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ABSTRACT 

This study was designed to determine the causes for decreased 
migrant waterfowl use in the Weaver Bottoms of Mississippi River pool 
five. Spring Slough, in pool seven, was selected as a control. 

Vegetation was sampled on square foot plots. The species present 
and their respective abundances were determined. These were related to 
depth, clarity and substrate type. Chemical parameters of the water 
also were determined. 

Vegetation type maps and waterfowl censuses made during this study 
were compared to those made at intervals since impoundment created this 
habitat in the late 1930's. 

Lessened waterfowl use was due to a pronounced decrease in the 
abundance of aquatic macrophytes which supplied food for waterfowl. 
The amount and variety of vegetation declined as a result of greatly 
accelerated successional changes. The depth, size and openess of the 
Weaver Bottoms allowed winds to uproot vegetation and increase turbidity. 
Water flow patterns through the area were altered by the deposition of 
dredge spoil by the u.s. Army Corps of Engineers since 1940. 

Much of the vegetation was dislodged by severe wind action by late 
July during this study. Exclosures designed to test the effects of 
carp on vegetation showed no significant difference between areas with 
and without carp. 

Measures for rehabilitating the Weaver Bottoms were suggested. The 
best methods would be complete or partial filling of selected areas 
combined with construction of islands to decrease wave action and a 
partial closing dam at the downstream end to increase sedimentation and 
raise the river bottom. Water flow could be reduced by closing openings 
to the main channel. Most of the remedial measures would use large 
quantities of previously unwanted dredge spoil. Spoil would be capped 
with silt or topsoil to insure rapid vegetation growth. 
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INTRODUCTION 

Numerous important waterfowl areas have undergone vegetation 

losses in recent years, subsequently decreasing their value as wild

life habitat. This has occurred in the Weaver Bottoms in pool five on 

the Upper Mississippi River Wildlife and Fish Refuge. Formerly an 

area of extensive use, its waterfowl numbers have continued to decline 

more rapidly than those of the flyway flock, (U.S. Fish and Wildlife 

Service, Fall Flight Forecasts, 1974, Upper Mississippi River Fish 

and Wildlife Refuge Waterfowl Census Reports 1953 to 1975). 

This 2 year study was initiated to determine causes for the loss 

of aquatic vegetation and the resultant decrease in use during the fall 

by migratory waterfowl, to assess present conditions to provide a 

basis for future comparison and to propose plausible methods of 

rehabilitation for the area based on the information obtained. Knight 

(1965) studied the relationship between the availability of acceptable 

waterfowl foods and waterfowl numbers. He reported that as vegetation 

decreased, duck numbers dropped; as vegetation increased, particularly 

sago pondweed (Potomogeton pectinatus), the number of ducks increased. 

Similar situations in Wisconsin have been noted by Jahn and Hunt (1964) 

and Zimmermann (1953). Several causes for the vegetation loss were 

explored, including determination of the effects of carp (Cyprinus 

carpio) on aquatic vegetation. 
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DESCRIPTION OF STUDY AREAS 

The Weaver Bottoms are situated in the downstream half of 

Mississippi River pool five on the Upper Mississippi River Wildlife 

and Fish Refuge (Figure 1). The Weaver Closed Area (Figure 2), the 

major study area, was closed to waterfowl hunting at all times. It 

formed a large part of the total area in pool five where waterfowl 

were unmolested and it therefore attracted a large portion of the 

ducks. It occupies the E~ of sections 20 and 29, all of sections 21 

and 28, the E~ of the N~ of section 32 and N~ of section 33, T 10 N, 

R 9 W, Wabasha County, Minnesota. 

The Weaver Closed Area receives a large inflow of water from 

the north, east and west. Because of this, it is subject to siltation 

at all river levels. It also receives a large amount of sandy dredge 

spoil from channel maintenance operations by the u.s. Army Corps of 

Engineers and considerable expanses of open water are exposed to the 

prevailing winds. This pool was filled almost 40 years ago by closing 

lock and dam five, but about 30 years ago this area was still marsh 

habitat. Vegetation losses accelerated around 1960 and duck numbers 

declined accordingly, although the decline lagged a few years behind 

vegetation losses. It is now a large expanse of open water bordered 

by patches of vegetation. 

Spring Slough (Figure 3) , the study control area, occupies all 

of sections 5 and 6, the N~ of section 7, theW~ of the NW~ of section 

8, T 17 N, R 8 W, in LaCrosse County and the S~ of the SW~ of section 

36 and section 31 southwest of the Burlington Quincy Railroad tracks 

in T 17 N, R 8 W, Trempealeau County, Wisconsin. The area locally 

known as Mud Lake has been included as a part of Spring Slough. 
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Spring Slough was selected as the control area because it offered 

excellent habitat similar to the type once found in parts of the 

Weaver Bottoms. 

Spring Slough is located nearer the upstream end of its pool 

than the Weaver Bottoms and does not have a large inflow or outflow 

of water except during spring floods. Therefore, it is much less 

subject to siltation than the Weaver Bottoms and receives little or 

no dredge spoil since prominent land ridges separate it from the 

Mississippi River. Spring Slough was exposed to the same wind 

factors as the Weaver Bottoms but was less affected due to its 

smaller size and shallower depth. Spring Slough was flooded at 

approximately the same time as the Weaver Bottoms, but its vegetation 

density was thought to be relatively unchanged (Green 1949). 

METHODS 

Random sample plots were selected by placing a numbered grid 

over maps of each study area and selecting plots from a table of 

random numbers. The center of each block selected was marked with a 

post and numbered sign. On site locations for these stations were 

determined by measurement from known points of reference using a 

compass and tape. 

Each week a distance and direction for sampling at the stations 

was selected by random drawing. Directions were along the cardinal 

compass points. To decrease disturbance of adjacent areas, distances 

were selected in increments of 0.9 m. Plot markers were a minimum of 

78 m apart and samples were collected from 1.8 to 6.4 m from them. 
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At each sampling site, the following data was colLected: 

Secchi disk transparency, water depth, aquatic vegetation sample and 

substrate composition. Secchi disk transparency, water depth and 

substrate composition were determined adjacent to the designated 

2 0.09 m plots to avoid disturbing the vegetation sample and because 

the substrate was disturbed when vegetation was removed. 

The sampling phase lasted from early June to early September 

during 1974 and 1975. Sampling was performed weekly with each area 

sampled biweekly. Under optimal conditions, the collection and 

processing of samples required 3 days per week. Vegetation mapping, 

photography, data analysis and other related activities were 

performed at other times. 

Water transparency was determined by the standard method for 

using a secchi disk (Reid 1961). Transparency was determined to the 

nearest 3 em where possible. In densely vegetated areas, an opening 

was made in the plant mass so the disk could be lowered. Depth was 

recorded to the nearest 8 em by lowering the secchi disk to the 

bottom and reading the graduated cable. No correction for cloud 

cover or the sun's inclination was made., thus transparency may have 

been somewhat greater than recorded, although sampling was done as 

often as possible around midday on clear, calm days. 

Vegetation was collected from approximately 0.09 m2 plots by 

drawing a 41 em wide rake along the substrate. The rake tines were 

spaced 2.5 em center to center and were 7 em long. This method 

primarily followed that of Swindale and Jahn (1956). The method 

employed had several drawbacks but was relatively fast and simple and 

could be performed by one person with a minimum of equipment. In 
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dense submergent vegetation plants outside the sample area were 

entangled and became part of the sample, thereby increasing the 

apparent density of vegetation. Strong stenuned and rooted floating 

plants such as the white water lily (Nymphaea odorata), yellow water 

lilies (Nuphar ~.) and water lotus (Nelumbo lutea) presented the 

opposite problem because they occasionally did not uproot properly 

or they broke apart when being removed. Emergent vegetation such as 

arrowheads (Sagittaria !£.), bulrushes (Scirpus ~.) and reed grass 

(Phragmites conununis) were sometimes difficult to uproot. A greater 

portion of the sample was lost in sparsely vegetated areas since it 

tended to slip between the tines rather than become entangled with 

them. A wholly satisfactory method for sampling freshwater 

macrophytes has not been devised. 

Areas of duckweeds other than star duckweed (Lerona trisulca) were 

sampled with a finely screened benthic sorting pail by holding it beneath 

the surface and slowly raising it to collect the floating duckweeds. The 

pail sampled an 0.07 m2 area but volumes were converted to the amount 

present in 0.09 m2 . Star duckweed was collected by rake with the other 

aquatic plants. Vegetation from the plots was rinsed in a benthic 

sorting pail to remove soil and detritus. It'was then stored in plastic 

bags until it could be sorted into the component species. 

The quantity of each plant species present was determined by the 

water displacement method outlined in Korschgen (1971) and Rogers and 

Korschgen (1966). Little modification was needed to adapt the method 

to this study. Korschgen (1971), Bennett (1970) and Swanson, et al. 

have criticized this method. Bulky emergents would be favored in 

volume determinations while smaller plants would be favored by frequency 
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of occurrence methods if the number of plants was counted. In this 

study the volume and number of plots a plant occurred in were the main 

criteria for judging relative dominance. Dehydration of the plants 

was prevented and the amount of water clinging to the plants before 

and after volumetric analysis was assumed to be constant. 

