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Figure 1. Delineated study area watershed and the locations of the Bebb
willow stands (from Gavin 1998).

WATERSHED RESTORATION EFFORTS AT HART PRAIRIE

IN NORTHERN ARIZONA

Joshua Kursky and Aregai Tecle1

Hart Prairie is a high-elevation upland riparian
ecosystem on the west slope of the San Francisco
Peaks in northern Arizona. The location is unique,
not only as an upland riparian area in the semi-arid
Southwest, but also for having a wet meadow eco-
system dominated by Bebb willow (Salix bebbiana).
The ecosystem has experienced a high degree of
change since the time of Euro-American settlement.
Along with fire suppression, increased wild ungu-
late herbivory rates, and conifer encroachment into
a historically short-grass prairie, several human-
induced changes have been made to the topography
of the watershed. Stock tanks, an earthen berm with
associated diversion channels, and a road that cuts
perpendicularly across the direction of water flow
near the base of the watershed have contributed to
the altered drainage patterns and the decreased
water availability to the flora and fauna in the area.

As a result, the Bebb willows and the associated
meadow vegetation are at risk. Most of the willows,
which constitute the majority of the canopy in the
ecosystem, are at a decadent, over-mature stage that
allows a limited recruitment of younger plants
(Maschinski 1991, Waring 1992). Under these
conditions, the plant community may die off leading
to the loss of this rare riparian area forever.

Research on restoration efforts have been
undertaken since the mid-1990s on The Nature
Conservancy’s Hart Prairie Preserve and the adja-
cent US Forest Service Fern Mountain
Botanical Area. This paper summarizes
the efforts that have been made; most of
which targeted to improve the low
germination rates of willow seeds, and
to restore the geomorphology and
surface flow patterns to their
pre-disturbance conditions.

SITE DESCRIPTION
Hart Prairie is a short-grass prairie

surrounded by ponderosa pine (Pinus
ponderosa) and mixed-conifer forests
on the western slopes of the San
Francisco Peaks, at elevation of 2,560
to 2,680 m above sea level (Fig. 1).
While historically the prairie was
mostly open meadow, the upper slopes
were mostly encroached by conifers as
a result of fire suppression during the
last century. Currently, the ownership

of the area is divided between a few private estates,
The Nature Conservancy’s Hart Prairie Preserve,
and the USDA Forest Service’s Fern Mountain
Botanical Area (Mullen 2004). All restoration
efforts to date have taken place only on the Forest
Service and The Nature Conservancy lands (USDA
Forest Service 2010).

The study watershed stretches from the top of
Mt. Humphreys (at 3,852 m elevation) to the south-
western edge of The Nature Conservancy’s property
at the base of Fern Mountain (Fig. 1). All together
the watershed encompasses an area of approxi-
mately 12 km2 (Gavin 1998). The watershed is
drained by an intermittent stream that starts at the
base of Fern Mountain and flows into Volunteer
Wash, and eventually into the Verde River.

Both gentle and steep slopes characterize the
study site. The eastern portion of the watershed
includes the flanks and top of the highest mountain
in Arizona (Mt. Humphreys). Fern Mountain abuts
the ephemeral stream that drains the watershed, and
its steep slopes lead directly to the channel. As
shown in Figure 1, the wet meadows and the Bebb
willow riparian habitat along the upper reaches of
the drainage area exhibit more moderate slopes of
8% to 12% (Avery 1991, Curry 1997).

The willow community at Hart Prairie is
unique. It is both the southernmost and the largest
Bebb willow-dominated community in the world

1Northern Arizona University, Flagstaff, AZ.
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Figure 2. Close up of the Bebb Willow stands location in the study area
(from Mullen 2004).

(The Nature Conservancy 2005). The
willows are clumped in communities on
the lower, mid, and upper slopes of the
watershed along small rills fed by sea-
sonal springs (Fig. 2). Toward the
upper and eastern ends of the study
area, the drainages become broad and
relatively flat with indistinct banks.
Towards the lower and western sides of
the drainage basin and at the base of
Fern Mountain the rills converge to
form the stream that drains the
watershed (Fig. 2).

