Community
Descriptor
Total Hits
Total % Overstory Cover
Total % Understory Veg Cover
Total % Other Understory Cover
Species Richness
% Litter
% Soil
% Rock
% Standing Dead
% Open Water
% Slash
Species Name
% overstory
woody species
Populus angustifolia
Salix bebbiana
Salix fragilis

2014
Transect Data
Native

First Intercept
20
95.5
100
0
11
Trace
0
0
0
0
0

Synonym

Common Name

Native

Populus angustifolia
Salix bebbiana
Salix fragilis

narrowleaf cottonwood
Bebb's willow
crack willow

Yes
Yes
No

% understory
woody species
graminoids
Agrostis gigantea
Alopecurus arundinaceus
Alopecurus pratensis
Carex brevior
Carex illiota
Glyceria striata
Juncus arcticus ssp. littoralis
Phleum pratensis
Schedonorus pratensis

Agrostis gigantea
Alopecurus arundinaceus
Alopecurus pratensis
Carex brevior
Carex illiota
Glyceria striata
Juncus balticus ssp. arcticus
Phleum pratensis
Festuca pratensis

redtop
creeping meadow foxtail
meadow foxtail
shortbeak sedge
small‐headed sedge
fowl mannagrass
mountain/Arctic/Baltic rush
European timothy
meadow fescue

No
No
No
Yes
Yes
Yes
Yes
No
No

herbaceous dicots
Equisetum arvense
Erigeron speciosus
Geum macrophyllum
Taraxacum officinale
unknown forb

Equisetum arvense
Erigeron speciosus
Geum macrophyllum
Taraxacum officinale
unknown forb

field horsetail
aspen fleabane
largeleaf avens
common dandelion
unknown forb

Yes
Yes
Yes
No
Unk

Bryophyte
species in blue indicate NWPL Wetland Indicator Species

First

88.5

Second Intercept Average Notes
20
88.5
92
86
93
14
7
14
17 total species
14
7
0
0
0
0
0
0
0
0
0
0
Second
Average Notes

7

65.5
13
10

0

0

7

7
2
20
3

77 NWPL Mountain FACW
6.5 NWPL Mountain FACW
8.5

0

3
2

7 NWPL Mountain FACW
1 NWPL Mountain FACW
34 NWPL Mountain FACW
4.5
1.5 NWPL Mountain FACW
18.5 NWPL Mountain OBL
0.5 NWPL Mountain FACW
1.5
1

3
0

12
13
2
2
Trace

10
19
1 NWPL Mountain FACW
2.5
Trace

0

0

48
6
3
17
1

8
7

20

0

Averaging all intercepts, there was an approximate total of 92% overstory and 93% understory vegetation
cover, and 7% other ground cover (rock, soil, litter, standing dead) observed. The transect yielded a
species richness of 17, which is greatest of any North Star vegetation transect measured in 2014. No rare
or sensitive species, or noxious weed species were observed within the cottonwood-dominated riparian
transect. However, plumeless thistle, houndstongue (Cynoglossum officinale), oxeye daisy, and yellow
toadflax, all of which are Colorado Department of Agriculture and Pitkin County B List noxious weed
species, were noted near the site. Plumeless thistle is listed by Pitkin County as an eradication species;
oxeye daisy is listed for containment; and yellow toadflax and houndstongue are listed for suppression.
The transect intercepted three woody plant species – narrowleaf cottonwood and Bebb’s willow, which
are native, and crack willow, which is introduced and highly aggressive. Although crack willow is not
currently listed as a noxious species by the Colorado Department of Agriculture or Pitkin County, its

I:\14\1400717\0400\007 R Rev0\1400717 007 R Rev0 FINAL PitkinOSTNorthStarNatPres 12MAR15.docx

March 2015

111

1400717 007 R Rev0

presence is detrimental to site-health and it has the potential to outcompete native willow and cottonwood
species, especially under more mesic (versus historically hydric) soil conditions.
The understory was composed of four native grass species – shortbeak sedge (Carex bevior), smallheaded sedge, fowl mannagrass, and Baltic/arctic/mountain rush, and five introduced grass species –
redtop, creeping meadow foxtail (Alopecurus arundinaceous), meadow foxtail (Alopecurus pratensis),
European timothy, and meadow fescue (Festuca pratensis), as well as three native herbaceous dicots –
field horsetail, aspen fleabane, largeleaf avens, one introduced herbaceous dicot – common dandelion
(Taraxacum officinale) and an unknown dicot, which was found in only trace amount. Approximately 91%
of the overstory was dominated by native narrowleaf cottonwood, whereas 9% of the overstory was
occupied by crack willow. Approximately 59% of the understory was occupied by native species and 41%
by introduced species.
In total, nine species are included on the Wetland Indicator Species List for the Mountain Region. Fowl
mannagrass is listed as an Obligate Wetland species (OBL), whereas narrowleaf cottonwood, Bebb’s
willow, redtop, creeping foxtail, meadow foxtail, small-headed sedge, Baltic/arctic/mountain rush, and
largeleaf avens are listed as Facultative Wetland species (FACW). Both the overstory and the understory
were dominated by wetland species, with native species occupying 93% of the overstory, and
approximately 68% of the understory.

3.4

Discussion

As mentioned in Section 3.2, for 2014, relative vegetation condition was analyzed for five North Star
vegetation community types – Transitional Community, Aspen-Dominated Community, Big SagebrushDominated Community, Willow-Dominated Riparian Community, and Narrowleaf Cottonwood-Dominated
Riparian Community. Using CNHP ranking criteria, the following was determined:


Transitional Community – Given (1) altered hydrologic regime, (2) altered drainage due to
anthropogenic activity (land leveling and superficial ditching), (3) ongoing decrease of
native species, and (4) the area being restorable, the current vegetation condition for the
Transitional Community was determined to be “C – Functioning”.



Aspen Community – While the AA’s aspen stands remain aspen-dominated, (1) given
their declining diversity, (2) presence of yellow toadflax and other non-natives,
(3) prevalence of disease and moisture stress, and (4) alteration of superficial hydrologic
systems, and (5) lack of regeneration, the current vegetation condition for the North Star
Aspen-Dominated Community was rated at a “D – Functioning Impaired.”



Big Sagebrush Community – As consequence of (1) community structure was dominated
by natives, with widely scattered mature plants, (2) invasive species being less than 3%
of total cover, and (3) fragmentation being less than 5%, with an intact wildlife grazing
regime, the current vegetation condition for the North Star Big Sagebrush Community
was ranked at “B – Highly Functioning.”



Willow-Dominated Riparian Community – Although vigorous, given (1) the presence of an
aggressive introduced species, reed canarygrass, (2) the upstream water control and
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transmountain diversion (TMD) causing a lower water table, and (3) the alteration of
riparian banks through anthropogenic activities, the North Star Willow-Dominated
Community was determined to be “C – Functioning” borderline “B – Highly Functioning”.


Cottonwood-Dominated Riparian Community – With the (1) lack of recruitment and
effects of wildlife browse, given the (2) presence of crack willow, (3) nearby occurrence of
noxious weed species, (4) upstream water control and TMD, and (5) alteration of riparian
banks through anthropogenic activities, the North Star Narrowleaf CottonwoodDominated Community was determined to be “C – Functioning”.

For all areas, two primary stressors were observed as most impactful: (1) altered hydrology and (2) the
expansion of noxious plant species. The wetlands for the North Star Nature Preserve were evaluated
using the Functional Assessment of Colorado Wetlands (FACWet) Method, version three as developed in
2013 by Dr. Brad Johnson of the Department of Biology, Colorado State University and Mark Beardsley
and Jessica Dorn, of EcoMetrics. Through investigation of eight ecological factors known as the “State
Variables,” FACWet determines wetland functionality is determined by gauging departure from a known
Reference Standard. Therefore, FACWet serves as a relative index to determine and document such
functional variance.
FACWet Analysis determined that the overall wetland score for North Star to be “Functioning” at a 0.79
level, roughly analogous to a “C+” letter-grade. The largest stressors to North Star were determined as:
(1) the 38% annual average removal of the total upstream water from the Roaring Fork River by the TMD
and (2) the historic agricultural practices of ditching, channelization, and willow removal. The result is an
approximately 30% reduction in the size of the North Star wetland complex. The wetland reduction is
causing a shift in site hydrology from a more hydric situation, to one that is more mesic. This shift is
reflected in the change in species composition from willow-cottonwood and sedge-rush dominated
systems, to early herbaceous communities containing an abundance of invasive species.
Table 25

Specific Attributes by Community Type
Cover

Overstory
Understory
Species Species
% Wetland
Community Type
Veg Other Number Richness % Native % Introduced % Native % Introduced Indicator % Noxious Primary Noxious/Invasive Species
Transitional
74
27
9
0.45
0
0
53
47
51.5
0 reed canarygrass, oxeye daisy
Aspen
74
26
10
0.5
37
0
47
53
0
7.3 yellow toadflax
Big sagebrush
92
8
11
0.55
0
0
93
7
0
3.8 absinth wormwood
Riparian Willow
94
6
8
0.4
6
0
51
49
88
0 plumeless thistle, reed canarygrass
Riparian Cottonwood
93
7
17
0.85
91
9
59
41
68
0 crack willow, reed canarygrass, others

Condition
C
D
B
C
C

Table 25 summarizes attributes by community type, thereby allowing direct comparison. Of all the North
Star vegetation communities analyzed during 2014, the Big Sagebrush Community was deemed in the
highest functioning standard at “B – Highly Functioning”, with the Willow Dominated Riparian Community
deemed as second as borderline “B – Highly Functioning” and “C – Functioning”. Narrowleaf CottonwoodDominated Riparian and Transitional Communities were both determined to be “C – Functioning”,
whereas the Aspen-Dominated Community was determined to be a “D – Functioning Impaired” and
requires active management, discussion forthcoming.
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Species richness is the number of different species that are represented in an ecological community. The
Cottonwood-Dominated Riparian Community had the best species richness with 17 species. The greatest
percentage of overstory native species was found in the Willow-Dominated Riparian and AspenDominated Communities at 100%. The greatest percentage of understory native species was found in the
Big Sagebrush-Dominated Community at 93%, despite the presence of 3.8% absinth wormwood. The
second highest percentage of native understory was the Cottonwood-Dominated Riparian Community at
59% native, followed by the Transitional Community at 53% and the Willow-Dominated Riparian
Community at 51%, with the Aspen-Dominated Community having the lowest percentage of native
understory at 47%. The primary non-native grass species in the riparian communities was reed
canarygrass. The low percentage of native understory found for the Transitional and Aspen-Dominated
Communities is believed to reflect the impaired status of both communities due to hydrology and moisture
regime. Additionally, the Aspen-Dominated Community had the greatest percentage of noxious weed
species through the presence of yellow toadflax at 7.3%.
No listed, sensitive, or rare species were encountered during the 2014 survey. Per recommendation in
the 2011 WER Report, striped coralroot orchid continue to be included as a species of special concern for
future analysis of North Star Cottonwood-Dominated areas and survey is recommended to be conducted
during May to June 2015 to note occurrence.
The greatest percentage of NWPL wetland indicator species was noted for the Willow-Dominated
Riparian Community at 88%, with the Cottonwood-Dominated Riparian Community being second greatest
at 68%, and the Transitional Community being ranked third greatest at 51.5%. The relatively low ranking
for wetland species for the Transitional Community is believed to be strongly associated with the reduced
North Star upland site hydrology.
The greatest percentage of vegetation cover was observed for the two riparian communities, with the
Cottonwood-Dominated and Willow-Dominated Riparian Communities displaying 93% and 94% cover,
respectively. The Big Sagebrush Community had the second greatest vegetation cover at 92%, with both
the Aspen Community and Transitional Community at 74% cover.
Vegetation monitoring for all five communities is recommended on 3-year basis, whereas monitoring for
noxious and invasive species is recommended on an annual basis at the beginning and end of the
growing season.
In total, seven noxious species plus two additional invasive species were observed during the 2014 North
Star vegetation survey. These species are presented in Table 26.
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Observed Noxious Species and Invasive Species

Cottonwood
Dominant

Willow
Dominant

Sagebrush
Dominant

Common Name

Aspen
Dominant

Scientific Name

Transitional

Community Type

Notation

Noxious Species
Artemisia absinthum

Absinth wormwood

Carduus acanthoides

Plumeless thistle

3.8

CO Noxious Weed List B, Pitkin List B – Eradication
observed observed CO Noxious Weed List B, Pitkin List B – Eradication

Cirsium arvense

Canada thistle

Cvnoglossum officinale

Houndstongue

observed

observed observed CO Noxious Weed List B, Pitkin List B – Suppression

observed CO Noxious Weed List B, Pitkin List B – Suppression

Leucanthemum vulgare

Oxeye daisy

observed

observed CO Noxious Weed List B, Pitkin List B – Containment

Linaria vulqaris

Yellow toadflax

observed 7.3

observed CO Noxious Weed List B, Pitkin List B – Suppression

Verbascum thapsus

Common mullein

observed

Phalaris arundinancea

Reed canarygrass

28

Salix fragilis

Crack willow

CO Noxious Weed List C, Pitkin List C – Suppression

Species of Concern
48

NWPL Arid West. FACW
8.5

While there were no noxious weed species intercepted by the vegetation transect for the Transitional
Community, houndstongue, oxeye daisy, yellow toadflax, and common mullein were observed within the
community type. Within the Aspen-Dominated Community, yellow toadflax was documented at the 7.3%
level. Absinth wormwood was observed at the 3.8% level in the vegetation transect for the SageDominated Community. The Willow-Dominated Riparian Community displayed both plumeless thistle and
houndstongue, both species warranting further monitoring. Yellow toadflax was also observed within the
Cottonwood-Dominated Riparian Community, as was oxeye daisy, houndstongue, and plumeless thistle.
As noted earlier, due to widespread occurrence, specific mapping for noxious and invasive plant
populations was determined to be futile.
Plumeless thistle and absinth wormwood are Pitkin County List B – eradication species. Canada thistle,
houndstongue, and yellow toadflax are on Pitkin County List B suppression species, whereas oxeye daisy
is listed for List B “Containment.” Common mullein is on Pitkin County List C – suppression. It is Golder’s
recommendation that noxious species control efforts should be substantially increased to address the
potential expansion and escape of the observed populations. Currently on North Star, yellow toadflax,
oxeye daisy, houndstongue are the primary noxious species of concern and would strongly benefit from
chemical and mechanical treatment.
Additionally, two highly aggressive invasive species, reed canarygrass and crack willow, were observed
within North Star. Reed canarygrass is well established within North Star’s Transitional, Wetland, and
Riparian Communities. Reed canarygrass out-competes native vegetation through the formation of a
dense network of underground rhizomes. Through its aggressive colonization and formation of dense
monocultures, genetic diversity, wildlife habitat, insectivorous food and habitat are all negatively
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impacted. Even through multiple means of control, reed canarygrass is difficult to eradicate. Prescribed
burning, mechanical removal and chemical control are often attempted in combination, rarely with
effective results. However, as the root structure of reed canarygrass plays a beneficial role in bank
stabilization, removal of reed canarygrass is not suggested for North Star at this point in time.
Crack willow was frequently encountered in the Cottonwood-Dominated Riparian Community. As crack
willow is a highly aggressive introduced species that will negatively impact genetic diversity, wildlife,
avian, and insect habitat, as well as ecosystem functionality, it should be systematically removed from
North Star through mechanical and/or chemical means, and replaced with more beneficial site-specific
native willow and cottonwood ecotypes.
As noted earlier, North Star’s Aspen-Dominated Community appears highly stressed and suffering from
SAD. The primary causal agent for this decline is moisture stress, likely induced at least in part by climate
change, combined with wildfire suppression, and disease damage through wildlife-induced entry of
canker-borne diseases. Aspen reproduction, as noted through observation of the degree of resprouting,
was observed to be low to low-intermediate. Therefore, both Golder and Colorado Wildlife Science
recommend that wildlife protection through fencing is considered for the most impacted stands, as well as
surface scarification through the use of a spring-tooth harrow to stimulate aspen regeneration. It should
be noted, however, that scarification risks creating an opportunity for the spread of noxious weeds. Thus
any mechanical treatment to stimulate aspen regeneration must include an aggressive weed suppression
element.
Due to the frequent of observation of areas devoid of vegetation within the Transitional Community, soil
analysis was performed for a representative site, as presented in Figure 29. The soils for the sampled site
were determined to be Redrob Loam, Map Unit 92, which are fine-loamy over sandy or sandy-skeletal,
mixed (calcareous), frigid Fluvaquentic Haploquolls. While % solids, sodium Cation Exchange Capacity
(CEC) and that antimony, boron, selenium, silver, sodium, thallium, and mercury levels were present at
levels below the minimum analytical level, aluminum (3440 mg/kg), calcium (4610 mg/kg), iron (9810
mg/kg), and magnesium (1640 mg/kg), as well as phosphorus and potassium are present at levels
possibly warranting further investigation. A summary for the soils data for the representative sample is
presented in Table 26.
As noted earlier, the cause of the observed areas devoid of vegetation is believed to be the combination
of low organic matter with increased permeability that is inherent to alluvial mineral soils, with the
increased drying of the Transitional Community’s soils allowing for elevated subnivean mammal activity
(primarily pocket gophers and voles). A negative consequence of the resulting bare areas is that they
serve as open corridors for noxious weed colonization.

