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Abstract. A lotic habitat consisting of four riffles separated by pools has
been designed for possible placement in the old river channel of the Tombigbee
River below Columbus Lake, near Columbus, Miss. The design of this arti-
ficially placed habitat is based in part on biological and physico-chemical
characteristics of an existing riffle in the Buttahatchie River, and in part on the
characteristics and constraints of the old channel where it is to be placed. The
technical literature and reports of previous studies on the' Buttahatchie and
Tombighee Rivers were also utilized.

Four riffle sections, each about 46 m long, will be separated by pools which.
will each be about 81 m long. The average velocity in the first three riffles will
be approximately 46 cm/s and the last riffle will be about 31 cm/s. Each riffle is
to-be constructed from various sizes and mixtures of sand and/or gravel. The
first riffle will be composed of coarse gravel and cobble; the fourth riffle will
consist mainly of sand and small amounts of 2.5- 7.6 cm gravel. Intermediate
compositions of material will be in riffles 2 and 3. Because of favorable physi-
cal, chemical, and biological characteristics of the incoming water and. the
physically diverse nature of this proposed habitat, a dense and diverse inverte-
brate fauna, including over 20 species of common and uncommon mussels,
could be expected to inhabit the area,

Introduction. The Tennessee-Tombigbee Waterway (TTW), authorized by
Public Law 525 in accordance with recommendations contained in House
Document 486 of the Congress, was designed to provide a more direct shipping
route between the eastern Gulf Coast and the mid-continental United States
(Figure 1). Development of the TTW requires considerable habitat modifica-
tion such as channel develcpment, dredging, and the construction of locks and
dams. Upon completion, maintenance dredging, coupled with a reduction in
water velocities and natural fluctuations in water levels is expected to favor
slow water or pool species at the expense of riffle inhabiting species. The in-
creased demands throughout the nation now being placed on natural lotic eco-

systems by man have intensified the need for habitat rehabilitation and crea-
tion.
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Figure 1. Proposed Tennessee-T'ombigbee Waterway and Columbus Lake.

The purpose of this study was to design a lotic habitat for placement in the
old river channel of the Tombigbee River directly below & minimum flow re-
lease structure at the Columbus Dam near Columbus, Miss. (Figure 2). The
primary objective was to create a lotic habitat that would support a diverse in-
digenous invertebrate fauna, particularly unionid mussels, including some of
the status review mussels (Federal Register 4/11/80) endemic to the Mobile
River Basin.

Procedures - Preliminary Study. The first phase of this study was to ex-
amine & natural riffle area containing a high diversity of macroinvertebrates in
the vicinity of the old river channel of the Tombigbee River. A riffle composed
mainly of coarse gravel and cobble substrates in the fourth order Buttahatchie
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River (Figure 3) was used as a pattern for determining some of the characteris-
tics for the proposed habitat.

Physical parameters measured during August 1981 at the Buttahatchie
River study site included temperature, turbidity, conductivity, light availabili-
ty, water velocity, and suspended particulate organic matter, In addition, 14
randomly selected sediment samples were taken from the riffle for particle size
analyses. Chemical parameters monitored included total alkalinity, total hard-
ness, calcium hardness, magnesiom hardness, pH, and dissolved oxygen which
were also measured during August 1981, Other chemical parameters included
particulate organic carbon, dissolved organic carbon, total Kjeldahl nitrogen,
nitrate nitrogen, total phosphorus, orthophosphorus, and ealcium, magnesium:,
sodium, and potassium, These chemical parameters further characterized this
natural system and served as a basis for comparison to the chemical character-
istics of the incoming water at the proposed lotic habitat. Macroinvertebrates
were identified and enumerated from triplicate quantitative grab samples
taken at 12 randomly selected stations on the Buttahatchie riffle. Also, quali-
tative hand collections of macroinvertebrates {including mussels} were made
very close to the riffle to further characterize the biota of this river system.

Most of the physical and chemical parameters measured in the Butta-
hatchie River were also measured during August and October 1981 in the old
river channel of the Tombighee River where the proposed artificial habitat
would be placed. Artificial substrate samplers {rock-filled barbecue baskets)
were placed in the old river channel during the fall of 1981 to determine if inver-
tebrates were present that could colonize newly-placed substrates.

Results. While a detailed discussion of the methods and results of the first
phase of this study is found in Miller et al. {1982), we include a brief overview
here.

