






















































































































































































































































































Figure 41.

This windthrown b1tternut”h1¢kory‘on the f]oodpia1n of the MurderMCreek

Special Management Area (Oconee National Forest, GA) illustrates the large opening

created by this natural event.

system of uneven-aged management.

formerly bore forests of very large
cypress. Klawitter (1962) discussed the
three periods of baldcypress logging on
the Santee River (SC).

Clearcutting of hardwoods other than
baldcypress may also lead to entirely new
forest overstories. Sweetgum and shade-
intolerant hardwoods piocneer after clear-

cutting in the Congaree Swamp (Gaddy
et al. 1975), and mid-seral sugarberry-
American elm-green ash stands follow

extensive logging of Zone IV (Nuttall oak-
willow oak) forests 1in the Mississippi
Valley.

Agriculture

The growing of rice has completely
altered many floodplains. Rice culture
was introduced around 1700 in Zone II
swamps on smaller streams that emptied
into large navigable rivers (e.g., Wambau
Creek and Santee River, SC). Reserve
dams were constructed across small feeder
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In mature forests such openings are common enough to
provide vegetation in all states of succession.

The virgin forest thus has its own

creeks, providing a reservoir to supply
water to the rice fields, even on coastal
islands (e.g., Hobcaw Barony, SC). This
system persisted until 1885 (Klawitter
1962). When the tidal flooding method was
developed 1in South Carolina in 1750,
large-scale rice plantations became feasi-
ble, and entire floodplain forests of
cypress were burned or buried by ‘slave
labor (e.g., Santee River, SC). The fields
with their remnant levees from these
plantations are used today as waterfowl
refuges (Figure 42).

Unsuccessful attempts at cotton and
other agriculture have taken place on many
southern floodplains, especially in the
great fall 1line swamps of the Flint and
Oconee Rivers in Georgia (Wharton 1977).
These abandoned areas support a variety of
forest cover. One area on the Roanoke
River (NC) bears an almost pure stand of
large cottonwoods. Boxelder flats can be
found 1in such disturbed areas along the
Chattahoochee and Alcovy Rivers (GA).




Figure 42. Aerial view of relict rice fields on former bottomland hardwood forests
Photo courtesy of the Georgia Department of

that are presently managed for waterfowl.
Natural Resources.

PRIMARY PRODUCTIVITY OF FLOODPLAIN FORESTS

High productivities of the floodplain
forest (Conner and Day 1976) are made
possible by several subsidies offered to
the floodplain by the watershed and river,
including particulate and dissolved or-
ganic matter, water, soil (especially clay

and silt), and nutrients (inorganic,
sediment-adsorbed, and organically com-
plexed). These 1inputs support what is

essentially an increased rate of ecosystenm
community metabolism, reflected in (1)
annual litterfall and nutrient turnover
- rates as high or higher than most temper-

ate deciduous forests; (2) relatively high
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detrital decomposition rates, except in
systems with permanently ponded water; {(3)
periodic "flushing" of accumulated refrac-
tory organic detritus and metabolic by-
products; and (4) the operation of several
microbial conversion processes character-
istic of widely varying conditions, such
as nitrification, denitrification, ammoni-
fication, methanogenesis, sulfate reduc-
tion, and general nutrient mineralization
(Wharton and Brinson 1979%a).

In addition to these physical and
chemical subsidies, the river contributes
macro- and microfauna during flood periods
that both speed detrital decomposition and



participate in the floodplain’s food
chains, nutrient cycles, and import-export
pathways.

The major factor contributing to the
high productivity of the floodplain forest
is the pulsing of the wet-dry cycle.
Conner and Day (1976) made an analogy
between these floodplain forests and the
tidal marshes in terms of the positive
effects of fluctuating water levels:

"This periodic flooding acts somewhat
in the same manner as tidal flooding
in saline marshes, in that fluctuat-
ing water levels are energy subsidies
which control variations in hydric
conditions, temperature, nutrient
levels, and available oxygen (Hester
1973; Butler 1975)."

Bottomland hardwood communities that
either are permanently flooded with slow-
moving to stagnant water, or are regularly
damaged by unusually high and irregular
destructive floods are not as productive
as communities that undergo periodic mod-
erate floods. This has been illustrated
clearly (Figure 43) by Odum (1978), who
graphically compared the productivity of
stagnant, seasonally flooded, and abra-
sively flooded systems with a regional
average of all wetland and upland forest
types.

Communities in permanently ponded
conditions, or on sites where poor drain-
age leads to continuously high water
tables and the accumulation of acidic peat
soils, have lower productivities primarily
because of low nutrient turnover, due to
anoxia, nitrogen Tlimitation, and low pH.
Brown et al. (1979) and Conner and Day
(1976} presented data that demonstrate the
reduced productivities of still water
systems.

Productivity values gleaned from the
literature for 19 upland and bottomland
forest types are presented in Table 16 and
generally support the concept of a flood
subsidy depicted in Figure 43. A second
verification of this concept is shown in
Figure 44, where productivity data from
sites in several zones are plotted (from
Gosselink et al. 1981). Gosselink et al.
(1981) stated:

Productivity —»

[ !

Stogn‘ant l Seasonal flooding ]

Slowly Abrasive
fiowing ) fiooding
Stress < Subsidy<—Stress

Figure 43. The effect of a gradient of
flooding on productivity as compared with
a regional level that might be expected in
the absence of standing or flooding water.
The graphic model takes the form of a
stress-subsidy curve. For southern swamps
Conner and Day (1976) estimated annual net
production for stagnant, slowly flowing
and seasonal flooding conditions as of the
order of 0.2, 0.7, and 1.2 kg dry matter
per square meter, respectively {(Odum
1978).

“Forest production appears to peak at
the once-per-year flood frequency if
flooding is during the winter because
this regime furnishes the optimum
environment for plant growth in terms
of nutrient input by flood waters,
summer soil moisture, and possibly
aerobic conditions during the summer
leading to inorganic nutrient release
from organic debris."

Primary productivity data in the 1it-
erature are much more common for the tree
canopy and woody subcanopy (small trees
and shrubs) components of floodplain com-
munities than for the herbaceous, aquatic
vascular, and nonvascular components.
Aquatic plant productivity in river chan-
nels and drainage tributaries, permanent
ponds, and temporary sloughs and swales
has received the least attention. Brinson
and Wharton (1979a) suggested that the
productivity of alluvial stream communi-
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Table 16. Net primary productivity (g dry wt/mz/yr) for
bottomland hardwood communities (primarily Zone II), com-
pared with other wetland and upland environments.

New primary
productivity

Community type

(g dry wt/m2/yr)

References

Dwarfed cypress strand (FL)
Okefenokee cypress forest (GA)
Oak~hickory upland (MO)
Cypress-water tupelo (IL)

Drained cypress strand (FL)
Cypress-tupelo (Green Swamp, FL)
Oak-pine uplands (NY)

Slash pine flatwoods (FL)

Northern hardwood upland (NH)
Cypress-hardwood (Green Swamp, FL)
Mature cypress dome (FL)
Elm-ash-sweetgum (Zone IV) (IL)
Spruce-fir upland (Great Smokies)
Upland cove forest (TN)

Cypress strand (FL)

Riverine cypress-water tupelo (LA)
Mixed bottomland hardwoodsP (LA)
Cypress-water ash creek forestC (FL)
Tulip poplar upland forest (TN)

367 Carter et al. 1973

565 Schlesinger 1978

600 Rochow 1974

678 Mitsch et al. 1977

681 Burns 1978

760 Mitsch and Ewel 1979

796 Whittaker and Marks 1975
830 Golkin 1981

838 Whittaker and Marks 1975
950 Mitsch and Ewel 1979

g56 Brown 1981

967 S. Brown (pers. comm.)a
980 Whittaker and Marks 1975
1050 Whittaker and Marks 1975
1111 Burns 1978
1140 Conner and Day 1976

1174 Conner and Day 1976
1607 Brown 1981
2400 Whittaker and Marks 1975

3sandra Brown, Department of Forestry, University of I1linois, Urbana.

bRed maple-water tupelo-box elder-cottonwood-cypress-swamp dogwood-willow
(mix of Zones II and IV with pioneer species).

CAlso contains diamondleaf, oak, sweetgum, red maple (mix of Zones II and IV).

Flow partially regulated by low dam.

ties is probably low because of heavy silt
toads. Productivity of the Satilla River
and Okefenokee Swamp does not seem to be
limited by low nutrient availability and
acidic conditions. Brinson observed ex-
tensive production of filamentous algae in
floodplain ponds during the winter dormant
season and suggested that this component
may provide a temporary sink for inorganic
nutrients during winter and early spring.

Aquatic vascular productivity can be
high in localized areas, depending on
light intensity and water velocities.
Species that may contribute heavily to

community productivity are Alternanthera

philoxeroides, Myriophyllum spp., Lemna
spp., Spirodela spp., Egeria densa,
Ceratophyllum spp., Limnobium spp., and
Azolla spp. (Dennis 1973).

The prominence of the herbaceous
ground cover varies dramatically among the
forest cover types, as discussed in the
previous section on dominance types. In
general, the highest herb densities and
productivities are found on the driest
floodplain sites (heavy growths of various
composites follow drydown in Zone IV).
This 1is a function of hydroperiod and
1ight intensities. One species that can
produce tremendous amounts of biomass in
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Figure 44. Organic matter production in ecological zones (adapted from Gosselink
et al. 1981). Numbers represent specific floodplain sites.

short periods 1s vriver cane., Wharton
(1977) reported that this plant may pro-
duce 4506 kg of edible leaves per hectare
(4000 1b per acre) per year, and 11 to 16
tonnes of organic material per hectare (5
to 7 tons per acre) within the first 3
years of growth.

A striking feature of many floodplain
plant communities is the prominence of
woody vines. Dennis (1973) recorded 15
species in study plots in the Santee Swamp
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(SC), including Smilax spp., Vitis spp.,

cross vine (Anisostichus capreolata),
supplejack  (Berchemia scandens), poison
ivy (Rhus radicans), climbing hydranger
(Decumeria  barbara), Virginia creeper

(Parthenocissus quinquefolia), and trumpet
vine (Campsis radicans). The contribution
of this component to community productivi-
ties may be large locally, particularly in
canopy gaps created by windthrow and along
river banks.




CHAPTER 5.