I:\14\1400717\0400\007 R Rev0\1400717 007 R Rev0 FINAL PitkinOSTNorthStarNatPres 12MAR15.docx

March 2015

116

1400717 007 R Rev0

For all areas, two primary stressors were observed as most impactful: (1) altered hydrology, and (2) the
expansion of noxious plant species. FACWet Analysis determined that the overall wetland score for North
Star to be “Functioning” at a 0.79 level, roughly analogous to a “C+” letter-grade. The largest stressors to
North Star were determined as: (i) the 38% annual average removal of the total upstream water from the
Roaring Fork River by the TMD and (ii) the historic agricultural practices of ditching, channelization, and
willow removal. The result is an approximately 30% reduction in the size of the North Star wetland
complex. The wetland reduction is causing a shift in site hydrology from a more hydric situation, to one
that is more mesic. This shift is reflected in the change in species composition from willow-cottonwood
and sedge-rush dominated systems, to early herbaceous communities containing an abundance of
invasive species.
To address the shift in wetland hydrology, Golder recommends better management of the site hydrology
by filling ditches, laterals, and superficial channels, removing/sealing headgates, and allowing beaver
activity to continue. Additionally, Golder recommends a comprehensive examination of on-site nonriverine hydrology, and its associated water rights, to better encourage water distribution and more
adequate hydration to support desired plant communities, both in composition and in structure. Through
improved water management, additional wetland areas can be rehydrated thereby improving the health of
surrounding vegetative communities, such as the adjacent quaking aspen at the base of Richmond
Ridge.
Reconnection of the upland meadows to a more-thorough hydration regime is important for the trajectory
of the North Star vegetation communities because it is likely to result in an ecological reversion to a more
diverse representation of the site-specific native flora that co-evolved with the site. This diversity is
important because:


It increases site resiliency to perturberance by catastrophic events such as disease,
insects, climate change, noxious/invasive species infestation, and non-traditional fire
regime



It improves North Star’s functionality as a genetic repository for a diverse array of flora,
fauna, and micro-organisms through offering a more broad-based of microsites and
habitats



It provides increased pollinator habitat to help counteract the erosion of the species from
the Roaring Fork Watershed and the Southern Rocky Mountain Region



It site moisture retention, thereby assisting with the provision of sustained hydration and
sustainable run-off for the Colorado River Basin and increases the buffering capacity for
the Roaring Fork Watershed



It provides increased root biomass, which in turn, serves to help reduce soil erosion and
sediment loss, thereby assisting with the provision of improved water quality and nutrient
uptake, retention, and cycling



It helps to provide the necessary woody materials that are necessary to help facilitate
improved fluvial geomorphic stabilization and rehydration of the site through beaver
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Conversely, allowing the current trajectory of the loss of soil moisture to continue by not better addressing
the continued loss of North Star’s hydrology is very likely to result in:


The continued increase in both occurrence and percent coverage of noxious/invasive
species, resulting in increased management costs and ecological consequences resulting
from the presence and continued expansion of these species



An increase in susceptibility to catastrophic disturbance by insects, disease, climate
alteration, and changing fire regimes



The continued loss of habitat, erosion of genetic diversity, and reduction in ecological
functionality that is associated with the conversion of endemic ecosystems to those that
are more novel and non-traditionally associated with North Star



Continued habitat loss and disruption of site-specific pollinator habitat for the Roaring
Fork Watershed



The likely continuance and exacerbation of the loss of site hydrology and conversion of
hydric to mesic ecosystem to one that is much more mesic to xeric in nature, likely
resulting in the continued loss of buffering capacity and moisture-holding capabilities



The continued loss of root biomass resulting in a greater occurrence of soil loss, bank
erosion, and sediment occurrence in the upper Roaring Fork Watershed and, therefore,
Colorado River basin



A further reduction in water quality, nutrient uptake, and chemical cycling for the AA

To better understand the likely effects of climate change, as coupled with the continued loss of hydration
from the North Star uplands, Golder recommends the establishment of two soil hydration monitoring
points in concert with the Aspen Global Change Initiative (AGCI). The first monitoring point should be
established in the Aspen-Dominated Community, whereas the second monitoring point should be
established in the Transitional Community. Each monitoring point should include a complete weather
station and soils moisture analysis station, similar to that established with AGCI on Sky Mountain Park.
This station should take multiple readings per day, throughout the year, so that a complete “picture” is
established over time that documents climate change and soil moisture profiles, as they affect North
Star’s ecosystems.
During the 2014 field survey, 21 groundwater well locations were observed within North Star and found,
for the most part, to be intact and functioning. Given the importance of groundwater monitoring and the
negative impact of the various hydrologic stressors, Golder recommends that a program of seasonal
groundwater monitoring be undertaken for North Star using, where possible, the existing wells. One
representative well per community type is recommended to be outfitted with an automated daily data
logger, whereas the remaining wells are recommended to be monitored four times annually (once per
spring, summer, fall, and winter).The wells should be inspected to determine if they are functional and
can be used for water monitoring. As well, historic ground-water data should be obtained and reviewed.
Through such implementation, a present-day program of non-riverine water monitoring can be
implemented and through which the hydrology of North Star can be better managed.
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Of particular interest is a small fen that was identified within the northwestern portion of North Star. Fens
are rare and ecologically significant wetlands in Colorado and the Rocky Mountains. A fen is defined as a
groundwater-fed wetland with saturated fibric organic soil (greater than or equal to 16”) that is classified
as a histosol in the NRCS Field Indicators of Hydric Soils in the United States, Version 7.0, 2010. Based
on their unique attributes, rarity, and slow formation, fens are given special status under the USFWS and
the USACE. Fens perform unique ecological functions through the removal of nutrients and heavy metals,
as well as by facilitating ground-water recharge and positive hydrologic impact upon their surroundings.
Fens are also important for wildlife and through the provision of unique biologic attributes, are home to
unique species assemblages. As such, Golder recommends that the spatial extent of the fen should be
mapped and the relevant soil properties, plant associations, and hydrology should be investigated and
described. Using aerial photography, the potential extent of the fen and contiguous wetlands that could be
critical to the persistence of the fen have been delineated and are estimated to encompass 15.8 acres at
North Star.
Golder recommends that Pitkin County consider participation in the USFS Ecotypic Seed Program to
further the collection and increase of local native populations that would be useful for future North Star
restoration efforts. Ecotypic seed programs require an average of 4 to 5 years before yielding appreciable
stock, hence such efforts should be initiated sooner rather than later. Similarly, Golder recommends that
plant material increase, through collection and subsequent propagation, should be made for the sitespecific riparian narrowleaf cottonwood, willow, and alder plant materials to be used for future North Star
river and wetland restoration efforts.
Finally, the stakes should be removed for all of the historically staked conifers on the North Star site, as
these have far outlasted their original purpose of stabilizing their respective trees.

3.5

Recommendations

In summary, based upon the 2014 Vegetation Survey for North Star, Golder recommends the following:


Continue vegetation monitoring on a 3-year basis for the five identified community types
– (1) Transitional, (2) Aspen-Dominated, (3) Big Sagebrush-Dominated, (4) WillowDominated Riparian, and (5) Cottonwood-Dominated Riparian.



Recommended Vegetation Monitoring intervals are as follows:
Monitoring Protocol

Interval

Transitional Community
Aspen-Dominated Community
Sagebrush-Dominated Community
Riparian Willow-Dominated Community
Riparian Cottonwood-Dominated Community

Every 3 years
Every 3 years
Every 3 years
Every 3 years
Every 3 years
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Every year at beginning and
end of growing season

On-site water wells should be inspected to determine if they are functional and can be
used for present-day water monitoring. In addition, historic groundwater data should be
obtained and analyzed. By doing so, a present-day program of non-riverine water
monitoring can be re-implemented allowing for improved, more efficient management of
North Star’s wetlands. Groundwater well monitoring intervals are recommended as
follows:
Monitoring Protocol

Interval

Transitional Community

Four times annually
(once per spring, summer, fall, winter)

Aspen-Dominated Community

Four times annually
(once per spring, summer, fall, winter)
Four times annually
(once per spring, summer, fall, winter)
Four times annually
(once per spring, summer, fall, winter)

Sagebrush-Dominated Community
Riparian Willow-Dominated Community
Riparian Cottonwood-Dominated Community
Representative Well per Community Type

Four times annually
(once per spring, summer, fall, winter)
Automatic daily data recorder

Of the 21 existing North Star groundwater wells, one representative well per community
type is recommended to be outfitted with an automated daily data logger, whereas the
remaining wells are recommended to be monitored four times annually (once per spring,
summer, fall, and winter).


Further investigate North Star’s water rights. Included in this investigation should be due
diligence regarding the water rights for the adjacent subdivision.



Begin to address North Star’s hydrologic shift by seeking regulatory approvals as well as
actions necessary to restore ecological functioning through activities such as modification
of ditches, irrigation laterals, and superficial channels, as well as sealing drainage
ditches, removing headgates to assist in the rehydration of the surrounding meadows in
such a manner as to encourage local beaver and wildlife activities and minimize
ecological impact.



Implement more aggressive noxious weed/invasive species management to address
absinth wormwood, plumeless thistle, Canada thistle, houndstongue, oxeye daisy, yellow
toadflax, and common mullein populations per Pitkin County guidelines (as presented
immediately below). Control of yellow toadflax, especially within the Aspen-Dominated
Community, is considered essential. Control of crack willow is strongly suggested,
whereas control of reed canarygrass is not considered practical, nor is recommended, at
this time.
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Cottonwood
Dominant

Willow
Dominant

Sagebrush

Common Name

Aspen

Scientific Name

Transitional

Community Type

Notation

Noxious Species
Artemisia absinthum

Absinth wormwood

3.8

Carduus acanthoides

Plumeless thistle

Cirsium arvense

Canada thistle

Cvnoglossum officinale

Houndstongue

observed

Leucanthemum vulgare

Oxeye daisy

observed

Linaria vulqaris

Yellow toadflax

observed

Verbascum thapsus

Common mullein

observed

Phalaris arundinancea

Reed canarygrass

28

Salix fragilis

Crack willow

CO Noxious Weed List B,
Pitkin List B – Eradication
observed

observed

7.3

observed

CO Noxious Weed List B,
Pitkin List B – Eradication

observed

CO Noxious Weed List B,
Pitkin List B – Suppression

observed

CO Noxious Weed List B,
Pitkin List B – Suppression

observed

CO Noxious Weed List B,
Pitkin List B – Containment

observed

CO Noxious Weed List B,
Pitkin List B – Suppression
CO Noxious Weed List C,
Pitkin List C – Suppression
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Monitoring recommendation for noxious and invasive species is presented with the
recommendation for vegetation monitoring (bullet point #2).


Given its regional significance, the fen should be further investigated and characterized.



A Proper Functioning Condition assessment should be conducted to determine the
physical functioning of the fen through consideration of hydrology, vegetation, and
soil/landform attributes. Such an assessment will determine if current conditions will allow
continued development and persistence of the fen.



Consider further investigation of soil geochemistry. Again, the primary causal agent for
areas devoid of vegetation with the Transitional Community is believed to be the
combination of increased subnivean vole and pocket gopher activity, through reduced
wetland hydrology, in concert with low organic matter with increased permeability that is
inherent to alluvial mineral soils.



Promote improved aspen regeneration through improved protection for young trees from
ungulate herbivory and active soil scarification within existing stands.



Establish two climate change monitoring sites in partnership with the Aspen Global
Change Institute (AGCI). One site should be located within the Aspen-Dominated
Community, whereas the second site should be located within the Transitional
Community. Each site should involve multiple measurement points and frequent data
sampling (multiple times daily, each day, throughout the year).



Improved interpretive signage for wetland and riparian areas to provide increased public
awareness and education, as well as to provide improved refugia for sensitive wildlife and
plant species.



Initiation of ecotypic seed and vegetative propagule increase program to create the plant
materials necessary to initiate a site-specific revegetation program.



Remove the stakes and guide-wires from the base of North Star’s conifers, as they have
far outlasted their original purpose.
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The wetlands for the North Star Nature Preserve (North Star) were evaluated using the Functional
Assessment of Colorado Wetlands (FACWet) Method, version three as developed in 2013 by Dr. Brad
Johnson of the Department of Biology, Colorado State University and Mark Beardsley and Jessica Dorn,
of EcoMetrics. FACWet was developed in collaboration with the Colorado Department of Transportation,
the U.S. Army Corps of Engineers (USACE), and the U.S. Environmental Protection Agency (EPA).
FACWet was created to address the regulatory community’s need for a functional assessment method
through which to address the Clean Water Act in Colorado.
Clean Water Act Section 404(b)(1) guidelines require that impacts to wetlands are to be avoided or
minimized to the extent practicable. If wetland impacts are unavoidable, the Clean Water Act generally
requires compensatory mitigation for those losses. FACWet was developed through review of existing
rapid wetland assessment methodologies, such as the California Rapid Assessment Model (CRAM), to
use hydrogeomorphic stressors to create an information matrix. Through investigation of eight ecological
factors known as the “State Variables,” wetland functionality is determined by gauging departure from a
known Reference Standard. FACWet serves as a relative index to determine and document such
functional variance.
Golder’s management recommendations are focused on ways to improve ecological function; conserve,
enhance, and restore natural plant communities; protect sensitive habitat types; and maintain biodiversity
of native plants and animals. Through implementation and monitoring, we can ensure rich wildlife habitat,
proper ecological function, and scenic vistas to be appreciated by the public.

4.2

FACWet Summary for the North Star Nature Preserve

4.2.1

Administrative Characterization

FACWet analysis for the North Star Assessment Area (AA) was performed from July 1 through August 28,
2014,

by

Randy

Mandel

and

Travis

Morse.

The

site

coordinates

for

North

Star

are

39.173020 N, -106.798286 W. The extent of the AA is 247 ac, of which approximately 50 ac are
estimated to satisfy federal wetland criteria. The AA is located within North Star on both sides of the
Roaring Fork River. The river channel serves as a boundary between protected and public areas of the
Nature Preserve. Recreational use is not allowed on the west side of the river. The AA plant associations
include meadow habitat, riparian vegetation, emergent wetlands, a fen, and shrub-dominated wetland.
The shrub-dominated wetland is a conservation priority as identified by Colorado Natural Heritage
Program (CNHP). The wetlands are well vegetated, have a variety of plant forms (herbaceous, shrub, and
tree), and are able to contribute wood, leaves, and detritus to the surrounding environment. The well-
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vegetated condition of the wetland enables it to intercept sediments, nutrients and toxicants. Additionally,
the AA contains a high percentage of hummocks and complex microtopography that provides pooling
areas and increased surface areas for retaining pollutants. Characteristic native wetland and riparian
vegetation includes various sedges (Carex aquatilis, C. brevior, C. illiota, and C. utriculata) and willows
(Salix bebbiana, S. drummondiana, S. geyeriana, S. lasiandra, and S. monticola) as well as cottonwood
(Populus angustifolia) and blue spruce (Picea pungens) trees.