Plants were identified according to Fassett (1972), Gleason and 

Cronquist (1963) and Dr. William E. Green, refuge management biologist 

for the U.S. Fish and Wildlife Service. A very small percentage of 

the vegetation collected, such as plant fragments, proved unidentifiable. 

The duckweeds and arrowheads were not identified by species due to 

mechanical and taxonomic difficulties, respectively. Most of the 

sampling season had passed before flowers were present on the arrow

heads and since these were needed to distinguish the various species, 

the whole genus was grouped together. The common species in this area 

(~. heterophylla, ~· latifolia and ~· arifolia) were probably of about 

equal value to waterfowl (Martinet al 1951). 

Four exclosures were constructed in 1975 at different depths and 

in different substrate types to determine if common carp were preventing 

the growth of aquatic plants. The exclosures were constructed of 1.8 m 

high, 3 em mesh poultry fencing and driven wooden posts. Carp were 

removed by seining and were prevented from re-entry by burying the 

bottom of the fence approximately 10 em into the substrate. Three of 

the exclosures encompassed 0.01 hectare and one included 0.005 hectare. 

In construction and size the fences were like those of Threinen and 

Helm (1954), Black (1946) and Tryon (1954). Robel's (1961) approach of 

fencing known densities of carp inside was not tried due to material 

and manpower limitations. 
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Vegetation inside and surrounding the exclosures was sampled by 

the same methods previously outlined except for the manner of selecting 

the vegetation plots. The exclosures were roughly rectangular and 

samples were collected inside and outside the exclosures at 1/4 the 

distance from posts on opposite sides. Four samples were collected 

inside and four outside each exclosure on each of three dates. 

Core substrate sampling was performed by using a clear plastic 

tube 2.7 min length and 3.5 em in diameter. The core sampler was 

thrust 0.3 to 0.8 minto the substrate, the open end stoppered and the 

sample withdrawn. The depths of the various substrate layers were 

measured and the core discarded. Core samples were recorded the first 

and last two sampling trips to each area during both years of this 

study. They allowed the determination of substrate-plant associations 

and the movement and spatial arrangement of sediments. 

Chemical characteristics of the water in both areas were analyzed 

by the water resources lab at U.W-Stevens Point during the week of 14 

to 21 July 1974. These analyses were not repeated in 1975 due to 

financial limitations. Samples were collected with a 3 liter Van Dorn 

bottle (Welch 1948). 

Historical changes in vegetation, siltation, depth and waterfowl 

use were determined from records at the Upper Mississippi River Fish 

and Wildlife Refuge Headquarters in Winona, Minnesota. Old aerial 

photographs, type maps and written records were consulted and 

Dr. W. E. Green provided valuable background information. Other natural 

resources professionals in the area were also consulted as well as 

people with extensive experience on the river. 

Data in the waterfowl numbers section was based on aerial censuses 
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conducted by Upper Mississippi River Wildlife and Fish Refuge personnel 

from 1954 through 1964 and ground counts conducted by different refuge 

personnel during 1974 and 1975. Before 1954 data on specific areas was 

not recorded separately, although a general indication of use in this 

area can be obtained from Green (1963). Data since 1964 was collected 

by district rather than by area, except in 1974 and 1975 when the 

Weaver Bottoms were separated from the other data. Mean numbers and 

standard deviations of the various species of waterfowl were included 

to facilitate direct comparison between 1954-1958, 1959-1964 and 

1974-1975. 

The Weaver Bottoms were sometimes censused as a whole and some-

times as two sub-areas--the closed are and the area open to hunting. 

After hunting seasons opened, almost all ducks were in the closed area. 

Using the entire Weaver Bottoms as the area censused probably yielded a 

good indication of numbers present and species composition. 

RESULTS 

Weaver Closed Area 

Water Transparency 

Water transparency varied widely throughout the growing season 

during both years of this study. It was generally in the 45 to 75 em 

range during mid and late May, a critical time for rapidly emerging 

aquatic plants. Enough light for photosynthesis should be available at 

depths approaching 1.5 m in parts of the area since ample light 

penetration is approximately equal to twice the secchi reading (Reid 

1961). The maximum secchi disk transparency obtained was 1.06 m near 

the northeast boundary of the closed area on 4 June 1975 but clarity 
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dropped to 28 em at the same location within 5 days. 

The water became very turbid due to widespread heavy rains 

occurring around 10 June both years. Transparency dropped to less than 

8 em near the mouth of the Whitewater River on 10 June 1974. Subsequent 

rainstorms periodically clouded the water at irregular intervals 

throughout the summer, but transparency usually reached its former 

level within 1 week. 

Transparency also varied with location. The east side was nearly 

always clearer than the west because of turbid inflow from the Whitewater 

River and the Old Zumbro River. The Whitewater was by far the largest 

contributor (Figure 1, p. 3). 

Algal blooms occasionally reduced light penetration by about 10 em 

along the east side during mid and late sunmer. Blooms were usually not 

dense and persisted only a few days. Blooms were more pronounced in 1974 

because the slower river flow allowed a greater buildup of algae. 

The mean secchi disk transparency was 40 ~ 27 em (n=364) for the 

2 years of this study. 

Water Depth 

The water depth throughout the Weaver Closed Area was fairly 

homogeneous. Based on 364 measurements taken between 1 June and 1 

September 1974 and 1975, the mean depth was 1.15! 0.44 m. This was 

0.3 m greater than the mean light penetration. Much of the area was 

near the mean depth (Appendix B). The depth varied 0.4 m during the 2 

summers of measurement, although slightly more variability was possible 

because the level was not monitored continuously. The depth can change 

approximately 5 m during record flood crests but they occurred prior to 

extensive vegetative development. 
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Substrate 

The substrate was usually firm, consisting primarily of 5 to 

30 em of silt overlying clay. Almost all of the 192 samples contained 

some sand; however, the amount of dredge spoil sand present in the 

substrate decreased from east to west (Appendix C). Core samples taken 

in or near channels through islands bordering the river's main channel 

revealed sand deposits in excess of 45 em in depth. Cores taken further 

from island channels indicated sand laden silt or a few centimeters of 

sand over silt. The presence of sand is further evidence that dredge 

spoil was carried by wind and water movement into areas where it was 

not originally deposited by the Corps of Engineers. 

Aquatic Vegetation 

Areas not covered with water at any time during the sampling 

period were not mapped in detail. Only the edges of the Weaver Closed 

Area supported appreciable stands of aquatic vegetation (Appendix D). 

Arrowheads were the most abundant and comprised 51.0% of the 

total volume (Table 1). Combined with curlyleaf pondweed (Potomogeton 

crispus) and sago pondweed, the two next most abundant species, they 

represent 81.5% of the vegetative volume. The frequency of occurrence 

of the arrowheads is understated because in May 1974 I did not accurately 

locate the southwest portion of the closed area boundary. As a result, 

a few plot markers were improperly placed and one of them would have 

been near some arrowheads. The error was not discovered until near the 

end of the 1st sampling season and, therefore, could not be remedied 

until the 2nd year of the study. The magnitude of the error was 

undetermined but it was believed small. 

This area was not very diverse during this study. Green (1947) 



TABLE 1. Summary of vegetation analysis of the Weaver Bottoms 
in 1974-1975 

Species 

Lesser duckweed (Lemna minor) 
Big duckweed (Spirodela polyrhiza) 
Watermeal (Wolffia columbiana) 

Arrowheads (Sagittaria ~.) 
Burreed (Sparganium eurycarpum) 
Reed grass (Phragmites maximus) 

American lotus (Nelumbo lutea) 
White water lily (Nymphaea odorata) 

Curlyleaf pondweed (Potomogeton crispus) 
Sago pondweed (~. pectinatus) 
American pondweed ~· americanus) 
Leafy pondweed (1. foliosus) 

Water stargrass (Heteranthera dubia) 
Wild celery (Vallisneria americanum) 

Presence 
in plots 

5 

13 
4 
1 

4 
1 

24 
21 

1 
2 

3 
18 

% occurrence 

1.3 

3.6 
1.0 
0.3 

1.0 
0.3 

6.6 
5.8 
0. 3 
0.5 

0.8 
4.9 

18.7 

Total volume 
(in mls.) 

15 

8,815 
1,070 
1,010 

290 
20 

4,110 
1,155 

160 
35 

145 
475 

17,300 

% of total 
volume 

0.1 

51.0 
6.2 
5.9 

1.7 
0.1 

23.8 
6.7 
0.9 
0.2 

0.8 
2.7 

100.1 

Number of plots sampled = 364 Number vegetated = 68 Number of species sampled = 16 

I 

~ 
I 
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found many more species. Sixteen species were identified in the samples 

and water milfoil (Myriophyllum!£.), coontail (Ceratophyllum demersum) 

and wild rice (Zizania aquatica) were known to be present in minute 

quantities, but they did not occur in the samples. 

The mean vegetative volume was 0.52! 0.46 l/m2 (n=364). Only 

18.7% of the plots contained any vegetation. 

