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Introduction

The Mississippi River has been vital in the exploration, colonization
and development of the United States; during the past 150 years it has
been particularly important in the transport of commercial cargoes. In
tensively developed to serve as a water highway to the sea, the river
has been shortened, dammed, constrained, dredged and polluted. Man's
modifications have had profound ecological impacts - not only on the
river Itself, but also on Louisiana's fragile wotlands and barrier
islands.

The Mississippi Is the largest river in North America, flowing 3,731 km
from its source at Lake Itasca, Minnesota to the Head-of-Passes, Louisi
ana, where It splits into several active distributary channels (passes)
which extend outward in a birdsfoot pattern into the Gulf of Mexico.

The Mississippi drains a basin of 4,759,049 km^, about 12Z of North America.
It is the third longest river in the world, has the second largest drain
age basin, and is the fifth largest worldwide in average discharge. For
the purposes of this paper, the Mississippi River (MR) is delineated into
three reaches: 1) the Lower Mississippi River (LMR) extending from the
Head-of-Passes upstream to the mouthof the Ohio River, 2) the Upper
Mississippi River (UMR) extending from the mouth of the Ohio to St.
Anthony Falls, Minnesota, and 3) the Headwaters (HU) extending upstream
to the river's source at Lake Itasca.

Physical-Ecological Interactions on the Upper Mississippi

Subsequent to the Louisiana Purchase of 1803, the U.S. Army Corps of
Engineers (COE) began extensive surveys of the Mississippi. Steamboats
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began operating on the LMR in 1811; by 1823 they had reached St. Paul,
Minnesota. The COE began to improve navigation on the river in 1824 by
removing snags and sandbars, excavating rock to negotiate rapids, and
closing off sloughs to confine flows to the main channel. These early
channel modifications enabled large numbers of shallow draft steamboats
to utilize the Mississippi and its tributaries for commerce. Rivor
traffic peaked subsequent to the Civil War and then declined rapidly as
railroad competition increased.

Tho Rivers and Harbors Acts of 1878 and 1890 enabled tha COE to create

a 1.4-tn navigation channel on the UMR by constructing wing dikes and
revetments, by closing slda-chutes and by dredging. The Rivers and
Harbors Act of 1907 authorized additional work to deepen the channel to
1.8-n from the mouth of the Missouri River to Minneapolis. Thus, the
extreme channelization begun in 1878 was finally completed in 1912
(Froraling and Claflin, 1984).

Traffic by 1.8-m draft vessels decreased rapidly, however, because the
obsolete craft could not compete with rapidly expanding railroads. To
revitalize river commerce and to provide work for the unemployed during
the great economic depression of tho 1930s, the Rivers and Harbors Act
of 1930 authorized a 2.7-ra navigation channel with a minimum width of
122-m to accomodate long-haul, multiple barge tows. This was accom
plished by the construction of a system of locks and dams and was sup
plemented by dredging. Most of the resultant 29 locks and dams were
constructed during the 1930s. An exception is Lock and Dam 19 at
Keokuk, Iowa, which was built for hydroelectric power in 1914. A
335.5-ra lock was added at Keokuk in 1958. The southernmost navigation
facility (No. 27) is the Chain-of-Rocks Lock and Canal at St. Louis.
Diesel-powered towboats and steel barges developed concurently with the
2.7-m navigation channel. Rlverboats, once apparently doomed by the
railroads, now provide intense competition for the transport of bulk
commodities.

Because of its location just downstream from the mouth of the Inten
sively-used Illinois River, Lock and Dam 26 has been a bottleneck for
commercial traffic. A new dam and a 335.5-m lock are now under con

struction, and a 183-ra lock will be added within the next few years.
It is predicted that the new facilities will at least double river
traffic on the UMR.

The navigation dams of the UMR transformed the free-flowing river into
a series of shallow impoundments that occupy most of the floodplain-
Imaediate effects of impoundment Included an increase in water surface
area, a general stabilization of water elevations within pools, and an
increase in total aquatic production. Moat of the UMR wing dikes were
covered by the waters of the navigation pools, but they arc still func
tional and have increased the carrying capacity of the UMR for inverte
brates and periphyton; they also trap sediment, Inundated floodplain
prairies and hay meadows of mid-pool areas were transformed into highly
productive marshes (Freallng and Claflin, 1984), generally improving the
UMR corridor for furbearers and waterfowl. Vast new areas of habitat

for many fish species were created by inundation.

In general, the 2.7-m channel project was first seen as a boon to the
ecology of the UMR. The years Immediately following completion of the



project were good by most standards. Long-time river observers have be
come alarmed in recent years, however, at obvious detrimental changes
which have occurred with increasing rapidity. Sediment has choked side
channels and decreased the depth of navigation pools; marshes have dete
riorated In many areas. Generally, the entire UMR system appears to be
deteriorating hydrologically and ecologically (Fremllng and Claflin,
1984).

Physical-Ecological Interactions on the Lower Mississippi

Modification of the LMR began in 1712 when the French began levee con
struction at New Orleans. By 1844, levees were continuous northward
along the west bank to the Arkansas Rivor and to Baton Rouge on the
oast bank. There are now 3,532 km of levees, 2,587 of which are main
line levees, extending northward to Dubuque, Iowa. They have reduced

original floodplain of 90,764 kn>2 to about 7,690 kro^, severed many
floodplaln lakes, raised river levels, and necessitated 15 nock cutoffs
between 1933 and 1942 to decrease resultant flood stages. The cutoffs
shortened the river by 229 km, thus increasing stream slope and water
velocity (Tuttle and Pinner, 1982).

