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PROGRAM SCHEDULE

MISSISSIPPI RIVER RESEARCH CONSORTIUM, INC.

24TH ANNUAL MEETING
HOLIDAY INN, LACROSSE, WI

THURSDAY, APRIL 30,1992

REGISTRATION

07:15-08:00 A.M. (Mississippi Room)

INTRODUCTION AND ANNOUNCEMENTS

08:00-08:20 A.M.

Kent Johnson, President MRRC

SESSION | SEDIMENTS/SEDIMENTATION Moderator: Bob Gaugush

08:20-08:40 A.M.

08:40-09:00 A.M.

09:00-09:20 A.M.

09:20-09:40 A.M.

ABILITY OF SEDIMENT TRAPS TO COLLECT REPRESENTATIVE
SUSPENDED SOLIDS: IMPLICATIONS FOR WATER QUALITY
MONITORING. L.A. Bartsch, J.F. Sullivan, and R.G. Rada.
River Studies Center, University of Wisconsin, La Crosse, WI
56401 and Wisconsin Department of Natural Resources, La
Crosse, WI 54601.

EXPERIENCES WITH SEDIMENT TRAPS AS A WATER QUALITY
MONITORING TOOL IN THE UPPER MISSISSIPPI RIVER. J.F.
Sullivan, Wisconsin Department of Natural Resources, La
Crosse, WI 54601.

PARTICULATE PCB CONCENTRATIONS AND LOADS TO THE
UPPER MISSISSIPPI RIVER IN THE TWIN CITIES AREA. D.D.
Helwig, Minnesota Pollution Control Agency, 520 Lafayette
Road, St. Paul, MN 55155.

SPATIAL DISTRIBUTION OF SEDIMENTATION IN SELECTED
AREAS OF THE UPPER MISSISSIPPI RIVER. J.T. Rogala, U.S.
Fish and Wildlife Service, Environmental Management Technical
Center, 575 Lester Avenue, Onalaska, Wl 54650,

BREAK[POSTERS 09:40-10:20 A.M. (Pettibone Room)
SESSION Il WEAVER BOTTOMS Moderator: Mary M. Davis

10:20-10:40 A.M.
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LOWER POOL 5 CHANNEL MAINTENANCE/WEAVER BOTTOMS
REHABILITATION PLAN. D.J. Krumholz, U.S. Army Engineer
District, St. Paul; Service Base, P.O. Box E; Fountain City, WI
54629.



10:40-11:00 A.M. WEAVER BOTTOMS REHABILITATION PROJECT, RESOURCE
ANALYSIS PROGRAM: SUBSTRATE AND BATHYMETRY.
T. Sardinas, T. Birkenstock, D. Anderson. St. Paul District, U.S.
Army Corps of Engineers, Planning Division, Environmental
Resources, 180 Kellogg Boulevard East, Room 1421, St. Paul,
MN 55101-1478.

11:00-11:20 A.M. WEAVER BOTTOMS REHABILITATION PROJECT RESOURCE
ANALYSIS PROGRAM INTERIM REPORT ON HYDRODYNAMIC
IMPACTS. J.S. Hendrickson, Hydraulic Engineer, U.S. Army
Corps of Engineers, St. Paul District, 180 E. Kellogg Boulevard
(Room 1421), St. Paul, MN 55101-1479.

11:20-11:40 A.M. EVALUATION OF THE WEAVER BOTTOMS REHABILITATION
PROJECT AFFECTS ON WATER QUALITY AND AQUATIC
VEGETATION. M.M. Davis. U.S. Army Corps of Engineers,
Waterways Experiment Station, Vicksburg, MS, 39180-6199.

11:40-12:00 A.M. WEAVER BOTTOMS REHABILITATION PROJECT, POOL 5,
UPPER MISSISSIPPI RIVER, INTERIM REPORT, 1985-90: FISH
AND WILDLIFE MONITORING. E.C. Nelson and K.M. Cheap,
Wildlife Biologists, Upper Mississippi River National Wildlife and
Fish Refuge, Winona, MN, and S. Yess and H. Bolton, Fisheries
Biologists, U.S. Fish and Wildlife Service, Fisheries Assistance
Office, Winona, MN, 5598.