Bottomland hardwood forests support a
diverse fauna that matches the floristic

nd hydrologic complexity whjch is so
¢ta:harac)éem'stic of these commun1t1e§s. The
moisture gradient and hydroperiods of

floodplains provide a hgbitat continuum
for a wide range of aquatic to’terrestma”i
to aerial species. The fauna 1s here also
treated within the zonal concept. Because
of the large numbers of taxa, only abun-
dant or dominant animals or groups can be
mentioned. (For further information, see
Wharton et al. 1981.) Some overlap among
zones occurs, especially between Zones IV
and V, which share many species. The
mobility of many species and their over-
lapping distribution in response to vary-
ing environmental regimes make combining
discussions of faunal assemblages in Zones
II ‘and III useful. It should be recog-

nized that placing an animal in one or
even two zones does not necessarily
restrict it to these areas. Floodplair
jnhabitants are opportunists, and many

move freely into irregularly flooded or
dry areas over the year.

FAUNA OF ZONES II AND III

Invertebrates

_Given the diversity of vegetational
don;mance types in Zone II, it is not sur-
prising to find that faunal components
also vary. In terms of fauna, the environ-
ment of 2 tupelo gum-cypress forest with
hydropgrmds approaching a year is mark-
edly d]fferept from a similar forest in a
tidal area with daily water level fluctya-
tion or a forested site with permanently
saturateq soils. An example of this phe-
nomenon is illustrated in Figure 45 for a
Egasta] section of the blackwater Suwannee
Zz)ver'H(FL). The tree associations within
: ne of the Suwannee change with dis-
ance frgm the coast in response to less~
2mtng tidal influences (i.e., to the
t?egr)}t 9{1; daily inundation and salini-
0 - 'he vegetative changes are changes

species morphology as well as species

FAUNA OF BOTTOMLAND HAR

g4

replacerents.
dwarfed swamp
ge

u

The coastal forest comprises
tupelo, pumpkin ash, sweet
ge  palm, and  cypress Which
upstrean to an association of
taller Cgeechee tupelo, water tupelo
pumpkin ash, -and cypress. The fayp)
associations change abruptly froma brack.
fsh water snail-fiddler crab comunity
(Neretina-Uca) to a freshwater spil.
crayfish community (Yivipara-Cambarys) at
the point upstream where natural Teyee
first occur.

bay, cabf
transform

Macroinvertebrates dominate Zone I
and the wetter depressions and pools of
Zone III. Parsons and Wharton (1978) doc-
umented & cyclic sequence of dominant
macroinvertebrates in isolated pools (Fig-

uyre 46) {Zone 111} in Piedmont flood-
plains: initially stoneflies dominated,
tollowed  sequentially by the isopod

Asellus sp. and amphipod Hyalella aztea,
small oligochaete worms and midge fly Tar
vae, and finally an association of sphae-
riid clams (Sphaerium and Musculiun).
Sklar and Conner (1979) found an almst
equal distribution of amphipods, olig-
chaetes, gastropods, _and turbellarians
(densities of 10,700/mé) on vegetation in
a tupelo cqum-cypress association Beck
[1977) found that detrital substrates,
such as Zone 11 soils, were extreme]g pro-
ductive, averaging ZE85 organisms/me 1 8
large alluvial system (Atchafalaya Basin,
LA}. The dominant macroinvertebrates Were
s tubificid annelid (Peloscolex ML
setosus), an isopod (Lirceus lineatus ’ﬂ;
arphipod (Gammarus tigrinus/, @ mg)érus
(Caenis), a phantom midge larva (Chad

i 1 P . ; onoms
punctipennis), a chi ronomid (wﬁr'
(Physa), and a fig

a pulronate snail

naﬁpi clam (Pisidium). Ziser (1978) :0‘;23
an average density of 1296 organism i
100 g of duckweed and water hyacint rse
Loyisiana swamp. 1he dominants We

naidid worm (Dero), three snails (%%%f‘é
Ferrissia and Promenetus)s o £1ies
mite (Hydrozetes), WO

(Enallagma,

wwf’é“Eﬂ—nura ) » a piting
(NeopTea striola), and midge and
midge larvae.




L —unnmm
——TTTT
—y [T ]

Figure 45. Comparison of the bottomland hardwoods and characteristic fauna at dif-
ferent reaches of a blackwater river near the coast (Suwannee, FL). (H) is high tide;
(L) Tow tide. Upper figure: River Mile 4, intertidal zone, largely exposed roots;
tidal forest of dwarfed swamp tupelo, pumpkin ash, sweet bay and cypress with: (A)
fiddler crab (Uca minax) and (B) olive nerite snail (Neretina reclivata). Lower
figure: River MiTe 15, intertidal zone wide, with: (G) spatterdock (Nuphar luteum),
fanwort (Cabomba carolina) and Elodea sp.; forest is tall Ogeechee tupelo-water tupelo-
pumpkin ash-cypress with: (C) crayfish (Procambarus seminolae), (D) snail (Vivipara

eorgianus), (E) dwarf salamander (Eurycea quadridigitata), (F) southern leopard frog
iRana utricularia). :
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Figure 46. Floodplain pools (Zone III) on this Piedmont alluvial floodplain (Alcovy River, GA) are concentration
centers for detrital _decomposition and teem with invertebrate 1ife. Mayfly nymphs reach densities of 1000/m2, crus-
tacea average 1750/m2, stoneflies average 828/m3 and fingernail clams reach a maxima of 1500/m2. High productivity
in small pools is due to silt enrichment, abundant detritus (biomass 1.24 kg/m2 dry wt), and absence of predators
(Parsons and Wharton 1978).



Arthropods, crustaceans, and mollusks
dominate the macroinvertebrates of the
Congaree, Swamp (SC). Three dragonflies
(Epiaeschna heros, Tetragoneuria cynasura,
Gomphus exilis) are abundant and assumed
associated with Zone II. Crayfish such as
the red Procambarus clarkii (west of the
Mobile system) and P. troglodytes (east of
Altamaha system) are (along with crayfish
from Zones IV) an important food for a
host of vertebrates such as the eel, cat-
fish, warmouth, amphiuma, glossy water
snake, ibis, otter, and raccoon. Densi-
ties ranging from 21 to 46/mZ have been
reported {Konikoff 1977; V. Lambou, Envi-
ronmental Protection Agency, Las Vegas,
NV; personal communication). Crayfish, in
fact, form one-third of the faunal biomass
of the Suwannee River floodplain (Wharton
1577). targe fishing spiders (Dolomedes
spp.) and Pirata maculatus, which are
found under the liverwort Porella platy-
phylloidea, are characteristic of Zone II.
Several snails  (Vivipara, Campeloma,
Pomacea, and Lioplax) live in and around
Zones II and IIT (Figure 47). Fingernail
clams of the genera Sphaerium, Eupera,

(Amphiuma means), which seek refuge in
root holes and crayfish holes during dry-
down. The amphibious salamanders include
the southern dusky (Desmognathus fuscus

auriculatus), the many-Tined (Sterochilus

marginatus), and the dwarf (Eurycia quad-
ridigitata). The mud salamander (Pseudo-
triton montanus) and the two-lined sala-
mander (E. bislineata) occur around the
edge of Zones II and III.

Frogs are less specific to Zone II
but include the cricket frog, river frog
(Rana heckscheri), and southern leopard
frog, and at breeding times several other
species such as the bird-voiced tree frog
(Hyla avivoca). Some depression pools
(Zone TIT) may support annual breeding
aggregations of spotted and marbled sala-
manders, as well as temporary water-breed-
ing frogs and toads from Zones IV and V.

Only a few reptiles are locally abun-
dant in Zone Il areas. The dominants
appear to be the eastern mud turtle (Kino-
sternon subrubrum), glossy water snake
(Natrix rigida), perhaps the mud snake

Musculium, and Pisidium often dominate the
benthic biomass of Zones II and III. These
tiny (<10mm) clams are present in enormous
numbers. Some clams (Anodonta, Ligumia,
Corbicula) occur in Zone II sloughs, but
the clam fauna is in general poorly known.
The Altamaha River (GA) is unigue in pos-
sessing six endemic clam species, all in
the family Unionidae (Figure 48). These
clams require particular species of fish
as hosts for their larvae; a diverse fish
fauna may be essential to clam diversity
and survival.

Vertebrates

The most characteristic fish fauna of
inundated Zone II sloughs are top minnows
(Fundulus spp., Gambusia affinis), killi-

fishes (Heterandria  formosa, Lucania
parva), swamp darter (Etheostoma fusi-
forme), pirate perch (Aphredoderus saya-
nus), lake chubsucker (f%?myzon sucetta),

yellow bullhead (Ictalurus natalis), flier
(Centrarchus macropterus), warmouth (Lepo-
mis gulosus), and three top predators: the
bowfin (Amia calva), redfin pickerel (Esox

americanus), and chain pickerel (Esox
niger).

Dominant amphibia are the Jlesser
siren (Siren intermedia) and amphiuma
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(Farancia abacura), and certainly the red-
bellied water snake (Natrix erythrogaster)
and cottonmouth (Agkistrodon piscivorus).
In a tupelo gum-cypress association of an
anastomosing blackwater creek (Zone II,
Four Hole Swamp, SC) the yellow-bellied
turtle (Chrysemys scripta), brown water
snake (Natrix taxispilota), "greenish" rat
snake (Elaphe obsoleta), and anole {Anolis
spp.) were abundant (Hall 1976).

Passerine (perching) birds character-
istic of Zone II are limited Tlargely to
the prothonotary warbler, tufted tit-
mouse, parula warbler, and common grackle.
The wood duck nests near water if possible
and often in Zone II. The yellow-crowned
night heron and green heron are common
breeding residents, and rookeries of great
blue heron, great egret, and white ibis
also occur in Zone II.

The red-shouldered hawk is a charac-
teristic raptor of Zone II. Swallow-
tailed kites feed and nest in this zone on
Wambau Creek (SC) and perhaps on ‘the
Altamaha River (GA). The snail-eating
Timpkin is found chiefly here (and along
sloughs 1in Zones IV and V) above tidal
range where Vivipara georgiana and other
snails abound. Many wintering birds such
as robins make heavy use of tupelo fruits;




Figure 47. Snails of the genera Vivipara (shown) and
shallow aquatic zones (Zone II) above tidal influence.
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The six endemic species (and Lampsilis splendida) of unionid clams recorded (Johnson 1970) for the
Altamaha -River, GA. First column: Lampsilis dolabraeformis, Elliptio shepardiana; second column: Lampsilis
splendida, Alasmidonta arcula, Elliptio spinosus (the unique spiny clam, a relict species); third column: Anodonta

Figure 48.

gibbosa, Elliptio hopetonensis. Specimens and assistance courtesy Georgia Power Company Environmental Laboratory,

Atlanta.




the seeds are eaten by squirrels.