The primary inputs to the hydrology
of Hart Prairie are winter snowmelt and
summer monsoonal rains. In 2004, the
93-year average annual precipitation in
the area was 564 mm (Mullen 2004). Snowmelt has
been demonstrated to be more important for hydro-
logical recharge than are the monsoonal rains since
the latter are subject to extensive evaporation during
warm summers (Gavin 1998). The runoff from the
snowmelt infiltrates into the shallow and porous
Sinagua Formation, which overlays the less
permeable geological layers and temporarily retains
the water. The water table drops as water is lost to
spring output and slow leaks through the more imper-
vious underlying geologic strata down to the larger
regional aquifer (Gori and Smith 1996, Gavin 1998).
The springs that support the riparian ecosystem occur
where localized perched aquifers, isolated by hori-
zontal clay lenses within the Sinagua Formation,
intercept the surface. Spring flow is highly dependent
on precipitation from the current and previous year.

Land-Use History
Hart Prairie has been settled by European-

Americans since 1877, when Frank Hart built a
small homestead that included a cabin and outbuild-
ings. He was attracted by summer forage and access
to winter range for his sheep (The Nature Conser-
vancy 2001a). On the Forest Service-owned part of
the area, sheep continued to graze through the early
and mid-20th century until 1986, when the condi-
tion of the allotment permit was converted to cattle
grazing. At this time, the permit was transferred to
the Navajo Nation, and the land has not been grazed
since, other than by occasionally trespassing cows
from neighboring blocks.

In 1987, 170 acres of Forest Service land were
designated as the Fern Mountain Botanical Area
(FMBA). The purpose of the new classification was
to protect and enhance the riparian community, par-
ticularly the Bebb willows (The Nature Conser-
vancy 2001b). Any action by the Forest Service in
the FMBA is influenced by how the plant commun-
ity is impacted, and whether or not it benefits or
harms the overall health of the ecosystem.

The private land in the study area, mostly
encompassed by The Nature Conservancy’s Hart
Prairie Preserve, was originally intended for agri-
cultural use. German immigrant families, including
one headed by August Freudenberger, set up potato
farms, which were abandoned after only a few years
due to unfavorable conditions. However, those
short-lived attempts had long-term consequences on
the local geomorphology, as diversion ditches for
field irrigation are still extant and visible in the area
(Gori and Smith 1996). Freudenberger later
changed his name to Gus Dillman and established
the Fern Mountain Ranch, of which the original
homestead, barn, and root cellar are still preserved
on The Nature Conservancy’s property. The ranch
switched ownership twice in the 20th century,
experiencing low-level livestock grazing during
each period until the early 1990s when the ranch
was donated to The Nature Conservancy for the
express purpose of protecting the rare riparian ecol-
ogy in the area (Gori and Smith 1996, The Nature
Conservancy 2005).

The actions of one man in the early 20th
century have most likely had the greatest impact in
altering the geomorphology and surface flow of
Hart Prairie. The man was Charlie Spencer, a
schemer who had organized two failed gold mining
operations upon his arrival in Flagstaff in 1912
(Avery 1981). Some time later, he developed an
idea to divert runoff from the snowy San Francisco
Peaks into man-made reservoirs for sale to the
growing towns in northern Arizona, the ranching
operations in the drier areas to the north, and even
to the Grand Canyon and its burgeoning tourist
industry. As part of the project, Spencer built diver-
sion ditches, canals, and tunnels from the Dillman
Ranch (currently the Nature Conservancy’s Hart
Prairie Preserve) to Crater Lake (Colton 1956).
Similar to his previous projects, Spencer’s water
harvesting proposal failed to get any attention from
investors and ceased to exist by 1920. The fruits of
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his labor, however, are still present at Hart Prairie
in the form of various canals and diversion ditches
that span the area. Other man-made changes affect-
ing the hydrology and geomorphology of the area
consist of an enclosed spring and a diversion pipe-
line attributed to a Babbitt family member (Avery
1991). Due to lack of detailed records, it is hard to
identify the responsible party for each individual
diversion.

