The Concept of a Hydrophyte
for Wetland Identification

Individual plants adapt to wet environments

ctlands have been com-

monly viewed as transi-

tional habitats between
deepwater aquatic systems and terres-
trial systems. Although often found
along rivers, lakes, ponds, and estuar-
ies, wetlands also exist on gentle
slopes or in tsolated depressions sur-
rounded by uplands, Wetlands can be
considered to occur along a natural
sotl-moisture gradient berween per-
manently flooded deepwarter areas
and dryland (Figure 1), Wetland hy-
drologic conditions, therefore, range
from permanent inundation by shal-
low water or permanent soil satura-
tion to penodic inundation or soil
SALUTAtiOn.

The varied hydrologic regimes asso-
clated with wetlands create a diverse
set of environmental conditions that
require plants to rolerate different de-
grees of werness, Numerous studies
have been conducted in marshes,
swamps, and bogs throughout the
United States in an effort to better
understand ccological functions and
relationships. From these studies, ecol-
ogists have described certain plant spe-
cles and commumities as characteristic
of werlands. But recent ohservations
reveal a more complex sitnation.

As soil werness decreases alang the
gradient between flooded and dry ar-
eas, plant composition gradually
changes from a more typical wetland
community to a transitional commu-
mry where wetland plants intermix
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Wetlands must be
properly identified

with mesic species, making wetland
identification challenging. If plant
species are used as the sole criterion,
distingwishing wetlands from other
communities becomes somewhat ar-
bitrary at some point. But when such
an area has wetland hydrology (e.g., a
seasonal high water table or standing
water for prolonped peniods during
the growing season), it must be con-
sidered to function as a wetland, al-
though its vegetanon might not be
that of a rypical wetland. If a sole
criterion was developed for wetland
identification, it would certainly be
one based on the hydrologic condi-
tiens associared with wetlands rather
than on the vepetation occupying
such sites, After all, wetlands hydrol-
ogy is the essence of all wetlands—ir
is their creator.

Recent arrention has focused on
determining the boundaries of wet-
lands for regulatory purposes. Today
it is crtical to know the limits of
wetlands on individual parcels of
land, because many acrivities (e.g.,
dredging or flling) require federal or
state permics before commencing
work in wetlands, Because "hvdro-
phytic vegetation™ is a major determi-
nant of federally regulared wetlands
and 15 the chief determinant for regu-
lacion in some states (e.p., Massachu-
serrs), it has become mcreasingly im-
porrant 1o speciby plants as wetland

indicators. Therefore, the concept of
bydrophyte as it relates to wetland
identification and delineation is of
major importance.

In chis arricle, 1 give examples of
species occurring in both wetlands and
dry habitats, and I examine the concepe
of I:r}dmp#:yte as 1t relatesto wetland
identification and delineaon. 1 argue
that the concept should not be re-
stricted to species but must be applied
to individual plants adapted for life in
water or saturated soils. This broader
concept is also reflected in the recent
Federal Manual for Identifving and De-
lineating Jurisdictional Wetlands
(FICWI 1989, which is used for iden-
tifying wetlands in the United States, |
further contend that, in many cases,
plant community compasition is not
conclusive in differentiating wetland
from nonwetland and that other fac-
tors (i.e., landscape position, soils, and
hydrology) must be considered in mak-
ing a decerminarion.

Hydrophyte defined

Evolving views of the hydrophyte,
Hydrophyte is not a new term. The
prefix bydro suggests thar the plant
community is living in water or in a
water-dominated environment, Al
though the word bydrophyta had ap-
peared earlier in a report on plant
geography (Schoww 1822} the word
did not recerve widespread usage unil
the 1900s. In the fArst plant ecclogy
text, Dutch planc ecologist Eugenius
Warming {1909 wsed pydrophyes
along with other terms o describe
various habirat forms {cog., halo-
phyte, mesophyie, and xeroplytel.
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Hydrophytic vegetation criterion from
federal wetland delineation manual

An area has hydrophytic vegetation when, under normal circumstances:

® more than 50 percent of the composition of the dominant species from
all strata are obligate wetland (OBL), faculeative wetland (FACW),
and/or facultative (FAC) species, or

®a frequency analysis of all species within the community yields a
prevalence index value of less than 3.0 (where OBL = 1.0, FACW =
2.0, FAC = 3.0, FACU = 4.0, and UPL = 5.0).

Caution: When a plant community has less than or equal to 50% of the
dominant species from all strata represented by OBL, FACW, and/or
FAC species, or a frequency analysis of all species within the communiry
yields a prevalence index value of greater than or equal to 3.0, and hydric
soils and wetland hydrology are present, the area also has hydrophytic
vegeration. (Note: These areas are considered problem arca wetlands.)
FICWD» 1989
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The term bydrophyte originally re-
ferred to plants growing in water or
very wet soil, and these species were
largely herbaceous. Today, any plant
living in water or on a substrate that
is at least periodically anaerobic due
to excess water 18 defined as a hydro-
phyte. Consequently, more species
(woody plants and herbs) have come
to be considered hydrophytes.

A variety of technical definitions of
hydrophyte, developed by scientists
familiar with aquatic or wetland
plant ecology, have been published
in scientific journals, limnology
books, wetland plant field guides,
wetland identification and delineation
manuals, and wetland classification
reports. One general definition—
plants growing only in water—is
much too restrictive (o be meaningful
in defining wetlands, because most
marshes, swamps, and bogs are nor
permanently flooded. A second defini-
tion of a hvdrophyte—a plant growing
in water or on wet soil—is more ap-
plicable for wetland identification.