A]though the rice rat occasionally
appears in Zone II, small mammals are usu-
ally absent in most of it. Mink, raccoon,
beaver -and otter may use tupelo gun-
cypress forests (Zones II and III) in par-
ticular.

FAUNA OF ZONE IV

Invertebrates

The invertebrate fauna of Zone IV can
be subdivided according to their dominant
use of this floodplain zone:

{1} inundation fauna -- inverte-
brates occupying the substrate
and water column during periods
of flooding

(2) 1litter fauna -- invertebrates
occupying the leaf litter layer
during dry periods

(3) persistent fauna -- inverte-
brates occupying the floodplain
habitats in various 1ife history
stages throughout most of the
year.

Sniffen {1980) characterized the

inundation fauna of the Creeping Swamp
(NC) floodplain (Zone 1IV) as a large and
diverse component of this small blackwater
floodplain. The most conspicuous inverte-
brates were six species of "red" lumbricu-
1id worms and four species of ‘white"
enchytraeid worms, three tubellarian flat-
worm species, and several roundworm spe-
cies. Oligochaete worms and copepods were
numerically the most abundant inverte-
brates (16,470/mZ).  Isopods, although
fewer in number than the worms, were the
dominant biomass component (1114 mg dry
wt/mZ). Ostracods were numerous (829/m 9,
as were nematodes (4348/m¢). Nidge fly
Jarvae, amphipods, water mites and collem-
bola were also abundant.

There are relatively few definitive
studies of the litter fauna of floodplain
communities in Zone IV. Grey (1973) con-
ducted the most thorough faunal survey of
this particular habitat. His study ofﬁthe
Santee River (SC) floodplain determined
that mites {Acari) and springtails (Col-

lembola) were by far the dominant litter
organisms, accounting for about $2% to 95%
of the organisms during any season. The
mites comprised 48.1% and 77.4% of the
total population count in the summer and
fall, respectively; the springtails, 47.6%
and 13.1%. Both groups are detrital
"shredders" important to the decomposition

processes 1in the upper litter and humus
layers.
Earthworms, important food sources

for salamanders and shrews,
abundant and important component of the
litter fauna. Parsons and Wharton (1978)
found three genera of earthworms (Eisenia,

are also an

Allolobophora, and Sparganophilus) in the
floodplain of the Alchovy River (GA).
Harper  (1938) noted that earthworms

(principally the genera Diplocardia and
Helodrilus) preferred dense, packed flood-
plain sojls with water tables below 23 cm
(9 inches).

Other invertebrate fauna using Zone
IV throughout the year and throughout
their entire 1ife cycles are principally
crayfish and insects. Some 23 chimmey-
building floodplain crayfish species occur
east of the Mississippi River and 19 east
of the Escambia River (FL) (Wharton et al.
1681). Several, -such as Procambarus
pubischelae and P. seminolae, seem to
favor blackwater floodplains; others on
almost all floodplains are Cambarus
diogenes and Procambarus acutus. Many
insect species whose Jlarvae inhabited
sloughs and pools within Zones II and III
may be found in Zone IV as flying aduits
during drydown. Mobile species, such as
dragonfliies and butterflies, span many
zones. Some, 1like the abundant snout
butterfly (Libytheana bachmanii) and the
hackberry butterfly (Asterocampa celtis),
can be categorized by their larval prefer-

ence for sugarberry, a Zone IV tree,
Vertebrates
Amphibians, especially salamanders,

are abundant in Zone IV. The marbled sal-
amander (Ambystoma opacum) is generally
restricted to this zone; others such as
the mud salamander (Pseudotriton montanus )
seldom occur elsewhere. The dominant
plethodontid salamanders include the two-

and three-lined salamanders (Eurycia).
The four-toed salamander (Hemidactylum)

occurs here and in Zone II. The green ang
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leopard frogs (Rana) and cricket frogs
(Acris) are dominant anurans; the upland
chorus frog (Pseudacris nigrita) and grey
tree frog (Hyla versicolor) are common
locally. The bird-voiced tree frog (Hyla

Two of the few vertebrates that are
confined almost exclusively to Zones IV
(and V) are the semiaquatic swamp and
marsh rabbits -(Syvilagus aquaticus and S.
palustris). Swamp rabbits are found more

avivoca) occurs here and in other zones,
especially at breeding time.

Reptiles 1in Zone IV are represented
by the abundant box turtle (Terrepene
carolina); the giant gulf coast form (1.

c. major) also occurs on floodplains.
There are few snakes in Zone IV other than
the rat snake (Elaphae obsoleta) and sub-
species. Boyd (1976) encountered copper-
heads and rattlesnakes in Zone 1V study
areas, but these snakes (more characteris-
tic of Zone V) may have come from a nearby
hillside. Tinkle (1959) reported the black
racer (Coluber constrictor), kingsnake
(Lampropeltis cetulus), and ribbon snake
(Thamnophis sauritus) on & narrow levee
ridge, assumed to be Zone IV from the site
description (or 1in succession to Zone V),
although these snakes are not frequently
encountered in Zone IV.

Many bird species are found in Zone
IV. In a study in the Congaree Swamp,
numbers of species were similar among
floodplain Zones II, IV and V; however,
population densities were almost always
highest in Zone IV (Hamel 1979, Hamel and
Brunswig 1980). Characteristic birds in
the Congaree Swamp are the barred owl,
downy and red-bellied woodpeckers, and
cardinal (Hamel 1979). The wild turkey is
known to nest and feed in Zone IV (Kennedy
1977). In fact, bottomland hardwoods sup-
port the highest population densities (1
per 10 acres vs 1 per 25 acres of upland)
of eastern wild turkey (Florida Game -and
Fresh Water Fish Commission 1978).

Dominant Zone IV floodplain mammals
are the deer mouse 1in the Piedmont, the
cotton mouse in the Coastal Plain, and the
golden mouse in creek swamps and areas of
dense shrub and vine growth. Short-tailed
and southeastern shrews are abundant in
this zone but may retreat to higher zones
during innundation. Most of the larger
mamnals in Zone IV are also common to Zone
V. The woodrat (Neotoma floridana), which
nests in the ecotone adjacent to the up-
lands, forages in Zones IV and V. It nests
in Zone IV along spring-fed rivers.

often in Piedmont floodplains while marsh
rabbits are confined mainly within the
Coastal Plain. The swamp rabbit is adapted
with large feet and slightly splayed,
strong-nailed toes for swimming and tra-
versing unconsolidated terrain (Lowe
1958). Herbivorous swamp rabbits reached
a density of 5.6 individuals per 100 acres
in the Lowe study on the Oconee River, GA.

FAUNA OF ZONE V
Invertebrates

Many invertebrate species are common
both to Zones IV and V as well as to
levees (Wharton et al. 1981). The detri-
tivore community of the predominantly Zone
V Alcovy River (GA) floodplain is charac-
terized by abundant millipedes (Cherokia
georgiana, Narceus americana) and camel
crickets (Ceuthophilus g{aci1fpes). )A]so
abundant are a scarab (Onthophagus) and
three carabid beetle genera (Carabus,
Abacidus, and Chlaenius). The grazer com-
munity includes two katydids (Pterophylla
camellifolia, Scudderia rhombifolium).
Other grazers common to Zones IV and V and
abundant 1in the Congaree Swamp are the
zebra swallowtail (Graphium warcellus)
(whose larvae feed on the paw paw), the
Carolina satyr (Euptychia hermes sosybia),
the red spotted purple (Limenitis archip-

us astanax) and the pearl crescent
%Fﬁysoides tharos ) butterflies.

0f the spiders shared by Zones IV and
V, the most abundant ground dwellers on a
Piedmont floodplain are the wolf spiders
(Schizocosa ocreata, Lycosa helluo), and
in the Congaree, Schizocosa crassipes. In
the Congaree the dominant aerial spiders
are the orb weaver {Neoscona arabesca),
the spinyback (Micrathena gracilis), and
Frontinela spp.

Most of the 11 species of snails
recorded from Congaree probably inhabit
Zone V. The dominant ones are the great
zonite (Mesomphix vulgatus), the white-
lipped forest smail (Mesodon thyroidus)
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and the cannibal snail (Haplotrema con-

cavum).
Vertebrates
Zone V shares vertebrate species com-

mon to uplands as well as Zone IV. The
large, spotted salamander (Ambystoma macu-

latum) and mole salamander {A. talpoideum)
seem . confined to Zone V. The red sala-
mander (Pseudotriton ruber) is shared with
Zone ‘IV. Two common upland species are
the ubiquitous slimy salamander (Plethodon
Jutinosus) and the red-backed salamander
iPlethodon cinereus). Two toads, the nar-
rowmouth (Gastrophryne carolinensis) and
spadefoot {Scaphiopus holbrooki), inhabit
sandier portions of Zone V. In Zone V are
skinks of upland mesic slope forests, such
as the ground skink (Leiolopisma) and
Eumeces inexpectatus, in addition to E.
fasciatus. Among the snakes recorded are
the copperhead, canebrake rattlesnake
(Cratalus horridus atricaudatus), northern
brown (Storeria dekayi), garter (Thamno-

phis sirtalis), rough green (Opheodrys
aestivus}, and ribbon snakes. Occasion-

ally, even upland species such as the
black racer and coachwhip (Masticophis
flagellum), are found. We do not know how
many species migrate annually from upland
areas -into Zone V when high water recedes,
or conversely, from Zone V to the uplands
during short periods of high water.

In the Congaree Swamp the common
yellowthroat, pine warbler, wood thrush,
and eastern wood peewee seem to prefer
Zone Y habitats. Zone V is perhaps  the
preferred nesting and feeding ground of
the wild turkey (Figure 49). North Caro-
1ina's only breeding colonies of cerulean
warblers (outside the Blue Ridge Moun-
tains) and Mississippi kites occur in a
60-km (37-mi) section of old growth timber
along the levees of the Roanoke River,
two=thirds of which (a 20C-m or 656-ft
wide strip) is dominantly Zone V vegeta-
tion. A number of birds that are commoner
in Zones IV and Y than in other zones
include - the white-breasted nuthatch,
Swainson's - warbler, Carolina wren, and
yellow-throated vireo. Breeding bird
densities are generally higher in the
floodplain than in. adjacent upland forests
(Dickson 1978). Kennedy (1977) noted that
more ~birds. preferred Zone IV and V hard-
woods ~than other dominance types (e.q.,
cottonwood-willow-sycamore or  cypress-
tupelo).

92

Zones IV and V are the principal
environments of the rare and endangered
jvory-billed woodpecker, Bachman's warbler
and probably the cougar (Wharton et al.
1981). Black bears (on Bear Island) ccn-
gregate on the higher, unlogged, acorn-
rich Zone IV and V bottomlands. Upland
forest forms sometimes occurring in Zone V
are the least shrew (Cryptotis), pine vole
(Pitimys), and, rarely, the common mole.
gther vamma1s are the same as reported for

one IV.

