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INTRODUCTION

During the summer and fall of 2021 the US Bureau of Reclamation in partnership with SRP
conducted the Verde Reservoirs Sediment Mitigation Study (VRSMS)fjketive of the

studywas to evaluatalternatives to restore capacity lost at Horseshoe Reservoir to protect water
supply resiliency and adapt facilities and operations for expected future conditions resulting from
climate changéVRSMS 2021).The modification of Verde River storage options under the two
alternatives that raise the height of Bartlzsim offer operational flexibility at Horseshoe

Reservoir not currently available. Under the Bartlett Modification 1 and 2 alternatives,
Horseshoe Reservoir would be operated in aofuriver operational regime that does not use
Horseshoe Reservoir as@nservation pool but matches inflows to outflows when possible.

This operational change offers opportunities for ecological enhancements within the current
footprint of Horseshoe Reservaoihe central objective of this study and report is to proSRe
input on location and type of natipéanthabitat that potentially can be established in the
Horseshoe Dam reservoir study aag@ve and beyond any compensatory mitigation
requirementsf Horseshoe Reservoir is managawer arun-of-river operationategime.ln
support of realizing the central objective, supportituglg objectives includa review of

literature and anecdotal experiences of past reservoir and river bottomland restoration,
restoration tactics, and methods for controlling-native species. To realize the above
objectives, this report is organized as follows:

Section One  StudyMethods and Overview dorseshoe Reservoir and the Verde River
Watershed

Section o  Lessons Learneflom Past Reservoir Restorati&fforts

Section Three Central Challenges to Establishing Native Plant Communities within
Horseshoe Reservoir

Section Four Proposed Sites for Establishing Native Bottomland Habitat in Horseshoe
Reservoir

Section fve  Important Information Gaps arliggested Next Steps

Appendix A. Management Strategies for Controlling SelectedNhdive Plants
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SECTION ONE
STUDY METHODS AND OVERVIEW OF HORSESHOE RESERVOIR
AND THE VERDE RIVER WATERSHED

METHODS

For this phase of the Horseshoe Reservoir restoration study, methods entailed conducting field
reconnaissance, a review of literature, an assessment of available ground and aerial photography,
and taking advantage of data anfbrmation organized and@videdby SRP

Two field reconnaissance tripgere conductedf the study area. One duribpvember 2021
andthe second duringpril 2022. TheNovember 2021 trip took place priorttee grant award
andfocused on learninffom SRP about reservadperationsand managememind exploring the
geography in and arourkdbrseshoe Dam, itself, and the southern portions of the eastern
reservoir shorelined USFS hydrologistlso participated, providingaluable insights about the
drainages and restoration considerations. We discussed the importance of sampling soils at
potential restoration sites and understanding the depth to groundiasetrip was particularly
important to understanding theland vegetatiomommunitythatsurroundsmuch of the
reservoir whichconsists of comparativelyparse Sonoran Desert plaptecies such asesquite
(Prosopisspp.), palo verdelarkinsoniaspp.),brittlebush(Encelia farinog), creosote bush
(Larrea tridentatg, amongst many other§Suchdesert plantsnay be appropriate to establish
below the curreinconservation pool water line.

The April visitwascarried out in two days. The first day waa kayaks and explored the Verde

River bottomland environmedbwnstreanof Sheepshead bridgecluding much of the

northern portion of Horseshoe Reservoir upstream of the mouth of Lime Oaekne
includedpersonnel from SRP, Bureau of Reclamation, TNC and others, withgimaticaim to
understand current biophysical conditionsdi e r i ver ' s b otaswethdséond envi
learn aboua studybeing led byReclamation tha focusingonthe i ver ' s r azor back
(Xyrauchen texan(gopulation The results of this study witle valuableto not only learning
aboutthemovement of the razorbaskicker along the Verde River, including withine

reservoir but also how we ultimately can incorporate parts of the razorback study into the
recommendations for restoring bottomland plant communities in Horseshoe ReJdredocus

of the second day of the April visit was on tkeervoirbottomland environmergurrounding the

mouths ofDeadman Wash and Lime Creék.addition to other benefits, these trips provided the
opportunity to discuss potential restoration optiardforseshoe Reservoir with a diverse team

of hydrologists, biologists, managers, and other natural resource experts.

Review of the literature focused on identifying books, articles and narratives that described
riparian vegetation conditiorand restoration actions that focusedeservoirsand lakesThe

vast majority of the available literature focuses on the impacts of @iathassociated water
operationon downstream bottomland biophysical conditions, with many studies evaluating the
inundation timing anduration of impounded waterdesiccation, water quality, soils,

topography and slope as key eleméhtd affe¢ theestablishment of riparian vegetatiéase

studies associated with reservoir investigations and/or restoration actions that took place in
climates and geographies similar to central Arizona were identified and summarized as a means
to providing key lessons learned that may be valuable as $R&srforward with subsequent
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phases of restoratioRoosevelt Lake in Arizona and Elephant Butte reservoir in New Mexico
were identified as part of this review and will be presented in greater detail in the final version of
this report after thesavb sites are visited by the greater Horseshoe Reservoir restoration team
during the Fall of 2022.

S R PCastographic & GIS Servicd3epartmenbrganized published, and made readily
available a variety of aerial photographs and other remote sensing informatiotdofskeshoe
Reservoirstudy aredor the years of 2062021.Such was instrumental to understandimeg
inundation frequengyand changes ibottomland vegetation and morphologanditionsover

the last two decades in kpgrts ofthe Horseshoe Reservoir study area (e.qg., sites identified as
having high potential for bringing back native bottomland plant communiiesexample, an
analysis of multispectral and LiDar data from 2002, 2012, and 2021 was essential to
understandinghanges in reservoir morphology as well as the timing and extent of bottomland
plant establishment.

OVERVIEW OF HORSESHOE RESERVOIR AND THE VERDE RIVER

WATERSHED

The Verde Watershed encompasses 17,198 sq kilometers (6,640 square miles) in central

Arizona, overlapping the counties of Yavapai, Coconino, Gila, and Maricopa, with about 72% of

its land area under public management (mostly U.S. Forest Service). TheRikarderatershed

is a significant source of water supply for the state of Arizona, helping in particular to meet the
water demands of the greater Phoenix Area (Ar
cities in the watershed include Prescott, Gottood, Clarkdale, Payson, Sedona, and Camp

Verde.

The Verde River watershedpart of the Mogollon Highlands Ecoregidiowing through the
highlands and valleys of central Arizona that are characterized by transitional regional
physiography and geology between the high elevation, relatively flat Colorado Plateau and the
lower elevation Basin and Range province (Pearth®®€). The watershed is rich in natural
beauty and cultural history, and encompasses a diversity of terrain, including upland plains,
forested mountain ranges, broad desert valleysagitbmpanying broad alluvial floodplains

with rich riparian ecosystems interspersed by narrow canyons.

Given that hegrand majority of th&/erde River is free flowingi.e.,the entire watershed

upstream of Horseshoe Danit is not a coincidence that the rivehisme to one of the largest
remaining native Fremont cottonwood and Goodd
Theriver, along with surrounding upland habitat, suppdfshreatened and endangered species,

and many more migrating and resident species. Forty and a half miles of the Verde River and

16.8 miles of Fossil Creek are fedeyalesignated as wild, scenic, or recreatibriéthe wild and

1 The northern boundary of the Scenic River designation for the Verde River is the section line between Section 26
and 27, T13N, R5E, Git&alt River meridian. The southern boundargdfgacent tahe MazatzaWilderness, which

is within Section 11, T11N, R6E. The northern boundary of the Wild River Area is the boundary of the Mazatzal
Wilderness which is withisection 11, T11N, R6E, with treuthern boundary located at the confluence of Red
Creek within Section 34, T9 I/2N, R6E. In total, the Wild River designation is 35.7 kilometers (22.2froitethe
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scenic designation of the Lower Verde stretches from below Beasley Flat and Camp Verde to the
Horseshoe dam reservolihe Prescott and Coconino National Foresesseekingn additional

37 milesof the Upper Verde River as eligible for inclusion in the National Wild and Scenic

Rivers System, with the final step in the process being a suitability studyiliheitow the area

to be evaluated as a potentialgrthy addition to the National Wild and Scenic Rivers System.

In addition to federal wild and enic designation, Oak Creek, West Fork Oak Creek, and Fossil
Creek are designated Outstanding Waters by the state of Arizona

The National Audubon Society has recognized Important Bird Areas (IBA) on the Verde River
and some tributaries that are of very high value for native birds. The IBAs are located on the
upper Verde River from Stillman Lake to the USFS boundary (Upper \Rivge State Wildlife
Area IBA), the middle Verde River from Tuzgoot National Monument to the downstream
boundary of the Verde River Greenway (Tuzigoot IBA), lower Oak Creek below the town of
Sedona to Cornville (Lower Oak Creek IBA), the middle Verde Ringen upstream of

Interstate 17 through the town of Camp Verde, including the tributary East Clear Creek (Camp
Verde IBA), the lower Verde River frolBeasleyFlat to the confluence with the Salt River

below Bartlett Dam and the Fossil Creek tributary (Salt and Verde Riparian Ecosystem IBA).
Descriptions of these Important Bird Areas can be found at http://aziba.org

TheVerde River corridor iglsoa recognized eetourism destination, with fishing, rafting,
hiking, and bird and wildlifevatching opportunities, providing important revenue to the Verde

Vall ey’s rural economy. Although much of Ari z
theemegi ng Phoeni x/ Tucson megal opolis, the state
(Bolin et al. 2008). Communities of Arizona’s

environmental amenity economy, where agriculttaaching, and mining are being superseded

by housing construction, retail sales, and tourism (Collins and Bolin, 2007; Sheridan, 1995). In
part to address the potential negative impacts of land use change and population growth in the
Verde River watersheoh the Verde River, active and effective conservation coalitions have

been established in the watershed that include the US Forest Service, The Nature Conservancy,
Friends of the Verde River, Salt River Project (SRP), amongst other groups and citizens,
working collaboratively to protect native species and local economies and cultures.

As defined by the U.S. Geological Service and U.S. EPA, the Verde River watershed is divided

into three surface water sdiasins Kttps:/maps.waterdata.usgs.gov): 1) the Big Chino

Williamson Valley at the headwaters of the river; 2) the Middle Verde running through the

Verde Valley and the communities of Clarkdale, Cottonwood, and Camp Verde; and 3) the

Lower Verde, extending downstream@f mp Ver de t o the river’s con
River (Fig 1). Horseshoe Reservoir, as well as Bartlett Reseran@rlocated in the central

portion of the Lower Verde.

Scenic portion is 29.5 kilometers (18.3 miles), for a total of 65.2 kilometers (40.5 miles) [see
https://www.rivers.gov/rivers/verde.php]
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The upper parts of the Verde River watershed receive an annual average of about 20 inches of
rain and 3 inches of smo? The Upper and Middle Verdé/atersheds overlay the Big Chino and
Little Chino aquifers, which are two of the main sources of groundwater supply in the watershed
and contribute significant volumes of flow to the Upper Verde River (R005). Water input

from these aquifers emerge in three locations in the vicinity of the confluence of Granite Creek
and the Verde River, including (a) Stillman Lake (impounded section of the Verde River channel
between river miles 1.0 and 2.0, (b) the eiga in lower Granite Creek, which is often referred

to as “Lower Granite spring,” and (c) the gai
from river mile two (Wirt 2005). A report by Arizona Department of Environmental Quality
(ADEQ) summarizinghe water resources of the state, mapped 724 km (450 miles) of perennial
streams in the Verde River basin, 3,404 km (2,115 miles) of intermittent streams, and 9,640 km
(5,990 miles) of ephemeral. In addition, the same assessment mapped 1,863 ha (4 )60 acres
perennial lakes (including Horseshoe and Bartlett Reservoirs) and 1,471 ha (3,636 acres) of non
perennial lakes. (see https://legacy.azdeq.gov/environ/water/assessment/download/vrw.pdf)

Perennial flow along the Verde River ‘mainste
springs in the remote and rugged upper canyons below Sullivan Lake that are fed by

interconnected aquifers in the Big Chino basin. Most of the first 35 km (22 milesf t he Ver d
base flav is dependent on these spriragsl the ephemeral tributaries@fanite,Big Creek

Chino Wash, and Hell Canyon. Below Perkinsville the Verde is joined by additional springs and
Sycamore Canyon. Below Camp Verde perennial trilrdgdhat include Oak Creek, Wet Beaver

Creek, West Clear Creek, Fossil Creek, and East Verde River.

The reach of interest for this report is downstream of Camp Verde. The Verde River is
entrenched into a relatively narrow, deep canyon that extends to just upstream of Horseshoe
Reservoirwhere the valley bottom widens, and the river is less confined. The entrenchment of
the Verde River in this reach is due to downcutting through blocked basin outlets that began
about 2 to 2.5 million years ago and has continued through the Quaternasya(feiopéwe,

1973; Pope, 1974; Péweé, 1978, Pearthree, 1993; Houdteartthree, 1993).

The long period of downcutting by the Verde River has created a series of terraces that flank the
river ranging in age from earlyleistocene to late Holocene. In general, the older terraces are
more erosiofresistant than the younger terraces (Peartl#86)1Longterm downcutting and

the relative erodibility of pr&Quaternary bedrock and basit units effectively control the

extent and character of the Quaternary alluvial deposits and floodplain along the Verde River.
Where the lithologies are more erosi@sistant, the river valley is steep and narrow with

relatively limited amounts of alluvial storage in the valley bottom. In contrast, where the
bounding lithologies are more erodible, the valley width is greater, the slope is reduced, and
there is considerably more valley alluvial storage (Pearthree 1996). As with most-tauoywh

rivers, local valley constrictions and expansions affect the eatehduration of alluvial

sedi ment storage and evacuation (Graf, 1980;
1986; Harvey et al., 1993).

The relative widths of the valley floor determine the extent that large infrequent flood events
(e.q., floods with magnitudes >}@ar recurrence interval that tend to control channel form in

2 https://legacy.azdeg.gov/environ/water/assessment/download/vrw.pdf
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arid regions (Baker, 1977; Wolman and Gerson, 1978; Graf, 1988)) distribute alluvium and alter
channel form. In confined reaches of the valley, there is little potential for lateral migration of the
river, with the potential for lateral migration increagsubstantially where the valley is wider. In
general, where the valleys are narrow and confined, the boom and bust hydrology typical of
many streams in arid regions foments dramatic and frequent changes in sediment movement,
storage and evacuation, witbrisequential changes in channel and floodplain conditions that can
eliminate or modify riparian vegetation that may have established durindlautemperiods. In
contrast, wider reaches tend to be depositional during infrequent flood events, providing ideal
conditions for the establishment and letegm presence of obligate riparian plant communities
(like thePopulws andSalixplant communities mentioned earlier). Considering this fact on its

own merit underscores the potential for establishing natiligade riparian plants in Horseshoe
Reservoir with pass through flow management.

HORSESHOE DAM AND RESERVOIR

Horseshoe Dam is aarth filledstructurebuilt by the Phelpfodge Copper Products

Corporation for the Salt River Valley Water Users' Association under a water exchange
agreemenandis located on th&/erde River about 93 km (58 miles) northeast of Phodktixhe

time construction oHorseshoe Dam wa®mpletedn 1946, the reservoir capacitghind

Horseshoe Damwas162.2 x 16 m® (131,500 acrdeed, but that capacity has been reduced by
sediment infill from the Verde River systeand now stands at 121.7 x®18° (98,656.5 acrt).

The surface wateglevationbehind the dam at conservation podbi&.5 m (2,026 ft)At that

surface water elevatiorhe reservoicontains 121.7 x £an® (98,656.5 ae-ft) of water is23m

(76 feet) deep at its deepest point, hagadersurface eeaof 1,054.4ha (2605.4acres), and a
shoreline of approximately 43.5 km (27 mifeSSpillway gates were added to the dam in 1949

by the city of Phoenix to increase the domestic water supply. In 1952 the dam was raised 1.2 m
(4 feet) to an elevation of 623 m (2,044(ftyvw.srpnet.com/US Bureau of

ReclamatiojpHorseshoe Dam was later modified by the U.S. Bureau of Reclamation in 1993 to
address concerns about safety in the event of a Probable Maximum Flood or Maximum Credible
Earthquake. Modifications included construction of a fuse plug auxiliary spillwayawith

erodible embankment and a concrete foundation 619 m (2,000 feet) west of the existing spillway.
In addition, a 113,220 {148,000 cubigard) stability berm was constructed at the downstream
toe of the dam to help stabilize it in the event of athgaake, and the dam was raised eight feet

to enable the spillway to pass the Probable Maximum Flood. To prevent overtopping of the
structure from wave action, an additional parapet of just over a meter (about 4 feet) was built on
the dam's crest. Other woincluded modifying the service spillway gates, and construction of

an auxiliary spillway, closure dike and training dike. The dam tender facilities were also
relocated and the road to the boat ramp upgraded. As a result of sediment from the Verde River
settling in the reservoir, a 2012 preliminary survey showed that the reservoir's water storage
capacity has been reduced by almost 56.75n£46,000 acrdeet) since its construction

(VRSMS 2021).

The USGS gauge at Tangle Creekose confluence is over kb upstream of Horseshoe Dam,
provides the most useful data forderstanding Verde River streamflow into the reserviire

3 Summary data when Horseshoe Reservoir is at Conservation Pool provided by SRP.
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flow record at Tangle Creek prior to 2005 is spotty, but is complete 2007 to date. Average flow
from 2007 to 2021 is 11.3¥sec (398.3 fisec) with average flow during March the greatest at
31.3 n¥/sec (1,104 fisec) and June at 2.5sec (87.3 fi'sec) being the least. The extremes of
boom and bust streamflow into Horseshoe Reservoir poses challenges to establishing desirable
plant communities in the study area. More detailh@se challengesill be presented in Section
Three. One of the key challgres will beplanting in sites where water availability is sufficient to
allow artificially planted species to survittee hot, dry months of May and June. Average daily
flow at Tangle Creek during these months is 3%set (110.5 f{sec) for the period of record

from 2006 to date (with one standard deviation around the mean #$dcni36.7 fisec),

ranging from a low of 1.3 #fsec (45.1 fiisec) to a high mean daily average flow to 8sat

(296 ft/sec). A mean daily flow equal to or less than®sset (70 ft/sec) during the May to June
months occurs 10.3% of the time; less than or equal to 282100 ff/sec) 46.4% of the time,
and less than or equal to 4.2 (150sttc) 86% of the timé

The'study areaof this report ighe footprint ofHorseshoe Reservait conservation pogl

which is cefined when the surface water elevation behind Horseshoe Dam réa8has@,026

ft). At that elevation, the pool behind Horseshoe Dam extends roLi@i#ykm(6.3 miles)

upstreanof the damand occupies an area of approximately 9.5 square kilon{8t@érsq miles)

The Horseshoe Reservoir study area is widest in a generalweast direction at a point just
upstream of the mouth of Lime Creek to the mo
width of surface water at conservation pool extends oxekr.

Threeephemeratributaries enter the Verde River system at Horseshoe Reservoir. Lime Creek
enters on the west side of Horseshoe Reservoir just upstream of Horseshoe Dam, while Mullen
Creek and Deadman Wash enter the reservoir on the eastern shore of the re3€theithree,
Deadman Wash is the best documented with regard to basic physiography and hydrology
information. Deadman Wash watershed occupies about 104 square kilometers (40.3 square
miles), descending from a maximum elevation of 2,405 m (/388 618 m (2,026 ft) at its
confluence with the Verde River. Not surprisingly, Deadman Wash, like Lime Creek and Mullen
Creek typify the boombust hydrology of many small Arizona streams with extensive periods of
no-flow punctuated by brief periods of high magnitude discharge. Flow duration of more than
several days only occurs with any reliable frequency during the wintehmuaien

precipitation frequently occurs for over a day via frontal storm systems. In addition, precipitation
events of similaduration can occur in the early Fall when southern Arizona can be on the
receiving end of remnant tropical cyclones. During the monsoon season, high magnitude flow of
long duration from these tributaries is rare. High magnitude flows do occur durinigniis t

period, of course, but they do so abruptly only to disappear just as quickly.

A oneday, twaeyear maximum flow into Horseshoe Reservoir from DeadWash is estimated
at 6.3 ni/sec (224 fi'sec). This means that, on average, Deadman Wash experiences that
discharge during one Zdour period once every two years. In comparison, a sgagntwo year
maximum is estimated at 1.7fsec (61.6 fi'sec) and a Hday, tweyear maximum is 1.2 #sec
(41 ft/sec). When they do occur, such flow events provide significant water volume. The
aforementioned one day, two year maximum gives a vohfrfes5 x 16 m? (444 acreft),

while the seven day, two year maximum produces 1. xni(855 acreft), and the 15day,

4 Based on analysis of data collected at USGS streamflow gauge near Tangle Creek.
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two-year maximum produces 1.5 x®1@° (1,220 acreft). Not insignificant water from an

ephemeral tributary, particularly given that the above water volume estimates reflect inputs only
from Deadman’s Wash. Lime Creek and Mull en Wa
Wash is much smallermr ea t han Li me Creek and Deadman’s
episodic flow from ephemeral tributaries makes it difficult to reliably count on these

contributions as sources of water for establishing desired battdrplants, particularly during

the hot, dry months prior to the monsoon when plant evapotranspiration rates (and, thus, water
needs) are the highest.
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SECTION TWO
LESSONS LEARNED FROM PAST RESERVOIR RESTORATION

EFFORTS
INTRODUCTION
In this sectionreservoircase studies from different parts of the world are summarized that may
of fer i nsights and | essons | earned hel pful to

habitat in Horseshoe Reservoir. The central criteria used to identify useful case studies ar
reservoir settings where water management and/hesground efforts aimed to protect and/or
bring back nativdnabitat In addition to reservoirs, selected habitat restoration efforts in lake
settings are also included in the&t of case studies, belowl hree points tanake before
reviewing the case studies.

First, identifying reservoirs in other geographies where efforts were or are being made to bring
back native habitat has the potential to provide SRP a treasure trove of insights and lessons
learned pertinent testablishing native bottomland habitat and speciéknmseshoe Reservoir;
insights and lessons that are likely not walglcumented and may only be available via direct
discussion with project personmnebrking in these other areas. In this context, it is important to
emphasize that the grand majoy of documented reservoir
climates involving reservoirs that do not experience routine dramatic fluctuations in surface
water elevation (at least relative to reservoirs in arid settings). In these settings, water quality
issues and eutrophication, particularly from the standpoint of protecting water supplies, are what
drive restoration actions (Cooke and Carlson 1989). For example, in their treatise on lake and
reservoir management and restoration, Cooke et al. (20G8§ fouir main reasons why

restoration actions are initiated: (i) to control problems caused by algae; (ii) control excessive
macrophyte biomass; (iii) to alleviate oxygen problems; and (iv) remove sediment (Cooke et al.
2005). There are limited examplesimtentional reservoir management that will promulgate

native habitats.

rest f

Second, théentification of habitat restoration efforts taking place in other geograplagsot

originalye mphasi zed as part of the work plan for t
stemmed from reviewing literatuessociated with reservoir restoratids such, the list afase

studies summarized below should not be considered exhaus®®RP finds such research

useful, it isnot onlylikely thatadditional case studiesnbe identified, but that additional

pertinent information can beedeloped from the case studthat are presented, below. As

alluded to above, a discussion with project personnel associated with a case study of interest to
SRP could yield much useful information with little expenditure of time and cost.

Third, although the global pool of habitat restoration efforts taking place in reservoir settings

appears to be relatively small, such efforts are likely to become more numerous in the near
future.Aopr oxi mately 70% of the world’ s rivers ar e
2007) Thelast 60 years have seen the most rapid growthemkobal active storage capacity of

reservoirs from approximately 200 Rto over 5000km?, which is over 70% of the total global

reservoir capacity (Vorosmarty et al., 1997; Zhou et al., 20LB& point being that, although

dam buil ding has been with us for thousands o
and the reservoirs that have formed behind them, are relatively yasingservoir and dam
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infrastructure ages with consummate impacts on native species and people, theesitiog

habitat withinreservoirsettings(via the removal of dams, altering dam management, othiér)

become more of a priority as the group of relatively young reservoirs matures. Conducting

habitat restoration at Horseshoe Reservoir presents an important opportunity to contribute to this
exciting field of restoration, particularly if monitoring progracas be put in place that allow

thoughtful quantificationof tmi t at r est orati on results (see al

CASE STUDIES

The reservoir ‘restoration’ case studies pres
establish and/or protect native habitat and species. Restoration tactics employed to accomplish
this objective involve conducting one or more of the follayv native species reintroduction,
controlling nonnative species, changing water management and/or dam infrastructure, and earth
moving, amongst other actiorfseveral of the case studisighlighted below are from

geographies and climates distinctlyfdient from central Arizona but were nonetheless

identified as potential interest to SRP gitka restoration process that was used artbéor

methods and tools employed to gather data to address key knowledge gaps associated with
developing restoration objectives and tactiase studies involving lake ecosystems are also
included.

ARACADIA LAKE, OKLAHOMA

Arcadia Lake is located within the metropolitan area of Oklahoma City and Edmund, in
Oklahoma County, Oklahoma, about 2.4 km (1.5 miles) southwest of Arcadia, Oklahoma.
Construction of the earfilled dam was authorized by the Flood Control Act of 197@ an

approved for construction by the Secretary of the Army for the purposes of flood control, water
supply, and recreation. Construction was completed in 1986, and conservation pool was reached
in 1989.Background information on this restoration effort imsoarized in Dick et al. (2004).

