Technical Publicatio®J2@7-1

EcoLoGY AND M ANAGEMENT OF
CAROLINA WILLOW (SALIX CAROLINIANA ):
A COMPENDIUM OF KNOWL EDGE

By
DianneL. Hall, Ph.D.
Kimberli J. Ponzio,M.S., P.W.S.
J.B. Miller, B.S.
Pamelal.Bowen,M.S.
DonnalL. Curtis, Ph.D.

St JohnsRiver Water Management District
Palatka, Florida
2017



Northwest Florida
Water Management District

Suwannee River
Water Management
District

St. Johns
River Water Y
Management
District

\

Southwest
Florida Water
Management
District

South Florida
Water Management
District

The St. Johns River Water Management District was created in 1972 by passage of the Florida Water Resources Act,

which created five regional water management districts. The St. Johns Distridemelll or part of 18 counties in

northeast and easte nt r al Fl ori da. Ilts mission is to

preserve

core missions of water supply, flood protection, water quality and natural systems protection and ipt.dveits
daily operations, the District conducts research, collects data, manages land, restores and protects water above and

below the ground, and preserves natural areas.

This document is published to disseminate information collected by the Distgatsuit of its mission. Electronic
copies are available atww.sjrwmdcom/technicalreportsr by calling the District at the number below.

Scientific Reference Center
St. Johns River Water Management District
4049 Reid Street/P.O. Box 1429
Palatka, FL321781429 (32177 for street deliveries)
386:329-4500

an



Acknowledgements

ACKNOWLEDGEMENTS

We would like to thank the following people for tineontributions to this workThanks to
Susie Hallowell and Lisa Allen for their help in performing literature searches timd) £
the EndNote databasé/e appreciateur St. Johns River Water Management District
(District) colleaguesean Dobberfuhl, Rolland Fulton, Margaret Guyette, Stevbhillér
and Deborah Stonéor providing critical revievs and suggestions to improveetdocument
We thank the many folks, outside tbestrict, who shared their experiencasncerning
Carolina willowmanagemenn Florida.Finally, we thank oumanagergandsupervisors
who have supported our effortsdompile his informationand for thé& patience during the
process

St. Johns River Water Management District iii



Ecology and Management of Carolina Willow (Salix caroliniana)

EXECUTIVE SUMMARY

Expansion of Carolina willow communities, with largeale replacement of herbaceous
wetland communities, has become a major management concern for the St. Johns River
Water Managemermistrict (District, SIRWMD)on the public lands the agency owns within
its 18-county jurisdiction of northeastern and eesntral Floridalnitial efforts to control

this wetland shrub shed light on how liteientistaunderstoodbout the biologyrad

ecology of Carolina Wlow. Early studies at the District focused on the response of mature
Carolina willow communities to fireHowever, control with fire was limited to areas that
were not already inhabited by dense,-foterant stands of mature willoBubsequently,
mechaical removabf willow was evaluated and found to be successful when followed by
deep inundatiorBut this management technique was limited by accessibility on orgaitsc s
where willow growsSubsequentiseof chemical managemeptompted targeted
invedigations to elucidate the critical aspects of willow biology and ecology that promoted
willow expansion on District landg/hile some of the informationegerated from these
studies habeen formallyshared in the scientific literature, muchitoivas notcatalogued,
nordocumented, in any formal wayistrict staffanticipated that other management
organizationsn Floridamay have similar unpublished data and realized that compiling and
organizing this information would alloeach entityfo make more iformed willow
management decisiongoreover,staff have included published information on the biology
and ecology of other willow species that might be relevant to management decisions in
instances where that informati@unknown for Carolina willowAltogether, the objectives

of compiling this compendium of knowledge was to increase understanding of the
environmental conditions that are most favorable to the establishment and persistence of
Carolina willow and to provide a useful reference for manaGawlina willow with

effective techniques to prevent and control its invasion into herbaceous marsh communities
while minimizing undesirable oftarget effectsA brief synopsis of findings follows.

Carolina willow is a quintessential pioneer species,kiyiesponding to conditions that
promote its establishemt, growth and proliferatioike many willow species, the most
important conditions for young Carolina willow, the age when they are most susceptible to
mortality, are hyblogy and light availabity. Moist soil conditions in areas with plenty of
sunlight promote seed germination and growth, allowing seedlings and saplings to quickly
out-grow gradually rising water Wels and competing vegetatidn.addition, nutrientich
organic soils and symbitic nitrogenfixing organisms can support rapid growifowever,
drought conditions, especially on rorganic soils with limited capacity to retain water, can
quickly lead to the mortality ofillow seedlings and saplingBastrising water levels that
cause extended inundation and excessive shading by surrounding vegetation are also factors
that will quickly kill seedlirgs and small individual®©ther major factors that may effect the
survival and growth of young Carolinéllow are fire and herbivorySpecifically, the
absence of fire and cattle grazing, contribute to the persistence of small willows. Once
mature, Carolina willow becomes less susceptible to the impacts of flooding, drought,
competition, fire, and herbivoryMorphological traits, such asl@entitious roots along the
stem, enable adult willows to withstand extended periods of high water, while deep roots in
the soil allow adult willows to tap groundwater dgyiextended periods of drougiis
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willows become taller, their canopies extend ra/the reach of most vertebrate hedoes,
such as deer and cattteventually, willows shade out plants in the understory reducing fuel
loads that are nesgary to carry fireln addition, the high watenolding capacity of mature
willows make them praitally inflammable, and when subjected to fire, they are merely
pruned and can show invigorated growth afterwards

Mature willow communities harbor a diverse assemblage of flora and tlaains
comparable to, and in some cases, greater than that footiter plant commuties

occurring in the wetlanddowever, the propensity of willow to replace and eliminate other
plant communities on a broad scale may result in the loss of rare fauna or flora that occur in
those other communities and may reduce trexall mosaic of habitat divsity in the

wetland landscap&Vhen Carolina willow dominates the landscape, it changes the
hydrologic balance by transpiring more water than the herbaceous@hamntunities that it
replacesThis can result in a lower wattble that promotes the proliferation of deeply
rooted species and may facilitate the development of hardwood swamp communities
Consequently, willow management may be necessary to preserve herbaceous marsh
communities.

Managers have a number of tools ¢ontrolling Carolina willow that have variable efficacy
depending on site conditionSire can negatively impact Carolina willow, provided that it is
applied when willows are at a young andnarable stage of developmektechanical

removal of Carolina vilow can be successful when paired with hydrologic events that
overtop orsubmergehoppel plants for extended perioddowever, accessibility on organic
soils is limited to dry conditions and the Ielasting impacts of heavy equipment on organi
soils isof special concerrSsome chemical treatments have proven to be successful in
removing and reducing ttemver of mature willow stand$he efficacy of a number of
chemical treatments aceirrently being investigatetiVhere Carolina willows removed by
anyof these treatments, managers need to address the reasons why the invasion initially
occurred and change those coruifi to prevent recolonizatioA.combination of these
treatments can be used synergislycal control willow invasionHowever, hydrolgic
manipulation, either to reduce germination on exposed soil or to flood mechanically and/or
chemicallytreated willows, may prove to be one of the biggest challenges for managers that
work on largescale wetlands

There is still muchiesearcherd o rki@ow about Carolina willow or the ramification o
different treatment option3.0 make informed management decisions, more investigations
need to be conducted on the ecosystem services provided by willow and the attendant costs
and benefits of removingillow, controlling its spread, or allowing succession to an

alternate or climax communitif. management actions include willow removal, managers
should prioritize areas for treatment depending on: 1) the goals they wish to achieve, 2)
known or suspecteddirect impacts of removal, and 3) the probability of success based on
the age oflte willow and site conditiondlanagement techniques should be applied with an
end goal in mind and with full knowledge of the site conditionswhlhbest achieve that

goal. Finally, managers should consider the necessity of using more than one technique, or
repeated applications of those techniques, to reach the desired goal
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Introduction

NTRODUCTION

The following is an integrativeeviewof literature pertiming to the bology, ecology, and
management of willowdocused primarily on Carolina willowsélix caroliniana), a
dominant wetland shiuin theUpper St. Johns Rivéasin (USJRB) andn other District
owned landsThere are numerous studies that describe will@&ax(spp.) and their
responses to environmental variables, however, relatively few sources are specific to
Caolina willow. Most information on Carolina willowriginates from investigations carried
out by the St. Johns River Water Management District (iDisSJRWMD.

The objective for compiling this reviewareto:

1 increase understanding of environmental conditions that are most favorable to the
establishment and persistence of Carolina willow

1 provide a useful reference for mamagCarolina willow by dentifying effective
techniques for preventinggntrolling Carolina willow invasion in herbaceous marsh
communities

1 ensure that land managers, invasive plant specialists, and environmental scientists are
utilizing the most effectivenanagemertechniques ailable and minimizing
undesirableff-target effects

Each section of this compendium has been written so it can be read alone and still provide
the reader with all of the information they are seeking in that section without havafgrto

back to othesectionsAs a result, scientific names and common names of willow species
and acronyms and abbreviations aretreduced in each new sectidccasionally, if

information in a figure or table from a previous section would be useful to the reader, it is
referred to in the text along with the pagewhichit can be found so the reader can quickly
and easily refer to iStandard scientific units for distances, elevations, and areas and metric
units for concentrations and ratesve been utilizetb presentnits that are commonly used

in District work and f or Adddienally, alistofthh e | ay men o
scierific and common names for willow speciesferred tan thisdocumentjs includedas
reference for the reader AppendixA. Findly, it was outside the scop this review to
incorporate current information concerning the use of willow as biofuel; however, numerous
articles are available in scientific literature.

St. Johns River Water Management District 1



Ecology and Management of Carolina Willow (Salix caroliniana)

THE BIOLOGY OF CAROLINA WILLOW

DESCRIPTION

Carolina willows(Salix caroliniang are shrubs or
small trees with broad open crowns that aahieve a
height up to 10 nfArgus 1986; Figurd) and can live §
from 13 to 40 year¥nseret al.1997,Quintana
Ascencio et al. 20)10ther willow species have P
similar life spass from 10 15 years for black willow
(S. nigrg in southeastern Virginigspencer et al.
2007) and upwards of 225 years for Sitka willow
(S. sitchensjsand Pacific willow §. lasiandrain
Oregon, respectively (Clirend McAllister2012)
Young Carolinawillows have smooth, grayisbrown
bark that develops fissures and thick ridges as the .? \
plants age (Figurg). Salixspp. tend to produce a X
single tap root thahickens with ageKarrenberg et
al. 2009 and Cardha willow roots grow up to one = 3 3
meter deepNlcLaughlin 2009) Leaves are narrowly ;3 TR i
lanceolate, measuring from 7.5 to 15 cm long by 1-E\i§‘ure 1 Mature growth form of
to 2.2cm wide (Argus 1986)The simple, spirally  carolina willow.
arranged, finehserrated leaves are wish beneath -
(Tomlinson 1980)Leaves of Carolina willovihave
stomate®r paesfor transpiration only on the ltom of
the leaf (Argus 19865mall, kidneyshaped stipulesr
leaflike appendagesccur at the leaf bases and persist |
live shoots and sprouts throughout the growing season }
50%of individuals (Tomlinson 198G\rgus 1986) e

Carolina willow is deciduous, losing its leaves beginnin 8 3’; »
in Septembein South Floridghistorically, but now
occurs later in OctobémMovember) and remaining
leafless for about two months (Tomlinson 1980)
Regrowth begins in December in Sodrlorida
(Tomlinson 1980) and as early as January (in recent
years) in thaipper St. Johns River basidJRB (Figure
3; QuintanaAscencio et al. 20)3vhen flowers, called
catkins, are producetleaf production occurs quickly
thereafter with full leabut by erly March in the USJRB
(Ponziopers. obs.).

Figure 2. Bark of Carolina willow
stems: young and lacking
furrows (left) and mature with
grayish bark and deep furrows

(right).
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Legend

County Boundaries

USJRB Project Areas
|| 01-Ft Drum marsh Conservation Area
| | Blue Cypress Marsh Conservation Area

St. Johns Marsh Conservation Area

Orange i 20 S | | River Lakes Conservation Area

River Lakes
Conservation Area

012 4 6 8

Osceola s

St. Johns Marsh 5.
@ Conservation Area @

oy -~ oy
Blue Cypress Marsh < lL\ :
Conservation Area AP B v b &
2 ndian River; ' /.

5 ; ] Fort Drum Marsh &
Okeechobee D 3 . ConservationArea [

Figure 3. Location of the Upper St. Johns River Basin in East-Central Florida and selected
project areas mentioned in the text.

The morphology o€arolina willow can be highly variable dependingtbalocation wihin

its natural distributionln comparison with populations in the Ozarks, Carolina willow in the
Southern Coastal Plaim€ludingFlorida) has tendencies toward shorter leaves with rounder
bases, longer leaf sterfgetiole, longer flowerfruit stems(stipeg, andleaflike

appendages at the stem bagg(led with no glands and momoft, downy haion the
branchlets (Argus 1986%Generally, these traits are exaggerated aldagtadinalgradient

from north to south.
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Ecology and Management of Carolina Willow (Salix caroliniana)

Native Salixspp.occurring in peninsular Florida can be distinguishgdheir leaf
characteristicgCarolina willow and black willow can be differentiated by their
morphological attributes where theg-occur in Florida (Table 1Yhe leaves of Carolina
willow have smallyellowish glands on the leaf tips and in the serration notches, as
compared to the reddigerrated tips of black willowlhe leaves of Florida willows.
floridana) have definite petioles and comparatively larger leaves with rounded bases; the
serratedéaf margins have glands on veinlets (Godfrey 1988)

Table 1. Comparative morphologic charateristics of Carolina willow and black willow as
recreated from Argus 1986.

