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Introduction
The conceptual plan for the restoration of Childs Meadow uses a process-based restoration approach to
identify and address source problems in the meadow and recover ecological processes that created and
maintained meadow biodiversity prior to human alterations. Successful ecological restoration projects
attempt to meet four process-based design criteria: (1) identify and increase connectivity of valley
hydrology and sediment delivery lost due to human alterations, (2) capitalize on energy within the
natural system (for example its capacity to transport sediment) to do the work of restoration, (3) use
natural materials for restoration that do not over-stabilize project elements, and (4) design the project
to place the meadow on a recovery trajectory to meet habitat objectives over time, rather than via a
single intervention (Ciotti et al., In review).
Within California’s meadow ecosystems, restoration of incised channels usually involves techniques to
raise streambed elevation and disperse streamflow (Hammersmark et al. 2009, Lindquist and Wilcox
2000, Pope et al. 2015). Process-based restoration accomplishes these goals by trapping sediment
through direct reductions in stream power at key locations, distributing stream power by restoring
historical flow paths or removing human barriers to flow (e.g. road networks), encouraging
multi-threaded channel formation, and creating conditions favoring the growth of emergent and
riparian vegetation (e.g. targeted livestock management) that can resist erosive flows. The technique
reduces and distributes stream power through strategic placement of post-assisted log structures (PALS)
and beaver dam analogs (BDAs) using on site natural materials including wood, sod and soil. Locations of
structures are determined by the existing arrangement of landforms, stream energy, and sediment
sources (Beechie et al. 2010, Pollock et al. 2014, Wheaton et al. 2019). For example, BDAs have been
shown to halt and reverse incision, raise groundwater tables, attenuate flood flows, and re-invigorate
desiccated riparian and wetland areas (Pollock et al. 2014, Bouwes et al. 2016, Weber et al. 2017).
These structures also help to create conditions that favor passive colonization and persistence of beaver
(Castor canadensis).

Existing Conditions
The Childs Meadow planning area includes a 365-acre riparian wet meadow complex with several large,
carbon-rich fens (~115 acres) owned by Collins Pine Timber Company. Adjacent lands include the Lassen
National Forest and two private resorts and add over 110 more acres to the wet meadow complex. The
Nature Conservancy holds conservation easements on the entire parcel encompassing the project area.
Childs Meadow lies at the ecologically unique intersection of the Sierra Nevada and Cascade ranges and
forms the headwaters of Deer Creek, a regionally significant anadromous watershed. Gurnsey Creek,
which runs through Childs Meadow, flows into Deer Creek about 4 miles downstream from the end of
the project area.
Interestingly, Childs Meadow’s 5625 acre (8.79 mi2) watershed is surprisingly small compared to its 640
acre (1 mi2)e valley floor.. The common belief is that Childs Meadow once received flows from a much
larger region extending to the slopes of Lassen Peak, but that a volcanic flow bisected the watershed
immediately upstream of the meadow and redirected flows to the adjacent Mill Creek Watershed. The
ramifications are that the Childs Meadow floodplain is oversized relative to the fluvial energy currently
moving through the system via Gurnsey Creek and its tributaries. In addition, the small watershed limits
sediment supply from outside of the project area.
A long history of human activities in the valley bottom and adjacent uplands has resulted in the
degradation of Childs Meadow. Stream channel incision, active head cutting, conifer encroachment,
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roadways, grazing, and diversions are impacting hydrologic function, and habitat quality (Figure 1).
However, the complexity of Childs Meadow, with several meadow lobes and constriction zones, creates
some natural resiliency to extensive valley incision (Figure 2). The meadow consists of segments of
depositional zones between areas with channel incision. This allows for planning local restoration
actions with some natural base flow control in-between (Figure 3).
The project area has a long history of cattle grazing that continues today. Cattle are currently grazed
within 2/3 of the project area north of the split rail fence (Figure 3) under a 5-yr grazing permit held by
The Nature Conservancy (TNC). The 2020 season is the final season under the agreement and then
oversight will be passed from TNC to Collins Pine. The current permit allows for 500 Animal Unit Months
(AUMs) between mid-June and mid-November, although in 2019, the permittee operated 441 AUMs
from mid-June to late July and then again from early September to early November. Collins Pine
anticipates maintaining the AUMs agreed upon by TNC and the permittee under the new permit
beginning in 2020.
Forest restoration has been funded and is being planned to address conifer encroachment of the
meadow and overly dense upland forest stands on the property. The South Lassen Watersheds Group,
which includes members of this project team, has secured funding for a large-scale forest restoration
planning and implementation project on the property through the Sierra Nevada Conservancy and
CalFire. The treatment plan for the project has been created and will be integrated with this meadow
restoration plan to capitalize on the availability of large wood for strategic in stream and floodplain
placement. Additional funding has been requested to treat the rest of the watershed, primarily National
Forest System land.
Restoration activities using cattle exclosures, BDAs, and willow planting have been piloted in the Childs
Meadow system. In 2016, this project team and volunteers installed a livestock fence around 30 acres of
degraded riparian meadow habitat, installed 6 BDAs in the lower half of the exclosure, installed
groundwater wells, and planted approximately 1500 willow stakes adjacent to the channels (Figure 4).
These actions resulted in increased flow complexity, vegetation growth, carbon storage, and numerous
growing willow plants in the fenced project area (Yarnell et al. 2020).

