s of

aetits
Shell-

a Salt
rabion

noand

roduc-

1 Pre-

wement

msport

WIrot-

lurshes
cer and

cloping
slogicul

ed Sul-
50

wleod.
UK fol-

Science
Manip-

Swatny,

Selence

d Levee
1.

litigation

oS

ol s ot e

St it s 49N

Chapter 4

Vegetation Responses to 'l'idal Restoration

STEPHEN N Satrrir anp R Scort WARREN

Vegetation is perhaps the most conspicuous manifestation of hvdrologic and
physicochemical processes that have been transforimed by both tidal restrictions
and subscquent enhancements of tidal flow (restoration). The plants themselves,
both living and dead, make up most of the above- and belowground physical struc-
ture of tidal marsh systers, while plant vigor, species composition, and phenology
are indicators of ecosystem condition (Zhang et al. 1997; Tuxen ctal. 2008). Thus
monitoring and analysis of plant community change are vital for assessing the im-
pacts of tidal restoration (Callaway et al. 2001).

Unfortunately, coastal marshes worldwide have been altered dramatically by
the restriction of tidal exchange by various forms of human development. As a re-
sult, many tidal wetlands have undergone decades to centuries of degradation. Re-
turning scawater flow to these systems started gaining popularity in New lingland
in the 19805 (Warren et al. 2002), and these projects are now occurring with in-
creasing frequency throughout the United States. However, the rate at which we
are now retuming tides to restricted salt marshes has greatly outpaced efforts to
quantitatively monitor vegetation in ways that can support rigorous analvses of the
tmpacts and effectiveness of this work. This has hampered our ability to evaluate
progress and anticipate change. In reality, responses are quite variable. However,
these variations are of great interest in that they enhance our understanding about
the recovery process and the range of possible outcomes.

While there are some syntheses on vegetation responses to tidal restorations
(Zedler 2001; Warren et al. 2002; Konisky et al. 2006), this chapter adds new in-
formation and further explores some of the ccological factors that may influence
plant communities and trends of individual plant species during the restoration
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I ffects of Tidal Restrictions on Marsh Vegetation A
f Largets
I vegetation rcspm‘xds lo tidal restriction. I R

P ois bl w el inderstood how mars

Spates and Atlantic Canad awenien:

Ly, salt marshes are dominated

ihe northeastern United
by perennial G grasses Spartind alterniflora tsmooth cordgrasst, Spartind putens : spectru
Lealt meadow cordgrassi, and Distichlis spicatd (spike grassh. With 1 reduction : R
ceawater How, salinities Jecline, marsh soils become drier aud begin to onidize, 1 Aur &
i these and other native haloplntic graminoids Al forbs are tepicatly replacad f Vhpeatuig
with mmonocnifures of niskres of Pliragmutes australis teommon reedy, Typha an- i cion, T
austifolia (narrowleat cattaib), Typha latifolia (cattaiby, and Lythnan salicaria tpur- : et e b
ple Toosestrifer (Roman et A1 198+ Roman ¢t AL 1995 Burdick et al. 1997 : seales, !
Where salinities fall below ;q')pmximntdy I part per Hiotsand, a varicty of fresh- | change
water wetland taxa may becorne established te.g., Ronan ctal. 198+ Severe dry- £ to et
ing from lack of tidal looding can event allow upland forest communities to de- a specific
velop (Portnoy and Revnolds 19973, Lrrespective of how marshes change m i doEsn’
responise to fidal restrictions, the resulting plant comnuinitics soon beeome dis- Zaallar s
{ e ceosystenm services provided [ catiBr is

sinular to the ()riginu\ comuinity, and nmany o

120091, Thus the ultunate goal of tidal resto- and She

by salt marshes are fost (Gedan etal. =

wation is to regain to the maximum extent possible the ceological function of these thinling

wetlands, whicluencompisses many different processes, imcluding the provision of that re-!