Trait Carolina willow Black willow

Spear-shaped to very narrowly Narrowly spear-shaped to very

so, whitish waxy coating narrowly so, no waxy coating
Leaves beneath, pores (stoma) on lower beneath, 50% pores (stoma) on
leaf only, apex tapering to a both leaf surfaces, apex tapering
point or sharply pointed to a point
More or less brittle, hairless to Brittle, hairless to covered with
Branchlets . . :
coverage with short, dense hairs long, soft hairs
Branches Dark to light brown Reddish to yellow-brown
Leaf SIS 4.51 14 mm; 8 mm average 3110 mm; 6 mm average
(petioles)
Leaf-like
appendages at : . Usually small and shedding
stem base Usually prominent and persistent carly
(stipules)
. 1.2515.25 mm; 2 mm average, 6 0.51 1.5 mm; 3 times as long as
Flower /fruit . .
‘ times as long as the nectar- the nectar-bearing gland
stems (stipes) )
bearing gland (nectary) (nectary)
Female flower part 0.3- 0.8 mm; 0.5 mm average 0.2- 0.4 mm; 0.3 mm average

(styles)

Compared to other closely relatgenera in the family Salicaced@opulusspp.), willow
genomes have fewer replication sequences making them more primitiesearto the
Salicaceae ancestral genonmigy et al. 2013 Xiaogang et al. 20)4Using moleculadata on
all American willows,LauronMoreauet al. 015) characterize@arolina willowas
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Biology of Carolina Willow

phylogenetically closest to red willovi (laevigatafound in thewestern temperate U.S.,
foll owed by Sdalil 6 Gowidldli awgoédsdingdi ,| |Houwmb(o!l dt 6 s w
(S. humboldtiang and peachleaf willowS. amygdaloidgghat range from South America to
the eastern borearctic Interestingly, black wiow, with which Carolina willow hybridizes
(Argus 1986) and Florida willoywvhich may be errantly classified to the wrong subgenus
(LauronMoreauet al.2015), are more distdgtrelated to Carolina willowAlthough

Carolina willow can hybridize with bl&owillow, the zone of hybridization is very narrow,
primaiily in the Florida Panhandlérgus (1986) reported that all known hybrid populato
occur in maAamade habitatsThe phylogenetic associations of Carolina willow to other
willow may be of particulainterest given the paucity of ecological information on Carolina
willow and the need to use information on closely related species.

DISTRIBUTION

Carolina willowis one of about 450 species of willow that occur worldwide and 103 species
that occur in Nah America north of Mexico (LaureMoreauet al.2015;Figure4). In

addition to Carolina willow, four other willow species are native to Florida, but generally
occur in the panhandle or nottentral Florida; black willow, Florida willow, prairie willow,
and Missouri willow §. eriocephalp(Godfreyand Wooterl981,Argus 2007).

Number of
Salix Species

D One (1)
[] 2-10
[ 1120
B ;130
B 30

Figure 4. Willow species diversity in the U.S.A. and Canada based on regional floras i
reprinted from Kuzovkina and Quigley (2005).
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Ecology and Management of Carolina Willow (Salix caroliniana)

Carolina willow is distributed across the AttanCoastal Plain, Gulf Coastal Plain, the lower
Midwest, and Texas and is the only species that occurs naturally in southern Florida (Figure
5; Kuzovkina and Quigley 2005l willows are in the family Salicaceae, which includes

the poplarsRopulusspp) and two recent additions based on gene sequencing, i.e., the
Flacourtia and theXylosma Detailed morphological characteristics of willow can berfd

in taxonomic keys such #@ggus et al. 201@nd Wunderlin and Hansen 2011.

Figure 5. Distribution (outlines) of Carolina willow in the United States and disjunct
populations (circles) i reprinted from Argus 2007.

HYDROLOGY

Carolina willows are usually found in wetland habitats that experience periodic flooding
whichinclude lowlands, swamps, marshes, risanks and bars, interdunal and other natural
swales, pond and lake shoremalebanks, and ditches (Godfr&988) Carolina willow in

the St. Johns Marsh Conservation A@aMCA)in the USJRB (Figuré) and in the

marshes of the littoral zone of Lak&&®chobeeResnelland Brownl1977, Milleson 1987

David 1994 Richardsorand Harrisl9%, Richardsoret al.1995) usuallyccursat higher
elevations in the wetland, which are prone to shdréguency of inundation (hydroperiod)

than most other herbacepwetland plant communities in those ecosystétosvever,
willow-dominated communities can experience a wide fluctuation in inundation frequencies
and water depths (TabB. The hydroperiod experienced by Carolina willow on Everglade
tree islands and isurrounding marshes ranges from 97 to 361 days/yr and averages 281
days/yr (Espinaet al.2011, J. Sah, unpublished dat&) the drier end of the spectrum, the
average inundation frequency of willow in the marshes surrounding Lake Washington in the
USJRBIs quite a bit shorter with an average hydroperiod of 49% (179 days) (SJRWMD,
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Biology of Carolina Willow

unpublished data}senerally, it is true thahe distribution of wetland plant species is highly
correlated to longerm hydrologic variables, like frequency of inundation anerage annual
depth,but some species alstow good correlation to shesvent variables (Duever 1982,
Lowe 1986, David et al. 1998imenez et al. 2003)

Table 2. Hydrologic data from various studies of Carolina willow in Florida. * This shrub
swamp had Carolina ash (Fraxinus caroliniana) and Carolina willow as co-dominant taxa.

Days Average or | ‘verage: [Max Min Length
4 g Annual  Water Water of :
Inundated Range of Location / Source
Per Year  Hydroperiod Depth Depth  Depth  Study
(ft) (ft) (f1) (yrs)

Sarasota County
308 84% 0.54 2.06 -3.36 1.5 CH2M Hill 1988 in
SFWMD 1995*
Everglades Tree
Islands
281 27-99% 7 Espinar et al. 2011 and
Sah (unpub data from
2004)
Everglades
252 69% 9 McPherson 1973 in
ESE 1991
Everglades
274 75% 9 McPherson 1973 in
ESE 1991
Lake Okeechobee i
Moore Haven 1972
transect
Milleson 1987
Lake Okeechobee i
Moore Haven 1981
transect
Milleson 1987
Lake Okeechobee
Richardson et al. 1995
Lake Washington
179 49% 0.09 4.21 -4.32 34 Marshes
SJRWMD (unpub. data)

St. Johns Marsh CA
SJRWMD (unpub. data)

183 321 68% 0.15 0.7 -0.4 5

250 501 87% 0.85 1.6 0.1 5

335 92% 2.54 23

244 67% 0.46 3.61 -2.58 2

259 71% 0.77 3.29 -3.42 Average
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Ecology and Management of Carolina Willow (Salix caroliniana)

Deep flooding events may cause intolerant plant species to die back, creating openings in the
mard (Zaffke 1983, Gunderson 1989, Clough and Best 12%gwise, drydowns, even of

very short duration, may allow plants to germinateng duration drydowns may cause the
mortality of newly germinated seedlings whose roots have not developed deep iartbegh

soil profile to access waterspecially in soils with higher Budensity or lower capillarity
(QuintanaAscencio et al. 2013)

N

Cattail

w

(63}
\’
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= Cattail/Sawgrass
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£ 25 / \ Grass/Sedge Marsh
\8,- 2 Mixed Herbaceous Marsh
©
g 15 - / \ Sawgrass
1 . / \ Mixed Shrub
= \\/illow
= Open Water
1 —— — —
0 o © o'~ 1o uw' o' v o i n'
— ! — ! — ! — ! — ! N N
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Figure 6. Plant community distribution along a topographic gradient in St. Johns Marsh
Conservation Area in 2009 (SJIRWMD unpublished data).

Figure7 depicts hydrologic data from SIMCA for two years showing typical fluctuations that
can promote or prevent successful establishment of Carolina willow seedpisally

water levels fall during the period of Carolindlaiv seed dispersal (Felpr) allowing

seedlings to germinate on saturated soils during the dry s&esaiings can become
vulnerable if water levels fall far enough below the soil surface that rom®teeach

moisture However,QuintanaAscencio et b (2013 reported that peat soils in the USJRB
provide better conditions for Carolina willow than sandy soils because of their ability to hold
moisture, which enhances seedling survi@altsequently, water levels begin to rise when

the wet season begins, typicallyne, and water levels reach a level above the soil surface
between June and Augulitwater levels rise too rapidly, seedlings are at risk of being
drowned if covered by 0.5 fof two weeks or longer (Figui® QuintanaAscencio et al.

2011, 2013)
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Germinationwindow
3.5 + < Risk of Drowning
- \Water Depth

Warter Depth (ft)
o
6]
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o5 ‘ Marsh Surface
1 -
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Figure 7. Water depth from May 2013 to April 2014 at a Carolina willow site in St. Johns
Marsh Conservation Area showing the germination window from February to April and
the vulnerability period of drowning.

SoILs

Carolina willows that occur in and around tree islands in the Everglades are found on soils
that are nitrogeiimited with an approximat@H = 6.3, Otal NitrogenTotal Phosphorus
(TN/TP) ratio = 40 andbrganic content 75% (soil dry weight) Espinar et al. 2011Sah
unpublished dataRichardsoret al.(1995) found that soils where willows occur in the
marshes surrounding Lake Okeechobee have low bulk density (<O*pgfuirhigh organic
content (>34%)Somewillow s areparticularly adapted to living in these type ofisited
environments dut thepresence of microorganisms, whicéin fix atmospheric nitrogen

into a more usable form sucha®moniathat grow in association with the sterasrg
Wuehlisch 2001) or rootd these species (Dost al.2009 Hrynkiewiczet al.2009).

In comparison, willow dominated patches in the USJRB are found on soils that have a much
higher TN/TP ratio (105) than those in the Everglades study (Bochnak et al., inrBasg)
on limited sanpling (n=1), soil underlying a Carolina willow community in the River Lakes
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Ecology and Management of Carolina Willow (Salix caroliniana)

Conservation Area (RLCA) had lower bulk density and higher percent céthand

nitrogen than soils collected from a nearby sand cordg&sst{ira baker) marsh and bald
cypress {Taxodium distichupnswamp (Table; Craftet al.2015) Average soil phosphorus

in the Carolina willow community (964 + 79 mg/kg) was 50% and 138% higher than in the
bald cypress and sand cordgrass communities, respectrelfy €t al. 201p Pesnelland
Brown (1977)saw a similar trend in Lake Okeechobee marshes with Carolina willow soils
havingsignificantly higherphosphorugmg/kg)than soils found in sand cordgrass and
Tracyo6s Rigmachosperd tgaeyicomnmunitiesphosphorus waapproximagly

0.130, 0.04and 0.015ng/kg respectivelyOsborne et al2014 collected more extensive
data from Carolina willow and other plant communities 30 miles upstream SUMEA

(see Table& andFigure3) that corroborates the level of soil nutrients XCP) observed in

Cr af t 6 sHowevenpvhile soils in a sawgrassl@dium jamiacenganarsh had lower
phosphorus than Carolina willow, southern catfByjpha domingensigommunities had
values that were 3@0% higher in phosphorus than those foim@arolina willow soils in
both studies (Osborret al.2014).

Table 3. Comparative soil charateristics of Carolina willow and other USJRB plant
communities in River Lakes or St. Johns Marsh Conservation Area in the USJRB. Data were
averaged for the soil profile from 0-18 cm for both studies (mean * std error) and is
expressed in dry soil weight (dried at 70° C). Soil series for Osborne et al. (2014) sites was
Everglades (for willow, sawgrass and southern cattail sites) and from Craft et al. (2015) sites
were Tomoka (willow), Micco (bald cypress) and Floridana (sand cordgrass).

Plant Source Bulk Density | Total C Total N Total P
Community (g/cm) (%) (%) (mg/kg)
: . Craft et al.

Carolina Willow 2015 0.14+£0.01 | 43.9+0.6 3.64 + 008 964 + 79

Carolina Willow ggfgme etal) 5591001 | 483406 |3.27+005 |813+109
Craft et al.

Bald cypress 2015 0.37+0.07 |23.7+x4.1 1.87 £0.28 634 + 97
Craft et al.

Sand cordgrass 2015 0.50+0.08 | 12.0+3.0 |091+0.21 |335+84

Southen cattail ggf‘?me etall ) 314002 | 438407 |3.16+0.03 |1371+75

Sawgrass ggf‘?me etall 0314002 |47.8407 |313+004 |764%111
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Biology of Carolina Willow

REPRODUCTION

Willows can reproduce and expand either sexually through flowering and seed germination,
or by clonal asexual reproduction from shoots, roots, and plant fragnikartefberg et al.

2002 Mosneret al.2012) Sexual reproduction is favored when flowering and seeding
coincide with wet substrate exposaare, but
reproduction ensures willow survival and expansion when seed germinatioBd#ils
reprodictive processes depend on plaotmones that are activated lepgthening
photoperiodglength of daylight)

Reproduction from Seed

Flowering / Fruiting

Willows are dioeciousneaning that thelgearfemale pistillate) (Figures 8 and 9r male
(staminate)Figure 10)flowers on separate treds a condition that occurs in only about 4%
of all flowering plantgYoung 1992, Irish 1989Willow flowers, called catkig, are
extremely reduced in size and can be erect or spreading on the stem (Alvim et al. 1976,
Godfrey and Wooten 1981Although rare, bisexual floweringnale and female flowers on
the same treadlso occurs in willows, including hybrid offspring, in Artadia (Cremer 2003)
However, this trait has not been reported for Carolina willow.

Figure 8. Fruiting female Carolina willow tree in St. Johns Marsh Conservation Area.
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Ecology and Management of Carolina Willow (Salix caroliniana)

Figure 9. Female Carolina willow bearing fruit in the off-season (September 2004) after
Hurricane Frances in the Upper St. Johns River Basin.

Figure 10. Male flowering Carolina willow tree (a) and male flower (b).

Willow flowers are generally pollinated by insects (entomemophilous), but can also be wind
pollinated (anemophilougArgus 1986)Pollinators may include honey bedg{sspp.)

(Cremer 2003) and even stable fli&dgmoxys calcitrangJarzen and Hogsette 2008)

Wil l ows i n Al as & aovaeBghag tdimrbondleaf willol8.\planjfolig,

feltleaf willow [S.alaxensi$, Bebb willow [S. bebbianpandScoul er 8s wi | | ow [
scouleriand) have dual pollination systems utilizing wind and insects (Fox 192X

(1992) also found that in these Alaskan willowsé¢d developmeirt willows is pollen

limited ratherthan resourcéimited; 2) seedlevelopmenin individual catkins is independent

of other catkins on the same plant and; 3) there is little to no resource competition between
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catkins as close a$ 50 cm apart suggesting that willow catkins favor insecirpibn
Consequently, the presence of nett@aring glands (nectarig$arge pollen grains with

higher nutritional value, and visual or aromatic characteristics on catkins, suggests that insect
pollination is extremely valuable to willowsike other wllow species, flowering and seed

set for Carolina willows in the USJRB occurs in the spring, usually from February to April
(CastreMorales et al. 2014However, Carolina willow in the USJRB has been observed to
produce flowers at other times, usually@sponse to stredsor example, Carolina willows
produced flowers in late September 2004, following defoliation from a series of tropical
storms and hurricanes impacting that area, including Hurricanes Frances and Jeanne (Figure
9). Similarly, weeping wilow (S. babylonicawas observed fBowering outside of its

normal season due to defoliation of older leaves by rust di§€emmer et al. 1999).

