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RIPARIAN VEGETATION RECOVERY PATTERNS
FOLLOWING STREAM CHANNELIZATION:
A GEOMORPHIC PERSPECTIVE!

Crirr R. Hupp
LS. Geciogrcal Survey, 430 National Center. Reston, Virginia 22092 USA

Abstract. Hundreds of kilometres of West Tennessee streams have been channelized
since the turn or the century. After a stream is straightened. dredged. or cleared. basin-
wide ecologic, hydrologic. and geomorphic processes bring about an integrated. character-
istic recovery sequence. The rapid pace of channel responses to channelization provides
an opporiunity to document and interpret vegetation recovery patterns reiative to otherwise
; lonz-term, concomuitant evolution of river geomorphology. Nearly 150 sites along 15 streams
‘ were studied in the Obion. Fforked Deer. Hatchie, and Wolf River basins. Channels of
these streams. exceot that of the Hatchie River main stem,. have undergone major modi-
fications along ail or parts of their courses. This paper presents the eco-geomorphic anaiyses
and interpretation of a large multidisciplinary study, with special reference to the inter-
related hvdrogeomorphnic aspects of channel recovery. Quantrtative piant ecologicai anai-
yses were conducled to inter reiative bank stabilitv, to identify indicator recovery species.
and .o determine patterns of veget:tion development through the course of accelerated
channei evoluton. Binarv-discrimi:. .t and ordinarion anaiyses show that disuncuve -
parian-species patierns refect a six-si-:e model-of channel evolution and can be used to
infer channel stability and hvdrogeomorohic conditions. Woodyv vegetauon ininuaily estab-
lishes on low- and mid-bank suriaces at the same location and time that bank accreaon
begins. and corresponds to the site of initial geomorphnic restabiiization. The linkage of
3 channe! bed aggradation. woody vegeration establishment. and bank accretion all lead 1o

recovery of the channei. Pioneer species are hardy and fast growing, and can toieraie

moderate amounts Of siope instability and sedimen: deposition: these species inciude river
birch (Beruia nigra). biack willow (Salix nrgra), boxeider (Acer negunao). and siiver mapie
(Acer sacchnarinum). High stem densities and root-mass deveiopment appear to ennance
v bank stability. Tree-ring analvses suggest that on average 635 yr may be required for recovery
) after channelization.

Key words:  bank accrenion: bank stabilirty; channei-evoiution model: channeiized streams: channe!
widening; dispersal: ecesis: geomorpric recovery; plant ecoiogy; riparian vegeration: stream disturoance;
stream models: succession; Tennessee;: tree-ring anaiysis; vegeration patterns.
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INTRODUCTION Modifications: during -1959=1978 through®itf-muach*
Channelization is a common, although controver- ©f West Tennessee (Fig. 1) have created a naturablab-:
sial, engineering practice aimed at controlling flocding  ©ratory for the §mdy ot eﬂ“mnmen@ﬂm -
and draining wetlands:;Strcaxn"‘channclization i al-. rejuvenated fluvial networks. Streamside vegetation is
~~~~~~ directly removed during channelization or shortly af~
STacteristics and processes- along and upstream of the ¢ erward through channel responses to channelization.
achanitielized reach. The biotic environmentis likewise - Preliminary results on the geomorphic and vegetation
£x3%6verely affected. particularly in riparian areas but also - T€COVEry in West Tennessee were reported by Hupp
#on the adjacent flood plaids$The geomorphicand plant « 2nd Simon (1986) and Simon and Hupp (198"?; these
“€cblogical forms and processes described in this paper ~ Tesults described the use of dendrochronologic tech-
“¥8fi=ct the course of landscape development that would = 1iques to infer rates of channel widening and bank )
“fsHlow natural rejuvenation, such as tectonic uplift or - ccretion. The purposes of the present paper are to |
“haseilevel lowering. Geomorphic responses to chan- describe and interpret Woody-vegemuqn recovery pat-
nelization are rapid relative to most natural adjust- '€DS in reiation to concomitant evolution of river geo-
ments to rejuvenation. Here, we have the opportunity ~MOrphology. L
t0 study such processes because' of the reduced time Y S8€tation analyses have been used to identify and
frames created by human channelization efforts. interpret geomorphic features for many years (Cowles
1901, Gleason 1926, Hack and Goodlett 1960, Whar-
ton et al. 1982). However, the use of vegetatiomanni.:
* Manuscript received 30 November 1990; revised and ac-  ¥YS€S'in the interpretation of fluvial zeomomﬂmhu
cepted 28 August {991, . . turbance dynamics has been a relatively e '
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TaBLE L. Summan{ of geomorphic and ecologic attributes by stage of stream channel evolution following channetization.
Cover values are tor woody species only. Adapted from Simon and Hupp (1987).

Stage Name and geomorphic attributes

Ecologic attributes and species presence

Stage duration

[ Premodified stage
Aggrading bed and banks: meandering
channe!l: low. convex upward banks,
minimal mass wasting

1 Constructed stage
High gradient: straight channei: linear
banks
111 Degradation stage

Active bed degradation: minimal mass
wasting; linear banks
v Threshoid stage
Active bed degradation: active mass
wasting; concave upward banks: se-
vere instability
v Aggradation stage
Aggrading channel bed: mild mass
wasting; heavy bank accretion anas-
tomosing thaiweg; diverse bank
torms
VI Recovery stuage
Meandering channel: low banks and
gradient: convex upward banks: gen-

Mature. diverse rnparian community:
100% cover: Species: cypress. mapie.
hvdric oaks. ash, birch

All woody vegetation typically removed:
0% cover

Typically. woody vegetation unatfected by
channel work. may be high and dry.
Species as in Stage . 100% cover.

Most woody species removed by bank-
slope faiiure: Species: sumac. winged
elm. herbaceous weeds: 0~3% cover

Iniuai acuve revegetation. at same site as
initiai bank accretion: Species: willow,
birch. mapile. boxelder: 10-30% cover

Diverse bank vegetation, growing down
and into low water: Species: same as in
Stage V plus cvpress. hydrc oaks. ash.

Stable

Short-lived. usual-
ly <l vyr

Short-lived. 1-3 vr

5-15yr

About 30 yr

Stable

erai miid aggradar::z: point-bar de-
veiopment

elm: 90-100% cover

(Fig. 2) may proceed great distances upstream from the
channel work.

Geomorpnhic rejuvenarion refers 10 a drastc topo-
gropiailc upiift with respect to the base ievei of the water
tabie. Channelization essentially accomplishes. reju-
venation through a large increase in channel gradient.
In stage II1 (Fig. 2), rejuvenation takes place aimost
-immediately after channel work and induces a rapid

‘“*degradation of the ‘channel throughout much of the

-channelized reachgés ?.s' well as reaches upstream where
mature- bank-vegetation~may -remainVegetationis

Hatchnie. and Wolf River pasins (Fig. 1). The unchan-
neiized tlatchie River served as a conrroi for the study.
These streams dow on unconsoiidated. erodibie ma-
terial. predominanty of Quaternary age {USDA 1980,
Miileretal. 1966). The rivers tlow on Mississippi River
alluvium in their downstream reaches and on loess-
- derived alluvium farther upstream and in their forks
(Table 2). Most tributaries fiow on loess deposits that
thin eastward from 30 m deep along the Mississippi
-« bluffs 10 about 1 m near the outcrop of the Claiborne
*- and Wilcox Formations of Tertiary age (Miller et ai.

“lafgely removed during the degradation response either~ 1966), at the eastern boundary of the study area (Fig.