Although Zone V environments may com-
prise a relatively small part of the total
floodplain acreage (for example, only 5%
in Congaree Swamp), these o0ld levee
ridges are extremely important in the Tife
histories of wmany floodplain species.
They provide food, winter hibernacula, and
for the more terrestrial forms, high water
refuge and migration and dispersal routes.
In a number of southern swamps lacking a
Zone V, mounds of earth (“cattle mounts")
often were constructed by early human
residents to provide refuge for livestock
during high water. Tinkle (1959) found
narrow, long levees indispensible for the
egg-laying activities of many amphibious
snakes and turtles; he also discovered
that the swamp palm (Sabal minor) growing
there provided a major hibernaculum for
small vertebrates.

THE USE OF BOTTOMLAND HARDWOOD ZONES BY
FISH

Zones 11
At Teast 20

Many fish species use
through V during inundation.

families and up to 53 species of fish
spawn and/or feed on the floodplain
(Lambou 1963; Holder et al. 1970, 1971;
Bryan et al. 1975, 1¢76; Huish and Pardue
1978; Walker 1980; Wharton et al. 1981;
and others). The catfish, sunfish, gar,

perch, and sucker families are particu-
Tarly well represented.

Fish depend on an annual water level
fluctuation to limit intra- and interspe-
cific competition for food, space, and
spawning grounds (Lambou 1959). Fish dis-
tribution and abundance are thus keyed to
this cyclic phenomenon (Lambou 155G, 1962;
Bryan and Sabins 1979; Hern et al. 1980).
As most swamp-wise fishermen know, the
time and extent of overflow control the
size of the year classes of black bass and
sunfish (Lambou 1962). On the Danube
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Figure 49, The
bottomlands.

been found in turkey crops.

floodplain (Germany) fish yield was 14.6
kg/ha (13 Tb/acre) with a 20-day inunda-
tion, increasing to 49.2 kg/ha (44 1b/
acre) with a 198-day inundation, with the
delayed effects recognizable a year later
(Stankovic and Jankovic 1971).

The use of the floodplain by fishes
in a blackwater creek {Creeping Swamp,
Pitt County, NC) was studied by Walker
{198G) by use of two-way weir traps in
shallow drainways on the floodplain (Zone
II} (Figure 50). With the exception of
the redfin pickerel, fish moved on the
floodplain only at night. Most fish were
caught in January through March, the time
of maximum inundation, although Tlarge
fluctuations occurred at other times in
these small streams (watershed approxi-
mately 80 km or 31 mi2). Common species
(in order of abundance on the floodplain)
were pirate perch, redfin pickerel, fljer,
mud sunfish, eastern mud minnow, American
eel, banded sunfish, creek chubsucker,
blue-spotted sunfish, redear sunfish
(shelicracker), bowfin, shiner, brown
bullhead, pumpkinseed, bluegill, golden
shiner, warmouth, redbreast sunfish, swamp
darter, and green sunfish. Included in
the catch of the floodplain weirs were 928

crop contents of a wild turkey killed in April in the Arkansas River
Food items include snails, scarabeid beetles, pecans, jack-in-the-pulpit
leaves, and fruits of hackberry, supplejack, and poison ivy.
Photo by Brooke Meanley.

In Florida, crayfish have

adult crayfish
Fallicambarus
varieties.

(Procambarus acutus = and
uhleri}, both floodplain

Fish trapped on the Creeping Swamp
floodplain feed on floodplain inverte-
brates, principally copepods, ostracods,
amphipods, isopods and midge fly larvae
(Chironomidae) (Robert Sniffen, Institute
of Marine and Coastal Research, East Caro-
lina University, Greenville, NC; personal
communication). Delicate forms such as
oligochaete worms and flatworms (Planaria)
disintegrate rapidly and leave few or no
identifiable fragments; hence their con-
tribution to fish diet may be underesti-
mated. Both Woodall et al. (1975) and
Arner et al. {(1976) on the Luxapalila
River (MS, AL) found a preponderance of
"terrestrial" invertebrates in stomachs of
fish collected on the floodplain.

Holder et al. (1970) compared the
fish populations of inundated floodplains
(Zone II) and sloughs of the Suwannee
River. While the standing crop over the
floodplain averaged much less (11-17 kg/ha
or 10-15 1b/acre during the 3- to 10-
month inundation period) compared to that
of the sloughs (262 kg/ha or 234 1b/acre},
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Figure 50. Two-way traps with wire mesh wings, set in this small Coastal Plain black-
water creek (Creeping Swamp, NC) and in shallow drainways on the floodplain, revealed
that 21 fish species used the floodplain extensively. With the exception of four
species, more individuals were taken on the floodplain than in the channel. Although
most fish utilized the floodplain from January through March, flooding occurred fre-
quently at other times in this small watershed (80 kmZ or 31 mi2) (Walker 1980).
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the surface area of the floodplain was
much larger. Sloughs were sampled after
the water had ceased flowing off the
floodplain, and fish were concentrated by
falling water levels. Holder et al.
(1670) stated that "high water over the
floodplain provided space, food, and
jncreased habitat for the reproduction and
growth of fish."

Movement of fish on floodplains often
is keyed to temperature. Holder et al.
{1970) found ripe males and females of
several species trying to cross the sill
between the Okefenokee Swamp and the
Suwannee River coincident with high water
at the following time and water tempera-
tures: fliers, bowfin (February, March,
11°-13°C or 52°-56°F); yellow and brown
bullheads (March, 11°C or 52°F); warmouth
(March-April, 16°-19°C or 60°-67°F); chain
pickerel (March-April); Tlake chubsucker
(April, 21°-24°C or 70°-76°F).

Floodplains are important spawning
areas for several species of herring
(Clupeidae). Hickory shad (Alosa medio-
cris) spawn in oxbow lakes, sloughs, and
tributary streams of the Altamaha River
(GA) (between River Mile 20 and 137).
Blueback herring (Alosa aestivalis) spawn
in the same areas of the bottomland hard-
woods; they have remarkably adhesive eggs
which adhere to twigs and obiects on the
floodplain floor and resist being swept
away by sheet flow. Ripe bluebacks were
taken in an over 161-km (100-mi) long sec-
tion of the Altamaha in backwater lakes
and flooded low areas "that are accessible
to these fish only during spring flood
stages" (Adams and Street 1969).

Studies of larval fish on the flood-
plain or in sloughs and waterways deep
within the floodplain sugcest that the
immature stages of roughly one half of the
fishes of the lower Mississippi River used
the floodplain as a nursery (Gallagher
1979). Analysis of the temporal, spatial,
and size distribution of 1larval fishes
sypported this contention; spawning of 7
out of 10 of the most common taxa took
place 1in backwater habitats (Atchafalaya
Basin, LA) (Hall 1979). Temporal and
spatial delineation of niches of Tlarval
fish on the floodplain have been summar-
ized further by lLarson et al. (1981) and
Wharton et al. (1981).
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TROPHIC RELATIONSHIPS

Energy flow din riverine systems
involves both detritus and grazing path-

ways. Although rivers appear to shift
from autotrophy (predominantly grazing
pathway) in mid-sections to heterotrophy

(predominantly detritus pathway) in Tlower
sections (Vannote et al. 1980), many lower
river "detrital" food chains may still
involve zooplankton ‘"grazing" on phyto-
plankton. For example, Wallace et al.
(1977) found over 3C0,000 diatoms/liter in
the Tower Altamaha River (GA). The graz-
ing pathway is important even in Coastal
Plain blackwater streams; Patrick (1972)
characterized these streams as being domi-
nated by the diatom genera Eunotia and
Actinella. For clarity, trophic pathways
on the floodplain have been divided into
two systems (dry system pathways and wet
system pathways). These two "systems" are
not always clear cut. For example, mal-
lards prefer to feed on acorns when they
float during inundation. The dry systenm
(Figure 51) is functicnal during drydown
when the floodplain is not inundated.
While the system is largely detrital, the
grazing pathway of the terrestrial faunal
assemblage is also pronounced, with appre-
ciable consumption of the products (nuts,
berries, leaves, bark) of the bottomland
hardwoods and other primary producers.

Trophic pathways in the Titter layer
of the dry system are similar to those in
the uplands. Gist and Crossley (1975) in
trophic studies of upland forest found
that millipedes consume up to 120 g/mZ/yr
of deciduous Tlitter detritus. Fungal
hyphae were the principal food of snails
and collembolans. The predatory mites
consumed primarily collembolans.

The second trephic system, (Figure
52} is a wet system functioning in pools
and during inundation. Primarily detri-
tal, it involves the bulk export of detri-
tus into sToughs, oxbows and rivers, thus
feeding a largely aquatic fauna. Aerial
swarms of midge flies, mosquitoes, and
mayflies emerge periodically, however, to
regale legions of swifts, tree frogs,
bats, and dragonflies.

Since much of the energy of the wet
system is exported, the process needs to
be summarized in more detail. Detritus
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DETRITIVORES AND A FEW SCRAPERS, GRAZEF\’S

Figure 51. Largely terrestrial food chains involving detritus, granivory, frugivory, and herbivory. The detrital chains begin with the most abundant
invertebrates, probably oribatid mites and three groups of collembolans, followed by earthworms, rove beetles, camel crickets, millipedes and crayfish.
Their predators include mesostigmatid mites, wolf spiders, carabid beetles, salamanders, and various frogs and shrews. Top predators include the barred
owl {which also takes crayfish), rat snake, and swallow-tailed kite. Other important food chains are based on grazing of the plant produycts. Acorns are
eaten by bluejays, grackles, woodpeckers, ducks, wild turkey, raccoons, various mice, squirrels, deer, and bear. Other nuts (hickory, pecan, beech,
etc.) also are important. Rodents and box turtles graze fungi. Beaver and swamp and marsh rabbits are direct grazers on herbs and barks. Berries (haw,
holly, possumhaw, grapes, supplejack, sugarberry and water, swamp and Ogeechee tupelos} feed wintering birds like robins, as well as omnivores such as

raccoons and bears.
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Figure 52. Largely aquatic food chains based upon detritus processed by enormous numbers of detritivores: various annelids (Tubifex, Nais), collembo-
lans, crustaceans (isopod Asellus, amphipod Hyalella, copepods, crayfish); nematode worms and larval insects (midge and biting midge, mayfly). -Coarse
and fine particulate organic matter is filtered from the water by a host of organisms, including cladocerans, larval insects (caddisfly, blackfly) and
clams. Other animals, such as mosquito Tarvae, tadpeles and snails are scrapers and grazers. Aerial swarms of midge flies and mosquitoes are preyed
upon by dragonflies, chimney swifts, bats, and tree frogs. Aquatic predators include water mites, diving beetles, larvae of stoneflies and dragonflies,
some cranefly larvae and many fish, leeches, turtles and amphiumid salamanders. Top predators include softshell turtle, pickerel, water snake, alliga-
tor, otter and the wading birds (limpkin, egret, yellow-crowned night heron, white ibis).
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(leaves, twigs) is in the form of coarse
particulate organic matter (CPOM, particle
size >1 mm), fine particulate organic
matter (FPOM, particle size <1 mm), or
dissolved organic matter (DOM, parti-
cles <0.5 microns) (Cummins and Spengler
1978). Following autumn leaf fall, leaves
are first enriched by bacteria and aquatic
hyphomycete fungi which partially digest
leaf tissue and build their own cellular
protein. Both the quality of POM and the
rate of its formation depend on the tree
species involved. Elm, ash, and maple
leaves disappear faster than oak and beech
(Kaushik 1975). Floodplain tree diversity
thus insures food over a longer time span.
Insect larvae called shredders (some Tri-
choptera, Plecoptera, and Diptera) as well
as crayfish and amphipods (Thomas 19875)
then reduce the leaves to FPOM. In the
meantime some scrapers such as snails may
"graze" on the attached periphyton (dia-
toms ) on the CPOM particles. The feces of
both groups become FPOM.