Only in water. The definition of hy-
drophytes as plants growing only in
water was used in various plane-
habitat or life-form classifications
{e.g., Braun-Blanguet 1932, Raunki-
aer 1934, Warming 1909). This view
emphasized that the perennating or-
gans of hydrophytes are submerged in
water during the cold winter or the
hot, dry summer, so that these plants
can survive such unfavorable times.

Warming (190%) identified two
“oecological” classes associated with
“wery wet” soil: hydrophytes (plants
with submerged organs growing in wa-
ter} and helophytes {marsh plants with
foliage growing -above the warer sur-
face or in wet soil). He stated that
“there is no sharp limit between marsh-
plants and land plants” (p. 185). He
recognized that the “boundary” zone
of wet land (with plants living an am-
phibious cxistence) represents a grad-
ual transition from terrestnal to aquatic
conditions and that in some forested
areas, “it is impossible to establish any
sharp distinction between swamp-
forests and forests on dry land” (p.
1923,

[n water or on wet soil

Clements (1920) alsa recognized he-
lophytes (which he defined as am-
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phibicus plants rooted o warer or
mud), but he included them as a sub-
sroup of hydrophytes, In their classic
textbook on plant ecology, Weaver
and Clements {1929) stared that “oyp-
ical hydrophytes grow in water, in
soil covered by water, or in soil thar is
usually saturated” (p. 336). They di-
vided hydrophytes inta three groups:
submerged, floating {including floar-
ing-leaved), and amphibious, They
noted that “amphibious plants have
wide range of adjustment and may
prow for a tme as mesophyres or
partially submerged” and thar chey
are the “least specialized of water
plants™ {p. 343}, This remark sug-
gests thar the distinction berween cer-
tain hydrophytes and mesophyres is
not necessarily ¢lear.

Daohenmire {1947 included, as
hydrophytes, aguarics growing 1n wi-
ter and “swamp and bog plants which
inhahit soils containing a quantity of
water thar would prove supraap-
rional for the average plant™ (p. 148
He divided hydrophyres o five
“maorphoecologic” groups: lloaring,
suspended (e.g., phytoplankion}, sub-
merged anchored, floaning-leaved an-
chored, and emergent anchored. o
the last group, Danbenmire included
bald cypress and mangroves [ Minzo-
phora and Awvigennia) und srared that
“many sedges and willows, erc. are
transitional berween this group and
mesophytes in that they grow in wel

Tigure 2. Whire warter lily [Nvmghaea odorara) and ether pla
are commonly ealled aguane plinsss They are hydrophyres by all dehnmens,

Aprif 1991

soil where the water table is close 1o
the surface” (p. 152

The modern hydrophyte. Today, the
most widely used defininons of by-
drophyte come from federal manuals
used to delineate wetland boundaries
for regulatory purposes or W inven-
tary US wetland resources. These def-
initians are essentally that of Davben-
mire (1968): plants chat grow io
warer or i1 substrares that are, arleast
periodically, anaerobic due 1o excess
warer. This concept of hydrophyte
was consistently presenred in written
marterial among the federal agencics
even before the development of the
Eederal Manpal for ldentifyving and
Delineating Jurisdictional Wetlands
(FICWD 1989).

Today's concept s similar o the
earliest concepts of Warming and
Clements, if one combines their cate-
gories of helophyre and hydrophyte,
and includes plants on penodically
saturated soils as well as in water or
mud. These early plant ecologists rec-
ognized the aimilanities berween cer-
tain hydrophyres and mesophytes or
werrestrial planes and rthe limitations
of using, plants wo separate werlands
from nanwerlands,

Categorizing plants

Plancs growing only in water (2.2,
lakes, ponds, rivers, and coastal wa-
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Recent definitions
of hydrophyte

Any macrophyte that grows in
warer or on a substrate that 15 ar
least peniodically deficient in ox-
ypen as a result of excessive water
content; plants typically found 1n
wetlands and orther aguaric habi-
Litls,

Federal Manual For Identifying

and Delineating  Jurisdictional

Wetlands
FICWD 1989

Large plants imacrophyres), such
as aquatic mosses, liverworts,
nonmicroscopic algae and vascu-
lar plamis, thar grow in pernina-
ment water or on a subscrate thar
is at least periodically deficient of
oxygen as a result of excessive

arer contenr. This term includes
bath aguatic plants and wetland
plants,

A Wetlgnd Identfication
ard Delineation Manual

Sip]_ﬂe 3933

Any macrophyte that grows in
water or on a substrate that is at
least periodically deficient in ox-
ypen as @ result of excessive water
content; plants typically found in
wet habitats.
Corps of Engmeers Wethonds
Delmeation Manual
Enviconmenzal Laborarory 1987

Any plant growing in warer or on
a substrare that 1s at leasr period-
ically deficient m oxygen as a
resulr of excessive warer content,
FWS Classification of Wer-
lands and Deeprater Habitars of
the Uinnted States

Cowardin ee al. 1979

Any plant prowing in a soil that s
ar least perindically deficient o
pxvgen as a result of excessive