4.2.2

Ecological Description

Several special concerns are noted for North Star : (1) organic soils, i.e., histosols, are present in the AA;
(2) organic soils are known to occur within the contiguous wetland of which the AA is part; (3) the AA is a
“habitat oasis” in an otherwise dry landscape; (4) federally threatened or endangered species including
Canada lynx (Lynx canadensis), boreal owls (Aegolius funereus), boreal toads (Anaxyrus boreas boreas),
and pygmy shrews (Sorex hoyi) have the potential to occur at the AA; and (5) the site is located within an
area managed for conservation. North Star’s wetlands belong to one of two HGM Classes – Riverine or
Depressional – and are further defined as Palustrine emergent and Palustrine Shrub-Scrub habitat types.
Historic agricultural land-use removed wetlands and characteristic vegetation. While the HGM class has
not changed, it is likely that hydrodynamics and water source to the AA historically included groundwater
and vertical influences. Each year, an average of 38% of the Roaring Fork River above the AA is diverted
by the Twin Lakes tunnel to Twin Lakes on the eastern side of Independence Pass. Additionally, Highway
82, which parallels the Roaring Fork River east of the AA, provides a conduit for the spread of invasive
and noxious plant species.
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Variable 1 – Habitat Connectivity (Score 0.77)

Concerning Neighboring Wetland and Riparian Habitat Loss, Habitat Connectivity was determined to be
Functioning (“C”) due to the area having from 60 to 80% of the historic wetland habitat within the Habitat
Connectivity Envelope (HCE). Approximately 30% of historical wetland habitat has been lost. The area
has been modified primarily through changes in the hydrologic regime caused by annual transmountain
diversions. Additionally, historic agricultural operations removed characteristic vegetation and introduced
non-native hay grasses (e.g., smooth brome (Bromus inermis), orchardgrass (Dactylis glomerata), and
European timothy (Phleum pratense). Public access to the AA is currently restricted and the AA is
managed for conservation. As such, Neighboring Wetland and Riparian Habitat Loss received a subscore of 0.73.
Concerning Migration/Dispersal Barriers, Habitat Connectivity was determined to be Functioning (“C”).
Barriers to migration retard the ability for the flora and fauna of many species to pass between the AA and
up to 66% of wetland/riparian habitat. Stressors include: (1) Colorado Highway 82, and to a lesser
degree, North Star Drive and Tertiary Roadways; (2) the influence of the residential subdivision and
associated artificial water impoundments; (3) the presence of fencing, ditching, water control structures,
and culverts; and (4) the influence of recreation. As such, Migration/Dispersal Barriers received a subscore of 0.80.

4.2.4

Variable 2 – Contributing Area (Score 0.75)

Contributing Area Buffer was determined to be Functioning (“C”). Buffer vegetation is primarily composed
of non-native species and vegetation structure has been altered through land clearing through forestry
and agriculture. Soils have had moderate disturbance and compaction, again primarily through
agricultural practice. Approximately 75% of the AA was buffered, with the average buffer width of 159 m.
Contributing Area Surrounding Land Use was determined to be Functioning (“C”). While some change in
land-use has occurred in the surrounding landscape, these changes have had minimal effect on the
landscape’s capacity to support aquatic functioning. Contributing factors include: (1) the residential
subdivision; (2) Colorado Highway 82; (3) dams and impoundments upstream of the site; (4) the presence
of artificial bodies (gravel pits); and (5) recreational impacts.

4.2.5

Variable 3 – Water Source (Score 0.74)

Water Source was determined to be Functioning (“C”) due to the water depletion caused by the following
stressors: (1) the notable effects of the Twin Lakes Transmountain Diversion (TMD) and Dams (such as
Tagert Lake), as well as smaller diversions, dams, and ditches above and within the AA; (2) the presence
of fixed-elevation culverts; (3) actively managed hydrology; and (4) the point- and non-point effects of the
upstream dam(s).
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Variable 4 – Water Distribution (Score 0.69)

Water Distribution was determined to be Functioning-Impaired (“D”) due to from 33 to 66% of the AA
being affected by hydrologic alteration, which changes the functioning of the wetland system. For nonriverine areas, the majority of this effect was realized in the reduction in the elevation of the seasonal
ground-water table, whereas for riverine areas, this impact was primarily realized as atypical periods of
drying and a uniform reduction in the hydrograph associated with root-depth. This is the consequence of:
(1) the Roaring Fork River being controlled, altered, diverted, and regulated; (2) old irrigation ditches and
water laterals; and (3) the constriction caused by fixed-elevation culverts.

4.2.7

Variable 5 – Water Outflow (Score 0.74)

Water Outflow was determined to be Functioning (“C”) due to the hydrodynamics of high or low-water
flows being moderately affected. This is due to: (1) the hydrology being altered by the upstream TMD and
water management; (2) various fill material and water-control structures serving as a dike; and (3) the
effect of culverts serving to constrict out-flow.

4.2.8

Variable 6 – Geomorphology (Score 0.79)

Geomorphology was determined to be Functioning (“C”) due to the changes in AA topography being
pervasive, but generally mild to moderate in severity. The geomorphologic stressors include: (1) minor
amounts of fill on the north end of the AA; (2) historical site grading; and (3) historical site compaction.

4.2.9

Variable 7 – Water and Soil Chemical Environment (Score 0.89)

Water and Soil Chemical Environment was determined to be borderline between Reference Standard
(“A”) and Highly Functioning (“B”). Taken individually, the scores for the specific sub-factors are:


Nutrient Enrichment/Eutrophication/Dissolved
Standard ”A.”

Oxygen:

Score

0.97

–

Reference



Sedimentation/Turbidity: Score 0.98 – Reference Standard “A.”



Toxic Contamination/pH: Score 0.95 – Reference Standard “A.” Primary factor is bacteria
and nutrients from livestock waste, as well as fertilizers, herbicides, and insecticides from
agricultural run-off.



Temperature Score 0.95 – Reference Standard “A.” Primary factor is the discharge from
Tagert Lake.



Soil Chemistry/Redox Potential – Score 0.83 – Highly Functioning “B.” This is the result
of minor historic saturation/desaturation; mechanical soil disturbance; and
dumping/introduced soil.

4.2.10 Variable 8 – Vegetation Structure and Complexity (Score 0.75)
Vegetation Structure and Complexity was determined to be Functioning (“C”) due to stressors present
with enough intensity to cause significant changes in the character of vegetation, including alteration of
layer coverage, structural complexity, and species composition. Noxious and/or invasive species present
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include plumeless thistle (Carduus acanthoides), Canada thistle (Cirsium arvense), oxeye daisy
(Leucanthemum vulgare), yellow toadflax (Linaria vulgaris), houndstongue (Cynoglossum officinale), and
reed canarygrass (Phalaris arundinacea). Additional historic stressors include (1) tree harvest; (2) brush
cutting and shrub removal; (3) livestock grazing; (4) excessive herbivory; (5) mowing and haying; (6) the
loss of zonation/homogenization through the vegetative shift from hydric to mesic; and (7) the current use
of herbicide.
The overall FACWet score for North Star was 0.79, which is Functioning “C.”

4.3

Recommendations

FACWet Analysis determined the overall wetland score for North Star to be “Functioning” at a 0.79 level,
roughly analogous to a “C+” letter-grade. The largest stressors to North Star are (1) the 38% annual
average removal of the total upstream water from the Roaring Fork River by the TMD and (2) the historic
agricultural practices of ditching, channelization, and willow removal. The result of these stressors is an
approximately 30% reduction in the size of the North Star wetland complex. The wetland reduction is
causing a shift in site hydrology from a more hydric situation, to one that is more mesic or, in some cases,
xeric. This shift is reflected in the change in species composition from willow-cottonwood and sedge-rush
dominated systems, to early herbaceous communities containing an abundance of invasive species, as
noted in Sections 2.8.
To address the shift in wetland hydrology, Golder’s recommendations are to better manage the site’s
hydrology by filling ditches, laterals, and superficial channels, removing/sealing headgates, and protecting
beaver activity. Additionally, Golder recommends a comprehensive examination of on-site non-riverine
hydrology, and its associated water rights, to better encourage water distribution and more adequate
hydration to encourage desired plant communities, both in composition and in structure. Through
improved water management, additional wetland areas can be rehydrated, as can their surrounding
transitional vegetative communities. The on-site water wells should be inspected to determine if they are
functional and can be used for present-day water monitoring. In addition, historic ground-water data
should be obtained and analyzed. By doing so, a present-day program of non-riverine water monitoring
can be re-implemented allowing for improved, more efficient management of North Star’s wetlands.
Active management is required to maintain riparian functions and values and to more rapidly redirect the
trajectory of North Star’s wetland communities toward the desired vegetative form and structure.
Plant diversity should be enhanced to better serve as corridors between foraging areas, breeding areas,
and seasonal ranges, and to provide protected dispersal routes for North Star’s abundant wildlife.
Protected access to water is also an essential attribute of intact riparian habitat and plantings should be
used to enhance both sides of the Roaring Fork River. Woody plants should be added using uneven-aged
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techniques such as single tree or small group selection. Planting and seeding are recommended to
provide increased protection to aquatic habitats, protect wildlife trails, and allow a reliable long-term
supply of cavity trees, snags, and down woody material.
A more active program of weed management and on site-seeding with ecotypic site-specific seed mixes
based on soil types and reference sites is strongly recommended to help stem the ingress and spread of
noxious and weed species on-site and to adjacent areas. Golder recommends the use of appropriate
herbicides to control noxious weeds and invasive, nonnative shrubs (e.g., crack willow – Salix fragilis).
These undesirable plants should be replaced with appropriate native species to supplement natural
regeneration. Likewise, adjacent landowners should be encouraged to undertake efforts to control target
non-native vegetation on their lands.
Lastly, Golder recommends further investigation of sensitive habitat types within North Star with particular
attention to the fen in the northwestern portion of North Star. Fens are rare and ecologically significant
wetlands in Colorado and the Rocky Mountains. A fen is defined as a groundwater-fed wetland with
saturated fibric organic soil (greater than or equal to 16”) that is classified as a histosol in the Natural
Resources Conservation Service’s (NRCS) Field Indicators of Hydric Soils in the United States, Version
7.0, 2010. The spatial extent of fen habitat should be mapped and the relevant soil properties, plant
associations, and hydrology should be investigated and described.
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North Star Nature Preserve – Geomorphology Photo Log

PHOTO 1
Riprap placed on bank
immediately downstream of
Stillwater Road

PHOTO 2
Riprap placed on bridge piers
at Stillwater Road

PHOTO 3
Typical point bar succession
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North Star Nature Preserve – Geomorphology Photo Log

PHOTO 4
In-stream structure located
down gradient of head gate

PHOTO 5
Typical eroding cutbank
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North Star Nature Preserve – Geomorphology Photo Log

PHOTO 6
Typical eroding cutbank Note
how the willow has been
flanked

PHOTO 7
Streambank was historically
colonized by willows
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North Star Nature Preserve – Geomorphology Photo Log

PHOTO 8
This area is known as “the
beach” and provides access to
the river Note the sand
material was historically
imported

PHOTO 9
Typical cutbank in the
background with the aggrading
point bar in the foreground
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North Star Nature Preserve – Geomorphology Photo Log

PHOTO 10
Willow cuttings from beaver
activity

PHOTO 11
Beaver building small dam on
a “flanked” willow on the
mainstem

PHOTO 12
Large woody debris near the
paraglide landing
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North Star Nature Preserve – Geomorphology Photo Log

PHOTO 13
Large cottonwood trees that
may be threatened with
continued cutbank erosion

PHOTO 14
Active cutbank on the JSOS
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North Star Nature Preserve – Geomorphology Photo Log

PHOTO 15
Actively-forming point bar on
the JSOS

PHOTO 16
Farthest upstream point
examined on the JSOS
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North Star Nature Preserve – Geomorphology Photo Log

PHOTO 17
Active beaver run
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The soil samples were taken along the bed and bank of the Roaring Fork River (Figure B-1).

Figure B-1:

Cross Section and Sediment Sample Locations for the North Star Nature Preserve
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NRCS Soils groups these soils into three soil types, all of which are loams (Figure B-2):

Map Symbol
76 = Mine loam, 12 to 25 percent
slopes
77 = Mine loam, 25 to 65 percent
slopes
92 = Redrob loam, 1 to 6 percent
slopes
120 = water

Figure B-2:

Soils Map (Aspen-Gypsum Area, Colorado, Parts of Eagle, Garfield, and Pitkin
Counties (CO655)

The Golder soils laboratory tested the bank samples and produced the following figures. The Wolman
Pebble Count method (Wolman 1954) was used to develop gradations for the bed materials.
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PARTICLE SIZE DISTRIBUTION & ATTERBERG LIMITS

ASTM D421, D422, D4318
PROJECT NAME:
SAMPLE ID:
TYPE:
3-in

2-in 1.5-in

1-in 3/4-in

3/8-in

Pitkin Cnty/Ecological Svcs/CO
XS2
Bag
#4

#10

#20

#40

#60

DEPTH (ft): -#100

#200

100
90
80

60
50
40
30
20
10
0
100

10

1

0.1

0.01

0.001

Particle Size (mm)
Particle Size
(mm)

% Passing

3-in

75.0

100.0

2-in

50.0

100.0

1.5-in

37.5

100.0

1-in

25.0

100.0

3/4-in

19.0

100.0

3/8-in

9.5

100.0

#4

4.75

100.0

#10

2.00

99.2

#20

0.850

98.9

60
U-Line

Description

Percentage

Coarse Gravel

0.00

A-line

50

Fine Gravel

0.00

Coarse Sand

0.79

Medium Sand

0.67

Fine Sand

6.31

CH or OH

Plasticity Index (PI)

Sieve

40

30
MH or OH

20

CL or OL

#40

0.425

98.5

#60

0.250

98.2

#100

0.150

97.4

#200

0.075

92.2

0.031

74.4

0.020

60.5

0.012

46.4

0.009

38.9

0.006

33.3

LL

PL

PI

0.003

24.6

--

--

--

0.001

16.6

Hydrometer Analysis

Sieve Analysis
(Initial Separation on No. 4 Sieve)

Percent Passing

70

10
CL - ML

ML or OL

0
0
Fines

10

20

30

40
50
60
70
Liquid Limit (LL)

80

90

100

110

92.23

Visual Description (Golder Procedure):

As-Received Moisture Content (%)

USCS Group Symbol

--

--

SILTY CLAY, trace organics, dark yellowish
brown, moist

Notes: 0g of particles up to 4.75mm maximum size were removed from particle size analysis sample prior to testing
Particle size analysis sample mechanically dispersed using Stirring Apparatus A for about 1 minute

TECH
DATE
REVIEW

RJM
8/4/2014
MB
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PARTICLE SIZE DISTRIBUTION & ATTERBERG LIMITS

ASTM D421, D422, D4318
PROJECT NAME:
SAMPLE ID:
TYPE:
3-in

2-in 1.5-in

1-in 3/4-in

3/8-in

Pitkin Cnty/Ecological Svcs/CO
XS4
Bag
#4

#10

#20

#40

#60

DEPTH (ft): -#100

#200

100
90
80

60
50
40
30
20
10
0
100

10

1

0.1

0.01

0.001

Particle Size (mm)
Particle Size
(mm)

% Passing

3-in

75.0

100.0

2-in

50.0

100.0

1.5-in

37.5

100.0

1-in

25.0

100.0

3/4-in

19.0

100.0

3/8-in

9.5

100.0

#4

4.75

100.0

#10

2.00

99.7

#20

0.850

99.1

60
U-Line

Description

Percentage

Coarse Gravel

0.00

A-line

50

Fine Gravel

0.00

Coarse Sand

0.33

Medium Sand

1.56

Fine Sand

35.22

CH or OH

Plasticity Index (PI)