Quantitative estimates of POM are
limited. Wallace et al. (1977) found 7.8
x 10 particles per Titer in the Altamaha
River (GA) in April. Other data suggest
that 11,000 kg/day move down the Altamaha
(Wharton 1980). Though particulate organic
matter is probably the most important
source of carbon to the floodplain trophic
system, DOM is a far more abundant source
(about 257,000 kg/day transport estimated
for the Altamaha River; Wharton and Brin-
son 1979a). Labile DOM fractions can be
removed by some organisms (Lush and Hynes
1973, 1978; Lock and Hynes 1876; Sepers
1977); much of the DOM, however, may not
be usable by the biotic community because
of their refractory nature. Most of the
DOM (up to 30%-40% of their dry weight)
leaches out of leaves within a few days
after falling into the water. Depending
on the pH and the presence of divalent
cations such as calcium, some DOM can
flocculate and form clumps of FPOM. These
abiotic aggregates can then be colonized
by bacteria and fungi in gquiet backwaters
(Kaushik 1975) and consumed by filter
feeders.

Whatever the source, FPOM is used by
detrital processors which obtain it from
the sediments (some Ephemeroptera and
Diptera) or filter it from suspension
(some Ephemeroptera, Trichoptera, and
Diptera) (Cummins 1973). #hile some
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caddisflies and other organisms are algal
grazers, and blackfly larvae (Simulium)
can even trap bacteria, it is the FPOM
which fuels the river channel ecosystem.
In the permanent waterways (Zone I) an
innumerable host of 1larval blackflies,
caddisflies, stoneflies, mayflies, midge
flies, and adult clams screen these tiny
fragments from the water as their energy
source. Incredible densities of organisms
are supported on snags (20,000/m2), and in
sands (40,000/m2) of the Satilla River
(Benke et al. 1979). Figure 53 indicates
the dominant species which Tive on snags
in a blackwater river and in bottom sands
and also portrays the dominant organisms
which wash down (drift fauna) in both
blackwater and ailuvial rivers.

The high productivity of blackwater
streams has been documented {(Beck 1965;
Holder et al. 1970, 1871; Benke et al.
167¢). The blackwater Okefenokee Swamp
has predominantly peat substrates and a
summer pH as Tow as 3.8 (normal pH 4.0),
yet has an abundant fauna of amphipods,
freshwater shrimp, insect larvae, ancylid
snails (F.C. Parrish, Department of Bio-
logy, Georgia State University, Atlanta;
personal communication), and fish (Wharton
1977). Furthermore, the swamp is filled
with carnivorous plants such as Utricu-
laria, indicative of Jlow nitrogen Tevels.
Some biologists are surprised that such
apparently nutrient-poor waters can have
such a large and varied fauna. Evidently,
since blackwater systems recycle nutrients
poorly by conventional means (decomposi-
tion and mineralization of plant debris)
and have wmwinimal 1inputs of inorganic
nutrients from the watershed, a conserva-
tion strategy has evolved. Animals in the
food web consuming detritus and/or aggre-
gated particles of DOM thus incorporate
the Tlarge amounts of organic nitrogen
present. Organic nitrogen is obtained from
animals directly (insectivorous plants) or
indirectly (animal excretory products);
thus this limited nutrient is recycled and
conserved.  Other food chains involving
grazing of both algae and higher plants
may be present, but their importance is
undocumented.

Apart from their toxicitg, radionu-
clides (°%r, 137Cs, 60Co, 131], 110Ba,
3H) are of interest in tracing the fate of
minerals in the floodplain ecosystem
(Garten et al. 1975; Pinder and Smith
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Altamaha River, GA (Gardner et al. 1975).

1975), especially where some follow normal
metabolic mineral pathways in organisms
(3¢Sr as Ca, 137Cs as K). Radioactive ele-
ments adsorb on algae and particulate
matter, but their assimilation by aquatic
fauna 1is strongly reduced (from 90% to
10%4) by adsorption to inorganic clays
ingested with the food.

Unlike the bioaccumulation of pesti-
cides, studies suggest that highest con-
centrations of radionuclides typically
occur at lower trophic levels; algae may
concentrate '37Cs 25,000 times while fish
may do so only 1000 times (Nelson et al.
1972). On the other hand, large hatches
of emerging insects such as chironomids
carry. only small quantities of radionu-
clides from the system (Nelson et al.
1972) while deer, who graze herbs, shrubs,
and mushrooms, may acquire considerable
amounts of radionuclides.

(%
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odified from Wharton et al. 1981.)

Stomach analyses of wvarious verte-
brates (Figure 49) have yielded data on
food preferences. The use of the huge
acorn crop and other foods has been
reviewed {Wharton et al. 1981). Tight
coupling of dietary needs and floodplain
hydrology 1is suggested by Fredrickson
(1979) and Drobney (1277). They found
that a high protein intake essential to
wood duck egg production is gained from
aquatic and terrestrial macroinvertebrates
at the edge of high water as it advances
or recedes through Zones III, IV, and V.

Unsupported opinions about the value
of an animal species in food webs can be

highly misleading in floodplains. For
example, the Tlargely cryptozoic and
fossorial salamanders appear to be an

insignificant component of possible food
webs, yet they are very efficient convert-
ers of energy into biomass and are prob-



ably the floodplain's most abundant verte-
brate 1in either numbers or biomass. In a
northern hardwood forest just one species
of salamander (Plethodon cinereus) made
five times more new tissue than the entire
bird community, and the biomass of all
salamander species was Tlarger than the
biomass of breeding birds (Burton and
Likens 1975). Net annual production of
new tissue by the salamander population
was about equal to that of mice and shrews
(Potter 1674).

SUMMARY OF FAUNAL UTILIZATION

Faunal resources and diversity among
the floodplain zones are summarized in
Table 17. The near upland areas of Zone
V, although the least extensive of the

floodplain zones, support the greatest
faunal diversity (Wharton et al. 1981).
With Zone 1V, Zone V provides larger
amounts of forage foods than more inun-
dated zones which lack either nut-bearing
hardwoods or a subcanopy and ground cover
bearing fruits, berries, and seeds. Zones
IT and III, important for detrital produc-
tion and transport, are the primary sites
of aquatic secondary production on the
floodplain. Coupling between zones not-
withstanding (see Chapter 6), it appears
in summary that the faunal regimes of the
floodplain can be divided into (1) a
detritus-dominated aquatic regime centered
in Zone II (and to a lesser extent 1in
Zones III-V) and (2) a grazing-foraging
food web in Zones IV and V that is more
terrestrial than aquatic.
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Table 17. Some environmental factors affecting the fauna of the bottom-
land hardwoods {and the ecosystem in general), and their relative
importance in each bottomland hardwood zone. (Zone Ila is tupelo gum-
cypress; Zone IIb is swamp black gum-cypress backswamp). Importance:

0 negligible or none, 1 low, 2 moderate, 3 high. (Wharton et al. 1981)

Zone

Factors ITa 1Ib I1T IV ]

Retardation of "side flooding" from
tributary streams (damming effect) 1 2 1 2 3

Organic matter production 1 2 2 3 2

Detritus source for feeding downstream
Tife by annual inundation (includes
coastal estuary) 3 3 3 2 1

Detritus source for feeding downstream
Tife on 5-7 year pulse cycle (includes .
coastal estuary) 1 2 2 2 3

Diversity of oak species (acorns for
food) (excluding Quercus palustris,
bicolor, macrocarpa, imbricaria) 0 0 1 3 3

A mix of white oaks (bear each year)
and red oaks (bear every second year) 0 0 - 2 2

Availability of non-coniferous nut-
bearing trees other than oaks
(hickories, pecan, beech) 0 0 1 2 3

Diversity of berries and soft fruits in
high canopy (sugarberry, tupelo, black gum, 1 1 0 2 3
persimmon, etc.)

Availability of berries and soft fruits in

subcanopy and shrub zone (deciduous holly,

haws (Crataegus), mulberry, paw paw,

E1liott's blueberry, American holly, swamp

palm, tall gallberry, etc.) 1 2 1 3 3

Availability of berries and soft fruits
of vines (grapes, poison ivy, supplejack
[Berchemiaﬁ, etc.) 1 1 1 3 3

Availability of herbs as browse for
birds and mammals (cane, greenbrier,

Jjewelweed, sedges, etc.) 1 1 1 2 3

Availability of small terrestrial fauna

(insects, snails, earthworms, etc.) 0 0 0 2 3
(continued)
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Table 17.

{Concluded).

Zone
Factors Ila Ilb I11 v V
Availability of aquatic macro-
invertebrates 3 3 3 3 0
Availability of chimney-building
floodplain crayfish 2 2 2 3 1
Forage for adult fish (when flooded) 3 3 3 3 2
Refuge for young fish (when flooded) 2 3 2 3 3
Diversity of forest strata (for bird
guilds, etc.) 1 3 1 2 3
Availability of ground-level hiberna-
tion sites (stump-holes, logs, leaf
base of swamp palm, crayfish burrows) 0 0 0 3 3
Availability of aboreal hibernacula
(tree cavity sites in old growth forest) 3 3 3 3 3
Presence of rare and endangered species
(e.g., Swainson's and Bachman's warblers,
ivorybilled and red-cockaded woodpecker) 0 0 0 2 2
Diversity of fish species 3 2 1 0 0
Diversity of amphibians and reptiles 1 1 1 2 3
Diversity of small mammals 0 1 1 2 3
Breeding bird diversity and density of
individuals 1 1 2 3 3
Refuge for "terrestrial" faura from
high water 0 0 0 0 3
Refuge for fish during low water 3 3 2 0 0
Forage and cover for species on adjacent
uplands (skink, toad, pine vole, mole,
least shrew, fox, etc.) 0 G 1 2 3
Totals: 32 39 35 59 64
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CHAPTER 6.

