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EXECUTIVE SUMMARY 

Efforts at the Watervliet Reservoir in 1990 have centered on the 
continuation of a work plan begun in 1989 (Madsen, 1990). The 
major results are outlined below with greater detail provided in 
the main text. 

1. The waterchestnut (Trapa natans) cutting program was 
monitored through the use of sediment cores and seed fall 
collectors. These methods produced data pertaining to seed 
production in treated (cut) versus control (uncut) areas. A loss 
of 60 viable seeds/m2 was measured in the treatment area versus 
new deposition of 170 viable seeds/m2 in the control area. This 
dramatic difference (a 35% reduction in one year) underscores the 
importance of continuing an aggressive cutting program. 

2. A gross timetable of waterchestnut growth habits (phenology) 
was constructed through the use of a transect method to quantify 
character and number of leaves, buds, flowers, pollinated flowers, 
leaf scars and seeds. A five to six-week period exists when no 
components related to seed production are present. This is an 
excellent time to engage in as much cutting as possible. From the 
appearance of buds to the formation of seeds, approximately four 
weeks elapse. Seed production began in mid to late July and 
continued until frost (November) providing a window of approximately 
fourteen weeks for seed production. Thus, any original growth 
remaining and any regrowth in previously cut areas must continue 
to be treated until late in the season. 

3. Overall biomass produced by waterchestnut was monitored 
throughout the growth cycle of the plant. A peak of 758 g/m 2 dry 
weight of biomass was produced, reaching a maximum on August 8. 

4. A water drawdown on 8/17 produced an interesting effect 
on overall biomass levels. From the peak of 758 g/m2 , a 34 percent 
decrease occurred to 500 g/m2 dry weight, the largest decrease 
noted throughout the season. This result raises the possibility 
of water drawdown as a management technique for waterchestnut. 
However, the actual role that it played in biomass reduction, if 
at all, is inconclusive with only one season's worth of data. 

5. An expanded study of the ability of cut fragments left 
in the reservoir to produce seeds was conducted. The viability 
of cut fragments was less compared to plants growing in situ. 
Although seed production could occur, it was greatly reduced 
compared to in situ plants. Phenology data collected on the 
fragments appears to indicate that they are capable of continuing 
seed set with the buds, flowers and pollinated flowers already 
present at the time of cutting, but are less successful at producing 
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new buds. These results further indicate the need to cut original 
growth or regrowth as soon as possible. The less seed forming 
components present on the fragments, the less opportunity for seed 
production to take place. 

- 2 -



INTRODUCTION 

In 1990 efforts by the Rensselaer Freshwater Institute at the 
Watervliet Reservoir have centered on the continuation of a work 
plan begun in 1989 (see Madsen, 1990). In particular, these efforts 
have included a monitoring of the effects of the cutting program 
through sediment coring and seed fall collection, as well as 
characterization of the growth habit (phenology), biomass and seed 
production of this plant. The Rensselaer Freshwater Institute's 
role in the study of the Watervliet Reservoir has, and continues 
to be, to assist the City of Watervliet in the efficacy of various 
management practices for the Watervliet Reservoir which will assure 
continued satisfactory water quality. 

In order to maximize the success of the City's management of an 
invasive nuisance aquatic species, such as the waterchestnut, it is 
extremely important to understand its basic biology and interaction 
within its environment. To further this regard, an intensive study 
of plant phenology was undertaken in 1990. Every other week from 
June to October, plant phenology was assessed and quantified through 
a series of transects. This included character and number of 
leaves, buds, flowers, pollinated flowers, leaf scars and seeds. 
This information provided a gross timetable of the plant life cycle 
and relative turnover rate from buds to seeds. Such information 
is crucial in selecting the best timing for various control or 
management stategies for the waterchestnut. 

RESULTS 

Flowering and Seed Production 

Buds were first observed approximately five to six weeks after plant 
germination (Figure 1). Development of flowers from buds took 
approximately 10-14 days (Figure 2). Waterchestnut has the ability 
to self-pollinate as well as cross pollinate, thus the time from 
the appearance of a newly opened flower to that of a pollinated 
flower was rapid, approximately 2-3 days (Figure 3). Seed 
development proceeded from this point to young seed formation within 
7 days and mature seeds within another 10 days (Figure 4). Thus, 
from the appearance of buds to the production of mature seeds, 
approximately four weeks will elapse. With seed formation beginning 
in mid to late July and continuing until frost (November), a period 
of fourteen weeks of seed production is possible for this plant. 
Further, it is important to realize that the seed production cycle 
of waterchestnut is a constant one. That is to say, the plant will 
continuously produce seeds throughout its seasonal life span. It 
is interesting to note that even at the final field sampling in 
November, some plants with mature seeds were observed. 
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The results of this component of the study in terms of improved 
management of waterchestnut are twofold. First, there exists a 
five to six-week period after germination when no components of 
seed production are present. Therefore, this is an important time 
for aggressive treatment through cutting to take place to prevent 
seed formation. This period corresponds roughly from germination 
to the latter part of June. Second, cutting must continue as late 
as possible to prevent seed production by regrowth, or in areas 
not treated prior to the appearance of flower buds. 