Project Goals
The current Childs Meadow restoration project has an overarching goal of restoring natural hydrological,
biological, and geomorphic processes throughout the meadow complex to increase resilience to climate
change and other stressors, with benefits to wetland vegetation and soils, Cascades frogs, birds,
beavers, macroinvertebrates, and downstream anadromous salmonids. This will be achieved through
restoration actions with these process-based sub-goals:
A. Increase floodplain connectivity, sediment deposition, and vegetation complexity within
depositional reaches of Gurnsey Creek through Childs Meadow
B. Increase channel migration within transport reaches of Gurnsey Creek
C. Restore altered flow paths and increase lateral inundation of tributaries and springs
Detailed objectives associated with these goals are included in the Childs Meadow Monitoring Plan.

Plan Design Methods
In the 365-acre meadow complex, the team plans to address source problems of degradation and
encourage natural recovery through removal of source problems and the strategic placement of locally
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sourced materials, including large wood, sediment, and willows. We applied a field and computer-based
mapping approach and conducted a climate smart restoration workshop to characterize current
conditions, identify areas for restoration, brainstorm on priority restoration actions, and estimate
hydrological improvements to conditions due to restoration.

Field Assessment
All members of the Childs Meadow restoration team were familiar with the meadow prior to initiation of
this restoration planning project. In addition to numerous pre-project surveys, we assessed the meadow
as a team during a 2-day field workshop on 3 – 4 October 2019 whereby we focused on (1) identifying
source problems, areas of degradation, and areas of altered drainage; and (2) brainstorming and
prioritizing potential restoration actions to remove or reduce the effects of source problems and restore
natural flow paths (link to field-based prioritization notes). A separate detailed fen assessment, CRAM,
and wetland delineation was also conducted by Dr. Evan Wolf in the fall of 2019 (Wolf 2020, draft
report).