NATURAL COUPLINGS WITH HEADWATER TRIBU-
TARIES AND ESTUARIES

Bottomland hardwocds are coupled to
other wupstream and downstream systems
principally by river flows. Tributaries
and terrestrial inputs via valley walls
serve as linkages to upland ecosystems
that flank the floodpiains Taterally, but
upstream-downstream linkages are function-
ally wore important. For example, Apala-
chicola River flows are coupled both to
the mountains of northern Georgia and to
coastal estuaries by significant metero-
logical and biological phenomena. The
Apalachicola River is a driving force and
requlating mechanism mediating the chem-
istry and biology of Apalachicola Bay.
The salinity regime of the bay is largely
a function of river flow fluctuations and
patterns of local rainfall. River flow in
turn is controlled by plant cover and
floodplain and upland watershed drainage
(Livingston et al. 1976).

Livingston et al. (1975, 1976) showed
that the cyclic productivity of Apalachi-
cola Bay not only depends on annual pulses
of organic detritus and siit from bottom-
land hardwoods, but also on the large-
scale import of detritus during a major 5-
to 7-year pulse originating in the moun-
tains of north Georgia. These longer
pulses are linked with peaks in commercial
fish catches (Livingston et al. 1676,
Meeter et al. 1979) through the trophic
dynamics of the detrital food web. Second-
ary production may be keyed to these 1ink~
ages to the point that each kind of tree
leaf may have 1its own special estuarine
food web (Sheridan and Livingston 1679;
White et al. 197¢). An important point is
that this 5- to 7-year pulse very strongly
involves the bottomland hardwood Zone V
from which accumulated organic matter is
exported. The 1importance of periodic
flooding thus extends well beyond the 1-
to 2-year flood cycle.
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COUPLING WITH OTHER SYSTEMS

Apalachicola Bay 1is not the only
example of an estuary dependent on water
pulses and intact forests. Day et al.
(1977) found that a Louisiana river swamp
(Bayou des Allemands) fed pulses of car-
bon, nitrogen, and phosphorus to Barataria
Bay (which produces 45% of the State's
commercial fish catch) precisely when
migrant species were entering the estuary
for feeding and spawning. Similar phenom-
ena have been noted in Chesapeake Bay
(Copeland 1966). In fact, estuaries in the
Southeast generally are more productive in
areas near the mouths of rivers (Copeland
1966).

The importance of freshwater delivery
from the Piedmont and Coastal Plain via
floodplain rivers cannot be overestimated.
Deliveries to estuaries dinclude large
amounts of organic matter and vitamins
such as By» from blackwater rivers (Burk-
holder and Burkholder 1956). Both micro-
organisms and plankton are capable of
rapidly and efficiently absorbing leached
DOC in coastal environments (Crow and
tacDonald 1978) and may be able to use
riverine DOC. Thomas (1966) speculated
that the Altamaha flushed the rich phos-
phates of the estuaries seaward as far as
24 km (15 mi). Windom et al. (1975)
showed that the nutrient load in riverine
discharge in the South Atlantic Bight is
equivalent to 100% of the annual inorganic
phosphorus reguirement and 20% of the
nitrogen reguirement of salt marshes 1in
the region. Annual freshwater discharge
onto shelf areas is equal to 3%% of the
total water volume out to the 20-m con-
tour, perhaps contributing significant
amounts of trace minerals, silicates,
organic nutrients, and humic acids (Haines
1975). Under the influence of wind and
high water, the Suwannee River (FL} peri-
odically turns the Continental Shelf
waters black and pushes water hyacinth
rafts as far as the Cedar Keys area, 11
nautical miles from its mouth.




The delivery of upland sediments by
the rivers 1is especially important to
estuarine systems. Rivers directly or
indirectly provide sands for the construc~
tion of coastal features. The Piedmont is
one of the major sources of sediments that
are deposited in estuaries or picked up by
Tongshore currents and carried southward.
The Santee River (SC) is (or was) the
possible source of hornblende-rich sands
of Georgia's continental shelf (Carver
1971). During extreme floods, silts from
upstream may be deposited on downstream
salt marshes. Lunz (1938) described the
effects of a Santee River flood which
deposited a layer of silt 25 mm (1 inch)
thick in marshes in the Cape Romain area.

COUPLING WITH RIVER DELTAS

How alluvial rivers are coupled to
their deltas was exemplified by the down-
stream effect of the diversion of 88% of
the Santee River's flow into the tidally
dominated Cooper River to gain 1.5% of
South Carolina's electric generating power
{Kjerfve 1976). The Cooper River subse-
quently eroded so severely that the U.S.
Army Corps of Engineers annually dredged
7600 x 103 @3 of sediments from the
Charieston estuary. Saltwater dntrusion
drastically changed the vegetation in the
delta of the Santee from fresh to brack-
ish. Santee rice plantation managers had
to convert wetlands (former rice fields)
which were being managed as freshwater
impoundments for waterfowl habitat to

brackish water management units. A hard
clam (Mercenaria mercenaria) industry
evolved within the expanded estuarine
zones of the mouth of the river. Upstream

the growth rate of water tupelo was appar-
ently reduced following diversion (R.A.
Klawitter, retired forester, Northern
Forest Fire Laboratory, Missoula, MT; per-
sonal communication).

As a result of the nature of the
integral coupling, any manipulation in the
upstream reaches of a river can have pro-
nounced effects at all Tevels on the sys-
tem below. Dredging and especially short-
-ening the river by cutting across meander
Toops have increased bank erosion by
increasing water wvelocity. Conversely,
downstream alterations may affect systems
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upstream. Dredging the Savannah's channel
in the estuarine sector has allowed salt
water intrusion much farther upstream
(Joseph Birch, University of Georgia,
Institute of Ecology, Athens; personal
communication). Dredging in the Savannah

severely reduced larval mayflies, stone-
flies, true flies, and beetles, important
aguatic foods for fish (Patrick et al.
1967).

In addition to couplings with head-
waters and Tower estuaries, floodplains
are coupled Taterally with the uplands on
either side via tributaries as well as
sheet flow and colluvial soil deposition
directly from the adjoining bluffs. Intact
tributaries are extremely important to
periodic movements of fish and other fauna
(Ha1l 1971; Gasaway 1973). In North Caro-
lina, tributaries functioned as corridors
for mass movements of large fish moving
upstream and large movements of smaller
fish moving downstream, as well as for
significant movements of frogs, crayfish,
and turtles in both directions (Hall
1971). These wovements are seasonal, a
fact making it imperative not to judge the
importance of tributaries from limited
temporal sampling of the fauna.

CHEMICAL COUPLING WITH THE UPLANDS

Although tributaries and non-point
source runoff add pesticides, nutrients,
toxic metals, coliform bacteria, and other
substances to river systems, water quality
may improve significantly as water flows
through the floodplain. The floodplain
with its vast backswamp functions as an
important filter and sink for agricultural
excesses of nutrients and biocides. One
of the first studies of filtering capacity
(Kitchens et al. 1975) dindicated that the
Santee River floodplain significantly
reduced bacterial counts and nutrient con-
centrations from the polluted Wateree
tributary. Nutrient reduction, particu-
larly phosphorus, was attributed to assim-
ilation by aquatic vegetation, mat algae,
and trees as water passed through the
swamp. Yarbro (197¢) found agricultural
inputs dominated the phosphorus budget of
a small North Carolina blackwater creek
swamp, totalling 300 mg P/m2/yr as com-
pared to 70 mg P/mz[yr from rainfall and




28 mg P/mZ/yr from additional surface run-
off. The swamp effectively removed 30% to
57% of these additions.

The floodplain's capacity for improv-
ing water quality operates on two scales.
The first 1is the small, unleveed creek
swamps along tributary branches of the
major rivers. For example, Lowrance (1981)
found comparable swamps along the Little
River of Georgia reduced nitrate, sulfate,
calcium, and magnesium concentrations in
passage to the river. Reductions were
dramatic: runoff from a hogpen within 50 m
(164 ft) of the creek was not detectable
downstream. Lowrance (1981) concluded that
conversion of even a small part of the
floodplain riparian ecosystem to fields
would 1increase stream TJoadings of most
nutrients except phosphorus, with the
largest effect on nitrate movements. Ni-
trogen and carbon compounds, taken up by
anaerobic bacteria, are converted to gas-
eous forms by processes such as denitrifi-
cation and respiration during their pas-
sage through the riparian zone (Henderick-
son 1981). On a second and larger scale,
a complex network of distributaries in
some floodplains slowly partitions the
flow out over large areas of the flood-
plain, accomplishing nutrient reduction
of the same magnitude as tributaries
(Kitchens et al. 1975).

The magnitude of the problem of point
source pollution is in many cases severe.
Industrial releases of lignins and wood
sugars affect the color and odor of the
Altamaha River for at least 40 km (25 mi)
downriver, contributing to the growth of
the white filamentous bacterium Sphaero-
tilus, which clogs fishermen's nets in the
tidal zone. Concentrations of PCB's ex-
ceeding FDA maximum levels (5 ppm) have
been found in many fish species in south-
eastern rivers (Veith et al. 1979).

The filtering capacity of the swamp
could be useful in treating manmade efflu-
ents. Tributaries from the Savannah River
Plant (SC) have trapped and held radioac-
tive 137Ce, preventing major contamination
of commercial and sport fish species in
the Savannah River (Wharton 1877). A
cypress swamp above a peat substrate has
effectively treated the sewage of Wild-
wood, FL, for 20 years. Bacterial Tlevels
measured in the effluent were actually
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Tower than those in the lake into which
they eventually emptied {(Brown et al.
1974).  For further vreviews of swamp
filtering action, see Wharton (197C, 1977,
198G), Wharton and Brinson (197%a), and
Kibby (1979).