The 50,000 km- deltaic plain of the Mississippi was formed during the
past 8,000 years by a delta switching process, whereby the river has
abandoned one delta site for another as It seeks a shorter path to the
Gulf of Mexico. The plain is dominated by an extensive network of mul
tiple distributary channels and natural levees which radiate outward
from the MR mainstem near Baton Rouge and extend southward Into tho Gulf
(Frazler, 1967; Panland and Boyd, 1985). Deltas are dynamic features.
Normally, new ones are created as old, abondoned ones arc being destroyed
by wave action or currents. Unfortunately, Louisiana's precious coastal
wetlands are in Jeopardy, mainly because of human interventions in MR
ecosystems.

Tha Atchafalaya River, with a throe-to-one advantage in bed slope over
the LMR, is a principal distributary for the MR and is a historic route
for passage of flooduaters to the Gulf. Under natural conditions, the
MR would have probably changed its route to the Gulf via the Atchafalaya
sometime between 1965 and 1975, causing irreversible deterioration of
the HR mainstem downriver from Baton Rouge (Lower Mississippi Region Com
prehensive Study Coordinating Committee, 1974, U.S. Army Engineer Divi
sion, 1975). If this change had occurrod, Baton Rouge, New Orleans and
other rivor cities would have lost their sources of fresh water during
periods of low flow; rivor transportation would have been severely cur
tailed; and many flood control and navigation works would have been lost
(Keown, et al., 1981).

The Old Rivor Control Structure, operational in 1963, prevents capture of
the MR by the Atchafalaya. The original Old River Control Structure in
corporated a low sill to pass low and medium flows, and an ovorbank
structure to pass flood flows. A third regulatory facility, the Auxil
iary Structure, became operational in 1986. A navigation lock, completed
in 1962, allows shallow draft navigation between the two rivers.

Louisiana's Coastal Zone, containing 41Z of U.S. coastal wetlands and
25% of all U.S. wetlands, is one of the world's largest and richest estu
arine areas. Currently, Louisiana's coastal wetlands are being converted
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to open water or non-wetland habitat types at tho rate of over 130 km*7yr
(0.6%/yr) by both natural and man-caused forces. Especially critical is
the erosion of Louisiana's barrier islands which serve as the first line
of defense against hurricane and tropical storm impacts, and prevent de
struction of freshwater swamps and marshes by salt water intrusion. Ob
vious human causes of accelerated wetland deterioration include inter
ception of alongshore sediment transport by jetties and seawalls, weak
ening of the barrier island profile by oil and gas pipelines and access
canals, and pollution of many types.

Less obvious are human impacts on rising sea levels which are causing
increased rates of transgression of delta complexes. Relative sea level
is influenced by eustatic (tectonic and climatic) procasses and isostatic
processes such as subsidence. Relative sea level rise along tho MR delta
plain ranges from 1.2 cm/yr to 4.3 cm/yr (Penland and Boyd, 1985). About
20% of the rise is attributable to eustatic processes (e.g. global melt
ing of Ice caps); 80% is caused by subsidence. The latter is due mainly
to compaction of sediments, but also to removal of water, oil and
natural gas.

A portion of the Mississippi's suspended sediment load is lost to the
Atchafalaya, which diverts about 30% of normal MR flow to the Gulf. The
remaining sediment is carried toward the Gulf, but is impeded by a salt
water Intrusive wedge which causes a portion of the sediment to settle
out where it adversely affects navigation. Continued sediment deposition
causes the 10.7-m contour at the mouth of the river to advance seaward
at about 30 m/yr (Smith, 1965).

At present, only the delta of the Atchafalaya is growing; all others are
degrading because sediment Input is not sufficient to compensate for de
gradation processes. Sediment input to shallow water deltas has been
curtailed by closing distributary channels (e.g. La Fourche Rivor in
1904). Additional sediment is lost by directing it into the depths of
the Gulf beyond the continental shelf via the LMR passes. Also, the sus
pended sediment load of the Mississippi has decreased markedly in the
last half century. At this point, we must turn full circle and proceed
upstream to determine the causes for decreased MR sediment loading.

Interactions Between Upper and Lower Rivers

Prior to the caucasion invasion of the MR Basin, the ecological character
of many areas of the drainage basin was conducive to high rates of surface
soil loss. The natural problem was aggravated In the latter 1800s and
early 1900s by Intense agricultural activity, usually without effective
soil conservation measures, within tho forests and grasslands that encom
passed about one-third of the basin. To mitigate rapidly increasing soil
loss rates, conservation programs wcro initiated by many federal and state
agencies during the 1930s. Farmers throughout the basin were encouraged
to use contour plowing techniques and to replant denuded land with trees
and grasses. Small dams were constructed on high order streams; stream
banks were stabilized. Multipurpose dams wero constructed on several
major rivers and their tributaries to store water, control flooding, gen
erate olectricity, provide recreation and trap sediment. Improved land-
use management techniques and sediment retention structures have resulted
in dramatic reductions in sediment load (Keown ot al., 1981).



Sediment-retention structures and bank stabilization have significantly
reduced suspended sediment Input from the Missouri and Arkansas Rivers.
Prior to placement of dams on the Missouri (1953-1967), It contributed
an average annual suspended sediment load of 289,181,000 metric tons.
After 1967, the load was reduced to 78,416,424 t. The 73% reduction in
sediment load from the Missouri is reflected by a 64% reduction in sus
pended sediment load in the MR at St. Louis. The reduction in load is
attributable. In part, to tho upstream locks and dams where from 0.6% to
1.1% of each reservoir's design capacity is being lost each year due to
sediment deposition.

