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PREFACE

Many areas of the United States have experi- Chapter D, which includes a discussion of how the
enced water shortages as a consequence of increase@sults from these three sted can be used together
water use due to population pressures, industrial by the water management district.

?(r:zvs\/trksagfecshingfiiégsgr:gg;gﬁl l:jnegrig(r)\gsp;ic_ ater Chapter A of the series describes the hydrology,
ICES. u : ing watg/ getation, and soils of tierested floodplain of the

resources, many states have established, or are cons1|08-

ering, instream-flow protection programs to ensure wer Suwannee River. The chapter goes on to
9, VP brog . describe the relation of forest types and other flood-
that the water requiremenfor ecosystem mainte-

nance will be met. The State of Florida in 1972 plain characteristics to long-term river flow, and to

adobted legislation directing the water management estimate potential impacts on the floodplain if river
dop 9 ; =cting 9 flows were reduced. ChaptB focuses on flow and
districts to establish minimum flows and levels

(MFLs) for all watercourses, and minimum levels for the mixing of freshwater and saltwater in the lower
. T . . ._river and estuary. Saliniignd other hydrologic data
aquifers and surface waters, in their respective region

. . - Tollected during a period of unusually low flow were
S 12 ol e FlomBlaltcs shecfes et used o callyat a tmeimensinsl yrocynanic
. nd transport model that simulates time-varying water
further withdrawals would be significantly harmful to and transport model that simulates time-varying wate

the water resources or ecology of the area. Similarly levels, currents (lateral, longitudinal, and vertical), and
X e ) ' salinity conditions. This dpter includes important
the Statute defines the minimum level as the level of y @p b

water in an aquifer, or lelef surface water, at which discussions of modeled scenarios and hydrologic
AN aq ' o ’ changes that could result from a reduction of flow in
further withdrawals would be significantly harmful to

the development of mininma flows and levels using
the "best information avaitde" and the recognition of
seasonal variation in setting the flows and levels.

drawal, but may also come from ground-water pump-
age adjacent to or many miles from the river. Chapter
C presents a discussion of hydrologic conditions gov-
The Suwannee River Water Management Districterning the interaction between ground water and sur-
(SRWMD) in the north-central part of the State is oneface water, an evaluatiar the magnitude and timing
of five regional water management districts in Florida.of water exchanges between the lower Suwannee
The District’s first priority is to set MFLs for the lower River and the Upper Floridan aquifer using historical
Suwannee River, from its confluence with the Santa Felata, and the models thatneaised to simulate the
River to the Gulf of Mexico. The SRWMD began the exchanges. Also presentedtinis chapter is a discus-
process for setting MFLs irD94 with a series of long- sion of how a hydrologic model could be used to eval-
term cooperative studies with the U.S. Geological Sumate hypothetical water-useenarios, and the ground-
vey that included data celttion, analysis, and inter-  water and surface-water exchanges that could result
pretation. The USGS program culminated in the from these hypotheticabnditions. Chapter D sum-
completion of three majorwdies conducted to under- marizes the cooperative program and highlights the
stand the effects that reduced flow in the river could importance of this multid@plinary program to our
have on the forested floodplain and the mixing of understanding of the hydrology in the lower Suwannee
freshwater and saltwater ingllestuary, as well as the Basin — an understanding borne out of an extensive
effects that ground-water withdrawals could have on data collection program and complex interpretive
flows in the river. These studies are reported in Chapstudies. Chapter D prowed a “roadmap” for water
ters A, B, and C of this Professional Paper series; addinanagers to make better ugehe integrated results
tionally, a summary of thprogram is presented in of these studies.
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CONVERSION FACTORS, DATUMS, AND UNIT ABBREVIATIONS

Multiply By To obtain
centimeter (cm) 0.3937 inch
meter (m) 3.28 foot
kilometer (km) 0.62 mile
river kilometers (rkm) 0.62 river miles

square centimeter (&n 0.155 square inch

square meter (ﬁ) 10.76 square foot

square kilometer (kf) 0.3861 square mile
hectare (ha) 2.471 acre

hectare (ha) 0.003861 square mile

square meter per hectarez(ha) 4.355 square foot per acre
cubic meter pesecond (1¥s) 35.31 cubic foot per second )

1 See glossary for definition

Sealevel: In this report, “sea level” refers to the Nationab@etic Vertical Datum of 192NGVD of 1929)—a geodetic
datum derived from a general adjustment of the first-ordel tete of the United Statesd Canada, formerly called Sea

Level Datum of 1929.

Horizontal datum: In this report, horizontal coordinate informatisrreferenced to the NdrtAmerican Datum of 1927
(NAD27).

Vil

Contents

AGENCY ABBREVIATIONS

FFWCC = Florida Fish and Wildlife Conservation Commission
LSNWR = Lower Suwannee National Wildlife Refuge
NRCS = Natural Resources Conservation Service
SRWMD = Suwannee River Water Management District
USDA = U.S. Department of Agriculture
USGS = U.S. Geological Survey



GLOSSARY

2-year, 1-day maximum flow (or stage) isthe annual 1-day
high flow that typically occurs once every 2 years and
has a 50 percent chance of occurring in any given year.
(Also known as the 2-year, 1-day high).

2-year, 14-day maximum threshold flow (or stage) isthe
annua 14-day threshold high flow that typically occurs
once every 2 years and has a 50 percent chance of
occurring in any given year. The maximum threshold
14-day flow isthe highest flow that is equaled or
exceeded for 14 consecutive days during a year;
whereas the more commonly used maximum 14-day
flow is the highest mean flow for 14 consecutive days.
These two types of statistics are described and com-
pared graphically in figure 17 of Leitman and others
(1984). (Also known asthe 2-year, 14-day threshold
flood).

Argillic horizon is normally a subsurface soil horizon that
shows evidence of clay illuviation and has a substan-
tially higher percentage of clay than the overlying soil
material.

Basal areaisthe cross-sectional areaof atreetrunk (inm?),
whichiscalculated from dbh (in cm) using the formula

Tt?, in which Tt= 3.1416 and r = dbh/2. (Seerelative
basal area.)

Belt transect isalong, narrow rectangular sampling area
oriented along a centerline with awidth of afew meters
on one or both sides of the line.

Bottomland hardwoods (Rblh1, Rblh2, Rblh3, and
UTblh) are forests on levees, flats, and slopes of flood-
plains that are flooded continuoudly for several weeks
or longer every 1 to 3 years and contain tree species
adapted to periodic inundation and saturation.

Density isthe number of individual plantsin aforest type
or sampling area. Treeswith multiple trunks were
counted as one individual. (Seerelative density.)

Diameter at breast height (dbh) isthe diameter of atree
trunk measured at about 1.4 to 1.5 m above the ground.
The dbh of trees with swollen bases were measured for
diameter above the swelling.

Digital orthophoto quadrangle (DOQ) isadigital image
of color-infrared photographs (scale 1:40,000) that has
been rectified to an orthographic projection. The geo-
graphic extent of aDOQ is equivalent to one-quarter of
a USGS quadrangle map.

Dominant species are the most important species within a
forest type, determined by the following methods.

Species are first ranked by rba for canopy and rd for
subcanopy. If the rba or rd for the top species exceeds
50 percent, it isthe only dominant species. If the rbaor
rd for the top species is less than 50 percent, then per-
centages for additional dominant species are added one
at atimein ranked order until the sum exceeds 50 per-
cent. All other species are not considered to be domi-
nant. (See importance of a species.)

Floodplain refers to the 10-year floodplain of the lower
Suwannee River and covers approximately 18,600 ha
of forests, not including open water in the main river
channel.

Flow ranges used in this report include low flows, less than
120 m%/s (4,300 ft3/s); medium flows, from 120 to
297 m/s (4,300-10,590 ft%/s), and high flows, greater
than 297 m%/s (10,590 ft/s). All flow values refer to
Branford-Fort White flow (the combined flow of the

Suwannee River at Branford and Santa Fe River near
Fort White), unless otherwise indicated.

Forest types are groups of canopy tree species that usually
grow together in arelatively distinct and recognizable
community. In thisreport, forest types have been
botanically defined based on both vegetation sampling
and aerial photographic signatures. (see general forest
types and specific forest types)

General forest typesrefer to the following 10 forest types,
some of which are combinations of specific types:
oak/pine, Rblh2/blh3, Rblhl, Rswl/sw2, UThblh,
UTmix, UTswl/sw2, LTham, LTmix, and LTsw1/sw2.
Hydrologic characteristics of general forest types were
used in calculating impacts from flow reductions
because changes of general forest types were consid-
ered to be more important than changes in specific
types. (Seeforest types and specific forest types.)

Geogr aphic information system (GI1S) is a collection of
computer software and data files designed to store,
analyze, and display geographically referenced infor-
mation.

Hammocks (LTham) refer to hydric hammocks as
described by Vince and others (1989). Hydric ham-
mocks are a unique wetland forest type, rare outside
Florida, that support a characteristic mixed hardwood
forest with evergreen and semi-evergreen trees.

High flows are greater than 297 m3/s (10,590 ft3/s). (See
flow ranges.)
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Hummocks are mounds around the bases of trees that are
elevated above the surrounding ground. Hummocks can
be found in all forests of the floodplain but are most
prominent in the lower tidal reach.

Importance of a speciesisused to compare speciesin afor-
est type or sampling area and is based on relative basal
areafor canopy species and relative density for subcan-
opy species. (See dominant species.)

Kandic horizon is a subsurface soil horizon that has a sub-
stantially higher percentage of clay than the overlying
soil material and has arelatively low cation-exchange
capacity.

Lower Suwannee River isthat portion of theriver from its
confluence with the Santa Fe River to the mouth of the
river at the Gulf of Mexico.

Lower tidal reach (LT) isthat part of the floodplain forest
of the lower Suwannee River having a canopy forest
composition influenced by tides and salinity in the
water and soil. It extends from rkm 21.6 downstream
to thetreeline. Datafor the lower tidal reach is gener-
aly presented in this report with alight blue back-
ground color.

L ow flows are flows less than 120 m/s (4,300 ft3/s). (See
flow ranges.)

Maximum threshold n-day flow isthe highest flow that is
equaled or exceeded for n consecutive days during a
year. It differs from the more commonly used maxi-
mum n-day flow, which is calculated from the highest
mean flow for n consecutive days during a year. These
two types of statistics are described and compared
graphically in figure 17 of Leitman and others (1984).
(See 2-year, 14-day maximum threshold flow.)

Median daily high stage (MDH) isthe median of al the
daily high stagesin the period of record.

Median daily low stage (MDL) isthe median of all the
daily low stages in the period of record.

Median monthly high stage (MMH) is the median of all
the monthly high stages in the period of record.

Medium flows are flows from 120 to 297 m3/s (4,300-

10,590 ft3/s). (Seeflow ranges.)

Mixed forests (UTmix and LTmix) are tidal forest types
dominated by a mixture of swamp and bottomland
hardwood tree species.

Non-tidal refersto daily stage fluctuations less than 6 cm.
Oak/pine upland forests (oak/pine) are present at high ele-
vationsin the 10-year floodplain and are only inun-
dated during the highest floods. Many tree species
present in upland forests cannot survive more than brief

periods of inundation. (See uplands.)

X Glossary

Precise Lightweight Global Positioning System Receiver
(PLGR) isaGlobal Positioning System (GPS) receiver
with encoded data that enables it to remove intentional
errors that have been built into signals transmitted by
GPS satellites for security purposes.

Relative basal area (rba) isthe percentage of aspeciesina
forest type or sampling area based on basal area. Itis
calculated by dividing the total basal area of that spe-
cies (inm?) by the total basal areaof all species (in m?)
in that forest type or sampling area.

Relative density (rd) isthe percentage of a speciesin afor-
est type or sampling area based on density. It is calcu-
lated by dividing the total density of that species (in
number of individuals) by the total density of all spe-
cies (in number of individuals) in that forest type or
sampling area.

River kilometers (rkm) are used to indicate stream dis-
tances starting with rkm 0 at the mouth of theriver at
latitude 29° 17' 19.2" and longitude 83° 9' 51.8".

Riverinereach (R) isthat part of the floodplain forest of
the lower Suwannee River having a canopy forest com-
position unaffected by tides. It extends from rkm 106
at the confluence of the Suwannee and Santa Fe Rivers
downstream to either rkm 37 for swamps or rkm 45.2
for bottomland hardwoods. Datafor the riverine reach
isgenerally presented in this report with ayellow back-
ground color.

Sea level refersto the National Geodetic Vertical Datum of
1929 (NGVD of 1929), which is a geodetic datum
derived from a general adjustment of the first-order
level nets of the United States and Canada, formerly
called Sea Level Datum of 1929.

Snag isadead tree with adbh of 10 cm or more and a
height of 3 mor taller. A treewas not considered to bea
snag if any leaves were alive.

Specific forest typesrefer to the following 14 forest types:
oak/pine, Rblh3, Rblh2, Rblhl, Rsw2, Rswl, UThlh,
UTmix, UTsw2. UTsw1, LTham, LTmix, LTsw2,
LTswl. (Seeforest typesand general forest types.)

Storm surgeisarising or piling up of water against the
shore during a storm that may result in flooding of
coastal areas. It occurs as aresult of wind stresses
acting on the surface of the sea and atmospheric-pres-
sure differences.

Swamps (Rswl, Rsw2, UTswl, UTsw2, LTsw1, and
LTsw2) are forestsin the lowest elevations of the flood-
plain that are either inundated or saturated most of the
time. Swamps contain tree species that have special
adaptations for survival in anoxic soils.



Treelineisageneral east-west boundary line across the

lower tidal floodplain, which has mostly forests on the
upstream side and marshes on the downstream side.
Thetree lineisthe downstream limit of the study area.

Uplands generally refer to areas that are not considered

wetlands or deepwater habitats by the U.S. Fish and
Wildlife Service classification system (Cowardin and
others, 1979; Reed, 1988). The percentage of these
areas that would be classified as non-wetlands accord-
ing to criteriain State and Federal wetland regulations
isnot known. (See Oak/pine upland forests.)

Upper tidal reach (UT) isthat part of the floodplain forest

of the lower Suwannee River having a canopy forest
composition partially influenced by tides. It extends
from either rkm 37 for swamps or rkm 45.2 for bot-
tomland hardwoods downstream to rkm 21.6. Data for

the upper tidal reach is generally presented in this
report with alight green background color.