The species composition of the area changed during the sampling 

period (Appendix F). Curlyleaf pondweed, one of the first plants col

lected, was also the first plant to disappear. Free floating curlyleaf 

pondweed was found after days with strong wind and wave action. July 

appeared to be the month when the most damage occurred. Curlyleaf 

pondweed normally disintegrates near mid-summer (Andrews 1946, Anderson 

1950). Gleason & Cronquist (1963) noted that it disintegrated but they 

did not mention when. Very little curlyleaf pondweed remained for 

migrant waterfowl in fall. 

Sago pondweed also disappeared before migrant waterfowl arrived. 

Normally it does not disintegrate, but in Weaver it was gradually torn 

apart by severe wind and wave action. Moderate and high velocity winds 

from any direction were damaging, but wind from the south, southeast, 

west and northwest was the most detrimental. 

Wild celery (Vallisneria americanum) remained until the fall in 

many areas. It seemed to grow in more sheltered locations and its 

leaves appeared resistant to wind action. 

Arrowheads were the most persistent plants which were of value to 

waterfowl. The vegetative part of the plant was sometimes torn apart 

in August and September but their tubers, the part of most value to 

waterfowl, usually remained. Entire plants, including seed heads, were 
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present in the early fall in sheltered locations. Arrowhead stems and 

leaves normally died back in early October. 

Relationship of Substrate and Depth to Species Present 

Curlyleaf pondweed was found at depths from 0.3 to 1 m. All 

large beds were on a mixture of firm silt and sand but it also grew on 

almost pure sand. Peltier and Welch (1969) found it growing on deep 

silt; however, they were working in an area where sand and clay were 

rare. Anderson (1950) reported it on a firm silt. It grew in the 

parts of Weaver where the water was usually clearest. This is most 

likely a coincidence since the substrate is the probable determining 

factor, based on observations elsewhere. Beds of curlyleaf were 

usually dense. 

Sago pondweed grew in the same depth range as curlyleaf pondweed 

and was often associated with it, however, sago pondweed appeared to 

grow best at water depths of 0.3 to 0.8 m. S~indale and Curtis (1957) 

found it at depths of 0.5-0.8 m. Where the two species were associated, 

curlyleaf was always more abundant. Peltier and Welch (1969) mentioned 

their association but did not report dominance. The largest bed was in 

a very turbid area in 45 to 60 em of water. Sago pondweed was found on 

a siltier substrate than curlyleaf. Peltier and Welch (1969, 1970) found 

a strong correlation between sago pondweed and a silt substrate. Only 

small quantities were found where sand was the main substrate component. 

The large bed previously mentioned grew on a moderately soft bottom 

comprised almost entirely of silt. Sago pondweed is known as a very 

versatile plant of value to all waterfowl (Knight 1965, Martin et al. 

1951). It grew in small scattered clumps and in dense beds. 

Arrowheads were found growing on exposed mudflats and to depths of 
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0.8 m. This depth agrees exactly with that observed by Swindale and 

Curtis (1957). The three common species, ~· latifolia, ~· arifolia and 

~· heterophylla, showed a distinct zonation as depth increased (Green, 

June 1974 pers. comm.). ~· heterophylla was the most abundant of the 

three and it grew in the deepest water. Arrowheads appeared to grow 

best on a firm silt substrate, but also grew well where it was mainly 

sand, although their normally very dense growth was then somewhat more 

sparse. Arrowheads frequently were associated with giant burreed 

(Sparganium eurycarpum). 

Reed grass, a moist soil plant formerly very abundant but now 

present only in scattered clumps, grew in 0 to 1.2 m of water. It was 

found usually on a silt substrate, although it also tolerated a 

considerable amount of sand. This grass has served as an indicator of 

the degradation of the Weaver Bottoms (Green, June 1974 pers. comm.) and 

normally grows in very dense stands. Gorham and Pearsall (1956) also 

associated reed grass with a silty substrate, but found that its best 

growth was attained in 0-25 em of water. The water depth in Weaver .was 

probably too great for sustained growth over a long period. 

Carp Exclosures 

Four exclosures were constructed in selected locations in 1975 on 

areas with different substrates and where different densities and species 

of vegetation were present in 1974 (Appendix C). Exclosure A was 

located in 0.8 m of water on a sandy silt substrate where a moderately 

dense crop of submergents grew in 1974. The vegetation in this bed in 

1975 consisted of about 80% curlyleaf pondweed, 15% sago pondweed and 5% 

wild celery. One carp of approximately 3 kg was found inside this 

exclosure on July 25 and it was removed 2 weeks later. It had little 



TABLE 2. Mean (n=4) densities (ml/m2) of vegetation inside and outside carp exclosures 

Amt. inside Amt. outside Amt. inside Amt. outside Amt. inside Amt. outside 
Species on 6/6/75 on 6/6/75 on 7/7/75 on 7/7/75 on 8/25/75 on 8/25/75 

Exclosure A Exclosure A Exclosure A 

Curlyleaf pondweed 1087 1248 98 89 0 0 
Sago pondweed 108 86 129 65 0 22 
Wild celery 0 43 43 32 22 43 

Exclosure B Exc1osure B Exclosure B 

Arrowheads 0 54 3250 3120 10,000 9490 I ..... 
Duckweeds 0 0 54 54 140 118 00 

I 

Exclosure C Exclosure C Exclosure c 

Arrowheads 0 0 0 161 129 0 

Exclosure D Exclosure D Exclosure D 

Sago pondweed 968 947 1636 1582 22 43 
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effect since most vegetation had already been dislodged by the wind 

(Table 2). Fences offered little resistance to wind and wave action. 

Vegetation inside and outside of the exclosure disappeared at about 

the same rate. 

Exclosure B was constructed in 0.6 m of water on a sandy silt 

substrate similar to that of exclosure A. A dense growth of arrowheads 

and abundant duckweeds were present inside and outside the exclosure 

and their densities remained approximately equal throughout the growing 

season. 

Exclosure C was on a substrate with more sand than A or B; sand 

was approximately 1/2 the substrate. The theory that vegetation would 

grow if carp were excluded, was tested in this exclosure. However, 

little vegetation grew but the current may have been too rapid to allow 

its establishment. 

Exclosure D was erected in 0.5 m of water on moderately soft silt 

which produced a dense bed of sago pondweed. As in the areas around 

the other exclosures, numerous carp were present and the vegetation 

disappeared at about the same rate inside and outside the exclosure. 

Chemical Characteristics 

The Weaver Bottoms' water was very fertile according to samples 

analyzed by the water resources laboratory at the University of Wisconsin

Stevens Point. Phosphates and total nitrogen were present at moderately 

high levels (0.234 ~ 0.084 ppm and 1.77 ~ 0.46 ppm respectively) much 

more than necessary for ample plant growth. The water was hard (total 

hardness= 179 ~58 ppm) and gave high conductivity (422 ~ 8/~MHOS) 

readings (Appendix A). Hard water is several times as productive as soft 

water (Juday 1942, Jahn and Hunt 1964). Swindale and Curtis (1957) found 
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conductivity was most directly correlated with the density of aquatic 

vegetation. Weaver was also enriched somewhat by human wastes other 

than agricultural runoff, as shown by the chloride concentration 

+ (9.8 _ 1.4 ppm). The chemical oxygen demand (C.O.D.) also ran rather 

high (31.04; 10.58 ppm) according to Welch (1948) and Reid (1961). 

Chlorides can arise from processing sewage at treatment plants. The 

C.O.D. is a measure of the quantity of materials which need oxygen to 

decompose or reach an oxidized state. Thus, it too is affected by 

sewage as well as by some chemical pollutants. See Figure 1 (p.3) for 

sample sites. 

Spring Slough 

Water Transparency and Depth 

Secchi transparency nearly always exceeded depth, especially in 

the north half of Spring Slough, locally known as Mud Lake. The south 

quarter of Spring Slough became moderately turbid, with secchi 

transparencies of 45 to 75 em during June 1974, as a result of heavy 

rains. Water depth also increased greatly at such times. Spring 

Slough's depth varied approximately 1.1 m excluding spring flood crests. 

+ The mean depth was (0.6 _ 0.55 m) although by late summer this figure 

could represent a maximum depth (Appendix G). Light easily reached the 

substrate since the mean secchi reading was 55 : 40 em. Transparency 

and depth were based on 201 samples. Algal blooms did not affect 

transparency appreciably since sizeable blooms were not observed during 

the 2 years of this study. 

Substrate 

Based on 98 samples and numerous observations, the substrate 
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(Appendix H) was primarily silt similar to that found in most of the 

Weaver Bottoms, except that little sand was mixed with it other than 

near the south-southeast boundary. Beneath the silt was a silty clay 

or sand. The sand found 25 to 45 em below the substrate surface in 

many places may have been the preimpoundment substrate. Little or no 

sand entered as a result of dredge spoil deposition, since Spring 

Slough was largely isolated from normal river flows. The northeast 

part of this area had a soft silt varying from 3 to 30 em in depth 

above a firm silt. More organic detritus was found in the substrate as 

a result of having a higher standing crop of vegetation. 

Aquatic Vegetation 

River bulrush (Scirpus fluviatilis) was abundant on all margins 

and scattered patches occurred in water up to 0.5 m in depth (Appendix 

I). It was seldom sampled in 1975 because plants growing in the water 

were sampled more intensely. Some arrowheads and other plants growing 

on exposed mudflats were sampled less in 1975 also. 