12:00-01:00 PM. LUNCH - On Your Own
SESSION Il FISHERY STUDIES Moderator: Bill Richardson

01:00-01:20 P.M. EVALUATION OF FLOW MODIFICATION TO IMPROVEHABITAT
FOR BLUEGILL AND BLACK CRAPPIE IN MISSISSIPPI RIVER
BACKWATERS: THE FINGER LAKES STUDY. B.L. Johnson,
T.J. Naimo, and B.C. Knights, National Fisheries Research
Center, USFWS, Box 818, La Crosse, WI 54602, and
Department of Biology and Microbiology, University of
Wisconsin, La Crosse, WI 54601.

01:20-01:40 P.M. PATTERNS IN FISH COMMUNITY STRUCTURE AMONG
REACHES AND HABITATS IN THE UPPPER MISSISSIPPI RIVER
SYSTEM. S. Gutreuter, U.S. Fish and Wildlife Service,
Environmental Management Technical Center, 575 Lester
Avenue, Onalaska, Wl 54650.

01:40-02:00 P.M. STATUS AND DISTRIBUTION OF PADDLEFISH IN THE UPPER
MISSISSIPPI RIVER. C.A. Jennings, U.S. Fish and Wildlife
Service, National Fisheries Research Center, La Crosse,
Wisconsin 54602-0818; Hannibal Bolton, June M. Mcllwain,
and Scott T. Yess, U.S. Fish and Wildlife Service, Office of
Fisheries Assistance, Winona, MN 55987,
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02:00-02:20 P.M.

02:20-02:40 P.M.

USE OF VEGETATED AND ARTIFICIALLY DEVEGETATED
PLOTS BY FISH IN A BED OF EMERGENT MACROPHYTES.
S.J. Zigler and M.R. Dewey. U.S. Fish and Wildlife Service,
National Fisheries Research Center, P.O. Box 818, La Crosse,
WI 54602-0818.

HABITAT-USE AND TROPHIC STRUCTURE OF SHALLOW-
WATER FISH ASSEMBLAGES IN THE TALLAPOOSA RIVER IN
ALABAMA AND POOLS 7 AND 8 OF THE UPPER MISSISSIPPI
RIVER AT LA CROSSE, WISCONSIN. C. Santa Cruz, Alabama
Cooperative Fish and Wildlife Research Unit, Auburn University,
Auburn AL 36849/ National Fisheries Research Center, P.O. Box
818, La Crosse WI 54601; Mark Bain, New York Cooperative
Fish and Wildlife Research Unit, Cornell University, Ithaca, NY
14853; Barry Johnson, P.O. Box 818, National Fisheries
Research Center, La Crosse, Wl 54601.

BREAK/POSTERS 02:40-03:20 P.M. (Mississippi Room)

SESSION 1V BIOTIC COMMUNITITES Moderator: Mark Sandheinrich

03:20-03:40 P.M.

03:40-04:00 P.M.

04:00-04:20 P.M.

04:20-04:40 P.M.
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WINTERING BALD EAGLE POPULATIONS AND FORAGING
ACTIVITIES, IN RELATION TO FISH AVAILABILITY,
DISTRIBUTION, AND ABUNDANCE AT LOCK AND DAM 19,
MISSISSIPPI RIVER. C. Coat and T.C. Dunstan, Department of
Biological Sciences, Western lllinois University, Macomb, IL
61455.

COMMUNITY STRUCTURE OF BENTHIC UPPER MISSISSIPPI
RIVER: CHANGES BETWEEN 1975 MACROINVERTEBRATES IN
NAVIGATION POOL NO. 8, AND 1990. S.K. Brewer, T.0.
Claflin, and M.B. Sandheinrich, River Studies Center, University
of Wisconsin - La Crosse, La Crosse, Wl 54601.

MACROINVERTEBRATES OF SELECTED HABITATS OF THE
UPPER MISSISSIPPI RIVER. D. C. Beckett, B.W. Green, S.A.
Thomas, A.C. Miller*, and W.G. Cope**, Department of
Biological Sciences, Box 5018, University of Southern
Mississippi, Hattiesburg, MS 39406, *US Army Engineer
Waterways Experiment Station, 3909 Halls Ferry Rd.,
Vicksburg, MS 392180-6199, and **U.S. Fish and Wildlife
Service, . National Fisheries Research Center, PO Box 818, La
Crosse, WI 54602-0818. ”

PSAMMOPHILIC INVERTEBRATES OF THE LOWER MISSISSIPPI
RIVER: COMMUNITY COMPOSITION AND DENSITIES, WITH
SPECIAL EMPHASIS ON THE CHIRONOMIDAE. D. C. Beckett
and T.P. Aartial*, Department of Biological Sciences, Box 5018,
University of Southern Mississippi, Hattiesburg, MS 39406 and
*Department of Natural Resources, 2300 North Dr. Martin
Luther King, Jr. Drive, PO Box 12436, Milwaukee, WI 53212.