The Buttahatchie River at the study site was approximately 40 m wide
with depths up to 127 cm during the study period. Velocities were diverse,
ranging from 5.3 to 185.0 em/s. Maximum water temperature observed was
28.06C which was within the range (5.6 to 29.49C) measured by Cotton et at.
{1969) at a nearby site. Light values recorded at four stations on thé riffle were
considered low with midday values well below those necessary for development
of photosynthetic epilithic communities. Particulate organic matter (POM) in
suspension ranged from 7.8 to 8.5 mg AFDW/L. The substratum was domi-
nated by gravel and cobble with 88% of the sediments 2.0 mm in diameter or
larger with a maximum observed diameter of 150 mm.

Dissolved oxygen values for the Buttahatchie River were fairly high and
ranged from 83 to 87% saturation during the study. Chemical parameters
monitored indicated a poorly buffered soft water system which was not limited
by nutrients such as nitrogen and phosphorus.

Seventy-one taxa of macroinvertebrates were collected; the Insecta domi-
nated with 43 species, followed by the unionid mollusca with 19 species. The
most abundant insect species were collectors such as the chironomids Glypto-
terdipes nr senilis, Tanytarsus querla group, and T. glabrescens group, the
net-spinning .caddisflies Chimarra and Cheumatopsyche, and the mayfly

" Stenonema spp. In addition to the common unionid mollusks, the status review
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Figure 3, Buttahatchie River site and location of proposed lotic habitat.




mussel Dysnomia penita ds well as Pleurobema decisum were fairly comimon in
the Buitahatchie River. Both species are endemic to the Mobile River Basin.

Macroinvertebrate Shannon-Weaver diversity (EPA 1973) values for 12
quantitative sampling stations on the riffle ranged from 1.15 to 3.49 with a
mean diversity of 2.4 for the riffle. Equitability {EQ} values ranged from 0.51
to 0.88. These diversity and equitability values are indicative of an unper-
furbed ecosystem (EPA 1973).

Many of the physico-chemical characteristics of the water entering the old
channel of the Tombighee through the minimum release flow structure from
Columbus Lake were very similar to those obtained for the Buttahatchie River.
The maximum water temperature recorded in this study for the Tombigbee
study site was 30.00C, Howell et al. {1978) reported maximum temperatures of
29.09C and 80.09C during 1976 and 1977, respectively, and the USGS (1978)
reported a maximum temperature of 31.00C during 1978 for sites on the Tom-
bigbee near the Columbus Lock and Dam. Suspended POM values were very
similar between the two study areas, but the organic fraction was significantly
higher in the Tombigbee River water samples. In general, the values for hard-
ness, alkalinity, and pH were higher in the Tombighee system than they were
in the Buttahatchie River.

Seventeen taxa of macroinvertebrates were recovered from the artificial
substrates placed in the old channel of the Tombigbee River, with the filter-
feeding caddisfly Cynellus fraternus most abundant. Of particular interest was
the presence of the young unionid mussels: Leptodea fragilis, Lampsilis or-
nata, and Plectomerus dombeyanus. '

Design Rationale. As depicted in Figure 2, the old river channel of the
Tombighee River was isolated by placement of the Columbus Lock and Dam.
At Columbus Lake, a minimum flow release structure (Figure 4) removes 5.7
m3/s of surface water and diverts it under the dam and into the upper end of
the old river channel. The velocity of this water moving into-the old channel is
quite high (Figure 5). Within several meters, however, flow becomes barely de-
tectable because of the fairly large size (about 60 m wide) of the recewfng river
channel. To establish lotic habitat in this area would require’some mechanism
to increase water velocities and thereby periodically flush the substrate of
settled particulates. In our proposed plan, increased flow is to be achieved by
channel constriction from placement of fill material diréctly into the old river
channel. Four separate riffle sections; to be exposed during low flow, will be
constructed on top of this fill material. Columbus Lake water is to be directed
through fairly narrow channels across the top of each riffle. Velocity of the wa-
ter should be sufficient to erode clay and silt particles from the riffle, leaving
the sand and gravel substrate. At high riverflow, these riffles will be inundated
by backwater from the Tombigbee River and velocities in the old channel may
be virtually nonexistent. When water levels decline, the flow will be contained
in the channels on the top of each riffle and all settled particulates should be

swept down river,

It is intended that a series of alternating riffles and pools with desirable
velocities and substrate types will be created to facilitate the survival and pro-
- pagation of common lotic organisms.
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Figure 4. Minimum release flow structure at Columbus Lake.