Seeding

For willows in Australia, trees become mature or bear fruit Biy2ars (Cremer 2003)
ConverselyCarolina willow cuttings matured earlier and were observed flowering in less
than one year after being planted on an experimental island in an USJRB @arghr(a
Ascencio et al. 20)1However, plants were removed befeeed maturation could occur
Cremer(2003) calculated the potential of seed production for white willbvalbg at

several million seeds per tree; though, actual observed seed production was much lower at
500,000 assuming that 10% of the ovules were fertiliEed mature Carolina witw in the
USJRB, the mean number of fruits per inflorescence was 32.5 (SD = 9.27) and mean number
of viable seeds per fruit was 12.2 (SD = 2.36); approximately 165,000 viable seeds can be
produced per mature tree per year (QuintAseencio, pers comm.Carolina willow seeds

are quite small and lightweight with approximately 18,300 seeds weighing only one gram
(Young 1992).

Carolina willow produces fruits that are ceslgaped capsules less than 0.64 cm long
(Godfrey and Wooten 198Figuresll and12). Ead capsule contains many seeds
possessing fine, terminal hairs that allow for dispersal via wind (anemochory) and water
(hydrochory) (Hupp 1992However, wind dispersal may be a more important mechanism
because it can result in colonization of a willow gfgpe for long distances measured in
kilometers (Cremer 20081osner et al. 201)2Seiwaet al.(2008) pointed out the important
role cottony hairs play in Japanese fantail will&v ¢achalinensjsand dappled willow$.
integra) seeds as they encountey dubstrates and are repeatedly resuspended in the air until
becoming trapped on wet microsites that are favorable for germinAften landing on wet
substrates, the hairs are released and the seeds germinate (Crem@uiz@@BaAscencio

et al. 2013CastreMorales et al. 20)4However, species have variable release i@tes
Japanese fantail willow seeds released hairs within minutes, whereas the hairs of dappled
willow seeds remained attached for over four d&ewa et al. 2008
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Ecology and Management of Carolina Willow (Salix caroliniana)

Figure 12. Carolina willow capsule showing two seed chambers.

Germination

SeeViability

Willows produce extremely shelitzed seedsViability is shorter than ten (10) days for many
willow species, inalding Carolina willow seeds germinated under natural field conditions
(Table4). CastreMorales et al. (2014) found that only green Carolina willow seeds were
viable However, some willow seeds stored in dry and/or extremely cold conditions in the
laboratay have remained viable for up to three years (Young 1/d@Poderet al.2000)

While the ability of seeds to retain viability under subzero temperatures might confer an
ecological advantage for species occurring in colder climes, there seems to bamagalv
for temperate willow species occurring innwa subtropical environmentkarrenberg et al.
(2002 suggested that willoweed longevity is shortened twarm, humid conditiond a
condition presemearly yeairound in FloridaCastroMorales et al(2014 found that
although Carolina willow seeds germinated after being held in cold temperatures for one
month, none of the seedlings survived longer than a few Baygopulations in the USJRB,
seed viability peaked midiay through the dispersal seasand then tapered oftastre
Morales et al. 2014
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Table 4. Germination characteristics of Carolina willow, black willow and other species found
in the US and around the world.

Florida
Castro-Morales 10
et al. 2014

>1 mo .

@ 41C 3-3.8 901 100
Tennessee
Hupp 1992

Oklahoma
McLeod and
McPherson
1973

Alaska
Zasada &
Densmore in
Young 1992

Argentina 30 mo

Maroder et al. 14 . 751 100
2000 @ -70iC

56-70 79

36 mo 89

Australia
Cremer 2003
Cremer et al.
1999

21 12
27 20 901 100
43

Japan
Niiyama 1990 16-30 d <2 801 97

Netherlands 3.0
van Splunder et 9 15 801 100
al. 1995 15
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Ecology and Management of Carolina Willow (Salix caroliniana)

Most willows exhibit a lack of dormancy and,
under natural conditions, seeds will usually
germinate within 1224 hours of reaching
suitable habitat{oung 1992, Cremer et al.
1999, Maroder et al. 2000, Karrenberg et al.
2002, CastréMorales et al. 2014Pespite
short viability, willows have high
germinability with maximum germination rate = §
from 75 100% recorded (Table Aynder
laboratory conditiondyetween 9a100%
germination was observed in Carolina willow
growing in optimal conditiond maoist,

. ) h ! . Figure 13. Germination of Carolina
organic soil that was collected in native habitatyjiow seeds on saturated organic soil.

(Figure 13; Castrd/orales et al. 2014 he
presence of moisture is a key factor in the
germination of wilow and soils that have
greater wateholding capacity represent
optimal conditions (Figure 14; Gage and
Cooper 2004, Azami et al. 2013, Castro
Morales et al. 2014 arolina willow seeds
sprout on moist inorganic and organic soils *
alike, but will not gernmate on dry soil,
regardless of soil type (Casthdorales et al. %
2014) Seed germination can also occur on of ¥
under water; seedlings can remain viable for g
up to a month while floating (Figure 15;
Cremer 2003)Carolina willow has been Tl A LWL 8
observed to germinatunder shaded conditionFigure 14. Carolina willow seedlings growing
(Hall et al., pers. obs.), however, seedlings don organic soils kept moist through

not persist in shaded conditions (Craighead capillarity.

1971, Conner et al. 2002, QuintafAacencio
et al. 2011)Azami et al. (2013) concluded the
bare substrates exposed by spring drawdow
were beneficial to seed germination of almo
leaf willow (S. subfragili$ in JapanSeed
germination is followed by tap root
development (Godfrey and Wooten 1981,
QuintanaAscencio et al. 2011)

FBE

SeedBanks

Short seed viability prevents most willows
from producing persistent sebdnks Niiyama Figure 15. Germination of Carolina willow
1990,Douglas 1995Karrenberg et aR002  seeds while floating on water.
QuintanaAscencio et al. 20)1Despite its
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presence in the extant vegetation, Carolina willow seeds (as assayed by seedling emergence)
were notably absent from the seded bank of disturbed wetlands that were previously

drained for agriculture and from undisturbed marshes in the USJRB (LegH&%EImaret

al. 2005) Using a sieving technique to search for seeds in the soil from six plant

communities in Blue Cypressdish Conservation ArdBCMCA), Hanselmaret al.(2005)

did not find Carolina willow seeds, but did fisdeds fromwo other woody species (wax

myrtle [Myrica cerifergd and buttonbushQephalanthus occidental)s

VegetativeReproduction

Willow asexual reroduction and regeneration are often associated with cloning where
multiple trunks, or ramets, originate from rgathoots, rhizomes, or stem fragments of
parent plantsArgus et al. 2010 As mentioned earlier, Carolina willow cuttings taken from
maturewillow stems and planted on artificial islands in the USJRB were able to produce
flowers within a year of planting (Quintai#escencio et al. 2011Ramets are genetically
identical to the parent stock, and expand the basal area of individual wiR@uee 16)
Narrowleaf willow S. exigudoccurs in thickets of sarsex clones as large as 325im
diameter, especially in loflow conditions (Douhovnikofet al.2005)

A study byBuddeet al.(2011) in Argentina exemplified a successful strategy formative
willow persistence and expansion based on asexual reprodudsioig molecular markers,

the researchers identified 13 genotypes in their. diteay found that vegetative propagation,
attributable to the brittle branches of crack willow, createdresive monoclonal standSne
dominant female genotypeatifemale clones occurringt distances up to 790 km away
However, they warned that an increase in genotypes can
be assumed if male individuals colonize the sites and
make sexual reproduction podsilbo further facilitate

the continued persistence and spread of this willow
species.

Several other studies documented the importance of
asexual regrduction to willow expansian
Douhovnikoff et al(2009 attributed the increase of
narrowleaf willow ina riparian restoration area in
California to cloning sincen situseedlings hatbw
survival ratesln Japanwillow survival and recruitment
wasattributedto naturalregrowth from a severed trusk
or brancles(coppicing)after parent plants were
damagedby a flood disturbancAsaedeaet al.2011)
Mosner et al(2012 attributed ramets and propagule
dispersal to the spatially fragmented, but genetically
Figure 16. Carolina willow trunk similar, stands of basket willow in the Elbe River
showing lateral bud production. | floodplain, Germany
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Ecology and Management of Carolina Willow (Salix caroliniana)

The development of adventitis rootgroots that develop in an unusual place, like along the
upper stemjepresents another form of vegetative reproduction in wilkkarrenberg et al.
2002. Originating fromembryonic (neristematit cells in locations other than the primary
root sysem, adventitious roots allow willows to survive the waterlogged substrates that are
typical in wetlandsDevelopment of these roots appears to be related to seasonal levels of
cytokinin, gibberellin, and auxin plahbrmones (Michniewicand Galochl 972 Kriesel

1976 Blakesleyet al.1991, Karrenberg et al. 2002

Willow is so weltknown for its successful regeneration from cuttings that it is commonly
used for bank stabilizatioMunoltet al.(2013) found that black willow and silky willows(
sericeg cuttings survived better when harvested during thegrowing season for
streambank stabilization projecWillow is also commonly used to generate matepal f
scientific studies (Figure 1Hussairet al.2009 QuintanaAscencio et al. 2071

Figure 17. Cuttings of Carolina willow showing growth of roots from twigs.

GROWTH AND SURVIVAL

As with seed germination, willow seedling survival and growth is highly dependent on water

availability. Willow seeds that germinate must be kept moist until seeslang well

established (Young 199€remer et al. 199Maroder et al. 200MHough-Sneeet al.2013

QuintanaAscencio et al. 201 3astreMorales et al. 20041n Oklahoma, black willow

seedlings appear to be dependent on a small ring of hairs at therjusfdhe root andhe

seedling stenfor water absorption during keast the first week of growtiMcLeod and

McPherson 1973 These hairs do not appear to penetrate the soil, so free water at the soil

surface must be available for them to perSsedings perish within a couple of days of loss

of standing surface watekitLeod and McPherson 19,/QuintanaAscencio et al. 20]1

The survivorship of Carolina willow seedlings and cuttings is best where hydrology prevents

desiccation of the soil or prolgad submergence of the plants (i.e. about two we€k®r a

10-month experiment in an USJRB marsh, 77% of planted Carolina willow cuttings (that are
St. Johns River Water Management District 18
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taller, more robust and resemble saplings) survived, whereas only 15% of shorter and more
vulnerable seedligs survived (Figur&8; QuintanaAscencio et al. 20)3ollowing seasonal
flooding. In Colorado, park willow $alix monticol® seedling survival was greater in areas

with a higher water table and on finer textured soils with greaterAvatding capaciy

(Gage and Cooper 20p4After germination, Goodi n g 6 s Svgobddimgiseedlings in
Mexico along the Colorado River must have access to moist soil or a high water table for two
months during the first season (Mahoreyl Rood as iNagler et al2005) and a water table

no deeper thanidm for continued growth thereafter (Hortenhal.2001) Competitive

ability and survivability of park willow is particularly limited under drier environmental
conditions (Peinetit al.2001)

Figure 18. Carolina willow cutting trying to out-grow rising water levels in 2009 in the Upper
St. Johns River Basin.

Cremer (2003) indicated thtte roots ofwillow (Salixspp.)seedlings grow quite slowly
(<1lmm/day. However, Quintan#&scencio et al. (2011, 2013) fodithat small Carolina
willow cuttingsgrew quicklyandplantsthat were initially 10cm tall, grew another 90 cm in
just six monthg5mm/day.For t he purposes of illustrating
out-grow rising water levels, we estimated thewgth of Carolina willowseedlings using a
slow~growth rate of 1mm/d and a fagtowth rate of 5mm/dnd compared them tbe water
levels that actually occurred in SIMCA in 2012 and 2F@ufe 7 on pag8). From that
analysiswe estimated that bothast- and fastgrowingwillow seedlingsthat germinated at
any time between Felh and April 1 in 2012could haveeasily outpacedsing water levels
and survivedTable 5) However, if growth was slow, germinants most likely could not
tolerate the floodig that occurred in 2013 and would experience mortaligple 5.
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Table 5. Estimated growth and survival of Carolina willow seedlings during 2012 and 2013 in
response to hydrologic conditions in St. Johns Marsh Conservation Area. Estimates were
based on assumed fast growth rates of 5mm/d (0.0164 ft/d) and slow growth rates of 1mm/d
(0.0033 ft/d). Growth rates that were originally expressed in metric units (mm/d) were
converted to standard units (ft/d) in order to calculate the height of plants in relation to the
water level which is expressed in ft. It was assumed that plants would survive the flooding if
they had approximately 0.5 ft of their length above the water surface.