Sieve

40

30
MH or OH

20

CL or OL

#40

0.425

98.1

#60

0.250

94.0

#100

0.150

77.6

#200

0.075

62.9

0.032

56.0

0.021

47.8

0.012

38.3

0.009

33.1

0.006

28.4

LL

PL

PI

0.003

20.3

--

--

--

0.001

13.9

Hydrometer Analysis

Sieve Analysis
(Initial Separation on No. 4 Sieve)

Percent Passing

70

10
CL - ML

ML or OL

0
0
Fines

10

20

30

40
50
60
70
Liquid Limit (LL)

80

90

100

110

62.89

Visual Description (Golder Procedure):

As-Received Moisture Content (%)

USCS Group Symbol

--

--

SILTY CLAY and SAND, trace organics, dary
yellowish brown, moist

Notes: ___ g of particles up to ____ maximum size were removed from particle size analysis sample prior to testing
Particle size analysis sample mechanically dispersed using Stirring Apparatus A for about 1 minute

TECH
DATE
REVIEW

RJM
8/4/2014
MB

Cross-Section 5 Wolman Pebble Count
100.0%
90.0%

Percent Passing

80.0%
70.0%
60.0%
50.0%
40.0%
30.0%
20.0%
10.0%
0.0%
1000.00

100.00

10.00

1.00

Particle Size (mm)

Particle Size
(mm)
0.07
0.19
0.31
0.43
1.23
2.03
3.43
4.83
6.35
12.70
19.05
25.40
31.75
38.10
44.45
50.80
57.15
431.80

Description
Silt
Sandy Silt
Silty Sand
Fine Sand
Med Sand
Coarse Sand
CS/Gravel
Gravel
1/4"
1/2"
3/4"
1"
1-1/4"
1-1/2"
1-3/4"
2"
2-1/4"
17"

% Passing
1.8%
4.5%
4.5%
4.5%
4.5%
4.5%
7.3%
11.8%
13.6%
41.8%
74.5%
93.6%
99.1%
99.1%
99.1%
99.1%
99.1%
100.0%

0.10

0.01
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PARTICLE SIZE DISTRIBUTION & ATTERBERG LIMITS

ASTM D421, D422, D4318
PROJECT NAME:
SAMPLE ID:
TYPE:
3-in

2-in 1.5-in

1-in 3/4-in

3/8-in

Pitkin Cnty/Ecological Svcs/CO
XS6
Bag
#4

#10

#20

#40

#60

DEPTH (ft): -#100

#200

100
90
80

60
50
40
30
20
10
0
100

10

1

0.1

0.01

0.001

Particle Size (mm)
Particle Size
(mm)

% Passing

3-in

75.0

100.0

2-in

50.0

100.0

1.5-in

37.5

100.0

1-in

25.0

99.2

3/4-in

19.0

98.5

3/8-in

9.5

79.8

#4

4.75

58.6

#10

2.00

45.7

#20

0.850

33.5

60
U-Line

Description

Percentage

Coarse Gravel

1.50

A-line

50

Fine Gravel

39.86

Coarse Sand

12.98

Medium Sand

25.89

Fine Sand

17.35

CH or OH

Plasticity Index (PI)

Sieve

40

30
MH or OH

20

CL or OL

#40

0.425

19.8

#60

0.250

8.1

#100

0.150

4.1

#200

0.075

2.4

0.036

2.3

0.023

2.1

0.013

1.8

0.010

1.6

0.007

1.3

LL

PL

PI

0.003

1.0

--

--

--

0.001

0.6

Hydrometer Analysis

Sieve Analysis
(Initial Separation on No. 4 Sieve)

Percent Passing

70

10
CL - ML

ML or OL

0
0
Fines

10

20

30

40
50
60
70
Liquid Limit (LL)

80

90

100

110

2.41

USCS Description (ASTM D 2487):

As-Received Moisture Content (%)

USCS Group Symbol

--

SP

Poorly graded sand with gravel, brownish yellow,
moist

Notes: ___ g of particles up to ____ maximum size were removed from particle size analysis sample prior to testing
Particle size analysis sample mechanically dispersed using Stirring Apparatus A for about 1 minute

TECH
DATE
REVIEW

RJM
8/4/2014
MB
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PARTICLE SIZE DISTRIBUTION & ATTERBERG LIMITS

ASTM D421, D422, D4318
PROJECT NAME:
SAMPLE ID:
TYPE:
3-in

2-in 1.5-in

1-in 3/4-in

3/8-in

Pitkin Cnty/Ecological Svcs/CO
XS7
Bag
#4

#10

#20

#40

#60

DEPTH (ft): -#100

#200

100
90
80

60
50
40
30
20
10
0
100

10

1

0.1

0.01

0.001

Particle Size (mm)
Particle Size
(mm)

% Passing

3-in

75.0

100.0

2-in

50.0

100.0

1.5-in

37.5

100.0

1-in

25.0

100.0

3/4-in

19.0

100.0

3/8-in

9.5

100.0

#4

4.75

100.0

#10

2.00

99.3

#20

0.850

98.6

60
U-Line

Description

Percentage

Coarse Gravel

0.00

A-line

50

Fine Gravel

0.00

Coarse Sand

0.70

Medium Sand

1.79

Fine Sand

35.39

CH or OH

Plasticity Index (PI)

Sieve

40

30
MH or OH

20

CL or OL

#40

0.425

97.5

#60

0.250

94.4

#100

0.150

83.9

#200

0.075

62.1

0.032

45.2

0.021

36.5

0.013

28.2

0.009

24.0

0.006

20.4

LL

PL

PI

0.003

14.3

--

--

--

0.001

10.2

Hydrometer Analysis

Sieve Analysis
(Initial Separation on No. 4 Sieve)

Percent Passing

70

10
CL - ML

ML or OL

0
0
Fines

10

20

30

40
50
60
70
Liquid Limit (LL)

80

90

100

110

62.13

Visual Description (Golder Procedure):

As-Received Moisture Content (%)

USCS Group Symbol

--

--

CLAYEY SILT, trace organics, slight plasticity,
olive brown, moist

Notes: ___ g of particles up to ____ maximum size were removed from particle size analysis sample prior to testing
Particle size analysis sample mechanically dispersed using Stirring Apparatus A for about 1 minute

TECH
DATE
REVIEW

RJM
8/4/2014
MB

Cross-Section 7 Wolman Pebble Count
100.0%
90.0%

Percent Passing

80.0%
70.0%
60.0%
50.0%
40.0%
30.0%
20.0%
10.0%
0.0%
100.00

10.00

1.00
Particle Size (mm)

Particle Size
(mm)
0.07
0.25
0.43
1.23
2.03
4.83
6.35
12.70
19.05
25.40
31.75
38.10
44.45
50.80
57.15

Description
Silt
Silty Sand
Fine Sand
Med Sand
Coarse Sand
Gravel
1/4"
1/2"
3/4"
1"
1-1/4"
1-1/2"
1-3/4"
2"
2-1/4"

% Passing
0.0%
2.6%
13.9%
14.8%
15.7%
18.3%
20.0%
32.2%
47.0%
65.2%
77.4%
92.2%
95.7%
99.1%
100.0%

0.10

0.01

APPENDIX C
USFWS LETTER FOR WILDLIFE REPORT

United States Department of the Interior
FISH AND WILDLIFE SERVICE
Western Colorado Ecological Services Field Office
764 HORIZON DRIVE, BUILDING B
GRAND JUNCTION, CO 81506
PHONE: (970)243-2778 FAX: (970)245-6933
URL: www.fws.gov/mountain-prairie/es/Colorado/;
www.fws.gov/platteriver/

Consultation Tracking Number: 06E24100-2014-SLI-0191
Project Name: North Star Nature Preserve Baseline Surveys

September 15, 2014

Subject: List of threatened and endangered species that may occur in your proposed project
location, and/or may be affected by your proposed project.

To Whom It May Concern:
The enclosed species list identifies threatened, endangered, proposed and candidate species, as
well as proposed and final designated critical habitat, that may occur within the boundary of
your proposed project and/or may be affected by your proposed project. The species list fulfills
the requirements of the U.S. Fish and Wildlife Service (Service) under section 7(c) of the
Endangered Species Act (Act) of 1973, as amended (16 U.S.C. 1531 et seq.).
New information based on updated surveys, changes in the abundance and distribution of
species, changed habitat conditions, or other factors could change this list. Please feel free to
contact us if you need more current information or assistance regarding the potential impacts to
federally proposed, listed, and candidate species and federally designated and proposed critical
habitat. Please note that under 50 CFR 402.12(e) of the regulations implementing section 7 of
the Act, the accuracy of this species list should be verified after 90 days. This verification can
be completed formally or informally as desired. The Service recommends that verification be
completed by visiting the ECOS-IPaC website at regular intervals during project planning and
implementation for updates to species lists and information. An updated list may be requested
through the ECOS-IPaC system by completing the same process used to receive the enclosed
list.
The purpose of the Act is to provide a means whereby threatened and endangered species and
the ecosystems upon which they depend may be conserved. Under sections 7(a)(1) and 7(a)(2)
of the Act and its implementing regulations (50 CFR 402 et seq.), Federal agencies are required
to utilize their authorities to carry out programs for the conservation of threatened and
endangered species and to determine whether projects may affect threatened and endangered
species and/or designated critical habitat.

A Biological Assessment is required for construction projects (or other undertakings having
similar physical impacts) that are major Federal actions significantly affecting the quality of the
human environment as defined in the National Environmental Policy Act (42 U.S.C. 4332(2)
(c)). For projects other than major construction activities, the Service suggests that a biological
evaluation similar to a Biological Assessment be prepared to determine whether the project may
affect listed or proposed species and/or designated or proposed critical habitat. Recommended
contents of a Biological Assessment are described at 50 CFR 402.12.
If a Federal agency determines, based on the Biological Assessment or biological evaluation,
that listed species and/or designated critical habitat may be affected by the proposed project, the
agency is required to consult with the Service pursuant to 50 CFR 402. In addition, the Service
recommends that candidate species, proposed species and proposed critical habitat be addressed
within the consultation. More information on the regulations and procedures for section 7
consultation, including the role of permit or license applicants, can be found in the "Endangered
Species Consultation Handbook" at:
http://www.fws.gov/endangered/esa-library/pdf/TOC-GLOS.PDF
Please be aware that bald and golden eagles are protected under the Bald and Golden Eagle
Protection Act (16 U.S.C. 668 et seq.), and projects affecting these species may require
development of an eagle conservation plan
(http://www.fws.gov/windenergy/eagle_guidance.html). Additionally, wind energy projects
should follow the wind energy guidelines (http://www.fws.gov/windenergy/) for minimizing
impacts to migratory birds and bats.
Guidance for minimizing impacts to migratory birds for projects including communications
towers (e.g., cellular, digital television, radio, and emergency broadcast) can be found at:
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/towers.htm;
http://www.towerkill.com; and
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Hazards/towers/comtow.html.
We appreciate your concern for threatened and endangered species. The Service encourages
Federal agencies to include conservation of threatened and endangered species into their project
planning to further the purposes of the Act. Please include the Consultation Tracking Number in
the header of this letter with any request for consultation or correspondence about your project
that you submit to our office.
Attachment
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United States Department of Interior
Fish and Wildlife Service
Project name: North Star Nature Preserve Baseline Surveys

Official Species List
Provided by:
Western Colorado Ecological Services Field Office
764 HORIZON DRIVE, BUILDING B
GRAND JUNCTION, CO 81506
(970) 243-2778
http://www.fws.gov/mountain-prairie/es/Colorado/
http://www.fws.gov/platteriver/

Consultation Tracking Number: 06E24100-2014-SLI-0191
Project Type: Land - Management Plans
Project Description: Baseline ecological surveys in support of the North Star Nature Preserve
Management Plan

http://ecos.fws.gov/ipac, 09/15/2014 10:56 AM

1

United States Department of Interior
Fish and Wildlife Service
Project name: North Star Nature Preserve Baseline Surveys

Project Counties: Pitkin, CO

http://ecos.fws.gov/ipac, 09/15/2014 10:56 AM
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United States Department of Interior
Fish and Wildlife Service
Project name: North Star Nature Preserve Baseline Surveys

Endangered Species Act Species List
There are a total of 10 threatened or endangered species on your species list. Species on this list should be considered in
an effects analysis for your project and could include species that exist in another geographic area. For example, certain
fish may appear on the species list because a project could affect downstream species. Critical habitats listed under the
Has Critical Habitat column may or may not lie within your project area. See the Critical habitats within your
project area section further below for critical habitat that lies within your project. Please contact the designated FWS
office if you have questions.

Birds

Status

Has Critical Habitat

Mexican Spotted owl (Strix

Threatened

Final designated

Yellow-Billed Cuckoo (Coccyzus

Proposed

Proposed

americanus)

Threatened

occidentalis lucida)
Population: Entire

Population: Western U.S. DPS

Fishes
Bonytail chub (Gila elegans)

Endangered

Final designated

Endangered

Final designated

Population: Entire

Colorado pikeminnow (Ptychocheilus
lucius)
Population: Entire, except EXPN

Greenback Cutthroat trout

Threatened

(Oncorhynchus clarki stomias)
Population: Entire

Humpback chub (Gila cypha)

Endangered

Final designated

Endangered

Final designated

Population: Entire

Razorback sucker (Xyrauchen

http://ecos.fws.gov/ipac, 09/15/2014 10:56 AM
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Condition(s)

United States Department of Interior
Fish and Wildlife Service
Project name: North Star Nature Preserve Baseline Surveys

texanus)
Population: Entire

Flowering Plants
Ute ladies'-tresses (Spiranthes

Threatened

diluvialis)
Insects
Uncompahgre Fritillary butterfly

Endangered

(Boloria acrocnema)
Population: Entire

Mammals
Canada Lynx (Lynx canadensis)

Threatened

Population: (Contiguous U.S. DPS)

http://ecos.fws.gov/ipac, 09/15/2014 10:56 AM
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United States Department of Interior
Fish and Wildlife Service
Project name: North Star Nature Preserve Baseline Surveys

Critical habitats that lie within your project area
There are no critical habitats within your project area.

http://ecos.fws.gov/ipac, 09/15/2014 10:56 AM
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APPENDIX D
MAPS – WILDLIFE ASSESSMENT AND MANAGEMENT RECOMMENDATIONS
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Map 1. Wildlife Surveys - TVES Transects &
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Map 2. Wildlife Surveys - Avian Point Transect,
Nocturnal Bird Points & Diurnal Raptor Transect
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Map 3. Wildlife Surveys - Detections & Observations
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Map 4. Wildlife Surveys - CPW SAM
Mule Deer & Elk Seasonal Habitats
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Table E-1: List of Bird Species Detected at North Star during Avian Monitoring 2000-2014
Common Name