04:40-05:00 P.M. WATER QUALITY, MACROINVERTEBRATES, LARVAL FISHES,
AND FISHES OF THE LOWER MISSISSIPPI RIVER - THE
SYNTHESIS. D. C. Beckett, Department of Biological Sciences,
Box 5018, University of Southern Mississippi, Hattiesburg, MS
39406.

05:00-05:40 P.M. POSTERS (Pettibone Room)

06:00-07:00 PM. SOCIAL (Concourse)

07:00- BANQUET - Awards and Speaker (Stuart Robertshaw)

"Working with Humor Impaired Persons While

Studying the Mississippi" (Mississippi Room)

FRIDAY, MAY 1, 1992
REGISTRATION 07:15-08:00 A.M. (Mississippi Room)
SESSION V WATER QUALITY Moderator: Dave Soballe

08:00-08:20 A.M. WATER QUALITY PATTERNS AND TREND DETECTION IN THE
UPPER MISSISSIPPI RIVER SYSTEM. D.M. Soballe, U.S. Fish
and Wildlife Service, Environmental Management Technical
Center, 575 Lester Avenue, Onalaska, WI 54650.

08:20-08:40 PM. RECREATIONAL BOATING IMPACTS ON RIVER SHORELINES
AND WATER QUALITY IN POOL 4 OF THE MISSISSIPPI RIVER
NEAR RED WING, MINNESOTA. S. Johnson and M. Davis,
Minnesota Department of Natural Resources, Lake City, MN
55041.

08:40-09:00 P.M. RECENT TRENDS IN WATER QUALITY OF THE ILLINOIS AND
UPPER MISSISSIPPI RIVERS. R.E. Gaugush, U.S. Fish and
Wildlife Service, Environmental Management Technical Center,
575 Lester Avenue, Onalaska, WI 54650.

09:00-09:20 PPM. NONPOINT SOURCE POLLUTION IN THE LOWER MINNESOTA
RIVER. M.L. Meyer, Water Quality Division, Metropolitan Waste
Control Commission, 2400 Childs Rd., St. Paul, MN 55106.

09:20-09:40 PM. HERBICIES IN THE MISSISSIPPI RIVER AND ITS MAJOR
TRIBUTARIES, APRIL THROUGH JUNE 1991. R.H. Coupe and
D.A. Goolsby, U.S. Geological Survey, 102 East Main St.,
Urbana, IL 61801.

09:40-10:00 PM. CADMIUM AND MERCURY IN FURROWING MAYFLY NYMPHS
(HEXAGENIA) AND SURROUNDING SEDIMENTS IN THE UPPER
MISSISSIPPI RIVER. S.L. Beauvais and G.J. Atchison,
Department of Animal Ecology, lowa State University, Ames, |A
50010, and James G. Wiener, U.S. Fish and Wildlife Service,
National Fisheries Research Center, La Crosse, WI 54602-0818.
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BREAK

10:00-10:20 A.M. (Mississippi Room)

SESSION VI MUSSELS/MOLLUSKS Moderator: Teresa Naimo

10:20-10:40 A.M.

10:40-11:00 A.M.

11:00-11:20 A.M.

11:20-11:40 A.M.

11:40-12:00 A.M.

A REVIEW OF CHANGES IN UNIONID MUSSELS OF THE UPPER
MISSISSIPPI RIVER SYSTEM. P.A. Thiel, Environmental
Management Technical Center, U.S. Fish and Wildife Service,
575 Lester Avenue, Onalaska, Wl 54650.

THE CORPS OF ENGINEERS INITIATES STUDIES ON ZEBRA
MUSSELS. A.C. Miller and B.S. Payne, Environmental
Laboratory, U.S. Army Engineer Waterways Experiment Station,
Vicksburg, MS 39180-6199.