Wiler CONCENT.
Plant Comnmnities: A Text-
book of Plant Synecology
[Faubenmire 1968
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Figure 3. Examples of some morphelegical and other adagtatons that may be used to recognize hydrophytes: (a) buteessed trunk
znd pneumatophores {knecs") of bald cypress (Taxadien distichuns—rrees growing in wetlands subjecr to prolonged inundation
tay show signs of buttressing; (b) prop roos of red mangrove (Bhizophors manglel; () shallow root system of Oregon ash
(Fraxinus latifolia), a commaon trait in many wetland plants; () aerenchyvmouny stem of a hydrophytic form of rattlebush (Secbanis
driemmondity growing on an cxposed pond shore (compars this with & recreswial form lacking acrenchyma, on lefr with roots
exposed, that was growing just 15 feet away); znd (e} oxidued chizosphere along roor (nore the dark staining, acrvally reddish

brown, of the soil aloog the roor), evidence of a plant living under, ac lease perindically, anaerabic conditions.

toes) are unguestionably hydrophyies
and are often called aguatic plants
(Figure 2}, These plants usually can-
not live outside of water for any sig-
tilicant period of time because most
desiccale rapidly on exposure to air.
They include nonvascular plants (e.q.,
maring algae, freshwacer algae, and
aquane mosses and liverworrs] and
vascular aquatic plants (e.g., water
lilies, pondweeds, and nalads). Wet-
lands contain many aquatic specics,
Mast plants i wetlands are self-
supparting vascular planes thar emerpe
from shallow water or grow in period-
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ically Nooded or saturated soils. Some
common species that only accur in
wetlands and water are presented in
Table 1. Pericdically inundated or
saturated soils also include many
ather specizs that grow 1o varying
degrees in borh werlands and nonwet-
lands.

Because vegeration 15 considered a
characreristic fearure of wetlands, the
federal government has compiled a
national list of vascular plan species
thar occur inowetlands (Reed 1985).
The list contains {four “wetland indi-
cator cateparies’ {Table 20 based on

differences in expected freguency of
occutrence of a plant in wetlands;
obligate wetland {(OBL), faculeacive
wetland (FACN), facultanive (FAC),
and facultative upland (FACU)L
Most wetland scientists recognize
both OBL and FACW snecies as indi-
carars of wetlands, because these spe-
cies are more often associated with
wetlands than nonwetlands, [n some
regions, however, a plant species may
not be as good an indicator as it s 0
others (Table 310 To reflect this varn-
ation, the national lisc containg re-
gional indicators for 13 different re-
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gions. Intrarcgional differences exist
in some speoies, but such assessment
was beyond the scope of the original
effort.

The national list of wetland plants
contains 6728 species out of a total of
approximately 22,500 vascular plant
species that exist within all habitats in
the United States and its territorics
and possessions (Reed 1988). Only
27% of the national wetland plant list
is represented by OBL species.! The
majority of listed species, therefore,
grow in both wetlands and nonwet-
lands to different extents, Of the na-
tion's flora, 31% of the species occur
often enough in wetlands to be on the
list; the majority of US plant species
are virtually intolerant of flooding or
prolonged soil saturation during the
grnwmg SCAS00N.

The disagreement aver whart is or is
not a wetland plant, or hydrophyvre,
beging with FAC species. These spe-
cies, by definition, have a broad eco-
logical amplitude with no affinity for
wetlands or nonwetlands and, there-
fore, are not indicative of either. The
controversy 1s centered on how these
species should be used in applying the
so-called *50% rule” for determining
whether a given plant community is
hydrophytic (Le., s more than 50%
of the community or the dominants
represented by hydrophytic species?).
The federal wetland delincation man-
ual considers FAC species as potential
hydrophytes; a predominance of
these plants does not alone establish
an area as wetland but requires exam-
ination of the soil and hydrology, A
wetland definition based on three el-
ements—hvdrophytic vegetation, hy-
dric soil, and wetland hydrology—is
valuable because it recognizes the
transitional nature of plant compasi-
tion along the soil mosture gradient
and requires that other features be
evaluated,

The greatest difference in opinion
on what species are hydrophytes in-
volves the FACU, and not the FAC,
species. Many wetland specialists
may have an initial aversion o ac-
cepring FACU species as hydrophytes,
because these species are much mare
commaon on nonwetlands. However,

"M, B. Reed, 1988, persona! communicanion.
US Fish and Wildhie Service, S Perershirg,
Bl

April 1991

Table 1. Examples of obligate hydeophytes thar are widespread or common in cerrain werland
rypes in the United States. Genera histed contain all ar mestly obligares.

Life form Species Common name
Aquatics Azolls spp. Mosquito ferns
Brasewta schreberi Water-shield
Elodea spp. Waterweeds
[sogtes spp. Quillwares
Lemia spp. Duckweeds
Myrioghbylium spp, Warer-milfails
Mayas spp. Marads
Neuphar spp. Pond lilies
Mymphaea spp, Water liliee
Potastngeton spp. FPondweads
Prosertunaca spp. Mermaid-weeds
Ruppia maritima Widgeon-grass
Thalassia testudinam Turtle-grass
Utrrcaelarea spp. Bladderworrs
Vallisneriz americana Wild celery
Fannichallia palustris spp. Hoened pondweed
Fostera maring Eelgrass
Emergents Alsma spp. Water plantains
(herbs) Calle palustris Wild calla

Caltha palustriz
Carex aguatilis
Carex stricta
Cicuta maculata

Diecodar verticillatus

Dirasera spp.