Scientific Name

4-Letter Code

American coot

Fulica americana

AMCO

American crow

Corvus brachyrynchos

AMCR

American robin

Turdus migratorius

AMRO

Band-tailed pigeon

Patagioenas fasciata

BTPI

Bank swallow

Riparia riparia

BANS

Barn swallow

Hirundo rustica

BARS

Belted kingfisher

Megaceryle alcyon

BEKI

Brewer’s blackbird

Euphagus cyanocephalus

BRBL

Black-billed magpie

Pica hudsonia

BBMA

Black-capped chickadee

Poecile atricapillus

BCCH

Black-headed grosbeak

Pheucticus melanocephalus

BHGR

Broad-tailed hummingbird

Selasphorus platycercus

BTLH

Brown creeper

Certhia americana

BRCR

Brown-headed cowbird

Molothrus ater

BHCO

Canada goose

Branta canadensis

CAGO

Cedar waxwing

Bombycilla cedrorum

CEDW

Chipping sparrow

Spizella passerina

CHSP

Cinnamon teal

Anas cyanoptera

CITE

Common raven

Corvus corax

CORA

Cooper’s hawk

Accipiter cooperi

COHA

Cordilleran flycatcher

Empidonax occidentalis

COFL

Dark-eyed junco

Junco hyemalis

DEJU

Dusky flycatcher

Empidonax oberholseri

DUFL

Dusky grouse

Dendragapus obscurus

BGRU

Fox sparrow

Passerella iliaca

FOSP

Gadwall

Anas strepera

GADW

Golden eagle

Aquila chrysaetos

GOEA

Great blue heron

Ardea herodias

GBHE

Great-horned owl

Bubo virginianus

GHOW

Green-tailed towhee

Pipilo chlorurus

GTTO

Green-winged teal

Anas crecca

AGWT

Hairy woodpecker

Picoides villosus

HAWO

House finch

Carpodacus mexicanus

HOFI

House wren

Troglodytes aedon

HOWR

Killdeer

Charadrius vociferous

KILL

Lincoln's sparrow

Melospiza lincolnii

LISP

MacGillivray's warbler

Geothlypis tolmiei

MACW

Mallard

Anas platyrynchus

MALL

Mountain bluebird

Sialia currucoides

MOBL

Mountain chickadee

Poecile gambeli

MOCH

Northern flicker

Colaptes auratus

RSFL
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Common Name

Scientific Name

4-Letter Code

Northern goshawk

Accipiter gentilis

NOGO

Northern saw-whet owl

Aegolius acadicus

NSWO

Northern shrike

Lanius excubitor

NOSH

Olive-sided Flycatcher

Contopus cooperi

OSFL

Orange-crowned warbler

Oreothlypis celata

OCWA

Pied-billed grebe

Podilymbus podiceps

PBGR

Pine siskin

Carduelis pinus

PISI

Plumbeous vireo

Vireo plumbeus

PLVI

Red-naped sapsucker

Sphyrapicus nuchalis

RNSA

Red-tailed hawk

Buteo jamaicensis

RTHA

Red-winged blackbird

Agelaius phoeniceus

RWBL

Ring-necked duck

Aythya collaris

RNDU

Ruby-crowned kinglet

Regulus calendula

RCKI

Song sparrow

Melospiza melodia

SOSP

Sora

Porzana carolina

SORA

Spotted sandpiper

Actitis macularia

SPSA

Spotted towhee

Pipilo maculatus

SPTO

Steller's jay

Cyanocitta stelleri

STJA

Swainson’s thrush

Catharus ustulatus

SWTH

Tree swallow

Tachycineta bicolor

TRES

Vesper sparrow

Pooecetes gramineu

VESP

Violet-green swallow

Tachycineta thalassina

VGSW

Virginia rail

Rallus limicola

VIRA

Virginia's warbler

Oreothlypis virginiae

VIWA

Warbling vireo

Vireo gilvus

WAVI

Western kingbird

Tyrannus verticalis

WEKI

Western tanager

Piranga ludoviciana

WETA

Western wood-pewee

Contopus sordidulus

WEWP

White-breasted nuthatch

Sitta carolinensis

WBNU

White-crowned sparrow

Zonotrichia leucophrys

WCSP

Wild turkey

Meleagris gallopavo merriami

WITU

Willow flycatcher

Empidonax traillii

WIFL

Wilson’s warbler

Cardellina pusilla

WIWA

Wilson's snipe

Gallinago delicata

WISN

Yellow warbler

Setophaga petechia

YWAR

Yellow-rumped warbler

Setophaga coronata

AUWA
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Table E-2: List of Mammal Species Detected at North Star during Camera and TVES Surveys with
4-Letter Codes
Common Name

Scientific Name

4-Letter Code

American black bear

Ursus americanus

URAM

Coyote

Canis latrans

CALA

Least chipmunk

Neotamius minimus

TAMI

Microtine vole

Microtus species

MISP

Mule deer

Odocoileus hemionus hemionus

ODHE

North American red squirrel

Tamiasciurus hudsonicus

TAHU

Northern pocket gopher

Thomomys talpoides

THTA

Raccoon

Procyon lotor

PRLO

Rocky Mountain elk

Cervus elaphus nelsoni

CEEL
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1

North Star Nature Preserve – Wildlife Assessment Photo Log

PHOTO 1
Monitoring camera 2
attached to fence post with
Slate River EZ-Aim Trail
Camera Mount

PHOTO 2
Monitoring camera 1
mounted to t-post with EZAim T Post Game Camera
Mounts

PHOTO 3
Primary bait at camera
stations was half a chicken
secured to the vertical
substrate with wire mesh
and baling wire
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2

North Star Nature Preserve – Wildlife Assessment Photo Log

PHOTO 4
Gusto-Trail’s End –
Lanolin lure placed on an
aspen tree at camera
station 5

PHOTO 5
One of the great-horned
owl feathers found during
TVES

PHOTO 6
Black bear sow with 2 cubs
at camera station 4
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3

North Star Nature Preserve – Wildlife Assessment Photo Log

PHOTO 7
Sow #881 with her 2 cubs
at camera station 4

PHOTO 8
A different sow with 3 cubs
at camera station 4

PHOTO 9
Large solitary black bear at
camera station (likely a
boar)
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4

North Star Nature Preserve – Wildlife Assessment Photo Log

PHOTO 10
Smaller solitary bear at
camera station 4

PHOTO 11
Yet another solitary bear at
camera station 4 –smaller
than bear in Photo 9 but
bigger than bear in
Photo 10

PHOTO 12
Great blue heron at North
Star

I:\14\1400717\0400\007 R Rev0\1400717 007 R Rev0 FINAL Appendix F PhotoLogWildlife.docx

1400717 007 R Rev0
Appendix F

March 2015

5

North Star Nature Preserve – Wildlife Assessment Photo Log

PHOTO 13
Old heronry location on
west side of the river

PHOTO 14
Nesting herons in spruce
tree at current heronry
location

PHOTO 15
Mule deer buck in velvet at
North Star
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6

North Star Nature Preserve – Wildlife Assessment Photo Log

PHOTO 16
American kestrel hunting
grasshoppers at camera
station 1

PHOTO 17
Warbling vireo in a willow
along the river at North Star

PHOTO 18
Coyote sniffing lure mixture
at camera station 3

I:\14\1400717\0400\007 R Rev0\1400717 007 R Rev0 FINAL Appendix F PhotoLogWildlife.docx

1400717 007 R Rev0
Appendix F

March 2015

7

North Star Nature Preserve – Wildlife Assessment Photo Log

PHOTO 19
Cow elk at camera station 3

PHOTO 20
An elk cow at camera
station 1

PHOTO 21
Juvenile dusky grouse at
camera station 4
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8

North Star Nature Preserve – Wildlife Assessment Photo Log

PHOTO 22
Adult dusky grouse at
camera station 4

PHOTO 23
Raccoon checking out lure
on aspen at camera
station 4

PHOTO 24
Wild turkey at camera
station 3
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CPW Moose, Mule Deer, and Elk Seasonal Habitat Definitions

1.0

2.0

MOOSE


CONCENTRATION AREA: That part of the range of a species where densities are 200%
higher than the surrounding area during a specific season.



OVERALL RANGE: The area that encompasses all known seasonal activity areas within
the observed range of a population of moose.



SUMMER RANGE: That part of the overall range where 90% of the individuals are
located during the summer months. This summer time frame will be delineated with
specific start/end dates for each moose population within the state (ex: May 1 to Sept
15). Summer range is not necessarily exclusive of winter range.



WINTER RANGE: That part of the overall range where 90% of the individuals are located
during the winter months. This winter time frame will be delineated with specific start/end
dates for each moose population within the state (ex: November 15 to April 1).

MULE DEER


CONCENTRATION AREA: That part of the overall range where higher quality habitat
supports significantly higher densities than surrounding areas. These areas are typically
occupied year round and are not necessarily associated with a specific season. Includes
rough break country, riparian areas, small drainages, and large areas of irrigated
cropland.



HIGHWAY CROSSING: Those areas where mule deer movements traditionally cross
roads, presenting potential conflicts between mule deer and motorists.



MIGRATION CORRIDORS: A specific Mappable site through which large numbers of
animals migrate and loss of which would change migration routes.



OVERALL RANGE: The area that encompasses all known seasonal activity areas within
the observed range of a mule deer population.



RESIDENT POPULATION: An area that provides year-round range for a population of
mule deer. The resident mule deer use all of the area all year; it cannot be subdivided
into seasonal ranges although it may be included within the overall range of the larger
population.



SEVERE WINTER: That part of the overall range where 90% of the individuals are
located when the annual snowpack is at its maximum and/or temperatures are at a
minimum in the two worst winters out of ten. SUMMER RANGE: That part of the overall
range where 90% of the individuals are located between spring green-up and the first
heavy snowfall. Summer range is not necessarily exclusive of winter range; in some
areas, winter range and summer range may overlap.



WINTER CONCENTRATION: That part of the winter range where densities are at least
200% greater than the surrounding winter range density during the same period used to
define winter range in the average five winters out of ten.



WINTER RANGE: That part of the overall range where 90% of the individuals are located
during the average five winters out of ten from the first heavy snowfall to spring green-up,
or during a site-specific period of winter as defined for each DAU.
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ROCKY MOUNTAIN ELK


HIGHWAY CROSSING: Those areas where elk movements traditionally cross roads,
presenting potential conflicts between elk and motorists.



MIGRATION CORRIDORS: A specific Mappable site through which large numbers of
animals migrate and loss of which would change migration routes.



OVERALL RANGE: The area that encompasses all known seasonal activity areas within
the observed range of an elk population.



PRODUCTION AREA: That part of the overall range of elk occupied by the females from
May 15 to June 15 for calving. (Only known areas are Mapped and this does not include
all production areas for the DAU).



RESIDENT POPULATION: An area used year-round by a population of elk. Individuals
could be found in any part of the area at any time of the year; the area cannot be
subdivided into seasonal ranges. It is most likely included within the overall range of the
larger population.



SEVERE WINTER: That part of the range of a species where 90% of the individuals are
located when the annual snowpack is at its maximum and/or temperatures are at a
minimum in the two worst winters out of ten. The winter of 1983-84 is a good example of
a severe winter.



SUMMER CONCENTRATION: Those areas where elk concentrate from mid-June
through mid-August. High quality forage, security, and lack of disturbance are
characteristics of these areas to meet the high energy demands of lactation, calf rearing,
antler growth, and general preparation for the rigors of fall and winter.



SUMMER RANGE: That part of the range of a species where 90% of the individuals are
located between spring green-up and the first heavy snowfall, or during a site-specific
period of summer as defined for each DAU. Summer range is not necessarily exclusive of
winter range; in some areas, winter range and summer range may overlap.



WINTER CONCENTRATION: That part of the winter range of a species where densities
are at least 200% greater than the surrounding winter range density during the same
period used to define winter range in the average five winters out of ten.



WINTER RANGE: That part of the overall range of a species where 90% of the
individuals are located during the average five winters out of ten from the first heavy
snowfall to spring green-up, or during a site-specific period of winter as defined for each
DAU.

Source: CPW 2012 (CPW 2012)
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Coordinates of Wildlife Monitoring Sites

Table H-1 Avian Monitoring Station Locations with ID Number and UTM Location
STATION

LATITUDE

LONGITUDE

1

39° 10’ 25.10” N

106° 47’ 57.45” W

2

39° 10’ 20.57” N

106° 48’ 6.53” W

3

39° 10’ 13.42” N

106° 47’ 55.41” W

4

39° 10’ 2.43” N

106° 47’ 48.42” W

5

39° 9’ 48.67” N

106° 47’ 43.42” W

6

39° 9’ 59.64” N

106° 47’ 36.64” W

7

39° 9’ 56.35” N

106° 47’ 25.12” W

8

39° 10’ 7.65” N

106° 47’ 34.74” W

9

39° 10’ 13.91” N

106° 47’ 43.73” W

10

39° 10’ 19.98” N

106° 47’ 36.91” W

11

39° 10’ 21.23” N

106° 47’ 47.74” W

12

39° 10’ 35.47” N

106° 47’ 46.24” W

13

39° 10’ 27.57” N

106° 47’ 41.63” W

14

39° 10’ 15.03” N

106° 47’ 30.59” W

15

39° 10’ 4.21” N

106° 47’ 25.19” W

16

39° 9’ 51.66” N

106° 47’ 33.45” W

17

39° 9’ 48.69” N

106° 47’ 22.09” W

Table H-2 Diurnal Raptor Broadcast Points
STATION

LATITUDE

LONGITUDE

1

39° 10’ 20.85” N

106° 48’ 6.59” W

2

39° 10’ 16.61” N

106° 48’ 3.53” W

3

39° 10’ 12.37” N

106° 48’ 0.46” W

4

39° 10’ 8.13” N

106° 47’ 57.40” W

5

39° 10’ 3.89” N

106° 47’ 54.34” W

6

39° 9’ 59.65” N

106° 47’ 51.28” W

7

39° 9’ 55.41” N

106° 47’ 48.21” W

8

39° 9’ 51.17” N

106° 47’ 45.15” W

9

39° 9’ 46.93” N

106° 47’ 42.09” W
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Table H-3 Nocturnal Bird Broadcast Points
STATION

LATITUDE

LONGITUDE

1

39° 10’ 17.20” N

106° 47’ 58.32” W

2

39° 10’ 7.12” N

106° 47’ 52.33” W

3

39° 9’ 57.87” N

106° 47’ 43.32” W

4

39° 9’ 46.64” N

106° 47’ 43.03” W

5

39° 10’ 3.68” N

106° 47’ 30.97” W

6

39° 10’ 20.34” N

106° 47’ 43.89” W

7

39° 9’ 52.45” N

106° 47’ 30.68” W

8

39° 10’ 15.03” N

106° 47’ 31.17” W

9

39° 10’ 32.27” N

106° 47’ 46.33” W

Table H-4 Monitoring Camera Stations
STATION

LATITUDE

LONGITUDE

1

39° 10’ 6.56” N

106° 47’ 44.15” W

2

39° 10’ 0.16” N

106° 47’ 36.82” W

3

39° 9’ 53.58” N

106° 47’ 43.91” W

4

39° 10’ 0.00” N

106° 47’ 51.28” W

5

39° 10’ 6.56” N

106° 47’ 44.15” W

Table H-5 TVES Hexagon Center Points
STATION

LATITUDE

LONGITUDE

1

39° 10’ 0.09” N

106° 47’ 44.07” W

2

39° 10’ 14.99” N

106° 47’ 43.17” W
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ADMINISTRATIVE CHARACTERIZATION
Date of
Evaluation: JUL 1 and16, AUG 2 and 28, 2014

General Information
Site Name or ID:
404 or Other Permit
Application #:

Evaluator Name(s):

North Star Nature Preserve

Project Name:

N/A

North Star FACWet
Pitkin County OST

Applicant Name:
Randy Mandel and Travis
Morse

Evaluator's professional position and
organization:

Senior Restoration Ecologist and
Senior Project Ecologist, Golder
Associates

Location Information:
Site Coordinates
39.173020 N, -106.798286

(Decimal Degrees, e.g.,
38.85, -104.96):

Geographic
Datum Used

NAD 83

(NAD 83):

Elevation

8,015 - 8,110' msl

Southeast of Aspen and southwest of Smuggler Mountain, along the northeast base of Bell
Location Information: Mountain. From CO Highway 82 East, turn right onto North Star Drive. Keep right onto dirt access
road and follow to the end. Footpath leads to old Ute Trail, with locked gate access.
Associated stream/water body
name:
USGS Quadrangle
Map:
Sub basin Name (8
digit HUC):

Roaring Fork River

Aspen, CO
Roaring Fork Watershed - 14010004

Project Information:
This evaluation is
being performed at:

x Project Site
Mitigation Site

Map Scale:

1:24,000

1:100,000

(Circle one)

Other

1:

Wetland
Ownership:

Pitkin County

(check all
applicable):

Mitigation; Pre-construction
Mitigation; Post-construction
x Monitoring
Other (Describe)

x Ecological Assessment

Total Size of Wetland Involved:
(Record Area, Check and Describe
Measurement Method Used)

approx. 50 ac

Assessment Area (AA) Size (Record
Area, check appropriate box. Additional spaces are
used to record acreage when more than one AA is
included in a single assessment)

Characteristics or Method used for
AA boundary determination:
Notes:

1

Potentially Impacted Wetlands
Purpose of
Evaluation

(Check applicable box)

Intent of Project:

Stream Order:

247 ac.