The dam impounds a section of the Deep Fork River, with drainage coming principally from
surrounding municipalities. The reservoir covers approximately 736 ha (1,820 acres) at an
elevation of 307 m (1,006 ft) msl at conservation pool, with the top dbad tontrol pool at
elevation 320 m (1049 ft) mgAn initial objective of the projeatas torestorespawning and
nursery fishery habitdor gamefish, includingargemouth bass, crappie, and blueddlbwever,

as the project grew in scope, additiongkchves were added that inclu(s evaluang the
suitability of selected native emergent, floatiegved, and submersed aquatic species for
establishment in the lake, (B¢velopingeffective methods for establishing desirable aquatic
plant species, and (c) establigipfounder colonies of aquatic plants in several areas of the lake.
In addition to providing immediate nursery habitat for juvenile fish, these founder colonies were
expected to provide propagules for natural spread to other areas dfethe la

A task force for developing and implementing the Arcadia Lake restoration effort developed a
strategic overview of the project in May 2021 that added additional objectives and a year later
the project appears ready to be initiated (Cadamy and Hopper E0#Ldf the central

objectives of the project is to reestablish native emergent vegetatiencriteria used to

identify potential sites for planting at Arcadia Lake were (a) protection from wind and wave
action, and (b) substrate textursites with sét substrate characteristics ranging from sandy to
muddy were selected (Dick et al. 2004). If establishing an emergent plant community (see
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Restoration Site E, in Section IV) meets with favor, several criteria developed for plant selection
at Arcadia Lake may be appropriate for Horseshoe Reservoir as well, including selecting
emergent/wetland plant species that are: (i) native, (ii) not deemealus, and (iii) have high
tolerances to changing water level fluctuations. Ultimately, 12 emergent species were selected
for Arcadia, including species of the genBtaocharisandSdrpusthat may be species to

consider for revegetation actions at RestorationESdefor other locations in Horseshoe

Reservoir.

One challenge noted by Arcadia Lake managers was the challenge posed by herbivory by a
multitude of wildlife species; carp and semiaquatic turtles were of particular concern in this
regard (Dick et al. 1995). Both largeale and smalcale enclosures weconstructed at

Arcadia in response to herbivory threats. Small scale enclosures protected individual plants,
while largescale enclosures included installation of lengthy fence lines to protect entire coves
and targeted shorelines (Dick et al., 2004)widweer, results at Arcadia indicate that many
aguatic and emergent plant species established and thrived without such protection (Dick et al.
1995). Both largescale and smalcale enclosures were constructed at Arcadia in response to
herbivory threats. iBall scale enclosures protected individual plants, while {acgée

enclosures included installation of lengthy fence lines to protect entire coves and targeted
shorelines (Dick et al., 2004). However, results at Arcadia indicate that many aquatic and
emeagent plant species established and thrived without such protection (Dick et al. 1995).

In addition to the abov@ne of central lessons to come out of the Arcadia Lake project was the
importance of conducting pilot revegetation efforts prior to scaling up to an appreciable level.
Such an approach should be considered as part of establishing native bottomland plant
communities within the Horseshoe Reservoir study area.

Contact InformationArcadia Lake Task Force (see Cadamy et al. 2021).

BEAR RIVER, CALIFORNIA

Floodplains that are regularly inundated for extended periods are important for their high
production of organic matter and invertebrates as well as for the provision of seasonal spawning
and/or rearing habitat for native fishes. A recent CALFfiDnsoredtudy identified criteria for
guantifying floodplain flow requirements. Coinefloodplain activation flow" or FAR study

was initiated on this topic thaypothesized that there is very little remaining FAF floodplain in
the Central Valley, because @tombination of flow regulation, channel incision and levee
constructionIn addition, the study noted thag a result ofloodplaindevelopmentthere may

be few areas where FAF floodplains can readily be restored without either dramatic changes in
reservoir management or levee setbadkssuch, hose areas where FAF floodplains can be
restored should be high priorities for the restoration community since they offer floodplain
function benefits across a broad range of flood magnitudes and suppotiaéssesystem

functions and anadromous fish habitat.

A site of particular importance in this regard is at the confluence of the Feather and Bear Rivers

between Sacramento and Yuba City, where a major levee setback was implemented in summer
and fall of 2006 as part of a mutibjective flood control and habitrestoration project (Stofleth
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et al. 2007). The setback will restore 66 acres of floodplain to river flows, with much of the
restored floodplain area meeting the FAF criteria. One of the facets of this restoration effort that
may be relevant to restoration at Horseshoe Reservoir caniter identification of future
investigations that may be priority. In the case of Bear River, physical process data were
collected to develop two models: a geomorphic assessment that included the development of a
two-dimensional sediment transport mottehssess the potential consequences of the setback on
aggradation and deposition processes on the Feather or Bear Rivers, artinaemgional

hydraulic assessment to optimize habitat restoration on the newly activated floodplain.

Such is not underscored to promote model development as part of next steps associated with
bringing back Horseshoe Reservoir, but offered as an example of a project where involved
personnel could talk about the cost and value of such modelingsWfasnodelingvorth the

effort and expense? Are there cheapays to get at the same information or to address the same
guestion8 Bear River personnel may be in a good position to address these and similar questions
if suchis of interest t&&§RPas part of comgltingnext phasesf the Horseshoe restoration effort.

Contact InformationThree Rivers Levee Improvement Authority
https://www.trlia.org/citizen_request/index.p(leslie Wells is Executive Administrator at
Three Rivers and can provide furtltirection depending on focus of follemp questions

ELEPHANT BUTTE RESERVOIR, NEW MEXICO

Elephant Butte Reservas located in the southern region of New Mexico alduatiles

(8.0km) north of Truth or Consequena@sg. 2) The construction of Elephant Butte dam was
authorized by the United States Congress on February 25, 1905 to provide flood control and
irrigation downriver. The name stems from an isolated hill (a volcanic plug that is now
surrounded by water) that resebhn elephantConstruction began in 1911 and was
completed five years later, in 1916. The darB(d& feet(82m)high and 1,674 fe€610m)long.

At the time of completion, it was the second largest dam in the world with its reservoir and the
waters it provided contributing to the largest irrigation enterprise in the United States. At
conservation pool (surface water elevation of 4,406.3 ft (1,343n&) reservoir behind the dam
stores?,210,298 acréeet(272,636 ham) of water, which is the largest body of water in New
Mexico that, even at its lowest levels, provides an array of recreational appestthat include
boating and fishing. The dam also has a 24R3@Avatt hydroelectric power plant at its base,
which began operating in 1940.

At conservation pool level, Elephant Butte Reservoir holds about 2.3 milliotitd0t88 ham)

of water. Pool volume has varied dramatically since the reservoir began to store water. The

reservoir was at or above conservation pool elevation for muc®2dfdnd 1942. And, during

significant parts of the period between 1983 and 1989, the reservoir was above 80% capacity.
However, the trend has been generally downward since. In the summer of 2013, Elephant Butte
Reservoir dwindled to near empty with theatavater in storage in July 2013 estimated at

65,057 acrdeet (8,025.5han) , whi ch i1 s about 3 peThesafadce of t I
water elevation and volume has increased since 2013 but nowhere near pool capacity with the

5 Coincidentally there is evidence that actual prehistoric elephants roamed thdgtlatba finding near Elephant
Butte in 2014 othe skull and tusks of a 3.2 milligyearold stegomastodon
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current water elevation at about 4,310 ft (1,314m) with an average pool elevation of 4,318 ft
(1,316m) since 2013.

=

LLANO

ESTACADO

Figure2. Location of Elephant Butte Reservoir in south central New Mexico (left) with recent
aerial photograph of the reservoir and the immediate area around it (right).

The decline in pool elevation and volume since the late 1980s has resulted in a consummate
dramatic decline in how far the pool extends upstream of the dam, which is about 34 miles (55
km) when the pool is at conservation status to its current positaimooft 10 miles (16.1 km)
upstream of the dam. This has allowed a roughiynilés (40 km) reach of the river that was
dominated for over a half century by an artificially imposed impoundment hydrology to once
again experience natural flow processes thanat characterized by significant periods of
inundation. In the wake of this decline in pool elevation, a large swath of native obligate riparian
species (mostlpalix gooddingiandS. exiguahave established, particularly on the western side
of the Rio Grande channel (Fig). The extensive presence of healthy coyote willBwexigug,

in particular, is a key understory component at Elephant Butte Reservoir that contributes to the
suitable habitat for Southwestern Willow Flycatcher. Although present at Horseshoe Reservaoir, it
is uncertain if this willow species could be as abundantloust at Horseshoe Reservoir as it is

at Elephant Butte Reservoir.

Thereestablished native obligate riparian plant community provides habitat for a variety of
native species, including the Federally endangered Southwestern Willow Flyc&ictpedgnax

traillii extimus, hereafter referred to as SWFL), which thrives in bottomland ecosystems
characterized by wet floodplains with a shrubby component (Moore 2020). The establishment of
such highquality obligate riparian habitat without active management intention and along
significant reach of a mainstem river that wasviouslydominated by the imposed hydrology of
river impoundment prior to what Reclamation personnel consider to be gpguasEinent retreat

of the reservoir pool underscores two central take home lessons to restoration actions being
contemplated at Horseshoe Resd.
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First, the extensive higguality native bottomland habitat in areas dominated for numerous years
by the imposed hydrologic environment of Elephant Butte Reservoir underscores just how
dramatic and rapid the reestablishment of native habitat can be wieal paocesses return.
Although the two settings Horseshoe Reservoir along the Verde and Elephant Butte Reservoir
along the Rio Grandediffer with regard to their biophysical characteristics, the rapid
reestablishment of highuality native habitat ithe Elephant Butte delta is nonetheless

heartening to the prospects of restoring native bottomland plant communities at Horseshoe
Reservoir.

Figure 3. Photograph of the extensive obligate riparian
plant community that has established on over 40 km (25
miles) of the MRG reach upstream of the Elephant Butte
Reservoir.

The second take home from the Elephant Butte Reservoir experience is that the rapid
reestablishment of native habitat just upstream of the reservoir occurred without active
management intervention by the US Bureau of Reclamation or anyone else. Thebiajate

riparian plant community reestablished naturally as the reservoir retreated. Looking ahead in this
report to the restoration sites proposed at Horseshoe Reservoir, the above lessons are possibly
more apropos for Restoration Site A, which, beirggupstream most restoration site, is where
natural streamflow processes are likely to strongly reestablish if Horseshoe Reservoir
management becomes dominated byafinver management. The experience at Elephant Butte
underscores how the return of natdlaw processes at reach scale has great potential to foster
natural regeneration of native bottomland habitat.

Contact informationChristopher M. Grosso (US Bureau of Reclamation) and Lawrence E.
Moore (US Bureau of Reclamation)
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ELWHA RIVER, WASHINGTON

The Elwha River flows for 72 km from steep terrain in the Olympic Mountains to the Strait of
Juan de Fuca on Was hi Thgdeason ts renieytha glwha and &lmesn s u |
Canyon dams on the Elwha River, Washington was preceded by the collection of substantial
amounts of biological and physical data. Studies were conducted to identify existing water
quality within the reservoirs drriver, fish populations and habitat availability, fish passage
mortality through the dams and reservoirs, effetthie hydrepower projects on wildlife

habitat, and economicklonitoring of many of these attributes has contindedng and

following dam removal, which was carried out in phases owog/earperiod from September
2011 to September 201Bhe Elwha River system may be one of most studied in the world, at
least with regard to quantifying the impacts of dam rem¢ses for example, East et al. 2015;
Magirl et al., 2015Prach et al. 20)8Although there are vast differences between dam removal
and ctanges in dam management (as in the case of Horseshoe Dam), the treasure trove of
documentation on how ¢hElwha River systens reacting tadam removal may provide insights
on a variety questions of pertinence to how biophysical and chemical characteristics of
Horseshoe Reservoir may be affected byafinver managementor example, Prach et al.
(2018) found that spontaneous restoration of vegetation on fine sediments in drained lake
bottoms can rapidly produce a desirable vegetation composition acuistriand that invasive
species were much less abundaiibwing the removal of Glines Canyon Dahan expected.
Again,the Elwha River system and situation is distinctly different froonsdshoe Reservoir,

but the breadth of studid¢isat have takeplace on the Evha River system is inviting and may be
worth exploring in greater detail.

Contact informationSee literature citechbovejn connection to Elwha River restoration. All
authors are likely candidatés follow-up.

KLAMATH RIVER, OREGON

The aging dams near the Oregalifornia border were built before current environmental

regulations and essentially cut the 28Be-long river in half for migrating salmon, whose
numbers have plummet ed. T-lagestpiveowald betatten Cal i f o
vanguard of a push to demolish dams in the U.S. as the structures age and become less
economically viable and as concerns grow about their environmental impact, particularly on fish
(Flaccus 2022). Regulators have emphasized that moving wafteatie proposal to remove the

dams along the Klamath would “maximize benefi
and restore the | andsRemqva of thefouasites,nmoludiag thed.C.u r a |
Boyl e, Copco No. 1., Copco No. 2 and Iron Gat
southern Oregon to Northern California and then the Pacific Ocean ovenari2b period.

Although the Klamath River and the Verde River differ significantly with regard to geography,
climate, hydrology, amongst other consideragjdhe process of dam removal along the Klamath

has sparked or relied on a variety of studies on dam removal that may be of interest to SRP in the
context ofhow changes in managementHatrseshoe Reservamay impact reservoir

biophysical and chemical conditio(see for exampl8tanley and Doyle 2003; Swanson et al.

1988; Oliver et al. 2014)n this sense, the KlarttaRiver case study is much like that of the

Elwha River, above, with regard to the studies that are taking fgacelerstand and anticipate
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biophysical change and develop a thoughtful adapted management program centered on such
anticipated changes.

Contact informationSee literature cited, above, in connection to how the removal of dams along
the Klamath River may impacbnditions All authors are likely candidates for follewp.

ISABELLA RESERVOIR and KERN RIVER, CALIFORNIA

Located35 miles northeast of Bakersfielthabella Reservoir was created at the confluence of
the North and South forks of the Kern River in Kern County, California &id.he CE Isabella
Project was authorized by the Flood Control Act of 1944 to protect the city of Bakersfield and
construction was completed in 198&arner and Hendrix 1984Jhe reservoir was built

primarily to support agricultural irrigation with excess water diverted into the California
Aqueduct. The reservoir resulted in the loss of appraeind,300 ha (3,212 acres) of riparian
forest with remnant forests surviving to date on a mix of lands managed for conservation,
including 125 ha (308 acres) of dense riparian forest at the Kern River South Fork inlet that is
managed as the South Fork (KéRiver) State Wildlife Area with additional riparian forests
managed upstream as part of the Kern River Preserve, which is managed by the National
Audubon Society (Figd). The South Fork of the Kern River supports one of the largest
contiguous ripariaforests in California and is habitat for Western Yelbiled Cuckoo

(Coccyzus americanus occidentgliSouthwest WillowFlycatcher Empidonax traillii extimus
and Least \reolbéllipssillddi(Wamer and Hendrix 1984, Anderson, et al. 1978).
The South Fork Wildlife Area (SFWA) is within the higiater mark of Isabella Reservoir and
designated by the Sacramento office of the Army Corps of Engineers as a conservation area. The
SFWA was initialy considered as a unique example of preservatiohenhancement of riparian
biodiversity. After construction, the reservoir reached full capacity twice, in 1960 and 1980. As
of September 2022 the reservoir is at 8% capasitg result of prolonged drought and
drawdowns for construction at the dams.

A planned change in reservoir operations that would increase inundation frequency prompted a
1980 baseline study evaluating the effects of the 1980 inundation to the riparian habitats and bird
populations (Fleshmann and Kaufmann 1981). They noted thms jglee more susceptible to

stress from inundation during the growing season. They concluded that Fremont cottonwood

(Populus fremont)i was | east t ol er a@$atixgeoddigliBGemodtdi ng’ s wi
tolerant to prolonged inundation. Teskey and HiegK1977) considered Fremont cottonwood
able towithstandore hr ee mont hs of i nundation and Goodd]

flooded for most of a growing season. One of the more significant vegetation changes at Isabella
Reservoir was the chaagn open field vegetation from mustaré@(rippaandDescurainia

spp.) and grasse&(aminag to cocklebur Xanthiun). In marsh areas, cattaily{phug did not
regenerate and was replaced by curly déuknjex and monkey flowerNlimulusgttatu$

(Fleshman and Kaufmann 1981). Post inundation vegetation communities were simplified with
loss of cottonwoods and cattail and a commensurate decline in bird species diversity and density.

The U.S. Army Corps of Engineers is addressing dam safety withaongnesdsabella Dam

Safety Modification Projedhat includes raising the dams to original design heights. The final
Finding of no Significant Impact (FONSI) was issued September 25, Z02fate, 144 acres
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have been designated as mitigation for the Isabella DSM Project. Of thisfasikigcres are

within the boundaries of the 1,3B8re South Fork Wildlife Area, owned and managed by the

US Forest Service, Sequoia National Forest. The South Fork Wildkfa i8rknown as one of

the most extensive riparian woodlands remaining in California. The proposed conservation area
lies above the maximum pool of the lake in an area currently without any tree canopy as a result
of a fire in 2011. The additional 80 aceee at Sprague Ranch, owned and managed by the
Audubon Society. The proposed-86re Sprague Ranch site is located on relatively flat land and
was previously disturbed by agriculture. Dominant plant species include native andtiven

annual grasses apeérennial shrubs including Bromus species, Rumex species, broadleaf
(Erodium Botry¥ and redstemBErodium acutariunfilaree, salt grasd)jstichlis spicatg, wild
cucumber llarah macrocarpg and a few medium stature Fremont cottonwdap(ilus

fremonti). The Sprague Ranch holds historic waights to the Cottonwood Ditch on the South
Fork Kem River, which may be managed to improve habitat on the proposed conservation area.
Habitat restoration at both sites is expected to benefit Western Yieilledt Cuckoo. As the

riparian habitat matures thin the conservation areas, it is expected that the restoration activities
will improve habitat conditions for the southwestern willow flycatcheéESFWS Biological
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Figure 4. Location of South Fork Wildlife Area and Sprague Ranch
conservation areas of the Kern River Preserve.

The impacts of reservoir operation change on vegetation conditions is of interest, particularly
with regard to how invasive and undesirable species such as mustards and cocklebur may also
become a challenge to establishing native bottomland habitat aisHoesReservoir. A future

visit to see how the vegetation restoration is being implemented on the 144 acres at South Fork
Wildlife Area and Kern River Preserve may be valuable.
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Contact informationisabella@usace.army.mihttps://kern.audubon.orglern River Ranger
District 7603763781

PINE FLAT LAKE

The construction of Pine Flat Dam on the Kings Rimghe Central Valley of Fresno County,
Californiaaltered the natural hydrologic and temperature regime of the river. Tiisin

affected riparian and adjacent vegetation, restricted native coldwater fish movements and
wildlife resources at Pine Flat Lake and along the Kings River downstream of th&aam.
address these issues, the Army Corps of Engineers (ACE) and the Kings River Conservation
District (KRCD) proposed the construction of a multilevel intake structure on the upstream face
of the dam to manage the temperature of downstream water releasssnd downstream water
temperatures suitable to sustain natigklwate fish throughout the year. As part of this effort,
KRCD and ACE proposed to reestablish historic floodplain riparian and wildlife habitat at Byrd
Slough along the Kings River immediately south of the Fi#&erh Canal siphon, with the

overall aim to brindpack bottomland habitat restoration along about 13 miles of the lower Kings
River, improve the cold water fishery in the reservoir, and restore about 143 acres of riparian and
shaded riverine aquatic habitat at Byrd Slough (KRCD and ACE 2001).

Although future management of Horseshoe Reservoir will have nothing to do with cold water
fisheriesthe restoration of historic floodplain riparian habitat fits well with what is being
contemplated restoratiemise at HorseshoReservoir It may be valuable to follow up with ACE
and/or KRCD personnel for an update on this project and lessons learned, particularly with
regard to the restoration of bottomland habitat.

Contact informationJeff Halstead is the Chief of Kings River Conservation District,
Environmental Division; and Judy Soutiere is the Corps project manager for the study. The
contact for further information is given as: Charlotte Gallock, KRG(ock@krcd.or}

ROOSEVELT RESERVOIR, ARIZONA
RockhouseDemonstration Project, Roosevelt Lake, Arizona

In 2003, the Salt River Project (SRP) initiated the Rockhouse Riparian Demonstration Project to
satisfy components of the Roosevelt Habitat Conservation Plan (HCP), which calls for the
development of an approximately-20re (8 ha) site of woody ripariaegetation within a-b

year period to provide habitat for southwestern willow flycatcBemgidonax traillii extimul
yellow-billed cuckoo Coccyzus americanysand bald eaglesi@liaecetus leucocephalus

TheRockhousesite is located approximately 100 mild60 km)northeast of central Phoenix

just upstream of Roosevelt Lakeanelevation of 1,998 fed609 m)(Fig. 5). The site is

segmented into eight fieldsatwere planteaver the fowyear period fom 2004 through 2007.

In preparation for the project, planting areas were contoured and leveled, and an existing historic
irrigation channel that transports water from the Salt River édfieRiverDiversion Dam was
rehabilitatedln general, soils at the site am@ndy loanthat overlay a thick profile afobbly-

sandy alluviumGroundwater depths range from 20 to 30 {éet to 9 m)which necessitated
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the use of irrigation to establish and maintain such shaimied species as cottonwoods and
willows.

To meet habitat objectives for tarementionedird species, the Rockhouse site was planted

with Fremont cottonwoodPopulus fremont)i a nd Go o d dSalix gooddinglforlthe o w  (
overstory component, and seep willdBa¢charis salicifolia and coyote willow $alix exigud

were planted in later revegetation phases to augment vertical compleitynderstory

componentand Prosopis spp. regenerated naturally. Vegetation actions were carried out in four
distinct phases during the course of the fgear implementation perio®y the summer of

2009, a total of 1,018 cottonwood trees and 1
established ithe majority of the phases of the revegetation effortl an additional several

hundred were established part of later phases in basins to themandsouth of initial

plantings Most of the individual cottonwood plants were prepared and plantedatoh
containers, while the remainder and all of th
plartings. All of the plants were harvested from the City of Phoenix Rio Salado prefech is

locatednear centraPhoenix®

3 Howsho&eservolr

o

{ 2
'Bartlett Rese rvoir‘?

Figure5. Google Earth images showing location of Rockhouse Demonstration Project site (at
right in 2019) in context of Horseshoe Reservoir, Bartlett Reservoir and Roosevelt Lake.

Project results were evaluated in September 2008 by biologists from SRP, the US Fish and
Wildlife Service (FWS), US Bureau of Reclamation (Reclamation), and Tonto National Forest
(TNF). The evaluation found that vegetation efforts were successful inigistagphvoody

riparian vegetation on approximately 20 acres (8 ha) @-aygl7). Site monitoring in the

summer of 2009 confirmed the presence of three ydilitled cuckoos utilizing the habitat
created by the project and by the summer of 2010 five fipeatterritories were documented.

6 The Rockhouse Riparian Demonstration Project final report (currently in draft form) provides details on planting
methods. These details are not summarized here given that, if revegetation efforts are conducted in the future at
Horseshoe, they will likelype implemented without irrigation. That noted, pole plantings without irrigation may
take place at Horseshoe. A key lesson to come out of the Rockhouse Demonstration project with regard to pole
plantings is the importance of placing the poles into satlisadits as well as soaking them prior to planting.
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Figure6. Photograph of a ature stand of
dense cottonwoods and willows at the
Rockhouse Demonstration site attest to
the effectiveness of revegetation actions
to establish habitat for key bird species
(photograph taken December 2022).

Figure7. Photograph ofcattered nomative
saltcedar has established at the Rockhoj
site, though the high density overstory §
cottonwoods and willows has shaded ad
and prevented significant expansion of t
invasive species at this site. Establishing
high density overstgrto thwart expansion
of nonnative species is a potentid
applicable lesson for future revegetatiq
efforts at Horseshoe Reservoir.

Main Lessons Learned fromegetation Efforts at Rotkuse and Roosevelt Lake (in general)

1. Importance of knowing soils, in particular matching site soil physical and chemical
characteristics to species selection was considered key to high plant survival and strong
growth at the Rockhouse site. This lesson has strong bearing at Horseshodarharticu
with regard to characterizing physical and chemical characteristics of the soils at several
of the proposed restoration sites | ocated
frequently inundated under past management. Reduced inundation urderiuen
management may open up some of these sites to natural and/or artificial establishment of
native plant habitat. If artificial revegetation efforts are considered, the proposed plant

Page21



Horseshoe Reservoir Habitat Restoration Study
Supplee and Briggs
January 6, 2023

pallet for each site will need to be based, at least in part, on a clear understanding of the
site’s soil chemical and physical characte

2. Monitoring and adaptive management are important particularly with regard to staying on
course to meet restoration objectives

3. Maintenance is critical, particularly during initial stages just after restoration actions have
been completed when establishing desired plant species are most vulnerable to
competition from undesirable plants, desiccatebmmongsbther factorsOf course,
conductingmaintenance actiongquiresfundingthat allows maintenance actions to
continue for years following the completion of restoratroplementation activities

4. Understanding the challenges as well as opportunities for establishing native vegetation
along reservoir shorelinedll be critical at Horseshoe Reservadiihe variation of water
levels at Roosevelt Reservoir (along with many reservoirs throughout the world
including Horseshgecreates harsh conditiofa vegetation establishmentameas along
the shoreline or perimeter of the resertbat are botlinundated for prolonged periods
of time then left high and dry (sometimes for years) when the respoalirecedesrlhis
harsh reservoir zone is often characterized by limited vegetation establishment and is
oftenreferred to as a reservoir bathtulbgri©n one hand, mamative upland and nen
obligate riparian plantare notableto establish in this zone due to their intoleratace
prolonged inundatiorOn the othehand many obligate riparian species are not able to
establishdue to prolonged periodghen the saturated soil zone drops below their shallow
root systems duringot, dry periods.