Thirty-seven species of aquatic plants were sampled and this 

included all species known to occur there. Arrowheads were the most 

abundant, forming 43.4% of the total volume and occurring in 38.3% of 

the samples. ~· heterophylla was the most abundant of the arrowheads 

but ~· arifolia and ~· latifolia also were found. If the two next most 

abundant species, coontail and waterweed (Anacharis canedensis were 

added, the total amounted to 70.8% of the volume present (Table 3), 

whereas the three most numerous species in the Weaver Bottoms contributed 

81.5% of the total volume. The mean volume was 5.52 ~ 4.95 1/m2 or 10.7 

times the mean volume of the Weaver Closed Area. Of 201 plots sampled, 

98.5% were vegetated, or 5.3 times the figure for the Weaver. Both 



TABLE 3. Summary of vegetation analysis of Spring Slough in 1974-1975 

Species 

Lesser duckweed (Lemna minor) 
Big duckweed (Spirodela polyrhiza) 
Watermeal (Wolffia columbiana) 
Star duckweed (1. trisulca) 

Arrowhead (Sagittaria ~.) 
Burreed (Sparganium eurycarpum) 
Reed grass (Phragmites maximus) 
Wild rice (Zizania aquatica) 

River bulrush (Scirpus fluviatili~ 
Softstem bulrush (~. validus) 
Slender bulrush (~. heterochaetus) 

White water lily (Nymphaea odorata) 
Yellow water lily (Nuphar ~.) 
American lotus (Nelumbo lutea) 

Small waterweed (Anacharis occidentalis) 
Large waterweed ~· canedensis) 
Water milfoil (Myriophyllum heterophyllum) 
Water milfoil (~. exalbescens) 

Muskgrass (Chara !£·) 
Vaucheria (Vaucheria ~.) 
Water net (Hydrodictyon ~·> 

Number of plots 
where present % occurrence 

23 11.4 

39 19.4 

77 38.3 
1 0.5 
3 1.5 

17 8.5 

10 
2 
1 

23 
4 

11 

16 
67 

7 
50 

4 
6 

21 

5.0 
1.0 
0.5 

11.4 
2.0 
5.5 

8.0 
33.3 
3.5 

24.9 

2.0 
3.0 

10.4 

Total volume 
(in mls.) 

280 

2,090 

44,805 
60 

650 
4,535 

2,035 
535 
645 

1,947 
110 

1,450 

1,220 
6,300 

685 
2,985 

690 
165 

1,985 

% of total 
volume 

0.3 

2.0 

43.4 
0.1 
0.6 
4.4 

2.0 
0.5 
0.6 

1.9 
0.1 
1.4 

1.2 
6.1 
0.7 
2.9 

0.7 
0.2 
1.9 

I 
N 
N 
I 



N1.1mber of plots Total vol1.1me % of total 
Species where present % occ1.1rrence (in mls.) vol1.1me 

Richardson's pondweed (Potomogeton richardsonii) 2 1.0 325 0.3 
Curlyleaf pondweed (~. crispus) 11 5.5 355 0.3 
Leafy pondweed Q. folio sus) 31 15.4 590 0.6 
Sago pondweed Q. pectinat1.1s) 3 1.5 490 0.5 
Small pondweed (~. pusillus) 15 7.5 870 0.8 
American pondweed (~. american1.1s) 16 8.0 1,115 1.1 
Flatstem pondweed Q. zosteroformis) 40 19.9 1, 712 1.7 
Variable pondweed (P. gramine1.1s) 1 0.5 50 0.1 
Bushy pondweed (Najas flexilis) 15 7.5 352 0.3 
Horned pondweed (Zannichellia pal1.1stris) 4 2.0 92 0.1 

Water stargrass (Heteranthera d1.1bia) 18 9.0 585 0.6 
Wild celery (Vallisneria american1.1m) 20 10.0 1,150 1.1 I 

N 

Coon tail (Ceratophlll1.1m demers1.1m) 126 62.7 21,945 21.3 w 
I 

Bladderwort (Utric1.1laria v1.1lgaris) 9 4.5 330 0.3 
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differences were highly significant (t<.OOl, df=563). Also, unlike 

the Weaver Closed Area, the species composition remained relatively 

unchanged throughout the sampling period (see Appendix J). 

Relationship of Substrate and Depth to Species Present 

Arrowheads grew on a firm silt as in the Weaver Bottoms and at 

water depths up to 0.5 m. Most very shallow water and mudflats were 

covered by dense stands of river bulrush and arrowheads. Arrowheads and 

river bulrush were seldom intermingled; a distinct zonation usually 

existed with river bulrush usually occupying the shallowest areas. 

Both species grew in dense stands. 

Wild rice grew on the soft silt in the northeastern part of Spring 

Slough. It was seldom found on moderately firm silt. Wild rice appeared 

to prefer depths of 15 to 45 em of water. 

Coontail and waterweed were often associated and were found on 

moderately firm silt at all depths in Spring Slough. Coontail was 

usually more abundant when the two were associated. Coontail was always 

associated with sheltered areas since it lacks true roots (Pond 1903, 

Lind and Cottam 1969). Pond (1903) also found waterweed on the richer 

substrates and Lind and Cottam (1969) reported it at depths of 0.5-1.5 m. 

It was found in Spring Slough primarily at 0.2-0.8 m depths. 

Water lotus, white water lily and yellow water lilies grew on 

similar substrates of moderately firm to firm silt in Spring Slough and 

the Weaver Closed Area. They grew at all depths in Spring Slough since 

the water is shallow everywhere and usually very clear. The lotus and 

the lilies often grew in the same general area but they usually grew in 

almost pure stands. 



-25-

Chemical Characteristics 

The water in Spring Slough was significantly (t<.05, df=22) softer 

than that in the Weaver Closed Area (see Appendix K). Total hardness 

(140 't 19 ppm) and calcium hardness (134 ± 19· ppm) were both lower. 

Nutrient levels were high but were well below those of the Weaver 

Bottoms. The common forms of phosphorous and nitrogen were present in 

ample concentrations. Spring Slough received agricultural runoff but 

apparently much less other pollution since its chloride level (4.5 ~ 3.0 

ppm) and chemical oxygen demand (25.9 ! 9.64 ppm) were lower than in 

Weaver. The low levels of NH4 nitrogen, (0.05 ~ 0.10 ppm and 0.04 ~ 0.05 

ppm) and the reasonably high oxygen levels (5.5 ~ 2.8 ppm and 8.7 ~ 1.4 

ppm) indicate healthy aerobic conditions in Spring Slough and the Weaver 

Bottoms respectively (Reid 1961). The higher oxygen levels in Weaver 

may have been the result of collecting these samples late in the day 

when o2 levels were highest, while the samples from Spring Slough were 

collected in the morning a few hours after minimum o2 levels. 

The turbidity of the water in Spring Slough, based on the concen

tration of suspended solids, was low (51 ~ 39 ppm) even though samples 

were collected (Appendix G) after heavy rains. 

Fall Waterfowl Numbers In The Weaver Bottoms 

The number of ducks frequenting the Weaver Bottoms has decreased 

about 43% since the late 1950's (Table 4) when the area was in the weedy 

lake stage (Appendix M) and an additional 21% decrease has occurred since 

the early 1960's, a period of drought and low continental waterfowl 

populations. According to local residents and Green (July 1974 pers. 

comm.), the decline in waterfowl numbers apparently paralleled the loss 

of aquatic vegetation, although it appeared to lag a few years behind 



TABLE 4. Changes in species composition of waterfowl using the Weaver Bottoms 1954-1975 

1954 - 1958 

Species 

Mallard (Anas platyrhynchos) 
Pintail (~. scuta) 

Mean 
number 

counted 

Blue-winged teal (A. discors) 
Black duck (~. rubripes) 
Green-winged teal (A. carolinensis) 
Gadwall (~. strepera) 

3,356 
937 
451 
191 

American widgeon (Mareca americana) 
Ring-necked duck (Aythya collaris) 
Canvasback ~· valsineria) 

72 
48 

2,971 
2,053 
1,704 

Greater scaup (A, marila) 
Lesser scaup (A. affinis) 
Redhead (~. americana) 
Other species 

Percent of ducks which were 
Percent of ducks which were 

Coot (Fulica americana) 

1,681 

93 
593 

14,330 
(SD=l0,554) 

puddle ducks 
diving ducks 

Mean 
number 

counted 
16,402 

(SD=13,228) 
Canada goose (Branta canadensis) 
Whistling swan (Olor columbianus) 

% of 
total 
ducks 

24.7 
6.5 
3.1 
1.3 
0.5 
0.3 

20.7 
14.3 
11.9 
11.7 

59.7 
40.3 

0.6 
4.1 

99.7 

% of 
total 

waterfowl 
51.2 

0.1 
0.1 

1959 - 1964 

Mean 
number 

counted 

3,592 
51 

7 
57 
18 

327 
2,336 

578 
1,651 

539 

23 
1,153 

10,332 
(SD=6,670) 