suitable habitat for wildlife, nutnent rransformations, water qtmliky maintenance. T

pritnary and sccondary pr()n\n(‘h\'ity. carbon sequestration, flood abatement, and P
hrough vegetation analvsis. short t

be evaluated in partt

others. These functions can
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ihev norntally would be

qcross clevations from whicl lhere

many
spread of high marsh species
communities through enhanced
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z
F thiece % over Soalterniflora (Buchshbaun ot 4l 2008). Finally, reference niarshes can show
r significant change at relatively short time scales, meluding annoal tDunton ot al,
2001, maltivear Donnelly and Bertness 20011, and decadal periods (bell et al. N
2000Y. Over the longer term, sea level rise may translate to continually changing "
! trgets «Chiristian ot al. 2000). Thas it may not be realistic to expect restoring
on. In narshes to aitain a high degree of similarity to reference sites, and adaptive man- :
inated agement—the iterative process of making the best possible decisions within "‘
patens spectrume of uncertainty based on svstem monitoring and assessiment—inay he- O
fiof in come an mvaluable component of the restorahion process. A
midize, Ancimportant point made by Warren et al. 12002) and others tHackney 2000; |
placed Visey and Holl 20077 provides some perspective on the reference marsh discus. :
sha an- ston They emphasize the need to go bevond cvaluating marsh restoration in
‘a ipur- , terms of equivalence to reference communities, targeted cud points, and time B
19971, scales. Instead, they argue, the goal of tidal restoration lies in the process of
{ fresh- ' change itself—from a degraded landscape to one that at leasi has the opportunity
cre dnv- to develop similarities to the onginal ccosystem. Morcover, the value of achieving
5 to dé— specifie vegetation targets is himited anyway, since cquivalent vegetation structure
nge in ‘ doesn’t always translate to equivalent function (Zedler and Lindig-Cisneros 2001
me dis- Zedler 2007). Stilarly, Hackney (2000) suggests that real progress towird resto-
ovided ration is best measured by positive trends rather than specific end points. Morgan 4
1L resto- and Short (2002) and Vasev and Holl (2007 emphasize the need to readjust our ‘
f these thinking about target commumities and restoration success. Instead, they suggest ks
isien of that restoration targets need to be related to processes within « dynamic landscape
nance, in which a wider spectrum ot ecosystem types are considered. 3
nt, and Fxamples of such trend analyses include Roman et al. (2002), who reported on g
T short- term positive gains in native halophyte abundance comnerding with decreas- E:
ing Phragmites. Smith ct al. (2009 documented mcreasing halophyte cover cor- i
responding with an expansion of salt marsh spatial arca. Konisky ct al. (2006) ana-
lyzed vegetation shifts from multiple restoration sites and generally observed
Jpecics. nitial decreases in Phragmites cover, with increasing halophyte cover over time. ;
& halo- Buchshaum et al. (2006 noted that, despite an initial lag phase, significant in- g
change V creases in S. altemiflora had occurred four years postrestoration, coincident with a
nerges. decrease in Iypha and Phragmites.
5, there E
1gland, ; Vegetation Responses to Tidal Restoration '
ng the ‘
suld be : There is some debate in the literature about our ability to predict outcomes of i
Jrain et tidal restoration (Simenstad and Thom 1996; Thom 2002). But while there cer- 3
has in- , fainly have been surprises, marshes in the New England region and elsewhere re- ;
patens spond to tidal restoration in a somewhat predictable manner. Although indivichual
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pecies tolerances Jdiffer. freshwater wetland and upland taxa will succumb to
Lcawaler exposure rather quickly. I fact, a significant ancillary benefit of ticdal

restoration is that many lide-restricted tloodplains and peripheral areas are in-
ot fosted with a variety of aquatic and terrestrial nonnative invasives and many ot
472 : (hese species (e.g., Rosd multiflora jmultitlora rose |, Lonicerda spp. {honeysuckles).
Celastrus orbiculata loriental bittersweet], and Lythrum salicaria [purple loose-
Atrifel), are not salt or flood tolerant and are quickly climinated by increased tidal

B e s

How.