Measured
x Estimated
Measured

ac.

ac.

ac.

ac.

x Estimated

ac.

ac.

ac.

ac.

Extent of AA determined by client.

Located at the North Star Nature Preserve, the Roaring Fork River serves as a boundary between
protected and public areas of the Nature Preserve. Recreational uses are not allowed west of the river;
however, there is evidence of boaters coming to shore and minimal foot traffic. The plant association of
the AA includes meadow habitat, riparian vegetation, emergent wetlands, a fen, and shrub-dominated
wetland, which is a conservation priority as identified by CNHP. The wetlands are well vegetated and have
a variety of plant forms (herbaceous, shrub, and tree), and are able to contribute wood, leaves, and
detritus to the surrounding environment. The well-vegetated condition of the wetland enables it to intercept
sediments, nutrients and toxicants. Additionally, the AA contains a high percentage of hummocks/complex
microtopography which provides pooling areas and increased surface areas for retaining pollutants.
Characteristic native wetland and riparian vegetation includes various sedges (Carex aquatilis, C.
brevior,C. illiota, and C. utriculata ) and willows (Salix bebbiana, S. drummondiana, S. geyeriana, S.
lasiandra, and S. monticola ) as well as cottonwood (Populus angustifolia ) and blue spruce (Picea
pungens ) trees.
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ECOLOGICAL DESCRIPTION 1
Special Concerns
x

Check all that apply

Organic soils including Histosols or Histic Epipedons are
present in the AA (i.e., AA includes core fen habitat).

x

Federally threatened or endangered species are
SUSPECTED to occur in the AA?

Project will directly impact organic soil portions of the AA
including areas possessing either Histosol soils or histic
epipedons.

Canadian Lynx, Boreal Owls, Boreal Toads, and
Pygmy Shrews have the potential to occur at the AA
but have not been confirmed.

x

Organic soils are known to occur anywhere within the
contiguous wetland of which the AA is part.

Species of concern according to the Colorado Natural
Heritage (CNHP) are known to occur in the AA?

x

The wetland is a habitat oasis in an otherwise dry or
urbanized landscape?

x

The site is located within a potential conservation area
or element occurrence buffer area as determined by
CNHP?
Other special concerns (please describe)

Federally threatened or endangered species are KNOWN to
occur in the AA? List Below.

HYDROGEOMORPHIC SETTING
x

AA wetland maintains its fundamental natural hydrogeomorphic characteristics
AA wetland has been subject to change in HGM classes as a result of anthropogenic modification
If the above is checked, please describe the original wetland type if discernable using the table below.
AA wetland was created from an upland setting.

Current Conditions

Describe the hydrogeomorphic setting of the wetland by circling all conditions
that apply.

Water source

Surface flow

Groundwater

Precipitation

Hydrodynamics

Unidirectional

Vertical

Bi-directional

0 - 2%

Wetland Gradient
# Surface Inlets
HGM Setting

Over-bank

# Surface Outlets

2-4%

4-10%

Unknown

>10%

0

1

2

3

>3

0

1

2

3

>3

The AA is positioned along an alluvial valley and floodplain with a terminal moraine at the

Geomorphic Setting north end. The Roaring Fork River (1st order) meanders along the north side of the AA.
(Narrative Description.
Include approx. stream
order for riverine)

HGM class

Slope

Riverine

Depressional

Lacustrine

Precipitation

Unknown

Depressional

Lacustrine

Historical Conditions
Water source

Surface flow

Groundwater

Hydrodynamics

Unidirectional

Vertical

Previous
Geomorphic Setting
wetland typology
(Narrative Description)

Previous HGM
Class

Riverine

Slope

Notes (include information on the AA's HGM subclass and regional subclass): Agricultural land-use history removed
wetlands and characteristic vegetation, especially along portions west of the river. The HGM class has not changed;
however, it is likely that hydrodynamics and water source to the AA historically included groundwater and vertical
influences. Each year, 38% of the Roaring Fork River above the AA is diverted on average. The Twin Lakes tunnel diverts
water from the Roaring Fork River, above the AA, to Twin Lakes on the eastern side of Independence Pass. Highway 82,
which parallels the Roaring Fork River, east of the AA, provides a conduit for the spread of invasive/noxious plant species
and road maintenance provides a source of sand that may impair certain aquatic functions.
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ECOLOGICAL DESCRIPTION 2
Vegetation Habitat Description

US FWS habitat classification according as reported in Cowardin et al. (1979).

System

Subsystem

Class

Subclass

Water Regime

Other Modifiers

% AA

Palustrine

Palustrine

EM

Broad-leaved deciduous

C

0

35

Palustrine

Palustrine

SS

Broad-leaved deciduous

C

0

25

Floating vascular;
Rooted vascular;
Algal; Persistent;
Non-Persistent;
Broad-leaved deciduous;
Needle-leaved evergreen;
Cobble - gravel;
Sand; Mud;
Organic

Examples
Temporarily flooded(A);
Saturated(B);
Seasonally flooded(C);
Seas.-flood./sat.(E);
Semi-Perm. flooded(F);
Intermittently exposed(G);
Artificially flooded(K);
Sat./semiperm./Seas. (Y);
Int. exposed/permenant(Z)

Hypersaline(7) ;
Eusaline(8);
Mixosaline(9); Fresh(0);
Acid(a); Circumneutral(c);
Alkaline/calcareous(i);
Organic(g); Mineral(n);
Beaver(b); Partially
Drained/ditched(d);
Farmed(f);
Diked/impounded(h);
Artificial Substrate(r);
Spoil(s); Excavated(x)

Lacustrine

Littoral;

Palustrine

Palustrine

Riverine

Lower perennial;
Upper perennial;
Intermittent

Site Map
Scale: 1 sq. =

Limnoral
Rock Bot. (RB)
Uncon Bottom(UB)
Aquatic Bed(AB)
Rocky Shore(RS)
Uncon Shore(US)
Emergent(EM)
Shrub-scrub(SS)
Forested (FO)

Draw a sketch map of the site including relevant portions of the wetland, AA boundary, structures, habitat classes, and
other significant features.

Please refer to figure on next page.
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Variable 1: Habitat Connectivity
The Habitat Connectivity Variable is described by two sub-variables – Neighboring Wetland and Riparian Habitat Loss and Barriers to
Migration and Dispersal. These sub-variables were treated as independent variables in FACWet Version 2.0. The merging of these
variables makes their structure more consistent with that of other composite variables in FACWet. The new variable configuration also
makes this landscape variable more accurately reflect the interactions amongst aquatic habitats in Colorado’s agricultural and urbanized
landscapes, which have a naturally low density of wetlands. The two Habitat Connectivity Sub-variables are scored in exactly the same
manner as their FACWet 2.0 counterparts, as described below. The Habitat Connectivity Variable score is simply the arithmetic
average of the two sub-variable scores which is entered on the second page of the Variable 1 data form. If there is little or no wetland
or riparian habitat in the Habitat Connectivity Envelope (defined below), then Sub-variable 1.1 is not scored.

SV 1.1 - Neighboring Wetland and Riparian Habitat Loss
(Do not score if few or no wetlands naturally exist in the HCE)
This sub-variable is a measure of how isolated from other naturally-occurring wetlands or riparian habitat the AA has become as the
result of habitat destruction. To score this sub-variable, estimate the percent of naturally-occurring wetland/riparian habitat that has
been lost (by filling, draining, development, or whatever means) within the 500-meter-wide belt surrounding the AA. This zone is called
the Habitat Connectivity Envelope (HCE). In most cases the evaluator must use best professional judgment to estimate the amount of
natural wetland loss. Historical photographs, National Wetland Inventory (NWI) maps, hydric soil maps can be helpful in making these
determinations. Floodplain maps are especially valuable in river-dominated regions, such as the Front Range urban corridor.
Evaluation of landforms and habitat patterns in the context of perceivable land use change is used to steer estimates of the amount of
wetland loss within the HCE.

Rules for Scoring:
1. On the aerial photo, create a 500 m perimeter around the AA.
2. The area within this perimeter is the Habitat Connectivity Envelope (HCE).
3. Within the HCE, outline the current extent of naturally occurring wetland and riparian habitat. Do not
include habitats such as excavated ponds or reservoir induced fringe wetlands.
4. Outline the historical extent of wetland and riparian habitats (i.e., existing natural wetlands plus those that
have been destroyed).
- Use your knowledge of the history of the area and evident land use change to identify where habitat
losses have occurred. Additional research can be utilized to increase the accuracy of this estimate including
consideration of floodplain maps, historical aerial photographs, soil maps, etc.
5. Calculate the area of existing and historical wetlands. Divide the area of existing wetland by the total
amount of existing and historical wetland and riparian habitat, and determine the variable score using the
guidelines below. Enter sub-variable score at the bottom of p.2 of the Habitat Connectivity data form.
Variable
Score

Condition
Grade

1.0 - 0.9

A
Reference
Standard

<0.9 - 0.8

B
Highly
Functioning

<0.8 - 0.7

C
Functioning

<0.7 - 0.6

D
Functioning
Impaired

Less than 60 to 25% of historical wetland habitat area within the HCE is still present
(more than 40 to 75% of habitat area lost).

<0.6

F
Nonfunctioning

Less than 25% of the historical wetland habitat area within the HCE still in existence (more than
70% of habitat lost).

Scoring Guidelines
Very little or no loss of wetlands in the HCEor negligible.

More than 80% of historical wetland habitat area within the HCE is still present
(less than 20% of habitat area lost).
80 to 60% of historical wetland habitat area within the HCE is still present
(20% to 40% of habitat area lost).

Notes: Approximately 30% of historical wetland habitat has been lost. The area has been modified primarily
through changes in the hydrologic regime caused by annual transmountain diversions. Historic agricultural
operations removed characteristic vegetation and introduced non-native hay grasses (e.g., Bromis inermis,
Dactylis glomerata, and Phleum pratense ). Currently, the access to the western portion of the AA is restricted
and the AA is managed for conservation.
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Variable 1: Habitat Connectivity p. 2
SV 1.2: Migration/Dispersal Barriers
This sub-variable is intended to rate the degree to which the AA has become isolated from existing neighboring wetland and
riparian habitat by artificial barriers that inhibit migration or dispersal of organisms. On the aerial photograph, identify the manmade barriers within the HCE that intercede between the AA and surrounding wetlands and riparian areas, and identify them by
type on the stressor list. Score this variable based on the barriers’ impermeability to migration and dispersal and the amount of
surrounding wetland/riparian habitat they affect.

Rules for Scoring:
1. On the aerial photo, outline all existing wetland and riparian habitat areas within the HCE. This includes naturally
occurring habitats, as well as those purposefully created or induced by land use change.
2. Identify artificial barriers to dispersal and migration of organisms within the HCE that intercede between the AA
and surrounding habitats. Mark the stressors present with a check in the first column and describe the general
nature, severity and extent of each. List additional stressors in empty rows at the bottom of the table and explain.

Stressors = artificial barriers

3. Considering the composite effect of all of identified barriers to migration and dispersal (i.e., stressors), assign an
overall variable score using the scoring guidelines.

Stressors

Comments/description

Major Highway
Secondary Highway
Tertiary Roadway
Railroad
Bike Path
Urban Development
Agricultural Development
Artificial Water Body
Fence
Ditch or Aqueduct
Aquatic Organism Barriers
Recreation

CO HWY 82
North Star Drive
Dirt access road, parking lot, and trails

Residential subdivision
Impoundments at residential subdivision
Sections of old barbed-wire fence/yard fence
Several ditches
water control strucures and fixed-elevation culverts
Boating and hiking

Variable
Score

Condition Grade

1.0 - 0.9

A
Reference Standard

No appreciable barriers exist between the AA and other wetland and riparian habitats in
the HCE; or there are no other wetland and riparian areas in the HCE.

B
Highly Functioning

Barriers impeding migration/dispersal between the AA and up to 33% of surrounding
wetland/riparian habitat highly permeable and easily passed by most organisms.
Examples could include gravel roads, minor levees, ditches or barbed-wire fences.
More significant barriers (see "functioning category below) could affect migration to up to
10% of surrounding wetland/riparian habitat.

C
Functioning

Barriers to migration and dispersal retard the ability of many organisms/propagules to
pass between the AA and up to 66% of wetland/riparian habitat. Passage of organisms
and propagules through such barriers is still possible, but it may be constrained to
certain times of day, be slow, dangerous or require additional travel. Busy two-lane
roads, culverted areas, small to medium artificial water bodies or small earthen dams
would commonly rate a score in this range. More significant barriers (see "functioning
impaired" category below) could affect migration to up to 10% of surrounding
wetland/riparian habitat.

<0.9 - 0.8

<0.8 - 0.7

<0.7 - 0.6

D
Functioning Impaired

<0.6

F
Non-functioning

Scoring Guidelines

Barriers to migration and dispersal preclude the passage of some types of
organisms/propagules between the AA and up to 66% of surrounding wetland/riparian
habitat. Travel of those animals which can potential negotiate the barrier are strongly
restricted and may include a high chance of mortality. Up to 33% of surrounding
wetland/riparian habitat could be functionally isolated from the AA.
AA is essentially isolated from surrounding wetland/riparian habitat by impermeable
migration and dispersal barriers. An interstate highway or concrete-lined water
conveyance canal are examples of barriers which would generally create functional
isolation between the AA and wetland/riparian habitat in the HCE.

SV 1.1 Score

0.73

SV 1.2 Score

0.80

Add SV 1.1 and 1.2 scores
and divide by two to
calculate variable score
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Variable 2: Contributing Area
The AA's Contributing Area is defined as the 250-meter-wide zone surrounding the perimeter of the AA. This variable is a
measure of the capacity of that area to support characteristic functions of high quality wetland habitat. Depending on its
condition, the contributing area can help maintain wetland condition or it can degrade it. Contributing Area condition is
evaluated by considering the AA's Buffer and its Surrounding Land Use. Buffers are strips or patches of more-or-less
natural upland and/or wetland habitat more than 5m wide. Buffers are contiguous with the AA boundary and they
intercede between it and more intensively used lands. The AA Buffer is characterized with three sub-variables: Buffer
Condition, Buffer Extent, and Average Buffer Width. The Surrounding Land Use Sub-variable considers changes within
the Contributing Area that limit its capacity to support characteristic wetland functions. Many of the acute, on-site effects
of land use change in the Contributing Area are specifically captured by Variables 3 - 8.