-~“diréctly by channet construction or through subsequent

-bank failure (stage IV), both along recently channelized
-reaches and above the channelization-limit (Fig:>2).*
+Aggradation may begin almost immediately-in the far<-

-thest downstream reaches because of low gradientsnear
-base level and =<ess sediment loads. entrained.from
rapidly degro:.-  reaches:zDuring ‘subsequent aggra-
'dation, vege-:. ’iays an importantrole in bank sta-
sbilization. Th:. .nuid ecogeomorphic response allows

for intensive study of otherwise long-term geomorphic’

and ecologic processes.

Study area

The study area included most of West Tennessee,
an area of =27 450 km*, bounded by the Tennessee
River on the east and by the Mississippi River on the
west (Fig. 1). Thisareais entirely within the Mississippi
embayment of the Gulf coastal plain physiographic
province (Fenneman 1938).

The studied streams are in the Obion, Forked Deer,

1). The Claiborne and Wilcox Formations (Table 2),
composed primarily of sand-size clasts, are the source
of sand for the major drainages of the region, as well
as for the eastern tributaries (Fig. 1). There is no bed-
rock control along any of the study streams.

« <Ihe native vegetation in many West Tennessee bot-.:

w.ztomlands has been affected along channelized reaches -

. «directly or indirectly through lowered water tables and
reduced hydroperiods.(Miller 1985, Hupp and Simon
1986, Hupp 1987). The woody vegetation along mod-
ified channels or channels affected by downstream
modificaticn ranges from nearly absent to relatively
natural, mature bottomiand forests, composed of bot-
tomiand hardwoods and/or bald cypress (7Taxodium
distichum) and tupelo gum (Nyssa aquatica). Typically; @

g previously - degraded, .now .relatively: stable; :xeaches:;
support dense stands.of .black -willow .(Salix.-nigray,
river birch (Betula nigra), or silver:maple (Acer.sac~;
charinum). Other common constituents of these seg-
ond-growth forests include boxelder (dcer.negundo),=
green ash (Fraxinus pennsylvanica), and eastern:cote,~
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TasLe 2. Geomorphology and engineering modification history of some West Tennessee streams. The extent of modification

is g1ven as distance above mouth.

Most
recent
Drainage modifi- Extent
Stream area {(km?) Geologic uniz* cationt (km) Dates

Obion River 61966 L.HA E. St 75.0 1959-1966

C. Sn 6.3 1976

PE N 19741988
North Fork of Obion River 2489 L. HA E. St 17.5 1967

C. Sn 17.4 1974-1976
Ruthertord Fork of Obion River 1130 L. HA E 11.9 1967

C, Sn 28.8 1973-1978
South Fork of Obion River 1606 L. HA E 9.7 1967-1969

C, Sn 27.5 19761978
North Fork of Forked Deer R. 3950 L. HA E. St 5.9 1973
Pond Creek 290 L C.Sn 211 1976-1978
Sou:h Fork of Forked Deer R. 4416 L.Cand W E. St 7.1 1969
Cupe Creek 69 MG E. St 13.6 1970
Prriers Creek 264 MG E. St 34.4 1972
Wolf River 3383 L.Cand W E. St 35.1 1964

* Grecloaic abbreviations: L = loess. HA = Holocene ail ~ium. C and W = Claibome and Wilcox Formauons. MG =

Midwar Group.

T Mcedidcation aboreviatnions: £ = eniarmng, St = straigr.camg, Sn = snagging, PE = periodic eniarging, C = ciearing.

modifications occurred from 1939 through the 1970s.
A suificient number of sites were seiected alonga given
stream to deiineate channel adjustment trends: study
sites. by basin. were located on the Obion River main
stem. the North. South. and Ruthertford Forks of the
Obion River. Davidson Creek, the North and South
Forks of the Forked Deer River, Pond Creek. the
Hatchie River, Porters. Cub, and Cane Creeis. and the
Wolf River (Fig. 1). Each7site:was:categorized :as:to

istage ‘of:channel-evolution (Simon and Hupp 1986);

most of the stages of the channel-evolution model are
represented by many sampiing sites. All study sites
were located near bridges because of access limitations.

were made to accompany the dendrogeomorpinic anal-
ysis. Bank conditions aiong straignt reaches were usu-
ailv the same on both the lert and right banks. However,
aiong bends where incipient meanders had formed.
there were distinct differences between banks on the
inside and outside of the bend. Where differences were
obvious. both banks were studied. The terms left and
right banks aiways refer to a partuicuiar bank when look-
ing downstream. More complete descripuons and in-
terpretaton of the physicai and engineering attributes
of the overail study may be found in Simon and Hupp
(1992).
Dendrogeomorphic:techniques were used to.deter-y

Particular caution was used to avoid channel reaches =:mnine rates. of channel widening and_bank accreton.-

that reflected strong hydraulic influences from the
bridge. Sampling areas were at least 50 m upstream
from the bridge and at least 100 m downstream from

This methodology, as used in West Tennessee. has been
described elsewhere (Hupp and Simon 1986, Hupp
1987). Channel widening refers.to average increases.in ,

the bridge. Generally, a study site inciuded a rcach 1 zzdistance between top banks, typically accompiished by -

to 2 km in length. Rod and levei surveys or

o:-nnel .:mass wasting(siump-block bank failure)>Estimates of

sections were developed for each site. Field warik was zvchannel . widening were made by tree-ring anaiysis-of.

conducted during 1984—1987.

METHODS

Dendrogeomorphic analyses

.’steny deformations-associated with bank-failure;-and =

‘subsequent-measurement~of  the -width+of the-slump:
.block ordistance between-affected stems and the pres-
.ent top-bank edge (Hupp .1987).:Bank-accretion Tate

was determined by exhuming buried stems to the orig-

Field routine at each site included traversing bank .:inal germination point(major lateral roots), measuning=:

slopes and noting the generai condition of the bank
(stability), presence of bank failures and toppied woody
plants, presence of woody seedlings/saplings. and de-
termination of bank-widening rates and bank accretion
rates. Additional observations on bank form, bank
heights, bank-slope angies, and hydrologic conditions

_the-depth of burial, and determining the age.of the &
. stem from increment cores (Hupp 1987). Trees growing
on various bank locations at each site were cored to
determine the timing of stabilizing bank conditions
relative to the site along the stream and to the location

" of geomorphic features of the bank. AFleast 10HTeesH
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-oTTTTTTTTTTTT " STAGE! conditions; median cover, number of species. and tree
X {Pre-madification) . . .

‘ or ages increase from stage V to stage VI. Rate of bank
: / T widening is perhaps the most influential factor deter-
! Channelized Unchannelized mining the type and abundance of riparian species.

: stream reaches stream reaches Th 1 1 . 0_
! (but affected by e largest values of hardwood species cover (9

; increased gradient)  100%) and numbers (5~8 species), were attained during
stages [. IIL. and VI, when widening rates are minimal.

and widening)

!
7
STAGE V
(Aggraaation and bank

siopae failure. bed-ievel
rise, vegetatve recovery)

ing a 2-yr period.
Because of active mass wasting, stage IV reaches
support trees whose median age is oniy 2 yr (Fig. 4A),

: Y Stages III and VT reflect the longest periods of time
v STAGE . since the last episode of major bank instability and,
i (Constructed clearing and - . - ..