Date of Height of Height of Plant

Germination En@i IRl Plant (ft) above 0.5 ft of Ezgg]oartxgg
water (ft)
Feb. 1, 2012 Fast 3.41 2.91 survival
Slow 0.68 0.18 survival
Mar. 1, 2012 Fast 2.95 2.45 survival
Slow 0.59 0.09 survival
Apr. 1, 2012 Fast 2.44 1.94 survival
Slow 0.49 -0.01 survival/mortality?
Feb. 1, 2013 Fast 1.83 1.33 survival
Slow 0.37 -0.13 mortality
Mar. 1, 2013 Fast 1.38 0.88 survival
Slow 0.28 -0.22 mortality
Apr. 1, 2013 Fast 0.87 0.37 survival
Slow 0.17 -0.33 mortality

For mature Carolina willow, the diameter of the trees increaseu 3.88.9 mm/yr as

estimated from a tree ring analysis of trees occurring in the BCMCA (Kinser et al. 1997)
Working on naturally growing willow stands that encircle prairie potholes in Saskatchewan,
Canada, Schroeder et al. (2009) found that nativewsll(Missouri willow, meadow willow

[S. petiolari$, Bebb willow [S. bebbianh and pussy willow $. discolo}) showed

significant regrowth after harvesting for bioenergy production, although some differences in
regrowth were noted based on harvest metloggoThe authors suggest that these naturally
growing willow stands could support biomass harvest dirbayéar return cycldn Carolina
willow, almost complete regrowth of willow canopy cover was seen within one year of
management okillow via roller chopping (SJRWMD unpubl. data).
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Methods for Estimating Growth and Age Structure

Growth, in the form of biomass production, and age structure of willow cartibreesl

using allometric methods or measurement of the relative growth of one part in redahen

entire plantin peachleaf willow (a treéorm willow), basal diameter was a good predictor of

growth and in Missouri willow (a shrub), height of the major stem and the number of stems

greater or equal to 1.5 cm were the best estimators of gréwakignopoulosand Zsuffa

1993) Aravanopoulos and Zsuffd993 found that biomass production (growth) in

peachleaf willow and Missouri willow was correlated with the height and basal diameter of

the major stem, the numberofserhs<dberfs O 1.5 cn
peachleaf willow, basal diameter alone was a good predictor of gridattever, in

Mi ssouri willow, height of the major stem an
estimators ofjrowth For Carolina willow,QuintanaAscencioet al.(2011) found that the

plasticity of growth forms (from low and spreading to tall and erect) obscured the

relationship between willow size (height or canopy diameter) and maximum trunk diameter

neither willow height nor canopy diameter explaineatethan 40% of the variation in

maximum trunk diameteHowever, willow age, estimated by the number of growth rings

was predictable from mean trunk diameter at ground Ievel espemally for trunks ranging 1.6

8.0cm in sizeQuintanaAscencio et al. ;

2011). Employing atee ring analysis
(Figurel9), QumtanaAscenuo et al.

were 1437 years oldHowever, they . <
suspected that the age of the older trees

difficulties in counting ringsn the rotted
centers that are often found in older >
Carolina willows Tree ring analysis has
proven useful to understand the
relationship between tree gvth and
hydrology Similarly, Conneret al.

(2002) found that only Carolina willow
and bald cypres@mong 10 tree species
inhabiting islands in the Everglades), ha
tree rings with enough definition and

variation to provide a reliable means of Figure 19. Disk cut from a Carolina willow trunk
determining a dating sequence for dendrochronology with one half stained to

distinguish growth rings.

STANLEY
| ®

Nutrient Assimilation, Productivity and Decompaosition

Many researchers have fodithat productivity ofvillows is enhanced by nutrient enrichment
or fertilization (Tables). Increased nitrogen supply resulted in a boost of productivity,
specifically with greater leaf density and areagrayleaf willow(S. glaucaBowmanand
Conantl994), an increase in leaf areadasket willow §. viminalis Merilo et al. 200%, and
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an increase in shobitomassn myrsineleaved willow(S. myrsinifolia Hakulinen 1998)

These species allocated resources to algovend plant parts (shoots), rattiean below

ground plant parts (roots), where there was a reductiptant bionass in several cases

Adler et al. 008) indicagd thatbalanced enrichment of nitrogephosphorus potassium
magnesium (N:P:K:Mgat a ratio of 5:1:4:0.4 had the gresiteffect on willow biomass as
compared to high nitrogen wastewater andientpoor waterIn contrastBalasuset al.

(2012) observed no effect on several species of willow and poplar after two years of nitrogen
dosing at two different concentratiofi$ie response of Carolina willow to nutrient

enrichment has been varied with seedlings showing a negative response in stem height and
cuttings showing no differences from consrfbr stem height and diameteith an increase

in leaf density only for smaltendividuals QuintanaAscencio et al. 20)1Enset al.(2013)
concluded that willoware nutrieridemanding and are quite resourceful at nutrient

acquisition and efficient at nutrient recyclintgowever, these dynamics may change as a
willow community ayes.

The efficiency with whictwillow can assimilate nutrients has often been attributed, in part,
to the presence afiicrobesand fungiliving in the soil in close association witillow roots

or within the roots themselves (Ipsilantis 20Dty et al.2009 Hrynkiewicz et al. 2009
Johnston 2003Vlarshalland Pattulldl981) Ipsilantis (2005) observed thatgosterols
(chemicals necessary to support fureyad protozogurvival), that arefound in the soil and
deadled litter, andfungi colonizationin living rootswere higterin Carolina willow
communitieghan inmost other marsh communities (e.g., sawgrass, cattail, maidencane, etc.)
in BCMCA. Fungal olonizationpealedduringMarch and April when water lelswere

near their lowesand soil surfacewereexposedHowever, there was no relationship
between the abundances of fungi in the $edf litter, or living willow roots and the amount
of total phosphorus found in the soilleaf litter.

Doty et al.(2009) and Hrynkiewicet al.(2009) isolaéd Sphingomonasa mycorrhiza
associated bacterial strain, that enhanced the abilBytkd willow (Salixstichensiyand a
Salixclone to grow in nitrogetimited environmentand improve nitrogen uptakéohnston
(2003) suggested that phosphorus uptakwillow may also be enhanced by soil
mycorrhizae on slightly elevated sitétowever, the presence and abundance of these
microbes may be meded by hydrologic condition®arshall and Patullo (193found that
willow, at both an annually flooded sded a drier site (drdown of 5cm below surface
during midsummer) in Michigan, had a symbiotic association with root fungus throughout
the growing seasomowever, when testing the effect of added phosphorus, they documented
a decline of mycorrhizae inféon at weter sites in the late summe&rhapin(1996) also

noted that drier conditions mrctic willow (Salix articg hummocks in Canada, caused
nitrate-nitrogen NOs-N) produced in the soil to be greater thas@dge Carexsp.)meadow
sites owing tdess anoxia which supported a higher abundance and activity of niyrifyi
bacteria.
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Table 6. Summary of nutrient addition effects on willow growth and productivity. Arrow

indicatorsiy i ncr ease, Zdecrease, Y no change or
: . Location /
Species Nutrient Type of Study Effects Source
: y Bi omass Sweden
Basket willow gifé\ﬂf fﬁr?iﬁlzlig tl())atl:i?t(i:r?ds branches, roots) Adler et al.
9 g Leaf de 2008
Basket willow : Planted cuttings for y Leaf a Esto_nla
Nitrogen : . Merilo et al.
S. dasyclados short rotation crop Y Photosyn 2005
Field Study i Oklahama
: Potassium Planted cuttings in A McLeod and
Eleeiz e Phosphorus 2 soils with different o G @wi McPherson
nutrients 1973
~ Seedlings
Z Stem He
Nitrogen Y Leaf de UpperSt
gen, Greenhouse Study Y St em di ¢ JohnsRiver
Phosphorus I ) : .
: : Micro- -App_ ied nutrients _ Cuttings Ba;m
Carolina willow : via water to Y St em He Quintana-
nutrients . - .
(K, Cu, Mg seedlln_gs and ¥ L ea f den Ascencioet
' Fe,) ’ cuttings _individuals) al. 2011
Y Leaf denc
individuals)
Y Stem die
Greenhouse Study Rocky
- O Leaf a Mountains
Greyleaf willow Nitrogen Applied Y Bowman
y Leaf de
amendments to and Conant
natural populations 1994
, Natural Canada
Nitrogen Environment - 5 Growth rate Melnvehuk
Greyleaf willow  Phosphorus Legacy effects of Y Y
: : ; N cont en andKrebs
Potassium soil nutrients on
. 2005
natural populations
Ammonium-  Greenhouse Study y Leaf de Southwest
Gooddi ng N - Applied nutrients y Stem de US.
willow Nitrate-N via water to y Bi omas Marleretal.
Phosphate-P seedlings y Hei ght 2001
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Table 6. continued

Species

Missouri River

willow
Pussy willow

Sandbar willow
Shining willow

Myrsine-leaved

willow

Purple Osier
willow
White willow

S. dasyclados

S. albavar.
sanguinea
S. rubens
S. purpurea

Silky willow

S. miyabeana

Salix spp.

Nutrient

Nitrate
Phosphorus

Nitrogen

Ammonium
nitrate, treble
super-
phosphate,
muriate of
potash

1.25¢
Peters® 20-
20-20 NPK
fertilizer/L

Ammonium
(NH4-N)

Nitrogen
(75 kg/halyr)

Type of Study

Natural population
distribution

Greenhouse Study
- Applied fertilizer
to cuttings

Planted cuttings for
willow bioenergy
production

2-yr old plants

Short-rotation Crop
T Applied polluted
groundwater

Planted cuttings

¥

Effects

y Product

y L area

Z Root prc

9__ Gwith rate
Y Maxi mur
production

61% § Grow

y Gr owt h

y Nutrient

No effect
y Leachi

Location /
Source

Netherlands
Johnston
2003

Finland
Hakulinen
1998

New York
Kopp et al.
2001

New York
Orians et al.
2003

Canada
Nissim et al.
2014

Germany
Balasus et
al. 2012

Nutrients assimilated by willow can be removed from the ecosystem byshagvthe plants

for biofuel or natural products (baskeagking, furniture, et or they maybe recycled in the
ecosystemLusbyet al.(1998) suggested that nitrogen assimilated in plant tissues can be
returned to the overlying watsediment surface tbugh litterfall and then may be subject to
mineralization, nitrification, and denitrification, resulting in N loss as aRjasts likeSalix

can efficiently accumulate nitrogen and phosphorus by producing a large number of leaves,
but leafsheddingduring the fall causes a large portion of these nutrients to be returned to the
soil (Adler et al. 2008 Bochnak et al. (2015) found that timesitu flux of total dissolved
phosphorusn the Carolina willow(0.85g/m?/yr) communitywas higher than that fourad
sawgrass (0.1§/m?/yr) or cattail (0.5@/m?/yr) communities Total Kjedahlnitrogen from

soil inthe Carolina willow (4.5 g/m?/yr) communiy was higher than that found in sawgrass
(2.9g/m?/yr) andlower thanthat found in southern cattg8.4 g/m?/yr) communities Total

organic carbon flux was intermediate for ®arolinawillow (24.3g/n?/yr) community
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when compared to sawgrads$.0g/m?/yr) andsoutherrcattail (45.8g/m?/yr) communities
Duffy (2014) found that decomposition of both Carolindaw and sawgrass litter was
relatively slow when compared to that of other marsh species ssoatherrcattail and
knotweed Polygonum glabrum Slow litter decomposition in willow was partially due to its
extremely high lignin content (54.7%) as congzhto that found in sawgrass (13.5%), cattall
(15.9%) and knotweed (18.9%J)gnin is recalcitrant and resists decompositiBased on

these characteristics, the contributions of Carolina willow litter to the soil profile could
increase marsh elevationgtieby reducing the hydroperiod and water depths and increasing
soil oxidation This can lead to changes in soil properties and carbon cycling due to
differential decay of Carolina willow leaf litter as opposed to herbaceous wetland plants.

The ability of willows to efficiently utilize nutrients for rapid growth enables its effective use
around the world as a biofilter in water treatment systems and as bfillelvs commonly
growing along streams and at the edges of swamps are considered essentiad @lement
vegetation filters used for agricultural and urban runoff because they have been shown to
substantially reduce the pollutant lo&lgwson and Christersson 198¥Kuzovkina and
Quigley 20035. Willow clones ofSalix dasycladgggrown in New York, inazased nutrient
removal from water under increased fertilization and irrigation rates (Adegati?001).

Willows grown specifically as vegetation filters in Sweden have been shown to effectively

remove up to 10@g/halyr of nitrogenf the stem biomasis removed and harvested

(Elowson 1999)In a lake edge wetland in New Zealatadge gray willow Salix cinerea

was found to dramatically reduaenmonium KNHs-N) in groundwater that was within 5

meters of the treedue to contact with theots that etended beyond the abogeound

canopy Lusby et al. 1998 The entire littoral zone, includingrge gray willowandTypha
orientaliszones, removed >95% of the BN entering the wetland via groundwatérhile

managers strategically plamtllow to interept runoff to reduce contaminankugzovkina

and Quigley 200p perhaps the natural colonizatiorvaflow primarily along the borders of

| evees and roads can act as a buffer zone to

In summarywillows are etremely efficient anccessing, assimilating and storing nutrients
Soils in willow communitiegypically have higher nutrient contetitan many other wetland
plant communitiesConsequently, nutrient flux or release may be higher in willow
communities pon soil exposure arglibsequenteflooding In addition, if willows are not
being harvestedr the biomass isot being removed from the ecosystés in a biofilter or
biofuel application), the shedding of leaves in the fall returns some sfdiee nurients to
the water column and the soil.

EVAPOTRANSPIRATION AN D CARBON EXCHANGE

Evapotranspiration rates are variablevilow depending on the species, its environment and
geographic locatiarSome species ofillow have stomata on both sides of thd lea
(amphistomatoyswhile others, like Carolina willow, have stomatdyoon the lower side of
the leaf(hypostomatous Interestingly, back willow (the only othewillow with which

Carolina willow hybridizes in Florida) and Carolina willow have oppositendal
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arrangements (Argus 1986) that may confer differential advantages in regard to regulating
water conductance in and out of the pl&tants that are hypostomatous, like Carolina

willow, were originally believed to be less commonly occurring iureathan their

counterparts and occurred primarily in xeric habitats (Parkhurst 1l9@&)ever, when

examining specimens of four plant fdies, Parkhurs{1978) found thawvillow species were
distinct in that they exhibited a different stomatal distrilmutihan the other three families; a
majority ofwillow species had hypostomatous leaves occurring under all three habitat classes
(xeric, mesic, hydric)The other families showed a trend of the greatest proportion of species
having hypostomatous leaves often in xeric habitats and then hydric habitats and most
often in mesic habitat®\dvantages of this stomatal arrangement were proposed to: 1) give
the plant greater control over gas exchange (if bulk flow is important); 2) allow the pores on
the lowe leaf surface to exploit the microclimate (high humidity and lows)d®@perform
metabolic functions more efficiently; and 3) allow lower water loss on the cooler, underside
of the leaf compared to the warmer upper surface (Parkhurst. T9i&8e phenomenwould

have an additive positive effect for Carolina willow and helps to explain why woody plants
trap and utilize still air better than herbaceous plant communities may also help to

explain greater transpiration rates in willow versus herbaceactlsngecommunities in the
USJRB.