Dilichiwm arundinacesm

Eleacharis spp.
Frigphorum spp.
Clyeeria spp.

iris versicolor
Juncus canadensds
Juncus rosmerianus
Leersia oryzoides
Lindermiz dubia
Clemunda regalis
FPeltandra wirginin

Polygonue hydropireroides

Marsh marigold
Water sedpe
Tussock sedge
Warer hemlock
Water-willow
Sundews
Three-wav sedge
Spike-rushes
Cotton-grasses
Manna grasses
Blue flag
Canada rush
Elack needlerush
Rice cutgrass
Water pimpertel
Foval fern
Arrow arum
Water pepper

a particular subset of these species
occurs in wetlands and may even be a
dominant plant in 2 wetland commu-
nity. Plants did nor evolve to become
indicator species; this designartion is a
human attempt to use plants to des-
ignate wetlands.

Wetland ecotypes

Maost of the plants that grow in wet-
lands do not grow strictly in water or
water-inundated soils, but also grow
in terrestrial habitats. Many of these
species are more common on the lat-
ter sites, but some of their popula-
tions tolerate varving degrees of soil
wetness, Becavse these populations
mav not display morphological differ-
ences, often individuals of these wer-
land populations can only be recop-
nized as hydrophytes when associared
with more typical hvdrophyric species

ar after identification of hydric soils
{L.e., anaerobic soils due to excessive
wetness) and wetland hydrology at a
given location.

Swedish botanist Gote Turesson
{Turesson 1922ab, 192%) demon-
sirated that a given plant specics may
include ecotypes—populations or
groups of populations having certain
genetically based morphological
andfor physiological characters but
usually prevented from natural inter-
breeding by ecological barriers (Bar-
bour er al, 1980}, The scientific hrer-
arure 15 replete with examples of
ecorvpes adapted to specific environ-
mental conditions differing from the
habitat of the typical species. There-
fore, il is possible to envision a suh-
sel of the continental population of
a FACU species that 1s typically
adapied for life in waterlogged soils.

Table 3 lists plant species having

24]



Table 1. Contnued

Life form

Species

Comman niams

Emergents
iherbs)

Shrubs

Eolyganuem sagittatem
Pontederia cordata
Sagittarta spp.
Salicorria virginica
Soirpus americanus
Scirpus airovirens
Setrpus validuy

S suave

Selidago patula
Solidago wliginasa
Sparganium spp.
Sparting altermifiora
Symplocarpus foetidus
Triglackin spp,

Twpka spp,
Waosdrwardia virginica
Hyris spp.

Lizania aqudtica

Andromeda polifalia
Betula pumila
Cephalanthus occidentalis
Forestiera gewminata
Loricera ablongifoliz

Arrowe-leaved tearthumb
FPickereluweed
Arrgwbeads

Perennial plasseort
Olney's three-squars
Cresn balrush
Soft-seemmed bulrgsh
Water parimip
Rough-leaved goldenrod
Bog goldenrad
Bur-reeds

Smooth cordgrass
Skunk cabbage
Arrosg-prasses

Cattatls

Virginia chain ferm
Yellgw-eyed prasses
Wold rice

Big laurel

Bog birch

Bullonbush

Steamp privet

Stearp fly-honeysuckle

Myrica gale
Elizoprora mangle
Rosa palestris
Salix sericea

Vﬂf{r"!k?‘-‘? MACFRCAr N

Trees Carvit aguatica

Crhamaecyparis thyaides

Fraximus prafundas
Cileditsia aguatica
MNyssa aguatica
Planera aguatica
Clegrews lyrata

Taxodivm distechum

Sweet gale

Red mangrove
Sqamp rose
Silby oo
Large cranberry

Water bickory
Arlantic white cedar
FPumpkin ash

Water locugt

Water pum

PFlaner tree

Crerercup ook

Bald cypress

recognized subspecics or varieties,
recognized by specific morphological
traits, that are found in different hah-
itats or that have differently restricted
distributions, In some cases, these va-
rieties have been given a different
indicator status, especially when their
habitats are wetter than the typical
species. Because of their morphologi-
cal differences, they can be useful for
identifying wetlands.

Besides the known difference in va-
rictal habitat preferences, individuals
of species growing in wetlands can be
examined for morphological, physia-
logical, and/or other tvpes of adapta-
ton to flooding or soil saruration
(Table 45 Figure 31, Such study may
reveal wetland ecorypes,

Responses of woody and herbaceoys
plants to flooding and soil saturadon
have received considerable attention

{Crawford 1983, Gill 1970, Hook
1984, Hook and Scholtens 1978, Hoolk
et al. 1988, Jackson and Direw 1984,
Kozlowski 1984, Teskey and Hinckley
1978, Whitlow and Harris 1979). A
plant’s response w flooding may be
quite different from its response to wa-
terlogging. For example, red ash (Frax-
frtus pennsylvanica) was determined to
be more flood-tolerant than eastern
cottonwood {Populus deltoides; Hos-
ner 1958), vet the lamer was more

tolerant of soil sawration (Hosner
1959). Cantion must therefore be exer-
cised from extrapolating results of
flood tolerance studies and concluding
that one species is more water-tolerant
than another.