Ironically, sediment deposition behind the dams of the MR and its tribu
taries destroys aquatic habitats, while sediment deficiency causes habi
tat destruction in Louisiana's Coastal Zone. It seems obvious that the

MR and Its estuarine areas cannot be studied and managed as discrete
biological, geological or political units. The MR system must be recog
nized, treated and appreciated as an integrated national resource.
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The Mississippi River from Minnesota to the Gulfof Mexico represents the higher
orders (8-12) of the stream classification system arrangedalong an increasing continuum.
Theory suggests that a change in community composition of fish and macroinvertebrates
should occur along this continuum. However, little changes in species composition of fish
and trophic guilds of benthic invertebrates was found when comparing these communities
fromsimilarhabitattypes down the lengthof the MississippiRiver. Densitydid decline in
the lower reachesof the river and much higherdensities of the Asiatic clam did occur in the
lower river reaches. More differences were found in fish and macroinvertebrate
communities along a lateralgradient throughout the system than a longitudinal gradient.
The highest densities and biomass of macroinvertebrates and fish were found associated
with potential availability of particulate organic matter. Thus habitats adjacent to plant
beds, in tailwaters, and near wing-dams had high densities and biomass of invertebrates.
Fish associated with these habitatsutilize the invertebratesoccurring in these areas. While
high diversities were found in tailwaters and around wing-dams, the highest diversities
occurred in the marsh habitats of backwaters or channel border aquatic macrophyte beds.
These areas provide the greatest habitat variation and thus the largest niche variety resulting
in a high faunal diversity. However, low oxygen availability in substrates prevents the
development of high biomass. Within the entire Mississippi River system, the overriding
factor affecting faunal communities was hydraulic forces determining substrate type and
flow patterns. This was more important than the suggested continuum of change along the
length of the Mississippi River system.
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Introduction

Hydraulic rotention and detention devices arc those hydraulic phenomena
that effectively increase the travel time of wator, sediment, and energy
fluxes through the system. Retention of organic matter by physical
devices and mechanisms occurs on various scales in streams and rivers of

all sizes. Ripples and dunes on the bed trap food for benthos and fish
(Miller et al., 1964). Woody debris dam are common retention devices
in forested watorshods (Sedell et al., 1978). Cummins and Spongier
(1978) use the term "retention dovlce" for theso physical structures in
the riverine ecosystem. Detontion devices increase productivity by
shortening "spirallng lengths" (Elwood et al., 1983; Nowbold ot al.,
1981). Webster et al. (1983) showed that these devices lncreaso the
temporal stability of stream ecosystems by trapping pulso Inputs of
nutrients and storing them for consumption at later timos.

In any stream or river theso retention devices may be of several scales.
They may bo on tho scale of the bad material grain size, bed form
height, water depth, stream width, or stream segment. Except for bed
material size, these scales are larger for larger rivers than for
smaller ones. Anthropogenic features such as dikes, wing and closing
dams, roadway embankments, and dams also function as retention devices.
The physical effects of these devices are explained by Simons et al.
(1974, 1975), Garde and Raju (1977), Nunnally and Beverly (1983), and
Bhowmik ct al. (1986). Wing dams compensate for removal of large woody
debris by snagging (Hickman, 1975; Marzolf, 1978). Side channels around
islands also retard flow and allow core time for uptake of nutrlonts
than main channel flows.
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Large Eddies at Hontross F1ni;s

An oddy with a width of the same magnitude as the rivor width has been
identified on Montrose Flats in Keokuk Pool (Pool 19) along the
Mississippi River.

Keokuk Pool (Pool 19) extends 74.5 km from Keokuk, Iowa, to Lock and Dam
18 about 10 km upstream from Burlington, Iowa. Montrose Flats is a
broad, shallow channel border area between Montrose, Iowa, and tho couth
of Devil's Creek. Tho flats occupy tho outaido of a broad bond and are
about 4.8 km long by 1.2 km wido. All of thio area io less than 2 m
deep, and nearly one-half of the area is less than 1 m deep. The
navigation channel near the Illinois shore and Nauvoo Point is close to
the Illinois shore and Nauvoo Point, and it is about 10 m deep and
between 450 and 600 a wide. Devil's Creek hao a drainage area of 326
km and an avorage discharge of 2.2 cubic motors per second. The
average sediment load of Devil's Creek is 91.9 million kilograms per
year.

From 1982 through 1984, a total of throe sets of data on the circulation
pattorns at this location wero collectod. Discharges on the Mississippi
River were 1,560, 4.390, and 2,860 cubic meters per second and the
corresponding flow excoedancos on the flow duration curve woro 43, 5,
and 16 percent of tho time, respectively. The first sot of data with a
flow excccdance of 43 percent of the time indicated that a large eddy
exists at this location near the Devil's Creok delta (Figure 1). Tho
eddy is about 4.8 km long by 1.2 km wido and lies almost totally within
a water depth of 1 mater or less. Tho data wero collocted in Octobor
1982 when tho plant bods at this location wore dying off, flngornall
clam growth was increasing, and primary productivity was at moderate
levels.

The other two sets of data, collected in Hay-June 1983 and July 1984
when the flov in tho Mississippi River was fairly high, indicated a
genoral movement of water in the downstream direction with a reduced
velocity over the Montrose Flats area. Tho volocity near tho west shore
of the river on Montrose Flats ranged from about 75* to 25% of the main
stream velocity. This indicated a longer time of travel of the water
near the Montrose Floto area than in tho main stream of the Mississippi
River.

Retention devices defined by Cummins and Spengler (1978) and shown to be
of significant importance by Miller at al (1984) in a discussion of
benthic organisms which feed on nutrients carried to them by the water
velocity are much smaller than the one discovered on Montrose Flats
along the Mississippi River. It is suspected chat such hydraulic
retention devices are present in all streams and rivers with varying
scales and dimensions.

Retention Devices ne Other Upper Mississippi River Svntem Poola

The analyses presented so far indicate that retention devices of
various magnitudes and shapes are present along a rivor course,
especially in the case of a large river such as the Mississippi River.
An analysis of various retention devices for Mississippi Rivor Pools 2
through 26 is shown In Table 1. This table Indicates the number of



Figure 1. Large eddy at Montrose Flats .on the
Mississippi River for flow of 1560 u?/a

channels, islands, backwaters, and stump fields within the respective
pools of the Upper Mississippi River Systoms (UMRS).