PROBLEMS FACED BY THE 

BEBB WILLOW ECOSYSTEM
There are several ideas that have been sug-

gested as the root causes for the decline in ecosys-
tem health in the study area. They include an altered
hydrology, changes in fire regime, and high levels
of herbivory by wild ungulates (Maschinski 1991,
Waring 1992, The Nature Conservancy 2005). Inva-
sive species have also been identified as an influen-
tial factor (pers. comm. with N. Chapman of The
Nature Conservancy, February 10, 2015).

Human-induced changes to the topography of
Hart Prairie are considered to be some of the big-
gest factors that influenced the health of the ecosys-
tem. Those modifications intercepted surface water
and channeled it away from the Bebb willow dom-
inated area where it historically flowed. The access
road also led to increased erosion rates and a source
of excess sediment in the creek that drains the
watershed (Wirtanen 2007). An indeterminate
amount of water over the years was thus unable to
reach the willow community, limiting the supply of
water to adult willows and preventing the establish-
ment of seedlings, which require near-saturation
soil moisture levels to germinate (Maschinski
1991).

An altered fire regime is another influential
factor affecting the ecosystem. Historically, ponder-
osa pine forests and upland meadows burned regul-
arly, with a fire return interval of approximately
two to eight years. However, the wet meadow has
much wetter soil conditions than the surrounding
upland prairies and forests to lengthen the fire
interval. By analyzing tree-ring data, researchers
have identified the frequency in years the wet
meadow is likely to burn (Gori and Smith 1996). A
fire return interval of about 19 years is thought to be
the norm for the Bebb willow habitat at Hart
Prairie.

However, as in most of the western United
States, occurrences of natural fires have been sup-
pressed at Hart Prairie since 1905 (Mullen et al.
2006). As a result, large numbers of ponderosa
pines and other conifers have encroached into what
was once historically an open meadow ecosystem.
Moss (2010) determined that what was once prairie
with a density of about 10 trees/hectare (ha) is now
a thick forest ecosystem with conifer densities of up

to 700 trees/ha. Springer et al. (2006) have identi-
fied historically prairie areas directly above the wet
meadow that have been colonized at a less aggres-
sive rate to exhibit densities of 16 trees/ha.

Studies have shown that encroaching conifers
affect the hydrology of areas into which they move.
A report by The Nature Conservancy shows that
runoff can increase by up to 20% by thinning the
trees in a watershed regardless of whether the area
is in a wet or dry period (Robles et al. 2014).
Springer et al. (2006) showed that the herbaceous
understory at Hart Prairie consume more water than
conifers do in drier years; however the trees still
play an active role in using up the limited ground-
water resources.

The absence of fire has led to a lack of bare
mineral surfaces. In a controlled experiment, plots
of herbaceous understory exposed to fire exhibited
lower biomass and larger areas of bare surface soil
than plots that were not burned (Mullen 2004,
Mullen et al. 2006). In the same study, the burned
plots exhibited an increase in soil moisture during
the four weeks immediately following treatment,
although the burned plots had lower soil moisture
than the control plots in the following years. This is
significant because the bare surface cover ended up
increasing the chances for Bebb willow seed germ-
ination (Waring 1992).

While domestic livestock have not intentionally
been a part of the study in the area since 1986 at the
latest, browsing by wild ungulates such as mule
deer (Odocoileus hemionus) and elk (Cervus
canadensis) has done extensive damage to already
stressed plant species. Bebb willow and aspen
(Populus tremuloides), also at risk of extirpation,
are the preferred species of forage, and every plant
not in an elk-proof exclosure exhibits some evi-
dence of browsing (The Nature Conservancy 2001b,
The Nature Conservancy 2005). The only juvenile
willows in the community are in an elk-proof
exclosure, while unprotected seedlings that success-
fully germinated were quickly grazed to the ground
(The Nature Conservancy 2001b). There are multi-
ple reasons why browsing has become so proble-
matic, including the introduction of a non-native
species of elk and the extirpation of their natural
predators. The stock tanks in and around the Hart
Prairie area are a primary cause for increased preda-
tion as they attract and support a higher elk popula-
tion gathering than historically existed in the area
(The Nature Conservancy 2001a, Mullen 2004).