Gill {1970}, in his review of flood
tolerance of woody plants, alluded to
the possibility of distinet populations
with genotypic or phenotypic differ-
ences in flooding tolerance. These dif-
ferences have been demonstrated for
some herbaceous species {Crawford
and Tyler 1969). Keeley (1979) rec-
ognized upland, swamp, and flood-
plain phenotypes of black gum
(Nyssa swlyatica) in the Southeast.
The upland plants were intolerant of
flooding, the swamp plants highly
flood-tolerant, and the floodplain
plants had intermediate tolerances.
Researchers invesngating flooding
and waterlogging tolerances of spe-
cies, therefore, should be cognizanc of
potential ecotypes.

Kramer {194%) gave an Interesting
example of red maple’s ability to
thrive on both wet and dry sites. Red
maple {Acer rubrum) has an adapt-
able root system. In swamps, it de-
velops numerous shallow lateral
roots to help avoid anaerobic stress,
whereas in dry uplands a deep tap-
root 15 formed. Consequently, this
species occurs with nearly equal fre-
guency in both wetlands and non-
wetlands, Shallow root syseems in
other plant species also help them
survive and prosper in wetlands. This
variation may be an individual
plant’s response to a wet environ-
ment. Timing of germinaton and
subsequent environmental condi-
tions may be crucial to the develop-
ment of this adapration.

Examples of FACU species
as hydrophytes

All FACU species have been observed
in werlands. The national list of wet-

Table 2. “Wetland indicator categories of plant species under natural conditions tafrer Heed

1988),

Estimated probahilicy
of pocurrence in

Estimated probabality
of ocourrence in

Wetland indicator category wetlands nonwetlands
Oligate wetdand (OBL; L 1%
Faculearive werland (FACY: L=, 1-33%
Facularive [FAL) ThGT J4—nien,
Facultative upland (FACL) 1-3i3% BT -F5 %
{Upland (UPL) S L

1% kY
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Table 3. Examples of specics with recogaized varieties vecurring in dillerent habitazs, Range in werland indicatar staros in iss US distribution hased
on Reed (1988).* Habitat data from Fernald {1950) and Gleason and Cronguist (1963}

Species Mativnal range of
{common name} Variety indicator status Habuat
Acer rubrum
[Red maple] rubrum Fal Sweamps, alluvial soils, and moist sails
[Swamp red maple) drurmondil OBL o FACW Decp swamps
(Tridenr-leaved red mapls) trilutoum OLL o FACW + Forested wetlands
Andropagon virginicus
{Broom sedge) wirginicus EACU 1o FAC Dry open soils, thin woods, erc
plasces Mot designared Dicy sandy pine barrens
tetrastachyns Mot designared Dicy sands, rocks, and pinelands
glancopsis Mor designated Savannas, wel pinelands, and swamps
birsufior Mot designared River-swamps, savansias, and marshes
Celtis laewigala
{Sugarberry) laetigata FACW 1o UPL Battemlands and low woods
sanallif Mat designated forromlands and low woods
fexand Mot designated Blufis, racky slopes, dry woods, et
Eagus grandifolia
{American beech) grandifoliz FACL Rich upland soils
carolinina’ FACH Maist or wet lowland seils, especially
on ar near the coastal plain
Wyssa sylvatica
(Black gum) sylpatica FAC Luw-acid woods, swamps, and shores
{Swamp mupelo) Liflora QOBL o FACW + Tnundared swamps and damp sands
caroliniamt Mat designated Chietly uplands af the interior
Panicum wirgatins
{Swicchgrass) virgatum FACW w FAC Dty ar moist sandy soils, and shores
spissim Mot designarted CGravelly or sandy fresh ro brackish
shares and swamps
Owereus falcats
(Southern red oak) faleata FACU to FACL- Moist o dry woads
(Cherryhark oak) pagodasfolia FACW o FACH Chiefly bottomiands or near streams

it

*Plus after the category {e.g., FAT+) indicates thar the species oecues in the higher portion of the range in wetlands {eg., $1-AA% of the timel,
whereas minus {e.g., FAC—) indicates the lowser parian of the range (€8, 49-34%].
iesignated as FAC+ only in the Morrheast, although this variery also occurs in the Southeast, Midwest, and South Flains {Texas and Oklahamal,

Figure 4. Hydrophytic white pines {(Pines
strobus) growing with broad-leaved cat-
tail {Typha ladifolia) in a Vermonr swamp.

April 1991

land plant species includes about
1400 FACU species (21% of the list).?
Some prominent examples of these
species that characterize certain wet-
lands in various regions of the Unired
States follow. They illustrate that in-
dividuals of species more characreris-
tic of uplands can successfully adape
to and thrive in wetland environ-
ments (Figure 4).

Evergreen woody plants, Numerous
FACU evergreens occur across a wide
range of moisture conditions. They
include various pines, spruces, firs,
and hemlocks (Table §). Several spe-
cies noted in Table § were observed 10
have hypertrophied lenticels on roots
in saturated soils (Hahno ec al, 1920).

P B Reed, 1990, personal commuonication.
105 Fish and Wildlids Secvice, 5t Petsosburg,
FI..