I channeiization) therefore. have vegetative characteristics most closely
. corresponding to natural banks (stage I). Reaches in
! OR Ug;’;ig{ze g stage I and III support the oldest trees (median age 33
| reaches and 41 vr, respectively; Fig. 4A). The tree ages for
‘, stages I and IIT may be more reflective of past land use
! Some e adsazAr(‘SrcE! H; i than thevare ot_’ recovery time. The oldest riparian trees
x downstream- gr :3°m.we pening ranged from 235 to 635 yr. Median tree ages ;long stage
; channeiized ) VI reaches are low (14 yr) relative to those in stages I
! reacnes 5 and III (Fig. 4A). The median age of trees along stages
| _ Y_ IV, V, and VI reaches is a funcuon of the recovery
| (Deg rafa‘t’ia‘oiza:/d hank period as well as the timing of sampling relative to past
: slope faiiure, deepening channel work: all tree-age sampling was conducted dur-
H

1

| 7

STAGE V!
{Stabiiization)

F1G.3. Flowdiagram of the six stages of channej evoiution
(see Fig_ 2) following channelizaton. Oniy channelized reach-
es experience stage [I: they then may either proceed to stage
ITI or 1o stage V if aggradaton rates are high, which may occur
along downstream reaches away from the upstream iimit of
recent channelizazon.

AGE (yr) ; Cover (%)
NUMBER OF SPECIES

stage IV), and the recovery stages (Fig. 3: stages V and
V1). Manvdownstreant channelized feschesThowever .2

.may:proceed directly-from-stageTE:to. stage: Wi(Fig. 3)

because:of the almostimmediate ‘aggradationsthat.re-: 0.8 : T 7 08
.zsults from heavy sediment loads derived-fronreroding — ., Jor =
Zupstreanr.reaches. ’ z >
SQUETTHFGve-Hends i plant ecological data (Fig. 4A), < %8 o ncmreg e Jos E
sarmanged by stage af channel recovery-fori?2 sites (Ta- 2 as|- 05 o
ble 3);showthat vegetative cover;tree age. and speciesis 5 2
sznumbers are generally-low during stages characterized: S o4r Bial"
by high channel-widening rates (Fig. 4B: stages IV and 1 03 o3 8
V). Nite the distinction betweernrchannelizediandaune = | _J'o.z :
stichannelized reaches during.stages.dlthrouguk¥ (Figs. = . z
3 and 4A). High.widening ratesare indicativeofaxerails © ©-3 A o @

#Channei instability and, in generai;preciude.substantiaks o0 | N:{"“"‘“w'/ ‘ ' 0.0

th 1% v Vi

g¥egelation eswablishment and high bank accretion (Fig. STAGE OF CHANNEL RECOVERY

4B: stage IV)..However; from. stage-IV. to stage.V,:as - }
-accretion increases and widening decreases; a site may FiG.4. Tree age, percentage of vegetation cover, and num-

. . ) T .= ber of species (A), and widening rate and accretion rate (B),
~have moderatcly high rates of both (Fig. 4B) “FHrSiighsy by stage of channel evolution. All values are medians except

:"hccourseof ‘stage-V,-both ‘widening"andrultimately.: number of species, which has been muitiplied by 10 to plot
“~accretion decrease toward rates typical’'of presmodified » at same scale.
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TasLE 3. Continued.
Median rate
River Percentage Number of Maximum of accreuon
River kilomertre cover species tree age (cn/yr)
South Fork of Obion 18.3 i9 3 2 1.0
South Fork of Obion 9.3 49 6 3 1.7
Wolf 112.5 95 7 35 0.5
Wolf 92.35 33 10 40 Q.5
Woif T1.4 20 ) 17 3.0
Wolif 0.2 33 7 17 5.0
Wolf 38.0 33 4 o] LN
Wolif 30.4 20 3 11 10.0
Wolf 14.0 43 7 3 1.0

and these grow only in protected areas. Successful woody
vegetation establishment and inital bank recovery do
not occur until stage V, during which time bed aggra-
dation. bank accretion. and bank-siope reduction oc-
cur. The shift from degradation processes 10 aggrada-
tion processes is shown by the sharp increase in median
accretion rates i :ring stage V to 4.8 cm/yr (Fig. 4B
Channe! procesc: sniris. such as froem degradation to
aggragaton or the inination of severe bank inswability
through mass wasling. are exampies of geomorpiic
threshoids (Schumm 1973) that puncruate the geo-
morpiuc evolution of channelized streams. These
thresnolds are important to the understanding or fiuvial
processes. and may be uitimateiy responsibie for the
shirang vegetation patierns observed through the course
of channef recovery.

Median wree age in stage V (3 yr. Fig. 4A) is low
because of the large numbers of 1- and Y-yr-oid pilants;

active recruitment 1is characteristic o: =2arly stage V.=

Maximum ages of pioneer trees along -.age V reaches
are 14 yr on the forks of the Obion Riv:r, 11 yr on the
South Fork Forked Deer and Wolf Rivers, and 7 yr on

the North Fork Forked Deer River (Table 3). These srrates, inciuding black willow, cottonwood, and box---:
zzelder. ‘However,-all -species ‘become severely limited

time periods for the streams do not represent complete
restabilization of the channel banks but oniv the time
to low- and mid-bank stability. The relativ::y low val-
ue for the North Fork Forked Deer River possibly
resulted from the input of large quantities of bed sed-
iment from the Middle Fork Forked Deer River just
above their confluence (Fiz. !). This suppressed the
tendency for channel deep<ti::* gy and widening, and re-
duced the ume to achieve ..w-bank stability. Con-
versely, low aggradation rates on the lowermost (stage
V) reaches of Cane Creek, a tributary of the Hatchie
River, resuited in inital recovery periods (early stage
V)of >17 yr.

The particle sizes of channei-bed material may affect

.the time required. for recovery. Excluding the North

Fork Forked Deer River, sand-bed channels undergo
= [0-15 yr of widening processes (stage IV) before low-
and mid-bank stability (stage V). The minimum time
necessary for the sand-bed channels to reach stage VI
is about 40 yr (determined from tree-age maxima along

reaches that have only recently regained general bank
stability). Thus. =65 vr (15 yr in stage IV and 40 yr
in stage V) is necessary for recovery of sand-bed streams
after initial. large-scale mass wasting of the banks. In
contrast. degraded loess-bed channeils may take con-
siderabiv longer to recover because of the lack of coarse-
grained material that facilitates bed aggradation. Cane
Creek is a loess-bed siream that was channelized in
1970. As of 1990, Cane Creek was suil experiencing
massive bank faiiure: the siream has deepened and
widened to =3100% of s original cross-secuonal di-
mensions.
The Obion River mainstem receives large voiumes
of both suspended sediments and bedload sediments
from 1ts forks. Since 1967. 6.3 x 10°® m’ of channei
material have been deiivered to the main stem (Simon,
in press), causing high rates of bank accreton and ag-
gradation. and necessitating repeated redredging. Rates
of bank accretion are among the highest along the banks
-of the Obion River (Table 3); tree ages indicate that
aggradation has occurred throughout the past 20 yr.A
zfew plant species can-tolerate relatively high accretion

-along many reaches -of the Obion River main stem.

- Apparently, the accretion rate is so rapid.that.most

:zplants cannot elongate their stems and produce new

-.;roots fast enough 1o avoid burial and suffocation. Thus,

caver values and tree ages along the main stem Obion
River are less than along other siage V reaches.

VEGETATION PATT:148

Thirty-eight species of woody, arboreal plants were
identified along the study streams (Table 4). The most
common species on disturbed West Tennessee streams
is river birch. occurring in 63% of the study sites (Table
4). Also imporant are black willow, silver mapie, syc-
amore, boxelder, cottonwood. and green ash (Table 4).