The movement and immobilization of
pesticides and metals by humic substances
(humic and fulvic acids) is a particularly
important aspect of the swamp's filtering
process. Humic substances react with met-
als by exchange, adsorption and chelation.
This 1is particularly important in black-
water rivers (DOM> 10 mg/1) since signif-
icant quantities are complexed (Reuter and
Perdue 1577). Excess humic acids tend to
immobilize mercury (Miller et al. 1975)
and other heavy metals (Giesy and Briese
1978). The fate of these substances after
complexation is important. Humic acids,
being insoluble, tend to be immobilized as
bottom sediments. Soluble lighter fulvic
acids, constituting the bulk of DOC in
southeastern rivers, sometimes complex
with water contaminant metals; largely
unavailable as microbial foods, they do
not enter the downstream food chain
(Reuter and Perdue 1977). Some of these
flocculate with electrolytes at the inter-
face of fresh- and saltwater.

Another important consideration is
the residence time required for processes
involved in water quality improvements.
Residence time 1is the time that water
remains over the floodplain floor and in
the sloughs and depressions. Examples of
processes are conversion of DOM to POM by
microbes (Slater 1954; Brinson et al.
1980) or by freezing (Giesy and Briese
1978), the complexing of metals with
organic matter, the adsorption of ions by
clay particles, and the establishment of
reducing conditions essential to operate
the metabclic pathways of sulfate reduc-
tion, denitrification and methanogenesis.
Obviously, any human activities which
decrease residence time, such as channeli-
zation, interfere with or eliminate these
vital floodplain functions.

MODIFICATIONS OF RIVER AND FLOODPLAIN

Construction or other modifications
on floodplains may cause profound changes
in their ecology. Man's direct or indirect

or



wmanipulation of the hydrologic regime may
result in a complete transformation of
river and floodplain morphology (Schumm
1969). Clearly, anything that man does to
the natural, orderly river channel will
induce changes as the river attempts to
regain its original efficient configura-
tion. Sediment 1inputs resulting from
c¢learcutting, or sediment starvation from
reservoir construction, dredging, shorten-
ing and even snagging and dragging are
among potential impacts.

The construction of reservoirs can
have both direct and indirect effects, the
result of coupling the natural energy of
moving water with man's complex of activi-
ties on the uplands. While the dissolved
solute chemistry of the water is not mark-
edly changed, the sediment load settles
and is reduced as a result of the stilling
effect of the reservoir. Release of water
from the reservoir results in scour and
resuspension of sediments that move stead-
ily downstream as the upper segment of the
river Tlowers its bed (Schumm 1971). In
the Red River below Denison Reservoir
(0K), scour widened the channel from 1.5
to 3.0 m (5 to 10 ft) per year but the
river did not regain its pre-reservoir
sediment load for 322 km (200 mi) (Ein-
stein 1972). The large dams above Augusta,
GA, virtually have stopped sediment move-
ment from the Piedmont (Meade 1976). Res-
ervoirs on the Santee and Savannah trap
from 85% to over 90% of incoming sediment.
Since as much sediment still is carried in
the Tlower reaches as in pre-dam days,
Meade concluded that the immediate source
must be the river bed, banks, and flood-
plain. Other factors may include extensive
shortening and dredging of the Savannah by
the Corps of Engineers with corresponding
gradient increase and much abnormal bank
destruction. Meade stated that since 1910
reservoirs on the Savannah River have re-
duced the sediment load delivered to the
ocean by 50%, thus depriving the Continen-
tal Shelf of its former river influx of
inorganic nutrients.

Flood peaks higher than the 1- to 2-
year inundations are also impaired by dam-
ming. Much riverborne sediment deposits in
estuaries are in the "sediment-trap" at
the freshwater-saltwater interface. In
pre-dam days the Jocus of these deposits
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moved back and forth seasonally in the
estuary, and floods flushed out accumu-
lated sediments with a periodicity of 3 to
5 years (Meade 1976). This flushing action
no longer occurs, and sediments accumulate
in the estuary and must be removed by
costly dredging.

Another example of direct downstream
effects is flow regulation by huge reser-
voirs on the Roanoke River (NC). The
Roanoke River (NC) has a "dead zone" 6-
12 m (20-40 ft) wide from near the levee
top down to the river devoid of all bot-
tomland hardwoods except a few willows at
the upper edge. This zone, with numerous
fallen dead trees, resulted from water
levels held artificially high by upstream
discharges, well into leafout time. In
swales along the Roanoke the lack of
former flushing action way have caused
several feet of silt to accumulate (Pat
White, Williams Lumber Company, Mackeys,
NC; personal communication).

Indirectly, flow regulation is having
an even more pronounced effect on bottom-
Jand hardwood communities. Damming may
severely medify or eliminate the seasonal
hydroperiod, allowing upland row-crop
agriculture and forestry on the flood-
plain. On the Savannah River (GA) flood-
plain, below a series of large reservoirs
in the Piedmont, hundreds of acres of Zone
IV bottomiand hardwoods are being sheared
off, and the floodplain 1is being planted
in soybeans. Even without flow regula-
tion, the floodplains of many southern
rivers are being cleared of bottomland
hardwoods and prepared for conversion to
pine plantations, although, ironically,
hardwoods often outgrow pines on these
sites. Planted Toblolly stands on the
Altamaha, Occnee, and Ocmulgee Rivers in
Georgia have developed a thick understory
of wax myrtle and sweetgum, typical Zone
IV species, which may indicate the land is
still most suitable to the natural commun-
ity. Such system-wide changes threaten or
eliminate the Tife support functions of
floodplain zones.

The most serious {impacts of reser-
voirs on bottomland hardwoods downstream
arise from regulating the normal annual
rise and fall of the river to which the
whole system is keyed. The effects of




reservoirs can be summarized: (1) reduc-
tion of silt and associated nutrient
inputs for some distances below dams, (2)
excessive bed and bank scour below dams
with accompanying modification or exter-
mination of benthic and epibenthic fauna,
(3) loss of bank-stabilizing vegetation by
frequent flow changes, (4) disruption of
normal fish breeding and feeding on the
floodplain, (5) elimination of sufficient
high water for the annual flushing of
detritus from the floodplain, and (6)
encouragement of clearcutting, site con-
version to tree plantations and row crop
agriculture on formerly saturated flood-
plains.

CHEMICAL COUPLING WITH THE WATER TABLE AND
ATMOSPHERE

It is seldom acknowledged that Pied-
mont alluvial rivers crossing the Coastatl
Plain may have numerous blackwater tribu-
taries, the DOM of which is subsequently
camouflaged by suspended inorganics. The
lower sections of alluvial rivers are, in
effect, chemically mixed rivers, 1in pro-
portion to the respective discharges that
each type stream contributes. Likewise,
there is Tateral coupling with the under-
ground aquifer in limesink zones. At times
of high water, acid blackwater may enter
and corrode underground corridors; con-
versely, aquifer flow at times raises the
pH and the nitrate Tlevel of the river
(Kaufman and Dysart 1978).

Wetlands, including bottomland hard-
woods, modify temperature and moisture
content of the Tlower atmosphere. They
ameliorate freeze conditions and provide
a more equithermal refuge for many animals
which could not otherwise exist at that
latitude. MWetlands modify lake and sea
breezes, the urban boundary layer, and
even the behavior of tropical cyclones.
In Florida, relatively minor changes in
land-water coverage and soil moisture
result in surprisingly large changes in
sea breezes, cumulus cloud formations, and
precipitation (Gannon et al. 1978).

COUPLING VIA FAUNAL MOVEMENTS

Rivers and their floodplains are
also coupled with marine systems through
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mediocris)

anadromous, catadromous and other marine

species. Blue crabs occur to RM (river
mile) 50 in the Altamaha. The southern
flounder (Paralichthys Jlethostigma) and
striped mullet (Mugil cephalus) migrate

and feed as far as 193 km {120 mi) up the
Altamaha, while two common coastal fishes,
the hogchoker (Trinectes maculatus) and
the needlefish (Strongylura marina), actu-
ally spawn in the mid-reaches of the river
(John Adams, Georgia Power Co., Environ-
mental Laboratory, Atlanta; personal com-
munication). Various shad species parti-
tion the river into spawning and nursery
sections (Adams and Street 1969; Adams
1970). American shad (Alosa sapidissima)
spawn in the Altamaha itself between RM 60
and 120, with primary nursery centers at
RM 21-3C and RM 100-110. Hickory shad (A.
spawn in floodplain oxbows,
sioughs, and tributaries between RM 20 and
137.  Blueback herring (A. aestivalis)
spawn on the floodplain floor between RM 5
and 137, with primary nurseries between RM
10 and 30. Examples of catadromous spe-
cies are American eel and mountain mullet
(Agonostomus monticola), the latter in
gulf coast rivers.

Striped bass formerly traveled up the
Savannah as far as Tallulah Gorge and
still ascend many Coastal Plain streams.
Two species of sturgeon (Atlantic and
shortnosed) ascend rivers entering the
Atlantic slope. Other animals such as
manatees use the Altamaha at least to the
1imit of tidal range and go up the Suwan-
nee to Manatee Springs. The glochidian
larvae of many clams can travel up- and
downstream attached to fishes, often
providing a mechanism for repopulating
depleted areas.

Terrestrial fauna may be coupled to
the uplands, as when deer who base their
home range on floodplains graze in up-
lands. Conversely, upland forms such as
the black racer and pine vole may use the
floodplain at drydown. The narrow green-
belts of bottomland hardwoods alsc provide

routes for migration and restocking.
SUMMARY
In  summary, bottomland hardwood

swamps are integrally coupled to the sur-
rounding uplands, downstream estuarine



systems, and the atmosphere. By virtue of
these couplings, the swamps provide inval-
uable services and resources to the envi-
ronment. These "ecological values" are a
function of the interaction of the bottom-
land hardwood ecosystem and its primary
driving force, the fluctuating water
levels of the riverine systems. In spite
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of an apparent resilience to specific
disturbance, the ecological values of the
bottomland hardwoods can be impaired by
development or alterations which do not
take into account the openness of these
ecosystems to the riverine and upland
ecosystems to which they are hydrologi-
cally coupled.
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APPENDIX

SOILS OF SOUTHEASTERN FLOODPLAINS

Tables A-1 through A-8 describe soil
characteristics in sampled dominance types
and river floodplain classes within the
study area.

Soil samples were collected non-
randomly from a depth of 8 to 30 cm (3 to
12 dinches) below surface Tlitter zones, in
the center of the most mature group of
trees. No samples were taken from atypi-
cal microtopographic relief features at
the site, nor were samples taken where
there was evidence of logging, vehicle
passage, scour channels, or upland erosion
sources.

Mechanical analysis of percent clay,
silt, and sand was by the Bouyoucos
method. Samples with very high organic
matter were subjected to hydrogen peroxide
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or ashed at 500°C for 4 hours prior to
analysis.