LiDAR Assessment
We conducted a detailed catchment-level analysis to locate additional flow path anomalies and
restoration opportunities not easily observed onsite. We based these analyses on high resolution terrain
maps developed from LiDAR data for the site and surrounding watershed. We assessed tributaries to
determine if they were degraded, ditched, or if flow paths had been redirected or constricted due to
current or historical roads or other human structures. Redirected flow paths not only affect the
conditions within the altered reach, but also can degrade downslope fens or the meadow bottom by
focusing stream energy where it had not occurred naturally. We mapped the topography of Childs
Meadow and flow path of Gurnsey Creek from the headwaters through the meadow to locate areas of
degradation of the main channel, but also to locate reaches to prioritize actions to increase hydrological
connectivity with the meadow floodplain.
We also used this analysis to examine available reference conditions in the system to better understand
the hydrological conditions that we are aiming to attain. We included the upstream portion of Poppy’s
Fen on the northeast side of Highway 36 as one reference condition because it is isolated from grazing
disturbance and acts as a functioning hillslope finger fen. We used a multiple flow path model to
highlight the complex, multi-thread hydrology occurring in the reference condition. We also considered
the downstream beaver reach as a reference because we are aiming to facilitate expansion of beaver
through the meadow and want to understand how they affect flow paths and habitat conditions.
To accomplish these detailed analyses, we used ArcPro to derive concentrated flow paths for the entire
watershed based on the LiDAR terrain map. We then developed R code (R Core Team 2019) to automate
the creation of 400 m wide topographical cross-sections every 50 m along the main channel in the
project area and along tributaries flowing into the project area. We mapped locations of the
cross-sections with Google Earth to visualize the cross-section with its location on high resolution aerial
imagery. We then applied hypothetical 1-ft and 2-ft increases to the baseline surface water levels (i.e., at
time of LiDAR) along each transect and linked the perimeters to create polygons that estimate potential
initial areal gains in hydrological connectivity due to restoration actions anticipated to raise the water
level.
Following the mapping exercises and locating source problems, we modified the flow paths map to
simulate the restoration of natural flow paths to determine the expected change to flows. We also
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simulated the addition of BDAs and wood structures in a few areas through Childs Meadow to visualize
potential gains in hydrological connectivity due to initial treatments.

Climate Smart Workshop
We used the California Basin Characterization Model (Flint et al. 2013) and Assessment of Climate
Change in the Southwest U.S. (Garfin et al. 2013) to identify the range of climate projections that the
Childs Meadow watershed might experience by mid-century (2040-2069) in order to inform the
restoration design. The California Basin Characterization Model (Flint et al. 2013) is a water budget
model that predicts watershed-scale changes under various climate scenarios at a 270m (18-acre cell)
resolution. We selected five climate models (CSIRO-A1B, IPSL-RCP8.5, MIROC-RCP8.5, MIROC5-RCP8.5,
and MPI-RCP4.5) with differing assumptions and emissions scenarios that together capture the range of
possible conditions (based on changes in temperature and precipitation) that Childs Meadow might
experience by mid-century, 2040-2069 (Table XX).
Table 1: Range of possible future conditions for the Childs Meadow watershed in 2040-2069 relative to
an historic baseline of 1981-2010.
Variable

Range

April 1 Snowpack

20 – 64.6% of historic

Precipitation

81.4 – 113.3% of historic

Recharge and Runoff

69.5 – 115.4% of historic

Minimum Average Temperature, Dec-Feb

Increase of 2 – 4.9 degrees C relative to historic

Maximum Average Temperature, June-Aug

Increase of 2.5 – 7.7 degrees C relative to historic

These projections indicate that the Childs Meadow watershed is likely to have high exposure to climate
change, likely because of its elevational (4,786 – 6,180 feet) and latitudinal position (40.3°N).
Mid-elevations between 5,000 and 8,000 feet are projected to experience the most warming as
retreating snow cover exposes darker land surfaces that absorb more sunlight that would have been
reflected by snowpack, further accelerating warming (Reich et al. 2018). These rising temperatures will
drive hydrological changes in the Deer Creek watershed, as more precipitation will fall as rain than snow,
leading to loss of snowpack and a shift in the timing and amount of runoff towards earlier in the year
(Viers et al. 2013; Garfin et al. 2013; Reich et al. 2018; Rhoades et al. 2018). The greatest shifts in runoff
are projected to occur at mid-elevations of 5,000-8,000 feet, resulting in longer periods of low flow in
the late summer months (Viers et al. 2013; Reich et al. 2018). Snowpack is projected to disappear almost
entirely at elevations below 5,000 feet under a business-as-usual emissions scenario (Reich et al. 2018).
The greatest loss of peak water volume at peak timing will occur in the northern Sierra/southern
Cascades at latitudes between 38.6°N to 42.4°N as snowfall shifts to rain, runoff shifts to earlier in the
year, and increased ablation leads to reduced snowpack accumulation (Rhoades et al. 2018). There is
also projected to be an increase in the frequency and severity of extreme events, including droughts,
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winter precipitation extremes and extreme floods, and high severity fire (Miller et al. 2009; Garfin et al.
2013; Viers et al. 2013). Warming may also increase climatic water deficit and lead to drier conditions in
meadows (Stephenson 1998; Viers et al. 2013; Reich et al. 2018; Rhoades et al. 2018).
In a workshop on April 29, 2020, the project team assessed climate vulnerabilities in the context of
project goals and objectives on the above climate projections and developed a list of potential climate
vulnerabilities to be addressed through the restoration design:
●
●
●
●
●
●