Mean 
number 

counted 
18,830 

(SD=18,138) 
33 
33 

69.6 
30.4 

% of 
total 
ducks 

34.8 
0.5 
0.1 
0.6 
0.2 
3.2 

22.6 
5.6 

16.0 
5.2 

0.2 
11.2 

100.1 

% of 
total 

waterfowl 
65.8 

0.1 
0.1 

1974 - 1975 

Mean 
number 

counted 

2,939 
41 
11 
94 
44 

3 
133 
139 

4,383 
308 

54 
13 

8,162 
(SD=6,033) 

Mean 
number 

counted 
3,700 

(SD=3,094) 
432 
583 

40.1 
59.9 

% of 
total 
ducks 

36.0 
0.5 
0.1 
1.2 
0.5 
0.1 
1.6 
1.7 

53.7 
3.8 

0.7 
0.2 

100.1 

% of 
total 

waterfowl 
28.7 

3.5 
4.8 

I 
N 
0'\ 
I 



-27-
the vegetation loss. Widgeons, (Mareca americana) blue-winged teal, 

(Anas discors) ring-necked ducks, (Aythya collaris) and scaup (A. 

marila and!· affinis) have declined most (Table 4). Pintails (Anas 

acuta) decreased rapidly after 1957, whereas mallards <!· platyrhynchos) 

have decreased only 17% since the late 1950's. During the same period, 

canvasbacks (Aythya valsineria) have increased 68%. Canvasbacks and 

mallards comprised about 90% of the ducks using the Weaver Bottoms in 

1974-1975. During the last 20 years, the proportion of diving ducks 

initially decreased because numbers of ring-necked ducks and scaup 

declined. The proportion later increased because of numbers of 

canvasbacks. 

Coots (Fulica americana) increased until the early 1960's, then 

decreased. The 1974-1975 population was only 19% of the mean population 

in 1959-1964 and was significantly different from it and the 1954-1958 

population (t<0.02, df=27 and 24 respectively). Populations in 1954-

1958 and 1959-1964 were also significantly different (t<O.lO, df=35). 

The number of Canada geese (Branta canadensis) using the Weaver 

Bottoms has increased steadily during the past 20 years although totals 

still arc not high. The maximum population during 1974 and 1975 was 

650. 

Duck populations in the Weaver Closed Area during 1954-1958 were 

significantly different (t<O.lO) than the populations in 1959-1964 

(df=39) and 1974-1975 (df=31). Population difference-s between the 

latter two time periods were not statistically different (t<O.lO, df=30). 

Whistling swans (Olor columbianus) have shown substantial 

increases during the same time span. The maximum number recorded from 

1954 through 1964 was 160 in 1963. In 1974 and 1975, 1500 or more 



-28-

usually were present between 15 November and 15 December. Peak 

numbers were near 3,500. 

The decline in most duck species was probably more pronounced 

than stated above. Counts from 1955 to 1964 were initiated in early 

September and ended in mid-December in most years. Censuses in 1974 

and 1975 were initiated in early October and ended in late November. 

Means from 1974 and 1975 data were probably greater than they would 

have been if early and late counts were included since lower numbers 

of waterfowl were present early and late in the fall. Green (1963) 

stated the peak averaged 2 November for the whole refuge. Peak numbers 

probably would be reached earlier in Weaver since it is in the northern 

part of the refuge. Also, after hunting seasons opened in early 

October, waterfowl would seek sanctuary areas such as the Weaver Closed 

Area causing numbers to increase despite losses due to hunting. The 

percentage of each species in Table 4 probably was altered by the late 

starting dates for census in 1974 and 1975. Blue-winged teal and 

other migrants would have been underestimated because they usually reached 

peak levels in Wisconsin near 20 September (Jahn and Hunt 1964). 

Censuses performed from 1954 to 1964 were aerial counts by the 

same obs~rvers, whereas those in 1974 and 1975 were estimates based on 

ground counts. Ground counts compared to aerial censuses of canvas

backs during 1975 revealed that the ground estimates resulted in 

consistently higher numbers (Upper Mississippi River Wildlife and Fish 

Refuge Waterfowl Census Reports 1975). Discrepancies in ground counts 

versus aerial counts probably existed in the data for other waterfowl 

species resulting in an underestimation of the decline in numbers over 

the past 20 years. 
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Decreases in numbers of ducks in the Weaver Closed Area· over the 

last 20 years cannot be attributed to population declines, since 

population levels of most species were nearly the same in 1974-1975 as 

in 1954-1958 (U.S.D.I. 1975). Some of the loss in scaup and pintails 

may have been due to shifts in migration routes (Green 1963). Blue-

winged teal are associated with marsh conditions (Kortwright 1943) and 

numbers probably declined due to the loss of habitat. Reduced numbers 

of widgeons, ring-necked ducks and coots may also have reflected 

habitat losses. 

Mallards may not have declined as much as many other species 

because they were better adapted to open water with marshy edges and 

because they frequently feed in agricultural fields (Kortwright 1943). 

Also, extensive marshes remained nearby although they were hunted. 

Ring-necked ducks and widgeons apparently did not accept these marshes 

as readily. The gain in canvasbacks may have been due to a westward 

distribution from the lakes of eastern and southern Wisconsin (Smith 1975). 

Canada geese probably increased in number as a result of the 

expanding flock on Silver Lake in Rochester, Minnesota which is 

approximately 50 km from Weaver. 

Arrowhead tubers too large for ducks to consume may have been 

providing an adequate food source to whistling swans. Much of the swan 

use occurred late in fall when some shallow areas were frozen. 

Spring Slough did not provide a valid basis for comparison to the 

Weaver Closed Area duck populations because it was heavily hunted, and 

therefore, censuses would not have revealed its true value as water-

fowl habitat. Limited censuses I conducted revealed that coots com-

prised at least 90% of the waterfowl. At least 95% of the ducks were 
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puddle ducks. Only two diving ducks were observed in five censuses 

of the area. A table of waterfowl populations was not prepared since 

more than 50 ducks were never observed on any occasion after the 

waterfowl season opened. Geese and swans were not observed in the 

area. 

DISCUSSION 

Water Transparency, Depth and Substrate 

Transparency may have acted as one of the limiting factors to 

vegetation growth in the Weaver Closed Area. It was probably not the 

primary barrier to dense vegetation, although all appreciable plant 

beds were in water where light reached the substrate easily. Water 

transparency probably would be improved by some of the remedial 

measures suggested later in this paper, since Green (June 1975 pers. 

comm.) estimated the transparency in 1950 at twice the 1975 level. 

Transparency would probably present no problem if the water depth 

were decreased. Increased water depths during floods apparently have 

not prevented vegetation from growing since floods normally occurred 

around 20 April (Strub 1975), before plants had started their rapid 

spring growth. Aerial photos seemed to show the effects of major floods 

because after 1950 there appeared to have been a decrease in emergent 

vegetation after their occurrence; reed grass seemed to be the emergent 

that was most affected. After the moderate flood of 1975, submergents 

appeared to have increased, but one stand of arrowhead had thinned 

markedly. No observable difference appeared to be present in Spring 

Slough after floods. 

From Neilson's (1975) topographic map, it appeared that most of 
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the Weaver Closed Area was approximately the same depth in 1975 as just 

after impoundment in the late 1930's. The area near and downstream 

from the mouth of the Whitewater River was markedly shallower in 1975. 

A Review of Methods For Aquatic Vegetation Collection 

The vegetation sampling method used had some drawbacks, but other 

methods would have been impractical. Rickett (1922) and others hand 

picked all vegetation out of known area. Nygaard (1958) used a 

cylinder and diving equipment to hand pick vegetation. These methods 

were time consuming, nearly impossible to perform in unfavorable 

weather, and they also disturbed nearby areas. Grontved (1957) used 

a cylinder with a bottom cutting edge to sever plants but it was prone 

to malfunction, it cut thick stennned emergents poorly, it was difficult 

to use at varying depths and it was expensive to construct. Forsberg's 

(1959~ 1960) sampler worked well on most submergents but poorly on 

emergents. It was also cumbersome and difficult to build inexpensively. 

The method selected was similar to that of Swindale and Jahn (1956) 

which involved the use of a rake. This method did a good sampling job, 

though not as thorough as hand picking. 

Suggested Causes for Habitat Degradation in the Weaver Closed Area 

There were numerous reasons why more vegetation should have grown 

in the Weaver Closed Area. The water was fertile, the substrate favor

able, depth was not excessive and the water transparency was adequate 

in most parts except the central area. The siltation rate was not 

rapid enough at any known time to cover dormant or standing vegetation. 

The decrease in vegetation in the Weaver Closed Area apparently 

was due to greatly accelerated successional processes which took place 
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before siltation could decrease the depth sufficiently. Deposition 

of dredge spoil by the u.s. Army Corps of Engineers altered flow 

patterns and decreased the rate of siltation in most places. The changes 

in flow pattern also increased the current through the central part of 

the Weaver Bottoms. The Weaver Bottoms have gone from a marsh habitat 

to a weedy lake habitat to an open expanse of water in about 30 years. 