High transpiration/evapotranspiration raf€sip et al. 1988, Kuzovkina and Quigley 2005,
Bialowiec et al. 2007, Kocik et al. 200&nd high water consumptidkVikberg 2006, Doody
and Benyon 2011, Budny and Benscoter 206)e been documentedvnllow in

comparison to a number of herbaceous spédasonska et al. 201ahd other references in
Table7). However, there was one exception wManroe (1991Yinding the opposite with
broadleaf cattail{ypha latifolig evapotanspiration rates (see note on Tabléeing higher
than Carolina willow in SW FloridaVillow species also showed higher evapotranspiration
rates than a few other woody species, including red mApkr fubrun), saltbush

(Baccharis halimifoliaand caionwood Populus deltoids(Nagler et al. 2005)ut not
Peruvian primrosewillowLudwigia peruvian@ In a cross comparative analysis using data
from the USJRB and the Everglades, Carolina willow was found to+i#% higher
evapotranspiratioratesthansawgrass and open water during the times it has leaves-in Feb
Nov (Mao 2002 unpublshed data frolsJRWMD, UCFandUSGS;Table8 and Figure20).
This can result in upwards of 200 mm more water transpired per year from willow versus
other herbaceous plaodmmnunities and open water (Tablg 8dditionally, when willow

was removed by treatment with herbicides and a floating aquatic comm8pitpdela
polyrhiza Lemna minoySalvinia minimawreplacel it, the difference in evapotranspiration
rates increaskto an annual difference of greater than &@@/yr between treated and
untreated site€Tang 2016Figure21).
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Table 7. Comparative water use for willow species, herbaceous species and other tree
species in studies measuring parameters concurrently. Red highlight indicates higher water
usage in each comparison. No highlight indicates no significant differences. ET =
evapotranspiration. * Transpiration measured by Munroe (1991) has similar units, but two

trials (Oct and Jan) differ by orders of magnitude and therefore may only be useful for with-in
trial comparison.

Willow Herbaceous Tree :
Parameter . . . Location /
. Species Species Species Notes
(units) Source
(value) (value) (value)
Total seasonal Peachleaf Common reed Cottonwood Nebraska
transpiration willow 483 431 2009 - Dry year Kabenge and
(mm) 522 Irmak 2012
Ttotal S(—?astqnal Peachleaf Common reed Cottonwood NebiEea
ranspiration willow 550 496 20107 Wet year | Kabenge and
() 655 Irmak 2012
: All plants higher New York
ET stiﬁg\',cg Brg;?;ﬁaf Red maple ET than bare Pauliukonis
(mm/d) 16.35 + 1.34 575 + 0.94 4.31 + 0.66 soil and open and Schneider
water 2001
Le mmon Nebraska (as interpreted California
Transpiration willow sedge from figure) Svejcar and
(mmol/m2/s) 3113 2.5-12 19881 Dry Yr Trent 1995
3114 7-17.5 19897 Wet Yr
Maximum daily Salix spp. Common reed ngrr:?igl
ET (mm/d) 7.9 5.9 2010
Weeping 2005/06 Wet Yr
willow (in 2006/07 Dry Yr Australia
ET (mmiyr) creek) 2410, Red river gum | 2007/08 Wet Yr Doody and
y 1755, 1947 553 (bank willow and Benyon 2011
(on bank) Eucalyptus i
563 2005/06 only)
Groundsel tree
Transpiration Carolina Broadleaf 0.35 +0.04 2-day Florida *
(g/hr/kg dry willow cattail Mexican measurements Munroe 1991
plant wgt) 0.40 + 0.06 1.13+0.11 primrosewillow in Oct 1988
0.59 + 0.13
Transpiration Carolina Broadleaf 1-day Florida *
(g/hr/kg dry willow cattail measurement in Munroe 1991
plant wgt) 31171 463 980-1270 Jan 1989
Stomatal Carolina Sawarass Florida
conductance willow 0 340 Budny and
(mol H20/m?/s) 0.359 ' Benscoter 2016
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Table 8. Comparison of annual evapotranspiration estimates (mm/yr) for Carolina willow,
sawgrass, and open water in the USJRB and the Everglades.

Annual
Plant Community Location ET Source / Location
(mml/yr)
UCF (unpublished
Carolina willow St. Johns MCA, USJRB 1484 data)
USGS, SIRWMD
Sawgrass Blue Cypress MCA, USJRB 1290 (unpublished data)
Fort Drum MCA, USJRB AP FEERE
Open Water Water Conservation Area 1 1266 DSIES (Ol
' Database) for
Everglades
Everglades
250
Sawgrass

200 & ——Open Water
/ \—\ —Willow
5

=
o

=
o
o

Monthly Total Evapotranspiration
(mm/mo)

0 T T T T T T T T T T T
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure 20. Comparison of monthly evapotranspiration among plant communities in the
Upper St. Johns River Basin and Everglades. Data notes - Willow data from St. Johns
Marsh and River Lakes Conservation Areas (4 sites) for Sept 2014 to Nov 2015 using
Penman-Monteith method; sawgrass data from Blue Cypress Marsh Conservation Area
averaged over 2010-2014 using Eddy Covariance method; open water data from Ft Drum
Marsh Conservation Area averaged over 19961 1999 using lysimeter method and from
Everglades Water Control Area 1 averaged over 19961 1997 using Eddy Covariance
method.
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MI - Control 1
MI - Control 2
MI - Mixed 1
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SW - SW Mixed _
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Figure 21. Annual evapotranspiration (7/1/14 to 5/1/16) from willow communities in
Moccasin Island (M) sites in River Lakes Conservation Area and Sweetwater (SW) sites in
St. Johns Marsh Conservation Area. Plots were treated with herbicides in 2014 and 2015 as
compared to untreated controls (Tang et al. 2016). Clearcast Treatment = treated with
Clearcast in Aug 2014 and July 2015. Mixed Treatments = treated with Aquasweep in Aug
2014 and treated with Ecomazapyr in July 2015.

When plant communities were weighted for their areal extent in SIMCA, willow was shown
to contribute a significantly greater amount of G®@the atmosphere in comparison to
herbaceous plant communiti€3n the other hand, methane (@QHoading to the atmosphere

by willow is greater than that found with sawgrass and grass/sedge marsh, but less than that
measired in mixed herbaceous marsh that is dominatébypirasp. All plant communities

had higher load for G, and CH than open water (Figus2 and B; Bochnak et al2015.
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Figure 22. Carbon dioxide (CO>) loading from different plant communities in St. Johns Marsh
Conservation Area (Bochnak et al. 2015).
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Figure 23. Methane (CHa) loading from different plant communities in St. Johns Marsh
Conservation Area (Bochnak et al. 2015).
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Evapotranspiration rates are highly dependent on irradiation, temperature and water supply
(Kabenge et al. 2013) and nutrient enrichment increases evapotranspiration (Guidi et al.
2008, Ens et al. 2013, Nissim et al. 20Mater is usually not a limiting factor in wetland
environments where Carolina willow occurs and evapotranspiration rates have been shown to
be higher in wet conditions (van Splunder et al. 199@lifmond willow[S. triandra] and

basket willow B viminalig). Guidi and Labrecque (2010) indicated tivddite willow (Salix

alba) had greater plant productivity and higher water use efficiency (i.e., the amount of
carbon dioxide assimilated by leaves per unit of weaeor transpired) under soil saturation,
rather than under excessive moisture leudtavever, in times of drought or water stress,
willow has the advantage of tight regulation of water loss through stomatal closure (Horton et
al. 2001) In comparison toawngrass, Carolina willow has been shown to have lower water
use efficiency and higher leaf area and therefore uses more water for photosynthesis and
growth (Budny and Benscoter 2018jis means willow uses more water than sawgrass per
carbon molecule assilated into biomas3Vhen leaf level measurements of water usage is
scaled up to a landscape scale, conversion of sawgrass communities to Carolina willow in
Blue Cypress Marsh Conservation Area in the USJRB could translate into an increase in
water usagend a decrease in water availability for other ecosystem purgegass Z;

Budny and Benscoter 201&ince willow has deeper roots than herbaceous species (Svejcar
and Trent 1995, McLaughlin et al. 201#)canaccess water at lower levels in the godfile

(e. g., L e mBoaemian]iversus Nebraska[seddgédrex nebrascendisvhose

roots only extend to 40cm deep in the soil profiBgcause willow evapotranspiration has

been documented to surpass the amount of water supplied through, iacreased water
demand lowers the water table (Ens et al. 2013) and results in a reduction in water quantity
for other ecosystem needs (Lindroth and Bath 1999, Nissim et al.. 20 adidition,Carolina
willow has a high water holding capacity thus mmakit very difficult to burn (Quirdna

Ascencio et al. 2011 onsequentlythe expansion of willow ito marshesnormally

dominated bylammableherbaceous vegaion like sawgrasshanges theusceptibilityof

the marsho fire and, n turn,changeghe soil profileand soil processes associated with the
herbaceous vegetatiodablonska et al. (2014) suggested thiange in plant community
compositionslows down peat formatipwhich contributes to potential positive feedbacks

for willow. BecauseCaroinawillow has higher water usage and a greater ability to reach
water well below the soil surface, segénerated (@ogeni¢ drying by Carolina willow may
further accelerate shrub encroachmentearehtuakuccessiomo drierplant communities

(Budny andBenscoter 20169r may lead to the formation of a hardwaadlamp Rushton

1988.
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Figure 24. Comparison of extrapolated (a) water and (b) carbon exchange for the entire
community dominated by sawgrass and willow in Blue Cypress Marsh Conservation Area in
2001 versus 2008. Reprinted from Budny and Benscoter (2016).
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THE ECOLOGY OF CAROLINA WILLOW

DISTRIBUTION

Carolina willow Salix caroliniang is distributed throughout the southeastern United States,
rangingas far north asouthern Pennsylvaniaouh through Floridaandwestward into

eastern Oklahoma and KansasdFigure5 on page 7Argus 2007)It is found in most

wetland habitats including lowlands, swamps, margines, banks and sand barstural
swales, pond and lake shores, canal haarks ditche¢Godfrey 1988 Wunderlin and
Hanser2011) As with most species of willowt is an opportunistic species that can quickly
colonize open habitats in areas withigtsoils that are seasonally floodegréighead 1971,
Connor et al. 2002, Kuzovka and Quigley 2005

ESTABLISHMENT AND EXPANSION

As mentioned in earlier sectioaad aobservedn other willow speciesSeiwa et al. 2003
the ease with whicBarolina willowcolonizes open hatlats is a result of its smadkeedawith
fine, watefrepellent, attached haitkat can be windblown for long dist@s and readily
float (Craighead 1971)n their study investigating the restoration of tree islands in the
Evergladesyan der Valk et al. (200&)bservedhat Carolina willow was the only tree
species that naturally colonized the islands @etérminedhat planting of this species was
unnecessary for its recruitment.

Giventhe short viability of Carolina willow seeds (Casiworales et al. 2014) and their
consequenabsence from the seed bank (Lee 1994, Hanselman et al. 2005), the availability
and suitability of opesoil are major constraints dhe establishment ansurvival of new
plants Carolina willow isshadeintolerant Craighead 1971Conner et al2002)and
seedlings quickly die when ovshaded by other marsh speci@siifitanaAscencio et al.
2011) Consequenthiike manywillow species fcLeod and McPherson 1973haw et al.
2010, Radtke et al. 2012} arolina willowonly successfullgolonizes areas of moist open
soils In the pastcreation ofopen soilareas wagrimarily associated witthe drainag®ef
wetlands and subsequeminthropogenic disturbance, suchaltivation, mining, logging,
arsonfires, andthe passage of ofbad vehiclegCraighead 1971Clewell 1999) Similarly,
areas obpen moist soiin the Upper St. Johns River BagwSJRB see Figure 3 on pag¢ 4
have been created lapthropogenic altations of historic hydrologic regimeghis hasled to
theexposure of moist soil areasnultaneous withvillow seed dispersalln an analysis of
the distribution of shrubs (mostly Carolina willow) within a portion of the Blue Cgpres
Marsh ConservatioArea (BCMCA Figure %) in Indian River @untybetween 1971 and
1993, Kinser et al. (1997) found a 6% incre@s& ac)in shrub cover kween 1971 and
1993 Subsequent analysis of the same area by &hdohns River Water Management
(SJRWMD staff, stowed a 12% increag@81 ag¢ in shrub cover between 1993 and 2008
(Figure ®). SinceBCMCA has never been drained for agriculiihe expansion of willow
is likely dueto changes in hydrologgssociated witkextended spring drawdowns by
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managergKinser & al. 1997) periods of droughtchanges irfire regimes or a combination
of these events

Orange 5
e T

River Lakes
Conservation Area

Osceola

St. Johns Marsh
Conservation Area S8

Blue Cypress Marsh
Conservation Area

Figure 25. Location of Blue Cypress Marsh, St. Johns Marsh, and River Lakes Conservation
Areas within the Upper St. Johns River Basin.
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Legend

Blue Cypress Marsh Conservation Area - Plant Communities

Herbaceous Marsh 0 Forested Wetland
1971 1981 1989 1993 2001 and 2008 I Shrub Swamp (Willow Swamp only in 2001 & 2008) Open Water
2 ’ 2 y ! I Mixed Shrub (only mapped in 2001 & 2008) I Upland

Figure 26. Change in the spatial distribution of shrub swamp (willow and mixed shrub) in the southern portion of Blue Cypress
Marsh Conservation Area (BCMCA) between 1971 and 2008 (SJRWMD unpublished data).
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Similarly, expansionof shrub cover (agajmostly Carolina willow) las been documented

further downstream in thdSJRB Lowe et al. (1984) found an 89% increase in shrub

coverage in some areas of the USJRB in Brevard County between 1943 and 1981 associated

with a decline in surface water levels in those ar€ais declinein water levels was

probably associated with the removal of large amounts of vegetation within the river channel

north of Lakewashington in Brevard Countydemmo nl y r ef er r eThist o as 0t
vegetation was removed to facilitate boat traffic upstréo Lake Washingtoidowever,

removal o tausdwdtes levelaupsdréam in the SIMCA to fall by otveo feet

(Figure27) and watetevels haveemained at this lower level even after installation of a

permanent weir to mimic the watestentionf unct i on ¢Hgurégi28.he | ams o

19
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Figure 27. Median monthly water levels at U.S. Hwy. 192 in Brevard County south of Lake
Washington before and after removal of Athe | ams

Vegetation jams Huy 192 (USGS ID 02232000) ey e wweir
removed ——__ installed
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Figure 28. Average monthly water levels at U.S. Hwy. 192 in Brevard County south of Lake
Washington between 1940 and 2004 s howi ng water | evels before and
jamso and installation of the permanent weir.
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More recently, Brub cover(mostly willow) expandedy approximately6,000 ac
between 1989 and 20@®the S. Johns Marsh Conservation ArE&IMCA), an area with
large drainage canals on both the east and west Sigegreatest expansi¢8,58 ac
occurredbetween 1989 ant997 SJRWMD unpublished dat&jgure 29. Other willow
species have shown similar expiansabilities (Choi and Wali 1991, Brzosko 2001).

