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EXECUTIVE SUMMARY

This project was a 5-year project beginning in September 1991 and ending in August
1996 with a separate contract for each year. The purpose of the project was three-fold. First, the
project developed and implemented methodology for maintaining a seed-producing Texas
wildrice population in an outdoor cement raceway at Southwest Texas State University. Methods
were developed to reliably store (short-term <1 year) and germinate Texas wildrice seed. A
partnership was established with the National Seed Storage Laboratory in Ft. Collins, Colorado,
to develop protocols for long-term (20-100 years) seed storage. This work represented the first
comprehensive attempt to manage a seed bank for Texas wildrice. The study recommends
storing seeds in cold (3 °C) water for a maximum of 1 year. After 1 year, seed viability and
seedling vigor are reduced. Storage > 1 year requires cryopreservation. The study also
recommends growing Texas wildrice in water flowing =0.08 m/sec to extend its life span.
Plants grown in water flowing about 0.015 m/sec live approximately 1 year.

Second, Texas wildrice was reintroduced into five sites in Spring Lake. This work
resulted 1n the first long-term (>3 years) establishment of Texas wildrice in the San Marcos River
ecosystem. Current velocity, water depth, and sediment were factors examined at each site. Of
those three factors, current velocity appeared to be the most critical environmental factor
associated with successful transplantation. This was the first study to identify herbivory as a
contributor to sexual reproductive failure (See reprint: "Reintroduction of Texas wildrice
(Zizania texana) in Spring Lake: Some important environmental and biotic considerations").

The study recommends selecting reintroduction sites in Spring Lake with current velocity 20.08
m/sec and caging plants if seed production 1s a goal.

Third, the project carried out a number of laboratory and field research projects
addressing factors influencing growth and threats to the species. Significant factors influencing
growth were current velocity, inorganic carbon source for photosynthesis, and sediment type.
Two studies showed a positive relationship between current velocity and productivity (See
reprint: "Effects of current velocity and substrate composition on growth of Texas wildrice
{Zizania texana)"). The results from these studies lead to an investigation of carbon use by
Texas wildrice in cooperation with Dr. Robert Doyle, Lewisville Aquatic Ecosystem Research
Facility. Carbon dioxide (rather than bicarbonate) was identified as the inorganic carbon source
for photosynthesis. Submersed leaves in flowing water experience CO, enrichment and
productivity increases. Submersed leaves in slower flowing water are carbon stressed and
productivity decreases (Manuscript entitled "Effects of current velocity and carbon use on growth
in the endangered Texas wildrice (Zizania texana)” submitted to Journal of Ecology January
2001).

Resource allocation patterns also were influenced by current velocity. After 1 year of
growth, plants grown in higher current velocities (0.250-0.369 m/sec) had total biomass 10X
greater than plants grown in slower current velocities (0.0-0.010 m/sec). Given the previous
work on carbon utilization, submersed leaves in slower current velocities in this study were
likely carbon stressed, and proportionally more biomass was allocated to reproductive structures,
which readily take up carbon from the atmosphere. '

Two studies examined the effects of sediments on plant growth. In the first study plants
were significantly more productive when grown in sandy clay loam compared with clay or gravel
(See reprint: "Growth of Texas wildrice (Zizania texana) in three sediments from the San Marcos



River"). In a second study, sediments collected from locations above and below dams in the San
Marcos River were analyzed and a growth study conducted. Plants showed the greatest increase
in biomass when grown on sediments of intermediate density and organic matter content.
Because of the overriding importance of current velocity on Texas wildrice, the study
recommends analyzing density and organic matter content of sediments coupled with current
velocity at the site before assessing potential Texas wildrice habitat.

The final study examined a potential threat to the species: floating vegetation mats
entangled in Texas wildrice stands. The results of the study indicated floating mats slow current
velocity, block light, and shred Texas wildrice leaves. The negative effects of vegetation mats on
Texas wildrice is evident after 6 weeks. This was the first study to positively identify floating
vegetation mats as a serious threat to Texas wildrice (See reprint: "Direct and indirect effects of
floating vegetation mats on Texas wildrice (Zizania texana)"). The study recommends that the
source of floating mats be identified and reduced, and floating mats not be allowed to accumulate
over Texas wildrice stands.



SIGNIFICANT DEVIATIONS

This report contains data on reintroduction of Texas wildrice into Spring Lake. The
inifial reintroduction design, as outlined in the contract, was followed, but shortly after planting,
a flood washed away many of the experimental plants and some exclosures. It was necessary to
reassess the experimental design because there was not enough plant material available to repeat
the entire experiment. The changes were outlined in a draft interim report submitted to TPWD
and USFWS. The changes included: 1) one age-class (4-6 months) for transplants instead of
three age-classes; 2) add a growth experiment and; 3) two replicates for each exclosure treatment
instead of three replicates. This work was carried out and ultimately published in Southwestern
Rare and Endangered Plants: Proceedings of the Second Conference, September 11-14, 1995;
Flagstaff, Arizona. Gen. Tech. Rep. RM-GTR-283. Between 1991 and 1996, Texas wildrice
plants were transplanted into five sites. Plants persisted 1n two sites and, as of February 2001,
are still present in those sites. This is the only recorded successful Texas wildrice reintroduction
effort.

The stated objective for contract #335-0198 and #336-0225 was to "initiate and/or
continue and complete organic matter additions and plant growth experiments.” There were no
stated procedures for this objective. Between 1994 and 1996, six sediments from above and
below dams on the San Marcos River were analyzed for organic matter content rather than
incrementally adding organic matter to a single sediment. The collected sediments then were
used in a growth experiment. Plants were most productive on sediments of intermediate density
and organic matter content. In a second growth experiment, nitrogen content was manipulated.
This was done because information on nitrogen would have broader management potential than
organic matter alone. Plant growth was limited by nitrogen on sediments of intermediate
density and organic matter content; and limited by nitrogen and other factors on sediments of
high and low density and organic matter content.

Publication in refereed journals was not a stipulation in any of the contracts; however, in
an effort to facilitate the acquisition of information about the endangered Texas wildrice by the
scientific community, three articles were published in refereed scientific journals (one
international, one national, and one regional journal}, two articles appeared in proceedings from
scientific meetings, and one article currently is in review by an international journal. Reprints are
included in the appendix, a copy of the manuscript in review is available upon request.
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Mr. Gareth Rowell
Texas Parks and Wildlife
3000 TH 35 South

Suite #100

Austin, Texas 78704

Dear Gareth,

Please find enclosed an Executive Summary and Significant Deviations for Project No. 38,

) "Continued Maintenance, Reintroduction, and Research on Zizania texana (Texas wildrice)." 1

\_/ reviewed comments on the draft report and responded to those which I felt appropriate. 1
appreciate your attention, help, and cooperation on this report and hope that it satisfies the
project requirements.