Water year isa12-month period beginning October 1, and

ending September 30, which is used for anaysis of
USGS gage data. The beginning and ending dates usu-
ally coincide with the normal low-flow period of north
Florida streams. A water year is named for the year in
which it ends. For example, the water year beginning
October 1, 1998, and ending September 30, 1999, is
called the 1999 water year.

Wetlands generally refer to areas that are considered wet-

lands by the U.S. Fish and Wildlife Service classifica-
tion system (Cowardin and others, 1979; Reed, 1988).
The percentage of these areas that would be classified
asjurisdictional wetlands according to criteriain State
and Federal wetland regulationsis not known.
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LIST OF SCIENTIFIC NAMES USED AND COMMON

NAME EQUIVALENTS

[Plant nomenclature used in this repoitdas that by Godfrey (1988) unless otherwise
indicated. Names of varieties haween omitted in the body of the report]

Scientific name

Common name

Acer rubrum L.

Aesculus pavia L.

Amorpha fruticosa L.

Ampelopsis arborea (L.) Koehne
Asimina parviflora (Michx.) Dunal
Baccharis glomeruliflora Pers.
Berchemia scandens (Hill) K. Koch
Betula nigra L.

Bignonia capreolata L.

Bumelia lanuginosa (Michx.) Pers.

Bumdlia reclinata (Michx.) Vent. varreclinata

Campsisradicans (L.) Seem. ex Bureau
Carpinus caroliniana Walt.
Carya aquatica (Michx. f.) Nutt.
Carya glabra (Mill.) Sweet
Celtislaevigata Nutt.
Cephalanthus occidentalis L.
Cornus foemina Mill.

Crataegus flava Ait.

Crataegus marshallii Eggl.
Crataegus viridis L.

Crinum americanum L.
Cyrillaracemiflora L.
Decumaria barbara L.
Diospyrosvirginiana L.

Forestiera acuminata (Michx.) Poir. in Lam.

Fraxinus caroliniana Mill.

Fraxinus profunda (Bush) Bush
Gleditsia aquatica Marsh.

Halesia carolina L.

llex cassine L.

Ilex decidua Walt.var.curtissii Fern.
Ilex opaca Ait.var. opaca

Ilex vomitoria Ait.

Iteavirginica L.

Juniperus silicicola (Small) Bailey*
Liquidambar styraciflua L.
Lygodium japonicum (Thunb.) Sw
Lyonia ferruginea (Walt.) Nutt.
Magnolia grandiflora L.

Magnolia virginiana L.

Myrica cerifera L.

Nyssa aquatica L.

Nyssa ogeche Bartr. ex Marsh.
Nyssa biflora Walt

Nyssa sylvatica Marsh.

Osmanthus americanus (L.) A. Gray
Osmunda cinnamomea L.1

Ostrya virginiana (Mill.) K. Koch

List of Scientific Names Used and Common Name Equivalents

red maple
red buckeye
false-indigo
pepper-vine
small-fruited pawpaw
groundsel tree
supple-jack
river birch
cross-vine
gum bumelia
smooth bumelia
trumpet vine
ironwood
water hickory
pignut hickory
hackberry
buttonbush
stiffcornel dogwood
yellow haw
parsley haw
green haw
swamp-lily
titi
climbing hydrangea
persimmon
swamp-privet
pop ash
pumpkin ash
water locust
little silverbell
dahoon
possum-haw
American holly
yaupon
Virginia willow
southern red cedar
sweetgum
Japanese climbing fern
rusty lyonia
southern magnolia
sweetbay
wax-myrtle
water tupelo
Ogeechee tupelo
swamp tupelo
sour gum
wild olive
cinnamon fern
eastern hophornbeam



Scientific name

Common nhame

Persea borbonia (L.) Spreng. red bay
Persea palustris (Raf.) Sarg. swamp red bay
Pinus dliottii Engelm. vardlliottii slash pine
Pinus glabra Walt. spruce pine
Pinustaeda L. loblolly pine
Planera aquatica J. F. Gmel. planer-tree
Porella pinnata L.2 liverwort
Quercus austrina Small bluff oak
Quercus chapmanii Sarg. Chapman oak
Quercus geminata Small sand live oak
Quercus hemisphaerica Bartr. Ex Willd. laurel oak

Quercus laurifolia Michx.
Quercus lyrata Walt.
Quercus michauxii Nutt.
Quercus myrtifolia Willd.
Quercusnigra L.
Quercus virginiana Mill.
Rhus copallina L.

Sabal palmetto Lodd. ex J. S. Shult. & J. H. Shult.

Salix caroliniana Michx.

Slix nigra L.

Sapium sebiferum (L.) Roxb.
Sebastiania fruticosa (Bartr.) Fern.
Smilax laurifolia L.

Styrax americanum Lam.
Symplocostinctoria (L.) L'Her.
Taxodium ascendens Brongn.
Taxodiumdistichum (L.) L. C. Rich.
Tilia caroliniana Mill. *
Toxicodendron radicans (L.) Kuntze
Ulmus alata Michx.

Ulmus americana L.

Ulmus crassifolia Nutt.

Vaccinium arboreum Marsh
Vaccinium corymbosum L.
Vaccinium elliottii Chapm.
Vaccinium stamineum L.

Viburnum obovatum Walt.

\itis cinerea (Engelm. ex Gray) Millardet var.

floridana Munson
Vitis rotundifolia Michx.

swamp laurel oak
overcup oak
swamp-chestnut oak
myrtle oak
water oak
live oak
winged sumac
cabbage palm
Carolina willow
black willow
Chinese tallow tree
Sebastian bush
bamboo-vine
American snowbell
horse-sugar
pond cypress
bald cypress
basswood
poison ivy
winged elm
American elm
cedar elm
sparkleberry
highbush blueberry
mayberry
deerberry
small viburnum
downy winter grape

muscadine

1 Clewell (1985)
2 Breil (1970)

List of Scientific Names Used and Common Name Equivalents

XMl






Hydrology, Vegetation, and Soils of Riverine and
Tidal Floodplain Forests of the Lower Suwannee
River, Florida, and Potential Impacts of Flow

Reductions

By Helen M. Light, Melanie R. Darst, Lori J. Lewis, U.S. Geological Survey; and David A.
Howell, Natural Resources Conservation Service, U.S. Department of Agriculture

Abstract

A study relating hydro-
logic conditions, soils, and veg-
etation of floodplain forests to
river flow was conducted in the
lower Suwannee River, Florida,
from 1996 to 2000. The study
was done by the U.S. Geological
Survey in cooperation with the

Suwannee River Water Manage- . .
reach, river stages are unaffectecswamps. Surface soils in upper

ment District to help determine
the minimum flows and levels
required for wetlands protec-
tion. The study area included
forests within the 10-year flood-
plain of the Suwannee River
from its confluence with the
Santa Fe River to the tree line
(lower limit of forests) near the
Gulf of Mexico, and covered
18,600 hectares (ha) of forests,
75 percent of which were wet-
lands and 25 percent uplands.
The floodplain was divided into
three reaches, riverine, upper
tidal, and lower tidal, based on
changes in hydrology, vegeta-
tion, and soils with proximity to
the coast.

The Suwannee River is
the second largest river in
Florida in terms of average
discharge. Median flow at the

floodplain decrease with prox-
imity to the coast. Elevations

range from 4.1 to 7.3 m above
sea level at the most upstream

confluence of the Suwannee andriverine transect and from 0.3 to

Santa Fe Rivers is approxi-
mately 181 cubic meters per
second (rfis) or 6,480 cubic
feet per second {fs) (1933-99).
At the upper end of the riverine

by tides and have a typical
annual range of 4.1 meters (m).
Tides affect river stages at low
and medium flows in the upper
tidal reach, and at all flows in
the lower tidal reach. Median
tidal range at the mouth of the
Suwannee River is about 1 m.
Salinity of river water in the
lower tidal reach increases with
decreasing flow and proximity
to the Gulf of Mexico. Vertically
averaged salinity in the river
near the tree line is typically
about 5 parts per thousand at
medium flow.

Land-surface elevation
and topographic relief in the

1.3 m above sea level on lower
tidal transects. Surface soils in
the riverine reach are predomi-
nantly mineral and dry soon
after floods recede except in

and lower tidal reaches are pre-
dominantly organic, saturated
mucks. In the downstream part
of the lower tdal reach, conduc-
tivities of surface soils are high
enough (greater than 4 milli-
mhos per centimeter) to exclude
many tree species that are intol-
erant of salinity.

Species richness of can-
opy and subcanopy plants in
wetland forests in the lower
Suwannee River is high com-
pared to other river floodplains
in North America. A total of
77 tree, shrub, and woody vine
species were identified in the
canopy and subcanopy of
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floodplain wetland forests
(n =8,376). Fourteen specific

1-2 years by either storm surge would occur in swamps, where

or river floods. Lower tidal

important swamp species such

forest types were mapped using mixed forests and swamps have asTaxodium distichum and

digitized aerial photographs,
defined from vegetative sam-
pling, and described in terms of
plant species composition. For

discussion purposes, some spe-

cific wetland types were com-
bined, resulting in three general
wetland forest types for each
reach.

Riverine high bottomland
hardwoods have higher canopy
species richness than all other
forest types (40-42 species),
with Quercus virginiana the

continuously saturated muck

soils and are differentiated from

upper tidal forests, in part, by
the presence d¥lagnolia vir-
giniana in the canopy. Lower
tidal swamps have the highest
density of canopy trees (about
1,200 trees per hectare) of all
floodplain forest types, with
Nyssa biflora the most impor-
tant canopy species by basal
area.

Water use in the Suwan-
nee River basin in Florida and

Nyssa aquatica could have
increased competition not only
from drier or more tidal species,
but also from opportunistic bot-
tomland hardwoods or invasive
exotic species. Reduced flows
could also result in a conversion
of some wetland forests to
uplands, increasing vulnerabil-
ity to human disturbance, and
decreasing tree basal area, spe-
cies richness, and diversity of
wildlife habitat.

Salt-intolerant species

most important canopy tree by Georgia is expected to increase would move upstream if flow
basal area. The canopy compo- over time because of anticipatedreductions increased salinity in

sition of riverine low bottom-

growth and development in the

land hardwoods is dominated by region and adjacent areas. |If

five species witlQuercus lauri-
folia the most important by
basal area. Riverine swamps
occur in the lowest and wettest
areas withlaxodium distichum
the most important canopy spe-
cies by basal area. Upper tidal
bottomland hardwoods are dif-
ferentiated from riverine forests
by the presence &abal pal-
metto in the canopy. Upper tidal
mixed forests and swamps are
differentiated from riverine for-
ests, in part, by the presence of
Fraxinus profunda in the can-
opy. Nyssa aquatica, the most
important canopy species by
basal area in upper tidal
swamps, is absent from most
forests in the lower tidal reach
where its distribution is proba-
bly restricted by salinity.

Hydric hammocks, a wetland
type that is rare outside of Flor-
ida, are found in the lower tidal
reach and are flooded every

increased water consumption
reduced river flow, river stage
would decrease and salinity
would increase, resulting in a
variety of impacts on forest
composition, wetland bio-

the lower tidal reach. If flows
were reduced 2.8-56%s (100-
2,000 fB/s), the area of forests
along the tree line that would
convert to marshes is estimated
to be 72-618 ha, respectively.
Loss of forests at the tree line
would result in a loss of com-

geochemical processes, and fishplex vertical structural diversity

and wildlife habitat.

Forest composition in the
floodplain is primarily deter-
mined by durabn of inundation
and saturation, depth and fre-
guency of floods, and salinity.
Long-term flow reductions
would result in shallower flood

and woody micro-habitats that
are used by many animals.
These changes are already
occurring due to sea level rise,
but changes would occur more
quickly if salinities increased as
a result of flow reductions.

The amount of inundated

depths, allowing drier and more and saturated area in the flood-

tidal species to invade wetland

plain forest of tl riverine reach

forests of the riverine and upper would decrease if flows were

tidal reaches. If flows were
reduced 2.8-56 #fs (100-
2,000 f#/s), an estimated 52-
1,140 ha, respectively, would

reduced. The greatest impacts
would result from flow reduc-

tions that occurred at low flows,
when inundated and saturated

change to a drier forest type, andareas in the dodplain are lim-

36-788 ha, respectively, would
change to a more tidal forest
type. The greatest impacts

ited. Drier conditions would
result in oxidation of organic
matter in swamp soils, which

2 Hydrology, Vegetation, and Soils of Riverine and Tidal Floodplain Forests of the Lower Suwannee River, Florida, and Potential

Impacts of Flow Reductions



would reduce the soil's water-
holding capacity and ability to
retain water during droughts.
Drier soils would increase vul-
nerability ofthe floodplain to
fire and could also reduce the
ability of riverine forests to

remove nitrates and other pollut-

ants from river water. Loss of
inundated areas resulting from
flow reductions at low flow
would eliminate aquatic habitats
that are critical to the survival of
floodplain fishes and aquatic

maintaining healthy floodplain

needed to gain a better understand-

ecosystems have been described bjhg of hydrologic requirements for

many authors in the scientific com-
munity (Brinson and others, 1981;
Clark and Benforado, eds., 1981;
Wharton and others, 1982; Davis
and others, 1996; Messina and
Conner, eds., 1998; Mitsch and
Gosselink, 2000).

Hydrology is generally rec-
ognized as the most important fac-
tor determining the structure and
ecological processes in wetlands
(Greeson and others, eds., 1979;
Gosselink and others, eds., 1990;

the maintenance of existing wetland
ecosystems in the basin. Because
the character of the lower Suwan-
nee River floodplain gradually
changes from riverine forests
upstream to tidal forests near the
coast, innovative study techniques
are required to address the com-
plexities inherent in this unique
wetland ecosystem.

invertebrates, and are important | ygo and others, eds., 1990; Carter” UrP0Se and Scope

to many other animals that use

the floodplain. If flow reductions agricultural drainage have been the

occurred during high flows,
main channel fishes could
decrease in diversity and abun-

1996). Hydrologic changes due to

primary cause of wetland degrada-
tion and loss in the United States
(Dahl, 1990). Florida has lost

The overall objective of this
report, to describe hydrologic con-
ditions, soils, and vegetation of the
forested floodplain in relation to

dance because they are season-about one-half of its wetlands over river flow of the lower Suwannee

ally dependent on flooded
forests for food, shelter, and
reproduction. In addition,
aguatic organisms in the river
and estuary could be adversely
affected because they depend o
particulate organic detritus and
other floodplain exports as food
sources.