Figure 5. Pirch ping (Pinns rigida) growing

with highbush blucherry (Vaceiminm
corymbasin) and bur-reed (Sparganium
sp.) in g seasanzl pond o southern MNew
Jersey,



Table 4. Plant adaprations or responses o
flonding and warerlogging,

Marpholagical

Seem hypertrophy fep., buttressed rree
rrunks)

Large air-filled cavities 1o center (stele) of
roots and stems

Agrenchyma rissue i roats and ather plant
pares

Hellow stems

Shallow roor systems

Adventitious roors

Prneumatophores (e.p., cvpress knees)

Swaollen, loosely packed coar nedules

Lignification and suberication {thickening)
of roars

Sail water roots

Succulent roots

Axnal raar-rips

Hypertrephied (enlasged) fontivels

Belanively pervious cambiom (in woody
SPCCIES )

Hezeraphylly (v.g., submerped versos
emergent leaves an same plant)

Sucoulent leaves

Prvsialagical

Transporr af oxygen o roocs from lenticels
andiar leaves (25 afren evidenced by
axidized rhizaspheres)

Anderobic respication

Increased ethvlene production

Feducrion of nitrare 1o microws oxide and
MICFOEen gits

Malage productien and accumulanon

Beoxidanon of MADH

Meralrelic adapranions

Cicther

Seed permination under water

Wiviparous sceds

Eoor regengration (e.g., adventitious roocs)

Girowth dormaney (during fluading]

Elenganion af stern o pericles

oot elonganon

Additional cell wall structures in epudermis
OC COTEX -

Ruoot mycorrhizie near upper soil sarface

Expansion of coleoptiles fin grasses)

Change m direction of root or stem growth
thorizontal or upward,

Long-lived ey

Breaking of darmancy of stem buds {may
preduce multipls stems ar trunks)

Lodgepole pine, Sitka spruce, and
western hemlock were observed with
adventitious roots in areas subject 1o
Meading (Gill 19700,

Pitch pine [Prorses ripida) has a re-
markable range in wer and dry roler-
anges, growing an excessively dramned
e poorly drained sands and gravels
a8 weil as on the mucks of swamps in
the Mortheast (Figire 30 Ullick and
Aughanbaugh 1930, Ledig and Linle
P24, Lirele 1339), Pinch pine demi-

I
+

nates many wetlands in the Pine Bar
rens of southern Mew Jersey (Tiner
1985a). Ledigand Licde (1979) nored
genetic variations 0 New Jersey's
pitch pine, with a dwarl or pygmy
form (less than 4 m rall) occurring on
the Pine Plains (upland) and the wall-
est pines (30 m) found on scasonally
wet sites. They concluded thar generic
effects are confounded by environ-
mental effecrs and that vanaton can
oceur at several levels inoa species—
among individuals wichin srands,
among stands within regions, and
among physiopraphic regions.

Eastern white pine (Prens strabues)
has been commanly found in forested
wetlands in the placiared northern
areas of the easrern and cenreal
Uniced Srares [Cron 1985, Curus
1959, Huenneke 1982, Tiner 19890
Curts (1959 found that 37% of the
ramarack or black spruce bogs had
white pine and discovered several
stands in northern Wisconsin where it
was the dominant species on peaty
sotls preacer than 3 morhick. He re-
marked, "It is not known whether the
trees [P strobus] of organic swamps
represent disninet ecotvpes or not” [p.
205,

Dachnowskr (1912 idenrified
whire pine 25 2 “chmax stage™ in the
Cirear Lakes fores thar suceeeded g,
vegeraton. Mumerous [orested wer-
lands in Rhode Island and clsewhers
in New England are dominated or
co-dominared by white pine {Tiner
1383), and both white and pirch pines
are present i sheabs bogs in this re-
glon. Studies of stand productiviey in
Massachusetts and southeustern New
Hampshire have demonstrazed cthay
whire pine grows best on poorly
drained soals (Mader 1976, Husch
and Lyford 19360

[ cthe upper Midwest, jack pine
(Pins banksiana) grows moa wide
range of habitats from dry sandv or
gravelly areas, where fow ather planes
survive, Lo bogs. In the former hahi-
tar, it would be viewed as a xerophyle
and in the latter as a hydrophyee, Yel
ek pine grows well-drained
loamy sands wh midsu s

Ciez S 71

I

Curns (133497 wennified jack i
an imporant component af black
sprace and tamanick swamps and us

i dlamimant species v ceriain Wiseon-

Figire &, Tlns lodgepols pine | Priuws con-
forta var. contoria) was codominant wich
alpme bog laurel (Kalwia micropindia)
ard labrador 1ea (Lediwm proglandicum)
iz Washingron pear bog.

sin bees. Similar fndings were re-
purted for Michigan by Crum [1945],
who also listed white spruce (Preea
glanea), another FACU species, as a
characiensoe planc of peatlands.