Except for black willow and cottonwood, all of the
above species and river birch are also common along
unmodified reaches. This suggests—as might be ex-

oy
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pected —that many channel bank species are inherently:
- adapted for fluvial disturbance. This vegetative assemag¢-
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Fia. 5.. D values (standardized residuais from contingency tables) of eight selected species for bank-widening rate (A),
accretion rate (B), and percentage cover (C). Species and category abbreviations are explained in Tables 4 and 5, respectively.

Patterns of D values for eight selected species are il-
lustrated in Fig. 5. D values of <1 are not considered
to be reliable indications of species preference or avoid-
ance (Strahler 1978); those >2 are considered distinct
indications of preference or avoidance.

All species had rather substantial avoidance patterns
for very high widening rates, whereas most showed
distinct preference for very low widening rates. Distinct
tolerances for medium or high widening rates were

observed in black willow and river birch and, to a lesser
degree, silver maple, boxelder, green ash, and cotton-
wood (Fig. 5A). Black willow and river birch are the
most important initial colonizers after channelization,
when widening rates are greatest. The lack of positive
values in the low widening category may be an artifact
of site selection and parameter categorization. .. -
Species patterns relative to accretion rate show a
clear trend from mostly negative values at zero accre-
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wrbed channels. They are fast growing and produce
abundant seeds that are short-iived (a few days to a
week) and dispersed bv wind, water. or both, mostly
during mid-to-late spring (Fowells 1963, Harlow and
Harrar 1969). The timing of seed release coincides with
the typical fall of water elevations in late spring. Thus.
seeds from pioneer trees may deposit on fresh bank
substrates created by mass wasting, bank accretion,
Auvial reworking, or late-spring exposure. Dense lavers
of fine debris and seeds from pioneer species often are
deposited. as waters recede in late spring, on the lower
banks of the study streams. Here pioneer establishment
is probable when the bank is relativeiy stabie. Asexual
reproduction by sprouting or rooting from broken
branches 1s common in most of these species.

Because the establishment of the first suite of species
is dependent on the rate of exposure of new substrates
and the production. transport. and deposition of pro-
paguies. 1t can aiso be highly variable in time and space.
Invasion or one species over others mav be favored if,
for exampie. conditions for optimai germination co-
incide with the seed reiease of that spesies. These unique
2avenis may account Ior much variation between sites
in stages I['V and V.

The second suite ot species (Fig. 6B) does not nor-
maily function as invaders or degraded or newly ag-
graded substrates. yet these species are tolerant of bot-
tomiand conditions and have seed that is long-tived
(up'to 2 yr) and dispersed by wind or water (Foweils,
1965). Therefore these species are the best equipped
10 invade the bottomlands stabiiized by the pioneer
species of the first suite. and. accordingly. they occur
in abundance only betore channelization. or in the later
stages of recovery (stages V and V). Included here are
ironwood, green ash, sweetgum, American elm, baid
cypress, and tupelo, which are characteristic of south-
eastern bottomlands and represent the riparian plant

‘community of relatively mature natural sites.

The third suite of species is composed of less inva-

sive, ‘shad:=.iolerant, longer-lived piants that have

‘mostly sh:  ©-::ved. animal-dispersed seeds, and have

little toler. = - of either degradation or rapid aggra-
dation. T wwae therefore characterize the final,
stable = - 1s well as the pre-disturbance
condii: 2 are the bottomland oaks:
overcu.. - i sherry bark oak, and willow
oak (Fig. .. viosi w...imiand oaks tend to occur on
natural and - astructed levees, or slightly elevated parts
of the bettor, :nd: an exception is overcup oak, which
may grc ¢ utside of the very wet cypress—tupelo
sioughs. 1Gi:v increasing species richness is evident
from stage IV to stage I/III (Fig. 6), inasmuch as only
a few species toierate the harsh conditions of late stage
IV. &= the banks stabilize, additional species may oc-
cupy a site, Thus, species richness generally increases
with site stability.

Stites typically occupied by the hydric oaks (Fig. 6C)
are generally high in elevation relative to the water
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table. such as swale ridges and levees. Natural levees
may not form in the time it takes to reach stage VI,
however, channel bed elevations rarely return to the
pre-channelization elevation before stage VI processes
and form are evident. Thus. top banks in stages V and
V1. even though the original levee has been eroded by
prior degradation processes (Fig. 2), are relatively dry
sites and may support the hvdric oaks. The patterns
illustrated in Fig. 6 may be analogous to the bottom-
land vegetation zones described by Wharton er al.
(1982). although 1t should be noted that most West
Tennessee bottoms have been severely atfected by ag-
riculture. levee construction. channelization. and lum-
bering.

Ordination

Ordination allows for the classification of complex,
muitivariate daia sets. in this case rrequency data con-
verted to standardized residuals. QOrdination treats the
presence data separately from the environmental data,
leaving the environmental interpretation to a subse-
quent independent step. Resuits of the derrended cor-
respondence analysis (DCA) ordination are shown in
Figs. 7 and 8: individuali species are piotted in Fig. 7
and site-characteristic categories are plotted in Fig. 8.
Delineation of ciusters in Figs. 7 and 3 is based on
interpretation of D vaiues and species loadings in the
DCA.

The arrayv of species in the DCA piots can be cor-
related with stages of channel evolution (Fig. 7). A
distinct group in the upper right corner (Fig. 7) is com-
posed of upland. largeiy disturbance-associated plants
and is indicative or eariy to middle stage IV, when
mass wastng is most actuve. Species ot the central group
are important in bank recovery. The dashed line (based
on D values) separates the pioneer or late stage IV
species from species associated with the more stable
bank conditions in stages V and V1. This separation is
somewhat arbitrary, as the geomorphic and vegetative
processes on the banks operate without distinct thresh-~
olds from late stage IV to stage VI. Thus. a fluvial
stability gradient is revealed in the centrai ciuster (Fig.
7) from the upper-left (the most unstabie) to the lower-
right corner (the most stable). Topo- and hydrographic
heterogeneity aiso increase along this same stability
gradient, which increase species richness t::. :ugh hab-
itar diversification.

The environmental-‘gradients-are-perhaps:best._re-
vealed in the site-characteristic ordination (Fig. 8). A
general channel-sitage pattern is shown in this ordi-
nation. Very high, high. and medium widening:rates:
(Table 5) all plot in the unstable or pioneer areas.of
Fig. 8. High and medium- accretion (Table 5) fall into
the pioneer area, while the normal accretion falls..as..
expected, in the stable area. Cover values (Table 5) are
accurately associated with anticipated site conditions;

very low and low cover fall in the stage IV arca whergq.

active mass wasting prevents substantial woody veg-;
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F:G. 9. Typical outside and inside banks at two sites on the South Fork of Forked Deer River. The typical bank features
of a degraded channei are shown in A. Fiow durations. relative locanons. and locauons of the depositional area are shown

in B. Adapted from Hupp and Simon (1991).

nation accurately reflects hydrogeomorphic character-
istics outlined in the channel-evolution modei. Thus.
sthelindependent ordination-of:species-presence-data

Ffully supports thg"concepmal'framcwork' of the-model -

€Fana strongly suggests that species-presence data can be
used:to-infer levels of bank stability.

VEGETATION AND ACCRETION RELATIONS
Révegetationvof these highly disturbed:channels, for

;the most part,-begins in early stage V-of the-channel-:

‘evolution model. For this reason, detailed vegetation
and accredon analyses were conduczed at these sites.
Typical outside and inside bends are depicted in Fig.