Rules for Scoring:
1. Delimit the Contributing Area on an aerial photograph as the zone within 250 meters of the outer boundary of the AA.
2. Evaluate and then rate the Buffer Condition sub-variable using the scoring guidelines. Record the score in the cell
provided on the datasheet.
3. Indicate on the aerial photograph zones surrounding the AA which have ≥5m of buffer vegetation and those which do
not.
4. Calculate the percentage of the AA which has a Buffer and record the value where indicated on the data sheet.
5. Rate the Buffer Extent Sub-variable using the scoring guidelines.
6.Determine the average Buffer width by drawing a line perpendicularly from the AA boundary to the outer extent of the
buffer habitat. Measure line length and record its value on the data sheet. Repeat this process until a total of 8 lines
have been sampled.
7. Calculate the average buffer width and record value on the data form. Then determine the sub-variable score using
the scoring guidelines.
8.Score the Surrounding Land Use sub-variable by recording land use changes on the stressor list that affect the capacity
of the landscape to support characteristic wetland functioning.
9. Enter the lowest of the three Buffer sub-variable scores along with the Surrounding Land Use Sub-variable score in
the Contributing Area Variable scoring formula at the bottom of p. 2 of the data form. The Contributing Area Variable is
the average of the two sub variable scores

SV 2.1 - Buffer Condition
0.75

SV 2.1 - Buffer Condition
Score

Subvariable
Score

1.0 - 0.9

Reference
Standard

<0.9 - 0.8

Highly
Functioning

<0.8 - 0.7

Functioning

<0.7 - 0.6

Functioning
Impaired

<0.6

Buffer Condition Scoring Guidelines

Condition Grade

Buffer vegetation is predominately native vegetation, human-caused disturbance of the substrate
is not evident, and human visitation is minimal. Common examples: Wilderness areas,
undeveloped forest and range lands.
Buffer vegetation may have a mixed native-nonnative composition, but characteristic structure and
complexity remain. Soils are mostly undisturbed or have recovered from past human disturbance.
Little or only low-impact human visitation. Buffers with higher levels of substrate disturbance may
be included here if the buffer is still able to maintain predominately native vegetation. Common
examples: Dispursed camping areas in national forests, common in wildland parks (e.g. State
Parks) and open spaces.
Buffer vegetation is substantially composed of non-native species. Vegetation structure may be
somewhat altered, such as by brush clearing. Moderate substrate distrbance and compaction
occurs, and small pockets of greater disturbance may exist. Common examples: City natural
areas, mountain hay meadows.
Buffer vegetation is substantially composed of non-native species and vegetation structure has
been strongly altered by the complete removal of one or more strata. Soil disturbance and the
intensity of human visitation are generally high. Common examples: Open lands around resource
extraction sites (e.g., gravel mines), clear cut logging areas, ski slopes.

Non-functioning Buffer is nearly or entirely absent.

SV 2.2 - Buffer Extent

75

0.86

Percent of AA with Buffer
SV 2.2 - Buffer Extent

Subvariable
Score

Condition Class

1.0 - 0.9

Reference
Standard

<0.9 - 0.8

% Buffer Scoring Guidelines

90 - 100% of AA with Buffer

Highly Functioning 70-90% of AA with Buffer

<0.8 - 0.7

Functioning

<0.7 - 0.6

Functioning
Impaired

<0.6

Non-functioning
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Variable 2: Contributing Area (p. 2)
SV 2.3 - Average Buffer Width
Buffer
Width (m)
Line #

75
1

75
2

75
3

Record measured buffer widths in the spaces below and average.

75
4

250
5

SV 2.3 - Average Buffer
Width Score

0.89

250
6

250
7

159

225
8

Avg. Buffer Width (m)

Subvariable
Score

Condition Grade

Buffer Width Scoring Guidelines

1.0 - 0.9

Reference Standard

Average Buffer width is 190-250m

<0.9 - 0.8

Highly Functioning

Average Buffer width is 101-189m

<0.8 - 0.7

Functioning

Average Buffer width is 31-100m

<0.7 - 0.6

Functioning Impaired

Average Buffer width is 6-30m

<0.6

Non-functioning

Average Buffer width is 0-5m

SV 2.4 - Surrounding Land Use

SV 2.4 - Surrounding
Land Use Score

Stressors = Land Use Changes

0.85

Catalog and characterize land use changes in the surrounding
landscape and score.

Stressors
Industrial/commercial
Urban
Residential
Rural
Dryland Farming
Intensive Agriculture
Orchards or Nurseries
Livestock Grazing
Transportation Corridor
Urban Parklands

Comments/description

Dams/impoundments
Artificial Water body

manually-controlled water control structures serve to impound water
several artificial water bodies - old gravel pits

Subdivision

HWY 82

Physical Resource Extraction
Biological Resource Extraction

foot traffic, boating, hiking, passive recreation

Recreation
Variable
Score

Condition Grade

1.0 - 0.9

A
Reference
Standard

<0.9 - 0.8

<0.8 - 0.7

B
Highly Functioning

C
Functioning

<0.7 - 0.6

D
Functioning
Impaired

<0.6

F
Non-functioning

Scoring Guidelines
No appreciable land use change has been imposed Surrounding Landscape.
Some land use change has occurred in the Surrounding Landscape, but changes have minimal
effect on the the landscape's capacity to support characteristic aquatic functioning, either
because land use is not intensive, for example haying, light grazing, or low intensity silviculture,
or more substantial changes occur in approximately less than 10% of the area.
Surrounding Landscape has been subjected to a marked shift in land use, however, the land
retains much of its capacity to support natural wetland function and it is not an overt source of
pollutants or sediment. Moderate-intensity land uses such as dry-land farming, urban "green"
corridors, or moderate cattle grazing would commonly be placed within this scoring range.
Land use changes within the Surrounding Landscape has been substantial including the a
moderate to high coverage (up to 50%) of impermeable surfaces, bare soil, or other artificial
surfaces; considerable in-flow urban runoff or fertilizer-rich waters common. Supportive
capacity of the land has been greatly diminished but not totally extinguished. Intensively logged
areas, low-density urban developments, some urban parklands and many cropping situations
would commonly rate a score within this range.
The Surrounding Landscape is essentially comletely developed or is otherwise a cause of
severe ecological stress on wetland habitats. Commercial developments or highly urban
landscapes generally rate a score of less than 0.6.

g

Buffer Score
(Lowest score)

(

0.75

+

Land Use

0.85

) ÷

2

=

Variable 2 Score
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Variable 3: Water Source
TThis variable is concerned with up-gradient hydrologic connectivity. It is a measure of impacts to the AA's water source, including
the quantity and timing of water delivery, and the ability of source water to perform work such as sediment transport, erosion, soil pore
flushing, etc. To score this variable, identify stressors that alter the source of water to the AA, and record their presence on the
stressor list. Stressors can impact water source by depletion, augmentation, or alteration of inflow timing or hydrodynamics. This
variable is designed to assess water quantity, power and timing, not water quality. Water quality will be evaluated in Variable 7.

Scoring rules:
1. Use the stressor list and knowledge of the watershed to catalog type-specific impairments of the AA’s water source.
Mark the stressors present with a check in the first column and describe the general nature, severity and extent of
each. List additional stressors in empty rows at the bottom of the table and explain.
2. Considering the composite effect of stressors on the water source, rate the condition of this variable with the aid of
the scoring guidelines.

Stressors
Ditches or Drains (tile, etc.)
Dams
Diversions

Comments/description
Ditches in AA
upstream dams
Transmountain diversions, diversions within and above AA

Groundwater pumping
Draw-downs
Culverts or Constrictions
Point Source (urban, ind., ag.)
Non-point Source

Transmountain diversions
fixed-elevation culverts
quantity/energetics disrupted by upstream dam (e.g., Tagert Lake)
quantity/energetics disrupted by upstream dam

Increased Drainage Area
Storm Drain/Urban Runoff
Impermeable Surface Runoff

HWY 82

Irrigation Return Flows
Mining/Natural Gas Extraction
Transbasin Diversion
Actively Managed Hydrology

Variable
Score

Condition
Grade

1.0 - 0.9

A
Reference
Standard

<0.9 - 0.8

B
Highly
Functioning

<0.8 - 0.7

C
Functioning

<0.7 - 0.6

D
Functioning
Impaired

<0.6

F
Nonfunctioning

Twin Lakes tunnel
depleted, altered, augmented, regulated

Depletion

Augmentation

Unnatural drawdown events minor, rare or nonexistent, very slight uniform depletion, or trivial
alteration of hydrodynamics.

Unnatural high-water events minor, rare or nonexistent, slight uniform increase in amount of inflow,
or trivial alteration of hydrodynamics.

Unnatural drawdown events occasional, short duration
and/or mild; or uniform depletion up to 20%; or mild to
moderate reduction of peak flows or capacity of water
to perform work.

Occasional unnatural high-water events, short in
duration and/or mild in intensity; or uniform
augmentation up to 20%; or mild to moderate
increase of peak flows or capacity of water to
perform work.

Unnatural drawdown events common and of mild to
moderate intensity and/or duration; or uniform
depletion up to 50%; or moderate to substantial
reduction of peak flows or capacity of water to perform
work.

Common occurrence of unnatural high-water
events, of a mild to moderate intensity and/or
duration; or uniform augmentation up to 50%; or
moderate to substantial increase of peak flows or
capacity of water to perform work.

Unnatural drawdown events occur frequently with a
moderate to high intensity and/or duration; or uniform
depletion up to 75%; or substantial reduction of peak
flows or capacity of water to perform work. Wetlands
with actively managed or wholly artificial
hydrology will usually score in this range or lower.

Common occurrence of unnatural high-water
events, some of which may be severe in nature or
exist for a substantial portion of the growing season;
or uniform augmentation more than 50% or capacity
of water to perform work. Wetlands with actively
managed or wholly artificial hydrology will
usually score in this range or lower.

Water source diminished enough to threaten or
extinguish wetland hydrology in the AA.

Frequency, duration or magnitude of unnaturally
high-water great enough to change the fundamental
characteristics of the wetland.

Variable 3 Score
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Variable 4: Water Distribution
This variable is concerned with hydrologic connectivity within the AA. It is a measure of alteration to the spatial distribution of
surface and groundwater within the AA. These alterations are manifested as local changes to the hydrograph and generally result
from geomorphic modifications within the AA. To score this variable, identify stressors within the AA that alter flow patterns and
impact the hydrograph of the AA, including localized increases or decreases to the depth or duration of the water table or surface
water.
Because the wetland’s ability to distribute water in a characteristic fashion is fundamentally dependent on the condition of its
water source, in most cases the Water Source variable score will define the upper limit Water Distribution score . For
example, if the Water Source variable is rated at 0.85, the Water Distribution score will usually have the potential to attain a
maximum score of 0.85. Additional stressors within or outside the lower end of the AA effecting water distribution (e.g., ditches
and levees) will reduce the score from the maximum value.

Scoring rules:
1. Identify impacts to the natural distribution of water throughout the AA and catalog them in the stressor table.
2. Considering all of the stressors identified, assign an overall variable score using the scoring guidelines. In most
cases, the Water Source variable score will set the upper limit for the Water Distribution score.

Stressors

Comments/description

Alteration of Water Source

Roaring Fork River is controlled, altered, diverted and regulated.

Ditches

Old water delivery laterals

Ponding/Impoundment
Culverts

fixed-elevation culvert constrictions

Road Grades

HWY 82

Channel Incision/Entrenchment
Hardened/Engineered Channel
Enlarged Channel
Artificial Banks/Shoreline
Weirs
Dikes/Levees/Berms
Diversions
Sediment/Fill Accumulation

Variable
Score

Condition Grade

Non-riverine

1.0 - 0.9

Little or no alteration has been made to the
way in which water is distributed throughout
A
Reference Standard the wetland. AA maintains a natural
hydrologic regime.

<0.9 - 0.8

B
Highly Functioning

<0.8 - 0.7

<0.7 - 0.6

<0.6

C
Functioning

Less than 10% of the AA is affected by in situ
hydrologic alteration; or more widespread
impacts result in less than a 2 in. (5 cm)
change in mean growing season water table
elevation.

Channel-adjacent areas have occasional
unnatural periods of drying or flooding; or
uniform shift in the hydrograph less than
typical root depth.

Between 10 and 33% of the AA is affected by In channel-adjacent area, periods of drying or
flooding are common; or uniform shift in the
in situ hydrologic alteration; or more
widespread impacts result in a 4 in. (5 cm) or hydrograph near root depth.
less change in mean growing season water
table elevation.

33 to 66% of the AA is affected by in situ
hydrologic alteration; or more widespread
impacts result in a 6 in. (15 cm) or less
change in mean growing season water table
D
Functioning Impaired elevation. Water table behavior must still
meet jurisdictional criteria to merit this rating.

F
Non-functioning

Riverine
Natural active floodplain areas flood on a
normal recurrence interval. No evidence of
alteration of flooding and subirrigation
duration and intensity.

More than 66% of the AA is affected by
hydrologic alteration which changes the
fundamental functioning of the wetland
system, generally exhibited as a conversion
to upland or deep water habitat.

Adjacent to the channel, unnatural periods of
drying or flooding are the norm; or uniform
shift in the hydrograph greater than root
depth.

Historical active floodplain areas are almost
never wetted from overbank flooding, and/or
groundwater infiltration is effectively cut off.

Variable 4 Score
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Variable 5: Water Outflow
This variable is concerned with down-gradient hydrologic connectivity and the flow of water and water-borne materials and energy
out of the AA. In particular it illustrates the degree to which the AA can support the functioning of down-gradient habitats. It is a
measure of impacts that affect the hydrologic outflow of water including the passage of water through its normal low- and high-flow
surface outlets, infiltration/groundwater recharge, and the energetic characteristics of water delivered to dependent habitats. In
some cases, alteration of evapotranspiration rates may be significant enough of a factor to consider in scoring. Score this variable
by identifying stressors that impact the means by which water is exported from the AA. To evaluate this variable focus on how
water, energy and associated materials are exported out of the AA and their ability it support down-gradient habitats in a manner
consistent with their HGM (regional) subclass.
Because the wetland’s ability to export water and materials in a characteristic fashion is to a very large degree dependent the
condition of its water source, as with the Water Distribution variable, in most cases the Water Source variable score will define
the upper limit Water Outflow score .

Scoring rules:
1. Identify impacts to the natural outflow of water from the AA and catalog them in the stressor table.
2.Considering all of the stressors identified, assign an overall variable score using the scoring guidelines. Take in to
account the cumulative effect of stressors on the wetland's ability to export water and water-borne materials. In most
cases the Water Source variable will set the upper limit for the Water Outflow score.

Stressors

Comments/description

Alteration of Water Source

Hydrology altered by transmountain diversion and upstream water management

Ditches
Dikes/Levees

Fill material together with water control structures serves as a dike

Road Grades
Culverts

culverts constrict outflow

Diversions
Constrictions
Channel Incision/Entrenchment
Hardened/Engineered Channel
Artificial Stream Banks
Weirs
Confined Bridge Openings

Variable
Score

Condition Grade

1.0 - 0.9

A
Reference Standard

<0.9 - 0.8

B
Highly Functioning

<0.8 - 0.7

C
Functioning

<0.7 - 0.6

D
Functioning Impaired

<0.6

F
Non-functioning

Scoring Guidelines
Stressors have little to no effect on the magnitude, timing or hydrodynamics of the AA water
outflow regime.
High- or low-water outflows are mildly to moderately affected, but at intermediate ("normal")
levels flow continues essentially unaltered in quantity or character.
High- or low-water outflows are moderately affected, mild alteration of intermediate level
outflow occurs; or hydrodynamics moderately affected.
Outflow at all stages is moderately to highly impaired resulting in persistent flooding of
portions of the AA or unnatural drainage; or outflow hydrodynamics severely disrupted.
The natural outflow regime is profoundly impaired. Down-gradient hydrologic connection
severed or nearly so. Alterations may cause widespread unnatural persistent flooding or
dewatering of the wetland system.

Variable 5 Score
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Variable 6: Geomorphology
This variable is a measure of the degree to which the geomorphic setting has been altered within the AA. Changes to the surface
configuration and natural topography constitute stressors. Such stressors may be observed in the form of fill, excavation, dikes,
sedimentation due to absence of flushing floods, etc. In riverine systems, geomorphic changes to the stream channel should be considered
if the channel is within the AA (i.e, small is size). Alterations may involve the bed and bank (substrate embeddedness or morphological
changes), stream instability, and stream channel reconfiguration. Geomorphic changes are usually ultimately manifested as changes to
wetland surface hydrology and water relations with vegetation. Geomorphic alterations can also directly affect soil properties, such as nearsurface texture, and the wetland chemical environment such as the redox state or nutrient composition in the rooting zone. In rating this
variable, do not include these resultant effects of geomorphic change; rather focus on the physical impacts within the footprint of the
alteration within the AA – For example, the width and depth of a ditch or the size of a levee within the AA would describe the extent of
the stressors. The secondary effects of geomorphic change are addressed by other variables. All alterations to geomorphology should be
evaluated including small-scale impacts such as pugging, hoof sheer, and sedimentation which can be significant but not immediately
obvious.

