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Corps of Engineers Research Report Summary, October 1995 

Wetland Management 
for Waterfowl 

Management of Shallow Impoundments to Provide Emergent and Submergent 
Vegetation for Waterfowl (WRP-SM-8) 

ISSUE: 

Moist-soil management is a strategy of food pro
duction involving dewatering lowlands during the 
germination and growing season, followed by 
winter reflooding to allow waterfowl access to 
food produced in the area. Most moist-soil re
search has been conducted in the Upper Midwest, 
and little is known or published about the effec
tiveness of this technique in the southcentral 
United States where the growing season is long, 
the climate is warmer, and southern plant assem
blages are involved. 

RESEARCH: 

Research was conducted at the U.S. Army Engi
neer Waterways Experiment Station, Lewisville 
Aquatic Ecosystem Research Facility (LAERF) in 
Lewisville, TX, to determine (a) the seed bank 
response to three water regimes created by a par
tial drawdown on ponds, (b) the effect of soil 
disturbance ( disking and tilling) on emergent and 
submergent plants, and (c) the effect of season of 
drawdown on emergent and submergent plant 
growth. Four experimental ponds at LAERF were 
used (three treatment and one control). Tilled 
strips were established within each experimental 
pond, and drawdown experiments were conducted 
using the precise water level control capabilities 
of LAERF. Ponds were under drawdown condi
tions during two late-summer/early-fall seasons 
(24 August to 17 December 1992 and 23 August 

to 15 November 1993) and one spring season (5 
April to 20 August 1993). 

SUMMARY: 

Species composition, percent cover (PC), and 
aboveground biomass (AGB) revealed that partial 
drawdowns on LAERF ponds produce a typical 
zonation of wetland plants. Taxon richness of 
emergent plants was highest in the dewarered · 
zones. Soil disturbance with rototilling created 
diversity in ponds by increasing taxon richness of 
emergent plants, encouraging annuals, and dis
couraging perennial plant growth. Most submer
gent macrophytes were unaffected by tilling. 
Drawdown season did not affect taxon richness of 
emergent plants within dewatered zones, but forb 
and sedge PC and AGB and grass AGB were 
highest during spring drawdown. 

AVAILABILITY OF REPORT: 

This report is available on Interlibrary Loan Serv
ice from the U.S. Army Engineer Waterways Ex
periment Station (WES) Library, 3909 Halls Ferry 
Road, Vicksburg, MS 39180-6199, telephone 
(601) 634-2355. 

To purchase a copy, call the National Technical 
Information Service (NTIS) at (703) 487-4650. 
For help in identifying a title for sale, call (703) 
487-4780. NTIS report numbers may also be re
quested from the wEs librarians. · -

Please reproduce this page locally, as needed. 
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·1 Introduction and 
Objectives 

Research on habitat requirements of wintering waterfowl has increased in 
the last three decades because of concern over loss of habitat (White and 
James 1978; Chabreck 1979; Fredrickson and Drobney 1979; Heitmeyer and 
Vohs 1984; Smith, Pederson, and Kaminski 1989). Texas alone lost 52 per
cent of its natural wetlands between 1780 and 1980 (Dahl 1990). Although 
not of equal quality to natural wetlands, man-made reservoirs, flood prevention 
lakes, and farm ponds in north-central Texas are used by significant numbers 
of wintering waterfowl (Hobaugh and Teer 1981; Texas Parks and Wildlife 
Department 1982). In addition, many waterfowl managers throughout the 
United States construct moist-soil units to provide supplemental food sources 
for waterfowl. 

Moist-soil management is a strategy of food production involving dewater
ing lowlands during the gennination and growing season, followed by winter 
reflooding to allow waterfowl access to food produced in the area (Givens and 
Atkenson 1957; Bellrose and Low 1978; Fredrickson and Taylor 1982). Tradi
tional moist-soil units consist of shallow basins with gradual slopes (Fredrick
son and Taylor 1982). Typically, these units are dewatered to mud flat 
conditions to induce the gennination of annual emergent plants. Plants com
monly found in moist-soil units include several species of barnyard grass 
(Echinochloa spp.), smartweed (Polygonum spp.), and panic grass (Panicum 
spp.) (Fredrickson and Taylor 1982). Seeds of these plants are important food 
sources for waterfowl (Martin, Zim, and Nelson 1951). If available, exploita
tion of the native seed bank can be cheaper than artificial planting and can 
produce plants that are adapted to the local climate (van der Valk and Peder
son 1989; Weller 1990). 

Much of the research and experimentation with moist-soil management and 
drawdowns, whether natural or artificial, has been done in the Upper Midwest 
(Kadlec 1962; Harris and Marshall 1963; Burgess 1969; Meeks 1969; Weller 
and Fredrickson 1974). However, little is known and published about the 
effectiveness of moist-soil management in the south-central United States 
where the growing season is long, the climate is warmer, and southern plant 
assemblages are involved. Haukus and Smith (1993) reported that moist-soil 
management was an effective tool in increasing the seed production and 
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aboveground standing crop of selected waterfowl food plants within playa 
lakes in the panhandle of Texas. 

Previous studies on migrant and wintering waterfowl revealed partitioning 
of feeding locations among water depths and emergent and submergent plant 
communities (White and James 1978; Chabreck 1979; Paulus 1982; DeRoia 
1993). Although traditional moist-soil management solely encourages annual 
emergent plant production, previous research also showed that a partial draw
down on a lake produced emergents in dewatered zones while maintaining 
submergent plants in flooded regions (Kadlec 1962; Harris and Marshall 1963). 
Consideration must be given to impoundment design and drawdown extent to 
provide a mixture of water depths and emergent and submergent vegetation to 
satisfy a greater number of waterfowl species. 

Soil disturbance is a common technique used to alter the composition and 
distribution of plants in natural wetlands and moist-soil units. Disking and 
tilling eliminate unwanted woody plants such as willow (Salix spp.) and 
cottonwood (Populus spp.), set back succession to annual emergents (Fredrick
son and Taylor 1982; Reid et al. 1989), and decrease potential plant competi
tion (Brumsted and Hewitt 1952). In addition, soil disturbance can be used to 
maintain heterogeneity of plant species and proper cover-to-water ratios within 
a wetland (Fredrickson and Reid 1988b; Kirkman and Sharitz 1994). 

The following objectives and corresponding null hypotheses were formu
lated to achieve a better understanding of moist-soil management strategies in 
north-central Texas. 

a. Detennine seed bank response to three water regimes created by a par
tial drawdown. 

flo: Taxon richness, percent cover, seed production, and aboveground 
biomass (AGB) of emergents will not differ among three water regimes 
within a pond during partial drawdown. 

b. Compare the response of disturbed and undisturbed seed banks. 

flo: Taxon richness, percent cover, seed production, and AGB of emer
gents and submergents will not differ between disturbed and 
undisturbed plots. 

c. Compare spring versus late-summer/early-fall drawdowns in stimulating 
food production for migrant and wintering waterfowl. 

flo: Taxon richness, percent cover, seed production, and AGB of emer
gents and submergents will no~ differ between spring drawdown and 
late-summer/early-fall drawdowns. 

Chapter 1 Introduction and Objectives 



d. Detennine patterns of resource partitioning by waterfowl. 

H0 : Waterfowl species and numbers will not differ between water 
depths and emergent and submergent plant communities. 

Chapter 1 Introduction and Objectives 
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2 Study Area and Pond 
Design 

Research was conducted at the U.S. Anny Engineer Waterways Experiment 
Station, Lewisville Aquatic Ecosystem Research Facility (LAERF) in Lewis
ville, TX. The facility is located along the boundary of the cross timbers and 
prairies and the blackland-prairies vegetational regions of Denton County in 
north-central Texas (Gould 1975a). Owenby and Ezell (1992) list the nonnal 
and median annual precipitations for Denton County as 94.67 and 89.87 em, 
respectively, with highest monthly precipitation in May. The growing season 
is a 226-day, freeze-free period from approximately 27 March to 8 November 
(Ford and Pauls 1980). 

The Texas Parks and Wildlife Department operated the facility as a fish 
hatchery between 1956 and 1985.1 The U.S. Anny Engineer District, 
Fort Worth, maintained the facility from 1985 to 1988, but the ponds were dry 
except for precipitation. In 1989, an agreement was reached between the 
Fort Worth District and the U.S. Anny Engineer Waterways Experiment Sta
tion to operate the facility for aquatic plant research. 

The LAERF maintains 53 experimental ponds ranging from 0.20 to 0.79 ha. 
Each pond is equipped with a gravitational water-flow system that receives 
water from adjacent Lewisville Lake. A cast-iron inflow valve is used to 
control the amount of water entering any one pond. Water is maintained at a 
constant level in a pond by placing a 10.16-cm- (4-in.-) diam polyvinyl chlo
ride (PVC) stand pipe even with the desired water level in a pond (Figure 1). 

Four of the fifty-three ponds on the facility were used for experimentation 
from July 1992 to March 1994. Soils within the ponds were comprised of a 
sanay clay~ioam texture -(Appentiix A). Tire four-ponds went through various 
periods of flooding and drawdown (1989-1992) with the last inundation for 
71 days during the winter of 1991. Prior to project initiation, the ponds were 
dry and periodically mowed to control weeds. These conditions provided 
terrestrial or moist-soil conditions that predominantly supported grasses, 

1 Personal Communication. November 1993, Gary 0 . Dick, Ecologist, LAERF, Lewisville, 
TX. 
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(') 
:::T 

l 
1\) 

VALVE KEY 

8~~------------------------------

f 
CONTROL ~TRUCTURE ... CAST-IRON 

INFLOW PIPE 

PVC STAND PIPE 
CONNECTED TO 
CAST-IRON OUTFLOW 
PIPE 

Figure 1. Cross-sectional view of water-control structure used in 1992 and 1993 studies on shallow-pond management in Lewisville, TX 



6 

sedges, and forbs. Plants seen within the ponds included bennuda grass 
(Cynodon dactylon), barnyard grass (Echinochloa spp.), Johnson grass 
(Sorghum halepense), creeping spike rush (Eleocharis macrostachya), smart
weed (Polygonum spp.), and Texas frog fruit (Phyla incisa). 

Chapter 2 Study Area and Pond Design 



3 Vegetation and Seed 
Production 

Introduction 

Previous studies on migrant and wintering waterfowl revealed that water
fowl feed on the seeds and foliage of both emergent and submergent plants 
(Taylor 1978; Paulus 1982; DeRoia 1993). Traditional moist-soil management, 
however, solely targets seed production from annual emergents. This study 
tested the feasibility of partial drawdowns in providing habitat for emergents 
and submergents within a single pond. Because of different food requirements 
of various waterfowl species, an increase in plant diversity should lead to an 
increase in the diversity of waterfowl using the ponds (Fredrickson and Reid 
1988c). In addition, during spring prebreeding periods, waterfowl feed on 
aquatic invertebrates associated with emergent (Riley and Bookhout 1990) and 
submergent (Krull 1970) plants to obtain animal protein required for egg for
mation (Krapu 1974; Bellrose and Low 1978; Baldassarre 1980; Murkin and 
Kadlec 1986; Fredrickson and Reid 1988a). 

The partial drawdown created three soil-moisture regimes within each pond: 
a flooded zone and a gradient that formed two moist-soil zones. The flooded 
zone within each pond was expected to increase taxon richness and production 
of emergents in exposed areas by providing upslope seepage water to those 
plants (Welling, Pederson, and van der Valk 1988; Fredrickson 1991; 
McKnight 1992). Moisture within moist-soil zones was monitored to deter
mine the effects of soil moisture on the distribution of emergent plants. 

Effects of soil disturbance on emergent and submergent plants within the 
ponds wa£ the second factor- tested, Fredrick-son and -Tay-lor ( 1 ~82} -arui- -K-eHey
and Fredrickson (1991) determined that disking increased seed and tuber pro
duction of certain plant species. Disking in late summer also increased inver
tebrate numbers initially, but numbers decreased the following spring 
(Fredrickson and Reid 1988a). The final management scheme tested was the 
effect of drawdown timing on emergent and submergent plant growth and seed 
production. Traditional moist-soil management uses spring or midsummer 
drawdowns to allow for annual plant and invertebrate production (Meeks 1969; 
Fredrickson and Taylor 1982; Weller 1990; Fredrickson 1991). In this study, 

Chapter 3 Vegetation and Seed Production 
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plant production was compared between two late-summer/early-fall (LSEF) 
drawdowns and a single spring (SPG) drawdown. The long growing season in 
Texas allowed for the germination and production of emergent and submergent 
plants during LSEF drawdowns. LSEF drawdowns allowed plants in the 
ponds to drop their seeds just prior to the time of reflooding for waterfowl use. 

Methods 

Pond morphology 

Four 0.28-ha ponds were used for experimentation: one randomly selected 
control and three replicate treatments. All four ponds received the same pre
flood treatment. A transit and rod were used to approximate the location of 
the water's edge when levels were raised to a predetermined level on the con
trol structure. Step 6 of the control structure was the highest water level used 
in the experiment and marked the uppermost boundary for the experimentation 
of moist-soil management for emergents. Step 6 was located by numbering 
the steps from the bottom to the top of the control structure. Distance was 
measured from the end of the concrete control structure to the step 6 water 
level opposite the dam (Figure 2a). The distance was permanently marked to 
serve as a midline for each pond. Ponds were divided into three equal areas 
based upon the length of the midline (Figure 2b ). Midlines of the ponds were 
used to divide the two more uniform areas near the dam into halves, creating 
four study blocks within each pond (Figure 2c). 

Experimental design 

Statistical design and analyses. A split-split plot experimental design was 
applied to the ponds to meet the three vegetation objectives. Whole plots were 
soil-moisture regimes, split plots were tillage treatments, and split-split plots 
were drawdown timings. Individual ponds served as replicates. 

Data were tested for statistical normality with the Shapiro-Wilk statistic and 
box plots (SAS Institute, Inc. 1987); nonnonnal data were transformed by 
log10(x + 1). Analysis of variance (PROC GLM, SAS Institute, Inc. 1987) was 
then used to test for differences (a= 0.05) in response variables because of 
soil-moisture regime, tillage application, drawdown timing, and their 2-way 
interactions. Tukey's test (SAS 1nsiitute, lnc. 19-87) and the least significant 
difference (LSD) test (Gomez and Gomez 1984:204-207) were used for mean 
separation (a= 0.05) in response variables within main effects and inter
actions, respectively. 

Drawdown application. The highest water level used in the ponds during 
the experiment was at step 6 on the control structure. At step 6 level, ponds 
averaged 91.3 em at their deepest locations near the control structures. Under 
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Figure 2. Lewisville ponds were divided at three levels based on morphology: 
(a) midline creation between control structure and step 6 water line, 
(b) division of water area into three equal regions based upon mid
line length, and (c) division of the two more uniform areas within 
each pond into four equal study blocks 
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drawdown conditions, water levels were lowered two steps to create two moist
soil zones in drawdown regions. Moist-soil zones I (MSZI) and II (MSZII) 
corresponded to the exposed soils between steps 4 and 5 and steps 5 and 6, 
respectively (Figure 3). 

To take advantage of the steep basins of the ponds, a single continuously 
flooded pool was maintained level with step 4 of the control structure in the 
three replicate treatment ponds (Figure 3). This technique allowed for produc
tion of submergents within the step 4 water level while basin margins were 
under moist-soil conditions. The ponds averaged 61.3 em at their deepest 
locations near the control structures when water levels were at step 4. 

Unlike treatment ponds, the single control pond was drained completely 
during drawdown periods to simulate traditional moist-soil management. The 
control pond, however, was not used in the analyses because of lack of replica
tion. Therefore, the objectives were only applied to the three replicate treat
ment ponds. 