Figure5. Riprapped flume connecting Columbus Lake and old Tombighee River Channel.
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Habitat Design. The final design {Figure 6) consists of fo

ur ri
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ffle sections,

each about 46 m (150 £t) long, which are separated by pools that are about 81 m
(100 1t) long. The cross sectional area of the riffles was designed to constrict the
channel so that the average velocity in riffles 1, 2, and 3 would reach about 46
cm/s (1.5 ft/s) and the average velocity in riffle 4 would reach about 31 cm/s
(1.0 ft/s} {Table I) when the Tombigbee River stage falls to E! 41.6 m (136.5 ft)
NGVD (National Geodetic Vertical Datum). Transverse slope was included in
_ each riffle section to further diversify the habitat. Each riffle will slope from a
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l Figure 6. Proposed lotic habitat for old Tombigbee River channel,

158

TOMBIGBEE RIVER
BACK CHANNEL MUSSEL BEDS

SCALE
200 300 400

100

N

R =RIFFLE
P=PQOL

LN

]
Ko
= ey
s A,

i\
' :
r




' depth of approxiniately 0.46 m on the eaét side to a depth of either 1.2 m {riffles
1 and 2) or 0.9 m (riffles 3 and 4) on the west side {Table I}. The substrate ma-
terial and design velocity for each riffle section are listed in Table 1. Based on

data presented by Vanoni (1975) these inorganic materiais will not erode sig-
nificantly at the velocities indicated.

TableI. Physical characteristics of riffle sections of proposed habitat.

RIFFLE
1 2 3 4
LENGTH 46 46 46 46
{m)
WIDTH 18 . 18 23 35
{m)
WATER : 0.46 0.46 0.46 0.46
DEPTH ) to to to to
{m) 1.2 1.2 0.9 0.9
VELOCITY 46 46 46 31
(em/s)
100% 100% 90% 25%
SUBSTRATE Gravel & Cobble Gravel Gravel Gravel
(die.-cm} (2.5-13.0) (2.5-7.6) (2.5-7.6) {2.5-7.6)
10% 5%
. Sand Sand
{medium to (medium to
coarse) coarse}

Suitability of the Habitat. The projected suitability of the artificial habi-
tat for certain organisms was based on characteristics of the Buttahatchie riffle
section and the old channel of the Tombigbee River. Technical literature and
reports of previous studies on the Buttahatchie and Tombighee Rivers (e.g.,
Cotton et al. 1969, Howell et al. 1978, Pennington et al. 1981, and Yokley 1978}
were also utilized.

The first riffle (Figure 6), to be constructed of the largest sized materials
(Tabie I}, should be suitable for the large, thick-shelled molluscan species that
are typically found in riffle areas composed of gravel and/or cobble substrates.
Unionids which could colonize and survive in this area include Aprcidens confra-
gosus, Tritogonia verrucosa, Quadrula quadrula, Plectomerus dombeyanus,
and Amblema costata,

The second riffle is designed to be very similar to the first riffle except that
the grain size will be smaller and more uniform. Some of the smaller unionids
such as Pleurobema decisum, Obovaria sp., Elliptio arcus, and possibly the
status review species Dysnomia penita, could inhabit this riffle.

The third riffle would be similar to the second riffle, however, to add
physical diversity would contain approximately 10 percent sand by weight.
This riffle, like the second, would be very similar to the riffle on the Butta-
hatchie River and could support the common thick-shelled bivalves such as
Fusconaia ebena, Quadrula asperata, and Q. rumphiana.
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The fourth riffle, to be composed mainly of sand, will exhibit reduced cur-
rent velocities (Table I) and resemble the preferred mussel habitat defined by
Kaskie (1971). This area was designed for Ligumia recta, Lampsilis anodontoi-
des, Leptodea fragilis, and Lasmigona complanata, which typically inhabit
systems with sandy substrates.

The pools cccurring between each riffle will initially have a sand bottom,
however, fine particulates from Columbus Lake are expected to accumulate be-
cause of reduced to nonexistent water current. The thin-shelled mollusks such
as Leptodea fragilis and Anodonta grandis, as well as other slack water inhabi-
tants such as, Lampsilis straminea, Lasmigona complanata, and Proptera pur-
purata, should exist in these areas. The bank climber Plectomerus dombeyanus
and the mapleleaf Quadrule quadrula, both commeon to riffle and pool areas,
could also be successful in these pools.

Colonization of any area by mussels requires the presence of a specific host
fish or fishes suitably infected with the immature clams known as glochidea.
The majority of the above described mussels have the proper host fish present
in this section of river based on host requirements discussed by Fuller (1974)
and on the results of a 1979-1980 fish survey conducted by Penningtion et al.
- {1981). In addition, three species of unionids (Leptodea fragilis, Lampsilis or-
nata, Plectomerus dombeyana) were taken from the artificial substrate samp-
lers. We are confident that mussels could colonize artificially placed gravel bars
in this area. This does not, however, preclude the possibility of artificially in-
troducing either common or uncommon mussels to this site.