Scoring Rules:
1. Identify impacts to geomorphological setting and topography within the AA and record them on the stressor checklist.
2.Considering all of the stressors identified, assign an overall variable score using the scoring guidelines.

Stressors

Comments

Dredging/Excavation/Mining
Fill, including dikes, road grades, etc. minor

amounts of fill at north end of AA
historical
historical

General

Grading
Compaction
Plowing/Disking
Excessive Sedimentation
Dumping
Hoof Shear/Pugging
Aggregate or Mineral Mining
Sand Accumulation

minor sand accumulation along HWY 82

Channels Only

Channel Instability/Over Widening
Excessive Bank Erosion
Channelization
Reconfigured Stream Channels
Artificial Banks/Shoreline
Beaver Dam Removal
Substrate Embeddedness
Lack or Excess of Woody Debris

Variable Score

Condition
Grade

Scoring Guidelines
Topography essentially unaltered from the natural state, or alterations appear to have a minimal effect on
wetland functioning and condition. Patch or microtopographic complexity may be slightly altered, but native
plant communities are still supported.

1.0 - 0.9

A
Reference
Standard

<0.9 - 0.8

B
Highly
Functioning

Alterations to topography result in small but detectable changes to habitat conditions in some or all of the
AA; or more severe impacts exist but affect less than 10% of the AA.

<0.8 - 0.7

C
Functioning

Changes to AA topography may be pervasive but generally mild to moderate in severity. May include
patches of more significant habitat alteration; or more severe alterations affect up to 20 % of the AA.

<0.7 - 0.6

D
Functioning
Impaired

At least one important surface type or landform has been eliminated or created; microtopography has been
strongly impacted throughout most or all of the AA; or more severe alterations affect up to 50% of the AA.
Evidence that widespread diminishment or alteration of native plant community exist due to physical habitat
alterations. Most incidentally created wetland habitat such as that created by roadside ditches and the like
would score in this range or lower.

<0.6

F
Nonfunctioning

Pervasive geomorphic alterations have caused a fundamental change in site character and functioning,
commonly resulting in a conversion to upland or deepwater habitat.

Variable 6
Score
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Variable 7: Water and Soil Chemical Environment
This variable concerns the chemical environment of the soil and water media within the AA, including pollutants, water and soil
characteristics. The origin of pollutants may be within or outside the AA. Score this variable by listing indicators of chemical stress in
the AA. Consider point source and non-point sources of pollution, as well as mechanical or hydrologic changes that alter the chemical
environment. Because water quality frequently cannot be inferred directly, the presence of stressors is often identified by the presence
of indirect indicators. Five sub-variables are used to describe the Water and Soil Chemical Environment: Nutrient
Enrichment/Eutrophication/Oxygen; Sedimentation/Turbidity; Toxic Contamination/pH; Temperature; and Soil Chemistry and Redox
Potential. Utilization of web-based data mining tools is highly recommended to help inform and support variable scores.

Scoring rules:
1. Stressors are grouped into sub-variables which have a similar signature or set of causes.
2. Use the indicator list to identify each stressor impacting the chemical environment of the AA.
3. For each sub-variable, determine its score using the scoring guideline table provided on the second page of the
scoring sheet. Scoring sub-variables is carried out in exactly the same way as normal variable scoring.
-If the AA is part of a water body that is recognized as impaired or recommended for TMDL development for one of the
factors, then score that sub-variable 0.65 or lower.
4. Transcribe sub-variable scores to the following variable scoring page and compute the sum.
5. The lowest sub-variable score sets the letter grade range. The composite of sub-variables influences the score within
that range.

Sub-variable
SV 7.1
Nutrient Enrichment/
Eutrophication/
Oxygen (D.O.)

Stressor Indicator

Comments

Livestock
Agricultural Runoff
Septic/Sewage
Excessive Algae or Aquatic Veg.

Subvariable
Score

0.97

Cumulative Watershed NPS
CDPHE Impairment/TMDL List
Excessive Erosion
Excessive Deposition
Fine Sediment Plumes

SV 7.2
Sedimentation/
Turbidity

Agricultural Runoff
Excessive Turbidity

0.98

Nearby Construction Site
Cumulative Watershed NPS
CDPHE Impairment/TMDL List
Recent Chemical Spills
Nearby Industrial Sites
Road Drainage/Runoff

HWY 82

Livestock
Agricultural Runoff

SV 7.3
Toxic contamination/
pH

Storm Water Runoff
Fish/Wildlife Impacts

0.95

Vegetation Impacts
Cumulative Watershed NPS
Acid Mine Drainage
Point Source Discharge
CDPHE Impairment/TMDL List
Metal staining on rocks and veg.
Excessive Temperature Regime
Lack of Shading

SV 7.4
Temperature

Reservoir/Power Plant Discharge
Industrial Discharge

Tagert Lake

0.95

Cumulative Watershed NPS
CDPHE Impairment/TMDL List
Unnatural Saturation/Desaturation

SV 7.5
Soil chemistry/
Redox potential

Mechanical Soil Disturbance
Dumping/introduced Soil

minor
historic
historic/sand for winter maintenanc

CDPHE Impairment/TMDL List
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Variable 7: Water and Soil Chemical Environment p.2
Sub-variable Scoring Guidelines
Variable Score

Condition Class

1.0 - 0.9

A
Reference
Standard

<0.9 - 0.8

Scoring Guidelines
Stress indicators not present or trivial.

Stress indicators scarcely present and mild, or otherwise not occurring in more than
B
Highly Functioning 10% of the AA.

<0.8 - 0.7

C
Functioning

Stress indicators present at mild to moderate levels, or otherwise not occurring in
more than 33% of the AA.

<0.7 - 0.6

D
Functioning
Impaired

Stress indicators present at moderate to high levels, or otherwise not occurring in
more than 66% of the AA

<0.6

F
Non-functioning

Stress indicators strongly evident throughout the AA at levels which apparently alter
the fundamental chemical environment of the wetland system

0.97

+

0.98

+

0.95

+

Sum of Sub-variable
Scores

Soil chemistry/
Redox potential

Temperature

Toxic contamination/
pH

Sedimentation/
Turbidity

Nutrient enrichment/
Eutrophication/
Oxygen (D.O.)

Input each sub-variable score from p. 1 of the V7 data form and calculate the sum.

0.95

+

0.83

4.68

=

Use the table to score the Chemical Environment Variable circling the applicable scoring rules.
Variable
Score

Scoring Rules

Condition
Grade

Single Factor

Composite Score

1.0 - 0.9

A
Reference
Standard

No single factor scores < 0.9

The factor scores sum > 4.5

<0.9 - 0.8

B
Highly
Functioning

Any single factor scores ≥ 0.8 but
< 0.9

The factor scores sum >4.0 but ≤4.5

<0.8 - 0.7

C
Functioning

Any single factor scores ≥ 7.0 but
< 0.8

The factor scores sum >3.5 but ≤ 4.0

<0.7 - 0.6

D
Functioning
Impaired

Any single factor scores ≥ 0.6 but
<0.7

The factor scores sum >3.0 but ≤3.5

< 0.6

F
Nonfunctioning

Any single factor scores < 0.6

The factor scores sum < 3.0

Variable 7 Score
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Variable 8: Vegetation Structure and Complexity
This variable is a measure of the condition of the wetland's vegetation relative to its native state. It particularly focuses on the
wetland's ability to perform higher-order functions such as support of wildlife populations, and influence primary functions such as
flood-flow attenuation, channel stabilization and sediment retention. Score this variable by listing stressors that have affected the
structure, diversity, composition and cover of each vegetation stratum that would normally be present in the HGM (regional) subclass
being assessed. For this variable, stressor severity is a measure of how much each vegetation stratum differs functionally from its
natural condition or from the natural range of variability exhibited the HGM subclass or regional subclass. This variable has four subvariables, each corresponding to a stratum of vegetation: Tree Canopy; Shrub Layer; Herbaceous Layer; and Aquatics.

Rules for Scoring:
1. Determine the number and types of vegetation layers present within the AA. Make a judgment as to whether additional
layers were historically present using direct evidence such as stumps, root wads or historical photographs. Indirect
evidence such as local knowledge and expert opinion can also be used in this determination.
2. Do not score vegetation layers that would not normally be present in the wetland type being assessed.
3. Estimate and record the current coverage of each vegetation layer at the top of the table.
4. Record the Reference Standard or expected percent coverage of each vegetation layer to create the sub-variable
weighting factor. The condition of predominant vegetation layers has a greater influence on the variable score than do
minor components.
5. Enter the percent cover values as decimals in the row of the stressor table labeled " Reference/expected Percent
Cover of Layer". Note, percentages will often sum to more than 100% (1.0).
6. Determine the severity of stressors acting on each individual canopy layers, indicating their presence with checks in the
appropriate boxes of the stressor table. The difference between the expected and observed stratum coverages is one
measure of stratum alteration.
7. Determine the sub-variable score for each valid vegetation layer using the scoring guidelines on the second page of
the scoring sheet. Enter each sub-variable score in the appropriate cell of the row labeled "Veg. Layer Sub-variable
Score". If a stratum has been wholly removed score it as 0.5.
8. Multiply each layer's Reference Percent Cover of Layer score by its Veg. Layer Sub-variable scores and enter the
products in the labled cells. These are the weighted sub-variable scores. Individually sum the Reference Percent Cover
of Layer and Weighted Sub-variables scores.
9. Divide the sum of "Veg. Layer Sub-variable Scores" by the total coverage of all layers scored. This product is the
Variable 8 score. Enter this number in the labeled box at the bottom of this page.

Vegetation Layers
Current % Coverage of
Layer
Stressor

10

30

80

Tree

Shrub

Herb

x

Carduus acanthoides, Cirsium arvense,
Leucanthemum vulgare
Cynoglossum officinale, Linaria vulgaris, Phalaris
arundinacea

x

historic
historic
historic

x

x
x

x
x
x
x

historic
necessary to combat invasive vegetation
shift from hydric to mesic/xeric
historic

0.25

0.55

0.1

x

Noxious Weeds
Exotic/Invasive spp.
Tree Harvest
Brush Cutting/Shrub Removal
Livestock Grazing
Excessive Herbivory
Mowing/Haying
Herbicide

x
x

Loss of Zonation/Homogenization

Dewatering
Over Saturation

Weighted Sub-variable Score

x

x

0.68

0.70

0.84

=

1.9

x

÷

See sub-variable scoring
guidelines on following
page

=

x

=

Veg. Layer Sub-variable
Score

0.35 + 0.85 + 0.70 +

=

Reference/Expected % Cover
of Layer

=

DIFFERENCE BETWEEN
CURRENT COVERAGE AND
REFERENCE/EXPECTED

Comments

Aquatic

0.24 + 0.60 + 0.59 +

=

1.421

Variable 8 Score

0.75

Variable 8: Vegetation Structure and Complexity p. 2
Sub-variable 8 Scoring Guidelines:
Based on the list of stressors identified above, rate the severity of their cumulative effect on vegetation structure and complexity for each
vegetation layer.
Variable Score

Condition
Grade

Scoring Guidelines

1.0 - 0.9

A
Reference
Standard

Stressors not present or with an intensity low enough as to not detectably affect the structure,
diversity or composition of the vegetation layer.

<0.9 - 0.8

B
Highly
Functioning

Stressors present at intensity levels sufficient to cause detectable, but minor, changes in layer
composition. Stress related change should generally be less than 10% for any given attribute (e.g.,
10% cover of invasive, 10% reduction in richness or cover) if the stressor is evenly distributed
throughout the wetland. Stress related change could be as high as 33% for a given attribute if
stressors are confined to patches comprising less than 10% of the wetland.

<0.8 - 0.7

C
Functioning

Stressors present with enough intensity to cause significant changes in the character of vegetation,
including alteration of layer coverage, structural complexity and species composition. The
vegetation layer retains its essential character though. AA's with a high proportion of non-native
grasses will commonly fall in this class. Stress related change should generally be less than 33%
for any given attribute (e.g., 33% cover of invasive, 33% reduction in richness or cover) if the
stressor is evenly distributed throughout the wetland. Stress related change could be as much as
66% for a given attribute if stressors are confined to patches comprising less than 25% of the
wetland.

<0.7 - 0.6

D
Functioning
Impaired

Stressor intensity severe enough to cause profound changes to the fundamental character of the
vegetation layer. Stress-related change should generally be less than 66% for any given attribute
(e.g., 66% cover of invasive, 66% reduction in richness or cover) if the stressor is evenly distributed
throughout the wetland. Stress related change could be as much as 80% of a given attribute if
stressors are confined to patches comprising less than 50% of the wetland.

<0.6

F
Nonfunctioning

Vegetation layer has been completely removed or altered to the extent that is no longer comparable
to the natural structure, diversity and composition.
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FACWet Score Card
Scoring Procedure:
1. Transcribe variable scores from each variable data sheet to the corresponding cell in the variable score table.
2. In each Functional Capacity Index (FCI) equation, enter the corresponding variable scores in the equation cells. Do not enter values
in the crossed cells lacking labels.
3. Add the variable scores to calculate the total functional points achieved for each function.
4. Divide the total functional points achieved by the functional points possible. The typical number of total points possible is provided,
however, if a variable is added or subtracted to FCI equation the total possible points must be adjusted
5. Calculate the Composite FCI, by adding the FCI scores and dividing by the total number of functions scored (usually 7).
6. If scoring is done directly in the Excel spreadsheet, all values will be transferred and calculated automatically.

Abiotic and
Biotic Habitat

Hydrology

Buffer &
Landscap
e Context

VARIABLE SCORE TABLE
Variable 1:

Habitat Connectivity (Connect)

0.77

Variable 2:

Contributing Area (CA)

0.80

Variable 3:

Water Source (Source)

0.74

Variable 4:

Water Distribution (Dist)

0.69

Variable 5:

Water Outflow (Outflow)

0.74

Variable 6:

Geomorphology (Geom)

0.79

Variable 7:

Chemical Environment (Chem)

0.89

Variable 8:

Vegetation Structure and Complexity (Veg)

0.75

Functional Capacity Indices
Total
Functional
Points

Function 1 -- Support of Characteristic Wildlife Habitat
V2CA
V1connect +
+ (2 x V8veg)

0.77

+

0.80

+

1.50

+

FCI

+

=

3.06

÷ 4 =

0.77

0.89

+

=

6.76

÷ 9 =

0.75

V6geom

+
+

=

6.68

÷ 9 =

0.74

+

Function 2 -- Support of Characteristic Fish/aquatic Habitat
V6geom
(3 x V3source) + (2 x V4dist) + (2 x V5outflow) +
+ V7chem

2.22

+

1.38

+

1.48

+

0.79

+

Function 3 -- Flood Attenuation
V2CA
+ (2 x V3source) + (2 x V4dist) + (2 x V5outflow) +

0.80

+

1.48

+

1.38

+

1.48

+

0.79

V8veg

0.75

Function 4 -- Short- and Long-term Water Storage
V6geom
V3source
+ (2 x V4dist) + (2 x V5outflow)

0.74

+

1.38

+

1.48

+

Function 5 -- Nutrient/Toxicant Removal
V6geom
(2 x V2CA) + (2 x V4dist) +

1.60

+

1.38

+

0.79

+

+

=

4.39

÷ 6 =

0.73

0.89 +

+

=

4.66

÷ 6 =

0.78

+

=

3.88

÷ 5 =

0.78

+ (2 x V8veg)
+
1.50
+

=

5.42

÷ 7 =

0.77

0.79
V7chem

+

Function 6 -- Sediment Retention/Shoreline Stabilization
V2CA
+ (2 x V6geom) + (2 x V8veg)

0.80

+

1.58

+

1.50

+

+

Function 7 -- Production Export/Food Chain Support
V6geom
V7chem
V1connect + (2 x V5outflow) +
+

0.77

+

1.48

+

0.79

+

0.89

Sum of Individual FCI Scores
Divide by the Number of Functions Scored

Composite FCI Score
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