It should be noted that only major features are listed in this table.
The number of largor islands often exceeds the number of side channels
because each island in a complex was counted, but all the associated
channels were counted as one side channel complex. Backwater areas arc
connected to the main channel by relatively small oponings. In the
upstream pools, the backwaters occur as largo complexes separated from
the main channel by islands and spoil banks that arc several kilomoters
long and on the order of 1 km wido. In the downstream pools backwaters
tend to bo small isolated areas with ono or two channola connecting them
to tho main channol. On the Illinois River the backwater lakes usually
have a single connection to tho river, and some interact with the river
only in flood stages. Stump fields are submerged islands or floodplain
areas formed when the navigation pools wore put into operation.
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Retontlon devlcos Include only areas that occupy more than 1/4 of the
channol width. Host of tho upstream dovlces are Immediately adjacent to
the dams. They are typically upstream of those dams that have long
overflow dikes. Some downstream devices are below ouch dams. Most
downstream retention devlcos are formed by tributary deltas, peninsulas,
or similar structures that are above normal pool lovel.

Table 1. Distribution of Retention Devlcos on the
Pooled Reach of tho Mississippi River

Backwator

(>50» „ StumpLength Side Back-usngtn siae Back- (>50» Stump Retention
Ess! (Imp channels1 Inlands1 waters1 length)2 fields1 devices1

Mississippi River
2 34.4 0 4

3 29.5 0 2

4 71.1 0 2

5 23.7 0 1

5A 15.4 1 1

6 22.9 2 3

7 19.0 2 2

8 37.5 1 3

9 50.4 1 1

10 52.8 1 5

11 51.7 3 6

12 42.3 3 6

13 52.1 0 9
14 47.0 3 9

15 16.4 2 2
16 41.4 2 9

17 32.3 4 11
18 42.8 2 7

19 74.5 2 8
20 33.8 1 8

21 29.5 2 7

22 38.1 1 10
24 44.5 3 13
25 51.5 5 14

26 62.0 4 21

Illinois River

Alton 129.0 15 15
La-

Crange 124.7 8 9

Foorla 118.0 7 5

5

3

7

6

3

4

2

5

3

11

10

8

13

9

0

7

8

8

12

2

3

4

5

6

12

6

11

3d/lu*
Id

7d/lu
lu

lu

lu

ld/3u
ld/lu

lu

2d/lu
4d/lu
ld/lu
3d/lu

Id

Id

2d/lu
ld/lu
ld/lu
2d/lu

2d

lu

2d/lu
lu

lu

Id

3d/2u

Only features larger than -250 square maters included
Backwater >50» of length means that backwater areas over 5 km long and
connected to or adjacent to the channel extend for over half the length
of the pool
Many Illinois River backwaters are backwater lakes connected to the
rivor through narrow channels or only at high stagos
Retention devlcos coded "d" are downstream of the flow barrlor, and
those coded "u" are upstream of the barrier. For example. In Pool 19
Montrose Flats is a "d" and the area near the dam is a "u."



A further extension of Table 1 is shown in Table 2 where tho magnitudes
of the retention devices are glvon. Here all the surface areas
excluding the main channel arc shown as a percent of the total surface
area. Thus areas excluding the main channel area include all the
retention devlcos within the respective pools. A quick evaluation of
this table shows that 75 to 93% of the surface areas within these pools
can be attributed to retention devices of one kind or other and that the

continuity of flow and energy at a uniform rate is disrupted within
these areas. It will take longer travel times for the water, sediment,
and othor dissolved materials to pass through theso areas of lower
velocities and in cany instances the material transported and delivared
to the main rivor may in fact be deposited on a permanent basis at these
locations. It Is suspected that an analysis similar to this one, if
performed on stroams with lower orders, would indicate a somewhat
similar variation.

Table 2. Relative Magnitudes of the Channol Border Areas
in tho UMRS, Fools 11 through 26

Surface area Percent area

Pool no. Total km' 1Jhannol km' Channel Channol border

Mississippi River

11 60.7 12.1 20 80

12 76.9 12.1 16 84

13 117.8 29.5 25 75

14 42.3 4.8 11 89

15 15.1 2.1 14 86

16 48.8 5.1 10 90

17 33.6 3.9 12 88

18 55.0 5.2 9 91

19 124.9 9.0 7 93

20 30.1 4.3 14 86

21 25.7 3.7 14 86

22 34.6 4.8 14 86

24 48.5 4.2 9 91

25 65.6 4.7 7 93

26 74.2 5.6 8 92

Illinois River

Alton 68.2 11.6 17 83

Conclusions

This paper has shown that natural and manmade detention devices existing
within a stream-river environment can significantly alter the uniformity
in flov and transport of "energy fluxes" including suspended and
dissolved materials. A large eddy on the order of the width of the
Mississippi River has boon observed on Montrose Flats in Pool 19, which
is probably responsible for tho Increased retention of suspended and
dlssolvod materials at this location, enhancing tho biota. The
retention time within such an area can be as much as 20% longer than
normal retention time within the parent river. An evaluation of
detention devlcos formed due to side channels, islands, backwaters, and
stump fields within the upper Mississippi Pools has shown that theso are
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quite significant and in soma cases those dotontlon areas within the
channel borders can occupy as much as 75 to 93% of tho total surface
area. This research points out the fact that rotentlon and detention
devices of various dimensions ore in fact a common phenomenon in all
streams and rivers, and these devices act as a deterrent to the
continuity within a river system.
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SUCCESSION IN THE UPPER MISSISSIPPI RIVER