Many non-moliuscan macroinvertebrates found in the Buttahatchie riffle
and on the artificial substances placed in the old channel of the Tombighee
River (Miller et al. 1982} should also colonize this area after placement of the
recommended substrates. These organisms will reach this area primarily
through natural drift from upstream areas, migration from downstream areas,
and/or oviposition by gravid adults. The riffles should be colonized by mayflies
of the families Heptageniidae, Baetidae, Siphlonuridae, Caenidae, and Lepto-
philebiidae. Net-spinning Trichoptera should also be abundant with representa-
tives from the Hydropsychidae, Philopotamidae, Psychomyiidae, and Polycen-
tropidae. Beetles of the family Elmidae should be present and dipterans such
as the Chironomidae (midges) and Simuliidae (blackflies) should be common.
Predators such as the dragonfly Gomphus and the megalopteran Corydalus
should also eolonize these riffle areas.

It is anticipated that the pools would be suitable for insects such as the
burrowing mayfly Hexagenia as well as the mayflies of the Caenidae and
Leptophlebiidae. Dipterans such as Chironomidae and Chachoridae should also
be abundant. Non-insectan groups such as oligochaetes, amphipods, isopods,
and possibly copepods and cladocerans should also inhabit these depositional
areas.

Summary. A lotic habitat consisting of four riffles separated by pools has
been proposed for development in the old channel of the Tombigbee River and
was designed to provide a suitable habitat for a diverse benthic macroinverte-
brate fauna,




The physical and chemical properties of the incoming water measured in
this study appear to be suitable for many organisms, including unionid mus-
sels. Many members of the collector functional group, particularly those with a
filtering mode of obtaining food such as net-spinning caddisflies, blackflies,
certain chironomids, and unionid mussels, would be expected to be abundant
because of suitable water quality and large amounts of suspended FPOM (fine
particulate organic matter) from Columbus Lake..

This proposed habitat, if constructed, is expected to provide a suitable
habitat for many lotic organisms and will provide a basis for future projects of
this nature.

Acknowledgements. Financial support for this study is provided by the U.
S. Army Corps of Engineers, Mobile District. We wish to thank Mr. Jack Mal-
lory who contributed through discussions on the overall topic. We also wish to
thank Mr. R. T. Wooley for assisting in the development of the engineering de-
sign of the habitat and Mrs. Donna King for her criticisms of the manuscript.

REFERENCES

1. Cotton, W. D., D. R. Robinson, and B. J. Grantham. 1969, Pollution Studies on the Tombighee
River in Mississippi. Mississippi Game and Fish Commission, Jackson, Mississippi.

2. Fuller, 8. L., H. 1974. Clams and Mussels {Mollusce:Bivalvia). In Pellution Ecology of Fresh-
water Invertebrates, Hart, C. W. and Fuller, 8. L. H. (eds.). Academic Press. pp. 215-273,

3. Howell, F. G., M. J. Grodowitz, K. Hase, and B. J. Grantham. 1978. Aquatic Biclogy Study of
the Tombighee River: 1976-1977 Baseline Studies. Environmental Report for the White
Weyerhauser Co., Tacoma, Washington.

4. Kaskie, 8. J, 1971. Substrate Preferences of Kalamazoo River Clams. Unpublished paper sub-
mitted to Kalamazoo College Biology Department, Kalamazoo, Michigan.

5. Miller, A. C,, R. H. King, and E. Glover. 1982, Design of a Gravel Bar Habitat on the Tombig-
bee River near Columbus, Mississippi. Technical Report E-82-, U. 5. Army Engineer Water-
ways Experiment Station, CE, Vicksburg, Miss.

6. Pennington, C. H., J. A. Baker, F. G. Howell, and C. .. Bond. 1981. A Study of Cutoff Bend-
ways on the Tombigbee River. Environmental and Water Quslity Operational Studies. Tech-
nical Report E-81-14. U. S. Army Engineer Waterways Experiment Station, Vicksburg, Miss.

7. U. 8. Environmental Protection Agency. 1973, Biclogical Field and Laboratory Methods for
Measuring the Quality of Surface Water and Effluents. Environmental Monitoring Services,
EPA 670/4-73-001. Cincinnati, Qhio.

8. U. 8. Geological Survey, Water Resources Division. 1978. Water Resources Data for Missis- .
sippi, Water Year 1978. Report MS-78-1. Loose-leaf pub. n, p.

9. Vanoni, Vite A.1975. Sediment Transport Mechanics. In Sedimentation Engineering, Vanoni,
Vito A, {editor). ASCE Manuals and Reports on Engineering Practice. Publ. #54. pp. 91-107.

10. Yokley, P, Jr. 1978. A Survey of Bivalve Mollusks of the Buttahatchie River, Alabama and
Mississippi. Unpublished report submitted to the U. 8, Army Engineer District, Mobile,