The disappearance of reed grass stands has served as a local indicator 

of habitat deterioration. According to Green (1970), the Weaver Bottoms 

had thick stands of Muhlenburgh smartweed (Polygonum muhlenburghii) for 

about 2 years after impoundment. Green (1970) traced the successional 

changes on this refuge after impoundment. Fremmling and Gray (1973) 

discussed the general problems of this area, although their primary 

concern was dredge spoil deposition and water quality. The central 

open area became gradually larger from 1941 to 1957, but after 1957 

opened up at an accelerated rate (Appendices D, L, M). Severe wind and 

wave action and probable damage by carp opened increasingly larger areas 

and increased turbidity until only a few scattered clumps of reed grass 

remained in the central one-third of the closed area. Wind action was 

almost certainly the primary barrier to revegetation. Green (1970, 

August 1975 pers. comm.) believed that wind and wave action, coupled 

with severe ice action and stable water levels, were responsible for the 

decrease in vegetation. McDonald (1955) studied a loss of emergents due 

to high water where submergents replaced the emergents as in the Weaver 

Closed Area but his study area remained in the weedy lake stage. Green's 

theory included the loss of reed grass due to outboard motors severing 

the rhizomes which bound the plants together. This allowed the wind to 

uproot the small clumps and reduced the protection they provided to 
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submergents. Ice action in the Weaver Bottoms was also severe. Due to 

the large open area and rapid spring current, the ice departed in large 

sheets before it had softened enough to break into small pieces. As a 

result, these large sheets carried some emergents with them and ground 

some other plants beneath them like an advancing glacier. Stable water 

levels have been maintained since the late 1940's. Winter drawdowns 

formerly compacted and aerated the soil but they were halted in the 

late 1940's by congressional action. Winter drawdowns promoted the 

growth of emergents but discouraged submergents. 

McDonald (1955) reported an extensive mortality of marsh vegetation 

due to insects and disease but emergents were soon replaced by sub

mergents. No evidence of widespread disease appeared in the Weaver 

Bottoms. Numerous area inhabitants were questioned and none could 

recall diseased or insect infested vegetation except extensive damage 

to Muhlenbergh's smartweed was noted in refuge records in 1938, well 

before most vegetation had disappeared. 

Carp may have had a significant role in the vegetation loss. They 

have often been blamed for damage to waterfowl marshes and lakes (Robel 

1961, Sigler 1958, Wetmore 1921 and Cole 1905). Large populations have 

been present since impoundment. No population surveys have been made, 

but Ranthum (letter 23 July 1975) stated that the commerical catch of 

carp was highest in pool 5 in 1961 and was higher during the 1950's 

than the 1970's. His data covered the period from 1954 to 1975 and 

suggested that carp populations were probably higher in the past. How

ever, the carp catch depended on the amount of effort expended by fish

ermen, which in turn was related to the price paid per unit by buyers. 

Carp normally root along the bottom for invertebrates in the 
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substrate. They also remove invertebrates from vegetation and as a 

result they often uproot and tear off the vegetation, although they 

also eat aquatic plants. Sigler (1958) found 11% of their diet was 

plant matter, with pondweeds being the preferred plants. Robel (1961), 

Black (1946) and Wetmore (1921) found carp eliminated sago pondweed 

before other aquatic plants. The pondweeds, especially sago, have 

long been known to be favorite waterfowl foods (Cottam 1939, Martin et 

al. 1951 and Wetmore 1921). The invertebrates on these plants are also 

extensively consumed by some waterfowl, particularly the diving ducks 

(Anderson 1959, Rogers and Korschgen 1966). Carp limit their own 

food supply, since invertebrates are several times more abundant around 

vegetation (Krull 1970). This is a probable reason why carp are 

attracted to vegetation and are found in large numbers in plant beds. 

Numerous carp were observed in association with vegetation in Weaver. 

Rooting carp increase turbidity also, thus limiting plant growth 

(Threinen and Helm 1954, Anderson 1950). 

Carp appeared to uproot vegetation during 1974 and 1975. Uprooted 

vegetation could have created an additional strain on remaining plants, 

making them more prone to uprooting by wind during 1974 and 1975. This 

probably also occurred in Weaver during past years, thereby accelerating 

the rate of the wind's degradation of the Weaver Closed Area. 

The carp exclosures in this study appeared to show that carp had 

little or no effect on sago pondweed, curlyleaf pondweed, wild celery 

and other submergents. This can be explained by the fact that wind 

action decimated vegetation inside and outside the fences. Although 

vegetation inside the exclosures appeared to persist slightly longer, 

no proof can be offered since sampling was too infrequent to document 
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this observation. The light poultry fencing offered little resistance 

to waves. The next logical experiment would have been to place wave 

barriers in some areas, and fences with wave barriers in other places. 

These barriers could have been most easily constructed as rafts of 

floating logs or solid barriers driven into the river bottom. 

The exclosures used in this study may have been too small in size 

to determine if carp limited vegetation in the Weaver Closed Area. 

Threinen and Helm (1954) reported that 0.002 hectare exclosures were 

too small to produce the desired results in Lake Koshkonong, Wisconsin. 

Their larger exclosures, and those of Tryon (1954), contained much more 

vegetation and greater diversity than the surrounding area. Fences 

used here were mostly larger than Tryon's 0.004 hectare exclosures and 

were several times larger than Threinen and Helms small exclosures, 

although they were only 1/3000 the size of their fenced bay. 

Enclosures containing varying densities of carp were not tried in 

this study. The results. Robel (1961) and Black (1946) obtained indicated 

that vegetation would have vanished more rapidly inside the enclosures 

than outside. Robel set the critical point at 225 kg of carp/ha for 

appreciable damage to occur in stands of submergents. 

Agricultural herbicides were suggested as possible causes for 

vegetation losses. The herbicides were thought to possibly inhibit 

growth at a critical time of year. Since the highest application rates 

and much leaching due to rainfall occurred in late May and early June, 

this theory seemed plausible. It is possible that herbicides created 

an additional pressure on already stressed plants. According to the 

University of Wisconsin Extension agricultural agent (April 1975 pers. 

comm.), 70% of the herbicides applied in the area affecting the Weaver 
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Bottoms were atrazine and approximately 8-10% was lasso. 

Atrazine apparently could not have built up over several years 

since Piontke and Chesters (1973) determined that 75-100% of atrazine 

applied to common Wisconsin soils would degrade within 4 months and 

that it is one of the most persistent herbicides. 

Quantities present in the Mississippi River apparently were not 

high. Doersch (letter 26 Feb. 1975) said, "I find it literally incon

ceivable that you will find any of either herbicide as far from the 

field source as the Mississippi River." Hall (1974) found only 4.8% 

lost in washoff from tested Pennsylvania fields. Howell and Ries (1973) 

could not find inhibitory quantities in any Michigan stream tested 

although they did not state what they felt an inhibitory quantity would 

be. Atrazine would be a poor choice to kill unwanted aquatic plants 

(DeVaney 1968, Meyer 1966). Meyer (1966) found simazine, a close 

chemical relative to atrazine, was ineffective on pondweeds and milfoil 

at dosages in excess of 7 ppm active ingredient. Dosages for common 

aquatic herbicides are usually 1-4 ppm active ingredient because that is 

the concentration needed to kill them under common circumstances. 

Spills of oil and other substances carried in the numerous barges 

on the river could have been partially responsible for vegetation losses. 

Theisfeld (1975) believed volatile fractions and fractions more dense 

than water could easily kill vegetation near a petroleum product spill, 

but he did not know what concentrations would be required. During June 

1969 an estimated 415,000 liters of #2 fuel oil were spilled about 25 km 

upstream from the Weaver Bottoms. Although this was after much of the 

vegetation had already disappeared from the Weaver Bottoms, other spills 

of this type could have occurred in the past. Concentrations during 
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this large spill were less than 1/20 the concentration recommended by 

Meyer (1966) for killing duckweeds. He did not suggest the use of 

fuel ~il for controlling other aquatic plants. 

Spring Slough was subject to many of the same forces as the 

Weaver Closed Area but it still had approximately the same amount of 

vegetation and waterfowl use as in the past. Herbicide concentrations 

could have been fairly high since Spring Slough is bordered by farmland, 

and Spring Creek, its main tributary, drains farmland. Also, some flow 

from the Mississippi River reached Spring Slough. Oil spills would not 

have reached it except during floods. 

The vegetation in Spring Slough has remained dense and diverse. 

That does not mean that the vegetation in Spring Slough has not 

changed. Its species composition has changed, but as a whole it has 

not changed from a marsh habitat to a lake-like environment (Green 

1949). Emergents such as river bulrush and arrowhead have become more 

abundant although burreed has declined greatly. They may have occupied 

the position in this system formerly held by burreed. Anacharis 

canedensis has largely replaced Anacharis occidentalis, both of which 

are commonly called waterweed or elodea. Coontail was abundant at both 

times. Curlyleaf pondweed has declined measurably since Green's (1947) 

assessment of the area. 

Very few carp were present in the Spring Slough area although it 

appeared to offer excellent habitat for them. It had a soft muddy 

bottom and abundant vegetation. However, it winterkilled annually due 

to the uniformly shallow depth. Northern pike (~ lucius), large

mouth bass (Micropterus salmoides), bluegills (Lepoma macrochirus) and 

yellow perch (Perea flavescens) bred successfully in Spring Slough, 
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since abundant young of the year were observed both summers, and fisher-

men caught adults during spawning periods. However, few adults were 

present in the summer. 

Apparently Spring Slough has not deteriorated as waterfowl habitat 

because it was not as prone to Weaver's most serious problem, the wind. 