Richard E. Sparks
Illinois NaturalHistory Survey

Havana, 1L 62644

NaniG. Bhowmik
lllinoii Wain Survey
Chtmpaign,H. 61820

MarkGrubb
Illinois Geological Survey

Chunpjign, H. 61820

The normal pattern of succession in a Bain channel
border of the Upper Mississippi River is driven by sedimen
tation and proceeds as follows: (1) the surface area and
volume occupied by the main channel border are expanded
initially by construction of navigation dams. (2) As fine,
organically rich sediments accumulate, the bottom is col
onized by mud-burrowing benthos, such as fingernail clams,
Musculium transversum, and mayflies Hexaqenla. (3) When
the bottom rises into the euphotic zone submerged aquatic
macrophytes establish themselves. (4) Emergent macro-
phytes, such as lotus, Helumbo lutea, and arrowhead,
Sagittaria latifolia, appear as the bottom rises farther.
(5) Eventually moist soil plants, including moisture
tolerant trees, such as willows, become established. Stage
3 is accompanied by changes in the macroinvertebrate fauna,
from the burrowers to species such as dragonfly and damsel-
fly nymphs which use aquatic plants as a physical sub
strate, and snails, such as Hellsoma triyolvis, which graze
on periphyton attached to the leaves.

Knowing that the submerged aquatic macrophytes normal
ly grow to a depth of approximately one meter in the main
channel border and that the bottom was rising at the rate
of 3 cm/yr, we predicted that submerged aquatic plants
would rapidly expand in the late 1980's or early 1990's at
our study site, the Montrose Flats of tho Keokuk Pool
(Navigation Pool 19), Mississippi River. By the 20S0's,
the Pool will reach a dynamic volumetric equilibrium, and
look more like a river with a floodplain than a pool with
fringing plant bods and marshes (Bhowmik, Adams and Sparks,
1986). At that time, most of tho sediment delivered will
be transported downstream, instead of being stored in the
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Pool. We also predicted that a major flood would set
succession back by scouring away sediments, plants and
invertebrates.

The observed pattern offered some surprises. First,
the flood of 1973 (Figure 1) produced no measurable change
in the total biomass and species composition of benthic
macroinvertebrates. Kusculium transversum, one species of
fingernail clam, comprised 90% of the biomass during and
for the two years immediately following the flood (Figure
2). Areas occupied by aquatic plant beds remained stable
for many years prior to the flood and for the two years
immediately following the flood, based on planimetering the
beds visible in aerial photographs taken by the Soil Con
servation Service in 1927, 1938, 19S0, 1957, 1963, and
1978, by the U. S. Fish and Wildlife Service in 1975 and
1984, and field surveys in 1975 (Hagen, Worth and Meyer,
1977) and 1977 (Steffeck, Paveglio and Korschgen, 1985).
Neither the plant beds nor the invertebrates were scoured
away.

MISSISSIPPI RIVER DISCHARGE

AT KEOKUK, KM (X IOOOmVsec)

1970 1971 1972 1973 1971 19751976 19771978 197919801981

Figure 1. Mississippi River discharge. Horizontal line
shows the average for the period of record,
1978-present.
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Figure 2. Biomass of the fingernail clam, Husculium
transversum, and total biomass on Montrose
Flats, Mississippi River.

A drought in the upper Table 1.
Midwest in 1976 and 1977
caused a record low flow in
the Mississippi River. In YEAR AREA
the spring of 1977, dis
charge did not even reach (ha)
the mean for the period of
record — a remarkable di- 1963 107
vergenco from the normal
pattern of a predictable 1975 123
May-June flood (Figure 1).
The drought and the resul- 1977 375
tant low flow had a marked

effect on succession. Tho 1978 311
area occupied by macrophyte
beds and covered by leaves 1982 362
tripled between 1975 and
1977, and the plants have
persisted since that timo
(Table 1 and Figure 3).
Rather than being pushed backward by the flood, succession
was pushed forward by the drought.

COVERAGE

(ha)

41

52

150

124

183
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Expansion of aquatic macrophyte beds on
Montrose Flats, Mississippi Rivor.

The mechanism responsible for the initial increase in
vegetation was the improvement in light penetration attri
butable to decreased soil erosion and sediment delivery to
the Mississippi River. Secchi disk readings taken in May
of 1975 were only 21 cm. In May the following year, the
beginning of the drought, the readings were 40 cm and in
May of 1977, after a full year of drought, the readings
were an unusual 80 cm.

Seeds may have been present in the sediments, but it
is more likely that vegetative parts were washed into
Montrose Flat by the normal flood in the spring of 1976.
Since the water was clearer than usual during the 1976 and
1977 growing seasons, it is not surprising that plants
appeared at greater depths than ever before. It is remark
able, however, that the plants have persisted on tho
Montrose Flats despite tho return to normal flows and
turbidity, beginning in the spring of 1978. Their persis
tence is probably explained by the fact that they rely on
stored food reserves to grow upward into tho euphotic zone.
We found no sprouts from seeds in bottom samples from
Montrose Flats —all new growth was from vegetative parts.
For example, wild celery, Vallisnerla americana, regrows
from winter buds.

The low flow also triggered a dramatic decline in the
population of fingernail clams (Figure 2) probably because
dilution of toxic materials was reduced and body burdens
increased (Sparks, 1979). Waste discharges from



increased (Sparks, 1979). Waste discharges from
sewage plants and industries along the Upper Mississippi
River remained constant in 1976-77, while the Upper
Mississippi essentially became a smaller river. Metals in
fingernail clams were higher in the low flow year of 1977
than in the more typical year of 1978, and PCB's were much
higher - up to 1 ppm, a high level for such a short-lived
organism (Sparks, 1979). In 1976 and 1977 the growth of
individual fingernail clams was reduced by nearly one-third
and the reproductive population was depressed to less than
20% of normal (Sparks, 1979).