The rapid decline of salt-intolerant species 13 followed by variable rates of re-
colonization by halophytes. Annual forbs, especially Salicornia spp. and Suaedd
B pp-. tend to populate newly restored salt marsh areas first (Lindig-Cisneros and
: Jedler 2002; Wolters ¢t Al 20054; Fell et b 2006: Smith 2007 Smith et al. 2009,
Bowron et al. (2011) thig. +.1). This scems to be a widespread response (€8, At
Jantic Canada, New England, California, cte.) and is largely a consequence of

2 cnall seed size and prolific seed production compared with perennial grasses (K-
o 4 . ) Y 5 5 - N b o .-
) 5 lison 1987). Colomzation of new areas bv Spartind alterniflora initially depends
.._"'.: f

FIGURE 4.1. Spartind alterniflora, Saliconia virginicd, and Limonium carolinianum replac-
ing Phragmites australis in response to inereased tidal exchange. (Photo courtesy of Stephen

Smith)
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umb to
of tidal
S dare -

npon sceds, but thereafter vegetative growth becomes mereasingly important for
expansion (Metealf et al. 1986). This has been shown to be the case for 4 closely
related species, Sparting densiflora (denscHlower cordgrass), which was infro-
duced to California and after initial colonization rapidly proliferated through
tiller production (Kittelson and Bovd 1997). In any event, rates of seed germina-

fon, recruitent, and vegetative growth ure regulated by many factors, and there

1
)
4
b

many of
suckles).
le loose-
sed tidal

may be substantial lag time before S, alterniflora becomes dominant ¢ Buchsbaum
ctal. 2006; Fell et al. 2006, Konisky et al. 20061, Overall. the relative importance

oo S s e it . it

o Of T of sexal versus asexual reproduction in the expansion of s, dalterniflora is not vet
I Sudeda well understood and may be unpredictable from site to site.

s and S. patens has smaller seeds than S, alterniflora and therefore disperses more
Al 2009 , casily. In this way, scattered. small populations can establish in arcas of the nrsh
le.g., Ak : that are remote from source populations (Smith et al. 2009). If a signiticant
qance of amount of marsh subsidence has occurred, however, S. alterniflorg may be -
Asis (EL tally favored over S. patens duce 1o its ability to produce better developed
depends acrenchyma to withstand longer periods of fHooding (Naidoo ot al. 1992). Tt may

take some time for S. patens to become established, with cover mereasing as ac-
cumuilation of sediments andd organic matter slowly increases marsh surface eleva-
tion. Distichlis responses are quite variable (Barrett and Niering 1993; Raposa
2008), perhaps because it frequently colonizes disturbance patches (bare ground)
onlv to be outcompeted bv S, patens (Bertess and Shunway 1993,

Brackish species can persist across a range of intermediate salinities and scem
to be less predictable, although Typha angustifolia begins to die out at salinitios
of 10 parts per thousand, and I latifolia is considered even less salt tolerant
(Hutchinson 1988, Phragmites can thrive in arcas with salinities between 10 apd
25 patts per thousand, where mterspecific competition from salt-intolerant fuxa

has been eliminated and osmotic stress is nonlethal, but significant decline oceurs
atsalinities close to ﬁlll—sfrcngth seawater (Vasquez et al, 2006; Smith ¢t al. 2009y,
at which point it can be replaced by native halophytes (fig. 4.2). Meverson et al.
(2009) suggest that salinitics greater than 1S parts per thousand are generally suftfi-
cient for keeping Phragmites populations from expanding, but stands can persist
I restoration sites for vears, even with salinities approaching 25 parts per thou-
sand (Burdick et al. 2001: Warren etal. 2002). High sulfide concentrations tend to
accelerate their demise (Hotes et al, 2005). Nohvithstandmg, clonal integration
allows Phragmites to exploit suboptimal habitat, and mature clones can appar-
ently withstand salinity up to 45 percent, sulfide concentrations up to 1.75 mil-
limoles, and permanent mundation, at least for a season (Amesberrv et al. 2000
Chambers et al. 1998, 2003), Purple loosestrife, another widespread exotic of re-

plac- . . : ; .o
r;trq)h n stricted salt marshes in New England, generally does not tolerate salinitics much
Stephe ; | :

above 8 parts per thousand (Hutchinson 1988: Smith etal. 2009y,
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Lion monilonng, plot (Phragimites 1o bare grond

trounrt 4.2 Clanges i penmnent vege
6 in A restoring aiarsh, Hatches farbor,

10 Spartind alternifloray durng the course of forr vear
Cape t o Natiowal Seashore. ¢ Photos conrtesy ot Stephien Sninith)