INTRODUCTION

Wetlands in river floodplains
perform many vital functions in
maintaining regional ecological
integrity. Floodplain wetlands

absorb and retain floodwaters, ameures). The need for preservation of

liorating the effects of both floods
and droughts, and improve water
quality by removing pollutants.
Floodplains provide diverse habi-
tats for plants and animals, corri-
dors for the movement of animals
and dissemination of plants, and a
supply of nutrients to aquatic
organisms in rivers and estuaries.
The benefits of protecting and

the last 150 years, primarily

River, Florida, has five major com-

because they have been drained foponents:

agricultural and urban develop-
ment (Darst and others, 1996).
Long-term hydrologic changes alter
wetland vegetation and soils and

r(]jegrade valuable wetland functions2.

Protecting wetlands from sig-
nificant change due to hydrologic
alterations is an important goal of
water managers in the Suwannee
River basin. Florida law directs
water management districts to use
the best available information to
establish minimum flows and levels
for watercourses in their districts
(Chapter 373.042, Florida Stat-

existing ecological systems and
their functions should be consid-
ered in establishing minimum flows
and levels; however, water require-
ments of wetlands are not well
defined in most areas. Information
on long-term hydrologic condi-

tions, soils, and vegetative commu-

nities in the forested floodplain
along the lower Suwannee River is

1. To describe long-term flow and
stage characteristics of tidal and
non-tidal reaches of the lower
Suwannee River.

To describe the hydrology,

topography, and soils of the

lower Suwannee River flood-
plain.

3. To describe and compare flood-
plain forest types and the distri-
bution of tree species.

4. To relate characteristics of flood-
plain forests to river flow.

5. To estimate impacts of potential
river-flow reductions on the
forested floodplain.

The study area is the forested

floodplain of the lower Suwannee
River from its confluence with the
Santa Fe River to the downstream
limit of forests near the Gulf of
Mexico (fig. 1). Data collection
began in August 1996 and contin-
ued through November 1999.
Data analysis was completed in
September 2000.
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Setting Stream characteristics in the

The Suwannee River flows  pination of blackwater and spring-
394 kllqmeters (km) from its head- fe( influences, with some alluvial
waters in the Okefenokee Swamp tOeatures in the floodplain. The

the Gulf of Mexico (fig. 1). Three
major tributaries, the Alapaha,
Withlacoochee, and Santa Fe
Rivers, drain into the Suwannee
River, which has a drainage basin
of approximately 25,770 square
kilometers (km). The drainage
basin covers portions of the Gulf
Coastal Plain in central southern
Georgia and central northern
Florida (Berndt and others, 1996).

The Suwannee River is the second (cm) (Owenby and Ezell, 1992), the
largest river in Florida with an surface drainage pattern is poorly
estimated average discharge of  geyeloped because about 73 perce
295 cubic meters per second(s)  of the precipitation evaporates or
or 10,540 cubic feet per percolates into the ground (Franklin
second. (ft's) near the mouth and others, 1999). Surface-water
(Franklin and others, 1995). ~  streams in the non-tidal portion of
The glossary at the beginning the river are fed predominantly by
of this report explains unfamiliar springs rather than from surface
terms or terms that have a specific rynoff (Crane, 1986). Tidal creeks
meaning in this reort that may dif- are found in the floodplain of the
fer from normal usage. In this tidal portion of the river and
report, thdower Suwannee River increase in number and extent with
refers to that portion of the river  proximity to the Gulf of Mexico.
from its confluence with the Santa The warm, temperate cli-

lower Suwannee River flows

through the Gulf Coastal Lowlands
physiographic region (Puri and Ver-
non, 1964). Limestone is at or near

River basin. Solution features, such
as sinkholes, sinkhole lakes,

springs, and submerged caves, are
common in the basin. Although the

n

August) is 26.£C and average
winter air temperature (December,
January, and February) is 12Q at
Cross City based on the period
1961 to 1990 (Owenby and Ezell,
1992). The growing season

(50 percent probability freeze-free
period) varies from 259 days at the
upstream end of the study area to
283 days near the mouth of the river
(Bradley, 1975). Annual flood
peaks occur more commonly in the
growing season than in the dormant
season.

In this report, the terrfiood-
plain refers to the 10-year flood-
plain of the lower Suwannee River.

lower Suwannee River show a com-, floodplain area is approxi-

mately 18,600 hectares (ha), which
includeswetland andupland for-

ests but does not include open water
in the main river channel. The per-
centage of wetland forests that
would be classified as jurisdictional
wetlands according to criteria in

land surface in the lower Suwanneeg.ia and Federal wetland regula-

tions is not known. Most of the
wetlands in the floodplain would be
classified as palustrine using the
classification system developed by

average annual precipitation (19610 \ 5 Fish and Wildlife Service
90) at Cross City is 146 centimeters

(Cowardin and others, 1979).

The floodplain is divided into
tpree reachesiverine (R), upper
tidal (UT), andlower tidal (LT)

(fig. 2), because hydrologic condi-
tions, vegetation, soils, and poten-
tial impacts of flow reductions
change with distance from the river
mouth, and therefore, needed to be
analyzed separately by reach. The
exact locations of the reach bound-
aries were based on differences in
canopy tree species distribution
along an upstream to downstream
gradient. The floodplain from rkm

Fe River to the mouth of the river at mate in the lower Suwannee River 37 to 45.2 (which includes the

the Gulf of MexicoRiver kilome-  region is characterized by long, ~ MS transect) is a transitional area in
ters (rkm) are used to indicate humid summers. Average summer which the high elevation (bottom-
stream distances starting with rkm air temperature (June, July, and  land hardwood) forests are part of
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the riverine reach and the low ele- Swamps(Rsw1/sw2 UTsw1/sw2

vation (swamp) forests are part of
the upper tidal reach. All of the
lower tidal reach and part of the

upper tidal reach is in the LSNWR. rated most of the time. Swamps

Fourteerspecific forest type
names and tegeneral forest type
names are used throughout this

cial adaptations for survival in
anoxic soilsMixed forests

report (table 1). Four general forest (UTmix andLTmix ) are tidal for-

types are combinations of two spe- est types dominated by a mixture of

cific types that are relatively simi- swamp and bottomland hardwood

lar, and six general forest types areor hammock specieBlammocks
the same as specific types.
Oak/pine upland forests

(oak/pine) are present on high ele-
vations in the 10-year floodplain
and are only inundated during the
highest floods. Many tree species
present in upland forests cannot
survive more than brief periods of
inundation.Bottomland hard-
woods(Rblh1, Rblh2/blh3, and

(LTham) refer to hydric ham-

mocks as described by Vince and
others (1989). Hydric hammocks
are a unique wetland forest type,
rare outside Florida, that support a
characteristic mixed hardwood for-
est with evergreen and semi-ever-

green trees.
Hummocks are mounds

around the bases of trees that are

UTblh) are forests on levees, flats, elevated above the surrounding

and slopes of floodplains that are
flooded continuously for several

weeks or longer every 1 to 3 years, are most prominent in the lower
and contain tree species adapted tdidal reach. Theree line is the
periodic inundation and saturation. east-west line across the lower tidalthe downstream part.

andLTsw1/sw2) are forests in the
lowest elevations of the floodplain
that are either inundated or satu-

ground. Hummocks can be found
in all forests of the floodplain but

floodplain with primarily forests on
the upstream side and marshes on
the downstream side. The tree line
is the downstream limit of the
study area.

contain tree species that have spe-

METHODS OF STUDY

The major components of
this study were river and floodplain
hydrology, topography and soils of
the floodplain, and forest type com-
position and distribution (fig. 3).

An analysis of the flow-dependent
characteristics of the floodplain
provided the basis for estimating
impacts of flow reductions on forest
composition, soil characteristics,
and aquatic habitats in the flood-
plain. Analytical methods used in
this study were not based on a stan-
dard model, but were designed to
address the complexities inherent in
a forested floodpia that gradually
changes in character from riverine
conditions in the upstream part of
the study area to tidal conditions in

Table 1. Names of forest types in the 10-year floodplain of the lower Suwannee River, Florida

Reach name Forest type name and abbreviation
General and
covertype abbreviation General Specific
Riverine(R)
Uplands and upper tidal | Oak/pine uplandso@ak/pine) Oak/pine uplandsog@k/pine)
(UT)
. Bottomland hardwoods type RIIh3)
High bottomland hardwood&blh2/blh3
Riveri 'gh bottomland hardwood&p ) Bottomland hardwoods type RIflh2)
I\(/;;me Low bottomland hardwood&plh1) Bottomland hardwoods type RIflh1)
S t
Swamps Rsw1/sw3 wamps type 2Rsw2)
Swamps type 1Rsw1)
Bottomland hardwoodsXTblh) Bottomland hardwoodsXTblh)
Wetlands Upper tidal Mixed forests (JTmix) Mixed forests (JTmix)
uT S 2
D Swamps (Tsw1/sw29 wamps type 2{Tsw2)
Swamps type 1YTswl)
Hammocks [(Tham) Hammocks [(Tham)
Lower tidal Mixed forests (Tmix ) Mixed forests (Tmix )
(LT) Swamps type 2LTsw2)
S Tswl/
wamps (Tswl/sw2) Swamps type 1L{Tsw1l)
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estimating impacts of flow
reductions in the lower
Suwannee River, Florida.

Estimated impacts of
ANALYSIS flow reductions on floodplain

Data Collection flood study by the U.S. Army Corps sites were used tbtain additional
_ of Engineers (1989). The flood- non-quantitative vegetation data to
_ The types of data obtained  p|ain houndary in the lower tidal  verify mapping signatures or to col-
during this study included hydro-  re4ch was determined by connect- lect additional soils data. Locations
logic measurements, land-surface jnq the downstream limit of the 10- of all transects, all verification
elevations, latitude and longitude, year floodplain boundary along  plots, and selected observation sites
soil profile descriptions, soil Mois- 1444 to the drainage basin bound- are shown in figure 2.
st ol o (0 ooy | Tanas Tvel
’ cal Survey, 1974). The downstreamtransectswith a total length of

cation and size of canopy and sub- it of the study area was the tree about 4 600 meters (m) and
canopy plants. Data collection '

: line. covering a total area of nearly
began in AL.JQUSt 1996 and was Three types of study sites 33,000 square meters {hwere
completed in November 1999. . ; )

were used for data collection. established in the lower Suwannee

Transects were used for intensive River floodplain (table 2). Each
collection of data including land-  transect varied in width from 5 to
The floodplain boundary of  surface elevations, hydrologic con- 13 m and in length from 53 to
the study area in the riverine and ditions, vegetation, and soils. Veri- 1,009 m. Transects were 10 to 13 m
upper tidal reach is the 10-year  fication plots were used to collect wide where less than 400 m long
floodplain digitized by SRWMD guantitative vegetation data to ver- and usually 5 m wide on longer
from unpublished map data pre- ify forest type mapping signatures transects. Detailed descriptions of
pared during a Suwannee River  on aerial photographs. Observationtransect locations with information

Study Sites
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Table 2. Location and sampling area of transects and verification plots in the lower Suwannee River floodplain, Florida

[Sampling area is not shown for subcanopy plants on verificatais, flecause subcanopy speeiese recorded at those sifes presence/absence only.
rkm, river kilometers; m, meter;3msquare meters; blh, bottomland hardwoods; sw, swamps]

Abb Canopy plants Subcanopy plants
re-
. . Length of
Transect name or number of viated Location,
Reach e ; transect, Area Number Area Number of
verification plots transect in rkm . .
inm sampled, in of plants sampled, plants
name 5 I
m sampled inm sampled
Confluence CF 104.3 441.0 4,400 293 2,200 557
Log Landing LL 77.6 921.2 4,606 189 4,606 330
Riverine |Falkenburry FK 64.4 362.6 2,570 233 1,813 458
Manatee Springs (blh) MS 42.5 414.1 3,330 145 2,478 112
58 verification plots 47.9 -106.7 27,965 1,440
Manatee Springs (sw) MS 42.5 594.9 4,189 392 2,975 271
Upper Keen KN 31.2 734.1 3,709 329 3,447 369
Tidal Keen Island Kl 31.2 100.0 1,000 21 500 97
24 verification plots 23.0 - 36.5 9,824 771
Turkey Island TK 19.8 411.9 2,056 201 824 36
Sandfly North SN 13 88.3 1,148 110 441 64
Sandfly Hammock SH 12.6 151.0 1,510 102 755 48
Lower Barnett Creek BC 11.3 215.6 2,126 235 1,078 91
Vet Lock LK 5.1 1455 1,455 184 394 163
Demory DM 4.8 53.2 532 86 266 79
29 verification plots 11.7-21.4 11,600 1,170
Subtotal for transects 4,633.4 32,631 2,520 21,777 2,675
Subtotal for verification plots -- 49,388 3,381 - -
Total 3,624.4 82,019 5,961 | 21,777 2,675

The total length of the Manateer8s transect is 1,009 meters.

2The total number of canopy and subcanopy plants sampled & 8% includes 8,376 plants from wetland forest types angl20@s from upland
forest types.

on access and landowners are pre-marked about every 30 m with The latitude and longitude of
sented in another report (Lewis and numbered wooden stakes and hori-transect endpoints and some stake
others, 2002). Forest types were  zontal distances were measured locations were detmined by using
commonly differentiated in zones using meter tapes (fig. 4). aPrecise Lightweight Global
parallel to the river; therefore, most Transects were visited many Positioning System Receiver
transects were located perpendicu-times throughout the data collec- (PLGR) that had a typical accu-

lar to the river to adequately sam- tion period to gather information  racy under tree cover of 6 to 15 m

ple vegetation occurring near the about: (1) latitudend longitude, horizontally. Multiple positions
center and in transitional areas near(2) land-surface elevations, (3) veg-were collected on several field vis-
the edges of each forest type zone.etation, (4) water levels in the its, and then averaged or otherwise
Two transects were located in floodplain and river, (5) soil mois- reconciled before locations of

homogeneous forests for the pur- ture, and (6) soil profile character- transects were finalized in GIS
pose of sampling that specific for- istics. In addition, soil samples coverages.

est type (SN and SH). Location,  were collected at all lower tidal Land-surface elevations were
length, and compass bearings of transects for conductivity analysis, determined approximately every
transects were predetermined on and field conductivities of surface 5 m along transects by using a
aerial photographs and then locatedwater were measured at some tidaltripod-mounted level and gradu-
on the ground. Transects were transects. ated rod (fig. 5). Transects were
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Figure 4. Measurement of horizontal distances with meter tape extended between
numbered wooden stakes in UTswl forest on MS transect in the lower Suwannee
River floodplain, Florida.