Before 1976, MUBCUllum transversum comprised 90% of
the benthic biomass. From 1978 to the present, Husculium
transversum has made up less than 50% of the total biomass,
with another species of fingernail clam, Sphaerium
striatlnum, certain snails, chironomid larvae, and leaches
becoming more common. The persistence of the decline,
despite a return to "normal" concentrations of toxicants,
is a direct result of the permanent change from a mud
bottom with unimpeded current to a plant bed with little or
no current, and a deoxygenated benthic zone produced by
decay of plant material.

The changes in macrobenthos and vegetation in Pool 19
were reflected in the feeding habits of tho migratory
waterfowl which used the pool in the spring and fall. Of
particular interest is the shift exhibited by the canvas-
back duck, which began to use Pool 19 in increasing numbers
from 1955 to 1966 when their traditional feeding and stag
ing areas in the upper Midwest deteriorated for a variety
of reasons (Serie, Trauger and Sharp, 1983). A principal
component of the diet of canvasbacks, lesser scaup, and
other diving ducks on Pool 19 had been the fingernail clam.
In 1976 and 1977, however, the ducks shifted from finger
nail clams to plant materials, such as the winter buds of
wild celery (Paveglio and Steffeck, 1978). Wild celery was
rare in Pool 19 until the 1976-77 drought when it spread in
many areas throughout the Pool, including Montrose Flats,
where it has persisted.

In summary, the low flow of record in 1976-77 appar
ently pushed succession forward in our study area, while
the record flood of 1973 did not produce a detectable
effect.
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RESPONSE OF BOTTOMLAND FORESTS TO
WATER LEVEL INCREASES IN THE

MISSISSIPPI DELTAIC PLAIN

William H. Conner and John W. Day, Jr.
CoastalEcology Institute

Center for Wetland Resources

Louisisna State University
Baton Rouge, LA 70803

Water levels along the Louisiana coast are rising. As a result, large areas of
forested wetland are experiencing problems with timber die-off. A two year study was
designed to look at differences in flooding patterns, community composition, and tree
growth. Plots were established in rarely flooded, frequently flooded, and permanently
flooded sites in the Lake Verm watershed of Louisiana. There are distinct differences in
the vegetation as a result of the flooding differences. The highest and driest areas are
dominated by Nuttall oak and sweetgum, whereas the flooded areas are dominated by
baldcypress and water tupelo. Apparent water level rise in the basin is approximately 1-
m/centuiy. Analysis of the flooding history of the bottomland plots indicates that even the
highest ndges are being flooded for approximately 10days more each year and willbe
permanently flooded around the year 2000. Bottomland tree species, such as green ash,
bitter pecan, oak, and sweetgum, are dying and more flood tolerant species, like
baldcypress, swamp red maple, and water tupelo are becoming established. Overall tree
growth of the bottomland hardwoods has decreased while growth of the flood tolerant
species has been enhanced
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PREDICTING THE IMPACT OF SEA LEVEL
RISE ON COASTAL SYSTEMS

Richard A. Park,Thomas V. Amtentano, and C. Leslie Cloonan
Holccmb Research Institute
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SLAMM (Sea Level AffectingMarshes Model)wasdevelopedto predictchanges
in coastal areas asaresultof rising sealevel(brought about by global warming trends due
to the greenhouse effect). SLAMM is implemented in Pascal for the IBM PC and
compatiblemicrocomputers. Dataon elevation,residential andcommercialdevelopment,
distribution of existing leveesandother protective structures, andclassification according
to 16coastal categories werecollectedon asquare-kilometer grid for57 representative sites
in the contiguous United States; these sites included 485,000 hectaresof wetlands.

The model indicated a cleartrend toward reduced wetlands in the next century
underbotha moderate rise in sealevel (1.44m by 2100)anda highrise(2.17mby 2100).
Underthe moderate scenario, 40%of allexistingwetlands studiedarelost; if new wetlands
areallowedto form,approximately 22%of the area of 1975 wetlandsarelost

Underthe high scenario, 73%of allexistingwetlandsstudiedarelost;if wetlands
are allowed to migrate onto adjacentlowlands inundatedby the sea, the loss is reduced to
approximately 56%of thearea of 1975 wetlands. However, theNew England study areas
will lose almost all wetlandswith no compensating gains,andwidespread losses will occur
in the southernEverglades, Mississippidelta,andotherGulf Coast re;, •• <ns.
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A DYNAMIC SPATIAL SIMULATION MODEL OF
COASTAL ECOSYSTEM SUCCESSION IN THE MISSISSIPPI

DELTAIC PLAIN AS A TOOL FOR MANAGEMENT

Robert Costanza and Fred Sklar
Coastal Ecology Institute

Center for Wetland Resources
Louisiana State University
BatonRouge, LA 70803

A spatial simulation model was constructed to helpunderstand the historical
changes intheAtchafalaya/Terrebonne marsh/estuarine complex insouth Louisiana and to
project impacts of proposed human modifications. The model consists of 2,479
interconnected "cells" eachrepresenting 1km2. Each cell inthemodel contains adynamic,
non-linear, simulation model. Variables include water volume and flow, sediment,
nutrient, and salt concentrations,organic standing crop, and productivity. The model
produces weekly maps of all the state variables and habitat types. Thebalance between
sediment deposition and erosion asinfluenced by these variables inthisrapidly subsiding
area is particularly critical tohabitat succession and theproductivity of thearea. Habitat
succession occursin a cell in the modelwhen physical conditions change (i.e. waterlevel
increases) sufficiently, so thatthe new conditions better match the"signature" of another
habitat. Primary input data for calibrating themodel were detailed, digitized habitat maps
prepared by the U.S. Fish and Wildlife Service for 1956 and 1978. A similar map for
1984 was used to verify the model's predictions. In addition, extensive field
measurements are available for the area.
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LONG-TERM CHANGES IN THE MISSISSIPPI
RIVER WATER QUALITY AND ITS RELATIONSHIP