1989 1997 2001 2009
4,576 acres 8,145 acres 9.904 acres 10,579 acres

[ ] smcA Boundary ‘

I shrub Wetiand &t -
Miles

Expansion of shrub wetland communities in the St. Johns Marsh Conservation Area for 1989,
1997, 2001 and 2009.

Figure 29. Change in the spatial distribution of shrub swamp (willow and mixed wetland
shrub) in St. Johns Marsh Conservation Area (SJIMCA) between 1989 and 2009

(SJRWMD, unpublished data).
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Expansion of stub swamp has also occurred in the central part of the St. Johns River.system
The Ocklawaha River is the main tributary of the St. Johns River in central Florida and
expansion of shrub swan{mostly dominated by willow, buttonbug@ephalanthus
occidentails) or Peruvian primrosewillovLudwigiaperuviang) has also been notedtimee
areas othe Upper Ocklawaha River BagidORB) within the SIRWMD:Emeralda Marsh
Conservation Area (EMCA), Ocklawaha Prairie Restoration Area (OPRA), and Sunnyhill
Restorabn Area (SRA) Prior to conversion to agriculturthese eeasalong the river

floodplain and its lakesere dominated by extensive expanses of sawghésis the advent

of agriculture, pdions of these areagere diked and draingdndsawgrass was regpted by
crops With the cessation of agricultural practices, these asggsned a more natural
hydroperiodand soils becam&aturated or inundated based on rainfall patterns and seepage
from the adjacent floodplain and its lakewever,due to the lossf the organic soils

caused by extended draining, which led to longer periods of inundaticagrasilture, and
without the presence of flammablegetation, such as sawgrass, the effects of prescribed
burning were limitedand shrubs began to colonietformer agricultural field8etween

2005 and 2013, the acreage of shrub swamp more than doubled in most of these areas,
increasing from 698 to 1,270 acEMCA (Figure30), from 165 to 592 ac in OPR@igure

31), and from 431 to 1,106 ac in SRRigure3?2).

Emeralda Marsh Conservation Area
2005 vs 2013 Shrub Swamp Distribution

2005 2013
698 acres 1,270 acres

Figure 30. Change in the spatial distribution of shrub swamp in Emeralda Marsh Conservation
Area between 2005 and 2013 (SJIRWMD, unpublished data).
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Ocklawaha Praire Restoration Area
2005 vs 2013 Shrub Swamp Distribution

2005 2013
164 acres 592 acres

Figure 31. Change in the spatial distribution of shrub swamp in Ocklawaha Prairie
Restoration Area between 2005 and 2013 (SJIRWMD, unpublished data).

Sunnyhill Restoration Area
2005 vs 2013 Shrub Swamp Distribution

2005 2013
431 acres 1,106 acres

Figure 32. Change in the spatial distribution of shrub swamp in Sunnyhill Restoration Area
between 2005 and 2013 (SJRWMD, unpublished data).
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HYDROLOGY

The distribution of Carolina willow seems to be coaisted by the hydrologirequirements

of its seedlings and young plants (Quint#@sxencio et al. 2013, CastMorales et al.

2014, like many other willow species (Hupp 1992, Gage and Cooper 2004, Asaeda et al.
2011) Using a maximum entropy model to pretdivillow colonizationas a function of soil
type, prior land use, and proximity to transportation corridors and \waterol systems,
QuintanaAscencio et al. (201Xpund that soil type was the most important deteant of
willow distributionin theUSJRBwith willows preferentiallycolonizing organic peaty soils
Soil type accounted for 65.2% of the variation in willow coverage i thedel.

This agrees with the findings of Craighead (19PBsnell and Browrl@77) and

Gunderson and Loope (198#)ho found thaCarolinawillows preferred mucky peat sails
This has leddome to speculate that the nutrient content of peat and muck soils contributed to
Carolina willowsurvival and growthHowever, Clewell (1999)rad McLaughlin et al. (2012)
found thatCarolinawillows grewexceptionally well on clay soils with little organic matter
content McLaughlin et al. (2012) noted that strong capillary forces in clay soils in Central
Florida could elevate moisture in soil88 m above the water table and promote deeper
rooting of Carolina willow than isbservedn sandier soils within clagettling areas
Subsequent work by Quinta#ecencio et al. (2011) showed that germination, growth and
survival ofCarolinawillow seedings was dependent on the presence of suitable hydrology,
rather than organic or nutrient content of the sditeey examined the role of nitrogen,
phosphorus, potassium and other assorted micronutiretite growth of Carolinaillow
planted on organiand inorganic soils anfdundthatwillow grewjust as well on sand as
peat, as long as the soimainedmoist addition of nutrients madétle difference The lack

of sensitivity tonutrientsmay be a result of fungound inthe roots ofCarolina willow in the
USJRB, which may allow it to persist under lowrtrient conditions (Ipsilantis 2005pther
willow species have been found to harhirogenfixing bactera to cope with lownutrient
conditions (Doty et al. 200®rynkiewicz et al. 2009Von Wudlisch 2011) Under normal
field conditions, peat and muck soils have better wamtion capacity than sand, which
explainswhy mostCarolinawillow in the USJRB is restricted to peaty or mucky sdilse
importance of the watdrolding capacity of s&8 has been found for other willow species as
well (Gage and Cooper 200Miolina et al. 2004, Caplan et al. 2013).

While Carolina willowrequiresmoist soil to germinate and grow during the eéfé/stages

too much water during this timeas much a dament as too littleResearcltoncerninghe
hydrologicrequirement®f Carolinawil low seedsfound reducederminationunder flooded
conditions and limited survivalf seeds that did germinateder flooded conditions
(QuintanaAscencioet al.2011,Castro-Morales et al. 2014)n addition,researcton

Carolina wilow seedlingsshowed that high water levels were detrimental to the survivorship
of seedlingsand small willows causing death by overtoppiagdfrom scouringby floating
vegetation (QuintanAscencio et al2011 and®2013) This research showed that the early
developmental stages of Carolina willow are the most susceptibj@ltologicallyinduced
mortality.
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OnceCarolinawillows are tall enough tescapgrolongedsubmergencandhavedevebped
root systems extensive enough to tap ground water, théyghlg resistant to
hydrologicallyinduced mortalitylike manyotherspecies of willow(Kuzovkina and Quigley
2005) In their study investigating the restoration of tree islands in the Edagyvan der
Valk et al. (2008found thatCarolina willowwashighly tolerant of both drought conditions
and flooded conditionggpable of survivingan inundation frequency of 50%, as well as
drought conditionsThis confirmedConner et ab €2002)earlier work on water depth
tolerances oEverglads tree island specieSimilarly, matureCarolina willons havebeen
observed to surve inpersistentlyflooded habitatef the USJRB for several yegiBonzio
and Hall, pers. obs.as long as portions of the plant remain above witereover drought
conditionsin the USJRBhave not produced any noticeable loss of mea@arolina willow
(Ponzio and Hall, pers. obs.).

However,Carolina willow mortality and thinning was noticed in the littoral zone of Lake
Okeechobee in 1984989 (David 1994)It was thought that this could be due to the increase
in regulation schedule for Lake Okeechobe&978, which raised water levels by an average
of 1.5ft However,Milleson (1987) did not note any changesvillow coverage between

1978 andl98Q andby 1992, willow coverage had rebounded to levels seen in 1973
(Richardson and Harris 199%rior tothe increase in water leveBavid (1994) suggested

that the mortality and thinning giit be due to the extensiganual use of the willowareaas

a rookery for wading birds, where some years there mere tharil0,000 nestg an
approximately 500 acarea This density could have ldd extensive physical damagetbé
willow. The extensive use of willow in the littoral zone by wading birds in between 1970 and
1982 (David 1994), coupled withdrought and major freeze in 1989, and extensive spring
andsummer burns in 1990 (Richardson and Hat895)could have resulted in the

temporary loss of willow coverage observed.

FIRE

Another way of creating areas of open soil in marsh halitatcould be invaded by

Carolina willowis through fire Fire is anatural component of freshwater marshes in the
Southeast andaturally ocurs approximatelyonce everyhree to fiveyearsin floodplain
marshegFNAI 2010) although some have suggested longer fire return intervals may be
appropriate (Snyder 199WNaturd fires usually ocar in the late spring to earlysimer

associad with thunderstormat the end of the dry season and the beginning of the wet
seasonKushlan1990) Although fires are usually thought of as preventing the invasion of
woody speciegto marshegKushlan 1990l.odge 1994), this is not always tru@arolina

willow has been observed to colonize areas that have been freshly burned (Loveless 1959),
taking advantage of open areas created by fires that kill competing vegetation at the same
time that willow seeds are dispersing (Gunderson and Loope 1982, Kinser et al. 1997)
Colonization of Carolina willow iropen areas after fires has been observed in both
herbaceous (Loveless 1959) and wooded areas (Gunderson 1977, Gunderson and Loope
1982) Loveless (1959) characterized Carolina wilasa f-foliowe® and concl udec
Carolna willows had replaced much tife original vegetation on some tree islands in the
Everglades as a result of repeated fitesige (1994 suggestethathabitats domiated by
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Carolina willow in the Everglades are maintained by. fdenverselyrecent wok by
QuintanaAscencio et al(2011) found no recruitment @arolinawillow onto open soil

areas created by fiduring thedry seasonin their study, wer 1860 vial# seeds were sown
into varioussized patches ofxposed solil after a fire in miBebruaryLess than 7% of seeds
geminated and noneiwived through the end of Mallowever, theseesults my have been
confounded by aextreme dry season (Januaay), in which water levels fell well below
the soil surface andell belowthe young roots odeveloping willow seedlingdhe
establishment of other willow specieas been shawto be facilitated by fire (McDougall et
al. 2005, Mcugall 2007) and fire frequenéyas been shown to be one of the main drivers
of willow invasion into formerly treeless plant communities (Moore and Runge 2012)

As with hydrology, seedlings and young Carolina willows are highly susceptible-to fire
induced mortality, while mature willoware not Young Carolina willows can be killed by

fire if they are surrounded by flammahlegetation, such as sawgra€sadium jamaicenge
sand cordgrag$Spartina bakedior if surrounding vegetation, such as maidencBamicum
hemitomoiy, has leen kiled by a freeze (Figure 33However, in areas where thegdiitle or
no surrounding flammabhegetation, young willows can survive fire

Figure 33. Small Carolina willow surrounded by flammable marsh vegetation.

Once Carolina willows mature, theyearelatively unaffected by fire (Loveless 1959, Wade

et al. 1980, Epanchin et al. 2002, Quint&szencio et al. 2011Yhis may be due to the

high water content of Carolina willow, mentioned earlier in this document in regards to
transpiration rates, aritle lack of understory vegetation to carry fire (Kinser et al. 1997,
QuintanaAscencio et al. 2011), as has been found with other willow species (Cremer 2003)
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In the USJRB, fire effects on mature willow have shown some reduction in canopy cover and
densiy of willows > 1.5 m in height with a concomitant increase in species richness of
understory plants, although this increase in understory planespehness may be short

lived (Miller et al. 1998)However regardless of whether fires are conductethendormant

or growing seasqrsignificant resprouting of willow can occur within a year after a

prescribed fire, with stem density and canopy cover returning tbuprelevels withirone to

two years (Miller et al. 1998, Lee et al. 2005a, Lee et al5B0Bigure 31). In contrast, fires

that occur during periods of drought, resulting in peat fires, can kill mature wilkéigusré

35, Loveless 1959, Wade et al. 1980) and result in significant changes in plant community
composition.

Figure 35. USJRB marsh
after a peat fire. Note the
sand substrate where the
peat has been consumed
and the dead mature
willows in the background
and to the left.

Figure 34. Prolific basal
, re-sprouting of Carolina
s willow after fire.
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Similar to changes in the hydrologic regime of the USJRB marshes between 1989 and 1997,
the fire regime of the arshes changed as wétrior to 1®3, mostfires within theUSJRB
were either ignited blyghtning strikesduring the growing seasam by arsorstsduring the
dormant seasonvith the majority of fires due to ars@bee et al. 1995Between 1985 and
198, more tharD,900acresof a 55,800aae area of the USJRBurned due to arsand
another 4600 acres burned due to unknown caijpesbably arson), with only nirgcres
burned through lightning strikeslostof thearson fires occurred between Noveméaed
Januarywhile lightning fires occurred in June and J(Horida Division of Forestry,
Orlando Districtd unpublishedire record3. Fires occurring between Novembbfarch
would create open areas of soil at the same time willows are releasing ¢desir se
(~FebruaryMarch in the USJRBBY the time a prescribed burn program was established
for the USJRB in 1993, willows that colonizpdor to that time had probably grown too
large to be significantly impacted by fire and contindeminaggbrought abat by the
removal o fin SINCA probably enhiange@arolina willow survival and
expansion in that area.