9. A depositional surface (Fig. ©3), determined den-
drogeomorphically, typicaily - zes from the flood-
plain surface (100% of total bau: height; the channel
bed is the 0% location) to about the 50% location on
the bank (Hupp and Simon 1991). Vegetation initially
estabiishes on :i:z depositional surface at about the
same time the surface begins to form and, in foilowing
discussions, it is implied that the depositional surface
supports newly established pioneer plants. During stages
I1 and III of the channel-evolution model, and along
outside bends, the depositional surface is largely absent
(Fig. 9). The late phase of stage IV, in protected lo-
cations, shows the beginning of the depositional surface

and vegetation establisiment (Fig. 10). During stage V
the depositionai surface expands upsiope from =70%
of the total bank height to =83% (Fig. 10). Thus ac-
cretion begins low on the bank siope, with later upward
expansion, which coincides with spreading vegetation
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FiG. 10. Relative location on banks of the depositional
surface and of established vegetation (shaded area) through
the stages (see Fig. 2) of channel evolution in channelized
streams in West Tennessee. Note the lower position of the
depositional surface through the recavery period relative to
stage I, There is no sediment deposition in stages II and III.
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develop in response to varving stability co:.itions
through the stages of this model. punctuated in places
by important geomorphic thresholds.

Vegetation establishes in three distinct suites of spe-
cies. separated in time and corresponding to middle
and late stages ot the bank-evolution modei. The initiai
or pioneer species inciude black willow, river birch,
boxelder. silver maple. and cottonwood. These species
are hardy and fast growing, and produce seads that are
wind or water dispersed in the spring—a time that
coincides with lowered streamilow elevations. These
species tolerate moderate to high amounts of mass
wasung and bank accretion: thev estabiishk in mid-stages
of the bank-evoiution modei at the sarrs time and
location as initiai bank stability and accre’ n. Species
in the second suite are relatively stable-site :pecies and
establish in the late stages of bank recovery, arter most
mass wasting and high accretion rates have subsided:
species in this suite include ironwood. green ash. sweet-
gum. American eim. and bald cypress and tupelo gum
where previous channel-bed degradation has not been
severe. The last suite of species estabiishes after bank
recovery 1s compiete and a meandering channei pattem
returns. 1nis suite 1s composed of bortomiand oaks
fovercup. warer. cherrvbark. and wiliow oak).

Detaiied accretion anaivses snow that pioneer spe-
cies estapiish low on the bank siope at the same point
as 1ninal bank accreuon—at an eievaton equivaient
to that of the siream at abour the 30% flow duration.
(Flow duranon is the percentage or time. annuaily, that
flows at this efevation [stage] are equailad or sxceeded.)

Pronounced differences in geomorpizic - =1 pro-
cess occur on inside compared 1o outsige . ends.
producing pronounced vegetai differences ;. these
two bank types, which in turn affect the cou: chan-

nel evoiuton. Stem densities are highest during the
period of highest bank-accretion rate, suggesting that
woody vegetation enhances sediment deposition on in~
side banks and deflects streamflow toward the oppo-
site, eroding bank. Aggradation of channel beds. es-
tablishment of woody bank vegetation, and bank
accretion, all of which signal the beginning of the re-
covery period, are intertwined environmentai process-
es that are largely responsible for channei recovery fol-
lowing channelization.
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that establishes at the site of initial accretion (Fig. 9A:
slough line). By stage V1 the lower boundary extends
down nearly to the 20% locaton (Fig. 10), which 1s
substantially lower than the boundary of the natural
Harchie River, suggesting that a new equilibrium may
estabiish below the pre-channeiization elevation. The
pronounced expansion or the lower boundary of the
depositional surrace reiative to the upper boundarv—
uniike the stable Hatchie River depositionai surraces—
may be due to the rapidly rising streambed and high
sediment loads from upsiream degradation. Conrtinued
expansion of the upper boundary in stage VI 1s also
observed: it is expected that the upper boundary wiil
slowly attacn 1o the flood piain and uitimareiy resembie
unarfected stage I sites. The sequence of depositonai
surtace locations through the stages or channei evo-
lution is most pronounced on inside bends. Straignt
reaches also foilow this same partern. aibeit at a slower
pace. Quiside bends (Fig. 9A) experience littie net ac-
cretion: however, active bank erosion slows to normal
through the aggrading stages of channel evolurion.
Differences between outside and inside banks (Fig.
9), which may be quite similar in stage IV, become
more pronounced through the recovery stages (V and
VTI). The greater bank accreton and amount of vege-
tation on inside bends compared to outside bends pro-
vides a natural, physical expianation for increased flow
deflection towards the opposite bank. This, in turn,
feads to further point-bar development and concomi-
tant vegetation establishment on the inside bend, ac-
celerated bank retreat on the outside bend. and ulti-
mately an increase in channel sinuosity as meanders

develop. Truemeander development, which begins.in .

2oearly stage V with bank accretion and vegetation es-
#:tablishment, is characteristic of the final phase of re-
covery (stage VI). Control of channel gradient through
sinuosity is a geomorphic hallmark of equilibrated
channels in the Mississippi embayment of the Guif
coastal plain. This contrasts sharply with the initial
geomorphic responses of severe upstream degradation
and downstream aggradation. The most destabilizing
effect of channelization is the drastic increase in chan-

Eeology. Vol. 73. No. 4

nel gradient, which has been shown to be among the
most important factors controlling fluvial geomorphic
and riparian vegetation torm and process (Kilpatrick
and Barnes 1964. Hupp 1986). Thus. the channel ini-
tially reacts vertically to severe increases in gradient
and then, through the course of stage V. returns to the
largely lateral processes of meander-loop deveiopment.

Stem density is greatest within the first few vears of
establishment and declines with age of the stand through
stage V (Fig. 11). This decline in density is probabiy
associated with canopy closure and increasing com-
petition for light and root space, providing an inverse
relation between stand age and stem density (Fig. 11).
Bank-accretion rate is also greatest in early stage V,
when channel roughness is high. woody thickets are
dense. and sediment loads from degrading areas up-
stream are large (Simon and Hupp 1986. 1987). Total
volumes of bank accretion. however. do not show such
a trend. given the general expansion. laterally, of the
depositional area. Tree-age data show that the vege-
tated part of stage IV is short (3— yr) and is charac-
terized by high stem densites (Fig. 11): the recovery
period (stage V) lasts. on the average, =30 vr.

It is not clear whether bank accretion begins berore.
after, or at the same ume that woody vegeration es-
tabiishes on low bank sioves. Normai annuai seed dis-
persal from suitable species deposits a large numper or
seeds on mosI riparian suriaces. [t is probabie. how-
ever. that some minimum amount of low-bank sta-
bility must be atrained. geomorpnicaily. berore suc-
cesstul vegerauon estabiisiment occurs. Net bank
accretion beiow the wateriine may be the ininal point
of bank stabilization. Thomme and Osman (1988) sug-
gest that bank stability is largely controiled by sediment
fluxes in the lowest part of the bank. The eariiest suc-
cesstul vegeration establishes low on the banks at the
same location as initial (above-water) bank accreuon.
which corresponds 1o about the 50% flow duration (Fig.
9B). Establishing vegetarion and accretion act in con-
cert to increase bank stability through root-mass de-
velopment and bank-slope angle reduction, respec-
tively (Gray and Leiser 1982). Addiuonally, during
high flows woody vegetauon reduces velocities. which
enhances bank accreuon. Concomitant bed aggrada-
tion reduces bank heights. which also increase stability.