TO HYPOXIC CONTINENTAL SHELF WATERS

Introduction

R. Eugene Turner and Richardus Kaswadji
CoastalEcology Institute

Center for Wetland Resources
LouisianaStale University
BatonRouge. LA 70803

Nancy N. Rabalais andDonald F.Boesch
Louisiana Universities MarineConsortium

Marine Center
Chauvin, LA 70344

Oxygen deficient bottom watersof the northernGulf of Mexico continentalshelf arean
extensive, intensive, and seasonal phenomenon (Rabalaiset aL, 1986a,b). Hypoxic water
masses (<2.0 mg/1) typically form during thespring, expand inthesummer (upto8,000 km2in
July, 1985, and 9400km2 inJuly, 1986) and dissipate in the fall. Hypoxic waters occur onthe
Louisianacontinental shelf in 6 to 60 m waterdepth, from 6 to 60 km offshore, and extend from
10 to 20 m above the bottom. Equalor largerthansimilar phenomenaon the east coast, USA
(Garside and Malone, 1978; Swanson and Sindermann, 1979; Falkowski et al., 1980), these
hypoxic zones are at the terminus of the largest river in North America and amidst the nation's
mostextensive fishing area. Fish, shrimp and benthic densities are depressed inthese hypoxic
zones (Harper,etal. 1981: LemingandStuntz, 1984;Gaston. 1985; Renaud, 1986). There has
been a paucity of researchon the causal mechanisms forming, sustaining and dissipating hypoxic
events. Based on our present andongoing field researchwe formulatedsome hypotheses
concerninghypoxic zones in this area. Herewe concentrateon the implicationsof historical
water quality changes in the Mississippi River drainagebasin. We begin with a general model of
the interacting factorscontributing to hypoxia, particularlywater quality, then discuss changes in
the nutrientloadingof the MississippiRiver, andconclude with some implications forcoastal
management

Hypnxir. Watw TVvdopment

Hypoxic waters form when reaeration islower than oxygen consumption rates. Reaeration is
low, inpart, if thewater column isstratified, the water column isdeep orthe surface roughness
is low. Oxygen consumption may occur inthe water column orbenthos. Theprincipal source of
organic matter inthe bottom waters of thenorthern Gulfof Mexico isprobably from
phytoplankton production insurface waters. Whether this production originates insitu, onthe
continental shelffrom thecoastal boundary layer, orfrom theMississippi River plume isnot
clear. This "rain" or "fallout" of surface material to the bottom waters is high far two major
reasons. First, primary production in these waters is high (>300 gC/m2 / y) due to relatively
highnutrient concentrations delivered by theMississippi River,towatercolumnstability andto
sufficient lightconditions(SklarandTurner, 1981). Second,most of the surfaceproduction
should reach the bottom waters as it sinks beyond the river-oceanicmixing zones where
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turbulence ishigh. For example, Suess (1980) reviewed thepublished data from moored
sediment traps established tocollect inorganic and nrganir nmwi.h falling from surface to
bottom waters. Suess calculated the percent annual primary production falling into the traps as a
function ofwater column depth. In general, the percent declined with depth. Atthe depths in
which weobserve hypoxic waters onthe Louisiana continental shelf, Suess's formula predicts
that about 50%, ormore, ofthe surface production reaches the bottom. Similar analyses of field
data have been made for theNew YorkBight (Garside and Malone, 1978; Swanson and
Sindermann. 1979; Falkowski etal., 1980) and elsewhere (Longhurst, 1983; Officeretal.,
1984; Skjoldal and Wassmann, 1986). Inaddition, therespiration rate inthewater is
proportional tophytoplankton pigment concentTation CTiirner and Allen, 1982), and wefind very
high levels ofdecomposition products (phaeopigments, dissolved nitrogen, silicate and
phosphorus) inhypoxic waters. These relationships are schematically represented inFigure 1.
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Figure 1. Aschematic diagram ofthe interrelationships of factors leading tohypoxia. Dashed
lines indicate observed changes (higher =+; lower =-)in waterquality parameters. The oxygen
minimum layer does notcontribute tohypoxic water masses.

Of specific relevance tothisdiscussion istheimportance of nutrient concentrations in the
development of phytoplankton blooms insurface waters. TheMississippi River (30% of the
total flowof theMississippi Riverenters theGulfof Mexico viatheAtchafalaya River)isa
major, if nottheonly,significant source of nutrients tooffshore phytoplankton communities.
Gulfof Mexico waters (36°/oo) have very low levels of inorganic nitrogen and phosphorus.
River water concentration determines the nutrient concentration ofthe mtermediate salinity water
masses where phytoplankton grow. Phytoplankton growth beyond theturbid river plume is
morenutrient thanlightlimited. Any increases in thenutrient content of theriverwill stimulate
phytoplankton production and result inmore, not less, sinking ofphytoplankton-derived carbon
to the bottom water masses.

Mississippi RiverWnlwQuality Chanp>.