SPATIAL AND TEMPORAL DISTRIBUTION OF FINGERNAIL
CLAM MUSCULIUM TRANSVERSUM POPULATIONS IN THE
UPPER MISSISSIPPI RIVER. D.M. Wilson, T.J. Naimo, J.G.
Wiener, U.S. Fish and Wildlife Service, National Fisheries
Research Center, La Crosse, WI 54602 and Mark B.
Sandheinrich, River Studies Center, University of Wisconsin-La
Crosse, WI 54601.

EFFECTS OF COMMERCIAL NAVIGATION ON UNIONID
MOLLUSKS NEAR THE CITY DOCK, EAST CHANNEL,
MISSISSIPPI RIVER, PRAIRIE DU CHIEN, WI, OCTOBER 1990.
M.E. Havlik, Malacological Consultants, 1603 Mississippi
Street, La Crosse, WI 54601, and Carol B. Stein, The Ohio
State University Museum of Zoology, Columbus, OH 43210.

GENETIC RELATIONSHIPS BETWEEN MORPHS OF ANODONTA
GRANDIS FROM SELECTED LOCALITIES ON THE MISSISSIPPI
AND DES PLAINES RIVERS. M.A. Romano, R.V. Anderson, and
A.D. Moy, Department of Biological Sciences, Western lllinois
University, Macomb, IL 61455,

12:00-01:00 PM. LUNCH AT THE HOLIDAY INN (Concourse)

01:00-02:00 P.M. Business Meeting-Raffle Kent Johnson

(Mississippi Room)

SESSION VIl AQUATIC PLANTS Moderator: Mike Romano

02:00-02:20 P.M.
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PREDICTIVE MODELS OF WATER QUALITY VARIABLES
AFFECTING SUBMERSED AQUATIC VEGETATION FOR FIVE
POOLS ON THE UPPER MISSISSIPPI RIVER. C.E. Korschgen,
and W. L. Green, Northern Prairie Wildlife Research Center, La
Crosse, WI 54602-0818.



02:20-02:40 P.M.

02:40-03:00 P.M.

MACROPHYTE COMMUNITY CHANGES IN NAVIGATION POOL
NO. 8, UPPER MISSISSIPPI RIVER BETWEEN 1975 AND 1991.
J.R. Fischer and T.0. Claflin, River Studies Center, University of
Wisconsin-La Crosse, La Crosse, WI 64601.

THE IMPACT OF GRAZING AND TURBIDITY ON VALLISNERIA
AMERICANA IN TWO FLOODPLAIN LAKES OF THE ILLINOIS
RIVER. S. Peitzmeier-Romano, R.E. Sparks, K.D. Blodgett and
B.E. Newman, La Grange LTRMP Field Station, lllinois Natural
History Survey, Havana, IL 62644.

03:00-03:20 PM. Break (Mississippi Room)
SESSION VIill WATER LEVEL/VELOCITY Moderator: Doug Blodgett

03:20-03:40 P.M.

03:40-04:00 P.M.

04:00-04:20 P.M.

04:20-04:40 P.M.

04:40-05:00 P.M.
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ECOLOGICAL CHANGES ASSOCIATED WITH CHANGING
WATER REGIMES. C.H. Theiling, R.J. Maher and R.E. Sparks.
lllinois Natural History Survey, Long Term Resource Monitoring
Program - Pool 26, P.O. Box 368, W. Alton, IL 63386.

ANALYSIS OF THE HISTORICAL RECORD FOR DISCHARGE
AND WATER SURFACE ELEVATIONS OF THE UPPER
MISSISSIPPI RIVER SYSTEMS. J.H. Wilosinski, U.S. Fish and
Wildlife Service, Environmental Management Technical Center,
575 Lester Avenue, Onalaska, WI 54650.

VOLUME LOSS FROM LAKE PEPIN: IMPLICATIONS FOR
WATER QUALITY. T.0. Claflin, R.G. Rada, and W.R. Maurer,
River Studies Center, University of Wisconsin - La Crosse, La
Crosse, WI 54601.

LATERAL VELOCITY DISTRIBUTION IN LARGE RIVERS DUE TO
NAVIGATION TRAFFIC. N.G. Bhowmik, Director, Office of
Hydraulics & River Mechanics, lllinois State Water Survey, 2204
Griffith Drive, Champaign, IL 61820.