Tillage application. Because of small pond sizes, rototilling was used 
instead of disking. One rototilled strip was randomly located within each of 
the four study blocks of each pond in early August 1992. Strips were 3-m 
wide, 5.1-cm deep, and oriented parallel to the dam to equalize moisture gradi
ents in each (Figure 4). A buffer zone of at least 1 m occurred between tilled 
strips to allow walk-in sampling. 

Drawdown timing. All three ponds were under drawdown conditions 
during two LSEF seasons and one SPG season. Prior to the 1992 LSEF draw
down, however, all three ponds were flooded at step 6 level for 2 weeks to 
deter continued growth of terrestrial plants in the ponds and prepare the sites 
for moist-soil research. A slow drawdown over 2 to 3 weeks was desirable to 
ensure adequate retention of soil moisture (Fredrickson and Taylor 1982). 
Because of time constraints and small pond size, the ponds were lowered from 
step 6 to step 4 over 1 week. First and second LSEF drawdowns occurred 
between 24 August and 17 December 1992 and 23 August and 15 November 
1993, respectively. The single SPG drawdown occurred between 5 April 1993 
and 20 August 1993. 

Soli-moisture measurements 

Field capacity. Fredrickson and Taylor (1982) reported that viable seeds 
genninate when soil moisture is at or slightly below field capacity. Therefore, 
attempts were made to maintain soil-moisture near this level. The percentage 
of water remaining in the soil 3 hr after saturation and free drainage was used 
as an estimate of field capacity. Measurements were conducted on 18 Septem
ber 1992 and 27 May 1993. During September 1992, four samples were col
lected randomly from MSZII in each pond; two from tilled (T) and two from 
nontilled (NT) plots. During May 1993 sampling, however, six samples were 
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randomly collected from MSZII in each pond; three from T and three from NT 
plots. 

Vegetation at each sampling location was clipped and removed. A 
10.16-em- (4-in.-) diam PVC pipe was placed at the sampling location and 
inserted 1 em into the soil. The pipe then was filled with water to a level of 
5.1 em. When all the water in the pipe had drained into the soil, the pipe was 
removed and the sampling area was covered with white plastic to limit water 
loss because of evaporation. Three hours after the pipe was removed, a soil 
plug was collected to a depth of 7.62 em at each sampling location. Gravi
metric measurements (Hillel 1980) then were used to detennine the percent 
water in the soil. PROC GLM was used to test for differences in field 
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capacity between tillage applications and collection years, as well as for 
interactions among and between these factors. 

Soil moisture. Gravimetric measurements (Hillel 1980) were taken 
biweekly during 1992 LSEF and 1993 SPG drawdowns to determine the per
cent water in the soil. Soils were sampled on five dates within each of the 
two drawdowns. Sampling dates were between 18 September and 13 Novem
ber 1992 for the LSEF drawdown and 11 May and 6 July 1993 for the SPG 
drawdown. A single soil sample was collected randomly to a depth of 
7.62 em within each T and NT plot of each moist-soil zone within the 
four study blocks of each pond. Mean soil moisture per zone then was com
pared with field-capacity measurements to determine if the ponds needed to be 
irrigated. 

The 18 September 1992 soil-moisture measurements indicated the ponds 
were below field capacity. Starting 28 September 1993, ponds were flooded to 
step 6 level for 24 hr to raise soil-moisture levels. Likewise, 27 May 1993 
and 7 June 1993 soil-moisture measurements indicated that treatment ponds 
had moisture levels that were nearly half of field capacity. Raising water 
levels in the ponds was not a feasible option during the spring 1993 draw
down. Therefore, a sprinkler system was constructed from 24.4 m of 2.54-cm
(1-in.-) diam PVC pipe. One hole was drilled in the pipe at each 3-m interval 
and two or three wood screws were affixed adjacent to each hole to broadcast 
water. A 5.08-cm- (2-in.-) diam rubber hose was used to connect the sprinkler 
pipe to a water pump with a 5.0-hp gasoline engine. Five locations were irri
gated in the moist-soil zones of each pond. Water was broadcasted for 30 min 
in each location, applying approximately 2.5 em of water. PROC GLM was 
used to test for differences in soil moisture between the moist-soil zones, till
age applications, and collection years. 

Tillage measurements 

The effect of rototilling on the bulk density of the soils was determined for 
samples from T and NT plots of each pond. Procedures used were a modifica
tion of those specified by the Soil Survey Staff (1984). Twenty-four soil sam
ples were collected from three of the T and NT strips within each pond on 
13 November 1992 and 2 August 1993. Samples were collected from MSZII 
in 1992. In 1993, however, samples were collected from MSZI because the 
soil in MSZII was too dry to allow retrieval of suitable soil clods. 

Three soil samples were randomly collected at a depth of 7.6 em in each of 
the select-ed st.-ips- from eaeh-pend. In the field, each sample was-plaGed -in -a 
haimet and dipped once in saran-solvent solution to seal the sample. In the 
laboratory, the saran on each sample was punctured, and samples were placed 
in a forced-air drying oven at approximately 32 oc for 2 weeks to equalize the 
amount of moisture in each sample. Three additional coats of saran, 15 min 
apart, then were placed on each sample and allowed to dry for at least 24 hr. 
Each was then weighed in air and water. Finally, each sample was sliced 
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open, and the contents were washed through a 2-rnrn sieve to collect coarse 
fragments. The fragments from each sample then were dried in an oven at 
105 oc and weighed. Volume for coarse fragments was calculated by dividing 
fragment weights by 2.65 (specific gravity of quartz). 

Equations used to determine bulk density of the clods followed those speci
fied by the Soil Survey Staff ( 1984) for oven-dried bulk density measurements. 
However, only a relative bulk density could be calculated because of lack of 
weight and volume measurements for the saran. A mean was calculated for 
the three bulk-density measurements in each chosen strip, pond, and year. 
PROC GLM was used to test for differences in bulk density between tillage 
applications and collection years, as well as interactions among and between 
these factors. 

Vegetation sampling 

Moist-soil zone. Vegetation sampling was conducted during 4-6 December 
1992, 11-14 July 1993, and 5 November 1993 for the first LSEF, SPG, and 
second LSEF drawdowns, respectively. Plant species lists, percent cover (PC) 
estimates, and AGB were collected to determine the effects of soil moisture, 
tillage, and drawdown timing on emergent plant composition and production. 
Samples were taken in MSZI, MSZII, and just inside the flooded zone to corn
pare emergent vegetation production along a soil-moisture gradient from 
flooded to dry. 

Two permanent 60- by 100-crn sampling frames were placed at the inter
sections of the tilled strip and the step 4, 5, and 6 water lines within each 
study block (i.e., one in the T and one in the NT) of the three treatment ponds 
(Figure 4). The two sampling frames could be located on either side of the 
T strip. The first random drawing was to determine which side of the T strip 
the sampling frames would be placed (darn side or opposite-dam side). Each 
sampling frame was located 50 ern from the respective edge of the T strip. 
This placement provided a path for data collection at the quadrats and ensured 
that soil displaced by tilling was not shifted onto NT strips. Each 60- by 
100-crn sampling-frame location was marked by placing a single PVC pipe at 
opposite comers of the frame. Sampling frames then were removed and 
replaced around the two comer pipes each time data were collected. Each 60-
by 100-crn sampling frame was divided into six (20- by 50-ern) individual 
quadrats (Figure 4). Two of the six quadrats were randomly selected for the 
collection of vegetation data during each of the three drawdowns. This sam
pling technique created 16 quadrats within MSZI, MSZII, and the flooded zone 

-of e-ach pond. -Equal numbers -of-samples w.ere taken within T and NT plots. 

Plant lists were recorded for each of the sampled quadrats, and a list was 
determined for individual frames by recording each taxon that occurred in 
either of the two sampled quadrats. Identification of individual plant taxon 
followed keys from Correll and Correll (1975) and Gould (1975b). Lists from 
individual sampling frames were used to determine frequency of occurrence for 
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individual plant taxon within soil-moisture, tillage, and season treatments. 
Finally, lists from each frame were used with PROC GLM to test for 
differences in plant taxon richness within each soil-moisture, tillage, and 
season treatment, as well as interactions between and among these factors. 

The Bailey and Poulton (1968) rating scale (Appendix B) was used to esti
mate the PC for herbaceous vegetation as well as black willow (Salix nigra) 
within the collection quadrats of the three drawdowns. Grasses, sedges, and 
forbs were not classified to finer levels because measurements were taken after 
frost when most plants had dropped their seeds. The midpoint of each PC 
interval was substituted for its corresponding rank. A mean then was calcu
lated for the midpoints of each of the three vegetational categories, cattail 
(Typha sp.), and black willow occurring within the two sampled quadrats from 
each sampling frame. PROC GLM was used to test for significant differences 
in the PC of grass, sedge, and forb categories between the three soil-moisture 
regimes, tillage applications, and drawdown timings, as well as interactions 
between and among these factors. Cattail and black willow were not analyzed 
because of low frequencies of occurrence. 

In addition to PC, AGB was collected for the grass, sedge, and forb cate
gories, cattail, and black willow during the first LSEF and SPG drawdowns. 
The four quadrats used for PC estimates in the LSEF and SPG drawdowns 
were used for AGB collection as well. Vegetation rooted within the 20- by 
50-cm quadrats was clipped, placed in labeled paper bags, and dried at 60 oc 
for 48 hr. Vegetation then was removed from the bags and weighed to the 
nearest 0.01 g. Mean weights were calculated and converted to grams per 
square meter for the three vegetational categories, cattail, and black willow 
occurring within the two sampled quadrats from each sampling frame. Data 
from each frame were analyzed with PROC GLM for significant differences in 
AGB within each soil-moisture regime, tillage application, and drawdown 
timing, as well as interactions between and among these factors. Cattail and 
black willow, however, were again not analyzed because of low frequencies of 
occurrence. 

Flooded zone. Sampling was conducted on 16 and 17 December 1992, 
20 July 1993, and 6 November .1993 for first LSEF, SPG, and second LSEF 
drawdowns, respectively. Plant lists and PC estimates were collected per taxon 
to determine the effects of tillage and drawdown timing on emergent and sub
mergent plant composition and production. Twenty-four 20- by 50-cm quad
rats were used to estimate PC of plants within the continuously flooded pool of 
each treatment pond. Three quadrats were used within the four T and four NT 
strips of each pond. A species list was recorded for each of the three quadrats 
within a strip, and an overall list was determined for each strip by recording 
individual plant taxon tfiat occurred~ in any one onlie three sampled quadrats. 
Lists from individual strips then were used to determine the frequency of 
occurrence for individual plant taxon within tillage and drawdown timing. 
Finally, plant lists from each strip were analyzed with PROC GLM for differ
ences in plant taxon richness within tillage applications and drawdown timings, 
as well as interactions between and among these factors. 
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PC of each plant taxon was determined within a quadrat using the Bailey 
and Poulton (1968) rating scale. For statistical analyses, the midpoint of each 
PC interval was substituted for its corresponding rank. A mean then was 
calculated for the midpoints of individual plant taxon occurring within the 
three quadrats of a single stretch. Only individual plant taxon with frequencies 
above 0.25 for a sampling period were tested. Plant taxa with a majority of 
frequencies below 0.50 for NT and T plots within a drawdown were 
log10(x + 1) transformed to reduce heterogeneity in treatment variances. PROC 
GLM was used to test for differences in the PC of individual plant taxon 
within tillage applications and drawdown timings, as well as interactions 
between and among these factors. If an individual plant taxon did not occur 
within a drawdown, soil moisture and tillage effects were analyzed in the 
drawdowns in which it did occur. The effects of drawdown timing were not 
tested for taxa that occurred only during one drawdown. 

Water depths were recorded at three locations within each of the quadrats 
used for vegetation sampling within the flooded zone. Mean-water depth then 
was determined at each quadrat location. Spearman's rank correlation (SAS 
Institute, Inc. 1987) was used to determine potential correlations between the 
PC of individual plant taxon and mean-water depth within tillage applications 
and drawdown timings. Only individual plant taxon with frequencies above 
0.25 for a sampling period were tested. 

Seed collection 

Trap construction and placement. Measuring the number of seeds pro
duced by plants is difficult because seed maturation and release from the plant 
can take place over variable lengths of time (Hutchings 1986). Previous stud
ies used ''Tanglefoot" and adhesives to trap seeds (Werner 1975; Huenneke 
and Graham 1987). Both techniques allowed a count of seeds but not weight 
since adhesive substances were added to seeds. Johnson and West (1987) 
tested five seed-trap designs and found that seed traps that mimic soil depres
sions, (i.e., funnel traps) caught and retained significantly more seeds than 
four other trap designs. Therefore, standard No. 2 vegetable cans were used 
for seed traps to allow for a comparison of seed numbers and biomass pro
duced per unit area. Seed traps were attached to wood lathes and covered with 
hardware cloth to prevent birds and mice from eating the seeds. 

Tirree individual seed traps were randomly placed within the boundaries of 
each quadrat that was selected for vegetation collection during 1992 LSEF and 
1993 SPG drawdowns. Seed traps in the moist-soil and flooded zones stood 
2 sm -above-the -soil -and water surfaces, -respectiv-ely., to minimize rusting of 
the cans. A total of 576 seed traps was used during each of the drawdowns. 

Trap collection. Seed traps were collected when most of the plants in each 
quadrat had dropped their seeds. Collection dates were 25 November 1992 
and 7 July 1993 during the first LSEF and SPG drawdowns, respectively. 
Contents from individual seed traps were washed into coffee filters . Filters 
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and their corttents then were placed in labeled whirl-paks and frozen until time 
of seed identification. 

Seed identification. For seed identification, coffee filters and seeds were 
removed from their whirl-paks and air dried. Seeds were identified to the 
fmest taxonomic level possible based on Martin and Barkley (1961), Delorit 
(1970), and plant specimens collected on the site. Seed lists were recorded for 
each trap, and an overall list was determined for the 0.2-m2 area covered by 
the two sampled quadrats by recording each taxon that occurred in any one of 
the six seed traps. Frequency of occurrence was determined within the 
0.2-m2 area for individual taxon within each soil-moisture, tillage, and draw
down timing treatment. 

Seed numbers (SN). SN per taxon were counted for each trap, and a mean 
number was calculated for the six seed traps within each sampling frame . 
Surface area of seed-trap openings was used to calculate the mean number of 
seeds/m2 for each taxon. 

Seed biomass. Seeds from each taxon were stored separately by season 
(first LSEF and SPG). The seeds from each season then were oven-dried to 
constant weight at 60 °C and weighed to 0.001 g (Appendix C). Mean seed 
biomass was determined by taking the cumulative weight of a taxon and divid
ing it by the number of seeds collected for that taxon each season. Individual 
seed weights for each taxon then were multiplied by the mean number of seeds 
produced per square meter, thus giving the mean grams per square meter pro
duced for each taxon with frequencies greater than 0.23 for one drawdown 
timing (Appendix D). 

Seed data analysis. SN for identified taxa with frequencies greater than 
0.23 for one of the drawdown timings were log10(x + 1) transformed to reduce 
heterogeneity in treatment variances. SN data were then analyzed with PROC 
GLM for differences between soil-moisture, tillage, and drawdown timing 
treatments, as well as interactions between and among these factors. If seeds 
from an individual taxon were not trapped during a drawdown or had frequen
cies below 0.10 for a drawdown, soil moisture and tillage effects were ana
lyzed in the drawdown in which they had been trapped at frequencies above 
0.1 0. The effects of drawdown timing were not tested for taxa that occurred at 
frequencies below 0.10 during a drawdown. 
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4 Results 

Soil-Moisture and Tillage Measurements 

Field capacity did not differ between T and NT plots (P = 0. 78). However, 
data from September 1992 did show higher field capacity than did measure
ments from May 1993 (x = 26.6 percent, SE = 1.1, n = 12 versus x = 
22.0 percent, SE = 1.5, n = 18, respectively, P = 0.01). The interaction 
between tillage treatment and sampling date was not significant (P = 0.93). 