5

3 Variability in Vegetation Responscs to Tidal Restoration

8 There is soime uncertainty as to exactly how tidal restoration will transforin plant
) comununities and over what time period it will happen. Warren et al. 12002)
4 - ¢ . . . . . . e

P found that rates of vegetation recovery m Connecticut restoratton prmculs ditfered
: by an order of magnitude. In Gulf of Mane mmarshes, Konisky et Al 12000 re-

secies actually declined for the first two vears

o p()rtcd that the cover of halophyte s
after. o New Hampshire, the retum of

following restoration but expanded there

i3 salt marsh vegelation betweena planned versus an unplantied hvdrologie restora-

€2 Hon occurred at vastly different rates and resulted i different FIXONOIMIC COPOSI-
‘x tions (Burdick etal. 1997).

‘ Some systems recover in less than a decade (Burdick ¢t AL 1997 Wolters etal.

\ 2005h; Raposa 2008). o others, such as the lussex estuaries of southeast Fngland,

;. lidally restored salt narshes still ditfer i species Hichiness, composition, and strue-

' ture after 100 vears (Garbutt . Wolters 2008). This uncertainty cmphasizes the

point that a multitude of variables can alter the trajectory of tidally driven vegeta-

are often quite site spectfic. Pre-

& tion restoration. s such, restoration responses

ented nest and in fig. 4.3) area munber of site factors that can contribute fo -
consistencies in vegetation responses: + hould be noted that these are often

interrelated.

Duration and Magnitude of Tidal Restriction

The length of time ander a regime of tidal restriction and the severity of the re-
driction will influence the degree to which vegetation, soil chemistry, soil subsi-
have changed (Roman ¢t Al 198, These, i tum,

dence, and other parameters
ms of vegetation recovery ds discussed in the follow-

can influence rates aund patte

ing subsections.
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Factors subject to biclogical Factors not subject to
management management {the hand you are deait)

[ Malophyte 1eed

teosystemn
Atniity to thrive in ek Hate of raloghyte
: iesitiency
focal conditions colomization

Porewater 0
randitions
Species richness of /
- olaniring vegetatton

Eeotystem resilisncy

- . Survival and
¥4 % % growth of
; b | iclatting - Local climate
g Plant cover loss, {] Recovery of Native (I g -
crasion 1 SaltMarshplant | Sced /
1 C [ germination
Native species { ommunity i~
“stablishment, = k., 3 Subsidence,
trwasive he.

habitat Gegree of vegatation

hange, sod chemistry |
specles structure /

Seed

dispersal

Sait-killed

i
Swad dispersal, prant Resifency;
“pecies distribution “pecies richness
i . '
standing dead Niche diversity, spattal and temporal \
vegetation wpecies richness salinity patterns, Freshwater runatf,
hydrology Hydroperiod  rutrients &

woilution

Microtopography Geomorphic
evolution
{tide creek

development)

Factors subject to
engineering management

Freure 4.3, Factors that imfluence rates and patterns of salt nrsh vegetition recovery fol-
lowing the reintroduction of tidal action.

Note: Those on the right reflect the historv and landscape position of the restor:
these must be considered in design of a restoration project but ure
trol of managers. Those on the hottom can be manipulated through project engineering, both
i the design phase and, with adaptive management, throughout the
mg phase. Biological factors trop left) inclnde sonree and nature
naturallv revegetating and planted svstens, and are the subje
the planning phase. livasive plant species and herbivory are
pated in the planning phase but are addressed through ad
apand monitoring. The asterisk o soil properties indic
engineered in large-scale restoration cfforts (cg
amending soils with organic malter, re
ment, ete,