SIGNIFIANCE OF CONVECTIVE HYDRAULIC CIRCULATION ON
SOLUTE TRANSPORT IN AQUATIC SYSTEMS. J.W. Barko and
W.F. James, Environmental Management Technical Center,
Onalaska, WI and Waterways Experiment Station, Eau Galle
Limnological Laboratory, Spring Valley, WI, 54767.




MISSISSIPPI RIVER RESEARCH CONSORTIUM, INC.
24TH ANNUAL MEETING
POSTER AND DISPLAY PRESENTATIONS
THURSDAY, APRIL 30, 1992

09:40-10:20 A.M. 02:40-03:20 P.M. 05:00-05:40 P.M.

A BIVALVE FILTERING ASSAY FOR EVALUATING SEDIMENT TOXICITY. J.L.
Arnold, F.S. Dillon, R.E. Sparks and P.E. Ross. lllinois Natural History Survey,
Havana, IL 62644.

DISTRIBUTION PATTERNS OF FRESHWATER MUSSELS IN RELATIONSHIP TO
HABITAT. Richard V. Anderson, Amy Wolf Becker, Todd R. Pederson. Department
of Biological Sciences, Western lllinois University, Macomb, IL 61455.

SPATIAL ANALYSIS OF HEAVY METALS IN THE SEDIMENTS OF AN URBAN
FLOODPLAIN LAKE. Kevin J. Cole, Saint Mary's College #357, 700 Terrace
Heights, Winona, MN 55987-1399.

AN INCREASE IN GOLDFISH IN THE UPPER MISSISSIPPI RIVER. SHOULD WE BE
CONCERNED? D. Day', D. Sallee', B.A. Bertrand' and R.V. Anderson?. 'Streams
Program, lllinois Department of Conservation, Aledo, IL 61231, 2Biology
Department, Western lllinois University, Macomb, IL 61455.

HABITAT USE BY LARVAL FISH IN A BACKWATER LAKE OF THE UPPER
MISSISSIPPPI RIVER. M.R. Dewey, and C.A. Jennings, U.S. Fish and Wildlife
Service, National Fisheries Research Center, La Crosse, WI 54602,

BIOASSAYS ON ILLINOIS WATERWAY DREDGED MATERIAL. A. B. Gibson, T.M.

Dillon, and D.W. Moore, Waterways Experiment Station, Corps of Engineers, 3309
Halls Ferry Road, Vicksburg, MS 39180-6199.

DOCUMENTATION OF AVAILABLE DATA: LAMPSILIS HIGGINS! (LEA, 1857),
PRAIRIE DU CHIEN, WI, AREA, MISSISSIPPI RIVER MILE 628 TO 646, 1972 -
1990. M.E. Havlik, S.M. Briggs, and M.M. Larson, Malacological Consultants,
1603 Mississippi Street, La Crosse, WI 54601.

LAND COVER CHANGES IN THE WEAVER BOTTOMS, POOL 5, UPPER
MISSISSIPPI RIVER BETWEEN 1940 AND 1989. David R. McConville and Rory V.
Vose. Saint Mary's College of Minnesota, Winona, MN 55987-1399 and Barry W.
Drazkowski, Environmental Management Technical Center, U.S. Fish and Wildlife
Service, Onalaska, WI 54650,
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LAND USE/LAND COVER MERGED WITH BATHYMETRIC DATA. D. Olsen, U.S.
Fish and Wildlife Service, Environmental Management Technical Center, 575 Lester
Avenue, Onalaska, WI 54650.

PRIMARY PRODUCTION AND LIGHT AVAILABILITY IN AN UPPER MISSISSIPPI
RIVER BACKWATER. Jennifer L. Owens and William G. Krumpton, Department of
Botany, lowa State University, Ames, IA 50011.

ONE HUNDRED YEARS OF CULTURAL EFFECTS ON A RIVER LANDSCAPE. T.
Owens, U.S. Fish and Wildlife Service, Environmental Management Technical
Center, 575 Lester Avenue, Onalaska, Wl 54650.

DEVELOPMENT OF A SPATIAL DATA BASE OF LONGITUDINAL WATER LEVEL
FLUCTUATIONS WITHIN SELECTED NAVIGATION POOLS OF THE UPPER
MISSISSIPPI RIVER. J.T. Rogala and J.H. Wlosinski, U.S. Fish and Wildlife
Service, Environmental Management Technical Center, 575 Lester Avenue,
Onalaska, WI 54650.