Sincerely,

KPM_ q%v Led

Paula Power

cc: Alisa Shull, U.S. Fish and Wildlife Service
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SUMMARY OF CONTRACTS
Project 38: Continued Maintenance, Research and Reintroduction of Texas wildrice
Contract # 332-0094 - September, 1991- August, 1992
1. Segment Objectives:
a) Maintain cultivated population and collect and store seeds
b) Establish a population of wildrice in Spring Lake
¢) Determine the extent and frequency of nutria damage
Procedures:
1) monitor the growth and health of the cultivated wildrice,
remove excess algal growth, inspect for detrimental insects or
disease, examine portable nufria exclosures to assess their
effectiveness, and check water level flow in raceway at least three
times a week;
2) check for mature seeds on cultivated Texas wildrice plants at
least three times a week, and collect mature and store the hulled
seeds in delonized water at 3°C;
3) after initial collection check stored seeds on a daily basis for a
week for germination, after one week examine on a weekly basis
and test 10% of ungerminated seeds for viability via a tetrazolium
test;
4) plant 50 individuals each of three different age classes (4
week-old, 4 month-old and 1 year-old) of cultivated wildrice in
five treatments sites consisting of three different flow regimes and
two different exclosure treatments (no detectable flow/caged, no
detectable flow/uncaged, low flow/cage, low flow/uncaged, and
rapid flow/uncaged) in Spring Lake and monitor on a weekly basis
for nine months for survivorship to determine which age class
transplants most successfully;
5) use three exclosures to cover half of the plants at each of the no
and low flow treatments to insure statistically meaningful data and
monitor plants weekly for nine months to examine survivorship
and the effects of herbivory;
6) provide copies of all data acquired during the study to the
Receiving Agency as well as written progress report.
II. Summary of Progress:
Segment Objectives a, b, and ¢ were completed on schedule.
1. Significant Deviations:
None
IV. Findings
a) Plants were maintained in the raceways at SWT. Water depth ranged
from 0.5-0.75 m, current velocity was approximately 0.015 m/s. Plants
grown under these conditions are primarily emergent and reproductive.
Most plants set seed and die after 1 growing season.
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During FY91-92, 6,699 seeds were collected and stored in aerated
water at 3°C. Using germination and tetrazolium testing, seed viability
ranged from 70% to 100% when stored for 0-36 weeks.

Germinated seeds followed a predictable developmental pattern,
the shoot emerged first followed by the primary root. Chlorophyll and
secondary roots develop after exposure to oxygen. Occasionally seedlings
do not develop either roots or chlorophyll, Without chlorophyll or roots
the seedling dies.

Seeds were used 1)} for germination trials, 2) to generate new plants
for transplanting into Spring Lake or, 3) for maintaining the cultivated
population.

During FY91-92 approximately 1,000 seeds were sent to Dr, Ervin
Oelke, University of Minnesota and approximately 100 seeds were sent to
Dr. Robin Probert, Royal Botanical Gardens, Kew, England.

Problems associated with the cultivated population included algal
growth, herbivory by crawfish, and vandals removing the boards which
control water level in the raceway. ,

b) Texas wildrice plants were established in Spring Lake in three
locations, eachwith different environmental conditions. Plants protected
with exclosures were more likely to survive than those plants outside
exclosures. Plants in flowing water (0.038 - 6.079 m/s) were more likely
to live longer than those 1n slower flowing water (0 - 0.027 m/s).

c) Nutria (Myocaster coypus) chewed leaves and culms at the base of the
plant. Nutria were most active during late summer and early fall. Plants
kept in captivity should be protected from Nutria.

Contract #33-0201 September, 1992 - August, 1993
I. Segment Objectives:

a) maintain a cultivated population of wildrice and collect and store seeds

from these plants

b) establish a population of wildrice in Spring Lake

Procedures
1} monitor the growth and health of the cultivated wildrice, remove
excess algal growth, inspect for detrimental insects or disease,
examine portable nutria exclosures to assess their effectiveness,
and check water level flow in raceway at least three times a week
2) check for mature seeds on cultivated Texas wildrice plants at
least three times a week, and collect mature and store the hulled
seeds in deionized water at 3°C
3) after initial collection check stored seeds on a daily basis for a
week for germination, after one week examine on a weekly basis
and test 10% of ungerminated seeds for viability via a tetrazolium
test

10



4) establish at least a 20 square meter plot of wildrice in Spring

Lake at a density of 6 plants per square meter to total at least 120

plants

5) develop and utilize methods to protect reintroduced plants from

herbivory

6) submit a progress report

H. Summary of Progress:
Segment Objectives a, and b were completed on schedule.

[1I. Significant Deviations:
None

IV. Findings
a) Plants were maintained in the raceways at SWT. Water depth ranged
from 0.5-0.75 m, current velocity was approximately 0.015 m/s. Plants
grown under these conditions were primarily emergent and reproductive.
Most plants set seed and died after 1 growing season.

During FY92-93, 11,778 seeds were collected from the cultivated
population. Germination (viability} ranged from 38%-94% when stored
from 28-52 days.

Seeds exhibited the same developmental pattern as in 1992.
Preliminary data suggest there is an inverse relationship between proper
seedling development and length of storage. This area requires further
study. ,

Seeds were used 1) for germination trials, 2) to generate new plants
for transplanting into Spring Lake or, 3) for maintaining the cultivated
population.

Problems associated with maintaining the cultivated population
included, crawfish, nutria, and vandals removing boards which control
water level and shutting off the water to the raceway.

b) Texas wildrice plants were transplanted into Spring Lake at the Dam
site. Plants in this site are more likely to survive than the Wetland or
Intermediate site. The most important environmental factor contributing
to the success of the plants at the Dam site compared with other sites was
current velocity (0.038 - 0.079 m/s at Dam site, 0 m/s at Wetland site, and
0.03 m/s at Intermediate site).

Contract #434-0198 September, 1993 - August, 1994
I. Segment Objective

a) investigate to what extent velocity and substrate influence productivity
and resource allocation patterns in wildrice when grown at a constant
depth
b) collect and store seeds from the protected population on the SWT
campus
¢.) reintroduce an additional ptot of Texas wildrice in Spring Lake

11



d) determine to what extent wildrice uses bicarbonate ion as a carbon
source or if it is strictly a CO, user.

IT. Summary of Progress
Segment Obijectives a, b, and d were completed on schedule.

I11. Significant Deviations
Segment Objective ¢} an additional plot of wildrice was planted in Spring
Lake during fall, 1995.

IV. Findings
a) To determine the effects of substrate composition and current velocity
on plant growth, plants were grown in pots containing either fine or coarse
sediment at three sites in Spring Lake. Each site was similar in depth but
differed in current velocity. Plants were allowed to grow for 6 weeks and
then harvested. Growth was greater on fine sediments. There was
significant interaction between flow and sediment with respect to
aboveground biomass and stem density and, there was significant flow
effect on leaf length and stem density. Stem density was greater in fast
flowing water (0.40-0.49 m/s) than either moderate (0.12-0.24 m/s) or
slow flowing (0.05-0.12 m/s) water.
b) Plants were maintained in the raceways at SWT. Water depth ranged
from 0.5-0.75 m, current velocity was approximately 0.015 m/s. Plants
grown under these conditions were primarily emergent and reproductive.
Most plants set seed and died after 1 growing season.

During FY93-94 approximately 24,665 seeds were collected from
the cultivated population and stored in aerated water at 3°C. Seeds were
used 1) for germination trials, 2) to generate new plants for transplanting
into Spring Lake, 3) for maintaining the cultivated population.