Organic matter was determined by the
Walkley-Black method. Depending on the
amounts of silt and clay present, organic
matter may be overestimated. The error of
overestimation due to water driven off
from clay and silt was computed on the
basis of 8% error with 5% clay-silt and
30% error with 85% clay-silt (Broadbent
1953; Klawitter 1962); corrected percent
organic matter appears in parentheses in
Tables A-1 through A-8.

Macronutrient concentrations were
determined by plasma emission spec-
trometry, following extraction by the

double-acid method.
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Table A-1. Soil analysis for floodplain dominance types, Zone II, alluvial rivers. C=clay, SI=silt, S=sand, 0.M.=organic matter.

Soil components (%)
C ST

Macronutrients {(ppm)

River floodplain description pH % 0.M. S Ca K Mg Na P
Escambia: swamp tupelo-cypress 4.8 482 1804 160 484 174 14.0
Roanoke: swamp tupelo swale 5.3 50(3¢e.5)° 20 24 50 2728 49 268 47 9.2
Choctawhatchee: water tupelo-cypress 5.4 328 1412 105 448 244 14,0
Escambia: swamp tupelo backswamp 4.7 312 299 94 119 66 11.0
Tar: water tupelo-cypress 5.0 272

Roanoke: water tupelo swale 5.1 34° 1981 105 400 155 12.4
Great Pee Dee: water tupelo-cypress 5.2 4.6 53 22 24 708 71 248 56 9.2
Apalachicola: mixed gum-cypress 5.5 6.0 38 40 22 1620 64 119 39 6.8
Santee: water tupelo-cypress slough 4.9 5.1 71 12 17 884 58 233 40 12.8
Apalachicola: water tupelo-cypress 5.0 5.3 48 27 25

Apalachicola: gum-cypress wet flat 5.4 5.9 61 23 16 1108 40 113 51 9.6
Escambia: water tupelo backswamp 5.3 4,2 28 27 35

Choctawhatchee: cypress wet flat 5.2 5.2 43 22 35 260 30 102 24 9.2
Ogeechee: mixed gum-cypress slough 7.3 3.9 49 17 34 1140 44 145 38 7.6
Ogeechee: mixed gum-cypress flats 5.6 5.2 39 19 42 831 52 115 31 6.7

a
bData uncorrected.
Values 1in parentheses are corrected for error of overestimation.

See Appendix introduction.
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Table A-2. Soil analysis for floodplain dominance types, Zone II, blackwater rivers. C=clay, SI=silt, S=sand, 0.M.=organic matter.

Soil components (%) Macronutrients {ppm)
River floodplain description pH % 0.M. C SIS Ca K Mg Na P
Little Wambau: swamp tupelo on peat 4.7 51(43.9)? 11 g 80 682 58 108 62 10.0
Little Pee Dee: swamp tupelo-cypress 5.3 29(26.1)b 3 7 90
Yellow; swamp tupelo-water tupelo-bay 5.3 21(16.8)b 17 37 46 684 60 150 44 9.6
Waccamaw: swamp tupelo swale (Terrace I) 5.0 11(8.7)b 17 28 59 456 26 35 32 14.0
Waccamaw: swamp tupelo-laurel oak 5.2 9(7.6)b 11 14 75
Waccamaw: swamp tupelo-cypress flat 4.9 5.9 13 24 63
Big Wambau: mixed tupelo gum-cypress s'lougha 6.2 6.0 42 21 37
Big Wambau: mixed Zone 11-1v8 5.8 5.9 25 31 44 2404 40 187 38 8.4
Suwannee: swamp tupelo-cypress-pumpkin ash 6.2 27(21.9)b 23 18 60 6648 86 454 91 42
Suwannee: mixed tupelo gum-cypress-pumkpin ash 6.5 36(27.8)b 27 27 46 5176 109 455 78 142

EOId rice cultivation areas.
Values in parentheses are corrected for error of overestimation. See Appendix introduction.
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Table A-3. Soil ana]xsis for floodplain dominance types, Zone II, tide-influenced sections (tidal forests) of spring-fed
blackwater and alluvial rivers. C=clay, SI=silt, S=sand, 0.M.=organic matter.

River floodplain description pH % 0.M. Soié comggnen;s () Ca Mac;onutr&:nts (ﬁgm) P

Yellow: sweet bay-white cedar 6.2 53° 1404 144 588 196 14.4
Sopchoppy: sweetbay-swamp tupelo-wax myrtle 57 77° 1324 36 628 183 29.0
St. Marks: swamp tupelo-sweet bay-wax myrtle 6.2 54(45.4)b 6 21 73 2462 97 556 145 41,2
Aucilla: (Zones II-III-IV mix) 6.3 23(19.3)P 14 13 73 2852 35 400 80 12.0
Suwannee: swamp tupelo-cypress-pumpkin ash 6.0 49(39.7)b 17 23 60 5784 323 870 1011 55

Suwannee: swamp tupelo-cypress-pumpkin ash 6.4 52(40.6)b 20 30 50 5488 78 499 65 46

Apalachicola: mixed tupelo gum-cypress-Thalia 5.3 22(15.4)b 46 36 18 1676 92 180 53 8.0
Escambia: sweet bay-cypress-white cedar 5.4 19(15.1)b 28 17 55 776 116 456 224 15.2
Choctawhatchee: swamp tupelo-bay 5.5 362 1213 164 616 664 18.0

a
Data uncorrected.
Values in parentheses are corrected for error of overestimation. See Appendix introduction.

Table A-4, Soil analysis for floodplain dominance types, Zone III, alluvial rivers. C=clay, SI=silt, S=sand, O0.M.=organic matter.

Soil components (%) Macronutrients (ppm}
River floodplain description pH % 0.M. C SIS Ca K Mg Na [
Gchlockonee: overcup oak-water hickory 4.7 4.6 2 25 713 188 26 40 19 16.0
Santee: overcup oak-water hickory flat 5.2 3.1 700 13 17 568 28 205 30 8.0
Apalachicola: near levee 5.4 2.2 56 23 21 980 19 106 28 56
Apalachicola: behind levee 5.3 4.8 44 24 32
Apalachicola: overcup oak-water hickory 5.5 2.1 60 24 16

Ogeechee: overcup oak-ash-elm flat 6.0 3.3 31 21 43 708 37 82 34 5.3
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Table A-5. Soil analysis for floodplain dominance types, Zone 1V, alluvial rivers. C=clay, SI=silt, S=sand, 0.M.=organic matter.

Soil components (%)

Macronutrients (ppm)

River floodplain description pH % 0.M., C SIS Ca K Mg Na P
Santee: mixed Zone IV-V 5.2 3.8 47 20 33 472 37 168 33 8.0
Santee: old growth laurel oak 5.1 3.6 49 14 37 436 46 133 20 7.6
Apalachicola: laurel oak 6.0 3.2 60 11 29 1196 26 128 28 6.4
Great Pee Dee: green ash stand 6.7 2.6 38 31 31 794 34 220 38 12.7
Oconee: willow oak flats 5.2 2.1 25 22 47 448 19 74 20 6.0
Oconee: subsoil of wet flats 5.3 2.0 49 22 29

Ogeechee: Tlaurel oak 8.2 2.3 24 14 62 1408 15 9 32 2.8
Ogeechee: laurel ocak-swamp palm 6.7 2.5 22 11 67 460 32 36 29 3.6
Ogeechee: laurel oak near river 5.4 4.9 4 21 35 932 39 156 42 5.9
Ogeechee: sandy surface soil 5.9 1.3 14 6 80 220 18 34 23 3.4
Ogeechee: clay subsoil 8.3 0.8 33 10 57 778 14 g1 64 2.9
Ogeechee: Tlaurel oak away from river 7.4 2.7 33 25 42 484 28 68 33 3.8
Apalachicola: scour channels 5.7 0.9 12 10 78 378 15 37 17 4.0
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Table A-6. Soil analysis for floodplain dominance types, Zone IV, blackwater rivers. C=clay, Sl=silt, S=sand, 0.M.=organic matter.

Soi] components (%) Macronutrients (ppm)

River floodplain description pH % 0.M. C SIS Ca K Mg Na P
Waccamaw: Tlaurel oak-willow cak swale 4.3 18(14.6)a 15 23 62 84 27 32 34 8.4
Black: 1laurel oak-willow oak 4,7 11{ 9.4)° g 12 79 102 30 16 39 11.0
Indian Field: Tlaurel oak flat 5.1 11¢( 9.1)a 15 17 68 1144 40 66 33 13.0
Little Pee Dee: laurel oak-red maple 5.4 10( 8.5)% 12 12 76

Little Pee Dee: Tlaurel oak 5.7 5.7 13 12 75 160 24 35 31 10.0
Canoochee: Tlaurel oak-spruce pine 5.5 5.5 11 14 75 88 34 47 23 11.6
Turkey Creek: old growth laurel oak 5.2 2.4 10 9 82 496 19 22 23 5.2

qvalues in parentheses are corrected for error of overestimation. See Appendix introduction.

TabTe A-7. Soil analysis for floodplain dominance types, spring-fed rivers (Zones II and IV). C=clay, SI=silt, S=sand,
0.M.=organic matter.

Soil components (%) Macronutrients {(ppm)
River floodplain description pH % 0.M. C SIS Ca K Mg Na P
Wacissa braids: pumpkin ash-red maple 6.3 52(40.1)a 16 34 48
Wacissa: Taurel ocak-sweet bay-cabbage palm 6.5 17(15.3)° 5 5 90 3056 18 234 26 9.2
Wacissa: subsoil at site above 6.6 1.1 18 18 65
Chipola: Taurel oak~-American holly-sabal palm 5.8 1.8 8 5 87 320 13 25 20 6.4

qyalues in parentheses are corrected for error of overestimation. See Appendix introduction.
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Table A-~8. Soil analysis for floodplain dominance types, Zone V, alluvial rivers. C=clay, SI=silt, S=sand, 0.M.=organic matter.

Soil components (%) Macronutrients (ppm)
River floodplain description pH % 0.M. C SIS Ca K Mg Na p
Ochlockonee: water cak-spruce pine 6.4 6.6 8 12 80
Apalachicola: water oak-swamp chestnut
oak-spruce pine 5.5 3.6 24 22 54 540 30 46 24 5.6
Yellow: swamp chestnut oak-spruce pine 5.1 1.4 g 13 78 136 13 16 17 4.0
Ogeechee: cherrybark oak-hickory 7.1 2.7 25 16 57 226 27 56 25 4,0

Ogeechee: cherrybark oak 6.7 0.8 25 21 54 146 12 22 21 2.8
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