I the Cascade Mountains of Cre-
gon and Washingron and the Sierea
Mevidas of Califoraia, lodgepole pine
iPintes contorta) mainly occurs i wer
flars and poocly drained soils. lis

Table 3. FACU evergrecn tree. speciey shar
aCear @y common o dammant pl L R
lands [Cuzns 1959, Fowells 1985, Twmer 1989,
S Foresr Servace 1975, 1983ab, 19863

Species Connmaen name

Pacific silver hr
Whire fr

Subsiline Ar
Englemann's sproce

i ety

Aes raxisalns

forsitacs

Jl\'.":‘l ‘h:.ll i

Stk gpruce

Loonde
i Jack pine
Woostern whine pue
Langle
Papnalersos
Red ne
Mzch pen

Eastern white pung

TR

siteherrses

o lioarda

“Merees Bkt

1] . "
Vinees aanricnila

Lrres

4

fronderos

(3%

srribaies
iR sis Fastern memlock

ierereroandalin Westrrn herniock

SR ] ] R I'I{'I'I L:"_IU.
Lalieee ol 1930,

bvprrirnnhied lenng
I

teal wuils |
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scrubby form (P. contorta costorta)
grows in pear bogs and muoskegs from
Puget Sound north to southwest
Alaska along the coast (Figure &), but
further south it occurs on dry sandy
and pravelly coastal sites  [Fowells
19631, The wetland indicator care-
gory of P. comtorta changes from
FAC in the Pacific Northwest, Cali-
formia, and Alaska o FACU in the
Rocky Mountains and Western Plains.
These regional differences may be the
result of habitat preferences of dif-
ferent varieties: P contorta contorta is
a coastal scrubby form, but F. con-
torta latifoliz is a tree of the interior.

Eastern hemlock ({(Tsupa canaden-
sis) dominates certain werlands and
miy be common in other swamps in
the Mortheast (Huenneke 1982, Nier-
mg 1933, Tiner 1989). [t 15 highly
adaptable to a wide range of sl
condhitions, including shallow rocky
soils, upland podeols, eroundwarer
(hydric) podeols, and pears and
mucks (Fowells 1963). Fastern hem-
lock 15 a relatively shallow-rooted
plang, making it well suired for a
wetland existence, Other shallow-
rooted tree species may also be well
suited for wetlands.

Saw palmetto (Serenoa repens)
grows mostly on dry sites {pine flar-
waads, longleat pine-scrub oak
ridpes, sand pine-oak scrubs, and
coastal duncs) on the southeastern
coastal plain, buc ir alse occurs in
seasonally wet pine flarwoods [(God-
frey and Wooten 19791 Wells (1942)
listed saw palmetto among 1he com-
munity dominants of southeastern
shrub hogs, and Eleuterius {19580 re-
ported ir along the upper edge aof
Mississippi sale marshes. Inothe wet-
test sites, saw palmetro has an up-
right, olten branched siem, whereas
drier site plants have horzonral,
muostly underground stems.t This
morphological wrait faalitares recop-
nition of the wetland ecotype.

Deciduous woody plants. Deciduous
woody FACH species mnay also be
common or daminant i wetlands,
Supgar maple [Acer swccbarmnn and
paper barch {Betedd papyrifera), com
o upland torest species in New En-
gland and the north-cenrral United

' Hefner, 1989, peesanal aannmunicasion. 1%
Fish end Wldlife Service, Arlanoa, LA,

April 19%9]

¥

ot

Figure 7. Saplings of paper birch (Betila papyeifera) prowing with cotrongrasses
{Ertophorms sp) and other bog plants in nocthern Minnesot.

States, also grow in wetlands, Curris
(1955 stated chat sugar maple had a
prominent positon on organic soils in
some northern Wisconsin swamps,
Sugar maple ocours in Michigan
spruce bogs, bur it never persists, ac-
cording to Crum [1988). However,
sugar maple has been abserved as a
dominant species on drier bapgs in
Michigan’s Upper Peninsulad Paper
barch has been reparted in Wisconsin
(Coreis 1959 and Michigan {Crum
1988) swamps, and 1 have observed
paper birch in northern Vermont
swamps and Minnesota bogs (Figure
7). Fowells {1965) reporeed thar i is
common “even on bog and peat soils”

Whire ash {Fraxinus americana) and
tulip poplar {Liriodendron tulipifera)
may grow in forested wetlands in
greater abundance than expecred.
White ash is FACU throughour the
United Stares, Ir is best developed on
moderately  well-drained soils and
rarely found in swamps, according o
Fowells (1965), yer it has been re-
ported a5 common or dominant i
lorested werdands in the Northeast
(Golet et all in press, Magee 1951,
Tiner 1985a). Tulip poplar s FACU in
the northern Uniced States but is FAC
i the Southeast. Often cited as g
tlood-intelerant species {Hosner 19400
iaccurs insolaced depressional wet-
Laneds and floodplain wetlands from
Mew  Jersey o Mirginia (Niening
L2953, Tiner L985ab, 1988), [t 1

L. Bernde, 1990, personal communicarson.

LISTRA Sanl Conservation Service, Michigan.

also common o foresred wetlands
throughout the Southeast. Tulip pop-
lar can develop buttressed trunks in
wetlands as observed in the Dismal
Swamp of Yirginm and Noreh Caro-
lina.®

Call {1970) reported advenritious
roots on both tulip poplar and white
ash prowing 1 arcas subjecr (o
Hoading, This evidence mdicates an
indiwvidualistic response w wetlands,

Human interference

The occurrence of a plane species on
the landscape can be drastically
changed by human disturbance. The
disrriburion and ubundance of many
planes have been significantly affecred
by forestry practices, agricultural ac-
rivinies, urban development, drainage
projects, pollution, and other human
acnions,

Eastern white pine is an excellent
cxample, At the tme of US. serde-
mencin southern New England, whire
pine, because ol 1ts suscepribility
lire, was probably only abundant in
swatnps and moist sandy flacs and an
crposed ridges (Bromley 1933 To-
day, with sibvicoltural plantings and
the suppressian ol lerest lires, the spe-
cles prows on many berter-drained
sites. Conseguently, the currenc disiri-
bertion af costern whine pone s largely
A resule of Tuman actvities. Wirhour

T ;
B Sipple, P9at persinal commmpmication, Us
Eovicemnmental Protecios Aoy, SWoashing
(TSTEIN B L

243%



knowing something abour the history
of this pine and human intervention,
wetland delineators mighe think that i
was always more abundant on
uplands and misjudge the species” eco-
logical significance. The twentiech-
century landscape can be a confound-
ing ecological message 1o decipher.