A plant growth experiment was conducted to determine suitable
soil for the cultivated population. Results indicated sediment texture
combined with nutrient content were important sediment characteristics.
The results of the study were published in the Journal of Aquatic Plant
Management (see Attached Reprint, Power, 1996).

Funding was allocated by the SWT Biology Department for a
chain link fence around the raceway to secure the area.
¢) Texas wildrice produces long, submerged ribbon-like leaves and short,
broad aerial leaves in response fo environmental conditions. To determine
the carbon source for submerged leaves, dissolved inorganic carbon was
manipulated in a closed chamber using pH drift techniques.
Photosynthesis slowed to detection limits as pH approached 8.7 (CO,
<0.02 mM, HCO, >4.5 mM), suggesting that the submerged leaves of
Texas wildrice cannot utilize HCO, and are obligate CO, users. We
suspect obligate CO, use limits productivity in submerged leaves under
certain environmental conditions.

12



Contract #335-0198 September, 1994 - August, 1995

. Segment Objectives
a) complete investigations on the extent velocity and substrate influence
productivity and resource allocation patterns in wildrice when grown at a
constant depth
b) continue the collection and storage of seeds from the protected
population on the SWT campus
c) continue the seasonal monitoring and data compilation on the
reintroduction plots of wildrice in Spring Lake
d) initiate and/or continue organic matter additions and plant growth
experiments
e) continue the management of the conservation populations in the
raceways.

II. Summary of Progress
Segment Objective b, ¢, e were completed on schedule. Segment
Objective a in progress. Segment Objective d in progress.

III. Significant Deviations
d) I analyzed six sediments for organic content followed by a growth
experiment. In addition, I manipulated nitrogen content in a growth
experiment, to establish baseline information on the nitrogen requirements
for Texas wildrice. [ felt the added information on nitrogen would have
broader management potential than organic maiter alone.

IV. Findings
a) Texas wildrice plants were grown in pots and transplanted to three sites ‘
with different current velocities in Spring Lake and on the Southwest
Texas State University campus. Plants were harvested on five occasions
between May and September 1995. Plants growing in the Slow Flow site
(0 - 0.010 m/s) had the lowest root, leaf, culm, and total biomass and
allocated more biomass to reproductive parts (65%), suggesting plants are
growing under environmentally stressful conditions. Plants in the Fast
Flow site (0.250 -0.369 m/s) had the greatest root, leaf, culm, and total
biomass and allocated less biomass to reproductive parts (30%).
Mechanical stimulation of the meristem and physiological enrichment
(CO,) due to flowing water may play a role in increased productivity in the
Fast site.
b) and e) Plants were maintained in the raceways at SWT. Water depth
ranged from 0.5-0.75 m, current velocity was approximately 0.015 m/s.
Plants grown under these conditions were primarily emergent and
reproductive. Most plants set seed and died after 1 growing season.

During FY%4-95 approximately 36,625 seeds were stored in

acrated water at 3-5°C. Seeds were used 1) for research purposes, 2) to
generate new plants for transplanting into Spring Lake, 3) for maintaining
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the cultivated population.

The only problem associated with the cultivated population was
algal growth. Removing algae required about 1.5-2 hours/week.
¢) 160 plants were planted in Spring Lake during winter, 1995, Plants
were transplanted at a density of 10 plants/m®. Compilation of monitoring
data on reintroduced plants has identified an initial increase in plant size
followed by high mortality in three of five sites. Data suggest stem
density is a good indicator of future transplant success and that current
velocity 1s an important environmental factor associated with transplant
success. Herbivores continually clipped reproductive culms just below the
water surface. This limits transplants to clonal reproduction.
d) in progress.

Contract #336-0225 September, 1995 - August, 1996

I. Segment Objectives
a) Continue the collection and storage of seeds from the protected
population on the SWT campus. ‘
b) Continue seasonal monitoring and data compilation on the
reintroduction plots of Texas wildrice in Spring Lake.
¢) Initiate and/or continue and complete organic matter additions and plant
growth experiments.
d) Continue the management of the conservation population in the
raceways. :
¢) Initiate and/or continue and complete the quantification of the effect of
floating vegetation mats on productivity and survivorship of Texas
wildrice.
f). Continue and complete (with increased sample size} the study of flow
vs. productivity and reproductive effort/success of Texas wildrice.
g) Prepare to submit a progress report to the Receiving Agency on or
before October 1, 1996.

II. Summary of Progress ) SN
Segments Objectives a-g were accomplished on schedule.

III. Significant Deviations:
c) I analyzed six sediments for organic content followed by a growth
experiment. In addition, 1 manipulated nitrogen content in a growth
experiment to establish baseline information on the nitrogen requirements
for Texas wildrice. [ felt the added information on nitrogen would have
broader management potential than organic matter alone.

IV. Findings:
a) and d) Plants were maintained in the raceways at SWT. Water depth
ranged from 0.5-0.75 m, current velocity was approximately 0.015 m/s.
Plants grown under these conditions were primarily emergent and
reproductive. Most plants set seed and died after 1 growing season.
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During FY95-96 approximately 70,641 seeds were stored in
aerated water at 3-5°C. Seeds were used 1) for research purposes and, 2)
for maintaining the cultivated population.

Seed were shipped to Dr. Christina Walters, National Seed Storage
Laboratory, Ft. Collins, Colorado.

The only problem associated with the cultivated population was
algal growth., Removing algae required about 1.5-2 hours/week.

b) A reintroduction program was initiated in 1992. Plants were
transplanted into five microhabitats at a density of 10 plants/m®. Seasonal
monitoring identified an initial increase in plant size followed by high
mortality in three of five sites. Data suggest stem density is a good
indicator of future transplant success and that current velocity is an
important environmental factor associated with transplant success.
Herbivores continually clipped reproductive culms just below the water
surface. This limits transplants to clonal reproduction.

¢) Texas wildrice was grown on six sediments collected above and below
three dams on the San Marcos River in Hays Co., Texas. Sediments could
be divided into above and below dam groups based on sediment density.
Water content and organic matter content were correlated to sediment
density (1?=0.997; p<0.05 and r’=0.87; p<0.05 respectively). Total
biomass was greatest on intermediate density sediments (above dam
sediment). Growth was diminished on high and low density sediments
(above and below dam sediments). Location of sediments relative to dams
was not a good indicator of potential plant growth, rather a better indicator
was sediment density and organic matter content. Nitrogen was added to
sediments at five levels 0 mg N (control), 50 mg N, 100 mg N, 200 mg N
and 400mg N. Prior to N additions high root/shoot ratios suggested
nutrient limitation on all sediments. After N additions, plants increased in
size on intermediate density sediments. However root/shoot ratios
dropped on all sediments suggesting growth was limited by nitrogen
availability but growth on low and high density sediments was further
limited by other factors, possibly multiple nutrient limitation. Tissue
nutrient concentration was not a good indicator of nutrient limitation.