Decreases in the amount of flow will result in drier vegetation conditions and low groundwater
elevations earlier in the season
Current human stressors will be amplified (grazing, roads, logging) and disruptive to various
functions/processes, especially given the current trend towards drier conditions
Increased demand for earlier start to grazing season and longer grazing season, resulting in
impacts to vegetation and peat soils
Increased pressure on fens from livestock, especially during drought years and as meadow
conditions become drier, resulting in soil compaction and loss of fen vegetation
Potential reduction in groundwater recharge from reduced snowpack at high elevation could
reduce spring outflow into fens, with a transport lag time
Beaver dams may blow out more frequently as a result of increased flashy flood flows

Conceptual Plan
Using both field and computer-based approaches, we identified source problems including (1) redirected
flows and areas of unnatural constriction due to abandoned and active roads and ditches, (2) cattle
impacts to vegetation, flow paths, and channel stability, (3) deep channel incisions and head cuts that
are draining and causing disconnection with the meadow surface, (4) altered forest structure due to
forest management and fire suppression that has reduced available large woody debris and increased
conifer encroachment, and (5) elimination of beaver from portions of the meadow (Figure 1, 2, & 3).
We plan to address many of these problems through a range of restoration techniques and partnerships
that we describe below. However, we will not be able to eliminate all source problems so limitations will
remain that influence priorities and level of effort applied in some sections of the meadow. For example,
at this stage cattle grazing will likely continue at Childs Meadow for the foreseeable future at similar
AUMs as currently grazed. While we likely cannot eliminate grazing, we hope to exclude cattle from
sensitive restoration areas, such as fens and riparian areas, at least temporarily or on an experimental
basis. Fire was used historically in this region by local tribes to maintain meadow openness and to
facilitate the growth of useful plant communities. Due to timber management and infrastructure
concerns, controlled burns will not be used as a restoration tool. Finally, California State Route 36
parallels the meadow to the northeast and affects flow paths of several tributaries by constricting flows
through culverts. Restoration actions involving the highway are contingent upon CalTrans. We are
reaching out to them to determine if they would be willing to engage in some road crossing
improvements to better spread flows onto the meadow surface.
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Unnatural Flows due to Roads and Ditches
Roads are ubiquitous around Childs Meadow and have been for probably over 100 years. Route 36 is a
major transportation corridor between Susanville and the northern Central Valley and is maintained by
CalTrans. Several dirt and gravel roads feed off this corridor and serve as access to timber operations.
Abandoned roadbeds are also present and have influenced flow paths of tributaries to Childs Meadow
over many decades (Figure 5). Using detailed flow path and terrain mapping, we can identify locations
where connections of flows to historical flow paths could be recovered with least effort. Figures 6 and 7
provide examples of locations where flow paths could be reconnected. Recovering natural flow paths
before working on downstream ditches, head cuts, and incised channels may reduce hydrological stress
on these downstream features and makes their repair easier, or in some cases, unnecessary. In addition,
reclaiming water to rightful drainages may help to restore dried meadow habitats without additional
effort.
Roads that do not divert flows but cross or parallel streams in low gradient depositional reaches cause
constrictions or overly resistant features that serve to contain flows to a single channel. The
concentrated flow can result in channel incision and alter the stream character from depositional to
transport. We plan to remove abandoned roadbed features from the meadow and tributary fens that
constrict or concentrate flows. Locations of this type of road feature can be seen in Figure 6.
Ditches were often used to drain saturated soils to ease human or livestock access to meadow surfaces.
Field reconnaissance and the LiDAR imagery identified several active ditches in tributary reaches and in
the meadow bottom . We plan to restore flow paths by blocking and eliminating flow through all
identified ditches (Figure 3). Several techniques are effective for blocking ditches from complete fill to a
series of check dams using sod, wood, seeded sandbags or other biogenic materials. We plan to
experiment with techniques to learn which may be most effective for the conditions at Childs Meadow.