Biomass Production 

Overall biomass production of waterchestnut was also monitored 
throughout the growing season (Figure 5). This quantification 
revealed an increase from 206 g/m2 dry weight of biomass at the 
initial sampling in June to a peak of 758 g/m2 dry weight in August 
to 270 g/m2 dry weight in the final October sampling. An 
interesting result of this component of study occurred when effects 
of a water drawdown on 8/17 on overall biomass levels were examined. 
The biomass sampling on 8/8 proved to be the peak for the season. 
The next sampling on 8/20, shortly after the drawdown A revealed 
a 34 percent decrease in overall biomass from 758 g/m~ to 500 
g/m2, the largest drop noted in all subsequent samples. Seed 
production also peaked at the time of the drawdown at approximately 
10 seeds per plant. After this period, a steady decline in seed 
production was noted. 

How important, if at all, the drawdown was related to these events 
is inconclusive with only one season's worth of data. The results 
do, however, raise the question of the beneficial usefulness of water 
drawdown for waterchestnut management. Based on the results of 
this study it is difficult to reach a definitive conclusion. It 
is possible that drawdown merely coincided with peaks in biomass 
and seed production and produced no direct effect. The site in 
which this study took place was in a shallow bay at the upper end 
of the reservoir. As a result, this area was more acutely affected 
in terms of water level decrease (from approximately 3-4 ft. depth 
to 1 ft. depth) than deeper areas of the reservoir. It may not 
be feasible to lower water levels even more than last year to affect 
greater areas of the reservoir covered by waterchestnut. 

Monitoring 21 Cutting Program 

An important component of the 1990 
of the Watervliet cutting program. 
approaches. First, sediment cores 
was treated (cut) in both 1989 and 
where no cutting has taken place. 
baskets were placed in two control 
for the 1990 season. 

field season was our monitoring 
This was accomplished by two 

were removed from an area which 
1990 and from a control site 
Second, seed fall collection 
areas to monitor seed production 

Core data was first obtained in June after germination of that 
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year's cohort. Thus, the seeds present from this sampling represent 
those remaining in the seed bank which could potentially germinate 
in future years. In the two control sites examined, an average 
seed viabilit2 of 8.3 percent or 70 seeds/m2 versus 7.1 percent 
or 80 seeds/m in the treatment area was measured (Figure 6). These 
results indicate a fairly even seed bank distribution built up by 
production of previous years' seeds within the reservoir. 

Core data was then obtained in a similar manner in the fall (11/90) 
when the majority of plants had senesced. These samples represent 
existing seeds as well as those newly deposited to the seed bank. 
The results were quite dramatic revealing a deposition of 20 viable 
seeds/m2 in the treatment area and an overall loss of 60 viable 
viable seeds/m2 in this area versus new deposition of 170 
viable seeds/m2 in the control area (Figure 6), a decrease of over 
35% in one year. This represents a sizeable increase in lost viable 
seed deposition especially in comparison to 1989 figures which 
revealed a net loss of 1.4 viable seeds/m2 in the treated area, 
or less than a 1 percent decrease. 

Several reasons contributing to this large difference seem feasible. 
First, seasonal variability is a commonly recognized biological 
phenomenon and must be considered when comparing these two sets 
of data. Second, this difference may also represent the beginning 
of an exhaustion of the seed bank, which of course is an important 
overall goal of the cutting program. 

Such data indicates the importance of the continuation of an 
aggressive cutting program. In treated areas, loss of viable seeds 
is occurring; in comparison a significant number of new viable seeds 
are being deposited to untreated areas. 

The second form of monitoring utilized the placement of seed 
fall collection baskets directly underneath sections of the 
waterchestnut canopy in two control areas to gather seeds produced 
that season. An average of 62 percent, or 161 seeds/m2 of those 
examined by this method were viable. The correlation between seed 
production values obtained by both methods (coring and collectors) 
continues to be a strong one as indicated by the values of 170 
seeds/m2 for the coring method and 161 seeds/m2 for the collector 
method. 

This data indicates several important results. First, a large 
recruitment of viable seeds to the seed bank is occurring in areas 
where no treatment has taken place. Second, seed production can 
be highly variable both from year to year as well as from site to 
site within the reservoir. This emphasizes the need to maintain 
efficient monitoring of the cutting program on a seasonal basis. 
Further, such monitoring should include multiple site evaluations 
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to obtain better overall seed production values. Multiple site 
evaluation can also have the added benefit of determining more 
highly productive areas of the reservoir and thus a preference of 
areas which should be cut first or more frequently. 

Seed Production Qi Fragments 

The current cutting program does not remove the majority of plant 
fragments produced by the cutting operation. In 1989 an attempt to 
determine the ability of these fragments to produce seeds was made. 
Fragments in enclosures were placed in a shady area near the boat 
launch. It was believed that the lack of sun and extremely dense 
growth of water meal (Wolffia sp.) due to lack of water movement 
interfered with a proper assessment of their viability. 