Harsh shoreline zones relatively free of vegetation was a characteristic in many other
parts of Roosevelt Reservoir. For example, at the Orange Peel site along the shoreline
where Tonto Creek meets the Reservoir edge; prolonged periods of inundatioedollow
by periods of reservoir pool retreat have created conditions where even many invasive
nortnative species cannot survive (F&). At Horseshoe Reservoir, shoreline sites that
were frequently inundated under past management could become suitable to the
establishment of desirable native bottomland habitat undeofruiver management that
reduces the frequency and duration of inundation. Planting desirable plants at such sites
will need to be done carefully, taking into consideration a variety of faateoiading the

rate of drawdown to allow plant root systems to follow retreating saturated soil levels.

Figure8. Photograph of a padf the
southern shoreline along Roosevelt
Reservoir underscores the challenges of
that frequent periods of prolonged
inundation followed by retreat of the
reservoir pool pose to vegetation
establishment.
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SECTION THREE
CENTRAL CHALLENGES TO ESTABLISHING NATIVE PLANT
COMMUNITIES WITHIN THE HORSESHOE RESERVOIR STUDY
AREA

INTRODUCTION

In this section, the main challengessiablishing nativplant communitiesn compromised

bottomland environmentre reviewed as a basis fdentifying criteriauseful to selecting

promising restoratiositesin Horseshoe Reservolrrd ent i f yi ng and presentir
factors’ as site seadhefthe praposedstorationesitestabeal so al | o
thoughtfully comparetb one another. For example, as will be discusseplaaterdetail below,

scouring of newly planted vegetatianane of the maifactors that manpottomland

revegetation effortdo not realize their intended objectives. Therefoudnerability to flood

scour (or protection from flood scour) is one of the criteria used to both sedtmntation sites in

Horseshoe Reservoir restoration as well as a meawwgdaring the potential of restoration site

to otherge.g., proposed restoration sitariay offergreater protectioto planted vegetation

from flood scour than restoration sited@ reasons x, y and .z

It is important to note that the identification of challenging factors that have a strong bearing on
determining the success of bottomland restoration efforts is founded on a lordoeetiented
track record of bottomland restoration/revegetation eftbeshave provided numerous lessons
learned for the benefit of future projects (Briggs 1996; Stromberg et al. 2004; Shafroth et al.
2008; Shafroth and Briggs 2008; Briggs et al. 2020; many otherg)e Icontext of introducing
“chal | engi rbagsis forasitetsalection criteria at ldorseshoe Reservoilinipsrtant to
note thatchallenging factors come from both the recologic and ecologic side of the

bottomland restoration coin. Natologic factors include such important considerations as
funding availability, permitting, site access, community support, wtgle ecologic factors

include such considerations as vulnerability to flood scour, water availability, competition from
nonnative plantsThe focus here will be oreviewing challengng factors fronthe ecologial

side of the coin.

As we identify the key challenging factors and use them as criteria for identifying potential
restoration sites at Horseshoe Reservoir, we need to keep in mind that restoration is taking place
in a77-year old reservoir that embodies all of the impacts of river impoundment. These impacts
includealtered longitudinal gradients caused by an unnatural water regime that has fostered
upstrearmdownstream shifts in physical, chemical, and biological processes (Oliver et al. 2014;
Ward and Stanford, 1983). Excesssuspended sediments and sedimentation, interruption in
natural conveyance skdiment, water angutrients as well as excessive nutrient loadings,

erosion and lack of woody debris in the littoral zone, limited access to backwaters and wetlands,
the demise of native riparian and aquatic vegetation, increase-mmative species, and in some
cases exasive growth of aquatic vegetatiare some of the key specific impacts of
impoundment{Humborg et al., 1997; Kelly, 2001; Friedl andu®$t, 2002Friedl etal., 2004

Miranda 2008Wang et al., 20144uang et al., 2019jos Santos et al., 2020/ang 2020).
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Restoring native plant communities in reservoirarid regiongs particularly challenging, as

the primary function is capture and storage of spring season and storm runoff followed by
drawdown for human uses. The resultiamaticannual fluctuation in water levels within the
reservoir and in the immediate upstream river segm@mis.manifestation of this is that

reservoirs in the arid southwest often have anegetated bathtub ring that delineates the area
from maximum high water to minimum pool erdown. This is certainly the case in Horseshoe
Reservoir where significant portions of its shoreline are either dominated only by annual plants
or are relatively free of vegetation.

In Horseshoe Reservoir, conservation pool elevghear 2,026 ftpccurred six times during

the time period of 11-02 to 21-22. In some cases, surface water elevations remained at
conservation pool status for over a month. For example, in 2005, the surface water elevations
behind the dam remained at 2,025 ft or grefatea period of 78 days, then dropped

precipitously to a surface water elevation just altbeeeservoir flow where it remained until

the next large flow evertccurred. From thstandpoinbf an obligate riparian or neobligate
riparian plant, such sigiicant fluctuations in water surface elevations with extended durations
can be intolerable. Although such obligate riparian speciBs fiasmontiiandSalixspp. can

survive extended inundation periods, repeated inundation of long duration can be stressful
particularly ifinundation periods are followed by dramatic drawdown that allows soil saturation
levels to drop below plant root zones. Such a situation can be a devastating gunchto

obligate many riparian plants and is possibly the reasomwamy obligate riparian plants that
managed to establish in the past in Horseshoe Reservoir were not able survive for a long period
of time.

As we consider restoring native bottomland plant communities in Horseshoe Reservoir it is
important to keep two contradictory thoughts in mind at the same time. First, even with
Horseshoe Dam operated as-nffriver with gates wide open the majority aht, the dam will
still be present, impounding river flow and impacting physical, chemical and biological
processes. This needs to be constantly taken into account as restoration sites in Horseshoe
Reservoir are identified and restoration tactics developed.

Second, operating the dam with gates wide open the majority of time will presumably reduce the
frequency and duration that the reservoir contains significant volumes of water. Certainly, Verde
River flow will continue to pool behind the dam even with gateke open. Dam outflow cannot
compete with a high magnitude Verde River flood event of significant duration. If river

discharge remains high for a long period of time (e.g., during an extensive wet period), surface
water elevations behind the dam coulchan at or near conservation pool status throughout the
duration of that wet period, even with gates wide open. Regardless, the trend undei-avem
management regime will be one of diminished frequency that large volumes of water pool and
remain belnd Horseshoe Dam for extended periods of time. In a nutshell, impoundment will

still impact natural processes, but lessBiophysical and chemical processes will be more

suitable to both natural and artificial establishment of native bottomland plants.

With that as backgrountl,e t * s t u r n the ecologieat facters that ltave a strong

bearing on determining success of riparian revegetation prajeztisl environments with the
aim of wusing these *‘challenging factors’ as
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Horseshoe Reservoir restoration sites summarized in Section IV. Again, we are not considering
non-ecological factors here, which can have as much a bearing on determining success of
bottomland revegetation efforts as ecological factors. Documented i@Esulisierous

bottomland revegetation efforts along streams reveal that the degree of success (i.e., how well
bottomland revegetation efforts realized their objectives) was determined by five main ecological
factors: water availability flow scour, prolonge inundation, competition from nemative

plants, and elevated soil salinitjhese five factors are reviewed, below, with eye towards using
them as criteria for identifying and evaluating the proposed Horseshoe Restoration sites.

WATER AVAILABILITY AND FLOOD SCOUR

Of the five factors that have a strong bearing on determining the success of bottomland
revegetation effor{ghe two standout factors are water availability and flood scour. Thetvis,
water availabilityor drought(i.e., planted vegetation desicegtand flood scour were identified
as the two key factors behind high mortality rates of planted vegethtaBride and Strahan
1984;Briggs and Osterkamp 2020; Bunting et al. 2420

Reichenbacher (1984) described riparian communities in terms of a continuum of stability. The
most unstable communities are on surfaces that experience frequent flooding; typically, these are
active floodplain surfaces that are closest to and only sligigher in elevation than the stream
channel. In contrast, on the stable end of the continuum, are surfaces that are higher in elevation
and further removed from the stream channel (such as floodplain terraces), where flood
disturbances are relatively isfjuent. Particularly in the context of establishing obligate riparian
plants and wetland plants in the arid climate of southern Arizona, the challenge is that the greater
the elevation difference between the channel thalweg and planting surface (eeessthéit are

flooded less frequently and more toward the stable portion of the continuum), the less water is
typically available to allow plants to establish and survive in the-teng. This is particularly

true during the months of May and June ingbathwestern U.S. when precipitation is typically
minimal, temperatures are high (with consummate high plant water wébdsgh

evapotranspiration rates), and streamflow is a trickle, in the case of average conditions for the
Verde River during these months, or rexistent, in the case of ephemeral tributaries like Lime
Creek, Mullen’'s Creek, and Deadman’s Wash.

In the context of assessing potential restoration sites for establishing desirable plants at
Horseshoe Reservoir, a key question with regard to water availability eyerage conditions

of water availability at the sitduring the driest, hottest time of the year adequadfidw
establishment and lortigrm growth ofdesired plant® Several factors determine the amount of
water that will be available for plant uSéheseinclude streamflowflow regime the water
absorptive capabilities of the plamexies, age of the plant, climate, soil type, soil salinity, and
depth to ground wateBased on the lonterm streamflow data collected at Tangle Creek,
average flow during May and June3i8 m¥sec (34ft3/sed and2.5m?¥sec 87 ft¥/seq,
respectively. Evapotranspiration and transmission losses between the Tangle Creek confluence
and the reservoir will redu@verage Verde River flow into Horseshoe Reserfusther.

Average Verde River flow into and through Horseshoe Reservoir will be a twakiélow on
averageconfined to the thalwegnd immediatehannel (i.e., not covering flooldn surfaces).
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Although some early studies found tlFatfremontiiandS. gooddingican satisfy some of their

water needs from the soil vadose zone (McQueen and Miller 1972), accessing the saturation zone
appears key to survival (Stormberg 1993). With that in mind, it is important to noteahgat m
obligate riparian plants such &alixspp.,P. fremontij Fraxinusspp., etcare characterized by

shallow root systems that typically cannot access water if the elevation of the saturated zone falls
more than 3 nbelow soilsurface(Zimmerman 1969; Jackson et al. 198usch et al. 1992;
Stromberg et al. 1991 Although root systems @&t. fremontiiseedlings can grow rapidly (&3
mm/day), they will have a difficult time surviving if the rate of shallow groundwater decline is
greater than 3 cm per day (Fenner et al. 1984; Pope 1984; Mahoney and Roodd 8aiyive

the first few years of growth, seedlngs need to be planted on surfacedhveheod saturated

zoneis within 1-2 m of the establishment surface (McBride and Strahan 1984; Mahoney and

Rood 1992)For newly planted specie$e saturated zomaug be even closer to the surface of

the soil for young plants with developing root systems. Therefore, how far and quickly the
elevation of the surface saturated soil zone drops in elevation during May and June following the
winter-spring wet period is ciital information for assessing potential restoration sites for these
species.

Within the Horseshoe Reservoir Study area, sitedikedy offer water availability conditions
suitablefor theestablishment and lorgrm survival of obligate riparian and wetland plants are
sites withthe elevation of potential plant establishm&mtfacesarenot significantly greater than
the Verde River thalwefihe lowest part of the channel). Given how flat the central portion of
Horseshoe Reservoir is, one of the important unknowns is the extent to which the elevation of
the soil saturated zone drops with increased distance from the thhiveelglition, sites toward

the southern end of the reservioirclose proximity to Horseshoe Dam may also offer conditions
of relative high water availability. It is in this portion of the reservoir where water wajliénetly
pool even if the dam is managed in the future with gates wide Speh.pooling of watemay
fomentshallow saturated soil conditions not only in the immediate area of the pool, itself, but
also a zone immediately surrounding the pool.

In the context of identifying sites in Horseshoe Reservoir that potentially offer conditions of
suitable water availability for restoration, the focus up to this point has been on establishing
obligate riparian and wetland plants, both of which require-sedace saturated soil conditions

to survive. The native plant restoration footprint within Horseshoe Dam can be greatly expanded
if non-obligate riparian plants are also considered. Deeper rooted species like mesquite, for
example, are not as limited st obligate riparian species and can access water from much
greater depths. A future where the operation of Horseshoe Reservoir is operaitdwen

should reduce the footprint, duration, and frequency that the reservoir is inundated, potentially
opening up significant parts of the system to the establishment of such plants that are vulnerable
to inundation but have wider amplitude for surviving dry and hot conditions.

With regard to flood scour, newly planted species are much more vulnerable than mature plants
of the same specie®epending on the substrate, at least a year of root growth is needed for a
seedling to become sufficiently anchotedallow it to survive a modest flood evelita

" In their study of cottonwoods along the San Pedro River, Jackson et al. (1987) found mature, healthy cottonwoods
on surfaces where shallow groundwater elevations routinely dropped 4 m below the soil surface during the hot, dry
months prior to the onset sbuthwestern U.S. monsoon season.
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revegetation sitexperiences a high magnitude flood the week after plants are put in the ground,
it is likely that many will be lost downstrearhthe same flood event occurs a year after
planting, losses will likely be less dramatic.

Going back to the streamsid&bility continuum noted by Reichenbacher (1984¢, great
challenge for all revegetation effottgat aim to establish obligate riparian plainten active
bottomland environment is finding the sweet spot the offers some protection to newly planted
vegetation from surwhile providing suitable water availability. On one extreme, desired
speciexould be plantedn terrace surfaces that are outside the current active flow environment
Such a strategyould nearly guaranteerptection from flood scour but would be problematic

from a water availability standpoint (particularly for shallovoted obligate riparian plants that
areunable to acess saturated soils that are greater these meters below the soil surface). On
the other extreme, desired species could be planted on surfaces adjacent to and only slightly
higher in elevation than the stream channel. Such would likely offer sufficient water availability
but little protection from flood scour. The establishment swedtispomewhere between those
extremes.

That noted, within the active bottomland environment there are surfaces with inherently greater
vulnerability to flood scour as well as those of similar elevation above the channel that are much
less vulnerable. Avoiding the former while exploiting thédlais key to success for revegetation.
For example, surfaces on the outside of a meander bend where water velocity energies are
greatesbften show signs ofesliment evacuatiqreut banks and vegetation scainould be

avoided In contrast plantingon the inside of a meander bendhere flow energies are reduced

with calmer waters depositing heavier sediments is much more likely to be succkssful.

addition to the inside of meander bends, otiyees of channel surfaces and channel
characteristicthatcan protect planted vegetation from flood sdogtude wide and

topographically diverse surfaces as well as surfaces just downstream of large boulders or other
impediments that offer legide flood protection. As mentioned above, sediment is deposited at
slower water velocities, as heavier materials such as sand and cobble can settle out. Fallen trees,
logs, displaced boulders, and other obstructions provide the roughness to reduce the speed of
streamflow and promote interspersed areas of aggradation.

Given that o site within an active bottomland environment is immune to spamtinga

diversity of sites that offer increased protection from flood sesilimprove the likelihood that

at least some will survivéor example, planting a range of elevations that extend from primary
floodplain surfaces to higher secondary floodplain surfaces is often a prudent strategy.
Secondary channels and oxbowith relatively high water availability camffer refugesrom

scour that increase opportunities for survival andi@mm persistence of obligate riparian
vegetationand in some cases, emergent wetland species as well). Finding these and other parts
of the active bottomland environment that offer high water availabititye providingrefugia
duringhigh flow is an inherent part of the design of successful bottomland revegetation efforts
(Bunting et al., 2028 Stella et al. 2011).

In addition to parts of the Horseshoe Reservoir study area that have some of the above flood

scour protection characteristitbgtopography of the study area offers other characteristics
First, themain consequence of constructing a dam across a river is the interruption of flow and
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impoundment of water behind the dam. As such, flow scour as a potential threatyglanted
vegetationwithin the Horseshoe Reservoir systeray be reduced even if Horseshoe Dam is
operated as ruaf-river. In additionand possibly more importarthe reservoir area relatively
unconstrained by surrounding topograplhys wide withalow slope, providing a settirtat
fosters significant dissipation of flow energigsenflows arrive at the reservoir and spread out.
As such, of the two big two chenging factors to bottomland revegetation projedsy water
availability and flood scour flood scoumay beless of achallenge to establishing native
bottomland plants in and around the periphery of Horseshoe Resmmpared to desiccation.

SOIL SALINITY

Most obligate riparian plants have low tolerances to soil salinity. Typically, elevateshBoity

levels are not a problem along healthy streams where frequent flooding prevents the buildup of
salts. However, soil salinity can become elevated wherahuwattivities (such as agriculture)

and altered hydrologic processes have diminished water quality and reduced or eliminated
flooding and the associated leaching or flustohgalts (Vandersande et al. 2001; Anderson
2017). Elevated se#salinity levels an also occur where ground water is consistently near the
surface and where stream waters are high in total dissolved salts (Anderson and Ohmart 1982).
This has become a problemnrany parts of the world. ictoria, Australia, for example,
abnormally high levels of soil salinity have contributed to the decline of native riparian
communities along the Murraarling River (Hart et al. 1990; Jolly et al. 1993).

Another example closer to home are tgdaultural practices in the Colorado River Bagiat

have greatly affected water quality, with the river picking up an estimated 7.7 million tons of salt
per year (USBR 2013)n a review of revegetation experiences at 29 sites along the lower
Colorado River over a twdecade period, Anderson (2015) concluded that assessing soil type
and measuring electroconductivity (EC) leveks proxy for soil salinity—in the first and fourth
guarters of the soil profile (betwe#re surface and just above the zone of saturation) were key
variables in determining the potential success of establishing cottonwoods and willows. He
concluded that a twipld increase in salinity (i.e., EC measurements increasing frdam 1
mmho/cc) resuéd in a 20 percent drop in potential cottonwood and willow growth. It should be
cautioned that in situ measurements of EC can vary by method and may not be directly
comparable between sites (e.g., portable meters and field sensors are analyzed diffareatly
augured core sample sent to laboratory for saturated paste extract).

The lack of data and information on soil salinity in the Horseshoe Reservoir studyakesit

difficult at this point to useoil salinitythresholdsas criteriafor identifying potential planting

sites or, conversely, to eliminateem from consideratioThat notedparts of Horseshoe

Reservoir that in the past were frequently inundated for extended periods of time are more likely
to have enhanced solil salinity levels in comparison to sites that were less frequently inundated.
In this regard, northern or upstreamtprs of the Horseshoe Reservoir study area may be less

of a concern with regard to the buildup of soil salinity compared to sites closer to the dam. In
addition, the potential benefits of managing Horseshoe asfruwver (reduced frequency and
durationof significant pooled waters behind the dam) will likely reduce salt buildup in parts of
the reservoir and may even flush out excess salts in areas where salt buildup has occurred.
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In general, high soil salinity levels as a challenging factor is less of a concern to the viability of
vegetation planted as part of future Horseshoe revegetation efforts, at least as compared to losing
planted vegetation via desiccation and flood sc&ilevated soil salinity may be more of a
challenging factor when the following factors occur together as part of a revegetation plan: (i)
Obligate riparian plants with low tolerances to salinity (such.deemontiiandSalixspp.) are

being considered gmart of the revegetation pallet; (i) The site that is being considered was
frequently inundated in the past; and (iii) Obligate riparian plants have not established in the site
in the recent past (such establishment would indicate soil salinity levelstable for

establishment and growth of obligate riparian plants). If the above three factors do occur jointly,
soil salinity measurements may be warrened. Soil sampling methods to rrsgdiedil levels

at potential riparian revegetation sites, areawed by Briggs (1996). Reviews of tolerances of
selected riparian plants to soil salinity and planting techniques that may help establish plant
species with low salinity tolerances in areas characterized by elevated soil salinity are also
available (Brigg 1996; Anderson 2015; Bunting et al. 2820

COMPETITION FROM UNDESIRABLE PLANTS

The riparian revegetation world is full of examples of projects overrun witinative,

undesirable plants followintpe completion of planting activiti€se., where competition from
undesirable vegetation was excessive and led to high mortality of vegetation planted as part of
the revegetation effort)t is often difficult to predict the level of competition from roative

plants that may occur at different sites following planting. Certainly, sites already choked with an
invasive species should bensitdered problematic in this regaRbrtions of the Horseshoe

Reservoir shoreline that are frequently inundated but left high and dry for significant periods of
time are dominated by such pioneer invasive&raaranthus palmeriXanthium spinosum

(spiny cocklebur)Cynodon dactylofbermuda grass), amongst many others.

Putting all the other challenging factors aside for the moment, a site dominated by such
undesirable invasives should be lower on the priority revegetation list compared to sites that do
not have such challenges. However, a site with high densities sfueyandesirable species

should not be unilaterally ruled out for several reasons. First, the above species can be controlled,
though control methods, the footprint of control efforts, and timeframe need to be carefully
developed as part of the overaNegetation plan. Second, management efforts should not
endeavor to rid the entire revegetation site of such species (such would be expensive and time
consuming, and possibly even impossible). Instead, management or control objectives should
aim to eliminag¢ the sites undesirable vegetation from the immediate footprint of the vegetation
being planted. And, third, the revegetation effort, itself, may be part of the solution to reduce the
extent and distribution of such undesirable vegetation via shadingoamzettion.

In addition to using the extent and distribution of undesirable, invasive plants as aaneans
comparepotential revegetation sites at Horseshoe Reservoir, SRP may vdavetopa

targeted list of undesired, invasive species that it will manapese species arednd within

the Horseshoe Reservoir study ardong-term management objective should also be finalized
for each specie on the target list for each site. Thetemg objective could vary with both

specie and site. For example, the kbagn objective for controlling saltcedar at Restoration Site
A may be to tolerate its presence at certain levels, while the management objective for Tree of
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Heaven may be to eradicate it completely. Regardless, finalizing suctelomgbjectives with

a plan to accomplish them should be a priority that would promote the maintenance of the extent
and distribution of proven problematic invasive plants in Hoisedskeservoir at manageable

levels (before an invasive species got out of control. Management actions to control invasive
species does not have to be expensive, if management actions are conducted consistently and are
based on thoughtful, collaborativedarealistic longterm management objectives (Briggs et al.

2021).

Four nonnative plants that are particularly invasive and troublesome throughout much of the
Verde River areAilanthus altissimgTree of Heaven)Arundo donaxgiant cane)Elaeagnus
angustifolia(Russian Olive), an@lamarix ramosissimégsaltcedar)An overview of these species
and options for managing them is provided in the Appendix.

PROLONGED INUNDATION

As defined here, inundation is when the major
inundation can interfere with transpiration processes to the point of compromising plant vigor
(Amlin and Rood 2001)lolerances of native riparian plants tolpnged inundationary and

may be a factor to consider as part of identifypngmisingsites in the Horseshoe Reservoir

study aredor establishing native bottomland vegetatibma natural setting, prolonged

inundation (more than a month) of plants inctomland environmemarely occurs. But, behind

a dam, even a dam like Horseshoe that may be operatedafsriver, prolonged inundation

may be achallengingfactor, oneto consider as part of selecting sites for establishing desirable
bottomland plant species. For example, a scenario of prolonged-abensge precipitatiom

the Verde River watershéd winter and spring of abova/erage precipitation with Verde River

flow being driven by runoff from rain and snownetiay lead to prolonged inundan of parts

of the reservoir even with Horseshoe Dam gates wide open. Although the trend vafkricen
management in place at Horseshoe Reservoir will be a reduced frequency and duration of large
pools establishing behind Horseshoe Dam, such willostdur and some sites will be prone to
prolonged inundation more than others.

In the samevein butlooking at inundation as a complicating factor from another perspective,
there are sites that were frequently inundated in the past but will likely not be in theuhudere
run-of-river management. Particularly for shoreline sites that fall in this category, the reduced
frequency and duration that they are inundated in the future will lead to drier conditions. The
drier conditions may remove establishing obligate rggaglants as a realistpossibility but

could make such sites aturcive for establishing neobligate riparian plants that are vulnerable
to inundation (at least generally more so than obligate riparian plants) but can survive in drier
conditions. The proposed revegetation sites reviewed in Section Four will be assessed
compared to one another both with regartbtiing at sites where prolonged and frequent
inundationmay still be a challenge, and therefareomplicating factqras well agooking at

sites where ruof-river management may present opportunitiehagrequency and duration
they are inundated is reduced.
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SECTION FOUR
PROPOSED SITES FORESTABLISHING NATIVE BOTTOMLAND
HABITAT IN HORSESHOE RESERVOIR

OBJECTIVE

Changing the management of Horseshoe Dam tofuiver will influencether e s er voi r ' s
biophysical and chemical charadstics likely significantly so The extent of change remains an
open question, but operating Horseshoe Dam with gates wide open the majietiroé will
movethenat ur al process needle toward ‘natur al
opportunities for establishing native bottomland flora and fauna te@net possible under the
former management regimRestoration opprtunities at Horseshoe Reservoir may be expanded
if the changes in water management are accompanied by stic&gnound restoration actions

as revegetation, limited earthmoving, managing-native invasive plants, etc. The main
objective of this sectiois to summarize sites within the Horseshoe Reservoir Study Area that
show promise for nativebligateriparian nonobligate ripariarand wetlandemergenplant
communitied either via natural regenerative processes or via artificial revegetation actions.

w

Three points to emphasize befestanmarizing thélorseshoe Reservaitesthat appear to offer

greatest restoration potentigli r st , we use the term ‘restorati
the termin the context of this repoas any effort whose aim is to improve biophysical

conditions of an ecosystem. As such, we are not narrowing the overall aim to a specific past time
(e.g., preEuropean settlement). The intent is broad, covers a large swadkeatialbiophysical

endpoins that carnthe intention of improving habitat and overall conditidasnative wildlife

and/or people

Second, t he sitéisuedn thie ontextrtaafer toartion®f Horseshoe
Reservoirtthat appear to have: @)milar biophysical conditions (similar hydrology, hydraulics,
soil chemistry, riparian vegetation conditiored(ii) restoration potentiakither via natural
processes alone or via the implementation efh@yground restoration actions (e.g.,
revegetation, management of noative plants, limited earth moving, etcBarticularly if on
the-ground restoration actions are eniéhken, the footprint of these actions will likely occur on
only a portion of what is currently delineated as a potential restoration site.