HABITAT VALUE

Althoughexpansiorof Carolina willowat the expense of other marsh plant communities can
diminish the overaltommunitydiversily of anarea, Carolina willown the USJRBhasbeen
found to harbor a rather large diversity of BiJRWMD, unpublishedata) Research into
the diversity of birds, frogs, insec@nd other plant speciassociated witlareasf Carolina
willow in BCMCA found thatCarolina willowsupported a greater number of other plants
and insects than communities dominated by maidenézar@qum hemitomgnsawgrass
(Cladium jamaicengeor cattail Typhasp.) In addition, Carolina willow communities were
second onyf to cattail communities in the number of bird species obsdneskenedto be
depauperate of frogs. Howevenlpthree species of frogs were observed in all the
communities and the researchers suggeakidhe low number of species obsereedld be
due to their sampling methodologather than differences among the community types
Carolina willow communities were especially rich in insect (@384 spp.)containing over
50% of the insect taxa collectddring the studyTwenty percenof the insectaxa(88 spp.)
collected were not found e otherthreeplant communitiesampledCommon insectaxa
found on Carolina willow includpollinators such as Viceroy butterfliekimenitis
archippug andstable fliegStomoxys calcitranglarzen and bigsette 2008)Carolina willow
also harba a large number of insect herbivo@sgures36 and37), such asottonwood leaf
beetles Chrysomela scripta cottonwood borersRlectrodera scalator, fall webworms
(Hypantria cuneg salt marsh moth€&gtigmene erea), white tussock moth@rgyia
leucostigma, dagger mothsAcronictasp.) and carpenterworm mothBr{onoxystus
robinae (Craighead 197IMinno et al. 2005Hall and Ponzio, pers. obs.
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leaves.

Figure 37. Salt marsh moth (Estigmene acrea) caterpillar consuming willow leaves.
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The high diversityf insectsfound inCarolina willow couldbe due to the higher structural
complexity ofthis speciesompared to maideane, sawgrass or cattgflJRWMD,
unpublisheddata) as has been noted elsewhere (Lawton and Schréder 1977, Strong and
Levin 1979) Nonethelessthe largenumber of insect taxa observedGarolina willowis
similar ©o what has been found associatiowith other species aofillow, when compared to
other structurally complex shrubs and tréésnnedy and Southwood 1984).

Other than th@revious studythere has been little research done on Carolina willow as a
habitat for other speciealthough the Floida Fish and Wildlife Conservation Commission
(2012) has produced a list of species of greatest conservation need associated with shrub
swamps, this plarcommunity designatiomay or may not include Carolina willown the
Everglades, vlow headssurrourd i n g @ s o |, deegdercareas lwiete ¢he anderlying
limestone has dissolved awdngve been noteals imprtant habitat for alligatorCfaighead
1971) Carolina willow colonizes the edgestbesefi s o | u t Dwhare vated iseasailable
during the dy season when willow seeds disperse

Carolina willow communitieprovideimportantnesting sites for wading birdB&vid 1994,
Epanchin et al. 20Q0Bryan et al. 2008 Due toCarolinawillow és resistance to fire,

Epanchin et al. (2002) suggest that vaadbirds, such as ibises, night herons, egrets,
spoonbills, anhingas, and herons, preferentially select tree islands domin&taliya

willow and buttonbuslas nesting sites in the Evergladeavid (1994) documented the
importance of Carolina willowni the littoral zone of Lake Okeechobee to the thousands of
great egrets, snowy egrets, white ibis, cattle egrets, great blue herons, little blue herons, and
glossy ibises that nested there between 19988 ConsequentlyCarolinawillows provide
importanthabitatfor a wide variety of specieghat can enhanaeverallmarshbiodiversity.

SUCCESSION

Although Carolina willow like other willows Jumpponen et al. 199Byzosko 2001)¢can
have an adverse effect on other plant species due to shadinlip@aitow can facilitate
thecolonization and persistenoéshadetoleranttreespeciefGunderson 197 Rushton
1988. This may explain the large number of other plant species found in willow
communities in the USJRB in the aforementioned unpublished. Whekability of willows

t o act as hasbéenmnotedir otherrwdlgwdspecies as vialildhery et al. 2000,
Spencer et al. 200Rahmonov et al. 200&Kuzovkina and Quigley 2005§underson (1977)
found pond appleAnnona glabrg, red mapleAcerrubrum), and bayRerseasp.) seedlings
growing in a previously logged and burned bald cypréagddium distichujrforest that had
been invaded by Carolina willolRushton (1988) found that the restoration of hardwood
swamp species such as red malalelplly bay (Gordonia lasianthuk laurel oak Quercus
laurifolia), bald cypress, anglvamp tupeloNyssasylvaticavar. biflora) in reclaimed clay
settling ponds in central Florida could be accelerated by planting seadhidgsa canopy of
Carolinawillow . However, natural regeneration of hardwood species only occurred when
there was a nearby (~ 200 m) seed soantkearlysuccessional species consistéavillow,
wax myrtle Myrica ceriferg and saltbushBaccharis halimifolid, followed by red maple
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andAmerican elm (Imus americanp Similarly, a study on the regeneration of a hardwood
swamp, damagelly prolonged inundation, in the USJRB showed several specie=esf
including bald cypressvater locustGleditsia aquatic red mapleand Carolinagh
(Fraxinus caroliniand, colonizing andlevelopingn gap areasf a hardwood swamalong
with Carolina willow (SJRWMD unpublished datdigure 38. Without fire, Carolina
willow-dominated areasucceedo hardwood swamfGunderson 197 Figure 39, usially
within 10i 20 years (Craighead 197tpgusingheeventualoss of Carolina willow, due to its
intolerance to shading (Quintaacencio et al. 20)1Shadeintolerance is seen in other
willow species as well (Spencer et al. 208haw et al. 2010Radtke et al. 201

Figure 38. Regeneration of hardwood swamp with Carolina willow present in 2007 and
eventually giving way to red maple (Acer rubrum) in 2008, 2010 and 2013 in the USJRB.

Thesuccession of shrub communities to forest communities is séemany willow
speciesRiparian areas dominated by basket will&al{x purpurexand Elaeagnus willow
(Salix elaeagngsin Spain have been observed to precede the establishment of riparian
forests (Molina et al. 2004).ikewise, Cline and McAllister (2IR) described a general
pattern of succession along the Willamette River that began with the colonization of open
substrate by willowsSalixsp.) to the establishment of a willédw cottonwood Populus sp.
community and eventual dominance in the ripadsga of a cottonwood, mapl&der spp),
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and ashKraxinusspp.) communitySimilarly, Spencer et al. (2001) documented the
secondary succession of a bottomland hardwood forest in southeastern Virginia from
dominance by black willowSalix nigrg to a mixel hardwood forest dominated bsd

mapleandash
Nno Cypress regeneration\

Y

-

4 mixed
hardwoods
/_\ severe mixed
no + —burn —% willow - no fire —

fire hardwoods

\1/ remnant
cypress
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\ fire
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regeneration fires

logging

AN
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+

mixed
hardwoods

surface fire / \ no fire
/ no fire severe fi<‘ \

monospecific —— severe burn or logging — willow

Cypress +
forests +—— surface fire remnant
CYpress

Figure 39. Diagram showing the successional relationship between willow communities and
cypress and hardwood forests as a result of logging or fire. Note that a severe burn can
cause a replacement of cypress and hardwood trees with willow and can also maintain a
willow-dominated community & reprinted from Gunderson (1977).
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HERBIVORY

As mentioned previously, Carolina willow harbors a wide variety of insect speciesary

of these are herbivorous duringnse orall of their life stagesHowever, no significant loss

of willow coverage in the USJRB has been associated with insecttrehi although

instanes of defoliation have occurredraighead (1971) noted a negative effect of Carpenter
moths Prionoxystus robinag also known as carpenteorms, on Carolina willows in South
Florida Wood boring (i.e., sapwood consumptiday)the larvae of this species caused

willow stensto break in heavy winds and affected the overall height of willow st3ihes.

lack of wide-spread damage from herbivory may be attributable to a phenolic compound,
known as salicortin, th&alixspecies produce, which is unpalatable and effective in
reducing insect and mammalian herbivadyians et al. 2003Kudo 2003) This is espeeilly

true in low nitrogen environments where an increase in the phenolic content of the leaves has
been documented (Hakulinen 1998).

Mostresearch concerning herbivory on willows fasused on vertebratesmdmost of the
research that has been done intN@merica has focused on herbivoryitgtiveungulates
Hygnstrom et al. (2009) documented limited browsing of Peking willbahiX matsudana
and goat willow $alix caprea by whitetailed deer @docoileus virginianusand Myer
Smith et al. (2011) foundo evidence oferbivory by caribouRangifer tarandusor musk
oxen Qvibos moschaty®nR i ¢ h a rwdllewo(8adfixsichardsoni), grayleaf willow &alix
glaucg), or tealeaf willow(Salix pulchrg) in Canada, despite increases in abundance of large
herbivores There have been several studies of €l&ryus canadensgifierbivory on willow
in Yellowstone National Park and the role of top predatolisniting herbivore abundance
However, the effect of elk browsing on willow remains equivocal with someestgtiowing
negative effects (Kay 199Pginetti et al2001) and others more neutral effe@shnson et
al. 2007, Tercek et al. 2010)

Additional research has focused on the effects ofrradive herbivores on willow, especially
cattle, but again, the nalés are equivocaWillow cover increased in summer grazing studies
by Clary (1999)in Idaho (with or without grazing) arlooth et al. (2012)n Nevada,
suggesting aeutral orpositive effecof grazing on willow However, in arlL1-yeargrazing
exclusionstudy in Coloradoriparianwillows 8 diamondleafS. planifolig, Geyer &.
geyeriang, peachleaf$. amygdaloidgsnarroweaf (S. exigu® and yellow(S. luted o

were greater in height, exhibited lower diversity of willow species, and showetiiseiihg

as evidence by lower stem densltygrazed plotsiiparianwillows wereable to respond
quickly to the removal of gramg and showedapid increases in canopy cover, height and
stem density within five yeaf$lolland et al. 200pb This suggests mixed effea§ grazing-
negative in the shoterm due to effects on growtbut positive in the longerm due to

effects a diversity Similarly, Schulz and Leininger (1990) observedBahtimesgreater

cover of riparian willows$alixspp.) in an ungrazed riparian area in Colorado after 29 years
of grazing exclusiorHowever, Conroy and Svejcar (1991) fourasignificant &ect of

cattle grazing on plante@eyerwillow (Salix geyerianacuttings near streams in the Sierra
Nevada Mountains in California, although there wag3ttimes more defoliation of willows
that were grazed
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Therearelimited data on vertebrate herbryoon Carolina willow (Quintan@scencio et al.
2011) QuintanaAscencio et al. (2011) examined the effects of cattle grazing on transplanted
willow seedlings and cuttings in a floodplain marsh of the USB®Bdlings and ¢tings

were transplanted into elosuresor into nearby unenclosed areliost seedlings did not
survive regardless of locati@nd they were unable to locate any seedlings outisele
enclosures due to excessive trampliagrvival of cuttings inside the enclosgrwas
substantially higer tharthose planted outside and some cuttings inside the enclosures had
reached one meter in height in six montbsttings outside the enclosures had higher
mortality and stunted growttiF{gure 40 due to browsing by both cattle and whitged

deer Nearby mature willow showed no significant impact of grazing beyond a browse line
along the lower edge of the canopythough some have suggestesing cattle to manage
willow, the lack of grazingimpact on mature willowsoil erosionand compactioproblems

due to tramplindy cattle and manure deposition in the floodplain would be problematic
(QuintanaAscencio et al. 2093

Figure 40. Carolina willow cutting planted outside an enclosure showing browsing damage
by cattle and deer.
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COMPETITION

Althoughlittle research has been done on the competitive abilities of Carolina willow per se,
research that has been done on other willow species and the general characteristics of willow
species make them strong competitors once they become agultentionecearlier, young
Carolina willows are susceptible to many environmental factors, such as competition for
light, excess or lack of water, fire, herbivory, trampling, Bi@wever, as adults, these factors
are not as relevant to willow persistenthe abilityof adult Carolina willow to sequester
nutrients through the use of extensive rooteyst (McLaughlin et al 2012) arfidngi that

live in their rootqIpsilantis 2005) allow them to persist and grow underhutrient

conditions In addition, their transpation rate &s discussed earljeaind deep roots enable

them to survive under both drought and flood conditiirglly, ther high water content

and spreading canopy allow them to resist fire through the inflammability of their stems and
leaves (Fauthgr obs.) and the paucity of fine fuels in their understory (Kinser et al., 1997,
QuintanaAscencio et al. 2011) due to canopy shadirigese same traits have been
documented in other willow specidsuzovkina and Quigley 200%\dler et al. 2008, Ens et

al. 2013) and account for the extrdmary abilityof willow species to colonize, persist and
expand in wetland and littoral habitats.
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CAROLINA WILLOW MANAGEMENT IN THE ST. JOHNS RIVER
WATER M ANAGEMENT DISTRICT

Although native to Florida wetland landscap@arolina willow must be controlled if its
encroachment poses a threat to existing natural communities and ecosystem prsesses
mentioned in the earlier sections of this document, Carolina willow, and willows in general,
possesses several characterighes make them successful pioneer spedibese
characteristics include:

Fast growth

Efficient nutrient uptake

Flood tolerance, including tolerance of anaerobic conditions
Resistance to fire

Efficient sexual reproduction and seed dispersal

Efficient vegeative reproduction

Robust reestablishment after disturbance

= =4 =8 -8 _48_9_-°

These same characteristics have allowed Carolina wibdake advantage of anthropogenic
disturbances on St. Johns River Water Management Disi&WMD) lands(see Figues
29ard 30i 32 on pages 3 and38i 39, respectivelyandto expand their distribution within
marsh habitats to the detriment of other plant communitiag)lysherbaceous marskm

other words, they have become native invaders (Valéry et al. 2009, Carey et alA2012)
mentoned earlier in the document, the highanspiration rate of willow gives the ability to
change the moisture content of marsh soils and impede the persistence and colonization of
more shallowlyrooted species during the dry seadaraddition, shaderpvided by the

willow canopy inhibits the persistence and colonization of sivadéerant species, which

are usually grasseBoth of these characteristics hamper the use of fire to maintain the
diversity of the marsh: 1) higinanspiration rates causellws to naturally retain more

water than other marsh vegetation retarding their flammalality,2) shadingeters most
herbaceous growth underneath willows and thereby prevents the accumulation of fuels
necessary for successful burfibe expansion of iNow, at the expense of other plant
communitieswhich harbor their own suite of speci&RWMD unpublished datdpwers

the overallandscapeliversity of the habitaincludingthe diversity of animals reliant on
specific host plant$=or example, rdpcement of sawgras€ladium jamaicenge

communities by willow woulgreclude the occurrence Balatka skipperssuphyes pilatka
skippers areelated to moths and butterfl)@s the marsh, because their larvae feed solely on
sawgrassWillow -dominatedccommunitiesn theUpper St. Johns River Basid$JRB were
found to be only 25% similar in their plant community compositooattaitdominated
communities, 41% similar to maidencaf@gicum hemitomgrcommunities and 50%
similar when compared to savegs communities (SJRWMD, unpublished da&ayen the
propensity of willow to dominate and completely replace other historically dominant plant
associations and thpotential loss of overalandscapeliversity on District property, the
expangn of willow shouldbe congtained
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MANAGEMENT TECHNIQUES

To that end, the District has utilized four methods to control and reverse the expansion of
Carolina willow: 1) prescribed burns, Bg¢rbicides 3) roller chopping and 4) hydrologic
changeAlthough these metids have been used alone to control willow, some of the most
successful treatments have involved the use of a combination of these methods

PrescribedBurns

As mentioned in &lier sectionsburning has long been thought to prevent shrub expansion
into hebaceous areaBlowever, in wetland areas, Carolina willow has been described as a
Afifoél ower o (Loveless 1959) and some resear
by Carolina willow in the Everglades may be maintained by fire (Lodge 1P8&9criled

burns have been of limited success in preventing or reversing willow expansion in District
wetlands (Miller et al. 1998, Lee et al., 2005a, Lee et al. l208%cept where sufficient
flammablevegetation, such as sawgrass and sand cord@pagifiabakeri) exist or in

areas where peat fires have occurred through lightning stilaest prescribed burns take

place during the dry season when water levels are low;Kiltesi vegetation may be

present, and prevailing winds are optimal to protect surrogratieas from smoke and stray
emberslt is not known to what extent the timing of these prescribed burns may facilitate the
establishment of willow seedlings by removing competitors and exposing bare, moist soil for
colonization (Quintan#\scencio et al2011) Where possible, the District attempts to

schedule prescribed burns to mimic the occurrence of lightning season fires, which
predominantly occur between May and August, when water levels are increasing and plant
communities are actively growing.