Current velocity is also an important factor in Texas wildrice
growth (Power, 1996b), therefore when considering site potential for plant
growth in the wild both sediment density and current velocity should be
taken into account.
¢) Floating vegetation mats have negative direct and indirect effects on
Texas wildrice. Direct negative effects include shredding Texas wildrice
jeaves and interference with emergence of reproductive culms. Indirect
negative effects include blocking sunlight, which interferes with
photosynthesis, and slowing current velocity, which may reduce nutrient
uptake from the open water (Smith and Walker, 1980; Boeger, 1992; Rose
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and Power, 1994).

f) Texas wildrice plants were grown in pots and transplanted to three sites
with different current velocities in Spring Lake and on the SWT campus.
Plants were harvested on seven occasions between May 1995 and
February 1996. There was a significant difference and interaction between
factors in roots, leaf, reproductive culm, and total biomass over time
(repeated measures ANOVA). Plants grown in fast flowing water (0.250
m/s - 0.369 m/s) had the greatest increase in size. Plants had significantly
different biomass allocation patterns over time (repeated measures
ANOVA). There appeared to be a trade off between biomass allocated to
roots and biomass allocated to reproductive parts. Plants in the fast site
allocated biomass to roots at the expense of reproductive parts while the
opposite occurred in the slow site. There was no significant difference in
the proportion of biomass allocated to submerged leaves among sites.
Current velocity appears to be an important factor influencing growth and
allocation patterns. Plants in slow flowing water tend toward a shorter life
span.
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CHAPTER 1.

— CULTIVATED POPULATION OF Zizania texana

g"’} I. CULTIVATED POPULATION PRIOR TO SECTION 6 PROJECT NO. 38

Prior to 1986 a number of articles were published on Zizania texana. They
included species descriptions (Silveus 1932, 1933), threats to the species (Emery 1967,
1977), and observations on Z. fexana in its habitat (Terrell, et al. 1978). In addition, Z.
texana was listed in the Federal Register (U.S. Fish and Wildlife Service, 1985) and a
recovery plan was written (US Fish and Wildlife Service, 1984). Prior to 1986, there had
been no manipulative studies on Z. texana or detailed written accounts on cultivation
techniques.

The San Marcos River Recovery Plan (U. S. Fish and Wildlife Service, 1984)
outlined the processes by which the endangered species within the San Marcos River
could be recovered to nonthreatened status. One process was to "establish and maintain
captive stock”™ (U. S. Fish and Wildlife Service, 1984 p. 63). Presumably captive stock
would protect Z. texana from "the ever present possibility of accidental pollution by
runoff of locally applied herbicides (U. S. Fish and Wildlife Service, 1984 p. 58). Federal
Contract14-16-0002-8-222 was initiated in response to a proposal submitted by Fonteyn
and Power in which they proposed to "establish a population at the Aquatic Station at
Southwest Texas State University (SWT) to create a seed bank and nursery for future
experiments and reintroduction to historic native habitat" (Attachment 1-1).

Establishing a seed bank and a nursery required having the expertise to 1) harvest

- seed, 2) germinate seed, 3) store seed and. 4) grow plants which produce seed, in a
predictable, efficient manner. What appears in the following paragraphs is how the Z.
N texana seed bank and nursery were eventually established.

Early references to cultivating Z. texana were by Terrell et al. (1978) and Emery
and Guy (1979). Terrell et al. (1978) noted that "in cultivation Z. rexana changed from a
prostrate, immersed plant to an erect, emergent one." Terrell et al. {1978) attempted
cultivating Z. texana at a USDA facility in Beltsville, Maryland. They placed three
clumps of Z. texana in "house potting soil" in a 1x3 m tank containing circulating water
"a few centimeters over the soil surface of the pots." Two clumps died within months,
one clump survived for about 1.5 years. From this clump, 80 seeds were collected and
germinated, but seedlings failed to reach maturity. They concluded cultivation of Z.
texana "needed special requirements not adequately met at Beltsville."

Emery removed 4 clones of Z. texana from the San Marcos River in 1975, The
clones were placed in an outdoor cement raceway at SWT (1 m wide and 50 m long}.
The water source was an artesian well fed by the Edwards Aquifer. Water level was
manipulated with removable boards and flow was manipulated with an adjustable valve.
During summer 1975, 1,500 seeds were produced. Seeds were placed in water at 3°C
(Terrell et al., 1978). Terrell et al. (1978) suggested (erroneously) that Z. texana had an
"extended dormancy” and that 105 days was adequate to break dormancy. Seeds were
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placed in petri dishes with tap water for germination (Terrell et al., 1978).

Emery retired in the late 1970's and by 1986 Z. fexana was not in cultivation at
any facility, nor was there a seed bank.

In 1986 Fonteyn and Power collected 7 clumps of Z. fexana from a population
immediately upstream from the IH35 bridge. The clumps were transported to SWT and
placed in the outdoor cement raceway used by Emery about 10 years earlier. Water level
varied between about 0.5-0.75 m. Flow was about 0.015 m/s. The 7 clumps were
divided into many smaller clumps and transplanted into 10 cm peat pots filled with
sediments collected from the San Marcos River. Most of the small plants in peat pots
were transplanted into the San Marcos River for a competition experiment. The
competition experiment is described and discussed in Chapter 2 of this report.

Once brought from the wild to the raceway at SWT, plants changed from prostrate
to emergent within 2-3 weeks. Emergent plants were reproductive and set seed. Mature
seeds were collected by gently dragging the hand along the inflorescence. Ripe seeds
would fall from the panicle, immature seeds would not. Seeds were placed in vials filled
with water and stored at 3°C as per Terrell, et al. (1978).

Identifying conditions which resulted in consistently high germination in the lab
proved problematic. First, simply placing seeds "in petri dishes with tap water" as
suggested by Terrell et al. (1978) did not initiate germination. Second, seed supply was
very limited and it was imperative to find a satisfactory method of germinating seeds
without using many seeds in the process. Our approach was to conduct the best studies
possible with limited seeds which would identify a predictable, repeatable method for
obtaining high percent germination.

Seeds which were stored for 4 months were placed in open petri dishes in an
environmental chamber at various light, dark and temperature regimes. Germination
varied between 0% and 25% (Table 1-1, Appendix 1-1). However when seeds were
placed in closed vials under similar environmental conditions germination rose to 50%-
100% (Table 1-1, Appendix 1-1). A literature search identified low oxygen as an
important germination cue in many wetland and aquatic plant species (Fenner, 1985;
Kardan, 1974; Kennedy et al., 1980; Ponnamperuma, 1972; Pons and Schroder, 1986;
Simpson, 1966). Evidently, respiring seeds in closed vials took up oxygen. When
oxygen was lowered to a critical concentration, seeds germinated.

Power conducted a series of experiments which identified low oxygen
concentration in water as a germination cue for Z. rexana (Tabte 1-2, Appendix 1-2).
This work was published in Southwestern Naturalist (Power and Fonteyn, 1995,
attached).

For a seed bank, seeds must be stored for as long as possible without germinating
or losing viability. Because low oxygen was a germination cue, Power compared storing
seeds in water with different oxygen levels. Storage conditions was no more than 20
seeds placed in a vial. Vials were either capped (anaerobic) or covered with cheese cloth
and placed in a beaker with an aerator (acrobic). Some seeds were placed in vials with
water which had been boiled then cooled. Boiling water drives off oxygen and lowers
oxygen concentration. These vials were capped. Preliminary results did not show a
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Table 1-1. Results from preliminary germination trials to determine conditions which would obtain
consistently high percent germination. Trials included variable light and temperature regimes. Seeds were
germinated either in open petri dishes or closed vials. Zizania texana seeds were stored 4 months at 3°C
under anaerobic and aerobic conditions. Storage conditions were thus: no more than 20 seeds were placed
in a vial. Vials were either capped (anaerobic) or covered with cheese cloth and placed in a beaker with an
aerator (aerobic). For each trial the number of seeds varied from 4 to 15.