CONCLUSIONS

Patterns of woody vegeration recovery along mod-
ified alluvial channels develop in response to and. in
turn, affect patterns of fluvial geomorphic recovery foi-
lowing human-induced rejuvenation. Bank widening,
through mass wasting, and bank accreton are two im-
portant geomorphic processes that limit and affect
woody vegetation patterns through the course of geo-
morphic recovery trom channelizauon. This fluvial
geomorphic recovery can be described in a six-stage
model of bank evoiution, which depicts landscape de-
velopment over time. Distinctive vegetation parterns
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etation establishment; very high cover is in the most
stable. stage I/V], region of Fig. 8.

Two reiated environmentai gradients are redected in
the DCA axes. DCA axis 1 is “stability,” and the sec-

ond axis is “time since disturbance.” or degree of pi-
oneer as a functon of degree of maturity. The site
characteristics can be cieariy associated with various
stages of bank-slope development (Fig. 8). This ordi-
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tion to all positive value at low accretion, with some -

species avoiding medium and high accretion rates (Fig.
5B). The tendency for species to avoid the zero accre-
tion condition may resuit from the trend for zero ac-
cretion to occur where there is a concomitant high
widening rate, which removes both plants and possible

accrctcd material through frequent mass wasting. Black ..

vaod;argparticularly .

oleraat.
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and cottonwood (Fig. 3B). which can produce roots
from buried trunks and branches.

Species patterns relative to percentage of cover show
that most of the selected species preter medium to high
cover (Fig. 5C); no species has a positive value for very
low cover, as would be expected. Bald cypress. overcup
oak, and green ash achieve their highest values in very
high cover; all of these species are important compo-
nents of the stable-site riparian forest. The other se-
lected species are most common during the eariy and
middlie parts of the recoverv period (stages [V and V).
Black willow and to a lesser degree boxelder and cot-
tonwood appear (or are) intolerant of closed canopy
conditions. River birch remains important after can-
opy closure (high and very high cover percentages. Fig.
5A) and is part of the suite of species along unmodified
West Tennessee streams. aithough it may share dom-
inance with other stable-site species.

Green ash is a shade-tolerant species with many of
the same D-value patterns or stabie-site species (Fig.
3). Compared to black willow and river birch. green
ash has a smaller ecological ampiitude—a tendency
that increases through the recovery process. In other
words. the earliest pioneers have broad ecoiogicai am-
piitudes. Conversely. the stable-site species. bald cy-
press and overcup oak. have very similar strongiy rigid
preference patterns (Fig. 5CO), having positive associ-
ations with oniv very iow widening, verv iow accretion.
low and medium accretion. and very high cover. The
presence or these narurai site species wouid suggest the
natural or restabilized conditions associated with stage
I or VI. The dominant presence or species like biack
willow and river birch suggests recent channei-bank
instability. mass wasting, and subsequent high accre-
tion rates associated with early and middle stage V.
Cottonwood. like black willow, will grow under a wide
range of environmental conditions: however, no D val-
ue exceeded 2 (Fig. 5B). Siiver maple and boxelder
(Table 4) are common species along recovery reaches.
Although these species are present in natural, stable
riparian forests. many banks in the iater stages of re-
covery may support these two species singuiarly or
together to the near exciusion of other species. Boxeider
and silver maple site-parameter patterns (Fig. 5) typify
species characteristic of middle to late bank recovery
and have a tolerance for substantial accreuon.

The :tree species found along :streams affected by
channelization can be classified into three groups (or

~suites) on the basis of their response to channelization,

and in particular to the stages at which they establish
and reach peak abundance. The first suite is composed
of species that establish on the exposed soils produced
by the degrading channels of stage IV and the aggrading
banks of stage V (Fig. 2). This group inciudes black

willow, river birch, silver maple, boxelder, sycamore, -

-and cottonwood (stage IV, Fig. 6A). The life-history
characteristics of pioneer species make them particu-
larty adapted for establishment and growth along dis-
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4. Listof woody species and their abbreviations identified at 80 study sites along streams in West Tennessee. Species
are listed in order of percentage of total sites at which they are present. Nomenclature follows Radford et al. (1968).
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Proportion of
sites where

Binomial Abbrev, present (%) Commeon name
Betula nigra BENI 62.50 River birch
Salix nigra SANI 53.88 Black wiilow
Acer saccharinum ACSC 42.67 Silver maple
Platanus occidentalis PLOC 41.38 Sycamore
Acer negundo ACNE 36.64 Boxelder
Cuarpinus carofiniana CACA 19.40 Ironwood
Liguidambar stvracifiua LIST 16.81 Sweetgum
Alnus serruiata ALSE 1595 Alder
Fraxinus pennsvivanica FRPE 15.52 Green ash
Popuius deltoides PODE 15.32 Cottonwood
Ulmus americana ULAM 14.22 American eim
Acer rubrum ACRU 12.93 Red mapie
Quercus lvrarta QULY 11.64 Qvercup oak
Sambucus canadensis SACA 11.64 Elderberry
Taxodium distichum TADI 9.05 Bald Cypress
Nyssa aquatica NYAQ 7.76 Tupeio gum
Quercus ralcara var. pagodaefolia QUFP 7.76 Cherrybark oak
Ulmus ruora ULRU 7.76 Siippery eim
Forestiera acuminaia FOAC 6.47 Swamp forestiera
Quercus nigra QUNI 6.47 Water oak
Quercus phellos QUPH 6.47 Willow oak
Carva cordiformis CACO 3.17 Bitternut
Ulmus aiata ULAL 317 Winged eim
Cells iaevigata CELA 3.88 Sugarperty
Quercus bicofor QUBI 3.88 Swamp red oak
Rhus giapra RHGL 3.88 Stagnom sumac
Glealisia triacanthos GLTR 2.59 Honey locust
Jugians migra JUNI 2.59 Black wainut
Liriodendron ruiipifera LITU 2.59 Tuiip tree
 Quercus ruora QURU 2.59 Red oak
Tilia heterophylla TIHE 2.59 Basswood
Aralia spinosa ARSP 1.29 Hercuies ciub
Astmina triloba ASTR 1.29 Pawpaw
Cepnaianthus occidentalis CEPO 1.29 Buttonbush
Cornus amomum COAM 1.29 Siiky dogwood
Crataegus spp. CRSP 1.29 Hawthorn
Prunus serotina PRSE 1.29 Black cherry
Robinia pseudoacacia ROPS 1.29 Black locust

4blage . represents Lommomml}z.succesmnal’
<throughout the. eastern:United-States-and 1 ‘parts ‘of the
Great Plains. Also common along unmodified reaches

requirements than those with several high D values.

in each category on 15 West Tennessee streams.

TABLE 5. Site-characteristic categories. and number of sites

are green ash, ironwood, sweetgum, overcup oak, cher- Abbrevi- Parameter No. of
rybark oak, water oak, and American elm; these species ation category Range sites
are more typicai of middle to late recovery stages. Bald Channe} widening rate (m/yr)
cypress and tupeio gum are common bank species in VW Very low 0.00-0.15 16
backwater-swampy reaches. Upland disturbance spe- Lw Low 0.16-0.30 14
cies like winged elm and honey jocust (Tabie 4) are MW Medium 0.31-0.91 17
R HW High 0.92-1.22 13
sometimes found on the most severely degraded (sub- XW Very high >1.22 18
-stantially lowered bed lcyel) reaches, and suggest th'at Bank accretion rate (cm/yr)
some banks are now so high as to be above most fluvial OA Zero 0 17
activity; the presence of these species indicates a par- VA Very low 0.03-1.24 21
ticularly disturbed site. _ LA Low 5-35‘2-50 12
Standardized residuals (D values), computed from m i\’dﬁﬁmm -5>16—§232 ié
contingency tables, clearly show species preference or Bank : % )
avoidance patterns (Fig. 5) for each of the 15 site- vegetation coverage (%)

. . . vC Very low 0-9 15
charactenstic categories (Table 5). D values also in- 1LC Low 10-24 14
dicate the plasticity of ecological amplitude; species MC Medium 2549 16
with a few high D values are less plastic in their site HC High 50-74 11

XcC Very high 75-100 22

;
N
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TabnLe 3. Dendrogeomorphic data for 72 sites along rivers in West Tennessee.