Herbicides

The widespread use of herbicides to control and reverse the expansion of Carolina willow on
District lands is relatively new (~201Jowever, smaller scale studies have been done since
2005 to evaluate the efficacy of certain herbicides and tHetamet effects on other

desirable native plant speci@sgure 41) Hutchinson and Langeland (2010) looked at the
effects of metsulfuron methyl, imazapyr, and imazapyr + triclopyr on Carolina willow stem
density, canopy cover, and herbacegimind covein the USJREFigure 41; yellow circle)
Willow stem density and canopy covercdeased and ground cover of herbacespegies,

overall plant species richness, and plant speduesdity increased within twgears post
treatmentA smaller scale studyttiated by the District in the USJRB showed limited
effectiveness of triclopyr when used alqfé&gure 41; blue circle Will ow coverage ranged

from 55 75% n study plots before application and froni 86% coverage three months

after application with sigficant resprouting of leaves from trunks and ste®isnilarly,

study plots with 60%wvillow coverage prior to treatment wiimmonium salt of imazamox,
showed 4050% willow coverage seven months after treatn€igure 41; green and orange
circleg. Both of these studies were terminated due to lack of significant effects on willow
(SJRWMD
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Ammonium salt of imazamox
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Figure 41. Small-scale study sites in the USJRB where the effects of specific herbicide
treatments have been evaluated over time.
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unpublished datarable 9. Other edier herbicide work (~2008) in the USJRB to control old
world climbing fern Lygodium microphyllumin marshes revealed that Carolina willow is
susceptible to metsulfuron methidowever, this herbicide is only labeled for use in marshes
to control old waold climbing fern and the results of its use on willow are equivdeal
largerscale study (50 ac) that took advantage of a single application of metsulfuron methyl
for the control obld world climbing fern a significant decline in the coverage of Giara

willow was documented on plots within the treatment area, however, wax niytied

cerifera) coverage was not affecteligure 41; purpleircle; SIRWMD unpublished data)

The reduction irwillow cover persisted throughout the fiyear studyHowever, using a

linear growth estimate, the willow canopy was projected to recover within 8 to 14 years after
treatmentCoverage of herbaceous specdreseased in study plots within the herbicided
areaIn a second, smaller study examining the-temget éects of multiple applications of
metsulfuron methyl for the control ofd world climbing ferron other plant species, the loss
of willow was not documented until after five treatments of the area over ageaeperiod
(Figure 41; pinkcircle; SIRWMDunpublished data)he study plots were surveyed for four
years after the last treatment and loss of willow was documented within the firstlysar

loss was followed by an increase in wax myrtle coverage on all plots over the subsequent two
years beforenost of it was lost as well and replacedA®ruvian primrosewillowLudwigia
peruviang as the dominant canopy species in almost all of the study platsg the study
period patches of sawgrass and soft rdsim¢useffusu$ expanded beyond the stuplpts

andold world climbing ferncontinued to persist in the study ploAsiditional studies that are
examining the effects of herbicides (i.e., multiple applications of ammonium salt of
imazamox, isopropylamine salt of imazapyr, and2,4 triclopyr) onwillows and non

target plant species are ongoing and results of those studies will be added to this
compendium as they become available.

Roller Chopping

Roller chopping has been used on District land to remove Carolina willows lsodpfain
marshesHowever, is usefulness may be limited unless followed by extended inundation of
the arealn the USJRBnN Brevard and Indian River County, roller chopping is only possible
during periods of drought, when the marsh soils are dry enough to support the dveight o
machnery (Ponzio et al. 2006; SIRWMIhpublished dataHowever, based on work done

in the St. Johns Marsh Conservation Area (SJMCA), the heavy machinery may alter
topography and drainage patterns and compact wetland soils (Ponzio et alB2a8éé)on

the results of a study on roller chopping of Carolina willow in the River Lakes Conservation
Area (RLCA), roller chopping with no subsequent inundation does not seem to radically alter
willow coverageor stature ffigure42 and43;, SJRWMDunpublished data)n the RLCA

study, willow coverage prior to roller chopping ranged froim%@Q6 and one year after

roller chopping ranged from 280%.
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Table 9. Summary of chemical application studies in the USJRB conducted by the
SJRWMD. |
using repeated applications of metsulfuron methyl. Table colors correspond to Figure 41.

ndicationsafobffibeabndndi and hhee been

Dominant
Study / plant
Location community Major findings Application Mixture
Salix caroliniana decreased from 60 to 50-
Effects of 40%: Osmunda regalis decreased from 30 to
Clearcast 5%, little to no effect on other shrubs; fewer
(imazomox) understory species; Cladium jamaicense
treatment Carolina increased from 50 to 65%; Schinus 64 oz Clearcast, 25.6 0z DLZ, 12.5 gal
BCMCA willow terebinthifolius decreased from 30 to 15% H20/ac
Effects of Sites 1-2 rollerchopped between baseline
Clearcast and post-treatment sampling, so could not
(imazomox) assess actions of herbicide; Site 3 had no
treatment Brazilian change in Schinus terebinthifolius coverage; | 64 oz Clearcast, 25.6 oz DLZ, 12.5 gal
FDMCA pepper fewer understory species H20/ac
Salix caroliniana decreased from 75 to 50-
Effects of 35%, but resprouted from lower portion of
Garlon 3A trunks/branches; Myrica decreased from 15
(triclopyr) to <5%,; Sagittaria lancifolia increased from
treatment Carolina <51t0 10 %; Cephalanthus occidentalis 2 gal Garlon 3A, 5.12 oz Interlock, 25.6 oz
SIJMCA willow increased from <5 to 10-25%. Sun Wet, 20 gal H2O/ac
Spartina bakeri - minor increase at Site 1 (70
Effects of to 85%) and minor decreases at Site 2 and 3
Garlon 3A (55 to 45% and 75 to 50%); Sagittaria
(triclopyr) lancifolia increased from <5 to 15%;
treatment Sand Sarcostemma clausem exhibited a major 2 gal Garlon 3A, 5.12 oz Interlock, 25.6 oz
SIMCA cordgrass | increase from 5 to 25%-50%. Sun Wet, 20 gal H20/ac
2004: 2 oz Escort XP, 1.6 oz Sil-Energy, 20
gal Hz20/ac (Leaf off) All Quads
. - . . 2005: 2 oz Escort XP, 1.6 oz Sil-Energy, 20
Salix carollplana remained unaffected L_Jntll gal Hz0/ac (Leaf on) Quads 3-6
2012 and disappeared by 2013; Lygodium | 545 5 o7 Escort XP, 25.6 0z Sun Wet
Effects of was unaffected un.tll 2012 when there was a MSO, 20 gal HO/ac (Leaf on) Quads 4-6
multiple decrease in cover; Myrica cerifera was 2009: 2 07 Escort XP. 20 0z Sun Wet
Escort Mixed unaffected until 2012 and disappeared by M ' '
. SO, 15 gal H20/ac (Leaf on) All Quads
(metsulfuron shrub/ 2013. There were some off-target species 2010: 2 07 E tXP 1.6 02 Sil E 4
methyl) herbaceous | effects by 2013 where native, herbaceous - £ 02 ESCOT » 1.0 02 Sl Energy,
treatments species showed increases (Cladium oz Interlock, 20 gal Hz0/ac (Leaf on) -
SIMCA jamaicense and Juncus effusus) and an Q“aqs 2-6 .
exotic shrub (Ludwidgia peruviana) invaded 2011: 2 oz Escort XP, 1.6 oz Sil Energy, 4
and increased in cover. oz Interlock, 20 gal H2O/ac (Leaf on) - All
Quads
2013: 2 ozs Escort XP, 25.6 0z DLZ,20 gal
Hz2O/ac (Leaf on) - All Quads
Salix caroliniana - treatment plots had a
significant reduction in cover up to 5-yrs
Effects of . post-treatment, _V\_/hereas control plots
single Escort Ca_rolma showed no ;l_gnlflcant char_lge._ Total canopy
(metsulfuron WI!|OW/ had no significant change in either treatment | 2 oz Escort XP, 4 oz Interlock, 25.6 0z Sun
methyl) Mixed or co_ntrol plots because_ of oth.er woody Wet, 20 gal H20/ac
treatment Shrub species cover (e.g. Myrica cerifera).

Understory in treatment plots - increased # of
species, increased cover of forbs and
graminoids, reduction in ferns, loss of vines.
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Figure 42. RLCA study plot in May 2007 before first roller chopping (SJRWMD unpublished
data).

Figure 43. RLCA study plot in May 2008, one year after first roller chopping and before
second roller chopping (SJRWMD unpublished data).
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If roller chopping is followed by an énded period of total inundatiototal elimination of
willow can occurIn the study by Ponzio et.g006)in SJIMCA, roller chopping fecdwed
by complete inundation k.6 ftwateror deepefor five morths completely eliminated
willow for at leastfive years after inundation (Figure p4

Figure 44. Progression of herbaceous marsh restoration in willow roller chopped areas in
SJMCA: (a) willow coverage prior to chopping in March 2001; (b) willow chopped area one
week following chopping in June 2001; (c) deep water (2.6 ft) conditions in September 2001,
and (d) herbaceous plant re-establishment in Mar 2004.

Similarly, in RLCA, roller chopping followed by water levels at least 1 ft deep for three
months complelly eliminated willow (Figure 4bwith little to no recolonization of wdw

after seven years (Figure ; 48JRWMD unpublished datdp the RLCA study, willow
coverage prior to the second application of roller cirappanged from 2590% Two

months after the second roller chopping in 2008, thevaasadeeplyinundatedoy Tropical
Storm FayOne yeatater, willow coverage ranged from00%, with 75% of plots having no
willow coverage at al{Figure 45. Six years post roller chopping and extended inundation,
there was no willow coverage on 83% lo¢ fplots and 17% of the plots haol more thari%
willow cover (Figure 46.
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Figure 45. RLCA study plot in 2009, one year after second roller chopping and five months
after 3-month continuous inundation due to Tropical Storm Fay. Notice the non-roller
chopped willow area in the background (SJRWMD unpublished data).

Figure 46. RLCA study plot in 2014, six years after second roller chopping and extended
inundation. Notice the non-roller chopped willow area in the background (SJRWMD
unpublished data).
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Ponzo et al. (2006) found increased richness of plant species on all roller chopped plots
during all four years of the studglowever, freefloating plants became the dominant species
on roller chopped plots and sawgrass plants, which were a small compbtient o
community, did not survive roller chopping nor recolonize afterw&®dshe RLCA study
plots, plant species richness did not differ substantially@esuspostroller chopping
However, a significant loss of plant species richness occurredtateecond roller

chopping and the subsequent extended inundation by Tropical StoriNdweytheless,
coverage of the main understory plants, maidenddaei¢um hemitomgrand sand
cordgrasgSpartina bakel), achieved preoller chopping levels biwo to fouryears and the
entire study area was able to carry a prescribed burn four years after the roller
chopping/inundation eventonsequently, roller chopping can be used to remove adult
Carolina willow with limited effects on plant species richnésg must occur during

extremely dry periods to support machinery on muck/peat soils and must be followed by an
extended period of inundation, conditions that are not easy to anticipate or manipulate.

On other Districproperty a combination of roller choppirand herbiciding has been
successful in removing Carolina Willow and other undesirable weedgtationin 2012,

329 acof primarily willow were roller chopped on theake ApopkaNorth Shore in
Orange/Lake CountfFigure 473. Most Carolinawillow and eldeberry Sambucus nigrasp.
canadensiswere successfully removed by the roller chopping alblegvever, immediately
following roller choppinggcastor beanRicinuscommuniy invaded portions of the treated
area Less than a year later, areas wheagolinawillow hadpersisted, primarily along

canals and ditches, and where castor bean had colpnigeslherbicided using 22 and
imazapyr This herbicide treatment resulted in the removal of the remaining woody
vegetation (SJRWMD unpuBled data)Similary, 35 acof Carolina willow wereroller
chopped in the Sunnyhill Restoration Ar&RA, Figure 4Yin Marion County in June 2013
and drainageitches within the area were backfilled in July of that same reé#ne fall of
2013, the area was herbicidediwimazapyr By summer 2014, no willow remained in the
treated areaDuring that same time period, water levels within the area increased by 1.5 ft
and then increased another 1.5 ft between 2014 and PRé%elatively sudden increase in
water levels orthe roller chopped and herbicided area probably assisted in the prevention of
the regrowth and recolonization of the area by Carolina willeigufe 48 SIRWMD
unpublished data)
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Figure 47. Location of Sunnyhill and Lake Apopka North Shore Restoration Areas in the
Upper Ocklawaha River Basin in Central Florida.
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