Storage Conditions

Treatments
Aerobic Anaerobic

Petri dish

24h L 21°C 0% 0%

24h L 15/25°C 0% ' 25%

12/12h L. 21°C 0% 0%

12/12h L. 15/35°C 0% 0%

24h Dk 25°C 10% 0%
Closed Vial

24h L 21°C 71% - 86%

12/12h L. 21°C 100% 85%

12/12h L. 21°C 78% 67%

24h Dk 21°C 100% 50%

pronounced difference between treatments (Table 1-3, Appendix 1-3). After these preliminary
experiments, seeds were stored in vials, placed in an aquarium with an aerator. The aquarium
was placed in a refrigerator set at 3-5°C.

Seeds were tested for viability using percent germination followed by a tetrazolium
chloride test. The tetrazolium test is based on the visual reduction (development of red
staining) of 2,3,5-triphenyl-2H-tetrazolium chlonide. Tetrazolium testing is used in agriculture
to supplement germination tests and to test viability of dormant seeds (Grabe, 1970).

Seeds stored 0-42 weeks were tested for viability by placing twenty seeds in a watch
dish filled with deionized water. The dish was covered for 7 days. Temperature was about 21°C
with ambient light. After 7 days the number of germinated seeds were counted. Ungerminated
seeds were subjected Lo the tetrazolium test (Kearns and Inouye, 1993). Seeds which stained
dark pink or red were considered viable.

Seeds did not germinate readily for the first three weeks after collection, although seed
viability was between 80-100%. Viability remained above 80% until the 32™ week in storage
after which viability dropped below 505 (Figure 1-1, Appendix 1-4).

A standard method of germinating seeds to grow new plants was developed. One
hundred seeds were placed in a 10 em diameter glass dish filled with 300 ml deionized water.
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Table 1-2. Percent germination of Z. fexana at oxygen concentration in the water between 0.1 ppm and 5.0 ppm.
Numbers are the average of 8 replicates with 20 seeds/replicate. SD in parenthesis.

Oxygen (ppm) Germination (%)

0.2 71.9 (11.933)
1.0 77.8 (7.559)
2.0 | 60.0 (14.638)
3.0 16.2 (17.269)
4.0 2.5 (2.673)
5.0 2.5 (5.345)

Table 1-3. Percent germination of Z. rexana seeds in 1989. Seeds were stored, not more than 20 in per vial, in
water, in a refrigerator. Water was boiled to drive off oxygen. There were 4 vials for each treatment, SD in
parenthesis.

Germination (%)

Time in storage Open Vial Closed Vial Boiled Water
(Aerobic) (Anaerobic)

4 Months 81.25 63.75 97.5
(8.539) (7.500) (5.000)

6 Months 75 81.25
(7.071) (6.291)

The dish was covered and placed on the lab counter. Seeds germinated within 7 days. The
shoot emerged first and was achlorotic. The cover was removed after the first week for another
7 days; during the second 7 days, the seedling was exposed to oxygen. Upon exposure to
oxygen, the seedling developed chlorophy!l and a primary root emerged followed by
adventitious roots. After the second week, seedlings were transplanted to 10 cm diameter peat
pots filled with sediments collected from ponds on the SWT campus.

In addition to germinating seeds in the lab, seeds were also germinated in different
sediments in the raceway to test the hypothesis that oxygen concentration was an important
germination cue. Sediments were selected which had either very low or very high oxygen
content. SWT pond sediments had organic matter and bacteria present. Oxygen would be low
in this sediment due to aerobic and anaerobic respiration by bacteria and very little space
between soil particles for oxygenated water to pass through. In contrast, sand which 1s very
porous with high flow through capability would have a higher oxygen content. Germination
was highest on sand and lowest on SWT pond sediments. This work was included in Power’s
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Table 1-4. Seedling growth by cultured Z. fexana in the raceway at SWT. Sand was purchased, other sediments
were collected from the San Marcos River upstream from the IH35 bridge, or collected from ponds on the SWT
campus. n=5 for sand and pond sediments, n=4 for San Marcos River sediments. Sd in parenthesis,

Leaf Area (cm?)

Sand San Marcos SWT Pond Sediment
Time {weeks) River Sediment
2.4 5.90
(3.576)
3 2.40 3.14
(0.765) (2.605)
4 12.77
(6.407)
5.4 19.72
(8.040)
6 13.6 474
(7.195) (42.040)
12 86.6 195.9
(34.001) (93.294)

thesis (1990) and published in Southwestern Naturalist (Power and Fonteyn, 1995, attached).

Seeds which germinated in sand, SWT pond sediments, and San Marcos River
sediments were monitored for about 3 months to compare growth on different sediments. This
was done to test which sediments resulted in the most robust plants. Seedlings were most
productive in SWT pond sediments (Table 1-4; Appendix 1-5). Some of these data were
included in an article published in Southwestern Naturalist (Power and Fonteyn, 1995,
attached).

In addition to leaf area, the basal area and reproductive parts of ten seedlings which had
been planted in April 1989 were measured on 13 March 1990. The basal circumference ranged-
from 29 cm? to 448 em®. The average basal circumference was 136 cm?® (sd=124.0). The
number of emergent culms per plant ranged from 0 to 20. The average number of emergent
culms was 12.1 (sd=5.6) (Appendix 1-6).

Ten plants were tagged and the number of seeds produced was recorded. The number of
seeds collected ranged from 0 to 1,252 seeds/plant. The average number of seeds/plant was 606
(sd=426.8). These data were included as an appendix to Power’s Master’s thesis (1990). Sece
Appendix [-7.

By the end of 1990 it was possible to grow plants from seed, and collect, store and
germinate seed in a predictable, repeatable fashion. Thus it was now possible to maintain the
cultivated population of Z fexana for conservancy and research purposes without disturbing the
wild population. Research material was available for researchers from other parts of the
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country. Seeds were sent to Dr. Ervin Oelke (Appendix 1-8).

Francis Rose and Paula Power obtained funding to maintain the cultivated population of
Z. texana at SWT and to begin a reintroduction project in Spring Lake. The duration of the
contract (TPWD contract #331-0253) was 28 June 1991 - 31 August 1991. Between mid-June
1991 and 15 August 1991 Gena Janssen was employed as a field assistant. During this time she
was responsible for collecting seeds and maintaining the cultivated Z. texana population. A
draft interim report was submitted September 16, 1991 (Attachment 1-2). This contract was a
prelude to the Section 6 contracts covered 1n this report.