100 sile:
othenwise outside the con-

follow-up and monitor.
of colonizing plants, in both
ctof management decisions i
potential problenss to be antici-
aptive management during follow -
ates that soil is sometimes managed/
- spraving sediments on marsh surfaces,

gulating sediment delivery through hydrologic INANage-

Hydrology

The importance of hvdrology and the hydrologic analyses th
restoration has long been understood (Coats et al.
though differences in the recovery of sal
taxa like Phragmites are related to differences in tidal Hooding {Wirre
2002), more water is not always better. While facilit
change possible may seem desirable, re
longed or permanent inundation ¢

at must precede tdal
1989; Roman et al. 1993) Al
t marsh taxa and reduction in undesirable

n et oal,
ating maximunn tidal ey
storations that result in are
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stablishiment

03

»



i

!
|
1

i
4

40 SYNfHESES OF FIDAL

RLﬁ'I(H(,\HH\ Stk el

w0 tead to macroalgace blooms and/or -

laction. Tidal restoration may also produce @ much higher

I due to sorl subsidence and a high frequency of flooding
1 1990; Burdick ¢ al.

(Rozas 1995) Such conditions may al
creased mosquito proc
proportion of low mars
colative to the needs of high sl
{997

1 species (Sinicrope eta

Topography

\arsh surface elevation in celation 1o tidal regime and topographic heterogenety
he development of recovering marshes (Roman et al. 1995
ile salt-intolerant species generally decline
sersist at higher clevations (Bar-

is a4 critical factor vt
Wolters ct al. 2005b). tor example, wh
quickly in response (o tidal restoration, they may |
cett and Niering 1993; Warren et Al 20027 A gentle clevation gradient, combimed
can allow Phragmites to migrate away from unstiit-

d into new areas (Smith et al. 20093, Restoration

hic niches tend to support

with incremental restoration,
\ble conditions and cven expan
sites with large clevation ranges and nrny topograp

higher species diversity (Vivian-Smith 1997,

Geomorphology

Marsh geomorphology can Affect a variety of physical and biological processes, in-
cluding erosion, sedimentation, heterogeneity of habitat, and drainage (Torres ct
a4l 2006). 1f the hydrologic network s Jost as a result of tidal restriction, flooding
and drainage dynamics may be dramatically altered from the original system.
With restoration, itis difficult to predict how tidal erecks will redevelop, especially
when subjected to disturbances like storm events (‘teal and Weishar 2005; Zedler
and West 2008). The emerging hydrologic pattems are import
crecks influence seed dispersal (Chang ct al. 2007, gradients of plant specices as-
(Sanderson ¢t al. 2000: Morzaria-Luna et al. 2004, plant vigor

semblages
(‘.\1cndc\ssohn and Morris 2000), and marsh maturation (Tyler and Zieman

1999).

ant given that tidal

Pore Water Chemustry

Salinity and sulfide act individually and synergistically. Flevated salinity alone
axa, but well-drained soils with Tow
o1 some brackish species like
Ifide, the latter of which depends
rties, will result i more rapid losses {Chambers
actually enhance Phragmites habitat

will climinate or greatly reduee freshwater
levels of sulfide may not cause d signiticant decline
Phragmites. High sahinity combined with high su
upon hydroperiod and soil prope
ot al. 1998). However, tidal restoration can
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Vegetation Responses (o Fidal Restoration 0o

by replacing freshwater with brackish conditions
Al 200951 shonld be noted that the duration o

course of the growing scason is Kevito plant res)

(Smicrope et al. 1990 Simith ot
Fapecitic saliity levels over the
YONSCS sinee transient CXPOSHEes to
high salinities mav not he 4 significant stress (Whigham ot 41, 959 Howard and
Mendelssohn 1999,

Soil Properties
Organic matter content influences many sotl properties

capacity, porosity, nutrient storage, nutrie
and abundance of sediment-dwe

s including water-holding
nteveling, and the species composition
Hing invertebrates (Broome et al 20007 It is well
Known that organic muatter amendiments in created

wetlands generally enhance
the sunvivorship and

growth of vegetation (O'Brien and Zedler 2006). Soil
dratnage influcnces the vigor of marsh plants, whic
ot the root zone (Pezeshki 1997 Ve
fant aspect of soils is the degree
introduction of scawater to acid

liis enhanced by oxvgenation
ndelssohn and Morris 2000). Another nmpor-
to which acid sulfates have developed. The re-
sultate soils could terporarily result in sulfide in-
creases and nutrient release tPortnoy 1999 Johnston et al. 2009,