Percentage Number of Maximum
River cover species tree age

Cub Creek 1.1 25 5 8

Cub Creek 9.2 13 5 12 1.3
Cub Creek 3.5 36 4 11 7.0
Cub Creek 2.4 74 11 8 10.0
Hartchie 292.8 100 5 22 0.3
Hatchie 260.7 100 12 50 1.5
Haichie 217.2 100 10 40 0.5
Hatchie 194.7 100 7 50 0.5
Hatchie 130.0 100 16 50 1.3
Hazrchie 110.1 98 10 29 0.8
Hatchie 79.7 98 10 30 0.5
North Fork of Forked Deer 66.9 98 5 25 7.5
North Fork of Forked Deer 53.7 19 5 20 0.8
North Fork of Forked Deer 37.0 0 0 0 0
North Fork of Forked Deer 32.5 0 0 0 1.0
North Fork of Forked Deer 30.3 18 3 3 1.5
North Fork of Forked Deer 21.9 1 2 l 0
North Fork of Forked Deer 8.2 75 3 5 8.7
North Fork of Forked Deer 6.1 90 4 7 10.0
North Fork of Obion 56.2 75 6 45 0
North Fork of Obion 42.5 88 10 40 0
North Fork of Obion 34.0 75 2 4 Q
North Fork of Obion 28.0 350 6 3 1.3
North Fork of Obion 16.1 19 1 3 10.0
North Fork of Obion 9.0 0 o) 0 0
Obion 110.2 49 6 4 1.7
Obion 100.1 42 4 5 3.5
Obion 86.4 2 2 1 8.0
QObion 68.2 40 2 5 6.3
QObion 53.0 23 1 <4 7.3
QObion 41.2 15 2 2 0.5
Obion 33.5 19 3 2 4.3
Pond Creek 18.3 20 1 2 7.5
Pond Creek 15.8 81 2 5 9.5
Pond Creek 11.8 21 1 3 6.5
Pond Creek 5.0 2 1 2 1.0
Pond Creek 1.8 75 2 5 1.0
Porters Creek 27.5 75 6 11 3.8
Porters Creek 22.4 95 6 12 2.5
Porters Creek 13.0 43 5 7 2.5
Porters Creek 14.3 63 6 9 5.3
Porters Creek 7.2 35 9 5 12.0
Rutherford Fork of Obion 69.7 75 7 20 1.2
Rutherford Fork of Obion 63.4 100 5 40 0.8
Rutherford Fork of Obion 48.1 88 4 30 2.0
Rutherford Fork of Obion 28.8 29 5 3 5.3
Rutherford Fork of Obion 39.4 81 3 41 1.5
Rutherford Fork of Obion 27.5 5 1 5 2.5
Rutherford Fork of Obion 24.5 35 3 6 4.0
Rutherford Fork of Obion 16.3 12 2 3 4.0
South Fork of Forked Deer 54.2 100 8 65 0
South Fork of Forked Deer 44.4 0 0 0 1.2
South Fork of Forked Deer 26.2 0 0 0 0
South Fork of Forked Deer 214 6 1 2 2.5
South Fork of Forked Deer 19.2 0 0 0 0
South Fork of Forked Deer 12.7 0 0 0 0
South Fork of Forked Deer 9.0 S5 6 7 0
South Fork of Forked Deer 5.3 3 1 3 1.2
South Fork of Obion 54.4 100 3 35 1.0
South Fork of Obion 459 80 10 15 7.5
South Fork of Obion 37.3 55 2 2 0
South Fork of Obion 30.9 3s 3 2 0
South Fork of Obion 27.0 2 1 2 0

Ecology, Vol. 73, No. 4
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(when present) were cored tor age and/or accretion rate
determinations at each site; in most cases many more
than 10 trees were sampled. Dendrogeomorphic anal-
vyses have been reviewed by Shroder (1980). covering
hillslope processes, and by Sigatoos (1964) and Hupp
(1983), covering fluvial processes and paleohydrologic
techniques. ' ‘

Depositional surfaces (Hupp and Simon 1991) could
be identified along many reaches that experience pro-
gressive accretion and vegetation establishment (Fig.
2: stages V and VI). At these sites accretion anaivses
were performed as described above. However. detailed
information on accretion depth and rate was taken
relative to specific locarions on the bank. bank angles.
and umuing of vegetation establishment (Hupp and
Simon 1991).

Among the most significant indicators of ambient
bank stability is the amount o' woody species coverage.
Woody cover. as a percentage of ground covered or
shaded by the woody species canopy, was estimated
for each site from oblique visual observation from the
top of the opvosite bank. One cover vaiue was esti-
mated for a {00-m reaca at each site, and includes the
area from top bank to iow-water edge: ail cover values
wers esuimated by the author during the growing sea-
son. This percentage. along with rate of bank widening

and rare of bank accrenon. form the .three principai .

dependent variables associated with environmentai re-
covery aiong these channelized streams. These vari-
ables. as well as others. were anaiyzed relative 10 stage
of channel evoiuton (Fig. 2).

Plant ecological analyses

Two types of plant ecological data were used: (1)
simpie presence—-absence data for all woody species
occurring at all sites, and (2) stem density data from
plots along reaches where recently established plants
were growing on new depositional surfaces. Rectan-
gular piots. usuaily 5 x 20 m, were established normal
to the cross section on depositional surfaces at each
site that exhibited substantial accretion and distinct
woody vegetation establishment. Thus most plots were
established at sites in eariy, middle. and late phases of
stage V and stage VI of the channel evolution model
(Fig. 2). Within each plot, stems with a diameter of
=1 cm at | m above the ground surface were tallied
and converted to stems per 100 square metres; the site
of the plot typically corresponds to the site of detailed
accretion analyses (Hupp and Simon 1991).

Lists of woody species present were compiled by site.
These data were collected at the same sites (72) where
the dendrogeomorphic analyses were conducted: 8§ sites
were subsequently subdivided because of eco-geomor-
phic variauon within the reach, so that a rotal of 80
sites are included in the species-presence analysis. Spe-
cles carried onto bank locations through slumping were
not included in the species-presence analysis. Binary
data (presence—absence) are rapidly obtained, on the
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basis of site-specific vegetation patterns. and avoid
possible complications that species interactions impose
on abundance data (Hurlbert 1969, Zimmermann and
Thom [982). Binarv vegetation data have been used
with success in demnning vegetation and geomorphic
reiations (Strahler 1978, Hupp and Osterkamp 1983).

Binary-discriminant analysis (BDA: Strahler 1978)

was performed on the species-presence-absence data .

by site characteristics (bank-widening rate, bank-ac-
cretion rate, percentage of vegetative cover). Frequency
data (number of occurrences as a function of number
of possible occurrences) from the contingency tabies
were converted to standardized residuals. which piaces
common and rare species on equal grounds (Haberman
1973). Standardized residuals (D values) are useful in
identifying trends in species “preference’” and “avoid-
ance” for particular conditions.