Vegetation Recovery and Cattle Grazing
Livestock grazing has occurred in Childs Meadow for over a century and has greatly affected vegetative
composition of the system. We do not plan to attempt to recreate exact floral characteristics of the
meadow but hope to reintroduce and establish a greater range of plant taxa to areas where cattle are
excluded. We plan to plant and encourage growth of taxa that are favorable to beaver such as willow
and aspen, and to plant native meadow species expected to survive, recruit and provide co-benefits
under climate change conditions. See the Sierra Meadow Planting Palette Tool (Vernon et al. 2020) for a
list of 70 wet meadow plant species appropriate for the Childs Meadow region. Willow plantings will be
focused in areas where they are expected to grow well such as at the base of transport reaches where
we expect alluvial deposits to form. The willows will have less competition from herbaceous meadow
vegetation and will serve to stabilize the sediment.
We plan to work with Collins Pine and the grazing lessee to discuss and explore potential alternatives to
the current grazing regime. Proposed alternatives include: (1) maintaining the status quo, (2) expanding
fencing of sensitive areas, (3) resting the meadow from grazing for 3 years following the restoration,
followed by gradual reintroduction, and (4) eliminating grazing completely. Currently, alternative 2 is the
most likely option.
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Channel Incision and Headcuts
Childs Meadow includes a series of wide meadow lobes separated by more narrow constricted reaches.
Channel incision occurs throughout the meadow but tends to be greatest in the more constricted
reaches with some bank heights exceeding three meters. We plan to use multiple strategically placed
BDAs and PALS aimed at encouraging local widening of some incised reaches combined with a sediment
capture mechanism downstream to increase streambed aggradation and the accompanying fluvial
connectivity between the channel and the floodplain (Figure 3 and 8). Habitat and ecosystem benefits
increase with this connectivity and peak once streams reach a stage zero or anastomosing plan form
(Cluer and Thorne 2014). Gurnsey Creek through the meadow has likely been structurally starved due to
both degradation of the stream channel and because of forest management practices and modifications
to its riparian zone.
For these wood structures we will follow methods described by Pollock et al. (2017) and Wheaton et al.
(2019). PALS and BDAs will be designed to add structure to the stream through Childs Meadow and to
encourage sediment capture and hydrological floodplain connectivity. Both types of structures are
hand-built structures made from natural materials that are intended to be permeable and temporary.
BDAs are built to mimic and promote beaver activity by creating ponded habitat. PALs create
hydrological complexity and can be used to accelerate channel evolution, such as by directing shear
stress away from the streambed to channel banks to encourage widening of the channel. This restores
depositional process within the degraded channel resulting in creation of sediment bars and new
deposition areas.
We identified regions to install BDAs and PALs with the goal of accelerating meadow recovery processes
along multiple reaches. For most locations the objective is to expand existing depositional areas such as
gravel or sand bars and raise incised channel bed elevations. Greatest potential for sediment deposition
exists in the confined reach downstream of the main channel headcut and multiple reaches downstream
of the split rail fence. Other structures will be placed to raise the local water table and increase
hydrologic connectivity to secondary channels or depressions throughout the floodplain or directly
below headcuts. Such areas may not have frequent sediment inputs but will benefit from immediate
rewetting partnered with riparian and meadow planting aimed at increasing the habitat’s attractiveness
to beaver. Structures will also be used to plug artificial drainage ditches along hillslopes and the valley
bottom.
After constructing the BDAs and PALS, we plan to maintain them through multiple flood events and
growing seasons as they increase deposition and vegetation growth (typically 3 years). During this time
practitioners will adapt the structures and determine if they are accelerating system recovery at the
scale and pace needed to meet project goals. Some structures may be abandoned if deemed ineffective
while others may become buried by depositional processes or occupied by beaver. We will likely need to
continue to build up additional BDAs and PALs after a few years of tracking system responses to the
initial restoration efforts.