Biweekly measurements were higher (P = 0.03) in MSZI (x = 29.7 percent, 
SE = 0.6, n = 120) than in MSZII (x = 18.9 percent, SE = 0.6, n = 120). 
T versus NT plots did not show a difference (P = 0.52). LSEF 1992 measure
ments were, however, higher than SPG 1993 measurements (x = 28.8 percent, 
SE = 0.6, n = 120 versus x = 19.8 percent, SE = 0.7, n = 120, respectively, 
P = 0.0009). In addition, there were no two-way interactions (0.43 :::; P:::; 
0.85) between or among moist-soil zones, tillage treatments, or collection 
seasons. 

T and NT plots did not show a difference in relative bulk density (x = 
1.30 g/cm3

, SE = 0.03, n = 18 versus x = 1.29 g/cm3
, SE = 0.02, n = 18, 

respectively, P = 0.65). Likewise, a significant difference was not detected 
between the November 1992 and August 1993 samples (x = 1.32 g/cm3

, SE = 
0.03, n = 18 versus x = 1.27 g/cm3

, SE = 0.02, n = 18, respectively, P = 0.25). 
Finally, the two-way interaction between tillage treatment and collection date 
was not significant (P = 0.40). 

Moist-Soil Zone Vegetation 

Plant frequencies 

Eleven grass taxa were recorded during the study; two taxa occurred most 
frequently in the flooded zone, three in MSZI, and six in MSZII (Table 1). 
Three taxa occurred most frequently in NT plots, seven in T plots, and one 
taxon had equal frequencies for NT and T plots. During the three drawdown 
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Table 1 
Frequency Qf Occurrence of Emergent Plant Taxa Within Three Lewisville Ponds During 1992 and 1993 Studies 

Soli-Moisture Regime Tlllage Treatment Drawdown Tlmlng 

Flooded Zone MSZI MSZII Non tilled Tllled 1st LSEF SPG 2nd LSEF 
Common Name Scientific Name (n = 72) (n = 72) (n = 72) (n = 108) (n = 108) (n = 72) (n = 72) (n = 72) 

Grasses 

Barnyard grasse~ Echinochloa spp.1 0.46 0.43 0.28 0.36 0.42 0.21 0.39 0.57 

Knot-root bristle qrass Setaria geniculata 0.07 0.56 0.64 0.39 0.45 0.43 0.17 0.67 

Fall panicum Panicum dichotomifforum 0.18 0.28 0.26 0.23 0.25 0.19 0.01 0.51 

Hairy crabgrass Digitaria sanguina/is 0.13 0.40 0.57 0.38 0.35 0.24 0.56 0.31 

Bermuda grass Cynodon dacty/on 0.53 0.79 0.75 0.67 0.71 0.74 0.67 0.67 

Dallis grass Paspalum dilatatum 0.00 0.15 0.56 0.23 0.24 0.08 0.36 0.26 

Knotgrass Paspa/um distichum var. 0.08 0.04 0.06 0.05 0.07 0.00 0.14 0.04 
distichum 

Johnson grass Sorghum halepense 0.01 0.06 0.22 0.10 0.09 0.13 0.08 0.08 

Prairie cup grass' Eriochloa contracta 0.08 0.15 0.18 0.13 0.15 0.08 0.25 0.08 

Carolina canary ~rass Phalaris caroliniana 0.00 0.00 0.03 0.01 0.01 0.00 0.03 0.00 

Bluestem Andropogon sp. 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.01 
: 

(Sheet 1 of 3) I 
Note: Plants are; categorized by grass, sedge, forb, cattail, and willow. Frequencies of occurrence are presented for the flooded zone, moist-soil zones I (MSZI) and II 
(MSZII), two tillage treatments, and three drawdown timings. Data for the first late-summer/early-fall (LSEF), spring (SPG), and second LSEF drawdowns were collected in 
November 1992, ' July 1993, and November 1993, respectively. 
1 Barnyard gras~s induded Echinochloa crusga/li var. crusgalli and Echinoch/oa crus-pavonis var. crus-pavonis . 
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I Table 1 (Continued) 

Soli-Moisture Regime 

Flooded Zone MSZI MSZII 
Common Name Scientific Name (n = 72) (n = 72) (n = 72) 

Sedges 

Britton's sedge Carex brittoniana 0.22 0.47 0.54 

Aatsedge Cyperus acuminatus 0.08 0.03 0.07 

Creeping spike rush Eleocharis macrostachya 0.78 0.50 0.38 

Dwarf spike rush Eleocharis pSMJ/a 0.04 0.00 0.00 

Unknown sedge 0.13 0.15 0.26 

Forbs 

Pigweed Amaranthus palmeri 0.00 0.29 0.24 

Smartweeds Po/ygonum spp.2 0.18 0.21 0.10 

Curly dock Rumex crispus 0.06 0.24 0.24 

Arrowhead Sagittaria platyphy/la 0.00 0.01 0.00 

Tooth-cup Ammannia coccinea 0.36 0.06 0.03 

Aster Aster subu/atus 0.13 0.26 0.19 

Texas frog fruit Phyla incisa 0.57 0.82 0.89 

Ground cherry Physalis pubescens var. 0.00 0.00 0.01 
integrifolia 

I· 
2 Smartweeds included Po/ygonum persicaria and Po/ygonum hydropiperoides var. hydropiperoides. 

.. I 
Tillage Treatment Drawdown Timing 

Nontllled Tilled 1st LSEF SPG 2nd LSEF 
(n = 108) (n = 108) (n = 72) (n = 72) (n = 72) 

0.45 0.37 0.00 0.58 0.65 

0.03 0.09 O.o1 0.14 0.03 

0.53 0.57 0.50 0.58 0.57 

0.00 0.03 0.03 0.01 0.00 

0.21 0.15 0.49 0.06 0.00 

0.12 0.23 0.46 0.01 0.06 

0.13 0.19 0.10 0.22 0.17 

0.16 0.19 0.07 0.28 0.18 

0.00 0.01 0.00 0.01 0.00 

0.05 0.25 0.18 0.17 0.10 

0.19 0.20 0.06 0.00 0.53 

0.74 0.78 0.67 0.85 0.76 

0.00 0.01 0.00 0.00 0.01 

(Sheet 2 of 3) I 



Table 1 (Concluded) 

Soli-Moisture Regime Tllage Treatment Drawdown Timing 

Flooded Zone MSZI MSZII Non tilled Tllled 1st LSEF SPG 2nd LSEF 
Common Name Scientific Name (n = 72) (n = 72) (n = 72) (n = 108) (n = 108) (n = 72) (n = 72) (n = 72) 

I Forbs (Continued) I 
Mustang grape Vitis mustangensi!f 0.00 0.01 0.03 0.01 0.02 0.00 0.04 0.00 

Spurge Euphorbia sp. 0.00 0.11 0.06 0.07 0.04 0.01 0.15 0.00 

Thistle Cirsium sp. 0.00 0.13 0.11 0.07 0.08 0.24 0.00 0.00 

Unknown forbs4 · 0.39 0.78 0.81 0.61 0.70 0.69 0.68 0.60 

Cattail 

I Cattail I Typhasp . 1 o.35 1 0.01 1 o.oo 1 0.06 1 0.18 1 o.o3 1 0.11 1 0.22 I 
Willow 

Black willow Salix nigra 0.06 0.04 0.01 0.00 0.07 0.01 0.06 0.04 

I (Sheet 3 of 3) I 
3 Correll and Jqhnston (1970). 
4 Unknown forb); accounted for one or more forb taxa. 
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timings, three taxa occurred most frequently during the first LSEF drawdown, 
five during the SPG drawdown, and four during the second LSEF drawdown. 

Five sedge taxa were recorded during the study (fable 1). Three taxa 
occurred most frequently within the flooded zone and T plots. Two taxa 
occurred most frequently in MSZII and NT plots. Two taxa had highest fre
quencies of occurrence during the first LSEF drawdown, two during the SPG 
drawdown, and one during the second LSEF drawdown. 

Twelve forb taxa were recorded during the study (fable 1 ). Within the 
three soil-moisture regimes, one taxon occurred most frequently within the 
flooded zone, six within MSZI, and four within MSZIL One taxon had equal 
frequencies of occurrence within MSZI and MSZII; one taxon occurred most 
frequently in NT plots, while 11 taxa occurred most frequently in T plots. 
Four taxa occurred most frequently during the first LSEF drawdown, six dur
ing the SPG drawdown, and two during the second LSEF drawdown. 

Cattail and black willow occurred most frequently within the flooded zone 
(0.35 and 0.06, respectively) and T plots (0.18 and 0.07, respectively) 
(Table 1). However, cattail and black willow occurred most frequently during 
the second LSEF (0.22) and SPG (0.06) drawdowns, respectively. 

Soli-moisture effects on vegetation 

Emergent taxon richness revealed a significant (P = 0.03) interaction 
between soil moisture and drawdown timing (Figure 5). During the first LSEF 
drawdown, taxon richness was higher (a= 0.05) in MSZII and MSZI (x = 
8.5 taxa, SE = 0.4, n = 24 and x = 7.38 taxa, SE = 0.5, n = 24, respectively) 
than the flooded zone (x = 3.5, SE = 0.3, n = 24) (Figure 5). However, taxon 
richness was not significantly (a = 0.05) different between moisture regimes 
during the other two drawdowns. 

Grass PC was higher (P = 0.0498) in MSZII and MSZI than in the flooded 
zone (fable 2). Sedge PC revealed a significant (P = 0.0003) interaction 
between soil moisture and drawdown timing, but no differences were detected 
in PC between the three soil-moisture regimes in each drawdown (Figure 6a). 
Finally, forb PC was significantly (P = 0.003) higher in MSZI than in MSZII 
and the flooded zone (fable 2). 

Grass AGB did not differ (P = 0.07) between the three soil-moisture 
regimes (fable 2). The soil-moisture regime and drawdown timing interaction 
was significant (P = 0.0001) for sedge AGB (Figure 6b). Within the SPG 
drawdown, sedge AGB was higher (a= 0.05) in the flooded zone (x = 
240.7 gJrn2, SE = 35.8, n = 24) than in either MSZI or MSZII (x = 48.7 g/m2, 

SE = 9.5, n = 24 and x = 23.7 g/m2, SE = 6.1, n = 24, respectively). The 
moisture regime and drawdown timing interaction also was significant (P = 
0.02) for forb AGB (Figure 7). During the SPG drawdown, forb AGB was 
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Figure 5. Mean taxon richness for emergent plants within the flooded zone 
and moist-soil zones I and 11 (MSZI and MSZII, respectively) during 
both first and second late-summer/early-fall (LSEF) and spring 
(SPG) drawdowns 

higher (a= 0.05) in MSZI than in the flooded zone (x = 242.7 g/m2, SE = 
30.1, n = 24 versus x = 34.7 g/m2

, SE = 8.5, n = 24, respectively). 

Tillage effects on vegetation 

Taxon richness was higher (P = 0.02) in T than NT plots (Table 2). Grass 
PC (P = 0.009) and AGB (P = 0.001) were higher in NT than T plots 
(Table 2). Sedge PC (P = 0.2) and AGB (P = 0.16) did not differ between 
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Table 2 
Mean(± SE) Taxon Richness (Taxa/0.2m2

), Percent Cover/0.1 m2
, and Aboveground Biomass (AGB) (g/m2

) for 
Emergent Plant Taxa Within Three Lewisville Ponds During 1992 and 1993 Studies 

Soli-Moisture Regime Tlllage Treatment Drawdown Timing 

Independent Variables Flooded Zone MSZI MSZII Non tilled Tllled First LSEF SPG Second LSEF 

Taxon richness (n= 72) (n = 72) (n= 72) (n = 108) (n = 108) (n = 72) (n = 72) (n= 72) 

4.9 ± 0.3A1 7.6± 0.3A 8.0±0.2A 6.3 ± 0.38 7.4 ± 0.2A 6.5 ± 0.4A 6.9 ± 0.3A 7.1 ± 0.3A 

Percent cover (n = 72) (n= 72) (n = 72) (n = 108) (n = 108) (n = 72) (n= 72) (n = 72) 

Grass 29.7 ± 3.78 45.2 ± 3.3A 52.9 ± 3.5A 50.9 ± 3.2A 34.3 ± 2.68 39.4 ± 4.0A 39.6 ± 3.3A 48.8 ± 3.7A 

Sedge 39.4 ± 3.9A 17.5 ± 2.1A 8.9 ± 1.0A 24.9 ± 2.6A 19.1 ± 2.3A 18.4 ± 2.7A 24.9 ± 3.2A 22.6 ± 3.2A 

Forb 9.8 ± 1.3C 44.3 ± 2.9A 35.8 ± 2.98 22.6 ± 2.28 37.3 ± 2.5A 31 .5 ± 2.8A8 33.4 ± 3.1A 25.0 ± 3.18 

AG82 (n = 48) (n = 48) (n = 48) (n = 72) (n = 72) (n = 72) (n = 72) 

Grass 116.1 ± 27.9A 178.1 ± 26.0A 224.5 ± 27.4A 233.7 ± 26.0A 112.1 ± 15.78 120.0 ± 19.08 225.7 ± 24.3A 

Sedge 141 .5 ± 23.5A 37.1 ± 6.08 15.1 ± 3.48 75.0 ± 13.5A 54.2 ± 12.8A 24.8 ± 4.58 104.4 ± 16.9A 

Forb 29.3 ± 5.5C 167.7 ± 19.3A 117.2 ± 15.18 75.6 ± 11 .08 133.9 ± 15.0A 62.1 ± 7.68 147.4 ± 16.2A 

Note: Plants are categorized by grass, sedge, and forb. Data are presented for the main effects of the flooded zone, moist-soil zones I (MSZI) and II (MSZII), two tillage 
treatments, and three drawdown timings. Data for the first late-summer/early-fall (LSEF), spring (SPG), and second LSEF drawdowns were collected in November 1992, 
July 1993, and November 1993, respectively. 
1 Means sharing the same letter within a row are not significantly (P ~ 0.05) different within main effects of soil -moisture, tillage, and drawdown-timing treatments . 
2 AG8 was collected only during the first LSEF and SPG drawdowns. 
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Figure 7. Mean forb aboveground biomass (AGB) within the flooded zone 
and moist-soil zones I and II (MSZI and MSZII, respectively) during 
both first and second late-summer/early-fall (LSEF) and spring 
(SPG) drawdowns 

tillage treatments. Forb PC (P = 0.006) and AGB (P = 0.01) was higher in T 
than NT plots. 

Drawdown timing effects on vegetation 

Emergent taxon richness revealed a significant interaction (P = 0.03) 
between drawdown timing and soil moisture, but no differences were detected 
in taxon richness between the three drawdown timings of each soil-moisture 
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regime (Figure 5). Grass PC did not differ (P = 0.1) between drawdown tim
ings (Table 2). Sedge PC revealed a significant (P = 0.0003) interaction 
between drawdown timing and soil moisture (Figure 6a). Within the flooded 
zone, sedge PC was higher (a= 0.05) during the SPG and second LSEF draw
downs (x = 48.1 percent, SE = 6.6, n = 24 and x = 44.6 percent, SE = 7.3, 
n = 24, respectively) than the first LSEF drawdown (x = 25.6 percent, SE = 
5.7, n = 24). Forb PC was higher (P = 0.003) in the SPG drawdown than in 
the second LSEF drawdown (Table 2). 