Invasive species are affecting the reproduction
of the willows and thus the ecosystem as a whole.
Aggressive, matted grasses such as Kentucky blue-
grass (Poa pratensis) and nodding brome (Bromus
anomalus) spread quickly, crowd out native grasses
and ferns in the understory, and outcompete native
species for limited resources (pers. comm. with N.
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Chapman of The Nature Conservancy, February 10,
2015). The densely matted sod formed by these
invasive species limit the amount of bare mineral
surface available for Bebb willow germination, and
block seedlings that do manage to germinate from
establishing a root system down to the water table.

RESEARCH AND RESTORATION EFFORTS
Restoration efforts and research to reverse the

degradation of the Bebb willow community and the
riparian ecosystem in the area as a whole began in
earnest in the early 1990s. Early experiments, con-
ducted in an attempt to understand the reasons
behind the lack of juvenile willow establishment,
identified low soil-moisture levels as the primary
cause (Maschinski 1991, Waring 1992). While the
willows were producing viable seeds, the near sat-
uration of the uppermost soil surfaces needed for
germination was lacking. Waring further identified
predation by herbivores and competition from the
herbaceous understory as other probable causes,
since lack of soil-moisture could not solely explain
the plant community’s decline (Waring 1992). An
interview with a long-time Hart Prairie resident and
a field survey ascribed the reduced moisture level in
the riparian ecosystem to topographic changes made
during the Euro-American settlement period (Avery
1991).

A check dam was constructed in July 1991 in an
attempt to retain runoff and increase soil-moisture
levels (Maschinski 1992). The experiment, how-
ever, failed to produce seedlings in non-laboratory
settings, not because its assumptions regarding soil
moisture and germination were incorrect, but
because the check dam did not result in increased
soil moisture. Maschinski (1992) postulated that the
check dam was built too late in the dry season to
minimize evaporation and to maximize its water
holding capacity.

An earthen berm and a diversion ditch in a
spring-fed drainage were removed in 1996. For
monitoring purposes, an H-Flume stream-gauging
station was installed to measure the surface water
discharge at the point where the ephemeral stream
exits the watershed. Also a data-logger system was
installed on Nature Conservancy property to record
weather conditions (Avery et al. 1998). The berm
and ditch removal are described in greater detail
below. Curry (1991) used theoretical hydrological
discharge models and a Snowmelt Runoff Model
(SRM) to calculate the quantity of water restored to
the plant community as well as the percentage
resulting from snowmelt. However, the discrepancy
between his predictions and the observed data from
the stream-gauge prompted a rejection of the appli-
cability of the existing models to the hydrology of
Hart Prairie. The models did not take into account
the unique geology of the area, and the SRM was

based on average snowpack conditions that had not
been observed in the field since data recording
began.

Gavin (1998) attempted to address the discrep-
ancy by developing a site-specific hydrological
model using data from the weather station and the
stream-gauge. The model results indicated that the
springs that supported the riparian habitat res-
ponded to high variations in the amount of snow-
melt; which further indicates that soil-moisture was
very dependent on recharges from winter precipi-
tation. Conditions in 1996 and 1997 (when Gavin
was executing his experiment) were not enough to
meet the minimum soil-moisture levels necessary
for successful willow germination. However, he
simulated that an 8% increase in recharge over 1997
conditions would be enough to meet the threshold
level for a successful willow regeneration, with a
60% chance that precipitation in any given year
would meet these requirements (Gavin 1998).

A monitoring of the topographic restoration was
made to determine the response of the riparian veg-
etation. Church (2000) analyzed specific indicators
of Bebb willow growth status such as leaf area,
shoot elongation, radial stem growth, and predawn
water potential, but determined that the dam and
diversion ditch removal had no significant effects
on the indicators. While observed weather data
suggested that the optimal moisture level for seed-
ling establishment had still not been met, Church
(2000) believed factors other than topographic mod-
ification were influencing the lack of willow regen-
eration. Church (2000) suggested those factors to be
surface flow interception by encroaching conifers
and competition by herbaceous understory species.