Beaver
Research has recently heightened recognition of the importance of beaver in watershed health and
climate change resiliency (Lundquist and Dolman 2018). The species’ ecological services include
enhanced water storage, erosion control, habitat restoration and creation, listed species recovery, the
maintenance of stream flows during the dry summer period, and other beneficial adaptations to our
7

changing climate conditions. We will implement in-channel restoration, grazing management, and
plantings of large numbers of willow and aspen with the goal of improving habitat conditions for beaver
expansion into more habitats in the meadow. Raising the water table in Gurnsey Creek through the
meadow will increase surface water residence time and connectivity with the floodplain. By raising the
water table 1 ft, we estimate an increase of wetted area of about 80 acres and by raising it 2 ft, we
estimate 140 acre gains. Slowing and spreading water in the main channel will hopefully also help
downstream beaver populations by reducing the flashiness of flood events that risk blowing out beaver
dams. In the meantime, we plan to post-assist some existing beaver dams so they are more resistant to
high flows (Figure 9).

Fens
Multiple fens occur in Childs Meadow (Figure 2). A separate fen assessment was conducted for the
Childs Meadow restoration and is included in Appendix B (Wolf 2020, draft report). For these areas, we
plan to eliminate all possible channels and flow features that drain groundwater and transport water off
site as surface flow. In addition, it will be important to exclude cattle from fen areas with either fences,
dropping trees around them, grazing management planning or all of the above. Figure 10 shows intact
fen flow paths in Poppy’s Fen above State Route 36 and channelized flow paths below the road
associated with culverted flows and grazing effects. Once hydrological conditions are improved, it might
be necessary to sow seed or plant seedlings of fen vegetation to restart peat formation.