Grass AGB was higher (P = 0.006) during the SPG drawdown than the first 
LSEF drawdown (Table 2). Sedge (P = 0.0001) and forb (P = 0.02) AGB 
revealed significant interactions between drawdown timing and soil moisture. 
Analysis within the flooded zone revealed that sedge AGB was higher (a= 
0.05) in the SPG drawdown than in the first LSEF drawdown (x = 240.7 g/m2

, 

SE = 35.8, n = 24 versus x = 42.3 g/m2
, SE = 10.5, n = 24, respectively) 

(Figure 6b). Within MSZI, forb AGB was higher (a= 0.05) in the SPG draw
down than in the first LSEF drawdown (x = 242.7 g/m2

, SE = 30.1, n = 24 
versus x = 92.8 g/m2

, SE = 11.3, n = 24, respectively) (Figure 7). 

Flooded-Zone Vegetation 

Plant taxon frequencies 

Four submergent plant taxa were recorded during the study, and each had 
frequencies above 0.25 for a sampling period (Table 3). Algae (Cladophora 
spp. and Spirogyra spp.) occurred within every sampled plot during the SPG 
drawdown and ranged in frequencies between 0.42 and 0.92 during the two 
LSEF drawdowns. Muskgrass (Chara vulgaris) occurred in all plots during 
the first LSEF drawdown, but decreased during the SPG (0.58 (NT) and 
0.67 (T)) and second LSEF (0.58 (NT) and 0.50 (T)) drawdowns. The lowest 
occurrence (0.58) of southern naiad (Najas guadalupensis) was within NT 
plots of the first LSEF drawdown. Southern naiad maintained high PC within 
NT (0.92 and 0.83) and T (0.92 and 0.75) plots during the SPG and second 
LSEF drawdowns. American pondweed (Potamogeton nodosus) did not occur 
during the first LSEF drawdown, but occurred at a level of 0.25 within NT and 
T plots of the SPG drawdown and 0.42 and 0.33 within NT and T plots of the 
second LSEF drawdown. 

Eight emergent plant taxa were recorded during the study, but only four 
had frequencies above 0.25 for any single sampling period (Table 3). Creep
ing spike rush (Eleocharis macrostachya) increased from 0.67 (NT) and 
0.17 (1')- in t.."le f'kst LSEF drawdown to 0.92 \vi thin beth NI' and T plots-in 
the second LSEF drawdown. Smanweed (Polygonum sp.) had its highest 
occurrence (0.25) within NT and T plots during the first LSEF drawdown and 
then decreased within NT (0.17) and T (0.17) plots of the other two draw
downs. Bermuda grass (Cynodon dactylon) occurred more frequently in NT 
than T plots within each drawdown season. Within NT (first LSEF (0.83), 
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Table 3 
Frequencle~ of Plant Taxa Within the Flooded Zone of Three Lewisville Ponds During 1992 and 1993 Studies 

Drawdown Timing 

First LSEF SPG Second LSEF 

Common Name Scientific Name NT(n = 12) T (n = 12) NT(n=12) T(n = 12) NT (n = 12) T(n=12) 

Submergents I 
Algae (combined) Cladophora sp. and Spirogyra sp. 0.83 0.42 1.00 1.00 0.92 0.83 

Muskgrass Chara vulgaris 1.00 1.00 0.58 0.67 0.58 0.50 

Southern naiad Najas guada/upensis 0.58 0.92 0.92 0.92 0.83 0.75 

American pondwOOd Potamogeton nodosus 0.00 0.00 0.25 0.25 0.42 0.33 

Emergents I 
Creeping spike ~Jsh E/eocharis macrostachya 0.67 0.17 0.75 0.42 0.92 0.92 

Smartweed Po/ygonum sp. 0.25 0.25 0.17 0.17 0.17 0.17 

Paspalum Paspalum sp. 0.08 0.08 0.08 0.08 0.08 0.08 

Bermuda grass Cynodon dacty/on 0.83 0.25 0.50 0.08 0.25 0.00 

Panicum Panicumsp. 0.08 0.00 0.00 0.00 0.00 0.00 

Tooth-cup Ammannia coccinnea 0.00 0.25 0.00 0.00 0.00 0.00 

Cattail Typhasp. 0.00 0.00 0.00 0.08 0.17 0.42 

Arrowhead Sagittaria platyphylla 0.00 0.00 0.00 0.00 0.08 0.00 

Floating 

Duckweed Lemna sp. 0.00 0.00 0.00 0.00 0.17 0.25 

· Note: Taxa are categorized by being either submergents, emergents, or floating plants. Frequencies for plants in nontilled (NT) and tilled (T) plots within the first late-
summer/early-fall (LSEF), spring (SPG), and second LSEF drawdowns were collected in November 1992, July 1993, and November 1993, respectively. 



SPG (0.50), .second LSEF (0.25)) and T (first LSEF (0.25), SPG (0.08), second 
LSEF (0.00)) plots, bennuda PC decreased over time. Cattail first occurred 
within T (0.08) plots of the SPG drawdown and then increased to 0.17 (NT) 
and 0.42 (T) during the second LSEF drawdown. Duckweed (Lemna sp.) 
occurred in NT (0.17) and T (0.25) plots within the second LSEF drawdown, 
but did not have frequencies above 0.25 for the drawdown. 

Tillage effects on vegetation 

Total taxon richness (P = 0.07), submergent taxon richness (P = 0.53), and 
emergent taxon richness (P = 0.11) did not differ between tillage treatments 
(Table 4). Taxon richness interactions were not significant (0.05 $ P $ 0.81). 

Table 4 
Mean (± SE) Submergent, Emergent, and Total Taxon Richness 
(Taxa/0.1 m2

) Within Two Tillage Treatments and Three Draw-
down Timings 

Tillage Treatment Drawdown Timing 

Non tilled Tilled First LSEF SPG Second LSEF 
Taxon (n = 36) (n = 36) (n = 24) (n = 24) (n = 24) 

Submergent 2.6 ± O.iA1 2.5 ± 0.1A 2.4±0.1A 2.8 ± 0.2A 2.6 ± 0.2A 

Emergent 1.8 ± 0.2A 1.1 ± 0.2A 1.5 ± 0.2A 1.2 ± 0.2A 1.6 ± 0.2A 

Total 4.5 ± 0.2A 3.8 ± 0.2A 3.9 ± 0.2A 4.0 ± 0.3A 4.4 ± 0.2A 

Note: First late-summer/early-fall (LSEF), spring (SPG), and second LSEF data were collected 
in November 1992, July 1993, and November 1993, respectively. 
1 Means within a row sharing the same letter are not significantly (P ;<: 0 .05) different within the 
main effects of tillage treatment and drawdown timing . 

Algae and muskgrass PC did not differ between NT and T plots (P = 0.051 
and P = 0.47, respectively) (Table 5). However, southern naiad PC was higher 
(P = 0.03) in T than NT plots. American pondweed PC did not differ (P = 
0.44) in tillage treatments within the SPG and second LSEF drawdowns. No 
interactions were significant (0.10 $ P $ 0.57) for submergent PC. Creeping 
spike rush (P = 0.20) and smanweed (P = 0.43) PC did not differ between 
tillage treatments. Bennuda grass PC was higher in NT than T plots. Cattail 
PC did not differ (P = 0.07) between tillage treatments. Interactions were not 
sigJlificant (0.37 $ P $ 0.51) for emergent PC. 

Drawdown timing effects on vegetation 

Total taxon richness (P = 0.59), submergent taxon richness (P = 0.45), and 
emergent taxon richness (P = 0.08) did not differ among drawdown timings 
(Table 4). Taxon richness interactions were not significant (0.05 $ P $ 0.81). 
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Table 5 
Mean {± SE) Percent Cover/0.1 m2 for Plants with Frequencies Above 0.25 for a Sampling Period Within the 
Flooded Zone of Three Lewisville Ponds During 1992 and 1993 Studies 

Tillage Treatment Drawdown Timing 

Common Name NT(n = 36) T (n = 36) First LSEF (n = 24) SPG (n = 24) Second LSEF (n = 24) 

I Submergents I 
Algae 37.7 ± 5.1A1 20.8 ± 4.9A 16.4 ± 4.98 56.2 ± 5.7A 15.1 ±4.28 

Muskgrass 25.1 ± 5.2A 19.6 ±3.8A 40.6 ± 5.7A 15.4 ± 4.78 11 .1 ± 4.48 

Southern naiatf 15.7 ±3.38 49.4 ± 6.5A 35.9 ± 7.8A 36.5 ± 6.8A 25.2 ± 6.9A 

American ponCfweed 19.2 ± 6.2A 17.8 ± 6.3A 0.0 ± 0.0 11 .4 ± 4.6A 25.7 ± 7.2A 

I Emergents I 
Creeping spike rush 10.5 ± 2.1A 14.4 ±3.9A 3.4 ± 1.38 9.7 ± 3.08 24.2 ± 5.0A 

Smartweed 3.7± 1.4A 0.7 ± 0.4A 3.5 ± 1.8A 1.9±1.1A 1.2 ± O.BA 

Bermuda grass 3.2 ± 1.0A 0.2 ±0.28 3.6 ± 1.3A 1.4 ± O.BA 0.1 ±0.1A 

Cattail 0.4 ±0.4A 0.5 ± 0.4A 0.0 ± 0.0 - ---2 0.5 ± 0.3 

Note: Taxa are categorized as being either submergents or emergents. Percent cover is given for plants in nontilled (NT) and tilled (T) plots, and the first late-summer/ 
early-fall (LSEF), spring (SPG), and second LSEF drawdowns. Measurements were collected in December 1992, July 1993, and November 1993. 
1 Means within a row sharing the same letter are not significantly (P ~ 0.05) different within the main effects of tillage treatment and drawdown timing. 
2 A mean was not figured for cattail because it oCCtJrred at a frequency below 0.25. 



Algae PC was higher (P = 0.0002) in the SPG drawdown than in the first 
and second LSEF drawdowns (Table 5). Muskgrass PC was higher (P = 
0.006) in the first LSEF drawdown than in the SPG and second LSEF draw
downs. However, southern naiad PC did not differ (P = 0.49) between draw
down timings. American pondweed did not differ (P = 0.11) in PC between 
the SPG and second LSEF drawdowns. Interactions were not significant 
(0.10 ~ P ~ 0.57) for submergent PC. 

Creeping spike rush PC was higher (P = 0.003) in the second LSEF draw
down than in the SPG and first LSEF drawdowns (Table 5). Smartweed (P = 
0.34) and bermuda grass (P = 0.05) PC did not differ between drawdown 
timings. Interactions were not significant (0.24 ~ P ~ 0.51) for emergent PC. 

Water-depth effects on vegetation 

Algae PC increased with increasing water depths in all tillage and draw
down treatments except SPG T and NT (Table 6). Muskgrass water-depth 
correlations were negative for every tillage and drawdown treatment. Southern 
naiad increased in PC with increasing water depths in all tillage and drawdown 
treatments except for SPG NT. American pondweed did not occur during the 
first LSEF drawdown, but within the SPG and second LSEF drawdowns, its 
PC was positively correlated with water depths in T plots and negatively 
correlated in NT plots. 

Creeping spike rush and smartweed PC decreased with increased water 
depths in every tillage and drawdown treatment (Table 6). Bermuda grass did 
not occur within second LSEF T plots, and its PC decreased with water depths 
in every other tillage and drawdown treatment. Cattail did not occur during 
the first LSEF drawdown or within NT plots of the SPG drawdown. However, 
within the T SPG drawdown plots and all second LSEF plots, cattail PC 
decreased with increased water depths. 

Seed Production 

Seed taxon frequencies 

Seeds from 11 grass taxa were collected during the LSEF and SPG draw
downs, but only 7 taxa had frequencies greater than 0.20 for a single draw
down (Table 7). Barnyard grasses (Echinochloa spp.) occurred most 
frequently within MSZI (0.65), T plots (0.56), and the LSEF drawdown (0.58). 
Knot-root bristle grass_ (.SeJ£Uia genicu.Jata) bacl its_ highest_fre_quencies_oL 
occurrence within MSZII (0.63), T plots (0.40), and the LSEF drawdown 
(0.50). Fall panicum (Panicum dichotomiflorum) and hairy crabgrass (Digit
aria sanguinalis) seeds also occurred most frequently in MSZII (0.44 and 0.35, 
respectively) and the LSEF drawdown (0.39 and 0.28, respectively), but fall 
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Table 6 .. 
Correlation Coefficients and P-Values for Associations of Plant Coverage and Water Depth for Eight Plants Within 
Three Lewisville Ponds During 1992 and 1993 Studies 

Drawdown Timing 

First LSEF SPG Second LSEF 

Common Name NT (n = 36) T (n = 36) NT (n = 36) T (n = 36) NT (n = 36) T (n = 36) 

I Submergents I 
Algae 0.41681 (P = 0.01) 0.3910 (P = 0.02) 0.1778 (P = 0.30) -0.0270 (P = 0.88) 0.3605 (P = 0.03) 0.4747 (P = 0.003) 

Muskgrass -0.1167 (P = 0.50) -0.2083 (P = 0.22) -0.4768 (P = 0.003) -0.5806 (P = 0.0002) -0.1886 (P = 0.27) -0.1046 (P = 0.54) 

Southern naiad 0.3331 (P = 0.047) 0.3789 (P = 0.02) -0.3792 (P = 0.02) 0.7661 (P = 0.0001) 0.2638 (P = 0.12) 0. 7520 (P = 0.0001) 

American pondWeed - 2 - -0.2313 (P = 0.17) 0.0209 (P = 0.90) -0.0038 (P = 0.98) 0.1540 (P = 0.37) 

I Emergents I 
Creeping spike rush - 0.2819 (P = 0.10) -0.4084 (P = 0.01) -0.2311 (P = 0.18) -0.5821 (P = 0.0002) -0.2524 (P = 0.14) -0.7380 (P = 0.0001) 

Smartweed -0.0571 (P = 0.74) -0.2823 (P= 0.10) -0.2252 (P = 0.19) -0.0843 (P = 0.63) -0.4381 (P = 0.008) -0.3125 (P = 0.06) 

Bermuda grass -0.2494 (P = 0.14) -0.4276 (P = 0.009) -0.4477 (P = 0.006) -0. 1546 (P = 0.37) -0.2958 (P = 0.08) --

Cattail - -- ---- -0.2360 (P = 0.17) -0.2440 (P = 0.15) -0.6053 (P = 0.0001) 

Note: Data for plants in nontilled (NT) and tilled (T) plots within the first late-summer/early-fall (LSEF), spring (SPG), and second LSEF drawdowns were collected in 
November 1992, July 1993, and November 1993, respectively. 
1 r-value for Spearman's rank correlation . 
2 Hyphens indicate treatments in· which a taxon was not recorded. 