The 80 study sites were categorized by stage of bank-
slope deveiopment and the site characteristics (wid-
ening rate. accretion rate. and percentage cover). Five
classes were chosen for each characteristic to minimize
differences among classes in the number of sites. which
reduces the sampie size bias in the statistical operations
pertormed in the BDA where species-presence—absence
data were used as the dependent variabie. Two sites
were omitted rom the widening categorization. four
sites in the accretion categorizauon. and two sites in
the cover catezorization because of unavaiiability or
data. The descriptor terms oI each site ciass lead to a
proper interpreranion of widening and accretion rates:
however, “‘medium’™ cover may suggest a substantal
amount of bank cover. bur it inciudes vaiues ranging
from 235 to 49%.

Dertrended Correspondence Analysis (DCA) (Hiil and
Gauch 1980) was performed on the species D values.
The DCA was conducted using the DECORANA pro-
gram (Hill 1979). DCA is a form ofreciprocal averaging
that has the ““arch effect” (Gauch et al. 1977) removed
(detrended), and uses a subroutine to preserve ecolog-
ical distances through rescaling.

DENDROGEOMORFPHIC TRENDS

Channelization may affect a stream both directly and
indirectly. Reaches that are channelized are converted
from stage I to stage II (Figs. 2 and 3) where the channet
is dredged and straightened, and all woody vegetation
is removed from the bank and typically also for a sub-
stantial distance from the river channel. However,

sreaches upstreanr of the limit. of recent channelization
«rare also affectéd*these channels proceed-from-stage T

--to stage TI1, obviously bypassing the constructed stage:

(Fig. 3: stage II). Severe increases in channei gradient
through channelization will promuigate degradation

.significant distances upstream-of the limit.of channel-

-ization. Channelized reaches near the limit of channel-
ization and upstream unchannelized reaches experi-
ence a period of degradation (Fig. 3: stage III),
subsequent mass wasting on the banks (Figs. 2 and 3:

i
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STAGE |
Premaditiea

STAGE 1I
Caonstructed

STAGE It
Degradation

2

STAGE VvV

Degracation
and widening

STAGE V
Aggradation
and widening

f Direction of bank or bed movament

{Not to scale)
EXPLANATION

Water
I swmped Matersa
E] Accreted Materiat

Fig. 2. ‘Six‘stage.model of channel evolution following -

‘Tehanmelization. All stages are depicted for sites at or justabove
the limit of channel work. Note that stage III, as depicted
above, could only occur above the limit of most recent chan-
nelization, where degradation is greatest. Arrows above chan-
nels indicate the direction of degradation or aggradation.
Adapted from Hupp and Simon (1991).

ftonwood (Populus deltoides); however, these species
usually do not form dense, pure stands. Herbaceous
vegetation is often dense, particularly on unshaded,
unstable banks that do not support woody vegetation;
common species include giant ragweed (4Ambrosia tri-
fida), knotweeds (Polygonum sp.), cocklebur (Xan-
thium sp.), and various grasses and sedges; catbriars
{Smifax sp.) and blackberry (Rubus sp.) are also com-

mon. Nomenclature follows Radford et al. (1968).
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Channelization history

Prior to major deforestation of the West Tennesses
region following the Civil War. “rivers flowed with
good depths vear round” (Ashley 1910). Clearing of
large tracts of land and the consequent reduction in
sediment storage and increase in runoff rates led to
intense erosion of the uplands and guilying in fields.
This material was deposited on the flood plains and in
the stream channels (Maddox 1913), resuiting in a gen-
eral loss of channe! capacity (Ashley 1910). Channels
were extremelv sinuous. choked with sediment and
debris, and subject to frequent and prolonged ffooding
(Morgan and McCrory 1910). Early surveys (circa 1910)
of the Obion and South Fork Forked Deer Rivers in-
dicated mild channel gradients of =1.14 < 10~ mvym
and broad flood plains 1.3-3.0 km wide (U.S. Amyv
Corps of Engineers 1907, Hidinger and Morgan 1912).

Most stream channels in West Tennessee except the
Hatchie River mainstem. by 1926. had been dredged
and straightened to decrease the magnitude and fre-
guency of out-of-bank flows (Speeretal. 1963). Further
eniargement of the channels was caused bv increases
in velocity and channei capacity resuiting {rom the
channeiization (Ramser 1930). Subsequent accurmnu-
lation or drift (treas and stumps) from failed banks was
of sufficient magnitude to cause backwater and sedi-
menation at the downstream ends of the forks of the
Obton and Forked Deer Rivers (Speer et al. 1963,
Contunued aggradauon and drift accumuiation through
the 1930s necessitated the ciearing and snagging (stump
removal) of =273 km of main stem, forks., and trib-
utaries of the Obion River system in the late 1930s
and 1940s. When this work was completed. the cvcie
was repeated, and channei filling occurred through the
1940s and 19350s (Robbins and Simon 1983). This re-
suited in the formulation of a regional program to fur-
ther re-channelize many of the drainage systems in
West Tennessee. Channel work on the Hatchie River
during 1938—-1952 was limited to snagging drift. there-

by preserving its meandering course.

Various channelization projects were undertaken
from the late 1950s through the 1970s (Table 2) in
basins ranging in size from 28.1 10 61 966 km?. The
West Tennessee Tributaries Project (United States
Army Corps of Engineers), which provided for the en-
largement and straightening of 189 km in the Obion
River system and 169 km in the Forked Deer River
systemnt, was temporanly haited by court order in 1970
when it was approximately one-third compiete (Rob-
bins and Simon 1983). At that time, channelization in
the Obion River system had extended into the lower
reaches of the forks (Fig. 1). As of 1989, all straight-~
ening and dredging by the United States Army Corps
of Engineers in West Tennessee has been, more or less,
abandoned.

The studied streams reflect varying degrees and types
of channel modifications (Table 2); the most recent

£ s A
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- (Graf 1977, White 1979, Cairnes 1980, Hupp and Os-
terkamp 1985, Hupp 1988, Nilsson et al. 1989). Anal-
yses of riparian vegetation along streams affected by
.- channelization have been very limited (McCall and
Knox 1978, Miller 1985, Shields and Nunnalily 1985,
Simon and Hupp 1987). A few bottomiand forests near
channelized reaches have been studied: Bragg and Tat-
schi (1977) and Reily and Johnson (1982) suggest that
bottomiand forests along the Missouri River may be
adversely affected by aitered hydrologic regime in re-
sponse to channel modification.

The term riparian, here, refers to channel banks and
those areas subject to an annual hydroperiod; it does
not include higher parts of the bottomland such as true
flood plains or terraces (Osterkamp and Hupp 1984).
The present study is concerned primarily with vege-
tation patterns near (within = 50 m of) the stream chan-
nel; it generally does not include the active flood plain,
swales, flats, and backswamps normally associated with
the entire bottomland (Wharton et al. 1982). The typ-

Location of study streams in West Tennessee.

ical vegetative, geomorphic, and hydrologic character-
istics of these bortomiand hardwood swamps (Wharton
et al. 1982) have been substantially altered as a resuit
of decades of channelization activity.
The present paper is devoted to the pla.nt ccology of
modified alluvial channeis. Chafini c
it drasticincredases.in streany gradient{profiléslope)scre--
ssates a cycie:of rejuvenation responsethatcanbejikened -
~to:zecronic:uplif¥iSimomand~-HuppX98ekdeycioped
.aconceprual zmodei- of.channeizevolutiongfoliowing - -
,channeiization (Table: 1, Fig.2), Awhmbmhxmuan
- tified (Simon, in press) and has ? d -
other papers to provide a spatal and"temporakhmc
~work for several geomorphic and plant-écologic:anai-
yses and-interpretations. Not all reaches of a stream
proceed through all stages of channel evolution, de-
pending on the length and location of channelization
relative to the site in question. Most streams are not
channelized from mouth to drainage divide during one
operation, although the effects beginning with stage 11