Third, results of additional field investigations, compilation and analysis of additional data
collected via monitoringresults of pilot revegetation projects, and other efforts to fill in

pertinent information gaps, as well as other factors, will determine the extent that SRP pursues
restoration actionat any ofthe proposed sites. In other wordss expected that, as additional

data and information are gathered and analyz®ue of the proposed restoration sites
summarized belownaybeeliminatedfrom contentiorand other sites not currently being
considered may be added

8 When referred to collectively, this group of native plant communitigisligate riparian, nombligate riparian and
wetland/emergent are often referred to as native bottomland plant communities.
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BACKGROUND

In general, perenniadkes and reservoirs have four distinct and interacting biotic communities:
(i) the riparian zone that is not submerged for significant periods of time; (ii) the wéttaral
zone and its sediments; (iii) the open water pelagic zone, and (iv) thechentl@ep water
(profundal) zone and sediments.

The riparian zone is often dominated by woody river floodplain speciesrilia¢, southwestern
U.S., often includes such obligate riparian native speciestamwood P. fremonti), willows
(Salix gooddingii S. exiguaandotherSalixspecies)Ash (F. veluting, amongst many others,
and, depending on the setting, such-native trees as Russian Olidelgeagnus angustifol)a

and saltcedarT@amariskspp.).Both lakes and reservoirs are strongly linked to the land via
nutrient and silt loading, as wels through detritus imports from the littoral and riparian zones.
Riparian vegetation is important for aquatic ecosystems, since it provides habitat for many
species, controls fluvial erosion, and functions as a biological filter of pollutants between
terrestrial and aquatic zones. Riparian vegetation also serves ke Waditat and ecological
corridors, retains sediment, and protects aquatic ecosystems from agrochemical contamination
(Lowrance, 1998; Micheli and Kirchner, 2Q02ortezSilva et al. 2Q0).

In addition to identifying sites where native obligate riparian habitat can be established within
the Horseshoe Reservoir study area, this report will also include sitesvameybligate riparian
plant communities could be established, which includes such species as m&sqadpié

spp.), acaciaXcaciaspp.), netleaf hackbernZegltis reticulatd, saltbush Atriplex spp.)amongst
others, that are typically found on secondary floodplain and terrace surfaces that are higher in
elevation and less frequently affecteddbseanfiow. As important as obligate riparian
woodlands are to providing high quality habitat, it important to note thabhbgate riparian

plant communitis also provide high quality habitat for numerous speEi@sexample,
southwestern willow flycatcher and Yellehilled cuckooboth nest and/or use such habitat when
its availablealong with numerous other bird species outside the mitigation requirements of the
Environmental Species Act, including Phainopeplaainopepia nitans Black Phoebe

(Sayornis nigricans Verdin(Auriparus flavicepy Vermillion flycatcher Pyrocephalus

rubinug, Great Horned OwlIRubo virginianuy, Gray Hawk Buteo plagiatuy Bdted

Kingfisher Megaceryle alcyon amongst many other bird and other wildlife species.

Theinclusionofnofo bl i gat e ri parian plants asaspart of
critical from the standpointheyare better adapted to and, therefore, capable of establishing and
thriving in the longterm, in parts of the bottomland environment that are drier and have higher

soil salinity than the immediate floodplain environment where obligate riparian specezslyypi
establish. Such is certainly important given the prognosis of a future climate that will be drier

and hotter than in the pia

Moving from the riparian zone to surfaces of lower elevatiomwetlandittoral zoneof any

body of watelis inundated the majority of time andaften dominated by emergent, floating and
submerged vascular plants. The littoral zone can have high species diversity and is commonly
the site where fish reproduction and developneectr. It is also critical for waterfowl habitat.
Although the establishment of obligatparianand norobligateriparianplant communitiegre

a main emphasis tfiis reportemergentvetland plants are considered asd central objective
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for at least one of theroposedestoration sitesummarized belowwVith regard to the open

water andleepwaterz ones menti oned above as part of a
zones are not a focus of this rep@&articularly if Horseshoe Reservoir is manaugethe future

as a pasthrough or rurof-river system, the open water and deeyier zonesire likely to be

limited and possiblyabsent fomost of theiime.

PROPOSED HORSESHOE RESERVOIR RESTORATION SITES
Six sites(A-F) have been identifiesh Horseshoe Reservas havingpotential for establishing
native bottomland plant communities in a future dominated byfuiver managemer(fig. 9).

Figure9. Overview image.) Horseshoe Reservcs'wing
locations of proposed restoration site$-fimage provided by
SRPCartographic & GIS Servicgs

Page33



Horseshoe Reservoir Habitat Restoration Study
Supplee and Briggs
January 6, 2023

As noted above, the spatial footprint for a particular restoration site encompasses parts of the
Horseshoe Reservoir environment with similar biophysical conditions (similar hydrology,
hydraulics, soil chemistry, riparian vegetation conditions) and reéstonaotential. Restoration

sites are presented, below, in an upstream to downstream direction. Site summaries focus on the
attributes summarized in Section Il that are considered key to evaluating the potential for the
establishment of native bottomlapthnts in a given location. As current knowledge gaps are
addressed, the location and footprint of the restoration sites are likely to change.

RESTORATION SITE A

Overview

Restoration Site As a series of floodplain surfaces along the Verde Riveetttandfrom the

most upstream portion of the Horseshoe Reservoir study area to where the Verde River
bottomland environment widens significantly south of Chalk Mountain @igin the context

of discussing Restoration Site A and the upstream portion of Horseshoe Reservoir, it is important
to note that although the hydro morphology of rivers and ecological effects downstream of dams
are well studied and documented (Petts, 1980jaMis and Wolman, 1984, Ligon et al., 1995;
Grant et al., 2003; Graf, 2006; Yangad, 2014), relatively little is known about the effects in
upstream river segments (Petts and Gurnell, 2005; Wohl, 2015). The factors affecting the
upstream river channel include fluctuating water levels, changes in sediment transport and
deposition, hgher groundwater levels (Simon, 1979; Kaczmarek et al., 2016), and increased
frequency of inundation in the floodplain terraces adjacent to the reservoir {Bsemdero,

etal. 2021., Evans et al., 2007; Liro, 2014). These factors influence the develogpeerds
composition, and retention of riparian vegetation (Lite et al. 2005; Sun et al., 2012), and
presumably have affected biophysical conditions of the Verde River bottomland environment in
Restoration Site A.

Advantages and Drawbacks

With the above noted, it appears ttieg Verde River bottomland environment of Restoration
Site Aexperiencesatural flow and channel dynamics, at least in comparison to parts of the
reservoir further downstream that are impad¢ted much greater degrbg the hydraulic

buffering effects of Horseshoe Daimsights gleaned from natural resource scientists, SRP staff,
and study oferial photographgoing back to 1985 reveal periogben the Verde River channel
and riparian vegetation community of RestmmatSite A changed dramatically as well as periods
of relative stability For examplea comparison adierial photograpof the central portion of
Restoration Site A shows the Verde River channel having a tight meander bend in 2006 that
shifted to the northwest by 2015 with apparent dramatic changes in the extent and distribution in
the riparian vegetation community alongstheach between 2006 and 20$Rch changes in
channel morphology are indicative of a natural, dynamic river system.

High magnitude flow events in January of both 2008 and 2010 probably drove stiree of
channel changes that can be observed between the aerial images of 2006 and 2D0)2I(Fig.
contrastchanges in channel form and sinuosity appear naloog tke same reach from 2015 to
date Taken together, the swing between periods of dramatic channel morphologic change and
periods of relative stability refleet dynamic environment respondingniatural boorrbust
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hydrologic cyclegFig. 10). Periods of dynamic morphologic and riparian vegetation chizhkge

place with the occurrence bigh magnitude flow events of sufficient duratimnperform

dramatic channel work adluvium isscoured and evacuated from one part of the chamakl

deposited along downstream reactfasch a dynamic environment fostarshannel physical

template ideal for the establishment of a natural, patchy riparian plant community dominated by
ed as a restoration site.

»

2012 Jan SRP

Figure10. Google Earth aerial images of the central portion of Restoration Site A in
August 2002, August 2006, January 2012, and May 2015. Morphologic changes in the
Verde River channel between these different time periods are eydeticularly

when images of August 2006 and January 2012 are compared) and likely as a result of
high flows that occurred during 2008 and 2010.
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Although the Verde River channel at Restoration Site A reflects a more natural flow environment
than downstream study reaches, it has undoubtedly also been affected by river impoundment.
Horseshoe Reservoir was held at conservation pool elevation (2,826tfines from 2002 to

2022, with durations of inundation at that elevation lasting in some instances over a month. For
example, in 2010, the surface elevation of Horseshoe Reservoir was at conservation pool
elevation from April 1% to May 25". In 202Q the reservoir was at conservation pool from

March 20 to May 39 (Fig. 11).

During these periods, Verde River flow energies are buffered as they enter the reservoir and
make contact with pooled waters, likely reducing the frequency and extent that sediment along
this part of the channel or reservoir waswarked in a manner tharomotes natural and suitable
conditions for the regeneration of obligate riparian plants. With regard to the proposed
restoration sites (Restoration Site A and others as well), an important hydrologic modelling
guestion to address in the near futuréasyhat extent will rurof-river management affect the
frequency and duration that they are artificially inundated by impounded waters? With a
subsequent question being, how will such changes in inundation frequency and duration affect
flood scour, watenailability, soil salinity, plant competition and other factors important to
understanding what the response of the native bottomland plant community might be?

Surface Water Elevation Behind Horseshoe Dam (2001-2022)
620.00

. | a1

605.00

600.00

595.00 M

590.00
1/1/02 1/1/03 1/1/04 1/1/05 1/1/06 1/1/07 1/1/08 1/1/09 1/1/10 1/1/11 1/1/12 1/1/13  1/1/14 1/1/15 1/1/16 1/1/17 1/1/18 1/1/19 1/1/20 1/1/21 1/1/22
0:00 0:00 0:00 0:00 0:00 0:00 0:00 0:00 0:00 0:00 0:00 0:00 0:00 0:00 0:00 0:00 0:00 0:00 0:00 0:00 0:00

Surface Pool Elevation (m)

Figurell. Surface water elevation of Horseshoe Reservoir pool for years 2001 to 2022. During
this period, the reservoir pool reached and was held at conservation pool status six times for
several weeks to over a month (surface water elevation data provided hy SRP)

As afirst step to addressing this questitmpographic data from remote LiDar and multispectral
imaging platforms wereollected and organizddr targetedchannel transects (or cressservoir
transects, depending on transect location) cut thrthagtigital elevation point cloud data to
guantify the extent of topographic change along the transeetshe last two decadé3ne such
transect wasutacross the Verde River channel in the central podidRestoration Site A for
three different yearproviding an accurate assessment of not only current topographic
conditions athat transect locatiobut also howchannel topography hakanged in the recent
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past (Fig.12). At least at this conceptual stage in developing restoration options for Horseshoe
Reservoir iis appropriate to expound on the information that trams@uiberone provides as a
general representation ahannel morpholdag change along the Verde River channel throughout
Site A. With that generality in mindt, appears that much of the bottomland environment of
Restoration Site A is underaterwhen the surface elevation of the reservoir pool is 614 m
(2,013 ft) or greater. Analyzing dgisurface elevation data of the Horseshoe Reservoir pool
from 2001 to 2021 indicates thesurface water elevation of 614aocurredd.1% of the time
duringthat 20year time period.

2021
2012

Elevation (m)

2002

== == High Elevation Datum

Low Elevation Datum

603

351
364
377
390
403
416
429
442
455
468
481
494
507
520
533
546
559
572
585
598
611

Figurel2. Crosschannel transecicross the Verde River channel cut through topographic point
cloud datéfour in the central portion of Restoration S&dor years2002, 2012, an@021.
Topography data for the 2021 and 2012 are derived from aerial LiDar coverage, while
topography from 2002 are derived from multispectral ima¢esysuchs less accurate than data
collected via LiDar technologylPosition of transect one is shown in the image above.
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Being located at the upstream most portion of the reservaoir, it is likely that a future dominated by
run-of-river management will likely redudbe frequency and duration that Restoration Site A is
inundated by impounded waters behind Horseshoe Dam, with potentially consummate
repercussions on natural flow dynamics that will translate to enhanced natural regeneration of the
obligate riparian plant comunity along this reach. The question is, how much? Modédiling

surface water elevations of theservoirpool are impacted when Horseshoe Dam is managed

with gates wide opewill provide insights to answang this questionin addition initiating a

long-term progranat Site A to monitochannel morphology and riparian vegetation will provide
data needed to quantify site biophysical response to management changes.

An additional observation regarding Restoration Site A is that channel surface diversity along
this reach may offer opportunities to encourage the establishment (naturally and/or via artificial
plantings) of both nowbligate and obligate riparian plantnemunities. Such appears

particularly true along the portion of the Verde River channel from where it turns abruptly west
and follows the northern flank of the Chalk Mountains to where the channel turns abruptly south
and passes to the west of Chalk Moum{&iig. 12). Along this portion of the reach, surfaces
adjacent to but slightly higher in elevation than floodplain surfaces may be conducive to
establishing native mesquite bosque habitat, while lower elevated surfaces may be suitable for
obligate riparian species.

Restoration Site A could move up the priority ladder even further if future investigations verify
this assumption. Diversity in channel bottomland surfaces often correlates to diversity in
bottomland plant communities. The mix of distinct channel surfadaghlighted in cross

sectional elevation data obtained from remote LiDar and multispectral imagery platforms. In
Figurel3, secondary floodplain and terrace surfaces to the left of the low flow channel are likely
much more protected from flood scourl@dst compared to the leflow channel), yet with

inherent lower water availability. Though such surfaces are still part of the active bottomland
environment, their physical characteristics may be more conducive to the establishment and
long-term viability of nonobligate riparian plants than obligate.

In comparison, and not surprisingly, the low flow channel is much more dymathiis banks
and primary floodplain surfaces more conducive to obligate riparian péigtsand low
elevation datums were used to quantify changes in channelsgctisn arebetween 2012 and
2021(2002 crosshannel data were not used given the large error bars associated with
developing topographidata from multispectramages(versus LiDar data that constitute
evaluation of morphologic changes for 2012 and 20ZBlaulating cosssectional areas under
thelow elevation datunfior more than one time period provides a means to understand gross
morphologic change of the leflow channel An increase in crosshannel area between
different time periods indicates overall sediment evacuation, while a decrease indicates
aggradation. Subtracting cressctional areafor different time periodsinder the low elevation
datums from those under the high elevation datguasitifies changes icrosssection are&or
such higher elewad surfaces as secondary floodplains and terrkoestansecbne cross

section area under the low elevation datum chdfrgm 337m?in 2012 to 407? in 2021,
revealing aroverall evacuation of sediment from the low flow channel between these two time
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periods In contrast, the form and elevation of secondary floodplain features to the left of the
low-flow channel appeared to have changed little between 2012 an{R2§212).

Competition from Non-Native Plants

With regard to controlling nenative plants as a complicating factor for Restoration Site A,
propagules of nomative plants present upstream will enter the site and likely establish

suitable surfaces throughout Horseshoe Resenr@iiteria for managing these species should be
developedsee Section Five). Given our current understanding of biophysical conditions and
trends at Restoration Site A, an appropriat&r-term objective fomanaging nomative plants
atRestoration Reach fay be tdocus nore on managing nenative vegetation at appropriate
levels versus their complete elimination. That noted, there may be specific invasive species that
SRP may want to keep a close eye on and el i mi
bud’ @ popreverd tbe species from becoming a future nuis&oceexample, the
establishment oAilanthus altissimandArundo donavare potential candidates in this regard.

Site Restoration Objective

With the above discussion in mind, the recommendedtemng goal for Restoration Site A will

be to foster a diverse riparian plant community where no one particular plant species dominates.
To accomplish this goal, proposed restoration actions at Resto&ite A are to: (i) Monitor
biophysical conditions tquantifychanges in channel morphology, water availability (with depth

to saturated soils being particularly important), and riparian vegetatr@esponse to changes in

dam managemen(ii) Conducttargeted and strategic revegetation only if such is deemed
important to fostering the establishment of native bottomland plant communities; and (iii)
Manage nomative vegetatioas deemed necessaoyfoster increased distribution and extent of
nativebottomlandhabitat.

[Figure 13. Idealized digital rendering of the restoration goal at Site A.]
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Based on current understanding of site conditions, it is proposedtioausatwo and three be
targeted and limited, with management at Restoration Site A emphasizing an overall passive
restoration response that focuses an adaptive management (or adapted restoration response) that
is informed by monitoring. If actions two atitree are deemed appropriate and helpful, the

intent isto conduct those actions sinall spatialscale that could mstthe extent and distribution

of desired native plants along this reach. For example, if revegetation is considered appropriate,
revegeation could focus on establishing pocket®bligate and nowbligate riparian species

And, if deemedhecessary, invasive plant management efforts might focus on reducing the extent
and distribution ofl . ramosissimgArundo donaxAilanthus altissimacocklebur Kanthium
strumariun), kochia(Kochia scopariqand other species that have demonstrated a propensity to
establish along the lower Verde River and compete with native plants (see Appendix 1).

A summary ofproposedong-term restoration goal for Restoration Site A and factors that may
complicate realizing this goal is provide in Talile

Table 1. Summary of lontgrm restoration goal and complicating factors for Restoration Site A.
ProposedRestoration Goal
Mix of obligate anchon-obligate native plant communities where no one species dominat
with emphasis on realizing this restoration goal via passive versus active management.
Complicating Factors

With run-of-river management, it is likely that the frequency an
duration that Restoration Site A will be inundated will decreas
Low water availability | with consummate impacts on water availability. However, suc
will likely strengthematural processeamnd dynamicst this site
which will have overall positive impacts on native flora and fau
With reduced inundation by impounded pool waters, natural fl
dynamics will be strengthened. Flood scour will occur (along v
deposition), which is natural and beneficias noted previously,
at Restoration Site A and other sites where native bottomland
regeneration is likely when rewf-river management is
implemented, SRP may want to take a patient;auaiive
restoration approach that focuses on monitoring biophysical
response ovethe implementation cdctive restoratiomactions

Not a concernEven ifhigh soil salinity occurs in parts of this
restoration sitelevelswill likely be reduced in a rwof-river
management future that will reduce the frequearoy duration
that Restoration Site A is inundated.

Much less a concern at this site as compared to downstream
Prolonged inundation restoration sitegarticularly if runof-river management become
the norm.

The strengthening of natural flow dynamics should provide
physical conditions favoring the establishment of native plants
Monitoring and targeted managemenarranted.

Flood scour

Soil salinity

Competition from non
nativeplants
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Proposed Next Steps

i. Additional targeted site reconnaissance and analysis of aerial photograph is warran

ii. Establish a thoughtful, realistic monitoring program to quantify biophysical change &
site.ldeally, monitoring sites should be established prior to whermfuiver
management becomes the norm.

iii. Conduct targeted revegetation and invasive control actions only if deemed necessa

RESTORATION SITE B

Location and Restoration Objectives

The backbone dRestoration Sit® is essentially th&erde River channelownstream of Chalk
Mountainto the mouth of Lime Creethat has incised sufficiently into reservoir alluvium to
capture the majority of Verde River flow during low flow perigB&. 14).° However, he

overall spatial footprint of Restoration SiteaBmuch larger than just the low flow channel,
encompassing significant portion of theentral portion of Horseshoe Reservoir where
conditions of water availability, protection from flow scour, and the frequency and duration of
inundation by the reservoir popbtentiallyprovide favorable conditions fohe establishment

and persistence of obligate riparian plafig. 14).

The current position of the low flow channel that constitutes the backbone of Restoration Site B
hugs the western shoreline of the reservoir, extending from just downstream of where the
reservoir valley widens significantly south of Chalk Mountain to fusth of the mouth of Lime
Creek (on the western shoreline of the reservoir). From the standpoint of restoring native
obligate riparian plants, Restoration Site B is attractive given the presence of willows along the
past position of the low flow channehen it hugged the eastern shoreline of the reservoir.

As underscored iSection Three Central Challengeso Establishing Native Plant Communities
Withinthe Horseshoe Reservoir Study Areater availability during the dry, hot months of May

and June when average Verde River flow is but a trickle is a key challenge to establishing native
obligate riparian plants. The trickle of water through the-flow channel during these months

is likely an essential element that permits the maintenance of the saturated soil zone at elevations
sufficiently shallow to abw access by the shallow root systems of obligate riparian plants.

Also discussed in Section Three, the riparian stability continuum needs to be taken into account
as part of identifying sites within an active bottomland environment that havetehistas

suitable for the establishment and lebegn persistence of obligate riparian plants. Water
availability and vulnerability to flood scour are two central aspects of the riparian stability
continuum. Obligate riparian seedlings may be able tdkstteand persist near the low flow

channel of Site B given higher watefadlability conditions that allow them to get through the

hot, dry season. Yet, lortgrm persistence may be thwarted if seedling establishment in high
water availability are scoured out by the next food event. An important challenge for establishing

® The limited channel capacity of these features means that discharge magnitudes probably not much greater than a
two-year event will exceed channel capacity, forcing flow outside the thalweg and acrsssdb@ding and
relatively flat reservoir surface.

Page41



Horseshoe Reservoir Habitat Restoration Study

Supplee and Briggs

January 6, 2023

native bottomland habitat at Site B is identifying areas that provide suitable water availability as

well as some measure of protection from flood scour.

-
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Overall footprint of
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Figure 4. Image of Horseshoe Reservoir showing overall footprint of Restoration Site B and
location of transect two. The backbone of Restoration Site B is the low flow channel.
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In this regardthe factthat willows naturally establishesdithin the footprintof Restoration Site

B is important The take homeointbeing that, even under past management of Horseshoe
Dam, sweet spots along the riparian stability
establishing and persisting for almost two decades. This ig batby examining the locations
of past low flow channels within Horseshoe Reservoir and noting willow establishment along
them Active low flow channelf the reent past appeas ghost relictthattrace the path of
pastchannel migration across the reservoir valley in responsetesses afediment

evacuation and deposition during moderate to high Verde River flow eventdgFi@nce a
given channel thalwegr active lowflow channel)has incised sufficiently into valley sediments
to capture flow, it will receive the majority of Verde River low flow until alluvial depositional
processes occur to impede flow, forcing abandonment and the formation ofraly eetiv low
flow channel Such a scenario likely occurred during high flow events of 2008 and led to the
guastabandonment of the loflow channelon the eastern side of the reservoithi® present
position of thdow-flow channel on the western side of the reser{fg. 15).

2002 Aue SRP

o Z T 5 4 i ;i :"';v‘-h;f'#" e AR

Figurel5. A comparison of aerial photography between 2002 and 2008

Restoration Site B thahows the formation of a sediment plug tlitetly impeded

flow in the eastern Horseshoe Reservoir-ftow andled toestablishment of the

current lowflow channel that heads due south. The establishment and persistence of
trees along the channel is clearly demarcated in the 2008 photogmnagles

provided bySRPCartographic & GIS Servicgs

In the context of considering the riparian stability contindanSite B it is not surprising that
obligate riparian treesere able to establishhen thdow flow channelwason the eastern side

of the reservoir. Frorthestandpoint of water availability, the trickle of Verde River flow
through the low flow channel during May and J(ne matter where its location within the
reservoir propenyas likely a key factor that maintained the soil saturated zone at appropriate
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elevations for obligate riparian plants. From the standpoint of flow scour, the willows that
established along the eastern shoreline of the reservoir valley are protected from the full brunt of
Verde Riverhigh flow energies given their location on the leeward side of Chalk Mountain.

When the Verde River experienaeBigh magnitude flow event at a time when the Horseshoe
Reservoir pool is well below the conservation pool elevation, the high flow energy vector is due
southwith flow energies dissipating considerably when a Verde River flood event enters the
reservoir proper south of Chalk Mountain aieads out. Of course, flow energiaB also

dissipate dramatically once the reservoir pool §lifficiently tointersect flow. Nonetheless,
scouring high magnitude flow events likedgcurred frequently in the past even under non run
of-river management andlikely one reason why willows successfully established and persisted
along the low flow channelhen it was located atme eastern side of the reserv@nd thus
protected from scouring flow energies)d have not establish&mlan appreciable exteatong

the current position of the low flow channel, which now hugs the western shore of the reservoir
(and, as such, lies immediately along the vector of high flow engr@kbgate riparian

seedlings that established in the Spring along the current position of the Verde River low flow
channel within the reservoir are likely scoured out by the next high flow event of sufficient
magnitude and energy to mobilize sediment.

As SRP considers the potential for natural and/or artificial establishment of obligate riparian
plants within the footprint of Restoration Site B, there seems to be two main paths forward. First,
is to follow a similar course of action as for Restoratiga & and monitor biophysical change
before and after runf-river management is initiated. Inthisveins i t t i ng back’ and
biophysical responses under fofriver managememnwould beemphasizedverthe

implementation ofictive management amts. This is certainly a viable path forward. Obligate
riparian plantsaturally established within the footprint of Restoration Site B in the past and will
likely do so again. In this regard, it is important to note that the establishment of willows along
the lowflow channel under past flow management occurred in a contexte the morphologic
characteristics of the loflow channel appeared to have changed little between the years 2012
and 2022 (Fig. 8). Morphologic change of low flow channels particularly within the northern
portion of Site B is likely to become more @&mic— more naturat as the frequency and

duration that Site B is inundated by the reservoir pool is reduced undef-myer management.

How this impacts the establishment and persistence of obligate riparian plants is an open
guestion. Though, as witRestoration Site A, natural regeneration of native species is likely to

be fomented by a return to more natural flow dynamics. In summary, placing little emphasis on
active management with much more attention on monitoring biophyfsiesponse of

Restoration Site B before and after+afAriver management is initiated is certainly a viable

option.