Table 7 
Frequency of Occurrence of Emergent Plant Seeds In Traps Within Three Lewisville Ponds During 1992 and 1993 
Studies 

Soli-Moisture Regime Tillage Treatment Drawdown Timing 

Flooded Zone MSZI MSZII Non tilled Tilled LSEF SPG 
Common Name Scientific Name (n = 48) (n = 48) (n = 48) (n = 72) (n = 72) (n = 72) (n = 72) 

Grasses 

Barnyard grasses Echinoch/oa spp. 0.46 0.65 0.54 0.53 0.56 0.58 0.50 

Knot-root bristle ~rass Setaria genicu/ata 0.06 0.38 0.63 0.31 0.40 0.50 0.21 

Fall panicum Panicum dichotomifforum 0.10 0.23 0.44 0.32 0.19 0.39 0.13 

Hairy crabgrass Digitaria sanguinalis 0.04 0.19 0.35 0.17 0.22 0.28 0.11 

Bermuda grass Cynodon dactylon 0.13 0.23 0.23 0.19 0.19 0.24 0.15 

Dallis grass Paspalum dilatatum 0.19 0.35 0.73 0.40 0.44 0.21 0.64 

Johnson grass Sorghum halepense 0.00 0.19 0.42 0.18 0.22 0.17 0.24 

Knotgrass Paspalum distichum var. distichum 0.02 0.00 0.04 0.03 0.01 0.04 0.00 

Prairie cup grasS; Eriochloa contracta 0.00 0.08 0.08 0.04 0.07 0.06 0.06 

Brome Bromus sp. 0.00 0.00 0.02 0.01 0.00 0.00 0.01 

Bluestem Andropogon sp. 0.04 0.00 0.02 0.04 0.00 0.04 0.00 

: 
Sedges 

Creeping spike rpsh Eleocharis macrostachya 0.33 0.25 0.19 0.26 0.25 0.11 0.40 

Britton's sedge Carex brittoniana 0.19 0.40 0.35 0.40 0.24 0.00 0.63 

I (Continued) I 
Note: Seeds ar~ categorized by grass, sedge, and forb. Frequencies of occurrence (per 0.2 m2

) are presented for the flooded zone, moist-soil zones I (MSZI) and II 
(MSZII), two tillage treatments, and late-summer/ear1y:fall (LSEF) and spring (SPG) drawdowns. Seeds were collected from traps in November 1992 and July 1993. 
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I Common No~ Scientific Name 

I ' 
Aatsedge Cyperus acuminatus 

Yellow nut sed,ge Cype1vs esculentus 

Pigweed Amaranthus palmeri 

Yellow wood sbrrel Oxa/is stricta 

Smartweeds Polygonum spp. 

Aster Aster subu/atus 

Texas frog fruit Phyla incisa 

Spurge Chamaesyce sp. 

Curly dock Rumex crispus 

Unknown composite Asteraceae 

Ground cherry Physalis pubescens var. integrifolia 

Vetch Vicia sp. 

Bur-clover Medicago sp. 

Unknown 

I 
Soli-Moisture Regime Tillage Treatment Drawdown Timing 

Flooded Zone MSZI MSZII Non tilled Tilled LSEF SPG 
(n = 48) (n = 48) (n = 48) (n = 72) (n = 72) (n = 72) (n = 72) 

Sedges (Continued) ·I 
0.08 0 .02 0.06 0.01 0.10 0.03 0 .08 

0 .00 0 .00 0.06 0.03 0.01 0.00 0 .04 

Forbs 

0.41 0 .63 0 .54 0.46 0.60 0.83 0 .22 

0.02 0 .23 0 .67 0.29 0.32 0.24 0 .38 

0.06 0 .21 0.08 0.07 0.17 0.24 0 .01 

0.25 0 .29 0 .25 0.24 0.29 0.53 0 .00 

0.31 0 .19 0.13 0.17 0.25 0.40 0 .01 

0.17 0.31 0.50 0.29 0.36 0.64 0 .01 

0.17 0.44 0.46 0.31 0.40 0.00 0 .71 

0.06 0.13 0.38 0.21 0.17 0.00 0 .38 

0.00 0.02 0.00 0.01 0.00 0.01 0 .00 

0.00 0 .08 0.13 0.10 0.04 0.00 0.14 

0.00 0 .04 0 .04 0.04 0 .01 0.00 0 .06 

0.10 0 .27 0 .50 0.33 0.25 0.00 0 .58 



panicum occurrence was highest in NT plots (0.32) while hairy crabgrass 
occurrence was highest in T plots (0.22). Bermuda grass seeds had equal 
occurrences in MSZI (0.23) and MSZII (0.23), NT (0.19), and T (0.19) plots 
and highest occurrences during the LSEF drawdown (0.24). Both dallis grass 
and Johnson grass (Sorghum halepense) seeds occurred most frequently in 
MSZII (0. 73 and 0.42, respectively), T plots (0.44 and 0.22, respectively), and 
the SPG drawdown (0.64 and 0.24, respectively). 

Four sedge taxa were collected but only two had frequencies of occurrence 
higher than 0.20 for a drawdown timing (Table 7). Creeping spike rush seeds 
occurred most frequently in the flooded zone (0.33), NT plots (0.26), and the 
SPG drawdown (0.40). Britton's sedge (Carex brittoniana) seeds, however, 
had higher occurrence in MSZI (0.40) and NT plots (0.40). Britton's sedge 
seeds were not trapped during the LSEF drawdown, but occurred at a fre
quency of 0.63 during the SPG drawdown. 

Thirteen forb taxa were collected during the study, but only eight taxa had 
frequencies above 0.20 for either drawdown (Table 7). Pigweed (Amaranthus 
palmeri) occurred most frequently in MSZI (0.63), T plots (0.60), and the 
LSEF drawdown (0.83). Yellow wood sorrel (Oxalis stricta) occurred most 
frequently in MSZII (0.67), T plots (0.32), and the SPG drawdown (0.38). 
Both smanweed and aster (Aster subulatus) seeds occurred most frequently in 
MSZI (0.21 and 0.29, respectively), T plots (0.17 and 0.29, respectively), and 
the LSEF drawdown (0.24 and 0.53, respectively). Texas frog fruit (Phyla 
incisa) seeds occurred most frequently within the flooded zone (0.31), T plots 
(0.25), and the LSEF drawdown (0.40). However, spurge (Chamaesyce sp.) 
seeds occurred most frequently within MSZII (0.50), T plots (0.36), and the 
LSEF drawdown (0.64). Finally, curly dock (Rwnex crispus) seeds occurred 
most frequently within MSZII (0.46), T plots (0.40), and the SPG drawdown 
(0.71). 

Soli-moisture effects on seed production 

Barnyard grasses had a significant (P = 0.0007) interaction between soil 
moisture and drawdown timing, but did not differ (ex= 0.05) in SN among 
soil-moisture regimes within either LSEF or SPG drawdowns (Figure 8a). The 
interaction between soil moisture and drawdown timing also was significant 
(P = 0.006) for knot-root bristle grass with SN higher in MSZII than in the 
flooded wne (x = 1,192.4 seeds/m2

, SE = 324.3, n = 24 and x = 1.5 seeds/m2, 

SE = 1.5, n = 24, respectively, ex= 0.05) during the LSEF drawdown (Fig-
ure 8b). Fall panicum showed a significant (P = 0.02) interaction between soil 
moisture and drawdown timing with SN being higher (ex= 0.05) in MSZII 
(x = 2.224.0 seeds/m2

, SE = 960.9, n = 24) than both MSZI and the flooded 
zone (x = 477.6 seecfs/in2-, SE = 4T!.8~ n = T4-and-x = g:a- seeds/m2 ~ SF= 3~9~ 
n = 24, respectively) during the LSEF drawdown (Figure 9a). The interaction 
(P = 0.0004) between soil moisture and drawdown timing for hairy crabgrass 
revealed that, during the LSEF drawdown, SN were higher in MSZII than the 
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Mean seed numbers lor (a) -barnyard grass (Echinochloa spp.) and 
(b) knot-root bristle grass (Setaria geniculata) within the flooded 
zone and moist-soil zones I and II (MSZI and MSZII, respectively) 
during the first late-summer/early-fall (LSEF) and spring (SPG) 
drawdowns 
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during the first late-summer/early-fall (LSEF) and spring (SPG) 
drawdowns 

37 



38 

flooded zone (x = 629.4 seeds/m2
, SE = 422.1, n = 24 and x = 1.5 seeds/m2

, 

SE = 1.5, n = 24, respectively, a= 0.05) (Figure 9b). Bermuda grass SN did 
not differ (P = 0.22) between soil-moisture regimes (Table 8). The interaction 
(P = 0.002) between soil moisture and drawdown timing for dallis grass 
revealed that, during the LSEF drawdown, MSZII (x = 276.5 seeds/m2

, SE = 
150.9, n = 24) had higher (a= 0.05) SN than the flooded zone and MSZI (x = 
28.4 seeds/m2

, SE = 26.8, n = 24 and x = 3.4 seeds/m2
, SE = 3.4, n = 24, 

respectively) (Figure lOa). During the SPG drawdown, dallis grass seeds dif
fered (a= 0.05) among MSZII, MSZI, and the flooded zone (x = 854.6 seeds/ 
m2

, SE = 128.2, n = 24 versus x = 242.3 seeds/m2
, SE = 113.7, n = 24 versus 

x = 19.5 seeds/ m2
, SE = 7.8, n = 24, respectively). Finally, Johnson grass SN 

did not differ (P = 0.16) among the three soil-moisture regimes (Table 8). 

Creeping spike rush did not differ (P = 0.43) in SN between soil-moisture 
regimes (Table 8) . SN were higher (P = 0.04) for Britton's sedge in MSZII 
and MSZI than in the flooded zone. Pigweed SN were higher (P = 0.006) in 
MSZI and MSZII than in the flooded zone. The interaction (P = 0.0009) 
between soil moisture and drawdown timing for yellow wood sorrel revealed 
that, during the LSEF drawdown, SN were higher (a= 0.05) in MSZII than in 
the flooded zone (x = 22.5 seeds/m2

, SE = 6.1, n = 24 versus x = 1.5 seeds/m2
, 

SE = 1.5, n = 24, respectively) (Figure lOb). During the SPG drawdown, 
yellow wood sorrel SN were higher (a= 0.05) in MSZII (x = 126.4 seeds/m2

, 

SE = 26.9, n = 24) than in MSZI and the flooded zone (x = 12.1 seeds/m2, 

SE = 4.6, n = 24 and x = 0 seeds/m2
, SE = 0, n = 24, respectively). In addi

tion, the interaction (P = 0.01) between soil moisture and tillage application 
revealed that yellow wood sorrel SN within NT plots were higher (a = 0.05) 
in MSZII (x = 71.8 seeds/m2

, SE = 24.5, n = 24) than MSZI and the flooded 
zone (x = 15.5 seeds/m2

, SE = 5.4, n = 24 and x = 1.5 seeds/m2
, SE = 1.5, n = 

24, respectively) (Figure 11). Likewise, within T plots, yellow wood sorrel SN 
were higher (a= 0.05) in MSZII (x = 77.1 seeds/m2

, SE = 19.9, n = 24) than 
MSZI and the flooded zone (x = 7.0 seeds/m2, SE = 3.2, n = 24 and x = 
0 seeds/m2, SE = 0, n = 24, respectively). 

Smartweed SN were higher (P = 0.03) in MSZI than in the flooded zone 
(Table 8). Aster (P = 0.41) and Texas frog fruit (P = 0.13) did not differ in 
SN between soil-moisture regimes. Spurge SN were higher (P = 0.003) in 
MSZI and MSZII than in the flooded zone. Curly dock SN were higher (P = 
0.003) in MSZI and MSZII than in the flooded zone. 

Tillage effects on seed production 

Barnyard grass (P = 0.79) and knot-root bristle grass (P = 0.37) did not 
differ in ~S1'~rbetween tillage treatments {Table -s). Fall panicum, however, had 
higher SN in NT than T plots (x = 871.4 seeds/m2, SE = 362.5, n = 72 versus 
x = 43.6 seeds/m2

, SE = 20.2, n = 72, respectively, P = 0.049). Hairy 
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Table 8 
Mean(± S~) Seeds Produced (Seedstmi by Emergent Plants Within Three Lewisville Ponds During 1992 and 1993 
Studies 

Soli-Moisture Regime Tillage Treatment Drawdown Timing 

Aooded Zone MSZI MSZII Non tilled Tilled LSEF SPG 
Common NaiT!e (n = 48) (n = 48) (n = 48) (n = 72) (n = 72) (n = 72) (n = 72) 

Grasses 

Barnyard gras!fes 563.0 ± 254.7A 1 552.7 ± 244.1A 845.9 ± 424.7A 870.7 ± 324.5A 437.0 ± 168.6A 918.4 ± 322.5A 389.4 ± 170.5A 

Knot-root bris~ grass 3.8 ± 2.5C 109.2 ± 32.89 610.8 ± 181 .6A 346.6 ± 122.8A 135.9 ± 40.3A 462.2 ± 124.9A 20.2 ± 6.49 

Fall panicum 4.5 ± 2.09 249.8 ± 207.59 1,118.1 ±501.9A 871 .4 ± 362.5A 43.6 ± 20.29 903.5 ± 361 .9A 11 .4 ± 5.19 

Hairy crabgra~ 1.5± 1.19 56.3 ± 29.09 317.3 ± 213.7A 212.1 ± 143.2A 38.0 ± 18.4A 234.8 ± 143.7A 15.3 ± 8.79 

Bennuda gras1> 8.9 ± 3.8A 47.0 ± 18.2A 159.5 ± 96.6A 115.4 ± 65.1A 28.2 ± 9.7A 112.9 ± 64.9A 30.7± 11 .7A 

Dallis grass 23.9 ± 13.89 122.8 ± 58.99 565.6 ± 106.7A 226.5 ± 65.7A 248.4 ± 62.3A 102.7 ± 52.59 372. 1 ± 70.3A 

Johnson grass, 0.0 ± O.OA 17.9 ± 6.4A 180.8 ± 56.5A 55.7 ± 21 .4A 76.8 ± 33.9A 80.8 ± 36.1A 51 .7± 17.3A 

(Continued) I 
Note: Seeds f!-re categorized by grass, sedge, and forb. Seed numbers are presented for the flooded zone, moist-soil zones I (MSZI) and II (MSZII), two tillage treatments, 
and Jate-sumiTJer/earty-fall (LSEF) and spring (SPG) drawdowns. Seeds were collected from traps in November 1992 and July 1993. 
1 Means withip a row sharing the same Jetter are not significantly (P ~ 0.05) different within main effects for soil -moisture, tillage, and drawdown-timing treatments. 
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Soli-Moisture Regime Tillage Treatment Drawdown Timing 

Flooded Zone MSZI MSZII Non tilled Tilled LSEF SPG 
Common Name (n = 48) (n = 48) (n = 48) (n = 72) (n = 72) (n = 72) (n = 72) 

Sedges 

Creeping spike rush 763.6 ± 376.3A n7.8 ± 338.2A 71 .6 ± 34.4A 838.8 ± 324.7A 236.5 ± 92.6A 6.7 ± 2.88 1,068.6 ± 329.6A 

Britton's sedge2 247.6± 117.88 494.7 ± 191 .6A 665.2 ± 203.3A 767.9 ± 178.5A 170.4 ± 70.68 0.0 ± 0.0 469.2 ± 101 .7 

Forbs 

Pigweed 38.2 ± 10.28 4,097.4 ± 1,141.7A 3,889.1 ± 1 ,922.5A 677.0 ± 349.48 4,672.8 ± 1 ,438.7A 5,322.0 ± 1,451 .6A 27.8 ± 9.78 

Yellow wood sorrel 0.8±0.8C 11.2 ± 3.28 74.4 ± 15.6A 29.6 ± 9.0A 28.0 ± 7.8A 11.5 ± 2.78 46.1 ± 11 .2A 

Smartweeds3 4.6 ± 2.58 279.8 ± 158.4A 262.7 ± 245.1 A8 57.9 ± 52.28 306.8 ± 186.0A 182.3 ± 97.1 ----

Aster 22.5 ± 5.2A 46.1 ± 11 .4A 30.9 ± 7.9A 35.3 ± 8.3A 31 .3 ± 5.6A 33.2 ± 5.0 0.0 ± 0.0 

Texas frog fruit 393.7 ± 150.4A 49.5 ± 23.3A 30.8 ± 12.9A 81 .2 ± 30.0A 234.8 ± 102.9A 158.0 ± 54.0 ----

Spurge 32.8 ± 11.88 929.5 ± 558.3A 835.5 ± 422.7A 225.3 ± 94.28 973.3 ± 455.3A 599.3 ± 235.1 ----

Curly dock 137.3 ± 81 .28 857.9 ± 235.9A 796.7 ± 189.1A 295.1 ± 64.88 899.5 ± 199.0A 0.0 ± 0.0 597.3 ± 109.9 

2 For taxon only trapped in one season, soil moisture and tillage main-effect means were determined within the season they were trapped. 
3 SPG drawdown data were not used in mean measurements because of 0.01 frequencies of occurrence for taxon . 
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Figure 10. Mean seed numbers for (a) dallis grass (Paspalum dilatatum) and 
(b) yellow wood sorrel (Ox a/is stricta) within the flooded zone and 
moist-soil zones I and II (MSZI and MSZII, respectively) during the 
first late-summer/early-fall (LSEF) and spring (SPG) drawdowns 
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Figure 11. Mean seed numbers for yellow wood sorrel (Ox a lis stricta) within 
the flooded zone, moist-soil zones I and II (MSZI and MSZII, 
respectively), and tillage treatments 

crabgrass (P = 0.89), bennuda grass (P = 0.76), dallis grass (P = 0.49), and 
Johnson grass (P = 0.51) did not differ in SN between tillage treatments. 