Climate Change
Climate change is likely to be a stressor to the restored meadow system. The restoration will be
designed to help address potential climate vulnerabilities. Use of PALS and BDAs will help activate the
meadow floodplain which in turn will contribute to groundwater recharge and improved late-season
base flow, thus helping to address potential vulnerabilities associated with a change in the flow regime.
Floodplain activation and increased meadow wetness can help mitigate for increased climatic water
deficit and help increase carbon storage in meadow soils. PALS, BDAs, recruitment of large woody
debris, and restoration of riparian vegetation will promote habitat complexity, such as deep, cold pools
that can serve as aquatic temperature refugia. Long-term maintenance of the BDAs and PALS as well as
post-assists on existing natural beaver dams will be required to address potential damage or blow-outs
from extreme winter precipitation events. The project will also address source problems (roads, culverts,
ditches, diversions, etc.) and remove encroaching lodgepole pine, which together will help mitigate
existing stressors to the meadow system that may be exacerbated by climate change.
The revegetation strategy will also help address climate vulnerabilities. We will use a climate-smart
planting palette of native species that together may increase the resilience of the vegetation community
to climate change by including a diverse, complementary, and redundant suite of species (Vernon et al.
2020). When and where possible, we will plant or enhance willow and aspen populations in nearby
wetland and riparian areas to support beaver and other wildlife. We will reestablish fen vegetation
across restored fens to restart peat formation and contribute to carbon sequestration.
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Figure 1. Overview of Childs Meadow project area with specific features identified. Also included are the
topographical cross-section locations, main channel center line, and green polygons representing the
approximate wetted area for a 2-ft increase in water table elevation. Terrain elevation is exaggerated 3x
using Google Earth Pro.
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Figure 2. Delineation of site wetland resources and forest treatments.
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Figure 3. Childs Meadow project area with planned restoration activity areas delineated.
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Figure 4. Pilot restoration area of Childs Meadow showing the upper negative control reach, cattle
exclosure and lower beaver dam analogue reach. Experimental transects and locations of groundwater
monitoring wells are also shown.
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Figure 5. Hundreds of acres of upland surface flows have likely been rerouted by road construction. Pink
polygons indicate watershed with hypothesized flow path changes. Blue lines indicate natural flow paths
and red lines indicate current flow paths. A: Approximately 171-acre watershed is currently
concentrated into an incised channel immediately downstream of a culvert under State Route 36 that
flows into the meadow just upstream of the largest headcut in the meadow. Historically the flow may
have entered the meadow via a path immediately south of the culvert, bypassing the headcut. B: Road
construction along the finger fen disconnected flow paths from a 64-acre watershed that now gets
concentrated over a headcut in the fen. (See Figure 6). C: Road-capture of a stream caused a 28-acre
watershed to completely change its flowpath and enter the meadow well downstream of where it likely
historically entered. D: Road-capture of a 44-acre watershed led to incision of an extended road
segment, deposition of coarse material mid fen and degradation of surface flow paths within the fen
system (see Figure 7). All flow path scenarios will be field checked and studied in greater detail before
design plans are finalized.
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Figure 6. Hillshade raster showing constrictions to flow in the main channel and finger fen tributary.
Blue and green shading shows area within one or two (respectively) vertical feet of the stream channel.
We plan to increase the wetted meadow surface by removing the road spur and adding wood
structures, including beaver dam analogs (BDAs) and post-assisted log structures (PALS), to spread and
capture flows.
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Figure 7. Visualizing detrended elevation data three dimensionally in Google Earth can help highlight
point sources of degradation higher up in the watershed. The green color highlights areas of low
topographical elevation that likely were historical flow paths that were blocked during construction of
the road. The stream now flows along a topographical high point adjacent or on the roadbed (see inset
topographical cross-section). Without the added surface water, the historical wetland area likely dried
over the decades and has been converting to upland vegetation.
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Figure 8. LiDAR-derived topographical cross sections along the upper headcut reach of Gurnsey Creek
through Childs Meadow. Blue polygons on the Google Earth image show the area within 1-ft of the
water elevation in the channel. Note the potential to spread flows on the meadow surface just upstream
of the headcut. We also plan to add wood structures in the upper low-gradient incised channel to add
complexity and encourage aggradational and degradational processes.
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Figure 9. Response of stream-floodplain connectivity to active dam maintenance by beavers (Castor
canadensis) . Blue polygon indicates perpendicular transect within 1ft of the stream channel surface.
Orange barbells indicate beaver dams visible in 2017 aerial imagery. Note that beavers create complex
edge habitat on the meadow surface switching between flooded and drier regions depending on
placement of dams.
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Figure 10. LiDAR imagery of “Poppy’s Fen”, a sloping finger fen on the east side of the meadow that
crosses State Route 36, showing the distinct change in flow paths above and below the road culvert.
Above the highway, grazing is excluded from the steep fen where no primary channels exist and
heterogeneity due to old, buried downed wood creates differential wetting that provides habitat for a
diversity of fen plants, including several sensitive species. Below the road, concentrated flow paths,
ditching, and livestock grazing have severely degraded the fen habitat. We plan to rest this area from
grazing and eliminate ditches to redirect flows onto the fen surface where additional log structures will
be placed to capture flows and create roughness.
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Appendices
Include map and summary notes from field workshop, fen/wetland assessment, and climate smart
workshop- maybe Marian can add here. And/or we could provide hyperlinks in text to the documents.
Wolf, E. C. 2020. DRAFT: Wetland delineation and assessment in Childs Meadow, Tehama
County, CA. Draft technical report prepared for Point Blue Conservation Science.
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