I1. CONTRACT #332-0094

- TPWD contract # 332-0094 began on 1 September 1991 and ended on 31 August 1992.
The stated contract segment objective was: Maintain cultivated population and collect and store
seeds. Procedures included, 1) monitor the growth and health of the cultivated wildrice, remove
excess algal growth, inspect for detrimental insects or disease, examine portable nutria
exclosures to assess their effectiveness (see Chapter 2), and check water level flow in raceway at
least three times a week, 2) check for mature seeds on cultivated Texas wildrice plants at least
three times a week, and collect mature and store the hulled seeds in deionized water at 3 C;
3) after initial collection check stored seeds on a daily basis for a week for germination, after
one week examine on a weekly basis and test 10% of ungerminated seeds for viability via a
tetrazolium test;

Seeds from the seed bank were germinated and potted seedlings were placed in the
raceway throughout the year. Plants were observed at least 3 times per week for health, vigor
and mature seeds. Mature seeds were collected between 1 September 1991 and 12 December
1991. Immature inflorescences were first noted on 4 March 1992. Seed harvest began again on
28 April 1992 and ended on 12 November (Appendix 1-9 and 1-10). Mature seeds were
immediately returned to the lab, hulled, counted and placed in vials in aerated water at ~3°C.
Approximately 100 seeds were shipped to Robin Probert, Royal Botanical Gardens, Kew
England (Appendix 1-8). During FY91-92 6,699 seeds were collected from cultivated Z.
lexana.

A second germination/viability test on seeds in storage up to 36 weeks was carried out as
per methods described in the previous section. Percent germination was (0 and percent positive
tetrazolium test was 100 immediately after collection. Germination increased to 60% after 2
weeks and 84.2% after 4 weeks (Figure 1-2). Germination tests coupled with tetrazolium tests
indicated total viability was between 70% and 100% (ave.=91%;sd=9.291; Figure 1-2;
Appendix 1-11).

Seeds fall into 1 of 2 broad categories, orthodox or recalcitrant. Orthodox seeds go
through a period of desiccation until a critical moisture level 1s reached. At a low critical
moisture level, metabolic activity is suspended and embryos are dormant. Recalcitrant seeds go
through a period of desiccation during development but do not reach the moisture level at which
metabolic activity is suspended. As a result, embryos of recalcitrant seeds do not go dormant
but continue to grow (at a very slow rate) until germination occurs. Low percent germination of
seeds in storage less than 3 weeks was most likely because sceds are recalcitant and maturation
continues after the seed has abscised from the parent plant (Vertucci, et al. 1994). This suggests
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that embryos must mature for another 2-3 weeks after abscission before germination is possible.

Fungi are a problem associated with the storage of recalcitrant seeds. Recalcitrant seeds
must be stored in water or moist paper towels, an environment conducive to fungal infection.
Fungi infect seeds and can give a false positive on a tetrazolium test (pers. comm. Christina
Walters). This is a problem not faced by orthodox seeds which are stored in dry conditions.
Tetrazolium chloride is also considered a hazardous chemical with special disposal
requirements. Germination tests alone provide an accurate representation of viability and the
adequacy of the storage technique without false positive results and the environmental cost of
using hazardous chemicals. It is recommended that germination tests are used for routine
viability testing without follow-up tetrazolium tests.

Afier germination, seeds followed a consistent developmental pattern. The first
structure to emerge from the seed coat was the shoot. The shoot was achlorotic in low oxygen
conditions. When the cover was removed from the germination dish and seeds were exposed to
oxygen, chlorophyll and roots developed. Occasionally, however, seedlings did not develop
chlorophyll or roots. These seedlings did not develop further. To quantify the incidence of
improperly developed seedlings, seedling development was observed in 18 trials. Seeds in these
trials were stored 88 - 210 days. Germination was 68.5% (sd=23.9). Proper seedling
development occurred in 45.9% (sd=33.8) of seeds which germinated, chlorophyll was present
but roots were absent in 9.4% (sd=8.9) of seeds which germinated and chlorophyll was absent in
44 6% (sd=34.3) of seeds which germinated (Figure 1-3; Appendix 1-12).

Seedlings were transferred to peat pots filled with sediments and placed in the outdoor
cement raceway. They were transplanted into Spring Lake (see Chapter 2) or maintained for
seed production.

Problems associated with maintaining the cultivated population included algal growth,
herbivory by crawfish, the presence of snails, and vandals. Green filamentous algae grew
continuously among Z. fexana leaves and on the water surface. Algae was removed about once
a week by entering the raceway, walking among the plants, lifting the algae up from around the
leaves and out of the raceway. The algal growth, although unsightly, did not appear to interfere
with seed production when managed in this way but did require about 1.5-2 hours per week
when maintaining 50 or more plants.

Crawfish were first noted in April 1991. Young seedlings "appeared as_if some
organism chewed the seedling in half at the root". Between 15 June 1992 and 1 July 1992, 33
crawfish were removed from the raceway and seedling loss stopped.

On 8 July 1992 hundreds of snails were found in the raceway. They caused no damage
and most died by fall. The snails were probably flelisoma sp. (Tom Arsuffi, pers. comm.).

Finally, vandals removed the boards controlling water level in the raceway. No
mortality was observed due to changing water levels.

III. CONTRACT #33-0201

TPWD contract #33-0201 began on 1 September 1992. The contract segment objective
stated: Maintain cultivated population and collect and store seeds. Procedures included, 1)
monitor the growth and health of the cultivated wildrice, remove excess algal growth, inspect
for detrimental insects or disease, examine portable nutria exclosures to assess their
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effectiveness (see Chapter 2), and check water level flow in raceway at least three times a week,
2) check for mature seeds on cultivated Texas wildrice plants at least three times a week, and
collect mature and store the hulled seeds in deionized water at 3° C, 3) after initial collection
check stored seeds on a daily basis for a week for germination, after one week examine on a
weekly basis and test 10% of ungerminated seeds for viability via a tetrazolium test.

Seeds from the seed bank were germinated and seedlings were placed in the raceway
throughout the year. Plants were observed for health, vigor and mature seeds. Mature seeds
were collected between 16 September 1992 and 4 January 1993. The 1993 seed harvest began
again on 15 April 1993 and ended on 29 November 1993 (Appendix 1-10 and 1-13). Mature
seeds were immediately returned to the lab, hulled and placed in vials in acrated water at ~3°C.
During FY92-93 11,778 seeds were collected from cultivated Z. fexana. During June the
number of seeds collected became so great, it was impractical to count them all. As an
alternative to counting the number of seeds, the harvest was weighed. The number of seeds
could be estimated by determining the average weight of a seed (Table 1-5).

Table 1-5. Weight of Z. texana seeds collected from the cultivated population at SWT. Sd in parenthesis.

N Weight(g) Ave. Weight/seed (g)
100 1.16 00116

10 0.08 : 0.008

25 0.24 0.0096

25 0.29 0.0116

Mean 0.01(0.002)

Viability of seeds was determined using germination tests. Germination ranged from
38% -94% (the number of seeds in each test ranged from 12% to 100%; n=11; mean=74.8%;
sd=18.8%). Seeds that were stored for 28-52 days were germinated and seedlings were
observed for developmental patterns. Proper seedling development occurred in 78.1%
(sd=16.5) of seeds which germinated, chlorophyll was present but roots were absent in 2.8%
(sd=3.0) of seeds which germinated, and chlorophyll was absent in 17.3% (sd=12.2) of seeds
which germinated (Figure 1-3; Appendix 1-14). A higher percentage of seeds developed
properly in the 1993 trials when compared with trials in the previous year (see Appendix 1-12).
This may be due to shorter time in storage for the 1993 trials (28-52 days in 1993 vs. 88-210
days in 1992).