Nutrients

To a certain extent, nutrients are beneficial and will stimulate recovery of marsh
vegetation. Yet an excess of nutrients may stinmlate macroalgae blooms or alter
species composition (Valiela et al. 1976: Hunter et al. 2008). It has been shown
that S. alterniflora outcompetes S. patens under conditions of nmtrogen cnrich-
ment (Levine et al. 1998; Bertness of al. 2002;

» Wigand et al. 2003). The abun-
dance of Phragmites has also been positively correlated with nutrient mputs

{Bertness ¢t al. 2002; Minchinton and Bertness 2003). Iy addition, nutrient en-
richment can have cascading trophic effects as vegetation is made more palatable
for first-order consumers (Bertness et al. 2008,

Seeds

The recolonization of salt marsh vegetation is highly dependent upon proximity
to existing seed sources, the size of source populations, extant seed b

anks, the dy-
namics of dispersal, and

conditions for germination. At 4 Cape Cod National
Seashore restoration site, lack of any existing or
prompted multiple vears of hand-seeding
with native halophytes, Restoration are

nearby source populations
and plantings to inoculate the system

as with some remnant halophytic vegeta-
ton or populations in close proximity to the restored areas with

a hydrologic
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connection are likely fo experienee more rapid recolonization (Wolters et al.
2005a; {pfanzadels etal. 20103,

Composition of extant halophte populations is nmporfant too. Anmd speaies,
particularly Salicontia spp. and Syaeda spp-, tend o colonize newly created salt
aarsh arcas lirst {Lindig-Lisneros and Zedler 2002, Wolters et b, 2005a; Arntage
LAl 2000, Smith etal. 2009). Seeds are tpically dispersed by surfnce waler cur-
cents (Dansse et al 200%) and to i tewser extent by birds and mammals (Wolters ¢t
Al 2005y Yet dispersal can be inhibited by large areas of standing dead saltkitled
vegelation because i seeds are trapped v rack material that becomes en-
tingled it or piled up along tie downstream edge (\inchinton 2006 Smith
2007 Chang et al, 2007, 20030,

Numerous abiotic factors such as temperature, photoperiod. soil salinity, and
oil moisture influence weed genmination Miller and Egler 1950; Zedler and
Beare 1986; Bertness 1991: Noe and Zedler 2000, 2001y, Salinity atfects the phys-
ical buoyancy, and thus dispersal, of seeds (llsey-Quirk ctal. 20097, High levels of
bioturbation can suppress seed gepmination, as has been found m subtidal cel-
(rass (Dumbald and Willie-Iicheverra 203). The development of algal mats can
hibit seed germination by smothering ceeds and new scedlings (Jensen and Jet-
feries 1984 Callinvay and Sullivan 2001).

IHerbivory

A\ varicty of herbivores, inchuding muskrats, snow geese. Lisects, snails, and crabs
can influence salt marsh vegetation (Iynch etal. 1947; Smith 1982; Holdredge ct
A1, 2009). Their cffects are variable, butat high enough Jevels grazing can result in
i inhibition of vegetation development, declines in seed production, or, i some
cases, a complete loss of vegetation ( Bertness et al. 1987, Kutjper and Bakker
2003: Holdredge ct al. 2009). Llewellvn and Shafter (1993) advocated for the
planting of herbivore-resistant species in Louisiana freshwater marsh restorations.
[ferbivore impacts 0N MANGrove propagules have long been recognized as signifi-
cant factors influcncing the suceess of mangrove forest restoration (Kaly and Jonces
1998).

Genotype

The genetic fitness of plants is perhups an overlooked factor o marsh restoration

(Proffitt et al. 2003, 2005). Seed genmination and seedling growth are affected by

genotype ( Biber and Caldwell 2008). Genotype will also play a role nstress toler-
ance (Pezeshki and Delaune 1995: Howard and Rafferty 2006}, and the develop-
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