£reeping_spik.e _rush-dkLnot1liffer _(P = .0.10) in SN between tillage applica
tions (Table 8). Britton's sedge SN were higher (P = 0.0001) in NT than T 
plots. Pigweed had a significant (P = 0.03) interaction between tillage and 
drawdown timing with higher SN in T than NT plots (x = 9,316.2 seeds/m2, 

SE = 2,676.9, n = 36 versus .X= 1,327.8 seeds/m2
, SE = 686.2, n = 36, respec

tively, a= 0.05) during the LSEF drawdown (Figure 12). The interaction 
between tillage and soil moisture was significant (P = 0.01) for yellow wood 
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Figure 12. Mean seed numbers for pigweed (Amaranthus palmen) within 
tillage treatments and the first late-summer/early-fall (LSEF) and 
spring (SPG) drawdowns 

sorrel, but further analysis revealed that SN did not differ (a= 0.05) between 
tillage treatments within the three soil-moisture regimes (Figure 11). Smart
weed SN were higher (P = 0.04) in T than NT plots (Table 8). Aster (P = 
0.58) and Texas frog fruit (P = 0.06) did not differ in SN between tillag_e 
applications. Spurge SN were higher (P = 0.02) in T than NT plots. Curly 
dock had higher (P = 0.006) SN in T than NT plots. 
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Drawdown timing effects on seed production 

Barnyard grass showed a significant (P = 0.0007) interaction between draw
down timing and soil moisture with higher (a:= 0.05) SN during the LSEF 
drawdown (x = 1,671.4 seeds/m2

, SE = 823.3, n = 24) than the SPG drawdown 
(x = 20.4 seeds/m2

, SE = 6.9, n = 24) within MSZII (Figure 8a). Knot-root 
bristle grass (P = 0.006) and fall panicum (P = 0.02) also had significant inter
actions between drawdown timing and soil moisture. Knot-root bristle grass 
(Figure 8b) and fall panicum (Figure 9a) both had higher (a:= 0.05) SN during 
the LSEF drawdown (x = 1,192.4 seeds/m2

, SE = 324.3, n = 24 and x = 
2,224.0 seeds/m2

, SE = 960.9, n = 24, respectively) than the SPG drawdown 
(x = 29.2 seeds/m2

, SE = 12.9, n = 24 and x = 12.1 seeds/m2
, SE = 5.8, 

n = 24, respectively) within MSZII. Likewise, hairy crabgrass showed a 
significant (P = 0.0004) interaction between drawdown timing and soil mois
ture with SN within MSZII being higher during the LSEF drawdown than the 
SPG drawdown (x = 629.4 seeds/m2

, SE = 422.1, n = 24 versus x = 5.1 seeds/ 
m2

, SE = 3.7, n = 24, respectively, a:= 0.05) (Figure 9b). Bermuda grass SN 
did not differ (P = 0.29) between drawdown timings (Table 8). Dallis grass 
had a significant (P = 0.002) interaction between drawdown timing and soil 
moisture with SN within MSZI and MSZII being higher (a:= 0.05) during the 
SPG drawdown (x = 242.3 seeds/m2

, SE = 113.7, n = 24 and x = 854.6 seeds/ 
m2

, SE = 128.2, n = 24, respectively) than the LSEF drawdown (x = 
3.4 seeds/m2

, SE = 3.4, n = 24 and x = 276.5 seeds/m2
, SE = 150.9, n = 24, 

respectively) (Figure lOa). Finally, Johnson grass SN did not differ (P = 0.17) 
between drawdown timings (Table 8). 

Creeping spike rush had higher (P = 0.003) SN during SPG drawdown than 
the LSEF drawdown (Table 8). Pigweed revealed a significant (P = 0.03) 
interaction between drawdown timing and tillage application. Pigweed SN 
were higher during the LSEF drawdown than the SPG drawdown in both NT 
(x = 1,327.8 seeds/m2

, SE = 686.2, n = 36 versus x = 26.2 seeds/m2
, SE = 

15.7, n = 36, respectively, a:= 0.05) and T (x = 9,316.2 seeds/m2
, SE = 

2,676.9, n = 36 versus x = 29.4 seeds/m2
, SE = 11.5, n = 36, respectively, a:= 

0.05) plots (Figure 12). Yellow wood sorrel had a significant (P = 0.0009) 
interaction between drawdown timing and soil moisture with SN within MSZII 
being higher during the SPG drawdown than the LSEF drawdown (x = 
126.4 seeds/m2, SE = 26.9, n = 24 versus x = 22.5 seeds/m2

, SE = 6.1, n = 24, 
respectively, a: = 0.05) (Figure 11). 
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5 Discussion 

Seed Bank Response to a Partial Drawdown 

Biweekly measurements indicated that the partial drawdown produced 
three soil-moisture regimes (flooded, MSZI, and MSZII) within each pond 
basin. Higher soil-moisture readings within MSZI versus MSZII probably 
were due to upward, capillary movement (Brady 1990:125; Gerla 1992) of 
water from the flooded zone. In this experiment, the flooded zone served dual 
functions; it created a moisture gradient upslope for emergents and provided 
habitat for submergents. 

Vegetation species lists, PC, and AGB revealed zonation of emergent plants 
within the ponds. Taxon richness was higher in the moist-soil zones (MSZS) 
than in the flooded zone during the first LSEF drawdown. The trend contin
ued during the other two drawdowns, but overall differences were less 
dramatic because of increases in taxon richness within the flooded zone. 
Higher taxon richness within the MSZS probably was due to high frequencies 
of occurrence for grasses and forbs. Grasses and forbs also included more taxa 
than sedges, which occurred most frequently in the flooded zone. Cattail and 
black willow also had their highest frequencies of occurrence within the 
flooded zone because both germinate in saturated soils (Hall, Penfound, and 
Hess 1946; Weller 1975). 

Grass and forb PC and AGB were highest within MSZII and MSZI, respec
tively. Sedge AGB was significantly higher in the flooded zone than in the 
MSZS. Sedge PC revealed the same trend, but differences were not signifi
cant. Though some of the measurements varied among drawdowns, trends 
suggest that plants within the ponds were distributed in zones driven by soil 
moisture. Previous studies of wetlands under both stable and drawdown condi
tions have reported similar plant distributions along a continuum from water 
tolerant aquatics (e.g., cattail and bulrush (Scirpus spp.)) to marsh sedges, 
moist-soil gr&--ses- and forbs-, arnt finally upland-vegetation (lfrumsted and 
Hewitt 1952; Harris and Marshall 1963; Weller and Spatcher 1965; Weller and 
Fredrickson 1974). 

Kadlec (1962) reported that aerobic nitrification during a drawdown 
increased soil nitrates. The effect of drawdown on other nutrients was less 
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dramatic, but the highest increases in fertility occurred when soils stayed moist 
durlng the drawdown to facilitate bacterial decomposition of organic matter. 
Therefore, maintaining a flooded zone within the ponds could increase soil 
nutrients by providing moisture to organic portions of exposed soils. In this 
study, soils were analyzed to test for differences in nutrients within and 
between ponds rather than predrawdown and postdrawdown. The three ponds 
each had nitrogen levels of 1 ppm (Appendix E). Other soil nutrients appear 
to be fairly evenly distributed between the ponds. 

Seed production 

SN were used as indices to test the effects of soil moisture, tillage, and 
drawdown timing on seed production within the ponds. Seeds were trapped 
only during drawdown periods. Other investigators interested in the produc
tion of wetland plants stripped seeds directly from plants as they matured (Low 
and Bellrose 1944; Singleton 1951; McKnight 1991) or used low-lying seed 
catchpans (Knauer 1977). Logistics did not permit the stripping technique in 
this project. Likewise, seed traps in this project stood at higher elevations than 
Knauer's (1977) to prevent seed loss during unexpected flooding events. 
Therefore, direct comparisons in seed production between this study and other 
studies were not feasible because of differences in collection techniques and 
geographical locations of projects. 

Knot-root bristle grass, fall panicum, and hairy crabgrass produced their 
highest SN within MSZII during the first LSEF drawdown. Dallis grass pro
duced significantly higher SN within MSZII during both the first LSEF and 
SPG drawdowns. No significant differences in bermuda grass and Johnson 
grass SN were detected, but the data indicated that each had highest production 
in MSZII. Barnyard grass did not indicate a significant difference in SN 
among moisture regimes; but, during the first LSEF drawdown, it produced its 
highest SN in MSZII; during the SPG drawdown, it produced its highest SN in 
the flooded zone. The switch in location of highest production for barnyard 
grass may have been due to drier soils during the SPG drawdown or perhaps 
due to a difference in the timing of seeding between the two species trapped. 
Knauer (1977) had similar results, noting that hairy crabgrass, fall panicum, 
and barnyard grass grew together in "high and dry" locations where the water 
receded first. In addition, fall panicum and barnyard grass also occurred with 
other plants within zones of intermediate elevations that were neither very wet 
nor very dry. 

-The-two -sedge -species analyzed in 1his -study differed in SN because of soil 
moisture. Britton's sedge was higher in MSZII and MSZI than in the flooded 
zone. Creeping spike rush production, though not significant, was nearly even 
between the flooded zone and MSZI. Yellow wood sorrel was the only forb 
species analyzed that had the highest SN within MSZII. Pigweed, smartweed, 
spurge, and curly dock had highest SN within MSZI. Texas frog fruit and 
aster SN did not differ between the soil-moisture regimes. The majority of 
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forb seed distributions are consistent with the characteristic soil-moisture 
regimes in which the plants grow (Correll and Correll 1975). 

Flooded-zone vegetation 

Percent cover of all emergents within the flooded zone decreased with 
increasing water depths. However, PC of most submergent macrophytes 
increased with increasing water depths. These results agree with past research, 
which indicated that emergents decrease and submergents increase when 
flooding occurs and fairly stable water levels are maintained (Harris and 
Marshall 1963; Spence 1982; Thomas 1994). Muskgrass was the only submer
gent species to decrease with increased water depths. However, Thomas 
(1994) recorded increased coverage of muskgrass with increased water depths. 
Therefore, factors (e.g .• competition or light) other than water depth may have 
been affecting muskgrass growth. 

Soil-Disturbance Effects on Seed Banks 

Rototilling created diversity within the ponds by encouraging annuals and 
discouraging perennials. Emergent taxon richness was higher in T than NT 
plots during this study. The majority of grass, sedge, and forb taxa occurred 
more frequently in T than NT plots. Kirkman and Sharitz (1994) also reported 
increased species richness in tilled areas within Carolina bays. However, 
Knauer ( 1977) noted that disk.ing decreased species diversity in Missouri 
moist-soil units. The increased taxon richness in our T plots probably was due 
to surface exposure of buried seeds. Results were not likely due to soil 
moisture because the biweekly measurements indicated that soil moisture did 
not differ between T and NT plots. Soil bulk-density means also showed that 
tillage did not affect the degree of compaction in disturbed plots. There are 
two possible explanations for the bulk density results. Flooding the ponds 
soon after tilling in 1992 may have caused soil particles in T plots to settle 
during the drawdown. Moreover, because of procedure flaws, only a relative 
bulk density was obtained. 

Tilling increased the PC and AGB of forbs, decreased the PC and AGB of 
grasses, and did not affect the PC and AGB of sedges. The majority of forbs 
within the ponds were annuals, and most grasses were perennials. Therefore, 
tilling within the ponds encouraged annual plant production and discouraged 
perennial plant production. Other researchers have advocated disk.ing_ or tilling_ 
to discourage perennials and encourage annuals (Fredrickson and Reid 1988b; 
Kirkman and Sharitz 1994). In addition, cattail and black willow frequencies 
were highest within tilled plots. Cattail and black willow genninated best in T 
areas probably because of quality habitat created by disturbing soil adjacent to 
water (Hall, Penfound, Hess 1946; Galinato and van der Valk 1986). 
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Seed production 

Tilling decreased fall panicum SN, but did not affect other grasses in the 
study. Although data were not statistically significant, tilling appeared to 
decrease the SN of barnyard grass, knot-root bristle grass, hairy crabgrass, and 
bennuda grass and increased the SN of dallis grass and Johnson grass. These 
fmdings conflict with Knauer (1977), who found that disking increased the 
seed production of barnyard grass, hairy crabgrass, and fall panicum. 

Tilling decreased SN of Britton's sedge, but did not affect creeping spike 
rush SN. Pigweed SN were highest in T plots during the first LSEF draw
down, but production differences were less dramatic between T and NT plots 
during the SPG drawdown. Tilling also increased SN of smartweed, spurge, 
and curly dock, but did not affect yellow wood sorrel, aster, or Texas frog fruit 
SN. However, Knauer (1977) reported that curly dock was eliminated by 
disking. Differences in results ~tween this study and Knauer's (1977) may be 
due to differences in geographical locations of study sites, pond slopes, or 
perhaps the fact that ponds in this study were flooded and dewatered soon after 
tilling. 

Flooded-zone vegetation 

Tillage did not affect total taxon richness or submergent or emergent rich
ness within the flooded zone. Algae, muskgrass, and American pondweed PC 
also were not affected by tilling. However, tilling increased the PC of south
em naiad, possibly because of the stimulation of donnant seeds. Submergent 
plants are characterized by van der Valk (1981) as having long-lived propa
gules that remain in the seed bank and become established during suitable 
environmental conditions. 

Similar to submergents, the majority of emergents within the flooded zone 
were not affected by soil disturbance. Tilling did not affect the PC of creeping 
spike rush, smartweed, or cattail, but decreased the PC of bennuda grass. The 
combined stress from tilling and flooding was probably more than bennuda 
grass could tolerate. 

Drawdown Timing Effects on Seed Banks 

Drawdown timing has been shown to affect the gennination, growth, and 
_seed_production-Of-plants-in -moishsoil impoundments {Knauer 1977; Fredrick
son 1991; McKnight 1991, 1992). Different timing can affect soil temperature 
(Knauer 1977) and moisture (Knauer 1977; McKnight 1991, 1992). Soil tem
peratures were not measured in this project, but soil moisture was higher dur
ing the first LSEF drawdown than during the SPG drawdown. McKnight 
(1992) reported similar findings during an August drawdown with higher soil 
moisture than an April drawdown. Total rainfall was higher during the LSEF 
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drawdown (17.4 em) versus the SPG drawdown (9.9 em). Therefore, in 
addition to drawdown timing, soil moisture may have been affecting plant 
growth during the first LSEF and SPG drawdowns. 

Drawdown timing did not affect taxon richness of emergent plants within 
the drawdown region. The majority of grasses and sedges occurred most 
frequently during the LSEF drawdowns, but forbs were equally frequent 
between the SPG and LSEF drawdowns. The effect of drawdown timing on 
species richness and diversity is variable between moist-soil impoundments. 
McKnight (1992) reported highest taxon richness during an early (April) draw
down on an east Texas mine-spoil pond, but Knauer (1977) had lower species 
diversity during an early (May-June) drawdown in Missouri. 