10 Although biophysical conditions are emphasized here, the chemical part of the riparian stability continuum should
not be ignored, particularly with regard to the potential that portions of Site B may have elevated soilesagdisity
However, if that is the case, a reduction of soil salinity levels would be expected undérrirer management

with a return to a more natural flow regimaving great potential to fluskccumulated salts. Regardless, targeted

in-situ measurement of soil salinity may be worthwpieticularly in areas where pilot revegetation efforts are

being contemplated.
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A secondpath oroption for SRRwith regards to Restoration SitecBuldemphasizective

managemernb a much greater degree, particulanyhe form ofa robusimonitoringprogram
along withconductingtargeted artificial p i fevegetation effortsThecentralaim of both
actionswould beto improveunderstanding of reservoir biophysical conditions undefoftriver
managemerthat would allowa more informed foundation for identifyiqmarts of Restoration
Site B that offer conditions most conduciee the longterm viability ofobligate riparian plants.
As already noted above,
establishment and persistence of obligate riparian plants. However, we also know that
biophysical conditions have changed to a point wheobydrologic thresholds have been
crossed or compromised that not only have negated further natural regeneration but have led to
the demise of mature willow trees (FigZ)1Where are the current sweet spots for establishing

obligate riparian plants and how might they be affeetednrun-of-river managemens

we

know t hat

condi

implementedare key questions that SRP may want to addressdread part of this second

option.

Cross Channel - Transect Two

_—" transect.

Elevatior

Sediment plug that
currently blocks flow t
eastern lowflow channel.

Portions of eastern low
flow channel intersected

by traN Ve

Portion of the eastermeservoir shorelinentersected by

West lowflow
channel

1 451 501

Cross Reservoir Profile Distance from Start Point (m)

Figure B. Graph of elevation change across transect $&e Figure 4 for transect location
which extends west to east across the reservoir at the northern portion of Restoration Site B. In
thislocation, the transect cuts across both the currenflmwchannel on the western side of
the reservoir and multiple parts of the former{d@w channel on the eastern side of the

reservoir. Elevation data were developed from remote LiDar (2012 an{l 02 inultispectral
imagery platforms (2002). Note only subtle morphologic changes between the years 2012 and

2021 (see also Table 2).
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Table 2. Summary of channel cres=ctional area under elevation datum (see Figéiferl

elevation datumat Restoration Site Bnd percent of points along and outside the channel with

vegetation of 0.3 m or greater in height. The large difference in percentage of vegetation along
the lowflow channel and outside the channel (comparison of rows two and three for years 2012

and 202} indicate the importance thew-flow channel has in providing conditions suitable for
the persistence of obligate ripariaegetation. The dramatic decline of vegetation along the low
flow channel between 20Ehd 2021 (row 2) may be due to foemation ofthe sediment plug

which likely shunted most flow during May and June to the currenfllmw channel that lies
alongthe western shore of Horseshoe Reservoir.

Transect Two Parameter

2002

2012

2021

Channel (or Reservoir) CreS&ection Area
Under Elevation Datum (m2)

na

3,359.7

3,386.6

- 1201m from starting point)

Percent of points w vegetation > 0.3m in heig
alongthe lowflow channel within Site E376m na

24.5

8.5

outsidethe lowflow channel(200m- 360m
from transect starting point)

Percent of points w vegetation > 0.3 m in hei

na

0.6

Figurel7. Photograph of dead willos\ssnagswithin the

footprint of Site Bn e a r

t he

trees likely succumbed from the combined impacts of

desiccation (possibly as a result of the sediment plug that

blocked low flowto this portion of the reservgiand

prolonged inundation.
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A robustmonitoring program could include the establishmera séries of piezometers that will
allow measurement of shallow groundwater elevatibaswouldimprove understanding of how
shallow groundwater elevations within teservoirvary with Verde River flow as well as
spatiallywith-in the reservoi(from north to south as well as with increasing distance from the
low flow channel)In addition, nodeling of how rurof-river management will impact surface
water elevation variation of the reservpool behind Horseshoe Darould also be emphasized
as part of a more idepth investigatiothat would inform an effective restoration response.

In addition to implementing robust monitoring prograrBRP should consideonducting
targeted pilot revegetatias part of this second option. As is emphasizegkittion Five
Information Gaps and Suggested Next Stepsducting pilot revegetation effodsad
monitoring results of such effort&s the potential tprovide SRP invaluable biophysical and
non-biophysical information thatan significantlyinform the realities of conducting such-tre-
ground efforts at larger spatial scales. If piloteagetation is pursued at Restoration Sitd B,
recommended thahe focus be on establishing a series of patstmallscaleplantings after run
of-river management has been initiated (ERg).

[Figure B. Digital graphic renditions of Restoration Site B from planar and ®eston view.]
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In this vein, pilotrevegetation would focus on using pole plantings to establish pockets of
willows that emphasize coyote willovgélix exiguq over Salix gooddingii (10 coyote willows

for every Goodding willow), given coyote wil/
well as to layover and survive high magnitude flow events. Certainly, other specidbe
considered and includdalit willows are emphasized hagiwen ease of plantin@.e., poles or
branches of willows can be collected froeanby sites and planted relatively easiiy)e

footprint of each revegetation pocket would be small in size (less than@dmsisting of 50

to 100 poles with revegetation pockets extending along a west to east transect line that ranges
from the edge of the current active low flow channel toward the reservoir shorelinggjFig.

The overall strategy is for the revegetation pockets along any particulatovesssit transect line

to cover as much of the riparian stability continuum as possible.

High mortality is to be expected wittesiccation, flood scour and inundation taking their toll.

But planting along the stability continuum increases likelihood that one or more sweet spots will
be planted that are characterized by key physical attributes conducive to establishment and
growthof native bottomland species.successful patch of planted vegetation along the
continuum (i.e., along a west to east transect heading away from the current position of the low
flow channel) can profoundly inform and improve the effectiveness of a lscgks revegetation
effort. It is also important to note that thstablishment of even a small percentage of trees that
are planted caaugment native plant seéll that can produckng-termecologicalbenefits,
particularly with regard to fomenting natural recruitmehbative speciesA hundred trees

surviving in the longerm out of a thousand planted could provide significant ecological benefit.

Another potential benefit of conducting artificial revegetation at Site B (at pilot scale in the near
term and at large scale in the future if pilot efforts prove successful) has to do with the potential
response of invasive plants to rafiriver managema. As noted previouslyun-of-river
managemenill likely reduce the frequency arduration that interior parts of the reservoir area
(i.e., much of Restoration Site B) are inundated by the reservoirAsthis occursstrong
regeneration by a variedf invasive plants is expected. Species sucheabania herbacea
Amaranthus palmeriCynodon dactylonXanthium strumariumin addition to other invasive

plants that are part of seed base of the greater Horseshoe Reservoir ecosystem will come to
dominate reservoir surfaces that are no longer frequently inundated byeiveirgsol for

extended periods of time. Although such an invasive plant regenerative response will provide
poor quality wildlife habitat and likely preclude (or at least hinder)raategeneration of many
native bottomland plants, there will be benefits, including the ability of a dense vegetative cover
to reduce dust emissions from reservoir surfaces that would otherwise be largely exposed to the
elements.Regardless, there will be significant added benefpi@dkets of native vegetatiaan

be established n what wil |l | i kel y,inbl@ingthe ‘agymemtatioroof | nv as |
native seed fall as well as shading out invasive plant response in areas where nativeeplants ar
successfully established.

The above discussion brings up one question thagjidighted furthein Section Fivé

Information Gaps and Next SeegCan SRP manage Horseshoe Dam with gates wide open for an
extended period of time as part of subsequent phases of the Horseshoe Reservoir Restoration
Study? In other word#) the near futureyould there be storage capacity in Bartlett Reservoir to
allow the operation of bBrseshoe Dam with gates wide open for extended periods of time
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(months to possibly more than a yeaefore rurof-r i ver management i s adop
management protocdRelated to this question is the rate at which Horseshoe Reservoir draws
down when there is significant runoff from the Verde watershed. The question ds#sg
Horseshoe Dam release water at a high enough
inundation time for the reservoir area in Restoration Siedking ahead, this question is also
pertinent to Site F, but from the other wagwnd, asking if Horseshoe Dam gates could be

closed during key times to retain water at that 8Wéhetherfuturedata are collected as part of a
monitoring program (e.g., data of shallow groundwater elevations from piezometers) or pilot
revegetation, or botltollecting data thateflectbiophysical conditions undean-of-river

managemernis needed and would be md&ipful to understandingeservoir biophysical
conditionsunder rurof-river management.

Advantages and Drawbacks

As weconclude this section with selected advantages and drawbacks to Restoration Site B, it is
important to note that of all the potential restoration sites presented in this report, Site B is the
only oneidentified that encompasses wisturrently considered the interiof Horseshoe

Reservoir. All the other sites, with possible exceptiotheflower reaches détestoration Site A

- which considers the entire active bottomland environroktite Verde River at that locatien

focus on the reservoir stedine. This distinction (reservoir interior versus reservoir shoreline)

will certainly carry important differences in biophysical characteristics that, in turn, will
profoundly influencehe types of native bottomland plant communities ¢laat establish and be
viable in the longerm under rurof-river managemenfnother important distinctiobetween

Site B and the other restoration siteshecurrentlevel of understanding dfiophysical

conditions. During the course of this eyear study, visitinghe other sites was possible. In
contrast, the grand majority of Site B was under water. Although expert opinion and conjuncture
are an inherent part of the conceptual stage of every restorationtefdrtformation and

insights gained via a firdtand field visit cannot be overstated. As such, visiting Site B in the

near future during dry periodfouldbe a priority.

The proposed restoration objective for Restoration Site B and potential challenges toward
realizing the proposed restoration objective are summarized in Table 3.

Table3. Summary of longerm restoration goal and complicating factors for Restoration Site B.
Restoration Goal

Establishment of a patch work of native obligate riparian plants within the interior of res
via natural and artificial means

Complicating Factors

Given a future climate that is hotter and drier, identifying sites
with conditions of water availability suitable to the establishme
of obligate riparian plants is an inherent challenge. That noted
specific parts of Restoration Site B may offer oppdties from
the standpoinbf water availability, particularly in areas near the
low-flow channel where shallow groundwater elevations can b
maintained above threshold levels by low flow during the hot,
season.

Low water availability
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Flood scour

As noted previously, finding the sweet spot in the riparian stak
continuum within the footprint of Restoration Site B with suital
water availability and protection from flood scour will be

challenging. Installing piezometers in targeted areas totanogy
shallow groundwater elevations and conducting pilot revegeta
will greatly inform where native obligate riparian plants can mg
effectively be established.

Soil salinity

Given the establishment of willows at this site in the past, elev
soil salinity does not appear to be a major issue. In addition, r
of-river management with assumed ramification of establishin
more natural flow dynamics will make the accumulatiosaf
salts an even less concern.

Prolonged inundation

Particularly with rurof-river management in effect, the likelihog
that prolonged inundation will reagevation and duration
threshold levels for native obligate riparian plamit be less of a
concerrthan in the past. Modelingow reservoir pool elevations
(per discussion in Section Five) wile impacted under ruoif-
river management wifprovide helpful insights as to where
prolonged inundation will likely still occur at high frequencies 4
duration.

Competition from non
native plants

Strong establishment of a variety of invasive plants is to be
expected with reduced frequency and duration of inundation b
the reservoir pool under rtof-river management. Implementing
targeted revegetation with native overstory species could help
Monitoring vegetation response as rafiriver management is pu
into effect should be conductellowing targeted management (
undesirable plants if such is deemed necessary.

Proposed Next Steps

i. Conduct dditional targeted site reconnaissamgeen the elevation of the reservoir pool
low and portions of Site B are exposed

ii. Establish a thoughtful, realistic programinietall a series of piezometersrwnitor
shallow groundwater elevatioasid howelevationsvary both spatially and temporally.

iii. Conduct targeted pilot revegetation (per previous discussion in this section).

iv. Modelhow variation inreservoir pool elevationsill be impacted under ruof-river
management (with Horseshoe Dam gates wide tdpegrand majority of the time).

RESTORATION SITE C
Location and Obijective

Restoration Site C is located along the eastern shoreline of Horseshoe Regstveam of the

mout h of MuyHigs @amnd19. TWeekevation athe shoreline increases in an easterly

direction, with surfaces of lower elevation toward ¢leatral portion of the reservoir and
surfaces of higher elevation closer to surrounding hills, giving an overall range in elevation
between 608 m (295 ft)and 612 m (2,007 fi)see als@rossreservoirtransecshownin Figure
12, which intersects a portion of Restoration Sij)e At almost 20 ha (50 acres) in area,
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Restoration Site @& the largest contiguous footprint of all the restoration sites proposed in this
study. Daily surface elevation data of Horseshoe Reservoir pool from 2001 to 2021 indicate that
the majority of the surfaces that comprise Restoration Site C were undet@atef the time

during that 26year time period.

2010 June NAIP [0 L P - - RS 2013 Mav SRP

¢ Restoration Site C

4
L
4

asY
N\\\\\e“ NS

Figurel9. Aerial photographs dhe southern portion dRestoration Site qust north of mouth

of Mullen Wash.The majority of this site was inundated Inypounded waters behind Horseshoe
Damabout 12% of the timés depicted imerialphotograplof June 201@left)). The reservoir
shoreline that comprises the restoration site is clearly shown in aerial of Ma{rigdit)3

With dramatic swings between being inundated by impounded waters and being left high and dry
after pooled waters had retreated, Restor&iteC is a harsh site for desirable native plants to
establish undecurrentreservoir management operatiqigy. 20). On oneextreme its relative

high elevation along the shoreline of Horseshoe Reservoir likely made the soil saturation zone
too deep for the shallow root systems of obligate riparian plants to access. On the other, the
frequency and duration that $héite was under water may have precluded the establishment of
other desirable native plants, such as mesquite, that are not tolerant to prolonged periods of
inundation. If we assume that this site will be inundated much less frequently unadéirier
management, there may be opportunities for establishing-abigate riparian plant

community made up d?Prosopisspp.,Celtis reticulata Acaciaspp.,Chilopsissp.,Lyciumspp.,

Atriplex spp., and other bottomland species that, though part of the actitomland

environment, are adapted to bottomland surfaces that are inundated at less frequency and have
less water availability than primary floodplains or other surfaces suitable for obligate riparian
plants.Additionally, this type of vegetation/habitat may serve as mitigation for other impacts,
such as 404, or buffer landsresponse t&SA recommendationg he main point being that
bottomland habitat restoration in whatever form thakes sense ecologically should not be
dismissed just because @bn't directly support a listed species.
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Advantages and Drawbacks

There are two attributes that make Restoration Site C intriguing from the standpoint of
establishing native bottomland communities. First, as mentioned above, this is a reservoir
shoreline site that under past management experienced dramatic annudidluatuaater

levels, fostering the unvegetated bathtub ring mentioned in Section Three that is often observed
along reservoirs in arid climates. If future rofariver management at Horseshoe Reservoir
reduces the magnitude of water surface elevationgsyshoreline surfaces like those at
Restoration Site C are likely to become more suitable for native vegetation communities (in
addition to nomative) (Fig. 4). Understanding such key sitbaracteristics as soil salinity, soil
physical characteristics, vegetation, how depth to saturated soils varies during the course of the
year as well as how saturated soil elevations and site surface morphology will change under run
of-river managementnaongst other factors is important to identifying the types of native plants
appropriate for the site. Regardless, there is much inherent restoration potential given that a key
impediment to the establishment of paloligate riparian plants frequent and glonged

inundation- will likely be diminished or potentially eliminated as a stressor at this site (Big. 2

Figure20. Photograph of Site C surfaces just upstream of the mouth of

Mull en’”s Wash. Dead wi |l Amaraghusscattered
palmeriunderscore the harshness of an environment affected by

frequent and prolonged inundation by the Horseshoe Reservoir pool as

well as by periods that leaves these surfaces high and dry for extended

periods of time.

Second, Restoration Site C is essentially a flugt@hinated delta environment that receives
water, sediment, nutrients and energy fluxes from four small tributaries and one larger trbutary
Mullen Wash. These tributaries are ephemeral and hydrologfashy, producing higkenergy
discharges of brief duration during periods of prolonged and/or intense precipitéigra.i§
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growing recognition of the vital importance aichcrossecosystem fluxes of energy and

materials between wén this case, the Verde River bottomland environmand) dry
ecosystemgephemeral washef)r their sustainable management (Anderson et al. 2008, Bartels

et al. 2012)The portion of Restoration Site C in close proximity and at the receiving end of flow
energies emanating from these tributaries are likely scoured during the rising limb of a high
magnitude flood event, with aggradational procesk®minating on the descending limb of the

flood hydrograph. In contrast, aggradational process likely dominate on surfaces further
downstream of tributary mouths as well as on surfaces just upstream and downstream of tributary
outflows.

Figure21. Two photographs showing surfaces of high potential for the establishment of native
bottomland plant communities at Site C. Photograph on the left is just north of the mouth of

Mul |l en’s Wash and shows two pot emdfjusadvergne ant i n
meter. The lower elevated surface (with water indicating the elevation of the reservoir pool at the
time the photo was taken) currently supp&#dix exigugcoyote willow) and may so in the

future even under ruaf-river management. igher elevated surfaces may be conducive to the
establishment of native navbligate riparian plants. Dead willows (likeBs gooddingji in the
background on the photo on the right appear e
stability continuum. At least for a brief period of time (maybe five years) before their demise,

these surfaces supported willow establishment wighiatteristics that provided protection from

flood scour while also providing sufficient water availability. Mapping ¢hesfaces should be a

priority to inform where native bottomland plants could be successfully established in the future.

In natural conditions prior to dam construction, a north to south hike along the longitudinal axis

of Restoration Sit€ would likely have been topographically and vegetatively diverse, with

mature and dense vegetation established on higher elevated and more stable aggradational
surfaces contrasted with young and patchy vegetation on surfaces that routinely experience
tributary outflow scouring flows. The plant community that dominated RegiarSiteC was

likely of similar composition to the xeroripanidorests that currently occur in the bottomland
environments of Deadman’ s Wash, Mul |l en Creek

Pageb3



Horseshoe Reservoir Habitat Restoration Study
Supplee and Briggs
January 6, 2023

depends on shaelived and unpredictable rainfall rusff events but where deeper groundwater

may be present. In general, such xeroriparian forests are composed of upland plants that are
adapted to drought and other harsh conditions) and often includseaibs as mesquite
(Prosopisspp.), catclaw acaci@d¢acia greggi), desert willow Chilopsis lineari$, and

paloverde Parkinsoniaspp.) (Lowe 1961; Johnson and Lowe 1985; Johnson, Bennett, and

Haight 1989; Beauchamp and Shafroth 2011). In a nutshielt,tp the construction of

Horseshoe Dam (and the subsequent buffering impacts of pooled waters behind Horseshoe Dam)
the surface of Restoration S{fewas likely dynamic and biophysically diverse with tributary

inputs frequently impacting a variety of surface biophysical charactel(Btg22).

[Figure22. Digital rendering of what may be a realistic restoration option for Restoration Site C.
Lower elevated surfaces that constitute a small portion of the site mapmffertunities to

establish native obligate riparian plants with the grand majority of the site being conducive to
establishing a xerdparian community that is better adapted to dry, hot conditions]

If run-of-river becomes the future management norm, the frequerttguratiorthat

Restoration Sit€ will be inundatedy waters impounded behind Horseshoe Ddlnlikely
decline along with the buffering effects that inundation has on tributary outflows. From the
standpoint of restoration, the return of natural hydrology cyclekgseat benefito native flora
and fauna. It will be fascinating to observe biophysical change at this site oruferiar
management is implemented. Indeed, what we érecating in the neaerm isto develop a
realistic (from standpoint of funding, equipment personnel needs) and thoughtful monitoring
programfor this site that allows quantification of change and an effective adapted management
response¢hat may include targeted revegetation with appropriate native species and targeted
management actions to reduce the extent and distribution efatre plantgFig. 23 andTable

4).
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Figure23. Photograph of a part of

Restoration Site C just north of the

mouth of Mullen’s Wash.
Sporobolus wrighti{giant sacaton) has

established in the midst of a dense matt

of deadAmaranthus palmerindicating

one native species that could be a viable
component of future native bottomland

plant establishment.

Table4. Summary of longerm restoration goal and complicating factors for Restoration Site C.
Restoration Goal

A xeroriparian forest composed of such nonobligate riparian plants as meBgo#ep(s
spp.), catclaw acacid\¢acia greggi), desert willow Chilopsis lineari$, and paloverde
(Parkinsoniaspp.)is established on much of Site C, with lower elevated surfaces of grea
water availability potentially supportirfg. exigua

Complicating Factors

As with otherrestoration sitegprolonged periods of drought will
certainly impact native plant communities that ultimately estal
on Restoration Site C. That noted, species suéhr@pisspp,
Acaciaspp, Parkinsoniasp.,Sporobolus wrightjiothersare

Low water availability | drought tolerant andapable of survivinglrought periods.
Focusing restoration attention on mdreughttolerant species
addresses the low water availability challenge; at least from st
point of making it less ad challenging factathan wherobligate
riparian and wetland plant communitiage being considered.
Given location of Site C on the eastern shore of the reservoir,
scour as a result of high magnitude flows from the Verde Rive
not a significant concern. However, surfaces vulneraliledo
scourfrom Mullen Wash may écomemore vulnerablevith the
Flood scour decline in the frequencgnd duratiorof reservoir poolnundation.
Such a return of natural flow dynamics is welcome and a natu
part of this delta environmerilapping Site C surfaces that are
less prone to the impacts of flood scour should be a prigty
Figure21).

Although soil salinity levels could be elevated as a result of pg
inundation, such is not a significant concern given that (i) mos
xeroriparian plants ammore salt tolerant than their obligate
riparian counterparts; and (ii) excess sailtsare likely to be

Soil salinity
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regularly flushed out of this area with the decline in inundation
frequencyby impounded waters behind Horseshoe Dam.

Prolongednundation

The important and central biophysical assumption for Restora
SiteC is that runof-river management will redudeequency that
this site is inundatedvhich is a key factor tthe potential for
reestablishing native newbligate riparian plant communities.

Competition from non
native plants

Theestablishment ahvasive, early successionahntsis likely to
be a challenge at this sifearts of the site are already dominate
by Amaranthus palme&ndSesbania herbaced@he extent and
distribution of these and other invasives are likely to become
greater with the retreat of the reservoir pool underafuriver
managemenMonitoring of biophysical conditions is encourage
with targeted managementiolasive plants possibly being a
priority in context of improving establishment of native and-no
native specieésee discussion in Appendix A).

Proposed Next Steps

I.  Conduct additionalige reconnaissande map current vegetation and morphologic
conditionsand address knowledge gaps associated with this site.

ii. Conduct dditional analysis of aerial photographo better understand past inundation
frequencies and vegetation response

iii. Establish a thoughtful, realistic monitoring program to gauge vegetation response a
run-of-river management is implemented.

iv. Model how variation inreservoir pool elevationsill be impacted under ruof-river
management (with Horseshoe Dam gates wide tpegrand majority of the time).

v. Conduct spot pilot revegetation actions to test viability of establishing a diverse suit
native bottomland plants.
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RESTORATION SITE D

Location and Objective

Restoration Site D encompasses flindaminated surfacesong the eastern shoreline of the

reservoij ust north and south of the mouth of Dead:!
615.5 m 2019 f) to 617.1 m 2024 f)) (Figs. 9 and24). Daily surface elevation data of the

Horseshoe Reservoir pool from 2001 to 2021 indicate thah#jerity of thesurfaces that

comprise Restoration Site D were underwater 5% of the time during tyaa2@me period.

2010 June NAIP

2021 Oct NAIP

Restoration Sitev [i, ,
P Ak

prs
“
Y

Figure24. Aerial photographs indicating location of ldwing shoreline surfaces just north and
south of the mouth of Deadman’s WashAthat com
comparison of erial photographyetweenlune 2010 and October 20@dderscore frequent

inundation of these surfaces under past management of Horseshoe Dam. The red circle in the

2021 aerial photograph indicates position ofdhusterof S. gooddingiiwhichis highlighted

furtherin Figure 3.

As with Restoration Site C, tiehoreline surfaces that are at the heart of restoration options at
Restoratiorite D are impacted byramatic swings in hydrologynder current management of
Horseshoe Dam that both inundate these surfacextended periods of timend leave them

high and drywhen the reservoir pool retreats during the hot, dry seasthmughthe majority

of the surfacethat comprisefRestoration Site D @reunder water less frequently théose of
RestoratiorSite C, the frequency of inundatioronethelesseems likely to &ve been at
thresholdssufficientto thwart the establishment akeroriparian(or nortobligate riparianplant
communityAs with the uplands that surround much o
surrounding | ower De ad desent'scsub MaatkeatHikelg woplgplbeer t a di
able to establish on nearby lower elevated surfaces if not for the frequent inundation by the
Horseshoe Reservoir pool.
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At the same timeaheroutineretreatof the reservoir pool during the hot, dry seasontledte

same surfaces high and dry for sufficient time pertbds negatethe establishment of an

obligate ripariarplantcommunity It is important to note that despitee dramatic swings in the

elevation of the reservoir potilat were typical of past managemehtgooddingiwere able to
establish on | ower elevated surf dFige Handust wes
26). It is difficult to determineat this point whether thestablishment ahese willows was
fosteredbecause of or despite the dramatic pendulum hydrologic swings between prolonged
inundation and desiccatioRegardless, it is expected that the frequency that Site D surfaces will

be inundated would be significantly less under futureafanver management and thus make

the potential for establishing obligate riparian plants at this site more of a challenge.