Figure 5. Surveying with a tripod-mounted level in LTsw2 forest on TK transect
in the lower Suwannee River floodplain, Florida.

surveyed to known benchmarks to They included approximate eleva-
establish land-surface elevations intions between separate parts of a
meters aboveea levelBailey, transect, and slopes down to the
Bishop, and Lane, Inc, written com-river channel, up to the adjacent
mun., 1999). Land-surface eleva- upland, or to adjacent topographic
tions were estimated beyond the features.

transect endpoints to understand Verification plots.-- A total
general topographic characteristicsof 111 verification plots ranging

of the transect area, but were not from 20 to 26 m in diameter and
used in any quantitative analyses. totaling about 49,000 #in area

were established in the lower
Suwannee River floodplain

(table 2). Minimum sampling areas
of 314 nt for swamp forest types
and 531 mfor bottomland hard-
wood and upland forests were used
for verification plots. Sampling
area was determined by a modified
nested-plot analysis (Mueller-
Dombois and Ellenberg, 1974).
Swamp forests usually have fewer
canopy species and are more
homogeneous than bottomland
hardwoods forests, thus the plot
size required foadequate sampling
was smaller for swamps than for
bottomland hardwoods.

Most verification plots were
visited only once to identify and
measure canopy species, identify
subcanopy species, and record lati-
tude and longitude for mapping sig-
nature verification. In addition, soil
moisture observations were
recorded at every verification plot,
and soil samples were collected at
selected plots in the lower tidal
reach for conductivity analysis.

Coordinates for the centers of
possible verification plots were
obtained from GIS aerial photo-
graphic images and then located in
the field using PLGR. Areas
selected for verification had to be
large enough to allow a possible
field error of about 10-15 m in
locating the centeroordinates due
to variation in the accuracy of
PLGR under forest cover. Some
verification plots were located by
pacing from known starting points.
The centers of the verification plots
were marked and then circular plots
were established using flagging and
meter tapes. Plots with recent tree
falls, roadbeds, or other obvious
alterations were not used.

Observation sites.-- About
150 observation sites were located
as needed to obtaadditional data.
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At most observation sites, the most were derived from two stations, the surface-water features in the flood-
prevalent canopy tree species wereSuwannee River at Branford and  plain of the lower tidal reach.
recorded (without quantitative the Santa Fe River near Fort White, opout 50 measurements were
sampling) to check forest type sig- shown in figure 2. All other sta-
natures on aerial photographs. At ations were used primarily to pro-
few observation sites, soils were  vide stage data.

made during repeated visits under
varying hydrologic conditions.

described or soil samples were col- Water levels were measured About 600 soil moisture
lected for conductivity analysis. i selected surface-water features OPServations (dry, saturated, or
Locations of obswation sites are (pools, sloughs, and creeks) and in inundated) were made for the upper
not shown on figure 2 except for  the Sywannee River at each 6 cm of the land surface approxi-

sites 0S4-19 and OS4-67, which  ransect using reference points

. o mately every 30 m along transects
are specifically referenced in this

(RPs). Nails driven into trees and  quring repeated visits under vary-

report. : _ ) N
P surveyed to elevation above sea  jnqg hydrologic conditions, and dur-
level served as RPs. Approximately . i isits t ificat
Hydrologic Measurements 400 water-level measurements 19 One-lime VISIS fo vertiication
Flow and stage measure- were made at the transects during plgts. Satu.ratlon of 30|I§ was deter-
ments obtained from eight continu- Fepeated visits under varying mined by firmly squeezing a hand-
stations were used in this report Field conductivity of water ~ squeezed out, &m the soil was
(table 3). Most of the flow data was measured in a variety of considered saturated.

Table 3. Surface-water gaging stations used in hydrologic analyses of the lower Suwannee River, Florida

[A break in the record imdicated only when periods ofissing record exceedykar. rkm, river kilometers; USGS, U.S. Geatad Survey; SRWMD,
Suwannee River Water Management District]

Distance
upstream of Type of record
Station name and number Agency mouth of Period of record used in this
Suwannee report

River, in rkm

Santa Fe River near Fort White, Oct 1927 to Jan 1930 .
02322500 Uses 1355 | June 1932to Sept 1999 | D2ily mean flow
Suwannee River at Branford, USGS 122.5 June 1931 to Sept 1999 Daily mean stage and flow
02320500
Suwannee River near Bell June 1932 to Nov 1956 Dgimean stage and flow
' USGS 90.9 -
02323000 Oct 1996 to Jan 1999 Daily mean stage

Oct 1930 to Oct 1931

Mar 1941 to Feb 1951 Daily mean stage

Suwannee River near Wilcox,

02323500 USGS 53.8 Feb 1951 to Feb 1986 Daily mean stage.and flow

Feb 1986 to Sept 1999 Hourly stage and daily mean
flow
Suwannee River near Old Town Oct 1970 to Feb 1986 Daily mean stage
' USGS 37.8

02323570 Feb 1986 to Sept 1999 Hourly stage

Suwannee River at Fowlers Bluff, USGS

02323590 SRWMD 24.5 Sept 1996 to Sept 1999 Hourly stage

Suwannee River at mouth of Oct 1979 to Oct 1992 . .

Gopher River, 201940083061600 | >RWMD 91 Dec 1993 to Sept 1999 Stage at 15 minute intervals

West Pass Suwannee River at USGS 4.5 Aug 1995 to Sept 1999 Stage at 15 minute intervals

Suwanne¥ 291930083082800

!Referred to as Upper West Pass gage in this report.
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The saturated-paste method of
determining soil conductivity was

Soil Sampling

A total of 96 borings were
made along transects to sample all
forest types. The number of borings
per transect ranged from 8 to 13 ON(y.S. Department of Agriculture,
the longer transects and from 3 to 61996).
on the shorter transects. Soils were
sampled primarily using a 7.5-cm-
diameter bucket auger (fig. 6); how-
ever, a few borings were sampled A total of 5,901 canopy
by using a 2.5-cm-diameter coring plants were identified to species
tube sampler or a 270-cm-long  and measured fatiameter at
muck probe. Profiles were breast height(dbh) on belt
described from the soil surface to transects and verification plots
depths of 1.5 to 2 m unless prohib- (fig. 7). The tothcanopy sampling
ited by sand caving on top of the  area was 82,019 Htable 2). Can-
auger bucket or other impediments.opy plants included all woody
Approximate taxonomic soil classi- plants with a stem diameter of
fications were determined based om0 cm or greater and a height of
the latest revision of Keys to Soil 3 m or taller. The dbh of trees with
Taxonomy (U.S. Department of  swollen bases were measured for
Agriculture, 1999). diameter above the swellinBasal

A total of 21 surface and area (stem cross-sectional area)
11 subsurface soil samples were was computed from dbh, axlen-
collected at 21 leations in lower sity was determined from the num-
tidal forest types for electrical ber of trees. Canopy trees with
conductivity analysis by the Soil  multiple trunks were counted as
Survey Laboratory, National Soil  one tree, with all trunks having a
Survey Center, Lincoln, Nebraska. diameter greater than 4 cm mea-

Vegetation Sampling

Figure 6. Examination of soil auger contents in UTsw2 forest at KN transect in
the lower Suwannee River floodplain, Florida. Crinum americanum dominates the
ground-cover at this site.

used for large volume soil samples,
and the salt-prediction method was with multiple trunks were consid-

used for small volume soil samples ered canopy trees if any single

sured for dbh; basal areas for these
trees were the sum of the basal
areas of individual trunks. Trees

trunk had a dbh of 10 cm or greater.

A total of 2,675 subcanopy
plants were identified to species
and measured for dbh on belt
transects ranging from 2 to 10 min
width. The total subcanopy sam-
pling area was 21,7774rn
addition, subcanopy plants on
111 verification plots were identi-
fied to species and recorded for spe-
cies presence only. Subcanopy
plants included all woody plants
with a dbh of 2t0 9.9 cm and a
height of 3 m or greater. Subcanopy
trees with multiple trunks were
counted as one individual.

Plant nomenclature used in
this report follows that of Godfrey
(1988), unless otherwise indi-
cated. Common names of all plant
species are listed in the front of this
report. Names of varieties have
been omitted in the body of the
report, but are included in the plant
list in the front of the report.

This report does not include
ground-cover vegetation data.
Approximately 300 ground-cover
species that were sampled at transects
and verification plots during the study
period are described and analyzed by
forest type in another report (Darst
and others, 2002).

Data Analysis

Long-Term River Flow and Stage

Analysis of both river flow
and stage was necessary to relate
the hydrology of the floodplain to
the river. Hydrologic conditions at
floodplain transects are directly
related to stage in the river channel
adjacent to each transect. However,
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relations between floodplain condi- flatter near the coast, and 3) the  conditions at high flows. Thus, rela-
tions and river stage cannot easily period of record could vary greatly tions of floodplain conditions to

be compared between transects or from one gage to another if stage flow can b_e compared among
summarized by reach for the fol-  data were determined fromthe ~ {ransects in those two reaches of the
lowing reasons: 1) river stages nearest gage. Flow, on the other river. In this report, calculations of

. . . . river stage and floodplain condi-
decline from the upstream to the  hand, is relatively consistent tions at riverine transects under all

downstream portion of the study  throughout the riverine reach under g, conditions and upper tidal
area, 2) range in stage decreases agost conditions, and throughout theyransects during high flows were
the floodplain widens and becomesupper tidal reach under non-tidal  related to long-term flow records at

the upstream end of the study area.
Hydrologic conditions in the flood-
plain at upper tidal transects during
low and medium flows and lower
tidal transects under all flow condi-
tions were related to stage records
from upper and lower tidal gages.
Flow. -- The primary long-
term record used in this report is the
combined daily mean flow of the
Suwannee River at Branford and the
Santa Fe River near Fort White,
which herein is referred to as Bran-
ford-Fort White flow. Branford-Fort
White flow generally represents
Suwannee River flow just below the
confluence of the Suwannee and
Santa Fe Rivers. Gains from tribu-
taries or ground water, or losses to
storage from Branford to the con-
fluence and Fort White to the con-
fluence are not includedSeveral
factors were considered in the
selection of Branford-Fort White
flow as the primary source for long-
term data. Branford-Fort White
flow represents flow at the
upstream end of study reach better
than Branford flow alone, and pro-
vides a longer period of record
(67 years) than exists at the Bell
gage (23 years) or the Wilcox gage
(49 years). Also, the quality of
discharge data at Branford and Fort
White (good) is better than at Wilcox
(poor) because of tidal conditions at
Wilcox (Franklin and others, 1999).
Based on the period of record for
Bell (1932-56) and Wilcox (1951-
99), there is an excellent linear
relation between time-lagged
Figure 7. Measuring and identifying canopy trees in UTsw1 forest on MS transect ~ Branford-Fort White daily mean
in the lower Suwannee River floodplain, Florida. flows and daily mean flows at these
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two downstream stations (Bell, or percent exceedance, is the total (r*<0.70) (fig. 9), ratings were not
time-lag = 1 day,?r= 0.99; Wilcox,  percentage of time during which  developed for transects downstream
time-lag = 3 days = 0.98). This specified flows are equaled or of TK.
excellent relation _indicates that exceeded in a given period. Recurrence interval flood
Branford-Fort White flow data can Stage.-- Long-term river stages and stage durations were
be used to reasonably represent ;0 gata at the transects were  calculated from long-term flow
?nog;?fafv?rgp?r\:\é dfﬁbg?)??gc%? q described using various stage statisstatistics and stage-discharge rat-
, P . tics. Due to changes in river hydrol-ings at all riverine and upper tidal

at Bell and Wilcox, there is a . . '
10 percent increase in flow from ogy_wnh_proxmlty to the coast and transects and one lower tidal
Branford-Fort White to Bell. and a availability of river stage data, 'the transgct (top half of table 5). Stage
17 percent increase in flow from types of statl_stlcs and calculation durations (percent exceedance)
Branford-Fort White to Wilcox. methods vz_;med between reaches were not calcglated for KN, KiI,

Long-term flow statistics cal- and sometimes between transects. and all lower tidal transects

culated for Branford-Fort White for At most transects, stage sta- because durations do not ade-
the period 1933-99 include mean tistics were derived from long-term quately describe the daily tidal
monthly flows, recurrence intervals flow statistics. Converting long- fluctuations that control hydro-
for maximum 1-day flow and maxi- term flow data to stage required thelogic conditions most of the time
mum threshold 14-day flow, and development of stage-discharge ratat these transects.

flow duration. The maximum ings relating stage at each transect Median monthly high stage
threshold 14-day flow is the highest © time-lagged Branford-Fort White (MMH ), median daily high stage
flow that is equaled or exceeded forflow. Specific methods and source (MDH ), andmedian daily low

14 consecutive days during a year, data used to develop stage-dis-  stage(MDL ) were calculated to
Themaximum threshold n-day charge ratings for each transect aredescribe typical monthly and daily
flow differs from the more com- described in table 4. Daily mean stages at upper and lower tidal
monly used maximum-day flow,  Stage ratings were developed for alltransects, including the MS
which is calculated from the high- fiverine transects (fig. 8). Daily  transect, which has both riverine

est mean flow fon consecutive high and daily low stage ratings  anq tidal forest tyes (bottom half
days. These two types of statistics Were developed for both upper tidal ¢ (gp|e 5). These statistics are simi-
are described and compared graphfransects and one lower tidal lar to traditional tidal datums in use

cally in figure 17 of Leitman and ~ transect (fig. 9). Daily mean stage by the National Oceanic and Atmo-
others (1984). Recurrence intervalgatings were not developed at tidal g0 i Agministration (mean high
were calculated using log-Pearson transect_s becausendltlons_ in the water springs, mean higher high
Type Il analysis (Interagency floodplain are better described by water, and mean lower low water
Advisory Committee on Water ~ daily high and low stages thanby .1 - ional Marine, 1995)),

Data, 1982). Regtence intervals ~ daily mean stage. Daily mean stage® .
were Computed from annual maxi- at a tidal transect may indicate that which could not be calculated and

mum da||y mean flow instead of the ﬂOOdeain floor is not inundated, were not appropn_ate for use here
annual maximum instantaneous  Whereas daily high stage may show Pecause of the mixed influence of
flow because combined instanta- that at least some of the transect is "Ver flow and tide. MMH, MDH,

neous peaks from the Branford andcovered by water at high tide. and MDL were calculated directly

Fort White stations cannot be used Ratings were created by fit- 7O estimated stage data; their
to represent instantaneous peaks ting hand-drawn lines through the "€lation to river flow was not deter-
just below the cofluence of the  data points. The fit of these lines to MiN€d. Stage statistics were not
Suwannee and Santa Fe Rivers. the data points was excellent determined for the BC transect
The difference between the maxi- (2> 0.90) for all riverine and upper Pecause itis too far from the river
mum daily mean discharge and thetidal gage and transect ratings. ThetO estimate transect water levels
instantaneous peak, however, fit for the daily high rating at TK ~ from river stage.

appears to be minimal based on a was acceptabler 0.70). Because Two other types of hydro-
difference of less than 1 percent in of the poor relation between stage logic data were calculated for this
1998 at Branford. Flow duration, and flow at the Gopher River gage report, but are not included in
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table 5. The stage of the 1948
flood at all lowe tidal transects
was derived from flood profiles
developed by the U.S. Army
Corps of Engineers (1974).