Seedlings were transferred to peat pots filled with sediments collected from the SWT
ponds and placed in the outdoor cement raceway at SWT. They were eventually transplanted
into Spring Lake (see Chapter 3) or maintained for seed production.

Problems associated with maintaining the cultivated population were algae, vandals,
crawfish, and nutria (Myocaster coypus, an introduced rodent). On 19 October 1992 boards
which maintain water level had been removed. On 2 November 1992 the valve which controls
water flow into the raceway was shut off. On 10 November 1992 crawfish appeared in the
raceway. They were removed promptly.
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In April 1993, 2 nutria appeared in the raceway. They damaged at least 25 plants at the
base, separating the leaves from the roots. They were removed, then reappeared 2 days later.
They were removed a second time and did not reappear.

IV. CONTRACT #434-0198

TPWD contract #434-0198 began on 1 September 1993 and ended on 31 August 1994.
The contract segment objective stated: collect and store seeds from the protected population on
the SWT campus. There were no written procedures for this objective. '

Plants, raised from seed were grown in the raceway and were observed regularly for
health, vigor and mature seeds. Mature seeds were collected between 2 September 1993 and 29
November 1993. The 1994 seed harvest began again on 30 March 1994 and ended on 26 July
1994. (Appendix 1-15). Mature seeds were immediately returned to the lab, weighed and placed
in vials in aerated water at ~3°C. During FY93-94, 24,665 (estimated by weight) seeds were
collected from the cultivated population.

Seeds were germinated as per standard method (p.15). Germinated seeds were placed in
peat pots filled with sediments. Sediments were collected from the San Marcos River, ponds on
campus, and purchased "black gumbo” from the San Marcos River flood plain. From a previous
study (Table 1-4; Power and Fonteyn, 1995), we observed that seedling productivity varied with
respect to sediments; but, it was unknown what role nutrients played in sediment/plant growth
interactions.

A plant growth experiment was conducted using different soils to determine a suitable
planting medium for the cultivated population of Z. fexana. This was not specifically outlined in
the contract but the information gained facilitated maintenance of the cultivated population. The
soils used in the growth study were clay, sandy clay loam and gravel. Sediments were shipped
to A&M Soil Testing Laboratory and analyzed for Kjeldahl nitrogen, nitrates, phosphorus,
potassium, calcium, magnesium, zinc, iron, manganese, Copper, sodium, sulfur, pH, texture, and
organic matter (Table 1-6). Plants were grown on different sediments, then harvested and
weighed. Plants grown on sandy clay loam had the highest total biomass (0.790 g) followed by
plants grown on gravel {0.138 g), then clay (0.013 g; one-way ANOVA; p<0.05 and Tukey
Multiple Comparison; Table 1-7).

Root to shoot ratios from plants grown on each sediment type were significantly
different. Root to shoot ratio for plants grown in clay was 0.74; gravel, 0.50 and sandy clay
loam, 0.29 (one-way ANOVA; p<0.05 and Tukey Multiple Comparison; data were arc
transformed). High root to shoot ratios coupled with low total biomass on clay and gravel
sediments suggested plants were nutrient stressed. Note that nutrients were present in clay
sediments at concentrations similar to sandy clay loam sediments. Nutrients were present
in clay sediments but evidently plants were unable to take up nutrients possibly due to textural
consideration.

When sediments were selected for cultivation of Z. texana, gravel and clay were
avoided. Sediment selection focused on sandy clay loam. This work was eventually published
in the Journal of Aquatic Plant Management (Power, 1996, reprint attached).

Problems associated with maintaining the cultivated population included algae, Nutria
during July and August, and the presence of the introduced Ram’s horn snail (Marisa).
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Table 1-6. Nutrient content (mg/kg dry soil} of three sediments; clay, sandy clay loam and gravel, collected in and
around the San Marcos River, Zizania texana seedlings were planted in each sediment

Nutrient Clay Sandy clay loam Gravel
*NO3 1 1.3 0.3
*Kjeldahl N 776 1517 71
*Phosphorus 55 47 15
Potassium 335 55 15
Calcium 18893 18413 4830
Magnesium 322 840 225
*Zinc 0.4 2.2 0.6
*Tron 19 83 5
*Manganese 5.6 5.2 1.2
Copper 1.6 0.8 0.1
Sodium 25 54 17
Sulfur 304 1750 o 428
pH 82 7.8 8.5

*Nurtients which coprecipitate; their source is sediment. All other nutrients are salts which disselve in water and
are most likely taken up by shoots (Barko et al,, 1991).

Table 1-7. Shoot biomass, root biomass, total biomass (g/dry weight) and root to shoot ratio of Z. fexana grown in
three sediments. Letter following mean indicates significant difference using Tukey’s multiple comparison
procedure at the 0.05 level of significance. Sd in parenthesis.

Biomass Clay Sandy clay loam Gravel
Shoot 0.014a 0.616b (.094a
(0.006) (0.205) (0.043)
Root 0.011a 0.174b . 0.044a
(0.007) (0.051) (0.015)
Total 0.025a 0.790b 0.138a
(0.013) (0.254) (0.057)
R:S 0.74a 0.29b 0.50c

cornuarietis) in the raceway. A single Marissa was noted on 27 September 1993 and 2 were
noted on 27 January 1994. They were immediately removed.

During summer 1994, the Biology Department at SWT appropriated funds for the
construction of a chain link fence around the raceway in an attempt to secure the area.
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V. CONTRACT #335-0198

TPWD contract #335-0198 began on 1 September 1994 and ended on 31 August 1995.
The contract segment objective stated: continue the collection and storage of seeds from the
protected population on the SWT campus and continue the management of the conservation
populations in the raceways. There were no written procedures for this objective.

Plants, raised from seed, were grown in the raceway and observed regularly for health,
vigor and mature seeds. Mature seeds were collected between 7 July 1995 and 7 November
1995 (Appendix 1-16). Mature seeds were immediately returned to the lab, weighed and placed
in vials in acrated water at ~3°C. During FY94-95 36,625 seeds (estimated by weight) were
collected from the cultivated population.

On 2 June 1995, 10 plants were transported to the Endangered Species exhibit at
Aquarena Center, San Marcos, Texas. They did not flourish and eventually were eaten by fish
(Ron Coley, director, Aquarena Center thought Talapia ate the young plants, pers. comm.).

Problems associated with the cultivated population included algal growth and nutria. In
June 1995, the gate was opened to the raceway and nutria climbed in and destroyed many
plants. The nutria were removed but the seed harvest was delayed as a result. A more secure
lock was than placed on the gate to the chain link fence.

VI. CONTRACT #336-0225

TPWD contract #336-0225 began on 1 September 1995 and ended on 31 August 1996.
The contract segment objective stated: Continue the collection and storage of seeds from the
protected population on the SWT campus. Continue the management of the conservation
population in the raceways.

Plants, raised from seed, were grown in the raceway and observed regularly for health,
vigor and mature seeds. Mature seeds were collected between 18 September 1995 and 7
November 1995. The 1996 seed harvest began on 29 April 1996 and continued through August
30 1996. Mature seeds were immediately returned to the lab, weighed and placed in vials in
aerated water at ~3°C (Appendix 1-16 and 1-17).