The central objective of future restoration efforts at Site D would be the establishment of a non
obligate riparian plant community on shoreline surfaces that were frequently inundated in the
past. Plant diversity would likely consist of many of the salaetgpecies that are currently
establish on surrounding upland surfad&r®isopisspp.,Parkinsoniaspp.,Simmondsia
chinensisCeltisspp, amongst others. The fact tBalixspp. have established at Site D in the

past (albeit on surfaces lower in elevation than shoreline surfaces) highlight the potential that
restoration efforts could includgalixspp. But the emphasis for restoration at Site D under run
of-river management would be xerparian(Fig. 27) Targeted artificial plantings of native

plants would help spark natural regeneration and offer a means to push back on the establishment
of an invasive plant community, which is expected to occupy Site D surfaces andewitpe
native plant establishment.

Figure &. Photograph of Restoration

Site D reservoir shoreline surfaces just

to the south of the mo
Wash (middle portion of the

photograph). Dramatic swings in water
availability - between frequent and

prolonged periods of inundation and

pool retrat— have left these surfaces

relatively free of vegetation.
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Figure 8. Photograph of a matuf
gooddinginear the mouth
Wash provide evidence that obligate riparia
trees were able to establish and persist at tl
site for numerous year§he dead willows
surrounding the one remaining live willow
likely succumbed as a result of desiccation
when reservoir pool retreat was sufficiently |
dramatic to drop the zone of soil saturation
below the root zondnvasive, annual
Amaranthus palmesurrounds the willows.

Advantages and Drawbacks

Similar to Restoration Site @, betterunderstandingf such key site characteristics as soil

salinity, soil physical characteristics, vegetation, how depth to saturated soils varies during the
course of the year under Hoftriver management, amongst other factors is important to
finalizing the speciesf native plantbest suited testablish naturally or artificiallgt Site D In
general, whamakes Restoration Siteibtriguing from the standpoint of restoratiathe
possibilitythat a key impediment to the establishment of-abligate riparian plants relatively
frequent and prolonged inundatiewill likely be diminished or potentially eliminated

completely in the futureAs noted above, such would enhaopgortunities for the

establishment of a variety of nailigate riparian plant species

[Figure Z. Digital rendition of restoration at Site D under 4ofariver management]
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In contrast tdRestoration Sit€, the shoreline surfaces that compiisestoration Site Rppear

to beless influenced by direct outflows fratmbutaries Certainly, the surfaces that comprise
Restoration Site D are associated with Deadman Wash greater delta ecosystem. Yet, being on the
|l eeward side of main fl ow enethegnga@ityofe manating
Restoration Site @ppears to not bieequently influenced by flood scoand at least under past
management of Horseshoe Dam, are andase sediment aggradational processes domimhate

brief, the morphology of Restoration Site D appears to have changedvdtiéast few deaes,

thus providing an opportunity to not orflyster the establishment of a robust, fudrigate

riparian plant communityper abovg butto artificially manipulate surfaces in a manner that

would enhance the diversity of native plant

For exampleestablishingse al | ed * vernal’ pool s may-be an o]
filled seasonal pools that contain water and augment water availability during hot and dry
periods. The term ‘vernal pool ' cotmtrap fr om me

water and promote plant growth when temperatures are suiahke springand areollowed by

brief waterloggederrestrial stages that culminating in extreme desiccating soil conditions of
extended duration (Franciska Fryjdtung 218; Keeley and Zedler 1998)ernal pool plant
communities can be floristically, topographically, and geographically autonomous, and are one
of the few lowelevation habitats in California that are dominated by native plant species
(Barbour et al., 2007).

Although studied in geographies and climates much differentcyairal Arizona, the

establishment ofernal poolsvia targeted/limited earthmovingessentially dpressions of

varying sizes and shapes surfaces that are not frequently inundateould augment water
availability to allow the establishment of flora that otherwise could notsufivive z ona’ s hot ,
dry seasonLength of inundation depends on the amount, timing, and duration of precipitation
events throughout the season, as well as poobiogography and landscape position, which

affects both within and between year variability (Bauder 2005). One of the great ecological
benefits ofsuch depressions or poddsthat they serve as ecological refuges and primary habitat

for a number of endemic specialists, many of which are adapted to these ephemeral ecosystems
and are able to tolerate highly variable timing for the onset and duration of the growing season
andendure long periods of extreme dryness (Zedler 2003).

The great challenge of establishing such depressions at Hors&ss@woir (or anywhereg

that, to be effective, the pools need to be in a location where they collect runoff waters that are
sediment deplete(l.e., in settingsvhere the next surface flo#oesnot fill poolswith sedimenk

In this sense, the establishment of vernal pools may make sense at Restoration Site Dt but not a
Restoration Site C, whiciippear to be much momequently and directly impacted by tributary
sediment and water inflow@ne of the case studies highlighted in Section Two of this report is
Avocet Pondwhich is locatedn the Merced Vernal Pools and Grassland Reserve near Merced,
California In that projectthe potential for establishing vernal pools was evaluated via a 2D
hydrodynamic modgFranciska FryjoffHung 2018).

With low water availability as the main challenge to establishing native bottomland plant

communities at Horseshoe Reservoir, such strategies may be worth considering as a way to
augment water availabilitgnd thus native plant diversity. Yet, this option would only be viable
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per access by heavy equipment that would allow such pools to be excavated. Regardless, the
establishment of a neabligate riparian plant community at Site D would be the principal
emphasis with the establishment of vernal pools done as a minor compuachegut laast

initially, at pilot and experimental scale.

The proposed restoration goal for Restoration Site D and the complicating factors that may pose
a challenge to realizing that objective are summarized in Table 5.

Table5. Summary of longerm restoration goal and complicating factors for RestoratiorDSite
Provisional Restoration Goal

A xeroriparian forest composed of such nonobligate riparian plants as meBgo#ep(s
spp.), catclaw acaci@d¢acia greggi), desert willow Chilopsis lineari$, and paloverde
(Parkinsoniaspp.) Vernal poollike depressions could provide physical conditions condug
for the establishment of other plant species, as well.

Complicating Factors

As everywhere, prolonged periods of drought will certainly im
native plant communities that ultimately establish on Restorat
SiteD. That noted, species suchrRr®sopis, Acacia, Parkinsonig
are drought tolerant and are likely to survive drought periods.
Low water availability | such, drought/low water availability as a challenging factor is 1
as worrisomasit is for obligate riparian and wetland plant
communities. In addition, the vernal pool idea of establishing @
series of depressions that could augment wateladiay for key
native bottomland plants may be worth considering.

Being on the leeward side tife mouthoDe ad man ' s
Restoration Site D is protected from the direct impactkof
scourfrom that tributary. In addition, much of the site is severa
meters higher in elevation than the dynamic parts of the Verde
River bottomland and, as such, are protected from flood scout
when the Verde River experiences high magnitude flooding.
Soil salinity levels could be elevated as a result of past inunda
by impounded waters behind Horseshoe Didowever, non
obligate riparian plants are, in general, much more salt tolerar
than obligate riparian specieil testing and/or pilot revegetatiq
is warranted if artificial revegetation actions are going to be
considered.

The important and central biophysical assumption for Restora
Site D is that rurof-river management will reducelde frequency
Prolonged inundation | that this site is inundated which, in turn, vidster conditions
more suitable to the establishment of xeroriparian plant
community

Certainly, the establishment of noative plants could be a
Competition from non | challenge at this site. Monitoring of biophysical conditisheuld
native plants be a prioritywith targeted management of noativeplants
encourageanly if theestablishment aiindesirable plants ocaur

Flood scour

Soil salinity
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at levels that compete with native plant establishr(see
discussion in Appendix A).

Proposed Next Steps

I.  Conduct dditional targeted site reconnaissance and analysis of aerial photpgraph
warranted with focus on describing current biophysical conditimdsfrequency of past
inundation.

ii. Establish a thoughtful, realistic monitoring program to gauge vegetation regpuhse
variation in shallow groundwater elevatiaafter runrof-river management is
implemented.

lii. Targeted pilot revegetation to gauge the realities of conducting revegetation in such
remote site as well as to understand the suitability opbisical and chemical
characteristics to supporting key xeroriparian plant speSraall vernal pooclike
depressions could also be established as part of a pilot program to evaluate the val
this approach to foment water availability and increase native plant diversity.

RESTORATION SITE E

Overview

Restoration Sit& encompasses surfaces that are located at@ngestern shorelinef

Horseshoe Reservoir just to the south of the mouth of Lime QFégk 9 and28). This is a

popular site for visitors to Horseshoe Reservoir with the flat, upper portions of the site being an
area where visitors frequently park.

Figure B. Aerial photograph showing
the mouth of Lime Creek with potential
planting sites and visitor parking area
(indicatedwith arrows) constituting the
heart of the restoration objective for

- Site E. The southern most arrow points
s directly at the shoreline inlet discussed
in text below.The blue line delineates
the elevation of the conservation pool
(i.e., when the elevation of surface
waters behind Horseshoe Dam are at
617.7 m (2,026 ft)).

There are two characteristics that make Restoration Site E attractive as a potential restoration
site. First, the site offers a several different surfaces that may be condutigesgtablishment
of several types of bottomland plant communities. Mdtigate riparian communities may be
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appropriate for higher elevation surfaces (up to and including the flat surface where visitors often
park) (Fig. ®). Along the shoreline of the reservoir south of the mouth of Lime Creek,

conditions may be suitable for obligate riparian plants. This may be particularly true toward the
southern portiof the site where an inlet into the shoreline is located and whose lower elevation
appears conducive to hahg) waters for extended periods of time following the retreat of the
reservoir poolFig. 30). The etent that such would occur under fafariver management is

unknown at this point but can be better ascertained with hydrologic modelling similar to what is
emphasized in Section Five. If inlet water availability does prove to be appreciably higher under
run-of-river management, such may offer conditions appropriate for the establishment of obligate
riparian and/or emergent native plants. Regardless, native plant establishment at this site would
emphasize neobligate riparian speciem higher elevated siaces (Fig31).

Figure @. Photograph of Restoration SitcHs
surfaces that may be conducivdlte :
establishment of nenbligate riparian plan
community in a parfike setting. Under
current management, this area is frequer:®
used by visitors to Horseshoe Reservoir
an access point for recreation.

4| Figure30. Overview photograph of
Restoration Site E showing surfaces currently
used for parking (note the two pickups in the
photograph) as well as the shoreline inlet.

Second, given the importance of this site to visitors, Restoration Site E could serve as an

“of ficial?’ public interface. One can i magi ne,
provides information not only on the history and importance of IS and Bartlett
Reservoirs, but also SRP's work to provide wa
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protect and restore native bottomland habitat. Parking spaces could be established in and
amongst a mesquite bosque plant community that spreads down slope to scattered obligate
riparian and possibly even wetland plafigy. 31). Areas relatively free of vegetation could be
maintained for purposes of access to the reservoir and vieltlviagmportant to note that Site E
is adjacent to US Forest Service Botanical Area, with the potential development of the site
augmenting public access to that area atagaHorseshoe Reservoir.

[Figure31. Digital rendering of Restoration Site E.]

Advantages and Drawbacks

There are several important unknowns that need to be considered and looked at carefully before
planning towards the above objectives can go further. Hovofuiver management will affect

water availability at this site will need to be better understpadicularly with regard to how

the decline in inundation frequency by impounded waters could potentially rule out the
establishment of obligate riparian and wetland plants at this site. The extent that SRP moves
forward on making this site an official wisr area will depend on a variety of internal

considerations and factors.

The proposed restoration goal for Restoration Site E and the complicating factors that may pose
a challenge to realizindpe restoration goal summarized in Table 6.
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Table 6. Summary of lontgrm restoration goal and complicating factors for RestoratiorESite
Provisional RestorationGoal

Establish pockets of multiple bottomland plant communities, including a xeroriparian for
composed of suchonobligate riparian plants as mesquReosopisspp.), catclaw acacia
(Acacia greggi), desert willow Chilopsis lineari3, and paloverdeRarkinsoniaspp.) on
upper surfaces, obligate riparian plants on lower surthegsomprise the shoreline inlet
Developing this site for public interface is part of the goal as well.

Complicating Factors

As everywhere, prolonged periods of drought will certainly img
native plant communities that ultimately establish on Restorat
Site E. That noted, species suchPassopis, Acacia, Parkinsonia
are drought tolerant and are likely to survive drought periods.
Upper surfaces (e.g., near the current parking area) as well ag
lower surfaces like the inlet are likely not vulnerable to flood
scour from flows coming down Lime Creek and the Verde Riv
Upper elevated surfaces are not vulnerable due to their highe
elevation. The shoreline inlet feature is tucked into the west of
where the highest vector Verde River flow energies would occ
(at least currently givetihe current position of the lovlow
channel)

Elevated soil salinity levels could be a concern on lower surfa
of the inlet featurgparticularly if revegetation with obligate
riparian plants is being contemplat@@sting of soil salinity level
Soil salinity in that portion ofRestoration Site Evould berecommendeth
that case. Targeted pilot revegetation would also go a long we
understanding if site conditions would be conducive to surviva
obligates and other plant species as well.

Not a concern on higher elevated surfaces (e.g., in and near t
parking area) and only a concern in low lying areas where
revegetation with nowbligate riparian plants is being
contemplated. As with other sites, thgportant assumption is tha
run-of-river management will redudbe frequencyand duration
that this site is inundated which, in turn, will foster conditions
more suitable to the establishment of xeroriparian plant
community

As with other siteshe establishment of nemative plants could
be a challenge at this sifgarticularly if the site is managed for
public visitation Monitoring of biophysical conditions is
encouraged with targeted management ofmative plants
encouraged if establishment of undesirable plants occur in lev
that surpass what SRP deems desirable (see discussion in
Appendix A).

Low water availability

Flood scour

Prolonged inundation

Competition from non
native plants

Proposed Next Steps

i.  Conduct dditional targeted site reconnaissance and analysis of aerial photograph is
warranted with focus on describing current biophysical conditimdsfrequency of past
inundation.
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ii. Install several piezometers to monitor variatioshallow groundwater elevatiomhis
would beparticularlyimportantif the establishment of obligate riparian and wetland
plants is part of the restoration objective.

iii. Conduct &rgetedsoil salinity testing along witpilot revegetation to gaughe suitability
of sitephysical and chemicaharacteristics to supporting kefligateand norobligate
riparian plant species.

RESTORATION SITE F

Overview

Restoration Sit& is alow-lying, frequently inundated area immediately to the east of Horseshoe
Dam (Fig 9 and Fig.32). The surfaces of Restoration Ske¢hat are particularly intriguing from

a restoration standpoint ateerelatively low in elevation with gentle slopes rising to

surrounding uplands, ranging in elevation from about 596 m (1,955 ft) to 600 m (1,48.ft)

33). Daily pool surface elevatiotata for the last two decadeovided by SRihdicates that the
majority of thelower elevatedurfaces that comprise Restoration iteere inundated over

96% of the time during the 20842021 period.

2022 ESRI

Figure32. Aerial photograph of Restoration SkEeshowing low lying parts of the site retaining
water even whethesurface water elevation éforseshoe Reservoir pool wasich lower than
average. Ildune 2007aerial photograph at leftyvater elevationsvere at abou594.5 m (1,950
ft). In 2022(aerial photograph at right), water surface elevations ae588 m {,962 f).
Significant parts of Restoration Site F still maintained pooled waters even during these time
periods.

The high frequency of inundation coupled with gentle topography could provide conditions well
suited for establishing an emergent plant community, possibly intermixed with obligate riparian
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and norobligate riparian plants on surrounding higher elevated surfgaps34). Establishing

an emergent, wetland plant community hinges on dam operational flexibility that allows
Horseshoe Dam gates to be closed at strategic times to maintain a small pool of water that would
allow wetland, emergent plants to persist during thedrgtmonths.

Horseshoe Reservoir

Cross-Channel Transect One at Restoration Site F
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Figure33. Crosssectional data across Restoration Sitgd-gatheredlongthetransect

indicated in the yellow circle in the aerial photograph above the graph. Data from 2012 and 2021
obtained via LiDar platforms, data from 2002 are much less accurate and secured via
multispectral platformsLow elevated surfacexcross the transect woube the focus of efforts

to establish native emergent wetland plants if flexible management of Horseshoe Dam gates in
the future would allow for persistence of pooled water during the hot, dry season.
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Several important information gaps need to be addressed to better understand the validity of
establishing an emergent, wetland plant community at Restoration Site Fadidiggnalsite
reconnaissance and mapping needs to be carrig¢d batter mapopography, soils, and
vegetatiorat this site as part of developing a spatial design of where emergent, obligate riparian
and norobligate riparian plants might be established.

Figure34. Photograph of Restoration Site F looking due west.
Surfaces in the foreground extending away from the reservoir

pool are steeper than those to the west (or upstream) of the pool.
As such, surfaces in the foreground may be appropriate for
obligate riparia and/or norobligate riparian plants, while the
surfaces in the background (as well as surfaces under water at the
time the photograph was taken) may be appropriate for native
emergent plants.

[Figure &. Digital rendition of restoration at Site F.]
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Secondhow runof-river management will impact surface water elevations will need to be
assessed in order to determinaf(the lower elevation surfaces that comprise SialF

actuallyhold water for extended periods of time during the dry, hot season, and (ii) whether such
water holding potential allows maintenance of the saturated soil zone during the dry, hot season
at elevations appropriate for the survival of emergent wetlandramioligate riparian plants.

There is also a flip side to abowencern regarding desiccation of emergent and/or obligate
riparian plantsPresumably, large flows sfgnificantduration from the Verde River will

provide for a reservojool behind HorsesloDam even with gates wide op&uch would

likely not negatively impact an emergent plant community at Site F but could impact obligate
riparian plants and certainly narbligatesWhat might be the footprint and duration of such a

pool is important t@scertaining the confidencé realizing any revegetation objective at
Restoration Site F in the lortgrm.

Third, how rurof-river management will affect sediment evacuation from Horseshoe Reservoir
may be particularly important for this site. Continuous pass through of Verde River flow,
particularly during times of high Verde River flow when dam gates mayntexanum capacity,
has the potential for creating a headbatt tvould migrate upstream througdservoir alluvium.
Such is desirable fromstandpoint of evacuating sediment from the reservoir and redistributing
sediment along downstream reaches of thed¥ River channel, yet such physical changes in
reservoir morphology will need to be taken into account when understanding the validity of
establishing an emergent plant community that will be dependent on saturated soil conditions
during the dry, hot sean. In a nutshell, mrphologic change driven by an upstream migrating
headcut could impact stageundation relations and water availability of Restoration Bite

Putting the abovenknownsaside for the momenthe potential of establishing an emergent
wetland community in Horseshoe Resenwigxciting for several reasonsmergent wetland
ecosystems have potential to impravater clarity and qualityreducerates of shoreline erosion
and sediment resuspension (James and Barko 129&jll as providgaluable habitat for

native fish, waterfowand aquatic mammals (Dibble et al. 199§ .already discussed in the
context of establishing native obligate riparfabitat, the boom/bust hydrology that is typical of
the arid western U.S. makes such an aim challenging. Long periods of high water can deprive
emergent plants of light and oxygen, resulting in mortality. On the other side of the spectrum,
low water condibns can desiccate plaptioughemergent plants &arex Typhaand other
generaof thefamily Cyperaceaexploit such biologicastrategiessthe production of
desiccatiorresistant seeds and tubers to overcomevi@aterconditions This means that a

native emergent wetland plant community that is desiccated dudngught periothas

potential to reestablish naturally onegns and flow return

The Arcadia Lake case study highlighted in Section Two focuses on establishing an emergent,
wetland plant community in that laken &ddition tasummarizing some of the challenges
associated witlwvater managemerthat case study highlights other challenges, including
herbivoryof desired vegetatioby fish and turtleshatposed a problerto establishment and
long-term viability. Managing Typha sp. may also be a challenge given its aggressive
establishment and growth rate that can outcompete other despeulies.
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Table7. Summary of longerm restoration goal and complicating factors for RestoratiorFSite
Restoration Goal

Establish an emergent, wetland plant community that provides habitat for native fish an
waterfowl, amongst other speci&stablishing obligate and nasbligate riparian plants on
surrounding higher elevated surfaeesuld also be a central restoration at this. site
Complicating Factors

Although Restoration Site wasinundated frequently under past
management, ruof-river management will likely reduce the
frequency and duration that this site is inundated. Such could
become ahallenge to establishing emergent plants if Horsesh
Dam gates cannot be closed at opportune times before and/o
during the dry period to augment water availability.

This site is protected from the direct impacts of flood scour thg
a statistically rare, high magnitude flood would likely impact th
site.In addition,i f headcut formati on
s c o ur ', thédupstreaen migration of a headcut from
Horseshoe Dam would likely impact pool formation and durati
at Restoration Site F, potentially to thresholds that could
compromise th@otential for establishing emergent and/or
obligate riparian plants.

Elevated eil salinity levelscould be an issue heas a result of
past inundatiofrequenciesHowever such willlikely only be a
concernfor obligate riparian plants given higher tolerances of
emergent and neabligate plants tgoil salinity.

Given the likelihood that ruof-river management will
significantly reduce the frequency and duration that Site F sur
are inundated, the potential that parts of Site F will still be
inundated for significant periods of time will likely only be an
issue for parts of the site where nohligate riparian plantings ar
being planned.

Certainly, the establishment of noative plants could be a
challenge at this sifgarticularly given the importance of
maintaining pooled waters and saturated soils at this site (in 0
to provide conditions needed for emergent plafsjmuda grass
(Cynodon dactylon cocklebur Xanthium strumariumn buffel
grass (Cenchrus ciliarispesbania herbaceand a host of other
norn-native weeds have the potential to establish and take ove
a more optimistic note, some emergent native wetland specie
establish aggressivend outcompete nemative, invasive plants
For example, once establish@yphasp. can increase its extent
and distribution rapidlywhich could become an issue in its owr|
right). Monitoring biophysical conditionshould be a priorityvith
targeted management of noative plants encouraged if
establishment of undesirable plants os@irevels that surpass
what SRP deems desirable (s¢sodiscussion in Appendix A).

Low water availability

Flood scour

Soil salinity

Prolonged inundation

Competition from non
native plants
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Proposed Next Steps

i.  Conduct dditional targeted site reconnaissafwlen the site is not under watand
analysis of aerial photograpls warranted with focus omapping potential
wetland/emergent, obligate riparian and fuintigate riparian planting zones.

ii.  Establish a thoughtful, realistic monitoring program to gauge vegetation response
variation in shallow groundwater elevationa the installation of piezometers.

iii. Coordinate with native fish studies to determine potential for complementary restor
objectives.

iv. Conduct argeted pilot revegetation efforts to gaugepbtential effectiveness of
establishing a variety of different wetland, obligate riparian andabdigate riparian
species at this site.
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SECTION FIVE
INFORMATION GAPS AND SUGGESTED NEXT STEPS

In this section, next step actions are identified and summarizearésmportant toward

finalizing the overall restoration program for Horseshoe Reservoir, including the finalization of
the location of theestoration sites, restoration objectives, the restoration tactics that will be
employed to meet objectives, as well as fiogtiementation maintenance and monitoring needs.
The majority oftheactionssummarized belowddress important gaps in information associated
with finalizing Horseshoe Reservagstoration plansAlthough the ations listecbelow are

more or less on the same levepoibrity with regard to their importance, there are several whose
implementation should bieitiatedas soon as possible i deal | y bestacmaofe t he * of
subsequent phases of the overall Horseshoe Reservoir. 8titidging monitoring ofshallow
groundwater and other biophysical site attributes is a good example of such. In addition, several
actionssummarized in this secti@ssentially constitute deeper @s/or extensions of work
conducted as part of this repartd are coseffective with great potential of providing much

needed information at relatively minor expenBee above is underscoredthebelow

summarizegor actions that fall ito either of these categories.

CONDUCT ADDITIONAL SITE RECONNAISANCE AND MAPPING

Conducting additional site reconnaissance that focuses on morphologic, soil, vegetation
conditions of the sites being proposed for restoration is a priority. Such will promidéitude

of insights that will address key information gaps related to the selection of restoration sites
development of restoration objectiygdant lists, management prioritigsstoration tactics,
monitoring priorities, amongst other consideratid@snducting additional site reconnaissance
during a period when Horseshoe Reservoir pool is low and the majority of the reservoir is dry is
essentiglparticularly for restoration sites B and F. Restoration Site B is a particular priority

given that it wasinderwater throughout the year that this study phase was conducted. We were
able to visit Site F towards the end of last year. Regardless, having a small budget and windows
of time to visit all sites will help immensely to evaluate targeted site feancesll in important
information gaps associated with key questions that would be important to address as part of
finalizing the work stream for subsequent phases of the overall Horseshoe Reservoir Restoration
project.

FURTHER REVIEW OF LITERATURE AND FOLLOW -UP ON CASE STUDIES

The review of literature conducted as part of this phase of the Horseshoe Reservoir Restoration
Study covered a broad swath of thematic territory that included past research concerning
reservoir and lake ecology, restoration of lakes and reservoirs, g@ddydrology of arid

rivers and streams, restoration of bottomland plant communities, Verde River hydrology and
ecology,Horseshoe Reservoir managemamntongst othesr The time spent to identify, organize
and synthesize literatuxaried with the spefic theme.As the restoration of bottomland plant
communities in Horseshoe is the central theme of this study, the dive into literature concerning
reservoir restoration was the deepdstll the themes that were pursu&egardless, it is safe to
say that additional helpful literature exists that was not identife@dummarizeth this report

given time constraints. All to note that SRP ndagire a deeper dive intdditional literature on
specific topics of interest
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Similar tothe potential needo conduct additional review of pertinent literatualowing up on
certainaspects of one or more of the case studies presented in Section Two of thismagport
also be importanfTwo of the case studiesRoosevelt Lake and Elephant Butte Reservaire
neighboring reservoirhat were visited jointly by the authors of this report and SRP personnel.
Field visits to selected additional sites could also be valuable. For example, visiting
mitigation sitesat theLake Isdella dam reconstruction projestands out as a potential priority
thatmay offer valuable insights concerning vegetation restoration tactics at the inlet end of a
reservoir.lf budget and time constraints do not permit visiting case studies in distant geographies
(at least more distant than Elephant Butte Reservoir and Roosevelt idakdifying and

following up with project personnel vighone calls, email® discuss targeted questions
associated with the case studiesuld likely yield great dividerglwithout much cost.