Storm surgeelevations were

estimated by linear interpolation
between gages, or extrapolation
downstream from Gopher River

gage using adjustments for staggecorded at Upper West Pass gage.

increases based on the Hurri-
cane Josephine (October 7 and 8,
1996) and Hurricane Earl (Sep-

tember 3, 1998) storm surges

Table 4. Methods and source data used to develop stage-discharge ratings at transects in the lower Suwannee River
floodplain, Florida

[All stage-discharge ratings were developgditting a hand-drawtine through the data pointStage-discharge ratings arasked on the period of record

that is common to both gages usedifieerpolation. See table 3 for pedi of record for individual gages]

Source of stage discharge rating

. Type of Fit of rating
Reach | lansect | lLocation, ratin Stage data plotted in ; 1| todata
name | inrkm ] Method relation to Branford-Fort | |'me1ag% ints (12
developed White flow in days points (r?)
oF 1043 | Daily mean |Linear interpolation between Branford daily means 0 0.99
' stage 2 gage ratings Bell daily means 1 0.98
n 47 | Daily mean |Linear interpolation between Bell daily means 1 0.98
o ' stage 2 gage ratings Wilcox daily means 3 0.98
Riverine -
% 644 | Daily mean |Linear interpolation between Bell daily means 1 0.98
' stage 2 gage ratings Wilcox daily means 3 0.98
Daily mean | Linear interpolation between | Wilcox daily means 3 0.98
MS (blh) 425 g .
stage 2 gage ratings Old Town daily means 4 0.95
Daily high | Linear interpolation between | Wilcox daily highs 3 0.98
stage 2 gage ratings Old Town daily highs 4 0.94
MS (sw) 42.5 . .
Daily low | Linear interpolation between| Wilcox daily lows 3 0.98
stage 2 gage ratings Old Town daily lows 4 0.96
Upper I Transect rating developed N _dally hlghs estl_matec
- Daily high . - by linear interpolation
tidal directly from estimated KN 4 0.90
stage S between Old Town and
daily high stages . I
KN . Gopher River daily highs
(and K1) ' . KN daily lows estimated
Daily low UGS 04 2o by linear interpolation
y directly from estimated KN y P 4 0.96
stage dailv low stages between Old Town and
y 9 Gopher River daily lows
Daily high | Tansectrating developeq ¢ FL 8 TR FE RS
y g directly from estimated TK y P 5 0.74
stage dailv hiah stages between Old Town and
y g 9 Gopher River daily highis
T« 198 TK daily | timated
. Transect rating developed cally fows esfimate
Daily low . - by linear interpolation
directly from estimated TK 5 0.90
Lower stage daily low stages between Old Town and
tidal y 9 Gopher River daily low’s
SN 13
SH 12.6
BC 113 No ratings developed due tograelation betwen stage at
i these locations and Branford-Fort White flow
LK 5.1
DM 4.8

1 Time-lag applied to Branford-Fort White flow data.

2 Slight adjustments to stages were made based on 3 years fsboathe Fowlers Bluff gage thatdicated a change in the pkof the river surface

between Old Town and Gopher River gages.
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Figure 8. Daily mean stage at gages and riverine transects in relation to flow in the lower Suwannee River, Florida.
Flow is combined flow of Suwannee River at Branford and Santa Fe River near Fort White.
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Figure 9. Daily high and low stage at gages and tidal transects in relation to flow in the lower Suwannee River,
Florida. Flow is combined flow of Suwannee River at Branford and Santa Fe River near Fort White.
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Table 5. Methods and source data used to calculate long-term river stage statistics at transects in the lower Suwannee River
floodplain, Florida

Transects for which statistic was
River st Period of developed
Isvtzrtisst?cge Methods and source data record = S s
used S |2 |x¥ a
Lol |@le |2 |x|z|x |0 (¢
OlJjL |[=Z|Z X |[F|n|ln o|2a
][\g?);'_rng;? t—fjaegrstggs Maximum 1-day flow for recurrence interval floogds
year, o-year, at Branford-Fort White converted to stage at 67years | Iy Iy [ x|x|x!|x
25-year recurrence . ; 1933-99
: transect using stage-disrge rating at transect
interval floods
Maximum threshold Maximum threshold 14-day flow for recurrence
14-day stage for 2-year|interval floods at Branford-Fort White converted|to67 years x| x!x!x|x
5-year, and 25-year stage at transect using stage-discharge rating at 1933-99
recurrence interval floodransect
. Flow duration at Branford-Fort White converted to
Stage duration (percent stage at transect using stage-discharge rating at 67 years XX |X|[X|X
exceedance) 9 gstag 9 9 1933-99
transect
Daily high and lowstages estimated
by linear interpolation between Wilr 14 years x | x
cox and Old Town daily high and low 1986-99
stages
Median monthly high Qalculated g - .
- directly from | Daily high and lowstages estimated
stage (MMH), median ; ; . . 13 years
ST estimated |by linear interpolation between Olg
daily high stage (MDH),| .~. . . S 1986-92 X | X|X]|X
. . daily high | Town and Gopher River daily high
and median daily low 1994-99
and low and low stages
stage (MDL) - i
stages Daily high and lowstages estimatedl 19 vear
by extrapolating downstream from years
Gopher River daily high and low 1980-92 X
1994-99
stage$

1Stage statistics were not determined fortBfisect because it is too far from theerito estimate transect water levelsiirdver stage.
2Adjustments for drop in stage from Gopher River gage to LK andiahsects were estimated using selected data from UppeP#é&sGage and
flood profiles developed by U.S. Army Corps of Engineers (1974).

These methods are inadequate for each type. Reach differences in  rectified with 1-ni-per-pixel reso-
making accurate estimates of storrforest type composition were evi- lution by USGS. The entire 10-year
surge elevations, therefore these dent from ground sampling, but  floodplain was mapped, including
elevations are used in this report forcould not be distinguished on aerial areas altered for agricu_lturql or resi-
general comparative purposes onlyPhotographs. Therefore, the reach dential use that were historically '
and should not be used for any ~ designations for all forest types forested. Altered areas were classi-
were determined from vegetative fied as wetland or upland forests

other purpose. : _ e L
sampling data alone, using the based on proximitgand similarity

. . methods described in the final to unaltered forest signatures, and
Defining and Mapping Forest mapping section of the flow chart in €levations from topographic con-
Types figure 10. tours on USGS quadrangle maps.

Methods for defining and Photographic images used Verification of the map was
mapping forest types are describedfor mapping wereligital ortho- conducted using rulds test the
in figure 10. Differences in spectral photo quadrangles(DOQ’s), canopy composition of mapped for-

signatures on aerial photographs which were produced from color-  est types (fig. 10). Rules were
were used to select the forest typesinfrared aerial photographs (scale developed using) literature

within each reach, with vegetative 1:40,000) taken in the winter of research to categorize tree species
sampling on the ground used to 1994 by National Aerial Photogra- as belonging to swamp, bottomland
define the specgecomposition of  phy Program that were scanned anchardwood, hammock, or upland
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PRELIMINARY MAPPING Floodplain areas containing

(based on 12 transects, transects mapped by color

9 verification plots, and signatures using digital

150 observation sites) orthophoto quadranges
(DOQ’s)

Mapping adjustments made
to obtain a best fit between
recognizable signatures and
reasonably consistent
species composition as
each new transect mapped

Basal area of canopy plants
at transects determined by
vegetation sampling

Forest type defined for each color signature
using forest composition (in relative basal
area) of all transect segments having the

same signature

Forest type polygons mapped for the remainder of the floodplain using
signature definitions from transects (Preliminary reach boundaries
used in this step were finalized after verification)

Mapping adjustments made
based on vegetation data from
9 verification plots and about
150 observation sites

Preliminary rules developed to test the canopy
composition of mapped forest types

VERIFICATION . .
(based on 102 Preliminary verification completed for
verification plots) map using data on basal area of

canopy plants from 102 verification plots
AND FINAL MAPPING

Reach boundaries finalized by placing the boundaries halfway between the most downstream
occurrence of a forest type (at any verification plot or transect) meeting the rule criteria of one reach
and the most upstream occurrence of a forest type meeting the criteria of the next downstream reach

Rules to test composition of 14 forest types finalized using
new data from 102 verification plots, but still based on composition
of original mapping data of 12 transects and 9 verification plots

[ Verification of map finalized ]

FINAL PRODUCTS

Species composition (in relative basal area
and density) described for each of the
14 forest types using data from all transect
and verification plots, as mapped

Total area of polygons for each

Accuracy of map calculated of the 14 forest types

Figure 10. Methods for defining and mapping forest types in the lower Suwannee River floodplain, Florida.
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forests (Fowells, 1965; Clark and combined, to provide information stations. “Result A” in figure 11

Benforado, eds., 1981; Leitman andon the most important tidal was calculated from direct obser-
others, 1984; Reed, 1988; Vince  species. vations of hydrologic conditions in
and others, 1989; Light and others, Data from the forest map are the floodplain. Direct observa-

1993), and 2jelative basal area  ;seq in this report in descriptions  tions were not necessary to calcu-
(rba) of canopy plant species in - ¢ 4 rest type area and distribution, late “Result B” because at flows
this study (table 6). and in analysis of the potential  greater than 396 #s

~ Map verification results impacts of flow reductions; how- (14,000 f#/s), inundation of the
indicated that 71 percent of Spe-  eyer, the map itself is not presentedfioodplain by the river is unre-

cific forest types and 77 percent ofn this report. GIS files of the for-  stricted by levees or other high ele-
general forest types were correctly gy map can be obtained from vation features and the area

mapped (table 7). Incorrectly USGS (Tallahassee, Florida) or the;
mapped sites were slightly more SRWMfD. ) inundated can be calculated by

likely to have a wetter forest type
than the mapped type. Mapping

comparing river surface elevations
with land-surface elevations.

accuracy was greater with regard (I;Ifol\;vl-szeln_dent Characteristics In the analysis of hydro-

to reach designations alone oodpiain logic data in figure 11, continuous
(92 percent), with only 8 plots Conditions in the forested  flow data were converted to dis-
having forest compositions that  floodplain were related to river crete data using flow increments.
did not meet the criteria for that flow based on four hydrologic Flow increments were selected for
reach. The forest types of the characteristics: inundation, satura-Branford-Fort White flows corre-
polygons containing the 102 plots tion, flood depths, and salinity. sponding to stage increments of
used for verification were These four flow-dependent charac-7.6 cm at the Wilcox gage (near
unchanged regardless of actual teristics are important in maintain- the center of the study area). This
forest composition. ing a healthy floodplain ecosystem resulted in a total of 50 flow incre-

Species composition was and would change if flows were  ments for flows ranging from 28 to
determined for the canopy and ~ reduced. Inundation and satura- 873 nt/s (1,000-31,193 ts). All
subcanopy vegetation of each for- tion in relation to river flow were riverine wetland forests are
est type. The rba andlative estimated for the riverine forest  flooded at flows in the upper end
density (rd) of canopy vegetation types only. Similar estimates were of that range.
were calculated using data from allnot calculated for tidal forest types Results in the final box in
transects and verification plots as because hydrologic conditions in  figure 11 were used to create x-y
mapped in the forest map. The rd tidal forests are more dependent online graphs for each riverine forest
of subcanopy vegetation was cal- tides rather than river flow. Flood type with Branford-Fort White
culated from transect data only. Todepths during selected flood eventsfiow on the x axis and inundated or
provide general information about Were estimated for forest types in saturated area on the y axis. For
the most important tree species in all reaches. Typical salinities asso-each forest type, flows at which
wetland forests overall, the rba andciated with the tree line were esti- the minimum, 25 percentile,
rd of all species in the riverine and mated in the lower tidal reach. median, 79 percentile, and maxi-
tidal reaches were calculated using Methods for calculating the mum area that was inundated or
the following methods. The rba of area of each riverine forest type saturated were determined. Flows
each species in each riverine foresthat is inundated or saturated in  were converted to long-term dura-
type was weighted by the relative relation to river flow are described tions using flow duration analysis
area of the forest type from the for-in figure 11. Three types of source of Branford-Fort White flows
est map, and then combined with data were used: field observations(1933-99). Box plots were created
rba’s from all other forest types in and measurements at transect andfrom these duration quartiles and
the riverine reach. This process verification plots, forest types ranges to depict durations of inun-
was repeated for all forest types infrom the forest map, and long-term dation and saturation for riverine
the upper and lower tidal reaches hydrologic data from five gaging forest types.
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Table 6. Rules for testing mapped forest types at verification plots in the floodplain of the lower Suwannee River, Florida

[All percentages are based on relative basal area (rba). Theatwatfgory is equal to the swithe rbas of all species that category. sw, swamp; blh,
bottomland hardwood; ham, hammock; up, upland; >=, greater ttequat to; >, greater than; <=, less than or equal to; ste®; %, percent]

Categories of species used in forest type

determinations:

Determination of reach:

Category

Species

sSwW

Cephalanthus occidentalis
Fraxinus caroliniana
Fraxinus profunda

Nyssa aquatica

Nyssa biflora 2

Planera aquatica
Taxodium ascendens
Taxodium distichum

low

Acer rubrum
Betula nigra
Carya aquatica
Cornus foemina
Crataegus viridis
Forestiera acuminata
Gleditsia aquatica
Quercus laurifolia
Quercus lyrata
Ulmus americana
Ulmus crassifolia
Vitis cinerea

1) IF Sabal palmetto >= 60%, THEN reach i®wer tidal.
1) IF Sabal palmetto < 60%, THEN

2) IFMagnolia virginiana > 0% OR IFJuniperus silicicola > 0%, THEN reach ilower tidal.