DISTRIBUTION AND STATUS OF GREAT EGRETS IN THE UPPER MISSISSIPPI
RIVER FLOODPLAIN. J.Sauer, U.S. Fish and Wildlife Service, Environmental
Management Technical Center, 575 Lester Avenue, Onalaska, WI 54650.

MONITORING THE SPREAD OF ZEBRA MUSSELS IN THE UPPER MISSISSIPPI
RIVER SYSTEM. Pamella A. Thiel, U.S. Fish and Wildlife Service, Environmental
Management Technical Center, Onalaska, WI 54650, K. Douglas Blodgett, lllinois
Natural History Survey and Long Term Resource Monitoring Program, Havana, IL
62644, and Andrew C. Miller, U.S. Army Engineer Waterways Experiment Station,
Vicksburg, MS 39180-0631.

VARIATIONS IN WATER LEVEL FLUCTUATIONS WITHIN NAVIGATION POOLS OF
. THE UPPER MISSISSIPPI RIVER. J.H. Wlosinski, D.J. Krzoska, and K.L. Lubinski,
U.S. Fish and Wildlife Service, Environmental Management Technical Center, 575
Lester Avenue, Onalaska, WI 54650.

COMPARISON OF TWO METHODS FOR ESTIMATING GROWTH AND MORTALITY
OF LARVAL LEPOMIS SPP. S.J. Zigler and C.A. Jennings, U.S. Fish and Wildlife
Service, National Fisheries Research Center, La Crosse, Wisconsin 54602-0818.
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MISSISSIPPI RIVER RESEARCH CONSORTIUM, INC.
24th ANNUAL MEETING
HOLIDAY INN, LA CROSSE, WI

APRIL 30 - MAY 1, 1992

ABSTRACTS OF PLATFORM PRESENTATIONS
(listed alphebetically by presenting author)
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COMMUNITY COMPOSITION IN THE MUSSEL OF THE MISSISSIPPI RIVER
BORDERING ILLINOIS. Richard V. Anderson, Department of Biological Sciences, Western
Illinois University, Macomb, IL 61455,

The Illinois Department of Conservation has established 7 mussel sanctuaries in the Mississippi
River along the states western border. We are in the process of completing baseline surveys of
the mussel communities in these sanctuaries so that they may be used to evaluate subsequent
changes the mussel community or their environment. Initial evaluation of species composition
and density in the lower 5 of these sanctuaries has indicated that each of the sanctuary sites has
a comparatively distinct community. Most of these sanctuaries have one to three numerically
dominant species but the dominant species are often different from site to site. For example
the butterfly, Ellipsaria lineolata, is dominant in the Pool 20 sanctuary but has a low abun-
dance or is absent at the other sites. Mean density was also very different between the studied
sanctuaries, ranging from a high of approximately 100/m? in Pool 20 to a low of 10/m? in Pool
26. Difference in species composition and density occurred in spite of similarities in habitat.

SIGNIFICANCE OF CONVECTIVE HYDRAULIC CIRCULATION ON SOLUTE
TRANSPORT IN AQUATIC SYSTEMS. John W. Barko and William F. James,
Environmental Management Technical Center, Onalaska, WI, and Waterways Experiment
Station, Eau Galle Limnological Laboratory, Spring Valley, WI 54767.

On a daily basis, shallow vegetated regions of aquatic systems heat and cool more rapidly tan
adjacent open-water regions, due partly to differences in mixed volume. Submersed aquatic
vegetation can contribute significantly to the development of these thermal gradients, which
promote convective hydraulic circulation. Effects of this form of circulation are potentially
far-reaching, since this mechanism operates daily and can account for significant transport of
dissolved constituents between littoral and open water regions of lakes and reservoirs. For
example, our studies conducted in Eau Galle Reservoir, WI have indicated that hydraulic
transport affected by convection accounts for about 26 percent of the internal loading of
phosphorus. In addition, fish and invertebrate communities may be directly influenced by diel
patterns of thermal redistribution. Convective hydraulic circulation is potentially important in
isolated riverine marsh and backwater areas as well, where thermal stratification is not
overcome by gravity flow.
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