Spring Slough is much smaller than the entire Weaver Bottoms and it is 

much shallower. Waves did not reach appreciable size and the lack of 

a large central open area prevented the wind and waves from uprooting 

vegetation and increasing turbidity. Spring Slough was affected by the 

same wind directions as Weaver since it was oriented along the same 

directions and was only 48 km from Weaver. 

Spring Slough lacked a strong current; therefore, the ice broke 

up and softened before floating out, and thereby did less damage than 

in Weaver. 

Suggested Rehabilitive Measures for the Weaver Bottoms 

In theory, the simplest method for rehabilitating the Weaver 

Bottoms would be a complete or partial summer drawdown of water levels 

as is commonly done on other waterfowl refuges. Meeks (1969) recommends 

a mid-May drawdown in Ohio and Burgess (1969) recommends mid-June to 

1 July in Missouri. Most waterfowl areas in Wisconsin are drawn down 

near 15 June. Weaver could not be lowered earlier than this due to 

high spring flows. Drawdowns compact and aerate the soil and allow 

moist soil plants to grow. These can be flooded in the fall to 

provide feeding areas for waterfowl. According to Green (1970), the 

most likely plants to grow without seeding would be Muhlenberg's smart

weed, Pennsylvania smartweed (_E. pennsylvanicum) and the millets 

(Echinochloa ~.) 
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A partial drawdown would be preferable to a complete drawdown 

although the river level would need to be lowered about 0.9 m. A 

partial drawdown probably would result in patches and margins of the 

area occupied by moist soil plants. The central area would contain 

submergent aquatics which would be more appealing than moist soil 

plants to most diving ducks. Canvasbacks made up a large portion of 

duck use in the Weaver Bottoms in 1974~1975 (see Table 4). A decreased 

water depth could cause submergent aquatics to produce a better seed 

crop. Seeds are important and attractive to waterfowl (Martin et al. 

1951, Anderson 1959, Swanson and Bartonek 1970). The following year's 

crop of vegetation may also be improved. The most abundant submergent, 

curlyleaf pondweed, possibly could be turned into duck food by a lower 

water level, since it will seed heavily in 8-30 em of water (Hunt and 

Lutz 1959). 

A summer drawdown is unlikely to be implemented. Towboat companies 

would oppose drawdown vigorously as would the Army Corps of Engineers. 

The fishermen, boaters and campers who supply most of the public use 

on this refuge would also oppose it, since many areas other than 

Weaver would be drawn down at the same time. 

Water control by diking would be difficult, since clay and other 

slightly permeable soils would have to be hauled into the area at 

great cost. The sand in this area is too permeable to hold water. 

Public opposition to diking could probably be overcome. 

The depth also could be reduced by filling the Weaver Bottoms 

with dredge spoil and silt until the depth became approximately 0.6 m 

in many locations. Selected locations could become mudflats to promote 

the growth of smartweeds and millets. The Army Corps of Engineers has 
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encountered considerable opposition to spoil dumping in most areas. 

Weaver could accept huge amounts of spoil from the immediate area. If 

water flow through the Bottoms were decreased, silt probably would 

deposit more rapidly and partially cover the sand, thus creating a 

more favorable substrate for plant growth over the course of several 

years. The spoil sand might also mix with the existing bottom to a small 

extent as it was being deposited by the dredging equipment. If water 

depth in some areas were reduced, the advantages would be similar to a 

partial drawdown because light could reach the bottom almost everywhere. 

Moist soil plants would then grow, but fish populations might be 

decreased. Sand and mud bars should be vegetated soon after establish-

ment; otherwise high water could remove the bars if flooding occurred 

the following spring. Spoil sand would probably need to be topped with 

silt to promote dense plant growth. 

A barrier dam at Weaver's downstream end would aid in holding spoil 

and increasing the rate of siltation. The top of the barrier should be 

approximately 0.6 m below the water's surface at low summer levels. 

Channels and cuts through islands should be plugged with spoil, capped with 

topsoil and vegetated to decrease flow and create a more lakelike 

environment. Channels at the north end are the most important to plug. 

Barrier dams or water flow control structures across a few of these 

upstream channels would decrease flow but allow some fresh water to enter. 

Filling portions of Weaver should be combined with barrier island 

construction. Island construction is the most likely method to be 

implemented; however, the methods should be combined to achieve maximum 

benefit. Construction of islands to break wave and wind action is not a 

new idea. W. E. Green, the refuge management biologist, suggested it 
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as long ago as 25 years {May 1975 pers. comm.). For maximum effect, 

the islands should be scattered around Weaver and should be oriented 

perpendicular to the directions of greatest wind damage (see Appendix B). 

The islands could be constructed mainly of dredge spoil. Riprapping 

would probably be necessary to prevent the spoil from shifting. Islands 

should be capped with topsoil to allow more rapid vegetation growth and 

stabilization. These islands should permit aquatic plants to grow 

protected from severe wind and wave action. Clarity should increase 

when the substrate is no longer agitated and held in suspension. Islands 

would need to be a minimum of 3 m in height so a small to moderate flood 

the first spring after construction would not wash out parts of them. 

After vegetation was established, upland nesting ducks such as mallards 

and blue-winged teal could use the islands for nest sites. These islands, 

along with channel plugs to diminish the current, would decrease the 

severity of ice action in spring. 

Remedial measures suggested herein were designed for the Weaver 

Bottoms of the Mississippi River and may not be applicable to other 

areas suffering vegetation losses. If these proposals were adopted, 

valuable waterfowl habitat could probably be restored in an era of 

vanishing wetlands. More ducks could be produced and the waterfowl 

hunting and non-consumptive uses could be improved. 
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SUMMARY 

1. The Weaver Bottoms of Mississippi River pool 5 have experienced a 

severe loss of vegetation and as a result a severe decrease in 

waterfowl usage. 

2. Vegetation was probably lost as a result of severe wind, wave and 

ice action coupled with high stable water levels. Carp may have 

played a role in the initial vegetation loss but were apparently 

not the main barrier to revegetation. 

3. The water and substrate were fertile although the water was some

what turbid. 

4. Weaver was characterized by low species diversity and small quantities 

cif plants; Spring Slough, the control area, was highly diverse and 

densely vegetated. 

5. The Weaver Bottoms can very probably be rehabilitated as waterfowl 

habitat by a combination of filling to decrease depth, plugging 

inlets to decrease the current and increase siltation, constructing 

islands to break up severe wave action and constructing a partial 

closing dam at the downstream end to increase sedimentation and 

raise the river bottom. 

6. Many of these remedial measures can be accomplished with sand dredged 

by the u.s. Army Corps of Engineers during channel maintenance 

operations. Topsoil would be needed to top the sand banks and 

insure rapid vegetation growth and stabilization. 
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APPENDIX A. Chemical characteristics of the water in the Weaver Bottoms, 13 July 1974 

(Units are parts per million (ppm) unless otherwise specified) 

Depth Temperature p.MHOS Total Catt Dissolved 
Site Time Taken (oC) .E!! conductivity Alkalinity hardness hardness oxygen 

1 4:30PM 3/4.9 25.5 7.7 360 132 166 152 7.1 

2 5:00 0.9/1.5 26.5 8.1 378 134 168 160 9.0 

3 8:15 27 8.7 371 138 170 161 11.2 

4 7:00 0.3/0.6 25 8.5 600 260 293 276 7.7 

5 5:45 0.6/1.2 27 8.7 391 146 179 170 8.3 I 
.J::-o 
00 
I 

6 6:00 0.6/0.9 28 8.6 402 150 185 179 8.2 

7 7:00 28 8.8 400 24 32 28 11.0 

8 7:30 0. 9/1.4 26 8.7 370 138 168 157 8.1 

9 7:45 0.6/1.2 26 8.8 380 142 176 171 8.4 

10 8:00 0.5/0.9 25 9.0 370 140 170 162 8.1 

11 8:15 0.9/1.5 25 8.8 378 142 170 164 9.2 

12 8:30 0.3/0.6 27 9.0 380 152 179 169 9.1 

13 7:30 0.3/0.6 23 8.6 561 254 276 272 8.3 

14 3/4.9 25.5 8.7 560 140 171 166 8.5 



APPENDIX A. (continued) 

Chemical Or tho Total NHq. N02-N03 Total Total Dissolved Suspended 
Site 02 demand chloride phosphate phosphate nitrogen nitrogen nitrogen solids solids solids 

1 33.93 10.5 0.072 0.172 0.00 1.05 1. 36 220 

2 37.70 10.0 0.045 0.172 0.04 1.16 2.17 290 184 106 

3 37.70 9.5 0.056 0.124 0.04 1.02 2.04 250 220 40 

4 15.08 12.5 0.125 0.270 0.07 2.80 1.26 390 300 90 

5 37.70 9.5 0.062 0.324 0.00 0.91 1.51 250 208 42 I 
+:-
\0 

6 37.70 9.5 0.072 0.224 0.00 1.12 1. 73 315 200 115 I 

7 24.51 7.0 0.020 0.230 0.18 0.63 1. 90 320 220 100 

8 33.93 9.0 0.076 0.194 0.00 1.16 2.10 345 204 141 

9 45.47 10.5 0.062 0.290 0.11 1.09 2.40 310 220 90 

10 37.70 9.0 0.058 0.250 0.04 1.19 2.14 350 224 126 

11 32.85 11.0 0.064 0.254 0.04 1.17 1. 79 295 236 59 

12 18.85 9.5 0.072 0.440 0.00 0.11 2.30 375 224 151 

13 7.54 10.5 0.078 0.140 0.00 2.38 1.12 315 312 3 

14 33.93 9.5 0.068 0.192 0.04 1.12 0.98 260 224 36 
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APPENDIX B. Depth contours (in meters), suggested barrier islands and 
channel plugs for the Weaver Closed Area. 
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APPENDIX C. The substrate composition of the Weaver Closed Area 



-52-

N w-f-E 
s 

open water 

APPENDIX D. The distribution and density of aquatic vegetation in the 
Weaver Closed Area - 1975 

Key to vegetation mapping symbols page 53 
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APPENDIX E. Key to Maps of Aquatic Plants 

E denotes emergent vegetation. 