MODELING POOL SURFACE WATER ELEVATIONS BEHIND HORSESHOE DAM

In the context of identifying potential sites for habitat restoration in Horseshoe Reservoir, one of

the key unknowns is the extent to whicimof-r i ver management wi | | i mp a
limnological characteristi¢gparticularly with regard to variation in the surface elevation of the

reservoir pool.tlis safe to assume that one of the more significant impacts of managing

Horseshoe Dam with gates wide open the majority of the time will be a reduction in the

frequency and duration thempoundedsurface water levels behimtbrseshoe daraccur at

elevations near conservation pool status. Key quespersent to bringing back native

bottomland vegetation in Horseshoe Reserttoatsuch hydrologic modelling can potentially

addressre:

- What will pool surface water elevations look like during the course of an &vavage,
average, and beloaverage precipitation year with gates wide op&n@ther way to put
this question is, what woulthe graph of Horseshoe Reservoir pool surface water
elevationgFig. 11) look like given (i) the same flow inputs from Verde River during
that twadecade period of timéut (i) with Horseshoe Dam gates wide open?

- How quickly canlarge pools of impounded water (with surface water elevations near
conservation pool status) be evacuated downstratghmvarying Verde River discharges
into the reservoit This gets at key threshold questions related to water inundation for
desired specieat specific restoration sitel other words, taking the last two decades as
areflection ofwhatprecipitationand Verde Rivestreamflow conditionsvill be like
during thenext two decades, what will be the frequency and duratiorésited
bottomlandvegetatiorwill be under wate(particularly vegetation planted at low
elevations (e.g., near the central portion of the resemwiin)run-of-river management in
effect?

- At the other end of thieydrologic/water availability spectruno what extent would gates
need to remain closed to allow a poblwater behind the daof sufficient
footprint/elevation to fornthat would inundat&ey parts of the reservoir shorelidering
May and Junge.g., key parts of the shoreline of Restoration Site F that would allow
emergent, wetland plants ¢get through the hot, dry periy@lAssuming for the moment
such inherent flexibility in the management of Horseshoe Dam is realistic, is it
technically possible to form such a pool during a period of drought when Verde River
flow into Horseshoe Dam woulae a trickleModelling the abovevould not only
provide insights into the feasibility of establishing wetland emergent plants bahalso
duration thaHorseshoe Dam gatesay need to belosed(to allow a pool of worthwhile
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elevation to formif even feasibleand whether suclould be in the realm of realistic
from a management standpoint.

ESTABLISH MONITORING PROTOCOLS

Establishing monitoring protocols that will provide detailed quantifiable data will allow SRP to
gauge the impacts that rafi-river management and/or -the-ground restoration actions will

have on bottomland plant communities, channel morphology, shgilmmdwater, amongst

other variables. Even if ethe-ground restoration actions are not ultimately conducted (or
limited), the effects of changing dam management from one that emphasizes water storage to
run-of-river is worthy of monitoring in its own righProtocols for monitoring these and other
factors are well documented (see review by Bunting et al. 2020b). In additical)est long

term monitoring sentinel sites are being established as part of a global network to provide
insights in natural resoce change at site to landscape scales (see Briggs et al. 2022b). In
general, combining monitoring data gathered from remote platforms (e.g., drones to satellites)
with targeted ofthe-ground monitoring stations is ideal, allowing narrow/detailed to bressl/|
detailed quantification of change.

Monitoring should be initiated as soon as possible to capture site biophysical characteristics prior
to changing dam management and/or prior to initiating bottomland restoration efforts (including
management of nenative species if such is deemed wortHa)hHave two years of data prior

to initiating management change and/or restoration actions is better thdtooseshoe

Reservoir sites where biophysical changes are most anticipated are sound candidates for
establishing monitoringAs a first step thgtotentially could be completed prior to the initiation

of subsequent phases of the overall Horseshoe Reservoir &nrdyijty list of monitoring

guestions (defining needs), types and location of monitoring, methods, data organization, storage
and analysis could be developed. A concise and clear document that summarizes a monitoring
program for Horseshoe Reservoir. Havanguch a document prepared and agreed to would

provide the foundation to effectively launch monitoring in a timely manner when resourc

become available.

INSTALL PIEZOMETERS TO QUANTIFY DEPTH TO SHALLOW GROUNDWATER

A critical piece of information for identifying suitable sites for obligate riparian and wetland

plants in the Horseshoe Reservoir study area is variation in shallow groundwater elevations,
particularly with an eye towards understanding how far shallowngiwater elevations fall

during the hot, dry months prior to the onset of monsoonal precipitatgtalling piezometers

(and/or taking advantage of existing wells) to monitor ground water conditions is an effective

way to monitoring groundwater elevat®and flow. A piezometer is a tube that is placed in the

soil to depths below the water table and extends to the soil surface and is open to the atmosphere
to allow easy access for measuring depth to water table. In some cases, the piezometer is made of
payvinyl chloride (PVC) or chlorinated polyvinyl chloride (CPVC) and is housed inside a metal
casing that protects the piezometer and allows the entire unit to be driven into the ground.
Installing perforated PVC or CPVC pipes can be done inexpensivelytwegyht and

i nexpensive “minipiezometers” also can be wuse
locations (Baxter and Hauer 2003). The number and locations of monitoring points required to

give a realistic picture of ground water depth and fluctmatiepend on several factors, including
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the size, topography, geology, and soil characteristics of the site. Small sites characterized by
relatively homogeneous hydrogeologic conditions will require fewer monitoring points than
larger, more complex sites (Freeze and Cherry 1979; Todd 1980;atieang).

Installing wells along a transect perpendicular to the stream channel will provide information on
how ground water levels change with distance from the main channel as well as whether the
stream reach that you are working on is a gaining or losing reéichaspect to streamflow.

Such information can be extremely valuable for designing planting strategies. Research has been
conducted on speciepecific grounewvater depth thresholds along ground water gradients
extending away from the main channel (Springfeal., 1999; Stromberg et al. 2009; others).

Such research, combined with knowledge of site variation in shallow groundwater elevation
allows practitioners to know when and where to substitute obligate phreatophytes with

facultative phreatophytes or n@oxeric species.

Based on current understanding of hydrologic conditions of Horseshoe Reservoir, two transects
of piezometers appear particularly important to evaluating the validity of several of the proposed
restoration sites and toward finalizing revegetation desigti¢pkarly the types of species and
location): (i) one piezometer transect consisting of five or more piezometers along transect two,
which intersects Restoration Sites B and C; and (ii) another transect of piezometers along
targeted parts of RestoratioiesF.

CONDUCT TARGETED PILOT REVEGETATION EFFORTS

There are a two central benefits to conducting pilot (small scale) revegetation efforts in targeted
parts of the Horseshoe Reservoir study area where establishing native bottomland plants via
artificial revegetation actions is strongly being consideradst, ho matter how exhaustive

future hydrologic modeling and biophysical investigations are, it is likely that important
information gaps will persist with regard to the types of native bottomland plant communities
that can be established in various paftthe Horseshoe Reservoir ecosystem. Conducting pilot
revegetation efforts in key areas and monitoring survival and growth of the species that are
planted can provide critical and directly applicable data and information to benefit the
effectiveness ofdrger scale revegetation efforts beyond what biophysical investigations can
provide on their own.

Second, pilot revegetation efforts can and should be implemented cheaply and at small scale. For
example, planting pilot revegetation patches at Restoration Site B could be carried out in phases
and in a manner where each phase not only builds on oneeabathinvolves limited plantings

(a few thousand willow poles) that can be accomplished cheaply. Monitoring (see below) should
be carried out as an inherent part of pilot revegetation such that collected monitoring data inform
subsequent phases of revedien, particularly with regard to the selection of sites and species

most conducive to longerm viability.

Third, although much smaller in scale, the process of carrying out a pilot revegetation project is
exactly the same as the process for carrying out-&dalke project. Finalizing project objectives,
securing project budget, evaluating site biophysicatltmns, finalizing plant lists, finalizing

and carrying out revegetation protocols, and conducting monitoring and maintenance actions are
all essential elements of the overall design ofs$ulile revegetation efforts just as they are for
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pilot projects. In this regard, the process of designing and implementing a pilot effort is exactly
the same as that of a fidtale project. The big differencesatialscale. The smaller footprint

of pilot projects equates to much reduced material, equipment, and personnel needs that, in turn,
equates to much reduced time and budget requirements. In this sense, pilot projects can be
viewed as a process dress rehearsahiplementing a much larger scale project; a dress

rehearsal that will provide irgints to not only key biophysical questions (e.g., can willlogvs
established and persist asecific site?) but a variety of ndmophysical and process questions

that will allow SRP to assess-tim-ground project implementation realities (e.g., can patches of
revegetation as described for Restoration Site B actually be established givessrefbtidget,
personnel and equipment availability, varying site conditions, etc.?).

MEASURE SOIL SALINITY

As noted in Section Three, elevated soil salinity levels can have a significant bearing on the
types of plants that may be suitable for a wildland revegetation dfforay be valuable to

measure soil salinity levels at several of the proposed restoration sites, particularly ones where
obligate riparian plants are being considekehich as a group have losalt tolerancedn situ
measurement with soil salinity sensors is commonplace and quite accurate when compared to
measurements by conventional analytical methods (satw@distieextract and soil water
suspension)Hussainand AlHawas 2008)There are also approaches to map soil salinity using
remote sensing data (Eldiery et al. 2005)-doimg restoration efforts along the Middle Rio
Grande use &eonics EM38 meter taneasureslectromagnetic induction (EMiy order tomap
patterns of soil electricabaductivity (ECa)ln this approachhulk ECais measureat twosoil

deptlts with results producing an accurate site map of soil salinity levels that, in turn, will inform
bottomland revegetation (Briggs et al. 2022a).

Regardless of the method used to measure soil salinity, it will be important to develop criteria to
prioritize where measurement of soil salinity will offer important data and information in
determining the feasibility of realizing restoration objectiieshis regard, priority sites are

those: (i) where reestablishing obligate riparian plants is part of the restoration objective; (ii)
where obligate riparian plants are currently not established in great numbers; (iii) that do not
frequently experiencergiamflow (either from the Verde River or tributaries); and (iv) that were
inundated frequently under impounded waters.

GATHER ADDITIONAL INFORMATION AND DEVELOP CRITERIA FOR

MANAGING NON -NATIVE PLANTS

As noted on several occasions in Section Four, management-oatiea plants will be an issue

at almost all restoration sites. Methods on how undesirable plants will be managed need to be
finalized. Although finalizing how undesirable plants will be ngethor treated is vital, it is
important to note that such information is readily available for most species. In this regard, the
key is to summarize management options for targeted plants that will allow SRP to select
methods that are most appropriate affdctive. Appendix A summarizes methods for managing
four key nonnative plants, but there are likely other plants that SRPdeaigleto managen

addition to those highlighted in Appendix A, including cockleR{ar(thium strumarium

kochia Kochia scopariy, and bermuda gras€ynodon dactylon All to underscore that it may

be important to expand the review of literature and experiences on managing undesirable plants,
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particularly as additional data and information are collected on response of the bottomland plant
community to changes in flow management.

With the above noted, what is ultimately more critical is to develop criteria that will guide SRP

on the what, when, and where of managing-native plants. In general terms, the management

goal will be to maintain the extent and distribution of target@dnative plants at reasonable

|l evel s. What is deemed ‘reasonabl e wi || need
allows SRP to gauge management effectiveness. Monitoring programs that provide data on

percent cover, abundance, and other paraseter s | mport ant in this regaé
will vary with species and location. The goal for most invasive species will likely be to maintain
their extent and distribution at | evels such
However, there mabe species that are currently not present in the Horseshoe Reservoir system

(or at least not present in significant amounts) where SRP may want to develop a more nip in the
bud approach. You see it, you eliminate it. In addition, what is deemed reaswotithlrlegard to

the extent and distribution of a particular nuative species may vary spatially even within the

narrow geography of Horseshoe Reservoir. There may be species that SRP will want to keep a
close eye on throughout the entire Horseshoe Reisatystem; others just in the narrow

confines of a restoration site. Furthermore, what is deemed reasonable may vary from one
restoration site to the next. All the above will be covered as part of finalizing criteria for

managing nomative plants. Sucis not difficult to do and is key to understanding and meeting
long-term restoration objectives.

QUANTIFY FUTURE CHANGES IN AVERAGE VERDE RIVER FLOW

As emphasizedarlier,a central challengm the establisiment and longerm persistence of
obligate riparian plants and emergent, wetland plants is low water availability caused by
extended periods of droughth& dry, hot months of May and June will be particularly
challenging for wetland and obligate riparian plants, underscoring the importance of planting
such species in areas wheegurated soil elevations will not fall below the shallow root zones of
these desirable species. In a bottomland setkiadHorseshoe Reservoivhether or not the
saturated soil zonklls below the root zone of these pladéepends largely overde Riverflow,
particularly what the river offers during those critical two months.

Two central longterm concerns in this regard angpacts of climate change and upstream
human development and water usiderstanding how Verde River streamflow may be
impacted in the future by climate change, increagedreanwater use, amongst other fact@'s
likelyin SRP’ s wpaseialbrly with s2sgard to meeting its mission to provide adequate
water to downstream usefs the context of this repgren additional watet u sagethé native
bottomland plant communities of not only the ¥eRiver, in general, but those that become
established in Horseshoe Reservoir as a result ebfraner management complemented by on
the-ground restoration actions. How willturechanges in Verde River streamflow impact native
bottomland ecosystems? More specific to the Horseshoe Reservoir study, how will changes in
Verde River flow impact restoration objectives and tactics that are being praidbed/arious
site® Will the impacts of climate change compounded by changes in upstream wateraise affe
Verde River flow tosuch an extent to make the establishment andtiermg viability of water

loving obligate riparian and wetland plants unreal®éll critical hydroecologic thresholds be
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crossed in the ned&uture (in the next ten to twenty yeatkat will maketherestoration
proposalsummarizedn this reportunrealisti®

Documentation on theffects of climate change and other impacts on streaniélgnowing as

well as the importance of considering the impactdiofateinduced changesn streamflowon
theviability of long-term bottomland restoration objectivé®r example, LeRoy et al. (2020)
offers a thorough review of literature in this regard as well as practical methods for developing
climateadapted plant pallets for restoration. Regardless, understanding climate change and its
impactson hydrology ighe hallmarkof adaptation and effective loigrm natural resource
planning and managemefhieRoy et al. 2020)if it appears likely that neaerm changes

(change over the next two plus decadesjerde River flow will not impact important key
hydroecological thresholdghenfull speed ahead with establishing obligate riparian plants in
one or more of the sites presented in the previous seCtiothe other hand, if it appears likely
that key hydroecological thresholds will be crossé®P Should look to emphasizg the
establishment of nenbligate riparian plant communities.
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APPENDIX A
MANAGEMENT STRATEGIES FOR CONTROLLING SELECTED
NON-NATIVE PLANTS

As part of establishing native riparian habitat at Horseshoe Reservaoir, it is likely that SRP will
need to control or manage roative plants at some level. As SRP moves forward with future
phases of restoring native riparian and fish habitat at Horseshoe Resbhevoantral debate
should focus omot so much whether exotic, invasive spewdsspread, but the level of harm
they do or can impose on native habitat if left unchecked, as well as what realistically can be
done about itln many situations in the southwestern U.S. and northern Mexicenatore
riparianplants outcompete native specdiesause they are adaptedteamhydrologic
characteristicthat have been altered by river impoundment, water diversion, and other human
interferences. In such situatiosanply removing nomativeplantswill not necessarily promote
re-establishment of native speci@gichmay no longer be adapted to the current physical and
chemical conditions of the river and its adjoining floodplain (Briggs 1996; Brown and Amacher
1999; Nagler et al. 2005; Nagler and Glenn 2013a).

For this reason, restoration projects that aim to reduce the extent and distribution of invasive,
nortnative riparian plants need to consider restoration tactics that go beyond eradicating these
species. For example, combining targeted eradication wigmanonmental flow program that
re-establishes critical parts of the natural hydrograph (e.g., through a spring pulse flow to
promote natural recruitment of native species) may produce more effective results (Gonzalez et
al. 2018).In a way, SRP will be dog such if rurof-river management becomes the norm at
Horseshoe Reservoir. In such a future management scenario, natural flow processes will hold
greater sway they currently do, potentially providing a multitude of benefits for the establishment
andviab | ity of native speci es. -datvaplantaaildbd, SRP’
more selective, focusing on targeted fmative management actions that foster the establishment
and longterm viability of native species. For example, managingmaiivespecies in specific

areas or sites where native plants have been artificially planted to give vulnerable native
seedlings a greater opportunity to establish and thrive.

A summary of the importance for developing criteria for managing selected invasive species is
provided immediately below that is followed by summaries for managing four selected invasive
specieghat areeitheralreadypresent in the Horseshoe Reservoir systartikely to be in the

near future

DEVELOPING CRITERIA FOR MANAGING NON -NATIVE PLANTS

Before embarking on a concerted effort to managenadive riparian plants in Horseshoe
Reservoir progr am, Pt owi || be worthwhile fo
effort?” debate. Summari zed bel consida aseartiofmnp or
this deliberation. If the majority of answers to the questions is yes, then a concerted effort to
control an invasive riparian plant may be sensible. If most answers are no, it may be wise to alter
the restoration program to includéet objectives (Bunting et al. 2020a).
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Question One:Are objectives concerning invasive species management part of a broader
restoration response that includes other complementary objectives? In general, stream restoration
efforts should go beyond objectives that are solely focused on reducing the edtent an

distribution of an invasive species and consider the broader purpose of why managing invasive
species might be a priority in the first place. Is management of a particular invasive species
important for improving wildlife habitat, recreatiexperience, channel morphologic conditions,
biodiversity, the welbeing of riverside communities, or other? If so, invasive species

management may be a viable response as it becomes a means to an end (one tool in the
restoration tool box) and not the egalal itself. What we want to avoid is a myopic focus on
managing invasive species simply because the species is present. Practitioners need to be able to
elucidate what the greater purpose of invasive species control is (per Clark et al. 2019). Given
themul ti ple objectives for bringing back native
this question is certainly ‘yes.’

Question Two: Are eradication objectives realistic, given funding levels, personnel, resources,

the time frame, and other potential constraints? The underlying point to this question is to avoid

the scattered approach of undertaking unfocused eradication until thet imidxhausted. Know

the detailed labor, material, supply, and transport costs for managing invasive species and

guantify exactly how much your exotic management program can realistically accomplish with
available resources. Given that theport marks the end of the first phase of what is likely to be

a multiple phase effort to establish native riparian and fish habitat at Horseshoe Reservoir, the
answer to this question is ‘“to be determined’
restoration objectives for those sites, restoration tactics, anddamgnmanagement aims.

Question Three Is the objective for managing a particular frative species sustainable in the
long term? A thoughtful answer to this important question requires understanding of the
following:

1 The longterm invasive plant management objectiVbe amount of resources needed to
maintain the extent and distribution of an invasive plant at desirable levels following
initial interventions can vary dramatically with target species, how rapidly the target
species renvades following initial managemg site conditions, the cost of eradication
tactics, among other factors. Ultimately, accurate quantification oftknng costs will be
determined with experience, which can be gain by initially implemgiseveral small
scale pilot projects. At Horseshoe Reservaoir, it is advisable that the extent and
distribution of nonnative species is tolerated at low, desirable levels (versus complete
eradication). Such an approach will make the realization of titetésm objective more
realistic.

1 The likely response or recolonization potential of the targeted plant following initial
treatmentDoes the plant restablish quickly and strongly following initial treatment, or
is regrowth following initial treatment spotty and slow? This is a critical issue fer non
native, invasive riparian plant management programs that are being implemented witho
addressing the underlying reasons why the stream environment has deteriorated. With
run-of-river management becoming the norm at Horseshoe Reservomateslikely
that natural flow processes will foment natural establishment of both native and non
native species. Thoughtful and regular monitoring of site conditions will provide the
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information SRP will need to gauge noative bottomland plant recolonization under
this novel management approach.

1 The longterm maintenance budgétis likely that the target invasive species will re
establish at some level following initial treatment, potentially requiring folipw
management actions to maintairestablishment at a desirable level. The cost of fellow
up management will vary witthe specific species being controlled, stream conditions
following initial treatment, the region, access, and a variety of other factors. SRP will
gain insight into longerm maintenance costs with experience. The mateSIRP can
secure dedicated lortgrm resources for managing undeseriablemetive plants, the
more likely longterm habitat restoration objectives at Horseshoe Reservoir will be
realized. The main scenario to avoid in this context is aaod@&one sceario where the
resources available for managing invasive species only cover costs associated with initial
treatment. Maintaining nenative species at desirable levels is a {@1gn endeavor that
requires dedicated lortgrm resources.

Question Four: Are methods for managing and treating the invasive plants effective and
appropriate? The more effective a given method is to control a target invasive species, the more
likely that practitioners will be able to maintain the species at desired levesslonthterm.

However, on the heels of the effectiveness question is whether the control methods will do more
harm than good. This is particularly an issue when herbicide is used as the main method of
control. Despite EPAapproved products ardbeling, it is valid to question the value of

introducing potentially significant quantities of herbicide into a riverine environment. A key
guestion for SRP in this regard is whether-native riparian plant management objectives can

be accomplished bgtaying within recommended volumes of active ingredient per area or by
using other, northemical approaches. Given the track record, documentation, and experiences
of managing the nenative plants selected, below, it is likely that SRP will be ableléztsan

effective longterm management approach.

Question Five:Will the management methods that are being proposed complement biocontrol
agents that may have been purposefully introduced to battle the target invasive species?
Biocontrol agents have been introduced in several parts of the western U.S. to contirna invas
riparian species. In the Verde River watershed, the tamarisk leaf higietleabdaspp.) to

control tamarisk is an example. If effective on reducing the extent and distribution of Tamarisk
in and near Horseshoe Reservoir, the saltceddibleetle may reduce the need to implement
other control methods (such as treatment with herbicide or mechanical means). Effective
monitoring of the beetle population along the Verde River, as well as monitoring of how
tamarisk, in particular, and the oaé riparian community, in general, responds has to be a
priority.
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STRATEGIES FOR MANAGING FOUR SELECTED NON -NATIVE BOTTOMLAND

PLANTS

The Friends of the Verde Rivérwhich has been working in the Verde River watershed for over
a decade to establish a healthy, flowing Verde River system, fotusdsnanagement

attentionon four nonnative plants thatave provemarticularly invasive and troublesome:
Ailanthus altissimgTree of Heaven)Arundo donaxXgiant cane)Elaeagnus angustifolia

(Russian Olive)Tamarix ramosissimésaltcedar) Given their experience in managing non

native plants along the Verde River, Friends of Verde River personnel should be consulted as
part of finalizing management strategies as well as implementing the management strategies that
are ultimately agreed oAn overviewof thefour problematicspecies and options for managing
them is provided below.

GIANT CANE ( Arundo dona®

Giant caneArundo donakis a native of eastern Asia (Polunin and Huxley 1987) but it has been
cultivated and has spread widely in many parts of southern Europe, northern Africa, and the
Middle East for thousands of years (Perdue 1958; Zohary 1962; Zahary and Willis 1992). A
thoroughreview of giant cane physiology, genetic variation, physical structure, biomass and
density, growth rate and reproduction and spread is provided by Giessow et al. @ariting

et al. (202@) and Briggs et al. (2021) review managentaricerns associated with dense stands

of Arundo as well as control method3iant cane was introduced in areas of the western U.S.

and northern Mexico to control erosion along agriculture drainage canals and was also used as
thatching for roofs. It was intentionally introduced to the Los Angeles area of California in the
1820s or roofing material and as erosion control (Bell 1997) and is now a nuisance within
coastal streams and agricultural canals from central to southern California (Goolsby and Moran
2009). In the United States and northern Mexico, giant cane has become most problematic along
the lower Rio Grande, where monocultures of giant cane line the river bank for several hundreds
of river miles. Giant cane occupies an estimated 28,000 to 40,q@0,080 t0100,000 acres) in

the Rio Grande Basin (Goolsby 2017), much of which straddles the international border along
the Rio Grande/Rio Bravo. Encroachment into the Rio Nadadores in Cuatro Cienegas, Mexico,
was so rampant that it caused the extinctioanalemic fish species after the river stopped

flowing (Goolsby 2017). Giant cane is also invasive in Australia where it is found in every state,
including the Northern Territory (Commonwealth of Australia 2018).

The rapid increase in the extent and distribution of giant cane is believed to be due to a variety of
factors, including altered river hydrology that favors the spread of this species over native

ri parian species. The plianiotfire allows it tg duickly oespeouta n c e
after wildfire, often crowding out native species and resulting in a giant cane monoculture (Bell
1997). Giant cane is not known to provide a food source or nesting habitat for native animals
(Bell 1997); howeverit competes with native species such as willo8alikspp.) and
cottonwoodsRopulusspp.), which provide high quality habitat to many species of wildlife,
including nesting habitat for such federally endangered birds as the least Bell'%ireedgllii

pusillug and southwest willow flycatcher (Franzreb 1989). In addition, giant cane uses
phenomenal amounts of both shallow and deep water (Moore at al-284&uch as 2.4 m (8

ft) per year—to support its incredible growth rate. When its roots ar@mact with saturated

11 Friends of the Verde Rivés a nonfor-profit thatworks collaborativelyn the Verde River watershédr a
healthy, flowing Verde River system.
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soils during growing season, its rate of growth can be as much as 5 cm per day (about 2 inches),
producing more than 20 tons per ha (about 50 tons per acre) of aboveground dry mass (Perdue
1958; Iverson 1998).

