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Introduction

Purpose and Scope: The purpose ot Ihis paper Is to
describe Ihe resultS 01 on-golng Investlgalions 01
accelerated IWal erosion and col"lCOmllant
g8OfT'OrpNc change occurring In the upstream reaches
of the Bayou Pierre basin 01 southwestern MISSIssappi
EroSIOn is accelerated when stJbstantial geomorphic
change occurs rapidly over a lew years or decades.
when 11 resuns In geomorphIc cllanges in channel
morphology whICh are more profound than changes In
meander form, and when it produces general fluvial
Instability in a stream basln. The studies reponecl here
are a pan 01 basin-wide research whICh was irwtiated
because of concern that eroSion and related
sedimentological processes are adversely aHeeling
stream habits and the vlabiUty 01 the "threatened"
bayou daner IEtheostoma n,!bfuml which is endemic
to this baSin (Teels 1976; Bums and Bagley 19!}9).

Location; The Bayou Pierre basin OCCUPIes
appro:JI:lmately 1.070 square milliS In portions 01
Claiborne, Coplah, Hinds. Jellerson, and Uncoln
Counties. Bayoo Pierre Is a tributary to the Mississippi
River and enters thai fTVer near POI'1 Gibson,
MISSissippi; lis Larger tributanes are Uttle Bayou
Pierre. WhIle Oak Creek, Foster CreeK, and TUl1Iey
Creek (F1Q.1). The basin ies to Ihe south of the Big
Black River basin and to the north 01 the Homochino
River basin. The Pearl River basin Ues 10 the east.
Generalty, agriCullure and lImber are Ihe major types
of land use In the reglOfl. The reach 01 Bayou Pierre
addreSI4KJ In tl'lts paper IS that tying in Coplan COUnty
In the VldMy 01 Smyrna (011 County Road 548).

PrevIOUS Invesl/galions: In northwest Mississippi,
accelerated fluvial erosion and stream Instability
occumrtg along the bkrtf·llne streams lributaly to the
MISSISSIppi River have been Clescnbed by Whinen and
Patl'ic* (1981) and Griss.nger al'ki Murphey (1982). In
lnat regon, channelization has resuhed In headcutlmQ
(knickpolnt mIgration) and channel degradation on
many stream cnannels. These processes have. In

tum, produced riparian land loss by suearrba'*
erosion. destruction 01 bridges. and possible negative
effects on stream launa. tn southwest Mississippi.
accelerated erosion caused by channelization has
occurrecl on the Homochillo River and Iirmed
deSCriptiOns have been reported by Wilson (1979),
Patrick (1989). and Patrick and others (1990).

In the Bayou Pierre oasln, there have belln a number
01 artldes and reports dea~ng with the stream fauna
in the basin, of which severa! descnbe lhe ocasrrenc:e
of active erosion (Rich 1968. Hartlield 1988; and Ross
at al. 1989). The studies of Ross and others. (1989)
were the first 10 suggest a relatlOf1 between knicIq)oinl
rrigration and the OCClJrrertee 01 the bayou daner. The
regional geology of Coplah County has been
described In a county bulieUn by Bicker and others.
(1969) and lnat 01 Hinds County by Moore and others.
(1965).

GeologiC and HydrologiC sening: The basin lies
mainly In two physiographic provinces: the upstream
regions occupy the Piney Woods province, whereas
lhe downstream areas are in the Loessial HillS
province. The basin Is underlain by Neogene strala
COr'lSisting of clays or uhtes and sandslsandstones 01
ltle Catahoula Formaoon (MIOCene) and the kJlites.
sands, and gravels of the Cllronene Formation (Pio
Pleistocene?). Along Ihe westem marofn ollhe basin,
the hills are capped wilh w1rt(H)1own sill (loess)
(Pleistocene) (Moore el al. 1965; and Bicker et at
1969). The streams In Ihe basin occupy WIde IIood
pflllns and appear 10 be un:leriil: In terms or the me 01
the llood plains. The field studies and elCamination 01
aerial Imagery suggest Ihat terraces are present along
some stretches: hOwever, terraces have not been
sludied In detall.