2) OR IFMagnolia virginiana = 0% AND Juniperus silicicola = 0%, THEN
3) IF sw (includingNyssa biflora) >= 40%, THEN
4) INyssa biflora + Fraxinua profunda >= 1%, THEN
5) INyssa aquatica >= 5%, THEN reach iapper tidal.
5) OR INyssa aquatica < 5%, THEN

6) IFraxinus profunda + Nyssa biflora >= 40%, THEN reach iwwer tidal.

6) OR IFraxinus profunda + Nyssa biflora < 40%, THEN reach igpper tidal.

4) OR INyssa biflora + Fraxinus profunda < 1%, THEN
5) ISabal palmetto >= 2% THEN reach ispper tidal.
5) OR IBabal palmetto < 2% THEN reach is riverine.
3) OR IF sw (includingyssa biflora) < 40%, THEN
4) IF &bal palmetto >= 2%. THEN reach igpper tidal.
4) OR IF &al palmetto < 2%, THEN
5) IFFraxinus profunda >= 1%, THEN reach igpper tidal .
5) OR IFraxinus profunda < 1%, THEN reach isverine.

Determination of forest type:

blh

high

Carpinus caroliniana
Celtis laevigata
Crataegus flava
Crataegus marshallii
Diospyros virginiana
llex decidua

llex opaca
Liguidambar styraciflua
Nyssa biflora *

Pinus glabra
Quercus michauxii
Quercus nigra
Quercus virginiana

ham

llex cassine
Juniperus silicicola
Myrica cerifera
Persea palustris
Pinus elliottii 2
Pinus taeda 2

Sabal palmetto
Viburnum obovatum

up

Carya glabra

Lyonia ferruginea
Magnolia grandifolia
Nyssa sylvatica
Persea borbonia
Pinus elliottii

Pinus taeda !
Quercus austrina
Quercus chapmanii
Quercus geminata
Quercus hemisphaerica
Quercus myrtifolia
Symplocos tinctoria
Ulmus alata
Vaccinium arboreum

L In riverine reach.
2 In tidal reaches.

Riverine reach forest types:
1) IF sw > 50% THEN,
2) IFPlanera aquatica >= 50%, THEN forest type Rsw2
2) OR IFPlanera aquatica < 50% THEN,
3) IF blh < 15%, THEN forest typeRsw1
3) OR IF bll»= 15% THEN forest type iRsw2
1) OR IF sw <= 50% THEN,
2) IF blh > 50% THEN,
3) IF sw >= 1%, THEN forest typeRblh1,
3) OR IF sw < 1% THEN,
4) IF high blh + up < 85%, THEN forest typ&h2,
4) OR IF higblh + up >=85%, THEN forest type Rblh3.
2) OR IF blh <= 50%, THEN forest typedak/pine.
Upper tidal reach forest types:
1) IF sw >= 85%, THEN forest type i$Tswl.
1) OR IF sw < 85% THEN,
2) IF sw >= 60%THEN forest type i&JTsw2.
2) OR IF sw < 60% THEN,
3) IF up <= 50% THEN,
4) IF hamt blh < 75%, THEN forest type I$Tmix.
4) OR IF ham + blh >= 75%, THEN forest typgilh.
3) OR IF up > 50%, THEN forest typeok/pine.
Lower tidal reach forest types:
1) IF sw > 70% THEN,
2) IFFraxinus profunda + Nyssa biflora >= 60% THEN,
3) IF ham < 10% ANMagnolia virginiana < 6%, THEN forest type isTsw1.

3) OR IF ham >= 10% ORagnolia virginiana >= 6%, THEN forest type iisTsw2.

2) OR IFFraxinus profunda + Nyssa biflora < 60% THEN,
3) IFFraxinus profunda >= 20% THEN,
4) IF ham < 10% ANBIagnolia virginiana < 6% AND blh < 15%,
THEN forest type liF sw1.
4) OR IF ham >= 10% (NRagnolia virginiana >= 6% OR blh >= 15%,
THEN forest type i sw2.
3) OR IRFraxinus profunda < 20%, THEN forest type isTsw2.
1) OR IF sw <= 70% THEN,
2) IF up < 50% THEN,
3) IF ham blh < 75%, THEN forest type iSTmix ,
3) OR IF ham = blh >= 75%, THEN forest typ&Titam,

2) OR IF up >50%, THEN forest type isak/pine.
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Table 7. Mapping accuracy based on tests of forest type rules at verification plots in the floodplain of the lower Suwannee

River, Florida
Specific forest types General forest types
Verification plots Verification plots
Forest |Number of Forest tvpe
type polygons Total Number | Percent . yp Total Number | Percent
Forest types of incorrectly name
name mapped | number |correctly | correctly number |correctly | correctly
mapped plots
sampled | mapped | mapped sampled | mapped | mapped
oak/pine 506 7 5 71 Rblh2, Rblh3 oak/pine 7 5 71
Rblh3 474 10 6 60 Rblh2, oak/pine (3
pine () Rbh2/blh3 | 21 17 81
Rblh2 491 11 10 91 Rblh1
Rblh1 654 11 9 82 Rsw2, Rblh2 Rblh1 11 9 82
Rsw2 306 7 4 57 Rsw1 (2), Rblhl
Rsw1/sw2 12 11 92
Rswil 182 5 4 80 Rsw?2
UTblh 202 6 5 83 oak/pine UTblh 6 5 83
UTmix 225 5 2 40 UTsw2 (2), UTblh UTmix 5 2 40
UTsw2 317 7 4 57 Rswl, UTswl, LTswil
UTswl/sw2 11 9 82
UTswl 208 4 4 100 none
LTham 204 6 5 83 oak/pine LTham 6 5 83
LTmix 353 7 5 71 UTblh, LTsw2 LTmix 7 5 71
LTsw2 444 8 5 63 UTswl, UTblh, LTsw1l
LTsw1/sw2 16 11 69
LTswl 417 8 4 50 UTswl, UTsw2 (2), LTsw2
TOTAL 4,983 102 72 71 TOTAL 102 79 77
Flood depths during the 2-  forest map, and long-term flow and Flood depths during the 2-

year, 5-year, and 25-year, 14-day
threshold floods were determined
for the median elevation of each

stage data from seven gaging sta- year and 5-year, 14-day floods were
tions. Daily mean stage was used tocalculated for the minimum, 25
calculate depth of continuous flood- percentile, 78 percentile, and maxi-
forest type at each transect ing for 14 days at all riverine mum elevations of each forest type
(fig. 12). Recurrence intervals transects, including MS, which is  in the riverine and upper tidal reach.
were selected to cover the range oftjgal only at low and medium flows These calculations were made using
time (2 to 5 years) that seedlings  pyt not during floods. AtKN, KI,  the same methods used to calculate
and saplings of the majority of tree g g)| |ower tidal transects, how-  flood depths for the median eleva-
species are most affected by flood- oy tigal fluctuatins occur at high  tions of each forest type in figure
'(g% 322:;’) '%‘i't‘;g ; 'ﬁggg;‘\;‘;ﬁ:‘s’al flows as well. At those sites, flood ~ 12. Resuilts for riverine transects
that may be important to a few Spe_depths were calculated from daily were combined by averaging flood

\ ) i "~ low stage, because depths calculatediepths of three transects for swamps
cies. Literature review on seedling f dail ¢ Id not F LL and FK) and f
survival under flooded conditions  rem daily mean stage would not  (CF, LL, an ) and four transects
was conducted to select the dura- 'EPresent continuous submergence for bottomland hardwoods (CF, LL,
tion of flooding. Continuous sub- of seedlings for 14 days. EL, and MS). Results for upper
mergence for 10-20 days kills most Results were used to graph tidal forests were based on the KN
tree seedlings (Demaree, 1932;  flood depths (in meters) in relation and Ki transects only, because all
Hosner, 1960). A single duration of to distance from river mouth (in types were present at KN and Kl but
14 days was selected for impact  kilometers) for each general forest not at MS, and KN and Kl were
analysis in this report. type. Flood depths were deter- approximately in the middle of the

Three types of source data ~ mined at all transects except BC, reach. Box plots were created from

were used to calculate flood depths: which is too far from the river to quartiles and ranges of flood depths
land elevation surveys at the estimate transect water levels from for riverine and upper tidal forest
transects, forest types from the river stage. types.

22 Hydrology, Vegetation, and Soils of Riverine and Tidal Floodplain Forests of the Lower Suwannee River, Florida, and Potential
Impacts of Flow Reductions



Water levels
measured at transects
in floodplain ponds

and sloughs

Land-surface elevations
surveyed about every
5 meters at transects

Field observations of soil

moisture (dry, saturated, or
inundated) made about every
30 meters at transects and
at verification plots

Soil moisture conditions (dry,
saturated, or inundated)
estimated for every meter of
transect and at each verification
plot for each field visit

River stage
measured at
transect at time
of field visit

Long-term gage records
(Branford-Fort White flow;
Branford, Bell, Wilcox,
and Oldtown stage)

Land-surface elevations
interpolated for
every meter of transect

Forest type
determined for every
meter of transect and
each verification plo

Stage-discharge ratings
relating stage at each transect

XY data point created for each field visit date: to Branford-Fort White flow
Percent of each forest type that is
inundated or saturated () in relation l

to river stage at time of field visit (X)
Flows divided into 50 flow

increments; river stage at
transect determined for

For each transect (including nearby each flow increment N\
verification plots), XY data points from all field Land-surface elevation
visits grouped by river stage and averaged for each meter of
to correct for varying climatic conditions; transect compared to

river stage at each flow
increment to determine
if inundated or not

XY line drawn through average points

Forest type
determined for every
meter of transect

RESULT A
Percent of each forest type that is inundated or
saturated at each transect (including nearby RESULT B
verification plots) for each flow increment Percent of each forest type that is inundated
up to 396 m3/s (14,000 ft3/S) at each transect for each flow increment
based on observed conditions based on land-surface elevations

Il

For each transect (including nearby verification plots),

EXPLANATION a single set of data points created for each forest type
using data from result A for flow increments
TOPOGRAPHY up to 396 m*/s (14,000 ft*/s) and data from result B

AND SOILS for all remaining higher flow increments, with
VEGETATION saturatlop for higher f_Iow increments es_tlmated from
saturation observations at lower flow increments

-
O
(D HYDROLOGY ﬂ
)
L)

Results from all transects averaged for
each flow increment, producing a single
data set of the average percent of each
riverine forest type that is inundated or
saturated at each flow increment

FINAL RESULT

Area, in hectares, of each riverine forest type that
is inundated or saturated at each flow increment

HYDROLOGIC ANALYSIS

INUNDATION-SATURATION
ANALYSIS

Total area, in
hectares, determined
for each forest type in
riverine reach

Figure 11. Methods for calculating area of each riverine forest type that is inundated or saturated in relation to flow
in the lower Suwannee River, Florida.
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Land-surface elevations
surveyed about every
5 meters at transects

Land-surface elevations
interpolated for
every meter of transect

{

Elevations summarized by
forest type and median
elevation calculated for each
forest type at each transect

Forest type determined
for every meter of
transect

Long-term unit value
stages at Oldtown and
Gopher River, selected
unit value stages at
Upper West Pass

Long-term daily mean
stages at Branford, Bell,
Wilcox, and Oldtown,
long-term unit value
stages at Oldtown and
Gopher River

Long-term daily
mean flows for
Branford-Fort White

------ 1----»| Actual floods in 1992,
1983, and 1998
selected to represent
2-year, 5-year, and
25-year floods,
respectively, by
comparing Branford-
Fort White annual flood
flows and recurrence

\_ interval statistics /

Estimated daily low stages
at SN/SH (1986-99) and
LK/DM (1979-99)
determined by
interpolation or
extrapolation
from nearby gages

Y

v

Stage-discharge ratings

Recurrence interval analysis |-4-4
relating daily mean stage at

to determine 2-year, 5-year,

CF, LL, FK, and MS and daily
low stage at KN/KI and TK and
to Branford-Fort White flow

and 25-year maximum
threshold 14-day flows for
Branford-Fort White (1933-99)

\

River stage associated with
2-year, 5-year, and 25-year
maximum threshold 14-day flows
determined at CF, LL,

FK, MS, KN/KI, and TK

14-day maximum threshold stage for
1992, 1983, and 1998 determined at
SN/SH and LK/DM (1983 stage for SN/SH
determined by interpolation between
TK 5-year maximum threshold 14-day stage
and Gopher River
1983 maximum threshold 14-day stage)

DATA FOR TK 5-YEAR

14-DAY STAGES ONLY

EXPLANATION

TOPOGRAPHY

VEGETATION

\/

FINAL RESULT
Median elevation of each forest type at each transect
compared to 2-year, 5-year, and 25-year maximum
threshold 14-day river stages at each transect to determine
FLOOD DEPTH (if river stage is higher than land surface) or
ELEVATION OF RIVER STAGE BELOW LAND SURFACE
(if river stage is lower than land surface)

HYDROLOGY

HYDROLOGIC ANALYSIS

FLOOD DEPTH ANALYSIS

o000

Figure 12. Methods for calculating flood depths for each forest type at each transect in the lower Suwannee River

floodplain, Florida. Flood depths were not calculated for BC transect because it is too far from the river to estimate
transect water levels from river stage.
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Literature research was con- (1933-99) was used in the impact
ducted to describgalinity tolerance analyses.
of tree species in the lower tidal The five hypothetical flow
reach. Typical salinities associated reductions were subtracted from the
with the tree line were determined daily mean flow of every day in the
in East and West Pass in relation to67-year period of record at Bran-
flow at the Wilcox gage based on ford-Fort White, and then long-
salinity-flow relations developed by term duration and flood frequency
Tillis (2000). statistics were recalculated. A con-
sistent decrease in flows throughout
the reach where the reductions were
applied was assumed.