Drawdown timing did not affect grass PC, but grass AGB was highest 
during the SPG drawdown. Within the flooded zone, sedge PC was higher 
during the SPG and second LSEF drawdowns than during the first LSEF draw
down. Sedge AGB also was highest during the SPG drawdown. The higher 
PC and AGB values for sedge in the SPG and second LSEF drawdowns prob
ably was due to the germination of creeping spike rush, Britton's sedge, and 
flatsedge during the SPG drawdown and persistence throughout the summer 
and fall. Forb PC was highest during the SPG drawdown, and forb AGB was 
significantly higher during the SPG drawdown than the first LSEF drawdown 
within MSZI. The flooded zone and MSZII also showed similar patterns in 
forb AGB. 

Seed production 

Drawdown timing did not affect the SN of Johnson grass or bermuda grass. 
The combination of drawdown timing and soil moisture did affect the other 
five grasses analyzed. Barnyard grass, knot-root bristle grass, fall panicum, 
and hairy crabgrass had higher SN during the first LSEF drawdown versus the 
SPG drawdown. Within MSZI and MSZII, dallis grass had highest SN during 
the SPG drawdown. McKnight (1991) reported that barnyard grass (Echinoch
loa crusgalli var. crusgalli) only produced seeds during a spring drawdown in 
east Texas, and Knauer (1977) noted higher seed production for barnyard 
grass, fall panicum, and hairy crabgrass during an early drawdown. However, 
Knauer's (1977) figures included cumulative seed production throughout the 
summer and into the fall, whereas this study only measured early-drawdown 
(April) seed production through 7 July. 

The SPG drawdown was more effective than the LSEF drawdown in pro
ducing sedge seeds. Creeping spike rush and Britton's sedge produced their 
highest SN during the SPG drawdown. Previous researchers also reported 
higher spike rush growth and seed production following early drawdowns 
(Connelly 1979; Fredrickson 1991). The first LSEF drawdown produced the 
highest SN for pigweed in both NT and T plots. Pigweed SN drastically 
decreased during the SPG drawdown. High pigweed SN during the first LSEF 
drawdown probably were due to drawdown timing and invasion of the plant 
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into newly tilled plots. Yellow wood sorrel, affected by the combination of 
drawdown timing and soil moisture, had its highest SN within MSZII during 
the SPG drawdown. Smartweeds, Texas frog fruit, and spurge produced their 
highest SN during the LSEF drawdown. Aster and curly dock were the only 
forbs analyzed that produced seeds solely during the first LSEF and SPG 
drawdowns, respectively. Seed production data indicated that the LSEF draw
down was more effective than the SPG drawdown in producing large numbers 
of seeds from a variety of plant species. 

Flooded-zone vegetation 

Drawdown timing did not affect total taxon richness or taxon richness of 
emergents or submergents. Southern naiad PC was not affected by drawdown 
timing, but algae PC was highest during the SPG drawdown. American pond
weed was not detected during the first LSEF, but it increased in coverage 
during subsequent drawdowns. Muskgrass PC was highest during the first 
LSEF drawdown and subsequently decreased. Though this study did not 
directly test for competition between plants, muskgrass coverage may have 
decreased because of competition with southern naiad and American 
pond weed. 

Drawdown timing did not affect smartweed and bermuda grass PC within 
the flooded zone. However, creeping spike rush PC was highest during the 
second LSEF drawdown. Creeping spike rush coverage was probably higher 
because of increased coverage from vegetative reproduction. Cattail was not 
detected within the flooded zones of the ponds until the SPG drawdown. 
Cattail had a frequency of 0.08 within T plots during the SPG drawdown. By 
the second LSEF drawdown, cattail frequencies increased in T (0.17) and NT 
(0.42) plots. Previous studies have reported similar results of cattail invasion 
(Brumsted and Hewitt 1952; Weller and Fredrickson 1974). 
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6 Waterfowl Feeding 
Patterns 

Introduction 

Nearly 50 percent of waterfowl using North America's Central Flyway 
winter in Texas (Buller 1964). Although the gulf coast and playa lakes are 
regarded as the two most important regions for wintering waterfowl in Texas 
(Buller 1964), north-central Texas is an important area where waterfowl use a 
variety of habitats including reservoirs, flood-prevention lakes, and farm ponds 
(Texas Parks and Wildlife 1982). 

Migrant and wintering waterfowl in east Texas selected created wetlands 
based upon size, depth, and amount and type of vegetation (Reynolds 1989; 
DeRoia 1993). In other locations, researchers found that migrant and winter
ing waterfowl selected feeding locations according to water depth and emer
gent and submergent plant communities within wetlands (White and James 
1978; Chabreck 1979; Paulus 1982). Observations were conducted on the 
LAERF in north-central Texas to determine if migrant and wintering waterfowl 
were partitioning feeding locations according to water depth and plant commu
nities. Three ponds on the LAERF had been managed to provide emergent 
and submergent vegetation and seeds (Chapter 3). 

Methods 

The highest water level used in each pond during the experiment was at 
step 6 on the control structure (Figure 3). During partial drawdowns, ponds 
were maintained at base water levels (step 4) to provide suitable conditions for 
submergent vegetation-. Expesed-soils- between-step-4-and step-6-water-lines
supported moist-soil emergents. To delineate the boundary between the con
tinuously flooded pool and moist-soil zone, PVC pipes (2-in. diam) were 
placed along the step 4 water line. 

Ponds were reflooded to step 6 after vegetation and seed data were col
lected for 1992 and 1993 LSEF drawdowns to allow waterfowl access to 
remaining seeds, vegetation, and invertebrates. Water depths at the PVC pipes 
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averaged 32 em. Therefore, the zone upslope from the pipes was fairly shal
low ( <32 em) and supported mainly emergent vegetation, while the zone 
downslope from the pipes was deep (>32 em) and supported predominantly 
submergent vegetation. Ponds remained flooded to step 6 from 18 December 
1992 to 4 April 1993 and 16 November 1993 to 1 May 1994. 

Waterfowl observations were conducted during peak-use periods: 5 days 
between 5 and 17 March 1993 and 2 days (12-13) in January 1994. Water
fowl were viewed with a spotting scope and binoculars from either of two con
structed blinds. Position of the first blind allowed simultaneous viewing of 
ponds 1 and 2 while pond 3 was viewed from the second blind. A sampling 
period (2 days) consisted of 4 bouts lasting approximately 2 hr in the morning, 
beginning one-half hour before sunrise, and 2 hr before sunset. Blinds were 
randomly selected the first morning and evening of a sampling period. Order 
of blind use was reversed on the second day of the sampling period to ensure 
that equal numbers of morning and evening observations were conducted on 
each pond. Scan sampling (Altmann 1974) was used to record waterfowl 
species, numbers, and zone of use (shallow or deep) at 10-min intervals within 
each pond. 

Mean number of ducks per scan was calculated for individual species 
according to the zone and pond in which they occurred (e.g., emergent zone 
and pond 1). Only scans in which the species occurred were used in mean 
calculations. Analysis of variance (PROC ANOVA, SAS Institute, Inc. 1987) 
was used to test for differences in mean ducks per scan by species between the 
two zones. Because analyses revealed that mean ducks per scan did not differ 
by species between ponds, mean number of ducks per scan was tested for 
differences between zones, regardless of pond. 

Results 

Blue-winged teal (Anas discors), mallards (A. platyrhyncos), and green
winged teal (A. crecca) had the first, second, and third highest frequencies of 
occurrence per scanning period, respectively (Table 9). However, mean blue
winged teal (P = 0.15), mallards (P = 0.98), and green-winged teal (P = 0.29) 
per scan did not differ between the two water depths. American wigeon 
(A. americana) were observed only within the deep zone of the ponds. 

-6adwall-(A. -strepera) -were observed -least -ana -haa higher {P = -o.002) mean 
numbers per scan in the deep versus shallow zone. 

Discussion 

Higher mean American wigeon and gadwalls per scan in the deep versus 
shallow zone were consistent with observations by previous workers (White 
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Table 9 
Frequency of Occurrence for Waterfowl Species During Scanning Bouts In 
Which Waterfowl Were Present and Mean (± SE) Waterfowl per Scan Within 
Deepwater and Shallow-Water Zones of Three Lewisville Ponds During 1993 
and 1994 Observation Periods 

Water Zone 
Frequency of Occurrence 

Common Name Scientific Name (n = 21) Deep 

Blue-winged teal Anas discors 0.67 3.06 ± 0.67A 1 

(n = 14)2 

Mallard A. platyrhyncos 0.57 1.59 ± 0.78A 
(n = 12) 

Green-winged teal A. crecca 0.43 2.86 ± 1.61A 
(n = 9) 

American wigeon A. americana 0.24 2.02 ± 0.04 
(n = 5) 

Gadwall A. strepera 0.14 1.87 ± 0.18A 
(n = 3) 

1 Means within a row sharing the same letter are not significantly (P ~ 0.05) different. 
2 Number of observation bouts in which individual species occurred. 

and James 1978; Chabreck 1979; DeRoia 1993). The deep zone primarily 
supported submergent vegetation (e.g., muskgrass, southern naiad, and 
American pondweed) and filamentous algae (Chapter 3), which are the major 
foods of nonbreeding American wigeon and gadwall (White and James 1978; 
Paulus 1982; DeRoia 1993). Mallards occurred in relatively equal proportions 
between deep and shallow zones, probably because mallards use a wide array 
of vegetation and seeds (Chabreck 1979; Bellrose 1980; Jorde, Krapu, and 
Crawford 1983). 

Although blue-winged and green-winged teal numbers per scan did not 
differ statistically between water depths, their mean values indicated that more 
ducks of each species occurred in the shallow versus deep zone. The shallow 
zone consisted solely of emergent vegetation and presumably seeds from previ
ous drawdowns. Other researchers reported similar results with teal feeding in 
waters less than 32 em in depth and dominated b)' emergent vegetation (Taylor_ 
1978; White and James 1978; Euliss and Harris 1987). However, DeRoia 
(1993) noted blue-winged teal feeding primarily in mean water depths of 
53 em, presumably in search of invertebrates in submergent vegetation grow
ing to the water surface. Other research has indicated that migrant and winter
ing waterfowl consume both plant and animal matter (faylor 1978; Paulus 
1982; DuBowy 1988). Therefore, waterfowl utilizing the ponds during spring 
observations may have been influenced by the type and distribution of vegeta
tion and associated invertebrates within the two water zones. 
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Shallow 

5.69 ± 1.66A 
(n = 14) 

1.56 ± 0.55A 
(n = 12) 

7.13 ± 3.52A 
(n = 9) 

0.00 
(n = 5) 

0.13 ± 0.138 
(n = 3) 
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7 Conclusions and 
Management 
Recommendations 

Partial drawdowns, drawdown timing, and soil disturbance were effective 
tools in creating diverse habitats in shallow impoundments to satisfy the needs 
of a diversity of waterfowl. Partial drawdowns resulted in soil-moisture 
regimes in the ponds that produced a typical zonation of wetland plants: 
(a) submergents in deeper regions of the flooded zone; (b) cattail, black wil
low, and sedges in shallow regions of the flooded zone; (c) forbs in the moist 
zone adjacent to the water; and (d) grasses in the upper, drier zone. Waterfowl 
managers must consider target vegetation when designing impoundments and 
determining the extent of drawdowns. Results suggested that, during partial 
drawdowns, impoundments with gradual slopes would retain higher soil mois
ture over greater distances from the water's edge, thus producing larger patches 
of beneficial moist-soil plants such as smartweed, curly dock, barnyard grass, 
fall panicurn, and hairy crabgrass. Designing impoundments with extensive 
shallow-sloped areas and a deeper pool would increase plant diversity by pro
viding habitat for both moist-soil and submergent plant production. Presence 
of a deep continuously flooded pool also could limit cattail to a narrow band 
within shallow regions (Weller 1975) along the flooded margin. 

Water availability, control structures, and the precision of water-level 
control in an impoundment ultimately determine drawdown timing and the 
number of possible drawdowns per year. In north Texas, if only a single 
drawdown is feasible, an LSEF drawdown is suggested for high barnyard 
grass, fall panicurn, hairy crabgrass, and smartweed seed production. The 
LSEF drawdown allows the plants to drop their seeds just prior to the time of 
-refloodingJor waterfowl-use. AnSPG .drawdown initially stimulates growth 
and high seed production of Britton's sedge, creeping spike rush, and curly 
dock, as well as minimal seed production of barnyard grass, fall panicurn, and 
hairy crabgrass. However, if drought conditions develop and the impoundment 
cannot be reflooded, warm season grasses may experience stress conditions 
limiting summer/fall growth and seed production (Fredrickson 1991). Results 
also suggested that, if water is available, the ideal situation would be two 
drawdowns during a growing season; an SPG drawdown for early-season plant 
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growth and ~eed production, reflooding (irrigation) for 1 to 2 days in August, 
and then an LSEF drawdown for late-season plant growth and seed production. 

Soil disturbance by rototilling proved to be an effective means of creating 
diversity within shallow impoundments by increasing richness of emergent 
taxa, encouraging annuals, and discouraging perennials. Tilling increased seed 
production of beneficial forbs (e.g., smartweed and curly dock), but decreased 
seed production of barnyard grass, fall panicum, hairy crabgrass, and Britton's 
sedge. Results of this project and others indicated that pigweed, cattail (Sojda 
and Solberg 1993), and black willow (Hall, Penfound, and Hess 1946) colonize 
bare-soil sites provided by tilling and possibly limit the growth of other benefi
cial plants through competition for space and light. 

Rototilling did not appear to affect the majority of submergent plants in 
research ponds; however, southern naiad percent cover increased with tilling. 
Additional research is needed to detennine the effects of soil disturbance on 
other submergent species beneficial to waterfowl. Soil consistency in tilled 
plots within the flooded region remained relatively noncoherent throughout the 
study, suggesting that rototilling could impact rooted submergent plants that 
produce rhizomes and tubers for vegetative reproduction. 