Mel~: Geologic and geomorphic data were
co.ected during fielct studies at bridge aossing Sites
and by walklng or wading selected reaches of the
baSln's streams. GeomorphIC data were also taken
from current and hlslOrical aerial Imagery and



topograpnic maps The~ data was taken
from U.S. Geological Survey (USGS) lopographiC
~ildrangle maps published In 1962, 1963, 1971,
1972. and 1986. Recenlly, panchromatic aerial
mosaics and Individual photographs were obtained
from the U.S. Oepanment 01 Agricull\Jre for the years
1964, 1978, and 1985, and historic Imagery was
purchased lrom the National Archl...es lor the year
1940. AddillonaJly, precipitation an:! 5!ream discharge
data were collected and r9Vlewed as part of the larger
study: however, these dala have not been lully
evaluated and are not disclJssed in this paper
Generaly. the techriques employed in this
irrveSbgalion are similar 10 those described by Whinen
and PatriCk (1981) an:! PatrICk and others (1982)

Data Analysis

Field Sludles: Rela In...estigatlons ha...e shown lhat
channel erosion has OCClJrred lhroughout the basin,
and several upstream raaches, SUCh as Smyma,
re...eal evidence 101' aclive, modem eroSIOO3I adlYlly
The fteld lMdence lor active erosion 1nclJde lhe
lolowing lallen trees on both SIdes 01 the cnaooel;
high. Sleep baoo (also on both sides ollhe channel),
tailed bridges, exposed bridge piing" and waterfalls
and raplds (knickpoinls) With respect to the Ianer,
repeated neld studies over a period 01 se...eral years
ha...e shown knickpolnt migration past {upstream) 01
Smyrna. These !V?8s 01 lield evt<Sence are otten
IrQcatOfS 01 accelerated erosion caused by human
actIVItIes SUCh as channeizatlOr'l; howe...er, there is
~ttle field ewfence 01' dala on Imagery 10 suggesz that
channelzatJon lias been cona.cted in the basin
FlQUre 2 is a dl'3'Nlng made lrom a photograph 01 the
bridge at Smyrna. The COllCfete pile ~ners shown by
lhe a/TOWsln the drawing are completely exposed: as
these Uners are nol typically construCled to extend
much above ground, we surmise that there has been
approximalely live (5) feet of channel degradation
(deepening) al IhlS SIte since the bridge was
C01lStructed ~ring the earty 1970·s. We also rT'lJst
point out that there are a r'l.lmbet 01 new bndges
under conslructJon at crosslng SItes on Bayou Pierre
tnbutanes In Copiah Councy. During the summer 01
1990. a knIckpoint was located approximately 3.200
leel upstream 01 the Smyrna bridge: here lhe channel
was degrac;led inlO Miocene Iutites.

AnalySIs 01 Topographic Data: Stream channel
morpholoqy was determined from plots of longitudinal
profiles 01 Bayou Pierre and liS maJOr tributaries; these
prol~es were devetoped lrom topographic maps and
are shown in FilJ,Ire 3 The topographic ~adrangles

used r&present appro)(]mate!y 23 years; thus, these
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longiludinal profiles are~es 01 several years of
data. The profiles show a rumer 01 kridIpolnts along
Bayou Pierre and its tributaries These Iu'lIckpoInlS
Indicate that channel degradabon processes ha...e
occurred In Ihe basin. E...en so, lhese data gI...e no
clue \0 the dynamcs 01 krjckpolnt migration nor
Indication as to the causes 01 erosion In lhe basin.
Knickpolnts identified from topographic data may al&o
be seen in the neld; however, lhe knlckpoints which
are currently evident in lhe upsll"eam portions of the
baSin are nol prasent on lhe profiles The reason lor
thw absence is because these upstream Itridl.points
post-clate the lopographlc ~aclrangJe maps.

Analysis 01 Imagery: The examination an:!
comparison 01 historic aerial imagery provide the besl
means 01 understanding the dynamics of knlckpolnt
migration WIthin Ihe basin. FIgure 4 shows line
drawings 01 the channel laken lrom Imagery lor Ihe
years 1940, 1964, 1978, and 1985, lor the reach 01
Bayou PIerre near the Smyrna bridge In this
lllustrallOn, one can IderItJty the location oj a
suspected knickpoint (lrdcated by an arrow) where
lhe stream width abruplly changes sae. In the 1940
drawIng, lhe knIckpolnt was located approllimately
13.500 feel downslream from the Smyrna bl'Idge. in
1984. the krjc;kpoinl had mo...ed upstream 10 a point
approximately 9,700 teel downslream lrom the bridge.
In 1978 lhe knickpolnl had migrated upstream wllhln
approXimately 4.700 leet 01 lhe bridge, and by 1985
the knlckpoint was located approldmalely 400 teet
upstream 01 the bfidOe. As the kBckpoInt rrigrated,
the c:t1amel widenng was accolJ1)aned by decreases
in chamellength, oeeteased SInuoSIty (chamet length
divided by straighl.Jne Channel distance). and cutllng
off of meander bends. These data are summarized In
Table 1. The f'llmerical data gI...en here and in the
table were taken from lhe aerial photographs. The
scales 01 each photograph were normafized with a
zoom transfer scope: howe...er, since there were no
rectllications made 10 the photos, the r'l.lrnencal"'alues
should be COr'l$ldered approximatlon&.