The experiment was repeated on an expanded scale in 1990. One hundred 
fragments were tagged with a number so that the specific reactions 
of each one could be evaluated against one another, as well as to 
phenology data simultaneously being obtained by the transect method. 
Ten plant fragments were placed in each of the ten enclosures. 
In the first six enclosures each of the ten fragments was placed 
in an upright or "ideal "position. In the remaining four 
enclosures extra untagged fragments were mixed haphazardly with 
the ten tagged ones to better simulate the crowding and piling up 
on one another of fragments which occurs after cutting. 

The experiment began in mid-July, but was terminated in mid-August 
due to the drawdown which stranded the fragments completely out 
of water. However, during the duration of the experiment, several 
interesting results were obtained. In general, the viability of 
the fragments was less compared to plants growing in situ. This 
was reflected in a decrease of both leaf size and number especially 
by the fragments placed in "crowded" conditions. In addition, 
numbers of buds, flowers and pollinated flowers decreased steadily 
throughout the experiment and were less in number compared to those 
examined by transects (Figure 7). 

Despite this decrease in fragment viability, seed production was 
still able to take place. By the final sampling, the fragments 
placed in "ideal" conditions averaged approximately 3 seeds/plant. 
Those in "crowded" conditions fa ired slightly better at 3.50 
seeds/plant for an overall average of 3.20 seeds/plant. Plants 
examined in situ by transect averaged 6 seeds/plant (Figure 8). 

These results show that despite overall decreased viability of the 
fragments, seed production, albeit reduced in quantity, was capable 
of taking place. How long these fragments would have remained 
viable and able to produce seeds is uncertain. An encouraging fact 
is that by the final sampling date the number of buds per plant 
was slightly less than one for the fragments versus four per plant 
for the transects (Figure 7). This appears to indicate that the 
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fragments are capable of continuing seed set with the buds, flowers 
and pollinated flowers already present at the time of cutting, but 
have greater difficulty producing new buds to continue forward to 
seed set. Again, these results indicate the need to cut original 
growth or regrowth as frequently as possible to decrease the number 
of seed-forming components present for seed production. 
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RECOMMENDATIONS FOR 1991 

Management Qf Waterchestnut 

The maintenance of an aggressive cutting program is still the 
preferential form of control for Waterchestnut in the Watervliet 
Reservoir. Particular emphasis should be placed on: 

a) early cutting of original growth 
b) maintenance of regrowth 
c) continuation of cutting as late as possible into the season 

Monitoring Qf Cutting Program 

Direct monitoring of the cutting program can best be achieved by 
the use of sediment coring and seed fall collection. In order to 
obtain a more accurate and detailed picture of seed production in 
treated versus control areas (and thus the overall success of the 
program) it is recommended that these monitoring approaches be 
expanded in 1991 to include: 

a) 3 treatment and 3 control sites for sediment cores 
b) 3 control sites for seed fall collection 

Research 

The ultimate goal of the Rensselaer Fresh Water Institute research 
efforts in the Watervliet Reservoir, is to assist the City in making 
choices which will best protect the reservoir and improve raw water 
quality. To this end, it is recommended that research performed 
in 1991 include not only efforts to improve knowledge of the basic 
biology and ecology of waterchestnut, but also expand the focus 
to the overall impact of this plant on raw water quality. Such 
efforts should include the following: 

1. An examination of key parameters of Water chestnut impact on 
water quality 

a) meaurement of light levels in waterchestnut beds versus open 
water 

b) measurement of dissolved oxygen (DO) in Waterchestnut beds 
versus open water 

c) measurement of temperature - both ambient air and water 
d) plant composition versus decomposition - nutrient and organic 

carbon levels will be measured in actively growing plants 
versus decomposing ones. These results will help determine 
the input of nutrients and possible trihalomethane (THM) 
precursors into the reservoir. 
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2. Raw Water Quality 

a) measurement of pH, conductivity and alkalinity 
b) measurement of nitrogen (N) and phosphorus (P) levels 
c) measurement of Total Organic Carbon (TOC) - this is an 

important parameter to determine levels of trihalomethane 
(THM) precursors. 

3. Waterchestnut Ecology 

Phenology Study - We are currently examining the growth and seed 
production of 100 plants from the reservoir in laboratory 
conditions. We would like to "tag" approximately 20 plants in the 
field and compare phenology to them over the growing season. 

4. Drawdown 

If a water drawdown is planned for this season, a comparison of 
growth and seed production before and after this event should be 
measured. 

The effects of sediment freezing during winter drawdown on seed 
viability should show a positive impact on the reduction of viable 
seeds within the seed bank. 
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Fig.2 Avg. # of Flowers Per Plant 
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Fig.3 Avg. # of 
Pollinated Flowers Per Plant 
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Fig.5 Biomass Dry Weight in Grams(g) 
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