Water quality inthe Mississippi River ismonitored by various state and federal agencies
throughout thewatershed. Weanalyzed data from St Francisville, Louisiana, because of the
strategic sampling location and relatively long sampling record (1955 topresent). No major
tnbutanes enter below St Francisville, butthecities of Baton Rouge and NewOrleans and



industrial developments between discharge significant quantities ofvarious materials into the
river. We used these datato estimatethe relative(not absolute)changesin waterquality during
theprevious three decades. Threemajor changes arediscussed here: suspended sediment loading
(adapted fromMeade andParker, 1984), andnitrate andsilicate concentrations. Because
hypoxic eventsoccurprimarily in latespring andsummer, we limited ouranalyses of water
qualitychanges to the same period

Accordingto MeadeandParker (1984), suspended sedimentloadingsabrupdydeclinedin the
mid-1950's following dam and reservoir construction onmajor tributaries of theMississippi
River (Figure 2). Suspendedsediments fallout of suspension behinddams and in reservoirs
thereby filling inthe newly-formed basin and giving itafixed useful life for the purpose ofthe
construction. The gradually moreintensivelanduse throughout thewatershedshouldhave
contributedto increasedsediment loading,but hasapparently not overwhelmed the trapping
efficiency of the dams andreservoirs. As a result,suspended sediments concentrations(but not
necessanlybedloadsediments)havedeclinedthroughout theentireMississippiRiver watershed,
although therelativeamountsareprobably not well represented by datafromone station. The
basins areapparently still filling in sincethesuspended sediment loading hasremained at its
present level since theperiod of major dam and reservoir construction. Decreased suspended
sedimentsandincreased waterclarity wouldstimulate the light-limited phytoplanktonin theriver
andresultin higherpigmentconcentrations andperhaps achanged species composition.

Nitrogen loading, asrepresented by changes innitrate concentrations, increased dramatically
beginning in the mid-1960s(Figure 3). Phytoplankton production in the continental shelf
waters appear to be mostlynitrogen-limited (Turner, unpublished). Theselarge changes in the
limiting nutrient musthaveresulted in relatively large changes in phytoplankton production,
henceincreasedsettlingof phytoplankton, or the food-chain by-products(zooplanktonand
grazing pellets) intothebottom waters. Increased biological oxygen consumption inbottom
waters would necessarily follow.

Silicateconcentrations havealsodecreased, by perhaps halfthe 1950s values(Figure 4). The
reasons why the decline isless precipitous than that apparently observed for suspended
sediments is notclear. Silicate is required by diatoms, whicharethelikelymajor constituent of
thephytoplankton "rain" from continental shelfsurface waters tobottom waters. The
concentration of silicate inmixed oceanic waters, however, isstill presently sufficient for these
phytoplankton types. Changes insilicates, therefore, are probably not as significant as changes
in nitrogenloading.
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Figure 2. Annualdischarge of suspended loadin the Mississippi River at BatonRouge,
Louisiana,from 1950to 1982(adapted from Meadeand Parker, 1984). The values were
reportedin shorttons (1 shortton =2000 pounds,or 907kilograms).
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Figure 4. April-July silicate concentrations (mg/1 S1O2) in the Mississippi River at St
Francisville, Louisiana, from 1955 to 1984.

Implicationsfor the Coastal Zone

The implications of theabove discussion are that increased nutrient loading to thecontinental
shelfoverthepastthree decades hasstimulated continental shelfphytoplankton production to the
pointwherethe size, severityandfrequency of hypoxiceventshasincreased. This is testable
with modelsand,perhaps, examination of thesedimentary record. Certainly physical
oceanographc eventsareof influence, especially through theircontrol of oxygenreaeration in the
bottom waters. Indeed, water column stratificationmust occur to set up and sustain hypoxia.
The physical oceanography, however, isnot very manageable; water quality ismanageable.
The changes in water quality of theMississippi River, although largely controlled by factors
outsidethe coastal zone, intimatelyaffect the continental shelfecosystem.
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THE USE OF HABITAT-SPECIFIC SIMULATION
MODELS OF ESTUARINE NITROGEN CYCLING

FOR ECOSYSTEM MANAGEMENT

Daniel L. Childers, RobertCostanza, andJohnW. Day, Jr.
CoastalEcology Institute

Center for Wetland Resources
LouisianaSlate University
Baton Rouge, LA 70803

Estuaries andtheirassociated wetlands areamong the most productive, yet the
most stressed of all ecosystems. In the past 15 years, the development and use of
simplified models to synthesize thecomplex biological, chemical, andphysical interactions
characterizing estuarine-wetland ecosystemshasgreatly increased. Accuratesimulations of
nitrogen cycling in estuarine ecosystems are particularly important to both academic
understanding and managementapplications becausenitrogen is the limiting nutrient in
these environments. A numberof recentmodels have been used to simulate nitrogen
dynamics in wetland sediments and estuarine waters-but little simulation work has been
done specifically linking the biotically-mediated nitrogencycle of estuarinewetlands to
nitrogen dynamics in the watercolumn.

The watercolumnis the medium through whichexchangesamong the marshand
benthic communities areintegrated, moderated, andgenerally measured. The large area!
extent of open water bodies in Gulf Coast estuaries amplifies the importance of
watercolumn processes to anyecosystems-level management strategy. We haveevaluated
threemodels linking sedimentary nitrogen cycling, including atmospheric exchanges,to
nitrogen processes within the estuarine watercolumn. These models have been
independentlycalibrated for threeestuarine salinityzones-freshwater, brackishwater,and
saltwater-using data from Louisiana's Barataria Basin. Because each model simulates a
separate and independentmarshtype they may be used to examine the relativeinfluences of
conditionspertinent to estuarine management strategies, including eutrophication problems
and the effects of land loss. We demonstrated the effects of eutrophicationof estuarine
nitrogen cycling by runningeachmodelwithincreased inorganic nitrogen concentrations in
the watercolumn. Land loss represents a decrease in the marsh: open waterratioof an
estuarine ecosystem, both locally and regionally. This will increase the importance of
pelagic and benthic nitrogen cycling relative to wetland nitrogen processes, holding
significant implications to large-scale estuarine management strategies. Thus, a seriesof
nitrogen models designed to simulate the interactions between wetland and watercolumn
nitrogen cyclingin anacademic settingarealsoacceptable toolsforestuarine management
problems currently being faced in coastal Louisiana.
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