Changes in forest composi-

Impacts of Flow Reductions

Impacts of flow reductions
on floodplain forests were esti-

mated using five hypothetical flow o4 ctions were calculated from

reductions, 2.8, 8.4, 14, 28, and  changes in long-term flow statistics
56 n/s (100, 300, 500, 1,000, and ¢4t were considered to be critical

2,000 ft/s), which were selected 0 (4 the maintenance of the existing
represent a range of impacts from foest type. Selection of critical
very small to very large. Average fioy statistics was based on review
annual water consumption in the ¢ scientific literature and analysis
Suwannee River basin in 1995 wasgf gata collected in this study

between 9.0 and 9.8%8 (320 and  regarding the hydrologic conditions
350 fF/S) based on water W|thdraWn associated Wlth each forest type

from surface- and ground-water  Estimated impactom flow reduc-
sources minus water returns from tions were calculated for general
municipal or industrial wastewater forest types only, because potential
plants, septic tanks, and irrigation changes in general forest types,
percolation (Fanning, 1997; such as conversion of swamps to
Marella, 1999; U.S. Geological bottomland hardwoods, were con-
Survey, 2001; R. Marella, U.S. sidered to be more important than
Geological Survey, written com-  changes in specifitypes that were
mun., 2001). Water consumption insimilar, such as conversion of Rsw1
the basin increased substantially to Rsw2. Three types of forest com-
after the early 1980’s primarily due position changes were calculated.
to the widespread use of center 1. Change to a drier forest type.
pivot irrigation swtems (Pierce and The percentage that long-term
others, 1984; Marella, 1995). hydrologic statistics of

Impact analyses ithis report used Rsw1/sw2 shift toward that of
forest types that were based on data the next drier type, Rblh1, was
from canopy trees older than calculated for five hypothetical
20 years of age in most cases, flow reductions. This calcula-
which were established during tion used four critical hydro-

tion estimated for hypothetical flow 2.

earlier conditions with much lower
water consumption. A trend analy-
sis with an examination of associ-
ated climatic differences has not
been conducted for river flows in
the lower Suwannee River; there-
fore, the entire period of record

logic statistics: duration of
inundation; duration of satura-
tion; 2-year, 14-day threshold
flood depth; and 5-year, 14-day
threshold flood depth. The area
of Rsw1/sw2 estimated to
change to Rblh1 was calculated

for each hypothetical flow
reduction by multiplying the
percentage ange for the
measure that changed the least
(5-year flood depths) times the
total area of Rswl/sw2. Similar
calculations using the percent-
age change in 5-year flood
depths were made to determine
the area of four additional forest
types that were estimated to
change to the next drier forest
type.

Change to a more tidal forest
type. Reach boundaries
(delineating the upstream extent
of tidal forests) would move
upstream if flows were reduced
and flood depths decreased.
Graphs depicting flood depths
by rkm for the 5-year, 14-day
threshold floods were used to
calculate the estimated distance
that advancing (more tidal) for-
est types would move upstream
and replace retreating (less tidal)
forest types at the reach bound-
aries. These distances were cal-
culated for three forest type
changes and five hypothetical
flow reductions. The areas of
forest types affected by reach
boundary movements were cal-
culated from the forest map for
each flow reduction.

. Conversion of forest to marsh at

the tree line. Typical salinities
associated with the tree line
would move upstream if flows
were reduced. Multiple linear-
regression models developed by
Tillis (2000) were used to deter-
mine the new upstream location
of tree line salinities for five hypo-
thetical flow reductions at the
Wilcox gage where the regres-
sions were developed. Areas of
forest types affected by the
upstream salinity movements
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were calculated from the forest and 3) selected critical flow statistics
map for each flow reduction. represent the determining factors of
Wetland areas estimated to forest composition.
change in forest composition were The large number of mea-

calculated using both altered and syrements and observations made

unaltered areas. Most altered wet- in this study provided adequate rep-

land forests were logged or plantedjicate sampling for the various

in pines, and have the potential to types of data, and increased the

return to natural forests. _ probability that the data collected
In addition to forest composi- re representative of the entire

tion changes, losses of inundated fioodplain. As a result, error was

and saturated area in riverine for- greatly minimized in the final

ests were calculated for five hypo- ostimates of impacts from flow
thetical flow reductions in relation oquctions. Error was further mini-
to the flow at which those reduc-  ized because the estimates of
tions occur. The inundated or satu+mnacts from flow reductions were
rated area that would exist at each p,qad on relative change. The type
hypothetical reduced flow was sub-an4 amount of error inherent in the
tracted from the inundated or satu- ..\ condition undesach hypothet-
rate_ld area existing at the original ical flow reduction was the same
(unimpacted) flow for each flow error inherent in the existing condi-

increment up to a high flow of : .
: tion that the new condition was
800 n¥/s (28,250 fs). This loss of compared against.

area, in hectares, was then divided
by the original area, in hectares, to

get the loss of area, in percent, for yDROLOGIC CHARAC-

each flow reduction occurring at TERISTICS OF THE RIVER
each flow increment.

Measurak?le and Unmeasur- Long-term hydr0|ogic char-
able errors are inherent in calcula- acteristics of the river, including

tions of data for impact analysis.  flow, stage, tidal range, storm
Amount of error can be estimated

surges, and salinity, have a major
influence on the hydrology, soils,
and vegetation of the floodplain.

Flow

Flows are usually highest in
March and April, and lowest in
November and December (fig. 13).
Median daily flow was approxi-
mately 181 ri's (6,480 ft/s), with
typical annual flows ranging from
the median annual 1-day low flow
of 101 ni/s (3,600 fi/s) to the
median annual 1-day high flow of
571 nt/s (20,400 fi's) based on
Branford-Fort White flows from
1933 to 1999 (table 8). The lowest
daily mean flow in the period of
record was 61.7 ffs (2,202 ft/s)
on December 19, 1990, and the
highest flow was 2,425 s
(86,610 ft/s) on April 11, 1948.
The maximum 1-day flow in 1948
had a recurrence interval of approx-
imately 250 years. The maximum
threshold 14-day flow in the 1948
flood had a recurrence interval of
about 75 years. Maximum 1-day
flows occurring during the 3 years

for long-term surface-water flow and ~
50

stage records, stage-discharge rela-3 o T ME'AN I\/IIONTIHLY :=|_ov|v e 18.000 =
tions, water-level measurements at Q) I e e e 1 16000 9
the transects, land-surface eIevatiorg:) 400 |- 1 14,000 4
surveys, latitude and longitude readw | o
ings, soil and water conductivity ¢ 7 12,000 &
measurements, and forest map acciy; 3%° 1 10,000 1T
racy. Amount of error cannot be - i
estimated for the location of LE) 200 - 1 8000 %
transects on GIS images, plant idenm | -4 6,000 2
tifications, soil profile descriptions, 3 1 4000 QZ)
and soil moisturebservations. In ~ Z 100 ‘ ;
addition, error cannot be quantified = - 1 2000 O
for the accuracy with which 1) land- 9 [ I I I N N NN N N 0 s
surface elevations and soils at the O N D J F M A M J J A S

transects represent the entire flood- MONTHS

plain, 2) hydrologic conditions on
the various field dates represent theg
typical conditions in the floodplain, Fe River near Fort White.

26
Impacts of Flow Reductions

Figure 13. Mean and median monthly flows of the lower Suwannee River,
lorida, 1933-99. Flow is combined flow of Suwannee River at Branford and Santa
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Table 8. Basic flow characteristics of the lower Suwannee River, Florida, 1933-99 Stage and Tidal Range

[Flows are combined flows of Suwannee River arBord and Santa Fe Riveear Fort White. Recur-
rence intervals for maximum 1-day flows and maximum threshold 14-day flows were calculated using

log-Pearson Type Il analysis s, cubic meters per second{dt cubic feet per second; %, percent] River Stage at four gaging

stations used in this study is shown

Flow o
Flow descriptor in figure 14 forwater y_ears 1997,
m?/s ft¥/s 1998, and 1999. Daily stage fluc-
Lowest 1-day flow (December 19, 1990) 61.7 2,200 tuations areon-tidal at the two
95% exceedance flow 83.8 2,990 most upstream gages, Branford and
90% exceedance flow 954 3,410 Bell. In this report, daily stage
Median annual 1-day low flow 101 8600 flyctuations less than 6 cm are con-
75% exceedance flow 120 4,300 . - :
Median (50% exceedance) flow 181 6,480 Sldered. to be non tld.al' Daily stage
Mean flow 243 8670 f!uctuatl(_)ns at the Wilcox gage are
25% exceedance flow 297 10,590 tidal during low flow but not during
10% exceedance flow 473 16,900 floods. Daily tidal fluctuations at
5% exceedance flow 608 21,710 ; :
Highest 1-day flow (April 11, 1948) 2,425 86,610 all flows fllnduqmg the peak of the
Recurrence 25-year flood in 1998.
interval Tides are mixed semi-diurnal
2-year 568 20,290 ynically with two unequal high
5-year 885 31,590 : .
10-year 1,120 39,000 tides and two unequal low tides
. 25-year 1,445 51,600 each day. The median tidal range at
Maximum 1-day flow . .
50-year 1,707 60,960 the mouth of the Suwannee River is
;gg-year ;-ggg ;2'223 about 1 m (Tillis, 2000). Typical
-year s , . d
500-year 5706 96,640 tidal range at the Gopher River
gage is approximately 0.85 m at
2-year 491 17,550  both the median annual 1-day low
S-year 749 26,750  flow and the median flow (fig. 9).
_ N 10-year 921 32910 Tidal range at this gage was about
Maximum threshold 25-year 1,138 40,650 0.15 m during the peak of the 25-
14-day flow 50-year 1,298 46,350 ) . .
100-year 1.455 51,970 Year flood in 1998 (f_|g.14). Typ!cal
200-year 1,611 57,550 tidal range at the Wilcox gage is
500-year 1,817 64,880 about 0.3 m at low flow, decreases
i Megian annua: 1-gay Iﬁ)whﬂﬁ)w is bgsggdclimatic years ;)f Apritl) 1-March 31.b to 0.15 m at median flow, and is
Median annual 1-day high flow is basau water years of October 1-September 30. . . .
3 Includes August 1928 peaktdemined from flood mark. non-tidal at h|gh flow. Typlcal

monthly and daily stages at tidal

of data collectiorin this study had ~ flows on the rising tide. Near Man- transects (MMH, MDH, and MDL)
approximate recurrence intervals ofatee Springs (rkm 39.1), flow mea- &ré described in appendix .
1.7 years for the 1997 flood surements made during very low Sea level rise has been esti-
(508 nri/s, 18,150 fY's), 25 years for flow (83.5 ni/s, 2,950 fi/s) were mated for Florida’s Gulf coast in
the 1998 flood (1,434 ffs, the vicinity of the mouth of the
51,220 f#/s), and 2.5 years for the - Suwannee River at 30.5 cm since
1099 flood (612 rfis, 21 870 ffs).  C crsaIs (negative flows) probably 3 o' oo e, 2000). Evidence that
occur at that location under certain .

Flow at the confluence of the ditions (J. Grubbs, U.S. Geolo ‘the Suwannee River esf[uary and
Suwannee and Santa Fe Rivers is f:on ! ) o 9 nearby areas are experiencing sea
unaffected by tides. Flow varies  \cal Survey, oral commun., 2000). ey rise and coastal forest retreat
with the tidal cycle during low-flow FOW reversals occur at Fowlers  pag peen presented by a number of

close to zero on the rising tide; flow

periods at the Wilcox gage (rkm  Bluff gage during low flow, and investigators including Kurz and
53.8) and at all downstream occur nearly every day at the Wagner, 1957; Carlton, 1977;
locations, usually with highest Gopher River gage during low and Clewell and others, 1999; and
flows on the falling tide and lowest medium flows. Williams and others, 1999.
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Figure 14. River stage during the 1997, 1998, and 1999 water years at four gaging stations on the lower Suwannee
River, Florida. Daily mean stages are shown for Branford and Bell, hourly stages for Wilcox, and 15 minute stages for
Gopher River.
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Storm Surge Salinity decreases upstream. recorded upstream of the conflu-
While the salinity of seawater aver- ence of West and East Passes were
At the Gopher River gage,  ages 33 ppt, salinities in Suwanneecollected during an unnamed storm
stages during storm surges are  Sound range from 20 to 30 ppt dur-on October 30, 1993, that also
higher than river flood stages; how- ing low flow (Orlando and others, occurred during low flow (Mattson
ever, the duration of storm surges is1993). Under low-flow conditions, and Krummrich, 1995). Bottom
usually less than 24 hours. The highvertically averaged salinities are  salinities were 13.9pt at the con-
est storm surge in the 3-year study typically 20 ppt at the mouth of ~ fluence of East and West Passes,
period occurred October 7-8, 1996, Wadley Pass, 10 ppt at rkm 2.9 in  11.0 ppt at the mouth of Gopher
during Hurricane Josephine. Peak \\est Pass, 5 ppt at rkm 4.5 in WestRiver, and 5 ppt at the mouth of
stages during this storm were 2.0 mpgass, 2 ppt at the confluence of ~ Sandfly Creek (J. Krummrich, Flor-
above sea level at the Gopher Riveryest and East Passes, and 0.5 pptida Fish and Wildlife Conservation
gage (fig. 14) and 2.2 m above sea near the mouth of the Gopher River Commission, witten commun.,

level at the Upper West Pass gage. (Tillis, 2000). 2000). Salinities at these locations
A non-tropical winter storm Salinity is greater at thebot- ~ aré probably much higher during
known as the Superstorm of March tom of the river channel than at the ~ 1arger storms, because the mid-
1993 produced a storm surge of  gyrface. At the mouth of West depth salinity at the upper West
2.9 m at Cedar Key (National Pass, mean bottomlisdty (15 ppt) Pass gage during this unnamed

Oceanic and Atmospheric Adminis- js higher than mean surface salinityStorm (13.7 ppt) was much lower
tration, 1994). Slightly higher storm (g 3 ppt) (Mattson and Krummrich, than that reported for Hurricanes
surges of 3.1 m were recorded at 1995, Differences between surface©Pal and Josephine (30 and
Cedar Key in June 1972 during HUr-3nd bottom salities decrease 23.6 ppt, respectively).

ricane Agnes and in June 1966 dur'upstream. At rkm 2.9 in West Pass, Hurricane season in the Gulf
ing Hurricane Alma. Much higher  {he mean bottom salinity (7.2 ppt) ©Of Mexico is June 1-November 30
storm surges are reported to have g higher than the mean surface ~ With 84 percent of all hurricanes
occurred in the 1800's. Astorm  gajinity (4.7 ppt). Vertically aver- ~ occurring during August and Sep-
surge in 1882 was estimated to be aged or m|d_depth salinities are tember (Organization of American
4.9 m above sea level, and another "Foughly comparable to the average States, 1991). Hurricane season
1842 reached approximately 5.5m ot grface and bottom salinities. ~ occurs primarily when flows are
above sea level in Cedar Key (Ho below the median flow of 181 s

and Tracey, 1975). Slinityinereasesasflow " 00 %) (fig. 13).