F denotes vegetation which is primarily or entirely floating. 

S denotes submergent vegetation. 

N denotes non-woody upland plants. 

W denotes woody plants. 

Numbers denote species and small letters signify the degree of stocking. 

a - light, less than 500 mls./m2 

b - moderate, 500 to 2000 mls./m2 

c - dense, 2000 to 6500 mls./m2 

d -very dense, in excess of 6500 mls./m2 

E 1. River bulrush (Scirpus fluviatilis) 

2. Softstem bulrush (~. validus) 

3. Slender bulrush (~. heterochaetus) 

4. Burreed (Sparganium eurycarpum) 

5. Reed grass (Phragmites maximtis) 

6. Wild rice (Zizania aquatica) 

7. Arrowhead (Sagittaria !£·) 

8. Cattail (Typha latifolia) 

9. Smartweeds (Polygonum !£·) 

F 1. Duckweeds (Lemna minor, Spirodela polyrhiza, Wolffia columbiana) 

2. White water lily (Nymphaea odorata) 

3. Yellow water lily (Nuphar !£·) 

4. Water lotus (Nelumbo lutea) 
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s 1. Curlyleaf pondweed (Potomogeton crispus) 

2. Sago pondweed <R· pectinatus) 

3. American pondweed (P. americanus) 

4. Leafy pondweed (P. foliosus) 

5. Flatstem pondweed (P. zosteroformis) 

6. Bushy pondweed (Najas flexilis) 

7. Horned pondweed (Zannichellia palustris) 

8. Wild celery (Vallisneria americanum) 

9. Water stargrass (Heteranthera dubia) 

10. Coontail (Ceratophyllum demersum) 

11. Water milfoil (Myriophyllum exalbescens, M. heterophyllum) 

12. Waterweed (Anacharis canadensis) 

13. Waterweed (~. occidentalis) 

14. Star duckweed (Lemna trisulca) 

15. Bladderwort (Utricularia vulgaris) 

16. Muskgrass (Chara !£·) 

17. Water net (Hydrodictyon ~.) 

18. Small pondweed <R· pusillus) 

The densities above are based on peak amounts of summer production by 

a given species. A few uncommon plants are not listed. 



Species 

Arrowheads 
Curlyleaf pondweed 
Sago pondweed 
Wild celery 

APPENDIX F. The mean standing crop (in mls./m2) of common plant species in the Weaver 
Closed Area as the growing season progressed during 1974 and 1975 

Time Interval 

6/4 6/14 6/29 8/26 
to to to to 
6/10 6/19 7/1 7/13 7/28 8/10 8/28 

0 54(1) 2,238(3) 4,229(2) 5,810(2) 30,827(1) 13,213(2) 
1,399(3) 1,883(6) 3,906(6) 603(6) 161(3) 108(1) 0 

172(1) 1,237(4) 678(6) 247(5) 818(4) 54(1) 0 
0 54(3) 183(3) 355(2) 463(4) 301(3) 301(3) 

Figures in parentheses represent the number of samples (N) used to derive the mean. 

I 
1..1'1 
1..1'1 
I 
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APPENDIX. G. Spring Slough depth contours (in meters) at mid-summer 
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APPENDIX I. The distribution and density of aquatic vegetation 
in Spring Slough - 1975 

Key to vegetation mapping symbols page 53 



APPENDIX J. The mean standing croE ~in mls./m2l of common Elant SEecies in SEring 
Slough as the growing season Erogressed during 1974 and 1975 

Time Intervals 

6/10 7/5 7/20 8/19 
to to to to 

SEecies 6/16 6/24 7/6 7/23 8/5 8/23 

Duckweeds 247(2) 0 54(1) 172(9) 108(1) 118(6) 
Star duckweed 226(8) 656(4) 312(9) 1, 108(7) 925(5) 366(9) 
Arrowheads 1,356(9) 2,034(8) 4,585(21) 5,886(14) 15,505(10) 7,145(17) 
Wild rice 215 (1) 215(1) 2,077 (4) 786(4) 1,130(2) 6,929(5) 
River bulrush 1,194(4) 0 2,421(2) 2,184(3) 0 3,174(2) 
White water lily 839(2) 0 441(4) 1,732(7) 398(5) 495(6) 
Lotus 108(1) 0 54(1) 968(2) 646(1) 1, 948(7) I 

VI 
Small waterweed 108(3) 0 699(3) 732(4) 2,744(2) 495(5) \0 

I 

Large waterweed 473(18) 1,248(10) 624(12) 1,603(11) 893(8) 1,098(10) 
Milfoil (M. exalbescens) 344(8) 430(11) 710(6) 710(8) 334(10) 592 (7) 
Water net 0 0 484(1) 1,442(7) 721(8) 1,001(5) 
Curlyleaf pondweed 97(2) 1,184(1) 0 387(6) 22(1) 54(1) 
Leafy pondweed 151(9) 86(7) 334(8) 312(7) 0 312(3) 
Small pondweed 0 0 0 312 (7) 1,603(4) 194(4) 
American pondweed 947 (4) 344(3) 904(4) 1,011(4) 1,076(2) 312(2) 
Flatstem pondweed 269(8) 237(3) 409(8) 818(13) 624(6) 237(5) 
Bushy pondweed 247(6) 0 237(7) 0 22(1) 355(2) 
Water stargrass 75(3) 0 118(2) 129(4) 75(3) 699(8) 
Wild celery 54(2) 118(2) 323(4) 689(8) 1,184(3) 334(6) 
Coon tail 1,280(17) 2,206(13) 2,335(28) 2,184(25) 1,141(16) 1,603(30) 

Figures in parentheses represent the number of samples (N) used to derive the mean. 



APPENDIX K. Chemical characteristics Of Spring Slough, 14 July 1974 

Depth Temgerature ).lMHOS Total Ca4F Dissolved 
.§ill. Time Taken(m) ( C) .£!! conductivity Alkalinity hardness hardness oxygen 

15 10:15AM 0.3/0.6 24 8.6 253 106 116 113 6.2 

16 10:00AM 0.3/0.6 26 9.0 251 114 122 115 10.4 

17 10: 30AM 0.3/0.6 26 8.9 250 120 129 122 8.3 

18 8:45AM 0.3/0.6 26 8.5 365 144 168 157 1.7 
I 

19 9:30AM 0.3/0.6 26 8.4 251 116 118 114 6.0 0'\ 
0 
I 

20 N 0 T TAKEN 

21 9:15AM 0.5/0.8 26 8.2 349 134 161 156 4.3 

22 7:15AM 0.3/0.5 25 8.0 300 148 149 144 1.6 

23 12: 15PM 0.3/0.6 26 8.1 368 134 163 153 6.8 

24 12: 30PM 0.3/0.6 27 8.2 268 122 128 120 6.5 

25 11:45AM 0.3/0.6 26 8.1 332 134 150 146 3.1 



APPENDIX K. (continued) 

Chemical Or tho Total NHt. N02-N03 Total Total Dissolved Suspended 
Site 02 demand Chloride phosphate phosphate nitrogen nitrogen nitrogen Solids solids solids 

15 15.08 1.5 0.042 0.078 0.07 0.21 0.84 155 152 3 

16 13.10 2.5 0.050 0.052 0.00 0.04 0.89 190 152 38 

17 26.39 1.5 0.072 0.110 0.04 o.oo 0.81 200 156 44 

18 30.16 8.0 0.080 0.318 0.32 0.04 1.1 265 212 53 

19 16.97 1.5 0.270 0.100 0.00 0.00 0.6 110 156 

20 N 0 T TAKEN I 
0\ ..... 
I 

21 33.93 7.0 0.074 0.186 0.00 0.00 0.8 220 216 4 

22 33.93 6.5 0.165 0.284 0.04 0.00 0.74 290 196 94 

23 37.70 8.0 0.170 0.182 0.00 0.91 0.9 320 192 128 

24 1.5 0.150 0.186 0.00 0.00 0.6 180 144 36 

25 6.5 0.180 0.188 0.07 0.39 1.8 240 184 56 
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APPENDIX L. The distribution of aquatic vegetation 
Weaver Closed Area - 1941 
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APPENDIX M. The distribution of aquatic vegetation in the 
Weaver Closed Area - 1957 
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