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Figure 3—Small mammal refuge created by onsite disposal of excess material.

Table 1—Area in acres (exclusive of haul routes, stockpiles and staging areas) disturbed each year of
PRRP construction (1 ac = 0.4 ha).

2005–006 Total
1998 1999 2000 2001 2002 2003–2004 (planned) (planned)

18 27 34 76 16 67 66 304

Table 2—Number of bareroot or container seedlings outplanted each year.

2006–2007 Total
1999 2000 2001 2002 2003 2004 2005 (planned) (planned)

22,693 55,543 68,663 56,734 29,645 89,616 65,038 89,691 477,623

poles or wattles). It is anticipated that an additional 66 ac (27
ha) of disturbance will be restored in the next 2 years,
requiring about 2,600 lb (1,180 kg) of seeds, 86,000 bareroot
or container seedlings, and 2,000 willow or cottonwood
cuttings.

Lessons Learned_______________
Several important lessons learned by previous scientists

were applied to the restoration of the Provo River, including:
avoiding compaction; working with the natural disturbance
regime of the river; and choosing the right plants for the site,

including selection of the right size plant materials and
outplanting at the appropriate density.

Compaction severely inhibits root growth and water per-
colation. To the maximum extent possible, activities that
would result in compaction were avoided. It should be noted
that working soils when they are at or near field capacity
(wet) often results in significant compaction.

Wherever possible, it was important to work with the
natural disturbance regime of the river. Figure 4a  shows the
natural recruitment of hundreds of seedlings within a high
flow channel following a single flood event, and figure 4b  the
natural recruitment of hundreds, if not thousands, of seed-
lings following three flood events. No trees or shrubs were
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installed at this location, yet several cohorts of willow and
cottonwood have successfully established because the natural
disturbance regime of the river has been reestablished.

Research has verified that local adaptation promotes
higher fitness under the specific ecological conditions of a
site. Locally adapted populations often represent a “genetic
memory” shaped by past selective events that, although
infrequent (for example, 50-year freezes or 100-year droughts),
are important agents of selection. The gene pool of plants well-
adapted to local environments can be swamped through
competition with a poorly adapted gene pool of nonlocal

plants if they outnumber the local plants. To maintain the
genetic integrity of the local plant community, we have
prescribed that plant materials be collected within a 100-mi
(160 km) radius of the project and from an area with an
elevation ranging between 4,800 and 6,500 ft (1,460 and
1,980 m) above mean sea level (elevations found within the
project).

Choosing the right plants for the site required that plants
be installed in groupings that mimicked natural plant asso-
ciations and at sites that were appropriate from a soil, water,
and sunlight perspective. At PRRP, we installed only native

A

B

Figure 4—High flow channel one flood event after construction (A) and three flood events
following construction (B). Note that no trees or shrubs have been installed at this location.
Natural recruitment accounts for the many hundreds of seedlings.
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Table 3—Floral composition of plants installed at PRRP.

Percent of
Common name plants installed

Cottonwood 29
Boxelder 18
Alder 8
Woods rose 7
Dogwood 6
Hawthorn 6
Golden currant 5
Birch 4
Chokecherry 4
Serviceberry 4
Willow—Coyote 3
Willow—Pacific 3
Willow—Yellow 3
Honeysuckle 1

species found within the corridor. Topsoil is quite uniform,
so soil type was not a major consideration.

Selecting the right size plant materials required balanc-
ing the cost of the various sizes of plant materials and the
cost of installing them with their availability and survival
and growth rate. In general, larger plants are more expen-
sive, require greater expense to outplant, and experience
greater transplant shock.

In 2004, the cost (in U.S.$) of a bareroot seedling was about
$0.80, with a cost to install of $0.39. For quart-sized materi-
als, the seedling cost was about $2.00, with a cost to install
of $1.85. At these costs, it was possible to install about three
bareroot seedlings for every quart-sized seedling.

The following species outplanted as bareroot seedlings
demonstrated particularly good survival and growth: cot-
tonwood (Populus angustifolia), willow (Salix lutea, S.
lasiandra, and S. exigua), Woods rose (Rosa woodsii), golden
currant (Ribies aureum), red-osier dogwood (Cornus sericea),
and boxelder (Acer negundo). Good results were obtained
with bareroot chokecherry (Prunus virginiana) and service-
berry (Amelanchier alnifolia). Over all species, survival of
bareroot seedlings after 1 year was estimated to be about 75
percent. The survival rate of quart-sized plant materials has
not been estimated. However, even if assumed to be 100
percent, it is easy to see that the ratio of cost to survival
favors planting bareroot seedlings as long as they are of good
quality and available.

The planting density and floral composition (table 3) of
shrubs and trees were selected based on the results of a
study conducted by the University of Arizona (Stromberg
and others 1999). In 1999 and 2000, we installed 1,700
shrubs/ac (4,250 shrubs/ha) and 400 trees/ac (1,000 trees/ha)
in wetland/riparian areas. Because survival was higher
than expected (75 versus 50 percent), in subsequent years
we installed 1,200 shrubs/ac (3,000 shrubs/ha) and 300
trees/ac (750 trees/ha).

Typically, it is most desirable to broadcast seeds and
install plant materials immediately prior to the period of
greatest precipitation. For the PRRP, this would be in the
fall, as most precipitation falls as snow between October and
March. For this reason, we ordered plant materials to be
delivered and outplanted in October 1999. The elevation of
the PRRP ranges from about 5,000 to 6,000 ft (1,520 to 1,830 m)
above sea level. The elevation at the nursery supplying most
of the plants is about 4,500 ft (1,370 m) above sea level.
Unseasonably warm fall temperatures at the nursery, coupled
with an early winter storm at the PRRP, made it impossible
to outplant the plants that fall. Plants were over-wintered at
the nursery and outplanted the following spring. We have
subsequently changed to an early spring outplanting of
plant materials.

We learned that if we outplant all plant materials before
May 1, our survival is quite good (about 75 percent after
1 year). Earlier seems to be better; however, unpredictable
spring weather often delays outplanting, making it impos-
sible to finish before May.

Irrigation can be a mixed blessing. Irrigation immediately
after outplanting reduces transplant shock and may in-
crease survival by eliminating air pockets in the soil that can
desiccate roots. It can also encourage shallow root systems,
with plants unable to withstand site conditions once irriga-
tion is halted, and may encourage weeds.

Our plan was to set up irrigation equipment, but to only
water when plants showed signs of significant stress, such
as wilting or dropping leaves. We would only irrigate long
enough to reverse the stress. With this strategy, we hoped to
encourage plants to develop deep root systems. Beginning in
1999 and continuing through 2004, we experienced a severe
drought. Precipitation between May and September was
almost nonexistent, and what precipitation did occur came
in very few large storm events. For this reason, we started
irrigating the first week of June and continued through
September of each year. However, in the summer of 2005,
following a winter/spring of higher than normal precipita-
tion, were we able to reduce our irrigation frequency and
refrain from irrigating areas with a high groundwater table.

Results _______________________
PRRP wetland mitigation will be considered successful

when the following criteria have been met for 3 consecutive
years without intervention: 1) the relative cover of hydro-
phytic vegetation has been 50 percent or greater; 2) the
relative cover of weeds has been less than 5 percent; and
3) soils have been stable. Results of the 2004 plant commu-
nity survey indicated that at most monitoring sites (40 out
of 66), the relative cover of hydrophytic vegetation was
greater than 50 percent. To date, 20 sites have met all three
success criteria for 3 consecutive years, and an additional 21
sites have met all three success criteria for the past 2
consecutive years.
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