Il n the southwestern U.S. and -likedlowerltlesten Mexi c o,
(panicle) seldom, if ever, produces fertile seeds. Instead, Arundo predominately spreads
vegetatively from fragmented stem nodes and rhizomes, allowing it to pat#ifgiong disturbed
waterways (Bell 1997). In addition to negatively impacting biodiversity, other impacts from

giant cane invasion include altered channel morphology (it is a perfect sediment filter that can
promote significant sediment deposition durimgh flow events, reduced visibility, loss of

access and recreation sites, and other impacts). These collective impacts have provided the
impetus for several giant cane eradication and control programs.

While management of established giant cane is challenging, several methods (mechanical,
prescribed fire, and chemical) are promising. The overall aim of mechanical cutting and
prescribed burning of giant cane is simply to reduce aboveground biomassnnex nhat

allows more effective subsequent application of herbicide. Mechanical cutting can be carried by
using chainsaws or steel blade brush cutters. If access by heavy equipment is possible, mowing
or bulldozing may be used. Prescribed burning is caeduduring times of year of appropriate
weather conditions (dry and warm, with not too much prevailing wind). Prescribed burns can be
initiated in a variety of ways, including using fuses or torches. Depending on extent, distribution
and density of giantame, as well as weather conditions, once fire has been initiated, numerous
hectares of giant cane can be burned in minutes Bjg.

Figure36. A prescribed burn of giant reedirGndo donakalong the Rio
Grande/Bravo in 2018. (Photo by Tamir Kalifa (New York Times).
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One of the great advantages of burnigyer mechanical cuttingis thatpractitioners will not

have to deal with potentially vast volumes of cut foliage. Both mechanical cutting and prescribed
burns typically do not kill giant cane and, actually, can promote significant and ragro\wth.

A month to six weeks after cutting burning, giant cane will be waist high, but in reduced
densities that provide improved access for targeted treatment with herbicide. Not only is
herbicide treatment following mechanical cutting or burning more effective, the reduced biomass
means less heicide will be required overall. Foliar applications (i.e., direct herbicide

application to leaves) have shown greater success (almost 100 percent)-$tamdutatments

(5 to 50 percent) (Bell 1997). Successful management along the Rio Grande/Ridh&sawsed

a combination of prescribed burning with imazapyr application about a month after the
prescribed burn is completed, followed by repeat treatmentsgrmits one year later (Briggs et

al. 2021).

In addition to mechanical, prescribed burning and herbicide treatment, biocontrol is also being
tested. Three biocontrol species have been approved and released in the United States: 1) the
Arundo wasp Tetramesa romanareleased in April 2009; 2) the Arundo scdkhizaspidiotus
donaciy, released in December 2010; and 3) the Arundo leafnliasidptera donacis

released in December 2016. The Arundo @yyptonevraspp.) is currently being tested in

Europe. Preliminary impacts of the release of thendauwasp appear to show a reduction of
giant cane biomass by 22 percent along 558 miles of the Rio Grande oveyeaiiyeeriod
(Goolsby et al. 2015). Some preliminary research also appears to show water savings,
socioeconomic benefits ($4 to $8 benpét $1 biocontrol cost), and recovery of native plants as
a result of the biocontrol program (Goolsby 2017). It needs to be stressed that the results of
biocontrol are preliminary, with many outstanding questions remaining to be addressed. In
general, théhree biocontrol species may offer a good complement to ongoing mechanical,
prescribed burning and chemical management of giant cane, particularly with respect to
maintaining the extent and distribution of giant cane at desirable levels following an initia
management phase using Hanlogical control strategies.

At this point,giant canedoes not appear to be a dominant invasive plant species in the Horseshoe
Reservoir study area. This is good news, but SRP should maintain strong vigilance given how
rapidly giant canecan establish and expand its extent and distribution. Along the Rio
Grande/Bravo downstream of its confluence with the Rio Conchos, the extent and distribution of
giant cane went from being present in ftmminate patches to forming monoculture stands

along several reaches in less two decades (Briggs et dl) @8g. 37). Once it has established in

such densities, the plant is challenging and costly to eradicate. As such, SRP should endeavor to
map the extent and distribution of giant cane (as welllaer tdrgeted invasive bottomland plant
species) every year. I f giant cane approachet ect e
that supports a rapid management response that treats establishing Arundo patches with Habitat
or other aquatically approved herbicide (with a proven track record of effectiveness in

controlling giant cane) as soon as possible following detection.
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Figure37. Photograph of a dense stand of giant cane along the international reach of the Rio
Grande/Rio Bravo prior to the implementation of management actions. In Mexico, such stands
are commonly referred to as milpas (wild corn fields) given their tendency talfnse
monoculture stands (photograph by Tamir Kalifa, New York Times).

RUSSIAN OLIVE (Elaeagnus angustifoli

Introduction

There are a variety of idepth sources of information on managing Russian olive, many of
which are cited below. To highlight one reference, Bunting et al. 8@26vides a concise and
informative summary on Russian olive that includes case studies.

Background

Russian olive was introduced to North America in the early 1900s as an ornamental plant and
windbreak. It is a Eurasian tree that has become widely naturalized within riparian areas
throughout the United States. Russian olive is found in all but 13 @t8ssis naturalized in 17,

and due to its relatively wide ecological amplitude, has been reported as tmed$tldominant
woody species in western riparian areas (Friedman et al 2005). Russian olive appears to have
greater impacts on upper watershedsigher latitudes and elevations compared to tamarisk,
which is more problematic along lower portions of watersheds. Within the Colorado River Basin
(U.S.), for example, it has been estimated that Russian olive occupies over 16,000 ha (40,000
acres) primaly in the Upper Basin states, while tamarisk covers over 250,000 acres across the
Upper and Lower Basin states (Tamarisk Coalition 2009). Russian olive is present in Mexico and
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Australia, but with far fewer occurrences and is not a target for invasive control. Several
publications describe the biological traits and invasion ecology of Russian olive, most of which
focus on impacts in the western U.S. (e.g., Christensen 1963; €andadrotherson 1982;
Bertrand and LaLonde 1985; Shafroth et al. 1994; Lesica and Miles 2001; Katz and Shafroth
2003; DeCant 2008); others discuss management options and treatment success (e.g., Brock
1998; Caplan 2002; McDaniel et al. 2002; Stannard €082).

A primary concern expressed by managers with regard to Russian olive is that it forms dense
thickets beneath the canopy of native cottonwood gallery forests (Shafroth et al. 1995), where it
becomes a hazardous fuel source and fire risk tarficderant mtive riparian trees and shrubs.

Russian olive is considered to be an invasive species in many places in the United States because
it thrives on poor soil, has low seedling mortality rates, matures in a few years, propagates
vegetatively By root crown bud and root suckers), and outcompetes wild native vegetation
(Tamarisk Coalition 2009). That stated, managers are also reluctant to completely remove
Russian olive, owing to its abundant, edibl e
b er r yc¢h)are comsidéred a valuable food source for wildlife. It is particularly important in

areas where this invasive species is one of the fewlfeaiting riparian treshrubs present

(Edwards et al. 2014, Zouhar 2005).

Despite its fruiting capabilities, research indicates that bird species richness and density is lower
in Russian olive stands compared to natleeninated riparian communities (Knopf and Olson
1984; Brown 1990). For example, with few exceptions, whenirttise understory of native
dominated cottonwood stands along the Gila River, birds prefer to nest in the native riparian
trees (Stoleson and Finch 2001). Furthermore, the populations of roughly a third of the native
bird species that depend on cottonweéat cavity nesting and insect prey would be negatively
impacted if mixed cottonwoeRussian olive stands were to convert to monotypic Russian olive
(F.L. Knopf, personal communication [cited in Shafroth et al. 1994]). Most floodplain
rehabilitation projets in the Middle Rio Grande therefore focus on at least partial removal of
Russian olive to reduce fire hazard, followed by aggressive revegetation using native fruit
bearing riparian shrubs.

Control Strategies

The most common control method for Russian olive is chemical. Many practitioners have tested
several herbicide applications with varying levels of success (see Case Study below). Research is
currently being conducted to identify biological control agents$fussian olive, but none have

been approved at this time (USDA 2014). Grazing by mature, trained goats on seedlings and
younger trees is a promising component for successful control (USDA 2014). Russian olive is
also susceptible to Verticillium wilt arfdhomopsis canker; both are diseaaasing fungi that

cause gradual dieback (Worf and Stewart 1999).

An evaluation of mechanical and chemical treatments for controlling Russian olive on floodplain
surfaces along the Middle Rio Grande floodplain found that although mechanical treatments can
quickly reduce standing biomass, Russian olivesspobut vigoraisly from buried lateral roots
following physical disturbance (including fire), making herbicide treatment more effective in
preventing rapid re@stablishment (Caplan 2020). Details on the control methods used in their
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study are likely to be useful to SRP if Russian olive becomes more of an issue at Horseshoe
Reservoir or with other lands that SRP manages.

In their evaluation, Caplan (2020) used masticating tractorsHiEsfiontend loaders with flail
mowing heads) and chainsaw crews to clear dense thickets of Russian olive trees that had
established below a mature cottonwood gallery forespylus deltoidesssp.wislizen) near
Bernalillo, New Mexico. Russian olive trees felled by chainsaw crews receivessaoyi
application of triclopyr (ester formulation, 50% solution) within five minutes of cutting. Treated
stumps ranged in size between approxinyatélto 90 cm (around 4 to 36 inches). All cutting
and masticating treatments were done in the winter.

The effectiveness of early and late summer herbicide treatments on the Russian elive root
sprouts, using four different herbicide formulations: glyphosate (5%), imazapyr (1%),
metsulfuron (1 gm product/gal water), and the amine formulation of triclopyt)(2&ll four
herbicide formulations were mixed with water and a 0.25% nonionic surfactant. Russian olive
rootsprouts were counted during spraying and averaged about 150 per plot. Counts of live
versus dead roegprouts were made prior to treatment, anith@teginning (May) and end
(September) of the following summer to determine plant control.

By early summer (around four months after clearing),-spobuts of Russian olive were found
throughout the treatment area. Study results indicate that glyphosate, triclopyr, and imazapyr
were highly effective in controlling Russian olive raprrouts, @hough treatment timing

appeared to influence effectiveness. For example, imazapyr effectively controlled Russian olive
sprouts when applied in August (88%), but control was poor when applied in June (40%).
Conversely, triclopyr gave better control of Rassolive rootsprouts when applied in June

(91%) than August (78%). Glyphosate provided high-spwbut control following both June

(91%) and August (93%) treatments. Metsulfuron showed equivalent control on both spray dates
(75%), but the rate we applievas probably too low for effective plant control.

Caplan (2020) followed up the initial evaluation study with additional work that involved an
early summer (June $3uly 15) foliar application of 25% triclopyr (amine) formulation to
Russian olive roesprouts for three seasons following mechanical clgaAtthough not
guantified, rootsprouts by the end of the third summer were less than three per acre.

Takehome management information if Russian olive becomes a problem in the Horseshoe
Reservoir study area, include:
1 Treating cut stumps that are less than 20 cm (around 8 inches) in diameter with herbicide
resulted in far fewer roegprouts compared to stumps that were not treated.
1 Early summer foliar herbicide applications to Russian olive-spobuts using triclopyr
(25%) produced high mortality (>90%) after one year. Treating with glyphosate herbicide
(5%) can provide similar levels of control following early or late summerrfolia
treatments.
1 Rootsprouts from Russian olive trees with basal stem diameters greater than 20 cm may
be more effectively controlled (with fewer herbicide applications) if the tree is first
uprooted to remove the stump and the larger attached roots.
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1 Although high rates of mortality can be achieved with one herbicide treatment following
mechanical clearing, treating-sprouts with herbicide for three summer seasons to
achieve nearly 100% control.

SALT CEDAR OR TAMARISK (' Tamarix spp.)

Saltceda(T. ramosissimaT. chinensisothers)s an invasive species native to Eurasia that has
proliferated across over 1.5 million hectares of riparian habitat in the United &hézsand

Quigley 2013)Of the eight or so tamarisk specidsnarixspp.) introduced to North America,

some of the most common and problematic species naturalized across the southwestern U.S. and
northern Mexico ar&. ramosissimarl. chinensigsome authorities considér ramosissima
synonymous witi. chinensisT. pentandraandT. gallica), andT. aphylla T. ramosissimand

T. chinensisre deciduous species native to China, although the former has a distribution
extending into the Middle East. Both species have similar structure, can form dense thickets, and
are known to hybridize. For the purposes of this review, we combine and wsertimon name
saltcedar or tamarisk to refer to these two spe€iesphyllais a larger evergreen native to

Eurasia (can grow over 18 meters tall [60 feet]), and can easily be distinguished kpoitsesm
pinellike needles. We refer to this species as the Athel tree and simply use the term tamarisk
when discussing information relevant to all three species.

Tamarisk was introduced to the western U.S. as an ornamental plant and also was widely used as
a shade tree or windbreak and to stabilize eroded banks. It quickly escaped cultivation and
currently is naturalized along most river systems in the southwestSrmnd northern Mexico.
Tamarisk has become the thimbst common tree along rivers in the western U.S., occupying an
estimated 1.5 million hectares (around 3.7 million acres) (Tamarisk Coalition 2017; Friedman et
al. 2005). It also was introduced to #iralia in the 1930s and, as in North America, has become

a serious environmental issue there. The distribution of tamarisk ranges from below sea level to
2,400 meters (roughly 8,000 ft), but it is particularly problematic at lower elevations where it
someaimes forms monocultural thickets (Zavaleta 2000).

Native riparian trees such as cottonwoods can outcompete tamarisk when water is sufficient and
soil chemistry is within tolerable levels (Bunting et al. 2011; Sher and Marshall 2003; Sher et al.
2002). Shading or crowding by other plants such as cottonearodlso hinder tamarisk growth
(Bunting et al. 2011). However, research over the past couple of decades indicates that tamarisk
inhabits a broader environmental niche leading to the displacement of cottonwoods and willows
in areas where these native gtaare no longer adapted to the conditions imposed by river
management (DiTomaso 1998; Taylor and McDaniel 2004; Nagler and Glenn 2013a; Anderson
1995). Once tamarisk is established in significant numbers it is difficult to control and almost
impossible teeradicate completely (Pearce and Smith 2003). Physiological adaptations that have
allowed tamarisk to proliferate along huraaliered drainages, floodplains, and riverbanks

include: 1) high, yearound seed production with distribution by wind and wa&grapid

germination and seedling establishment across a broad range of environmental conditions
(Brotherson and Winkel 1986); 3) extreme tolerance to high salinity and low soil moisture

(Glenn and Nagler 2005); and 4) the ability to resprout after stentuito ground surface,

following burning, or from severed stems (DiTomaso 1998). Tamarisk tends to proliferate when
riparian conditions are open with little overstory, and where its root systems are able to access
saturated soils. As a facultative segitamarisk can establish-gfiannel on disconnected
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floodplains, but also thrives-channel where it can stabilize active channel bars, promote
sediment deposition, and prevent bank erosion and widening of channels during flood events
(Keller et al. 2014, Dean and Schmidt 2011). These changes in geonogsphal/e contributed

to the channelization of once dynamic systems (Birken and Cooper 2006). Native species that
historically required flooding and associated fluvial processes for natural recruitment are not
adapted to these changing environments.

Management

Decades of research, field trials, and management have provided numerous resources to help
understand when, where, why, and how to manage tamarisk (see, for example, Anderson et al.
2004; Sher and Quigley 2013; Bunting et al. 202Commonly cited objectives associated with
tamarisk management include: 1) augmenting streamflow, based on the assumption that tamarisk
consumes large amounts of water (Bay 2013; Di Tomaso 1998); 2) protecting and enhancing
cottonwood/willow communitieshere tamarisk has estaied (Barrows 1998); 3) improving

wildlife habitat (EngelWilson and Ohmart 1978; Ellis 1995; Bailey et al. 2001); and 4)

decreasing riparian forest fire frequency and severity (Shafroth et al. 2005). Researchers continue
to evaluate the amount of watgafticularly streamflow) that may be saved by controlling

tamarisk. Water consumption in tamarisk, like native cottonwoods and willows, has been
correlated to leaf area and is highly variable as it is influenced by a host of environmental factors
(Nagler aad Glenn 2013a; Cleverly 2013). Some control efforts have quantified immediate water
savings (Hatler and Hart 2011; Doody et al. 2011), but-teng impacts to streamflow are

dependent on several factors, including whether water used by tamarisk wig cliraeected

to the river (or residual waters associated with floodplain surfaces) as well as how vegetation
establishment following treatment impacts the water balance. While salvaged water may
contribute to aquifer recharge or may increase water aidiab floodplain soils, one should

not count on a dramatic and letgyrm increase in streamflow (Sheng et al. 2014).

Tamariskcontrol efforts should be evaluated on a-biesite basis to weigh the benefits and
disadvantages that may result from the specific actions proposed. If establishing native species is
improbable due to site constraints (such as low water aildjlatack of flooding, high salinity,

or an absence of source trees), the value of controlling tamarisk should be questioned as it may
result in an overall decrease in available habitat for native wildlife species, underscoring the
importance of accompgimg tamarisk management actions with native plant revegetation

(Briggs 1996; Glenn and Nagler 2005; Gonzalez et al. 2017a; Gonzalez et al. 2017b; Bunting et
al. 202@). Such could be the case in Horseshoe Reservoir if upon further evaluation some of the
Horseshoe Reservoir restoration sites proposed in this report prove to be unsuitable for native
habitat,

Another factor that complicates the question of whether or not to control tamarisk is that
tamarisk species provide habitat for several native species. In fact, riparian habitat can still be
considered high quality even if tamarisk becomes a dominanfearnixed plant community

that includes native species (Sogge 2008; van Riper et al. 2008). Researchers have found that
habitat value for many native species does not significantly decrease until tamarisk achieves 90
percent cover, and some estimatesdatdi a native tree composition of 10 to 40 percent provides
optimal habitat (Cohn 2005; Sogge et al. 2008 van Riper et al. 2008).
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For Horseshoe Reservoir, the decision to embark on a concerted tamarisk management program
can be even further complicated as it provides habitat for the endangered southwestern willow
flycatcher. The southwestern willow flycatcher now breeds in tamdmiskighout much of its

range, as the invasive tree has similar chara
dense structure, high canopy cover, tall stature, and mesic or wetland habitat (Sogge et al. 2008).

It is generally accepted that thigdowill select tamarisk when native species are not present or

do not meet structural requirements for successful nesting.

Control Methods

A variety of methods have been used over the years to control tamarisk. Equipment availability,
financial constraints, available personnel, time needed to complete the task, environmental
restrictions, biological limitations, and numerous other factoes emto the decisiomaking

process when selecting a control procedure (McDaniel and Duncan 2000). Methods summarized
below for tamarisk control can be used alone or in combination depending on the restoration
objective and characteristics of the site.

Manual

Manual control consists of the use of hand tools (shovels, hoes, pick axes, etc.) to remove plants.
Typically, manual control is only effective during the seedling stage when the entire plant with
root can be pulled out of the ground. While this methotbtaused for largscale control of

tamarisk, it can be effective during pgsbject maintenance when seedlings begin to germinate
(USDA 2010).

Mechanical

Mechanical control includes the use of mechanized tools to cut or remove stems or entire trees.
Chainsaws are often used to cut stems or trees just above ground level and heavy machinery
equipped with implements can mow, rip, disk, or fplow portions ofor the entire plant.

Bulldozers with a frortnounted dirt blade are commonly used to remove agomend biomass
(using a fromtmounted dirt blade), to clear large fields (with a fromdunted rake), and to pile

brush (using a hydraulic thumb or articutgtloader). Roeplowing, however, is the most

effective mechanical technique for controlling tamarisk because root plows target roots 30 cm
(about 1 foot) or more below the ground surface (Di Tomaso et al. 2013). In fact, grubbing (i.e.,
digging up the ot or plowing to uproot plant materials) is the only effective mechanical method
due to the ability of tamarisk to resprout. Disadvantages of mechanical methods include
disturbance of surface soils leading to wind and soil erosion and the productioranfka
fragments that can resprout adventitiously (Di Tomaso et al. 2013). A synopsis of several
restoration projects also showed that hitigturbance techniques, such as mechanical removal or
fire, result in the highest abundance of noxious weeds cothpmher techniques (Gonzéles et
al. 2017a). Therefore, it is cautioned that restoration planning should discuss potential
implications that mechanical treatments alone may have on weedy plant successiorupollow
maintenance with selective grubbingaospot herbicide will often improve effectiveness and
supplemental seeding or planting with native species can further increase diversity.

Prescribed Burning
Conducting a prescribed firea planned, controlled burn conducted to meet specific
management objectivescan effectively reduce the abegeound live biomass, potentially
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facilitating and improving the effectiveness of follmp treatments. It is important to emphasize
that although burning tamarisk can kill it outright (when the burn is sufficiently hot and the trees
are already stressed by environmental conditions), igiadbne without follomup management

is often not effective, as it often promotes resprouting and flowering (Di Tomaso et al. 2013).
Strategic cutting and placement of tamarisk branches and other woody debris can also increase
fuel loads, promote fire ppagation, and increase fire severity (Hohlt et al. 2002). Regardless,
conducting prescribed fire followed by selective herbicide treatments (Di Tomaso et al. 2013) or
follow-up mechanical control strategies such as grubbing oiptoating (Barranco 2001)

appears to be most effective. As noted above -tligturbance control techniques, such as fire,

can induce secondary invasions of +target invaders (Gonzales et al. 2017b). Typically, use of
prescribed burning would be followed by active revegetatiahnaaintenance of undesired

species. Planting or seeding a cover or nurse crop (e.g., early successional herbaceous plant or
subshrub) alongside targeted riparian shrubs and trees is another technique used to suppress
undesired, weedy nematives (Eubanks@®4). In particular when intense fires result in burning

to mineral soil, cover crops will limit erosion and rebuild soils by increasing soil organic matter
and essential nutrients (Jones 2016).

Chemical

Chemical control methods include the application of herbicides. No matter what herbicide or
application method is used for tamarisk control, resprouting is to be expected, which often
necessitates followp treatment. An evolution of herbicide trials ahd banning of some
chemicals by federal agencies has narrowed the list of effective herbicides to a common few:
triclopyr as a bark penetrant (Neill 1988), imazapyr for foliar application (Taylor 1987), and
glyphosate, which is typically used for broadlpkints and grasses as it is absorbed through
foliage and minimally through roots (Table 2).

Basatbark application and ctttump methods are often used when tamarisk is intermixed with
native plants, or when the control program implements selective control. Théhdsal

treatment involves applying an herbicide mixture (such as triclopyr) fower 45 cm (18

inches) of younger plants with a basal diameter of less than 10 cm (four incheshd@ksal
treatments are not as effective on older trees with thick, furrowed bark (USDA 2010). The cut
stump method involves a combination of removing ashrof the abowground biomass as
possible (usually with a chainsaw) followed immediately by the application of an effective
herbicide directly on the cut stump. Stumps with less thanaril@iameter should be

thoroughly wetted to kill roots, while stummgreater than 10 cm should ensure herbicide
application of the cambial layer (the growing part of the trunk) (USDA 2010). Foliar treatments
should be made in late summer or early fall when plants are preparing to shut down for the
winter season and traoshkting carbohydrates to the belgnound tissues (Di Tomaso et al.

2013). Cutstump treatments can be made yeamd, but will not be effective during droughts,
since the method relies on the herbicide to be drawn into the plant tissue. In additibosgigp
applications are more lethal to tamarisk after recent rains have removed the buildup of salt from
leaf excretions, which can otherwise reduce herbicide absorption (Di Tomaso et al. 2013).
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TREE OF HEAVEN (Ailanthus altissimg

Background

Much of the below is summarized fraanexcellent publication by US Forest Service that

provides background, distribution and management optiorn&éerof-heavenUS Forest

Service 2014).Treeof-heavens a fast growing tree that was introduced as an ornametdal

the United States from China@he tree goes by a variety of other common names, including
ailanthus, Chinese sumac, stinking sumac, paradise tree, copal tree, Brooklyn p@lin eof-* t r e e
heaven’ mo n i Kksdatl heigha ([@ts 8ddet). Thertregproduces clusters of small,
yellow-green flowergnostly in June and Julit is dioecious with female tre@soducing

clusters of persistent, orseeded, winged fruthatare similar in appearancettwose found on
maples. Male trees produgeoups of staminate flowers that smell like lrgdpeanutsor

cashewsLike saltcedar,reeof-heaven is prolific seed producgproducingup to 300,000

seeds per tree in a yg&iS Forest Service 2014).

The central reason whyeeof-heavenis ncl uded i n this ekteoely f our’
competitiveandfastgrowing. Young sprouts growas much a8 m to 4.5 m10 to 15 feeta

yearand, mce establishedne tree camapidly develop into thickets via root sprouting tban

overrun native vegetaton For t hi s r eason, t-ih-theb usdp e cciaensd i ndaayt
with management approach focused on routine monitoring and targeted eliminal@ntifus

if found.

Control Methods

US Forest Service (2014) reviews a variety of practical techniques for controlling the spread of
treeof-heaven. These techniques inclu@ecutting treedvefore they become too large) (

cutting trees in earlgummer when root reserves are lowast; ¢utting regrowthrepeatedly and
frequently, and applying herbicide to auirfaces; andy\) providing shade from competitive
nativeplants after control effortfRecommended herbicide applications include foliar spraying
cut stumpand basal stem apgpdtion (e.g., hack and squirt techniques) with herbicides that have
glyphosate, imazapyr, triclophyr, amongst others, as the main active ingredient.
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