Finally, observations revealed that a diversity of waterfowl used the variety 
of water depth and plant communities within each pond. Gadwall and Ameri
can wigeon utilized deeper sites characterized by submergent vegetation, while 
blue-winged and green-winged teal occurred most in shallow sites with pre
dominantly emergent vegetation. Although not directly tested in this project, 
other researchers noted differences in waterfowl response to drawdown timing 
(Fredrickson 1991) and soil disturbance (Kaminski and Prince 1981). Through 
consideration of individual site characteristics and by conducting partial draw
downs, varying drawdown timing, and disturbing soils, managers can provide a 
variety of vegetation and seeds for migrant and wintering waterfowl. 
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Appendix A 
Soil Textures for Nontilled and 
Tilled Plots in Research Ponds 
at the Lewisville Aquatic 
Ecosystem Research Facility, 
Lewisville, TX 

Soil sampling procedures followed those specified by the Extension Soil, 
Water, and Forage Testing Laboratory, Soil and Crop Sciences, Texas A&M 
University, College Station, TX. Twenty soil samples were randomly taken 
from each pond on 23 July 1993; ten from the tilled and nontilled stretches, 
respectively. The samples from each pond were pooled by tillage application, 
and a subsample was extracted for analysis. Texture was determined using the 
hydrometer method and a textural triangle (Milford 1991 ). 1 

Soli Textures for Nontllled and Tilled Plots In Each of Four 
Experimental Ponds Used for Research at the Lewisville Aquatic 
Ecosystem Research Facility In Lewisville, TX 

Pond Tillage %Sand %Clay %Slit Textural Class 

1 Nontilled 57.1 27.2 15.7 Sandy day loam 

1 Tilled 55.1 27.2 17.7 Sandy day loam 

2 Nontilled 47.1 34.2 18.7 Sandy day loam 

2 _Tilled - 48_Q - 34.2 17.8 _ Sandy_ day _loam 

3 Nontilled 57.3 30.2 12.5 Sandy clay loam 

3 Tilled 57.3 30.4 12.3 Sandy day loam 

4 Nontilled 49.0 34.4 16.7 Sandy day loam 

4 Tilled 55.5 32.9 11 .6 Sandy day loam 

1 References cited in this appendix are located at the end of the main text 
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Appendix B 
Bailey and Poulton Rating · 
Scale Used to Estimate 
Percent Cover for Vegetation 
Within Ponds at the Lewisville 
Aquatic Ecosystem Research 
Facility, Lewisville, TX 

Bailey and Poulton (1968) Rating Scale for Percent Cover 
Estlmates1 

Rank Percent Cover Interval Interval Midpoints 

1 0- 1 0.5 

2 1 - 5 3.0 

3 5- 25 15.0 

4 25-50 37.5 

5 50 - 75 62.5 

6 75-95 85.0 

1 References cited in this appendix are located at the end of the main text. 
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Appendix C 
Mean Seed Weights of 
16 Emergent ·Plants Within 
Three Ponds During 1992 and 
1993 Studies at the Lewisville 
Aquatic Ecosystem Research 
Facility, Lewisville, TX 

Mean Seed Weights (Oven-Dried) of 16 Emergent Plants Within Three Lewis-
ville Ponds During 1992 and 1993 Studies 

LSEF SPG 

No. of g/100 No. of g/100 
Common Name Scientific Name Seeds %Total Seeds Seeds %Total Seeds 

I Grasses I 
Barnyard grasses Echinochloa spp. 2,831 14.5 0.0869 848 10.0 0.1420 

Knot-root bristle grass Setaria parviflora 954 4.9 0.0995 66 0.8 0.1167 

Fall panicum Panicum 2,057 10.5 0.0737 31 0.4 0.0710 
dichotomiflorum 

Hairy crabgrass Digitaria sanguinalis 460 2.4 0.0596 27 0.3 0.0593 

Bermuda grass Cynodon dactylon 200 1.0 0.0165 54 0.6 0.0093 

Dallis grass Paspalum dilatatum 227 1.2 0.1110 941 11 .1 0.1386 

Jolmson. grass. . Sorghum halepsnss.. . 1~ 0_7 . 0_2062... . 117. 1.4- .0.2795 .. 

I (Continued) I 
Note: Seeds are categorized by grass, sedge, and forb . Seeds were collected during the first late-summer/early-fall 
(LSEF) and spring (SPG) drawdowns, November 1992 and July 1993, respectively . 
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I Appendix C (Concluded) I 
LSEF SPG 

No. of g/100 No. of g/100 
Common Name Scientific Name Seeds %Total Seeds Seeds %Total Seeds 

I Sedges I 
Creeping spike Eleocharis 12 0 .1 0.0250 2,008 23.7 0 .0488 
rush macrostachya 

Britton's Carex brittoniana 0 0 .0 0.0 1,348 15.9 0.1299 
sedge 

Forbs 

Pigweed Amaranthus 10,478 53.5 0.0238 53 0.6 0.0151 
palmeri 

Yellow wood Oxa/is stricta 50 0.3 0.0180 102 1.2 0 .0137 
sorrel 

Smartweeds Po/ygonum spp. 351 1.8 0.1795 2 T, 0.0015 

Aster Aster subu/atus 71 0.4 0.0042 0 0.0 0.00 

Texas frog fruit Phyla incisa 361 1.8 0.0199 79 0.9 0.0278 

Spurge Chamaesyce sp. 1,107 5.7 0.0202 1 T ---2 

Curly dock Rumex crispus 0 0.0 0.00 1,272 15.0 0 .2049 

I Tota13 I I 19,584 I I 18,464 I I I 
1 Counts less than 0.1% indicated by T (trace). 
2 Weight too small to be measured. 
3 Total includes taxa listed, plus 11 taxa not listed because of frequencies of occurrence below 0.23 for one 
collection period. 
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Appendix D 
Mean Seed Biomass Produced 
by Emergent ·Plants Within 
Three Ponds During 1992 and 
1993 Studies at the Lewisville 
Aquatic Ecosystem Research 
Facility, Lewisville, TX 
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Appendix D 
Mean(± SE) Seed Biomass (g/m2

) Produced by Emergent Plants Within Three Lewisville Ponds During 1992 and 
1993 Studies 

Soli-Moisture Regime Tillage Treatment Drawdown Timing 

Flooded Zone MSZI MSZII Nontllled Tilled LSEF SPG 
Common Name (n = 48) (n = 48) (n = 48) (n = 72) (n = 72) (n = 72) (n = 72) 

Grasses 

Barnyard grasses 0.77 ± 0.361 0.52 ± 0.21 0.74 ± 0.37 0.83 ± 0.29 0.55 ± 0.24 0.80 ± 0.28 0.55 ± 0.24 

Knot-root bristle grass 0.004 ± 0.003 0.11 ± 0.03 0.61 ± 0.18 0.35 ± 0.12 0.14 ± 0.04 0.46 ± 0.12 0.02 ± 0.01 

Fall panicum 0.003 ± 0.001 0.18 ± 0.15 0.82 ± 0.37 0.64 ± 0.27 0.03 ± 0.02 0.67 ± 0.27 0.008 ± 0.004 

Hairy crabrass 0.001 ± 0.001 0.03 ± 0.02 0.19±0.13 0.13 ± 0.09 0.02 ± 0.01 0.14 ± 0.09 0.009 ± 0.005 

Bermuda grass 0.001 ± 0.001 0.006 ± 0.003 0.03 ± 0.02 0.02 ± 0.01 0.004 ± 0.001 0.02 ± 0.01 0.003 ± 0.001 

Dallis grass 0.03 ± 0.02 0.17 ± 0.08 0.75 ± 0.14 0.30 ± 0.08 0.33 ± 0.08 0.11 ± 0.06 0.52 ± 0.10 

Johnson grass 0.0 ± 0.0 0.04 ± 0.01 0.42 ± 0.12 0.13 ± 0.05 0.18 ± 0.07 0.17 ± 0.07 0.14 ± 0.05 

Sedges 

Creeping spike rush 0.37 ± 0.18 0.38 ± 0.17 0.03 ± 0.02 0.41±0.16 0.11 ± 0.05 0.002 ± 0.001 0.52 ± 0.16 

Britton's sedge2 0.32 ± 0.15 0.64 ± 0.25 0.86 ± 0.26 1.00 ± 0.23 0.22 ± 0.09 0.0 ± 0.0 0.61 ± 0.1 3 

(Continued) 

Note: Seeds are categorized by grass, sedge, and forb. Seed numbers are presented for the flooded zone, moist-soil zones I (MSZI) and II (MSZII), two tillage treat-
ments, and late-summer/early-fall (LSEF) and spring (SPG) drawdowns. Seeds were collected from traps in November 1992 and July 1993. 
1 Seed biomass was not statistically tested for differences between main-effect means for soil-moisture, tillage, and drawdown-timing treatments. 
2 For taxon trapped in one season, soil moisture and tillage means were determined within the season they were trapped. 
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I Appendix D {Concluded) 

Soli-Moisture Regime Tillage Treatment 

Flooded Zone MSZI MSZII Non tilled Tilled 
Common Name (n:: 48) (n:: 48) (n = 48) (n = 72) (n = 72) 

Forbs 

Pigweed 0.01 ±0.002 0.97 ± 0.27 0.92 ± 0.46 0.16 ± 0.08 1.11 ± 0.34 

Yellow wood sorrel 0.0001 ± 0.0001 0.002 ± 0.001 0.01 ± 0.002 0.004 ± 0.001 0.004 ± 0.001 

Smartweeds3 0.008 ± 0.005 0.50 ±0.28 0.47 ± 0.44 0.10 ± 0.09 0.55 ± 0.33 

Aster 0.001 ± 0.0002 0.002 ± 0.001 0.001 ± 0.0003 0.002 ± 0.0004 0.001 ± 0.0002 

Texas frog fruit 0.08 ± 0.03 0.01 ± 0.01 0.01 ± 0.003 0.02 ± 0.01 0.05 ± 0.02 

Spurge 0.007 ± 0.002 0.19 ± 0.11 0.17 ± 0.09 0.05 ± 0.02 0.20 ± 0.09 

Curly dock 0.28 ± 0.17 1.76 ± 0.48 1.63 ± 0.39 0.60 ± 0.13 1.84 ± 0.41 

3 Means were not determined for SPG drawdown data because of 0.01 frequencies of occurrence. 

I 
Drawdown Timing 

LSEF SPG .. 
(n:: 72) (n = 72) 

1.27 ± 0.35 0.004 ± 0.001 

0.002 ± 0.001 0.006 ± 0.002 

0.33 ± 0.17 -

0.001 ± 0.0002 0.0 ± 0.0 

0.03 ± 0.01 -

0.12 ± 0.05 - -

0.0 ± 0.0 1.22 ± 0.23 



Appendix E 
Chemical Analyses of Soils 
Collected in Three Experi
mental Ponds at the Lewisville 
Aquatic Ecosystem Research 
Facility, Lewisville, TX 

Procedures followed those specified by the Extension Soil, Water, and 
Forage Testing Laboratory, Soil and Crop Sciences, Texas A&M University, 
College Station, TX. Equal numbers of soil samples were taken from the tilled 
and nontilled stretches of each pond on 23 July 1993. The soils were analyzed 
for pH, salinity, macronutrients (N03, P, K, Ca, Mg, Na, and S), and micro
nutrients (Zn, Fe, Cu, and Mn). 

Appendix E Chemical Analyses 
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Salinity, pH, Macronutrlent, and Micronutrient Analyses for Solis Collected on 23 July 1993 In Nontllled and Tilled 
Stretches of Three Experimental Ponds Used for Research at the Lewisville Aquatic Ecosystem Research Facility In 
Lewisville, TX 

' 
Sallnlty Nitrogen Phosphorus Potassium Calcium Magnesium Zinc Iron Manganese Copper Sodium Sulphur 

Pond Tillage ppm. pH ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm 

1 Non tilled 260 7.5 1 73 172 3,400 164 0.56 19.54 0.86 2.68 28 11 

1 Tilled 195 7.6 1 161 135 4,336 133 0.31 26.78 0.86 2.80 21 27 

2 Non tilled 162 7.7 1 85 185 6,144 239 0.22 15.25 0.70 1.84 27 40 

2 Tilled 175 7.7 1 112 165 6,336 197 0.24 13.78 0.64 2.05 25 39 

3 Non tilled 195 7.6 1 53 146 3,174 145 0.20 17.14 0.83 1.15 17 12 

3 Tilled 260 7.6 1 47 196 3,634 174 0.23 21 .94 1.17 1.15 26 18 



REPORT DOCUMENTATION PAGE 
Form Approved 

OMB No. 0704.(}188 

Public ~rt•"9 burden for thi• coUK!ion of infomuotion 1$ nurnated 10 av•nge 1 hour per rfti)On>e. induding the t ime for ~Iewing iMtructiono. warching ulotong data sourc ... 
atM<i and mointoining the data~. and complftlng and r.--ong the coliKilon of infomuotion. Send commenu ~ording this burden ._tlmate or any other ospect of thl$ 
~ol~ of Information, including suggestions for reducing thl$ burden. to WIShongton Hoadquarten S..rvic._, OlrKiorote or lnformotion Operati?M and 1\eport•. 1215 Jeffenon 
oavn Highwoy, Suit• 1204. Arlington, VA 22202~302. and to the Office of Manogement and ludg~. Poperwort !\eduction PrOjKI(0704.0118), Walhongton, DC 20503. 

1. AGENCY USE ONLY (Luve blank) 12. REPORT DATE 
October 1995 

,3. REPORT TYPE AND OATES COVERED 

Final re :>art 
C. TITLE AND SUBTITLE 5. FUNDING "NUMBERS 

Management of Shallow Impoundments to Provide Emergent 
and Submergent Vegetation for Waterfowl 

6. AUTHOR(S) 

Len G. Polasek, Milton W. Weller, 
K. C. Jensen 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION 
REPORT NUMBER 

Department of Wildlife and Fisheries Sciences 
Texas A&M University, College Station, TX 77843-2258; Technical Report 
U.S. Army Engineer Waterways Experiment Station WRP-SM-8 
3909 Halls Ferry Road, Vicksburg, MS 39180-6199 

i. SPONSORING I MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING/MONITORING 
AGENCY REPORT NUMBER 

U.S. Army Corps of Engineers 
Washington, DC 20314-1000 

11. SUPPLEMENTARY NOTES 

Available from National Technical Infonnation Service, 5285 Port Royal Road, Springfield, VA 22161. 

121. DISTRIBUTION I AVAILABIUTY STATEMENT 12b. DISTRIBUTION CODE 

Approved for public release; distribution is unlimited. 

. 
13. ABSTRACT (Maximum 200 words) 

Effects of partial drawdowns, drawdown timing, and tilling on vegetation and seed production for waterfowl 
were tested in ponds at the Lewisville Aquatic Ecosystem Research Facility in north-central Texas. Vegetation lists, 
percent cover (PC), and aboveground biomass (AGB) revealed that partial drawdowns produced a typical zonation of 
wetland plants: submergent macrophytes in deep-flooded zones; cattail (Typha sp.), black willow (Salix nigra), and 
sedges in shallow-flooded zones; forbs in moist zones adjacent to water; and grasses in upper, drier zones. Seed 
production of grasses, sedges, and forbs generally reflected the vegetation present in each soil-moisture zone. Taxon 
richness of emergent plants was highest in dewatered zones. 

Drawdown timing did not affect taxon richness of emergent plants within dewatered zones, but grass AGB and 
forb and sedge PC and AGB were highest during 1993 spring drawdown. The majority of grasses and forbs had 
higher seed production during 1992 late-summer/early-fall drawdown, whereas sedges produced more seeds during 
the spring drawdown. Black willow occurred most frequently, and cattail was first recorded during spring draw-
down. Most submergent macrophytes were unaffected by drawdown timing. 

(Continued) 

1C. SUBJECT TERMS 15. NUMBER OF PAGES 

Moist-soil management Wetland habitats, Texas 82 
Waterfowl habitat management Wintering waterfowl 16. PRICE CODE 

17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT 
OF REPORT OF THIS PAGE 

UNCLASSIFIED UNCLASSIFIED 
NSN 7540.01-280-5500 

OF ABSTRACT 

Standard Form 298 (Rev. 2-89) 
PT..crobH by ANSI Std. l39·11 
191·102 



13. (Concluded). 

Soil disturbance with rototilling created diversity in ponds by increasing taxon richness of emergent plants, 
encouraging annuals, and discouraging perennials. PC, AGB, and seed production of forbs and grasses generally 
increased and decreased, respectively, with tilling, whereas sedges were not affected. Cattail and black willow 
occurred most frequently in tilled areas. Most submergent macrophytes were not affected by tilling, except 
southern naiad (Najas guada/upensis), with higher PC in tilled plots. 

Finally, observations revealed that waterfowl visiting ponds utilized regions according to water depth and 
plant communities. Gadwall (Anas strepera) and American wigeon (A. americana) were most often observed 
within deep zones supporting submergent vegetation. Although data were not statistically significant, blue
winged teal (A. discors) and green-winged teal (A. crecca) occurred most often in shallow zones supporting 
emergent vegetation and seeds. Therefore, partial drawdowns, variations in drawdown timing, and soil disturb
ance were effective in providing a variety of vegetation and seeds for a diversity of migrant and wintering 
waterfowl. 