decreases. At rkm 2.9 in West
Pass, vertically averaged salinities

Salinity are t)_/pically less than 0.5 ppt dur- TOPOGRAPHY AND
ing high flow, 5 ppt at medium HYDROLOGY OF
Salinity in the lower tidal flow, and greater than 10 ppt at low FORESTED ELOODPLAIN
reach of the Suwannee River varielow (Tillis, 2000).
temporally and spatially in Salinities are highest during Topographic and hydrologic
response to many factors. storm surges that occur whenriver  features of the floodplain are

Salinityisgreater at hightide  flowsarelow. The highest salinities important factors affecting soil
than at low tide. At the Upper West measured over a 2-year period at acharacteristics and forest composi-
Pass gage (rkm 4.5), mid-depth  continuous recoiidg (mid-depth)  tion and distribution.
salinities at high tide over the salinity station in West Pass (rkm
course of a week during low flow 4.5) were 30 ppt during Hurricane
(Sept. 24-30, 1996) ranged from 3 Opal on October 4, 1995 (Tillis, = Land-Surface Elevations,
to 15 parts per thousand (ppt). All 2000), and 23.6 ppt during Hurri- Hydrologic Conditions, and
mid-depth salinities recorded at low cane Josephine on October 8, 1996Fgrest Types at Transects
tide during that same week were (G. Tillis, U.S. Geological Survey,

0 ppt (Tillis, 2000). All salinities  oral commun., 2000). Both of these Elevation and topographic
described subsequently in this storms occurred during periods of relief in the floodplain decreases
report were collected at high tide. low flow. The highest salinities with proximity to the Gulf (fig. 15).
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Figure 15. Land-surface elevations and forest types at floodplain transects in relation to long-term
hydrologic conditions in the lower Suwannee River, Florida. Stages for the 2-year and 5-year, 1-day highs
and percent exceedance are derived from daily mean values (1933-99). MMH, MDH, and MDL stages are
calculated from unit values (1986-99). The 1948 and 1998 floods, with recurrence intervals of approximately
250 and 25 years, respectively, are shown at most lower tidal transects where 2-year and 5-year floods are
less important. Hurricane Josephine occurred on October 7-8, 1996. Hydrology is not shown at BC, which is
too far from the river to estimate transect water levels from river stage.
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Figure 15. Land-surface elevations and forest types at floodplain transects in relation to long-term
hydrologic conditions in the lower Suwannee River, Florida. Stages for the 2-year and 5-year, 1-day highs
and percent exceedance are derived from daily mean values (1933-99). MMH, MDH, and MDL stages are
calculated from unit values (1986-99). The 1948 and 1998 floods, with recurrence intervals of approximately
250 and 25 years, respectively, are shown at most lower tidal transects where 2-year and 5-year floods are
less important. Hurricane Josephine occurred on October 7-8, 1996. Hydrology is not shown at BC, which is
too far from the river to estimate transect water levels from river stage. (Continued)
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Figure 15. Land-surface elevations and forest types at floodplain transects in relation to long-term
hydrologic conditions in the lower Suwannee River, Florida. Stages for the 2-year and 5-year, 1-day
highs and percent exceedance are derived from daily mean values (1933-99). MMH, MDH, and MDL
stages are calculated from unit values (1986-99). The 1948 and 1998 floods, with recurrence
intervals of approximately 250 and 25 years, respectively, are shown at most lower tidal transects
where 2-year and 5-year floods are less important. Hurricane Josephine occurred on October 7-8,
1996. Hydrology is not shown at BC, which is too far from the river to estimate transect water levels
from river stage. (Continued)
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The highest elevation and greatest to, but are not necessarily the sameriver channel, particularly at the CF

relief are at the most upstream
transect (CF), where elevations

level. The greatest range in river

least relief are at the lower tidal
transects (TK, SN, SH, BC, LK,
and DM), where elevations range
from 0.3 to 1.3 m above sea level.
Throughout the remainder of this
report, specific locations on
transects are identified with the

as, river levels in the main chan-

transect, where pond levels are 1-2

nel. Intervening levees and ridges m above river levels during low and
range from 4.1 to 7.3 m above sea can delay or prevent water from
entering or exiting depressions. In tion in riverine forests varies with
stage also is at the most upstream some riverine swamps, water levelsriver flow. Standing water disap-
transect, with a typical annual rangemay be higher than river stage

of 4.1 m. The lowest elevations andbecause of local rainfall, residual

floodwaters, or ground-water seep-

medium flows. Duration of inunda-

pears in all riverine swamps during
severe droughts.

More than two-thirds of the

age from adjacent uplands. In tidal MS transect is covered by upper
forests, high tides last only an hour tidal swamps that are isolated from

or two and may not reach partially
isolated swamps near the upland
edge and relatively far from the
main channel. Actual hydrologic

transect name and a number corre-conditions along floodplain

sponding to the distance from the

transects were observed during a

beginning of the transect shown onvariety of flow conditions during
the horizontal axes in figure 15. Forthe 3-year data collection period

example, TK-290 identifies the
location of the deepest tidal creek
on the TK transect.

Elevations associated with a transects including the MS transect.

(app. M.
Natural riverbank levees are
prominent features on the riverine

variety of statistics describing long-Levees range from 1 to 3 m high

term hydrologic conditions in the

and 15 to 80 m wide. On three of

regular tidal inundation by high
riverbank levees. The shallow pud-
dles of water or soupy mud com-
monly found throughout most of
these swamps do not fluctuate with
the tides (fig. 7). The water table is
probably near land surface year
round in MS swamps because most
land-surface elations in these
swamps are close to the elevation of
the MDH.

From the MS transect down-
stream to the Gulf, the influence of
river flooding on river stage gradu-

river channel are shown with each the four riverine transects, there is aally decreases, whereas the influ-
cross section in figure 15. The hori-second higher ridge directly behind ence of tides and storm surges on
zontal bars shown above the cross the riverbank levee. Most levees

sections indicate the extent of
mapped forest types at each

river stage gradually increases

and high ridges are vegetated with (fig. 16). River flooding dominates

high bottomland hardwood forests

the hydrograph about one-third of

transect. Median elevations of each(Rblh2 and Rblh3). These areas arehe time at the MS transect, about
forest type at each transect are prepartially submerged during a 2-year one-tenth of the time at TK

flood, and totally submerged during transect, and rarely at the LK and
In figure 15, lines indicating & 5-year flood. Riverbank levees areDM transects. Median elevations

sented in appendix Il.

flood elevations (and Hurricane

very low or nonexistent on tidal

of forest types are more deeply

Josephine storm surge at most tidatransects downstream of MS. The inundated by daily and monthly
highest elevations on tidal transectstidal fluctuations with proximity to
across the entire cross section for are found in the UTblh forest on the the Gulf. Elevations of storm surges
each transect, because river stageK! transect, in the LTham forest on are much lower than the 2-year,
the SH transect, and on the tops of 1-day high at MS, are similar to

transects) are shown extending

during these episodic flood or
storm events are high enough to

the higher hummocks on the TK,

inundate most or all of the transect SN, BC, and LK transects. These

land surface. Conversely, lines
indicating elevations for percent
exceedance at riverine transects,
and MMH, MDH, and MDL at tidal

higher elevations are above the

MMH, but are submerged by large
floods and storm surges.

Depressions on riverine

transects are not shown extending transects are vegetated with
acros the cross sections; when riveswamps (Rswl and Rsw2). Water below the MMH and the riverward
levels are below flood stage, water levels in riverine swamps are some-half of those transects receive direct
levels in the floodplain are related times higher than water levels in thetidal inundation from tidal creeks.

Topography and Hydrology of Forested Floodplain

major flood stages at TK, and are
much higher than any river flooding
at LK and DM.

Tidal creeks flowing in and
out with daily tides were observed
at KN-240, TK-290 (fig. 17), and
SN-30. Swamps at KN and TK are
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Figure 16. Forest type elevations in relation to daily high river stage from 1985 to 1999 at transect locations in the upper
and lower tidal reaches of the Suwannee River, Florida. At all transects except LK and DM, daily high stage was estimated
by interpolation between gages. Daily high stage at LK and DM transects was extrapolated from long term Gopher River
gage data, based on a comparison of 3 years of concurrent data at both the Upper West Pass and Gopher River gages. BC
transect is not included because it is located too far from the main channel to relate transect elevations to river stage.
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Figure 16. Forest type elevations in relation to daily high river stage from 1985 to 1999 at transect locations in the upper and
lower tidal reaches of the Suwannee River, Florida. At all transects except LK and DM, daily high stage was estimated by
interpolation between gages. Daily high stage at LK and DM transects was extrapolated from long term Gopher River gage
data, based on a comparison of 3 years of concurrent data at both the Upper West Pass and Gopher River gages. BC
transect is not included because it is located too far from the main channel to relate transect elevations to river stage.
(Continued)
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Figure 17. Tidal creek at low tide in LTsw2 forest on TK Figure 18. Shore of the Suwannee River, Florida, near DM
transect in the lower Suwannee River floodplain, Florida. transect at very low tide. The intertidal zone lies between the
At high tide, water fills the creek and flows out onto the median daily high and low stages. Daily high tide covers not
adjacent forest. High tide usually does not last long enough only this muddy shore, but floods the forest floor as well.

for water to work its way across the entire forest floor, even

though land-surface elevations of distant swamps may be

similar to those of swamps adjacent to the creek.

The back half of these swamps  direct tidal inundation from the tion between these two forest types

(near the uplands) are semi-isolatediver channel (fig. 18). is evident on the ground, small
from regular tidal inundation. Hummocks at the bases of areas containing hammock species
Water levels measured in shallow trees are present at nearly all that were visible on aerial photog-

pools in semi-isolated swamps from

h t tel d
KN-450 to 700 and TK-0 to 160 did transects, but are more common at raphy were not separately mappe

not fluctuate with the tides except lower tidal transects where they arefor this study unless th_e _hammock
when river levels were above the usually large and well defined areas exceeded the minimum map-
MMH. All of the LTmix forest at  (fig- 19). Some lower tidal forests ping unit size of 500 A Forests

SN receives direct tidal inundation have a distinct hummock-mud floor with few hummocks at TK are

from the tidal creek on that transect. microtopography that supports mapped as LTswl and LTsw2, and
Swamps and mixed forests at LK hammock species on the hum- forests with numerous small hum-
and DM are intertidal because theymocks and swamp species on the mocks at SN or few large hum-

are below the MDH and receive  mud floor. Although the distinc- mocks at LK are mapped as LTmix.
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Figure 19. A well-defined hummock that is large enough to support several trees
on BC transect in the lower Suwannee River floodplain, Florida. Hammock tree
species can grow within a swamp forest on the elevated soil of hummocks, but
cannot survive on the surrounding mud floor.

Salinity in Floodplain Water
Bodies of Lower Tidal
Reach

during large hurricanes that make
landfall during low-flow periods.

Salinity of surface waters in

Salinities in tidal creeks at
KN-240, TK-290, and SN-30 are
probably similar to the main river the main river channel (fig. 20).
channel because they are connecteWater salinities can be elevated in
to the river by daily tidal flow.
The river is fresh at KN and TK
transects under mmal conditions;
salinities during storm surges are
unknown at those locations. The
river is usually fresh (less than
0.5 ppt) at the mouth of Sandfly
Creek (rkm 12.9) except during
storm surges. Maximum salinity Ponds shrink from evaporation.
measured near the mouth of Salts build up in the SO”S, so that
Sandfly Creek was 5 ppt at the bot-€ven after being flushed with fresh
tom (and probably exceeded 0.5 pptvater during major river flooding,
at the surface) during a minor stormthe ponds return gradually to their
surge on October 30, 1993 saline conditions after the flood
(J. Krummrich, Florida Fish and recedes.

Wildlife Conservation Commis- The highest water salinity

sion, written comman., 2000). measured in the floodplain in this
Surface salinities near the mouth ofstudy (5.2 ppt) occurred in an iso-
Sandfly Creek and in the tidal creeklated pond at BC transect (fig. 21)

is periodically deposited by storm
surges. The isolated position of
these ponds in the landscape pre-
vents them from being flushed by
fresh or less saline water from the
river and tidal creeks. During
droughts, pond $aities increase as

Topography and Hydrology of Forested Floodplain

in February 1997, about 4 months
after Hurricane Josephine (fig. 20).
The storm surge from Hurricane
Josephine probably deposited
saline water on both the BC and SH
transects. The lowest salinity mea-
sured at lower tidal study sites
(0.05 ppt) also occurred at the BC
transect (and was assumed to be
similar at SH and TK) during a 25-
year flood in March 1998, when the
entire floodplain was covered with
fresh river water moving down-
stream as sheet flow through the
forest. Less than 2 months after the
flooding receded, salinity began
increasing at both BC and SH
transects, probably due to salts
moving out of the soil as the ponds
shrunk from evaporation (Hanlon
and others, 1993). Storm surges
from Hurricanes Earl and Georges
in September 1998, although

at SN-30 are probably much higher smaller than Hurgane Josephine,

may have brought more saline
water to the ponds. The ponds
shrunk in sizeand salinities gener-

isolated ponds of lower tidal forests ally increased in 1999 as a result of
is sometimes higher than salinity in the drought conditions in the sum-

mer and fall of that year.
Salinity of isolated ponds

isolated ponds because saline wateincreases with proximity to the

coast. Isolated ponds in the
upstream portion of the lower tidal
reach at TK transect always seem to
contain freshwater (less than

0.5 ppt salinity) (fig. 20). Isolated
ponds are usually oligohaline (0.5
to 5.0 ppt) in the lower half of the
lower tidal reach at SH and BC
transects, and rarely mesohaline
(greater than 5 ppt) at BC transect.
In straight-line distances, TK, SH,
and BC transects are approximately
12, 7, and 5 km from the Gulf,
respectively. Water samples col-
lected at several other sites in lower
tidal forests (app. IV) generally
confirm the downstream salinity
gradient depicted in figure 20.
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Figure 20. Salinity of surface-water samples
collected at selected sites in lower tidal forests
in the floodplain of the lower Suwannee River,
Florida. Salinity was calculated from electrical
conductivity (EC) using the formula: Salinity,
in parts per thousand = EC, in millimhos per
centimeter x 0.65 (adapted from Hem, 1985).
Salinity near zero on 3-25-98 was estimated
for all sites from salinity measured at BC
transect. During this 25-year flood event, the
entire floodplai