The impacts of increased competition from the
grass and grass-fern understory communities and
the lack of bare mineral surfaces needed for seed
germination were investigated. It is determined that
the two types of understory communities used up a
greater proportion of the available moisture than the
colonizing ponderosa pine and other conifers,
especially in years of below-average precipitation
when understory transpiration consumed any excess
water in the system (Springer et al. 2006). Mullen
(2004) conducted a controlled experiment in which
plots of understory vegetation were treated with
prescribed fire. Her results indicated that early-
season burning could increase soil-moisture for up
to four weeks following a prescribed burn, although
both early-season and late-season burning led to a
decrease in soil-moisture in subsequent years
(Mullen 2004, Mullen et al. 2006). Burning had the
added benefit of opening up bare patches of ground
deemed necessary for seed germination, with
burned plots exhibiting up to 33% less biomass and
lower percent areal vegetation cover than unburned
plots (Mullen et al. 2006).



25

A subsequent monitoring study in 2010, 14
years after topographic restoration efforts were
implemented, found that while species diversity and
richness had increased, the dam and ditch removal
had little to no significant beneficial effect on the
area’s ecological functions (Carr 2010); the relative
abundance of native and wetland plants both
decreased, and the abundance of invasive and
upland species increased. Additionally, restoration
efforts did not have the anticipated effect of
increasing the discharge-to-precipitation ratio in the
stream channels.

Tree thinning and subsequent prescribed burns
were conducted on both The Nature Conservancy
preserve and the USFS Fern Mountain Botanical
Area (Carr 2010, Forest Service 2010). The exact
number of acres treated immediately surrounding
the study area was not obtainable for this paper,
although a visual assessment of the sight confirms
that a large area of ponderosa pine forest to the
northeast of and upslope from the Bebb willow
communities has been cleared and has been
replaced by grass and shrub communities. No data
or analysis has yet determined what, if any, quanti-
fiable benefit these treatments conferred on the
ecosystem.

Elk-proof exclosures have been set up around
several stock tanks and springs in the riparian cor-
ridor to discourage browsing by wild ungulates and
to study the effects of grazing cessation. The fences
appear to benefit both willow regeneration and
other native plant species, such as aspens and
Blumer’s dock (Rumex orthoneurus) (The Nature
Conservancy 2001b). But, in accordance earlier
findings, only juvenile willows within exclosures
have survived.

Topographic and Geomorphologic
Restoration

Several efforts have been made to restore the
topography and geomorphology of Hart Prairie to
pre-disturbance conditions. The first restoration
effort in 1996 removed an earthen berm and a diver-
sion ditch from a spring-fed drainage and attempted
to reconstruct the channel’s original gradient. The
contributing watershed above the dam covered a740
acre area, which is approximately 25% of the total
area of the study watershed according to Gavin’s
hydrological model (Curry 1997, Gavin 1998). A
field survey concluded that 24 tons of material
would have to be redistributed along an area of 76
feet long by 8 feet wide to ideally result in a con-
stant gradient of 12% across the former dam site
(Curry 1997). The work was completed using hand
tools and human labor. Along the newly restored
natural channel, vortex rock weirs were installed
every 15 feet. The weirs were designed to prohibit
downcutting and incision in the channels while

attenuating enough discharge to allow vegetation a
chance to naturally colonize the streambed. This in
turn was expected to naturally reinforce the lateral
and vertical stability of the channel.

The restoration was expected to significantly
increase surface flows, stream discharge, and there-
fore the amount of water available to downstream
riparian communities. However, observed results
did not fit these expectations (Curry 1997, Avery et
al. 1998). Stream discharge did not noticeably
increase, and soil-moisture levels were still too low
for willow germination. Possible reasons for the
absence of expected results include the use of
runoff models that did not incorporate the high
infiltration rates and subsurface flows specific to
Hart Prairie. Other limiting factors such as upslope
encroaching of conifers and remaining stock tanks
and diversions may have also played a roll.

Another geomorphological restoration project
initiated at Hart Prairie is the modification of the
access road to the preserve, which passed perpen-
dicularly across the slope of the riparian corridor
near the base of the watershed. The road and assoc-
iated drainage ditches funneled and concentrated
surface water that had formerly moved across the
land as a low-energy dispersed sheet flow (Wirta-
nen 2007). The increased power of the concentrated
flow resulted in a scouring that contributed to the
excess amounts of sediment in the stream draining
the watershed.