DiscuSSIOn

Krickpoint development. Channel degradation often
results when channels are straightened, resulting In
increased channel drad!ent, or when base Ie...el Is
Iowerel:l. The lormer situation may result from some
forms 01 channeDz8tion lor flood control or navigalion
impro...ements; the latter is often aSSOCIated wilh faU 01
sea level or when changes, either nalUra! or human·
inOJCed, occur on downstream trunk streams ( Simons
1979) Ctlamel d89'"adatlon may also be assooated
WIth Increased water dscharge Wllhoutlncre8Se In



Table 1: Stream Length, Slnuouslty, Knockpolnt Location, and MIgration Rate tor that reach 01 Bayou
PIerre channel between ItS conlluence with Turtley Creek and Smyrna Bridge.

Year

,,<0 19.. 19,. ,... ,,,."
Stream length 1ft) 46,200 41,450 39,070 32,740 NO

Sil"llOSlly •• U " '-. 1.' NO

Distance between knickpolnt
and Smyrna bridge (ft) -13,500 -9,700 -4,700 .....,

~,200

Average k!'llck.polnt
migration rate IltIyr) NO ". 357 '" 560

NO. not determined due to lack of imagel)' tor that year or previous year.
•• migration rale based upon ground truth.
". length 01 Slream channel divided by stralght·Une distance.
-4,700. distance downstream from bridge.
• 400. dislance upstream 'rom bridge.

sediment discharge The development ~ a kniCkpolnt
and Its upslream rri;ratIon result from a complex
Interaction between the materials Into which the
cnannel has eroded and the hydn!.uics 01 the dlannel
1I0w. For exarT1'le, a ktickpoInt wi. nollorm unlesS
there IS heterogeneity in erosion resistance in the
channel materia!s. That Is. interbedded or
interstra~fied reSlSlare layers. if present. wil lorm a
cap hodng up thek~m at that ptace aJono the
stream course where SUCl'l material is present.
Eventually, the less res/slare malerial undertying the
cap wi. be eroded out, ul'ldenTl"..ng the cap, and the
knidtpoirc Wli nigrate upstream. In the Bayou Pierre
basin. the Tertiary sediments and rocks into which the
channel has eroded Is highly heterogeneous and
COn&lsts 01 ero5lOn·res!slant sandstones and less
resistant clayS and IuIJtes. Generally, the hydraulc
controls winch define the conditions under which lhe
UMetm!'llng occurs InchJcIe Ihe thICkness 0' the cap
material, the height of water 'lowing over the
kf"lid(point, and the height ot t31lwater. These
conditions are descnbect and explained by May (1989}
and Cameron and o1hers (1990).

The migration 01 a knlekpolnl through a stream
channel produces the tollowlng sequenllal
geomorphologic cnanges which begin Wllh a
deepening and widening 0' the channel. As the
channel becomes progressively deeper, the

,.

Slreambanks. otten orl both sides 01 the channel.
beoome untilable aod lail by any 01 severnt slope
Instabii!y mechanisms. The lalled bank material.
along with additional sediment ImroOJced into the
channel lrom upstream, otten rewhs In braided
conditions withln the stream chatVWri. Subsequertty,
IS the stream ac$Jsts its gradant, it resumes a
meandering contio.uation and uilimalely behaves as
it Od poor to the knlckpoInt rrigration. However, the
stream Is now IIowing at a lower elevatIOn on a new
lloodplaln. The lormer. hlgher IloodPlain tIas now
been abandoned and would be called a terrace. The
sequence of events pr9YlOUSly gven may not OlXUr
durlng a SIngle event; rather. there may be a serles 01
movements or waves depencling upon subsurface
~ conditions and the hydrnutics ofllow (WhItten
and Patrick 1981; Patrick and $mth 1987).