Individualistic concept of
a hydrophyte

In Field Guide to Nontidal Wetland
Identification (Tiner 1988), [ defined a
hydrophyte as “an individual plant
adapted for life in water or periodi-
cally flooded andfor saturated soils
(hydric senls) and growing in wetlands
and deepwater habitats; may represent
the entire population of a species or
only a subset of individuals so adapt-
ed” (p. 265). This definition recognizes
the potential for any individual plant
1o adapt 1o a wetland enviconmenr.
The individualistic concept of a hy-
drophyte recognizes that plane species
may exhibic considerable plasticity or
ecological amplitude in their adapra-
tions to wer environments, The devel-
opment of shallow roor systems, for
example, may be an individualiscic
response to anacrobic, sarurared sails
and cne that s common to mast
wetland plants, Moreover, the success
of a single individual seedling from a
mesophytic or xerophytic population
in growing in a neighboring wetland
may mark the beginning of the evoly-
tion of a distinct ecotype or may
simply be the result of favorable en-
vironmental conditions during its
early life stage. Morphological, phys-
iological, and genetic differences arc
known to develop berween adjacent
populstions (Liu and God: 19835,
and these differences mav even occur
in microhabirars less than 3 m x 3 m
i size {Hamrick and Holden 1979,

Conclusions

Plant ecologists would like o use
speciss as deducoive tools, as rather
precise indicators of cortam levels of
environmental tactors, This mav not
be a realistic objective for rwo cea-
sons, First, plants respond o 2 com-
plex of climatic, edaghie, and biooe
factors, and the impacr of single fac-
tars s difficalt ro solare. Second,
taxoloamic species, whether recog-
mzee on merphological, biological,

240

or statistical grounds, are partially
artifzers of the human desire 1o clas-
sifv.

Barbour er al. 1980, p. 51,

Although Linnacan species would
be convenient markers of the precise
limits of wetlands, many species
growing in and even dominating wet-
land communities can also grow in
nonwetlands, Braun-Blanquer (1932)
qualified his observation that the spe-
cics taxa have been regarded as con-
spicuous indicators of certain condi-
tions of life when he added that the
“most exacr indicators are often, in-
deed, not the ‘good Linnaean species’
but rather the elementary species or
races, the *ecotypes’ of Turesson™ (p.
21k

During the past 23 years, the use of
plant species to identify wetlands has
evolved from one approach, where
vegetation (plant species) was the
chief determinant of wetland and its
boundaries, to che current approach,
where vegetation is used in concert
with soil and hydrologic characteris-
tics to identify and delineare wet-
lands. The former approach may still
be useful for identifying the wettest
wetlands (e.g., salt marshes, inland
marshes, shrub bogs, and cypress-
tupelo swamps) and areas where
sharp topographic breaks occur, but a
more broad-based approach s re-
quired to define accurately the himirs
of the variety of werlands found
throughout the United States along
the soil moisture gradient.

The existence of wetland ccotypes
lacking distinguishing morphological
characteristics to separate them from
the typical species and the broad
ecological amplitude or wide werness
tolerance of many species make it
difficult to rely solely on plant com-
munity composition to identify many
wetlands and delineate cheir bound-
aries. Consequently, evaluation of soil
properties and other hydrologic char-
ECEEFiSTLCf\' are '.'f'S.‘;C]'.IEiEI] [o accurare
identification and delinearion of wer-
tands,

[ the early davs of wetland regu-
lation, government regulators may
have been more willing o cely solely
on vegetation 1o identify werlands for
bwo reasons. Fiest, cerrain wetlands
are well-expressed by their vegera.
tian, which eventually led 1o 2 com-
mon. misconcepton that a predom-

inance of species that were considered
wetland plants would always result in
an accurate werland delineation, Sec-
ond, most wetland regulators lacked
knowledge of hydric soil properties
and their strong correlation wich
flooded or saturated soil conditions.

Today, with increased appreciation
of the role of wetlands in such func-
tions as water quality enhancement,
the accurate identification and delin-
eation of these resources is vital to
maintaining the wealth of wetland
values for ourselves and furure gener-
ations. It is not only the vegeration
that makes wetlands important; their
sols, hydrology, and landscape posi-
tion facilitate, for example, the inter-
ception of flood water and surface
water runoff and the assimilation of
nutrients and pollutants to improve
water quality, Consequently, these
wetlands must be properly identified
to regulate effectively alternative uses.
Examination of vegetation, soils, and
hydrology is now the standard proce-
dure of the federal government, and
many states have adopted it. Thus,
although hydrophytic vegetation is
still important for identifying and de-
lincating wetlands, it is no longer the
sole criterion.
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