In 1999, the Natural Resources Conservation
Service assisted The Nature Conservancy in modi-
fying the 480 feet of access road within the Hart
Prairie Preserve boundaries (The Nature Conser-
vancy 2001a). At an indeterminate date following
March 2007, an Arizona Department of Environ-
mental Quality Water Quality Improvement Grant
was used to modify the remaining 480 feet of unim-
proved road and 650 feet of drainage ditches still
present on Forest Service land (Wirtanen 2007).
New permeable fill roads were constructed accord-
ing to the specifications in the Forest Service hand-
book Managing Roads for Wet Meadow Ecosystem
Recovery, in which a foot-thick layer of coarse rock
is sandwiched between geotextile fabrics at the
original natural surface elevation before being
covered with a road surface of compacted gravel
(Zeedyk 1996). This technique restored the original
surface topography, encouraged sheet flow, pro-
hibited the channelization of runoff, and led to
reduced sediment delivery to downstream points.

This restoration effort can be seen as a success.
The original road’s location near the base of the
watershed led to the interception and concentration
of most of the overland surface flow (that is, surface
flow not in the drainage channels). The modifica-
tion to the Forest Service portion of the road rein-
troduced dispersed surface water flow to approxi-
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mately 3.5 acres of the riparian corridor between
the road, the creek, and Forest Road 151 that had
been dry since the original road construction
(Wirtanen 2007). The removal of drainage ditches
adjacent to the road elevated the water table and the
construction technique created patches of bare min-
eral soil. This led to conditions similar to those
deemed optimal for willow germination, and in fact
led to a 54% increase in the number of observed
willow seedlings in the area (The Nature Conser-
vancy 2001a).

CONCLUSION
Research and restoration efforts at Hart Prairie

have attempted to reverse the degradation of a rare,
Bebb willow-dominated wet meadow ecosystem.
Factors contributing to the declining plant com-
munity’s health were identified as low soil-moisture
levels due to altered hydrology, the absence of fire
and subsequent conifer encroachment, increased
grazing pressure from wild ungulates, and invasive
grasses that crowd and out-compete native species.
These factors led to conditions in which viable
willow seeds were not germinating on their own.
Even if every experiment was not successful and
every hypothesis not correct, there has been an
increase in understanding of the complex web of
ecological components affecting the overall health
of the ecosystem in the area.

The actions taken at Hart Prairie can be con-
sidered a true restoration effort, according to the
definition in Williams et al. (1997). The goal con-
tinues to be the restoration of ecosystem functions
and processes so that the watershed systems can be
stable and self-sustaining, and not merely to create
landscapes that conform to a preconceived notion of
particular habitat types.

Due to established relationships between The
Nature Conservancy, the US Forest Service, and
Northern Arizona University, long-term monitoring
of the site has occurred and should continue. It is
possible that the effects of restoration actions are
cumulative, and need more time to become appar-
ent. An unpublished Nature Conservancy document
mentioned the establishment of permanent transects
across drainage channels where streambed cross-
sections have been recorded (Gori and Smith 1996).
Resurveying these transects may expose how the
channel morphology has been affected by efforts to
increase water availability and surface flow.
Expanded surveys of the drainage channels would
also allow classifying the streams in accordance
with Rosgen’s system of stream types, offering
further insight into appropriate methods of restora-
tion techniques (Zeedyk and Clothier 2014).

Future possibilities for research and restoration
in the study area include further development of
methods to increase soil-moisture levels and ground

water recharge, to learn more about the effects of
fire on herbaceous understory and the most efficient
way to implement prescribed burns. We can also
learn about the effects of the continued removal of
stock tanks and berms that interrupt surface hydro-
logy, as well as know and better understand about
the effects of tree thinning. An interesting factor to
include in future research will be to assess the
effects of the effluent-based snowmaking efforts at
the Snowbowl Ski Resort upslope from the study
area. The question is to determine whether the
added moisture is available for downslope riparian
communities, or it is used up by the encroaching
conifers and understory plants? Other questions are
whether the available extra moisture can increase
water recharge and raise the water table, and
whether the introduction of the chemically-treated
effluent runoff can affect the various plant com-
munities in the study area or not? Only time and
continued research at Hart Prairie can answer these
questions.
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