Possible Causes of Erosion We presume lhat lhe
possibte causes 01 these erosion processes occurring
In the basin may be IndUced by either or a
combination 01 human-induced or natural causes.
Human-induced erosion may resull from
channeUzatlon within or downstream 01 llle baSIn Ion
the MissIssippi River), mining 01 poIm bars, and by
Increased Slream discharges associated with basin·
Wide over·eltten$lve land use. OUr preliminary slUdies
have. hOwever, revealed no evidence lrom aerial
Imagery fhat channefization was conducted In the



baSIn after the 194O's Also. we know of no
channeizallO(l COr'I:luCled in the basin priOr to lne
1940·s. In regard to the MisSisSippi River. there have
been three river cutolls constl\JCled downstream from
the lOOuth 01 Bayco Pierre. These culoUs and the
years 01 their COn&ltUclion are (from north to south):
Rodney (1936), Giles (1933). Glasscock (1933)
(WirkJey 1977). These Molfs resulted in stIOf1ening
lhe MissiSSIppi River by approximately 28 miles. In
Ihe abs&nce 01 evidence on the nature 01 Bayou
Pierre prior to the CU1Ofls, we must conclUde that
tllese cutoffS are possible causes tor knickpolnt
migration: however, the data are Inconclusive.

Tile examination 01 Imagery and review of county
geological bulletins revealed severallocatlons at whlch
local, sma"scale sarc;I an::! gravel miring operallOnS
!lad been conWcIed 00 point bars In the channel We
beleve that such ffll'lng results in moor straightel1log
01 the channel, and II may contribute 10 channel
erosion. Also, one must suppose thai the mining may
result In increased sediment discharge whleh, In tum.
may adversely affect the stream launa. The ellects 01
land use In the basin have not been stuclled In detail.
Certam changes In land use since the 1940's can be
seen on the hlSlOtlcal imagery; howe....r, we have nol
~anlllied these data and can present no conclJsions
Even so, a rulTt>er 01 IOvestigatol5 have suggesled
that the encroachmel1l 01 Qjl(ivatlon adjacel1l to
stream channels has resulted in increased streambank
erosion and riparian land loss (Rich t968: Hartfield
1988). No doUbt, such encroachment has contributed
10 Sireambank erosion; however, no quantitalive dala
are available.

A possible natural cause lor erosion may be relaled 10
ad,sments In the gradient of Bayou Pierre due to
pre-1930's. Changes 10 the meander connguratlorl of
the Mississippi River. An examlnalion of maps
showing tile location and configuration 01 lhe
Mississippi River over the laSI several hundred years
reveals thaI this over nas e.perienced slgnillcant
meandering near the mouth 01 Bayou PIerre (U.S
Army Corps 01 Engmeers 1938). A$ the meander be"
of the MisSiSSippi River rr-grated, the chamel 01
Bayou Pierre lying upon lhe Mississippi River
lloodplaln rnay have become longer or shorter in this
region whiCh, in tum, may have resulled in channel
gradlanl changes, knlckpolnt development, and
headcl.mlng Of course. Ihe conslruction of cutoUs
during lhe 1930's may have contributed 10 these
processes The Ilmng and dynamics of these POSSIble
processes are cilflcul to ascenain, and several
possibiitles may be 9ven. FOf example,~t
nvgratiOn may have begun earty afler the change In
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meander bell configuration, and only OWlr the last Itt't'I
deCadeS has headCulling taached the upstream
stretches 01 lhe basin. Conversely, it Is POSSIble that
the eroslon Is relalivaly recant In the basin, and It was
not unlll a gradient thresOOld was reached thai
knIckpolnt migrallon began (SChumm 1973 and 1917).

COnclusions

Streambar* and channef erosion are apparent In lhe
fleld and lrom Imagery throughout the Bayou Pierre
system. HeadCunlng Is Qjrret1lly operating In lhe
upstream reaches 01 Ihe basin, and II Is particularly
apparent In the vicinity 01 Ihe Smyma bridge where
the lrigratlon rate is approximately 5&0 IVyr. The
probable causes of the erosion pertain to natural and
consll\JCled changes In the conI9Jration 01 Ihe
MissiSSIPPI River wI1idl have contributed 10 changes
In llle gradent of Bayou Pie~. The averal effects 01
the erosion produced on these over·steepened
channels have been 10 s1gnilicantly rTWXlily lhe
morphology ot Ihe main end tributary channels in lhe
basin and, as a consequence 01 lhese processes, 10
cause excessive scour al a nurrber of bridge sites In
the area. Furthermore, we tentatively conaJde that
these georrorphologic ettanges are controllng the
dart6f habitalS in tile baSin.
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Figure 2: Illustration showing exposed concrete pile lining at the bridge
4t Smyrna on State Road 548, Copiah County.
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