Between 10 May 1996 and 15 May 1996 Z. texana plants were collected from the wild
as part of U.S. Fish and Wildlife Service Contingency Plan. The Plan was implemented to
preserve genetic diversity of the wild population in the event the spring flow. from the San
Marcos Springs dropped below a critical level. Plants were taken to San Marcos National Fish
Hatchery and Technology Center, Uvalde National Fish Hatchery, and SWT. SWT potted 26
plants which had been collected from the wild. The plants were A, B2, B14d, B15f, C2, 14,
F11, J6b, 110, J12, 120, K10c, K37a, and K41 (TPWD naming system). Some plants were
divided and placed in more than one pot. These plants changed from prostrate to emergent and
on 12 July 1996 the first sceds were collected from wild plants. Seeds from wild plants were
combined with seeds from the cultivated population in the seed bank. During FY95-96 70,641
seeds were collected from the cultivated population and 406 seeds were collected from wild
plants in the raceway (Appendix 1-16 and 1-17).

On 5 December 1995 about 50 nodes from the cultivated population were shipped to
Christina (Vertucci) Walters at the National Seed Storage Lab in Ft. Collins, Colorado
(Appendix 1-8).
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The only problem associated with the cultivated population during FY95-96 was algae
growing in and among Z. texana leaves. Removing algae required about 1.5-2 hours/week.
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CHAPTER 2.

Reintroduction of Texas wildrice in Spring Lake

I. REINTRODUCTION EFFORTS PRIOR TO SECTION 6 PROJECT NO. 38,
July 1986-August 1991

Early accounts of the distribution of Z. fexana were by Watkins (1930), Silveus (1933),
and Duval (1940). Watkins (1930) mapped the distribution of Z. texana (misidentified as Z.
aquatica) in Spring Lake. According to Watkin’s map, Z. texana extended from Spring Lake
dam northward up the old river channel approximately 200 m (Figure. 2-1).

Silveus (1933) stated that Z. texana "seems to be confined to the artificial lake at the
head of the San Marcos River and the iirigation ditches and river some distance below the town
of San Marcos." He continued "...the growth is so luxuriant that the irrigation company has
great difficulty in keeping the artificial lake and ditches clean.”

Emery (1967) was the first to note a population decline. There was "a substantial
reduction in its area of dominance and its population size. There is but one plant in Spring
Lake... and no specimens of the grass were observed in the first half mile of the river."
Furthermore, Z. texana "reproduces itself primarily by vegetative means. This method,
however, appears unable to maintain the population, and unless the trend can be reversed this
species will become extinct." Zizania texana was subsequently listed as endangered (U. S. Fish
and Wildlife Service, 1985). ]

Interest in reestablishing Z. texana in its native habitat was initiated by Emery (1977).
He stated that "repeated attempts to culture the Texas Wild Rice (sic) outside its natural habitat
have been tried without success. He continued "initial plantings have been successfully
established and the planning for a large scale effort during the spring and summer of 1976 is
well advanced.” In a letter dated September 18, 1978 from Emery to Heber Taylor, Emery
concurs that he attempted to grow Z. fexana in "spring-fed sites in other parts of Texas" and that
"he has been successful at New Braunfels, Del Rio, and Saledo." However... "relocated plants
are eventuatly lost."(Attachment 2-1). According to the San Marcos Recovery Plan (U. S. Fish
and Wildlife Service, 1984) Emery transplanted more than 100 clones between 1976 and 1982
to other spring-fed sites in central Texas. "Transplanting efforts were unsuccessful and
transplantings in Spring Lake were eaten by Nutria." In spite of these set backs, interest in
reintroduction persisted.

Paul Fonteyn obtained funding from U. S. Fish and Wildlife to "develop recovery
management techniques" (James E. Johnson, Attachment 2-2). This work focused on a
Colocasia esculenta (Elephant Ear) removal/competition study. During 1987, Z. fexana grown
in peat pots, (but originally collected from a stand immediately upstream from the [H35 bridge)
were (ransplanted into 8 plots along the banks of the San Marcos River adjacent to A. E. Wood
State Fish Hatchery. Each plot was divided into three treatment arcas. Treatinents included 1)
removal of C. esculenta by hand, 2) removal of C. esculenta by herbicide and, 3) an exclosure
treatment, Exclosures would allow for the comparison of herbivory on plants outside
exclosures with plants inside exclosures. Ten Z fexana plants were transplanted in each
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treatment area. The number of transplanted Z. fexana totaled 240. Within weeks the San
Marcos River flooded and many transplants were lost. Two hundred and seventeen Z. texana
were planted in October, 1987 to replace those lost. By May 1988 only one plants survived.
The surviving plant was protected by an exclosure. During summer and fall of 1988 the single
surviving plant was emergent, set seed, then died.

It was nearly impossible to pinpoint what precipitated the loss of 457 Z. fexana plants in
the C. esculenta removal experiment. One possibility was allelopathy by C. esculenta (release
of obnoxious chemical(s) by C. esculenta into the sediment which would then inhibit the growth
of other plant species).

To test the allelopathy hypothests, a reciprocal transplant experiment was designed using
sediments in which C. esculenta had grown. Sediments were collected 1) among C. esculenta
plants, 2) where C. esculenta had been removed by herbicide and 3) where C. esculenta had
never grown. Zizania texana seedlings were placed in the pots containing one of three sediment
types and transplanted to 1) the raceway at SWT, 2) where C. esculenta had been manually
removed and 3) where C. esculenta had been removed with herbicide. All plants in the San
Marcos River were within exclosures. After 6 weeks, leaf area was recorded. The data showed
a site effect but no sediment effect. Average leaf area of plants growing in the raceway in all
soil types was 215.2 cm”. Leaf area of plants growing in all soil types where C. esculenta had
been manually removed was 6.9 cm?®. Leaf area of plants growing in all soil types where C.
esculenta had been removed with herbicide was 17.3 em?. This eliminated allelopathy by C.
esculenta as a factor in mortality in the original experiment. It was still unclear however, what
techniques and microhabitats were required for reintroduction of Z. texana into the San Marcos
River. It became evident that a series of exploratory studies in the wild would be necessary
before another reintroduction was attempted.

On 9 January 1990, |1 2 month-old scedlings were planted in Spring Lake by a stand of
cattails in the "slough" area of the lake. The seedlings were covered with a small hardware cloth
cage to protect the plants from crawfish. The top of the cage was about 5 ¢cm below the water
surface.

On 20 February 1990, a large exclosure constructed of polyvinyl chloride (PVC) pipe
and 2.5 cm wire mesh was placed over the young transplants.

By 12 March 1990, one plant was alive and emergent. Another plant was “"chewed in
half. The axis was ragged." Power speculated in her field notes: "Could it be that there is
herbivory of the soft tissue but once it produces a certain amount of tough tissue, herbivores
(crawfish?) won’t eat it any more? [ need to transplant different age classes to find the
survivorship of different age classes 4 wks, 6 months, | year."

By 29 May 1990, there was a single terminal inflorescence on a culm approximately 1 m
tall on the surviving plant in Spring Lake.

On 19 July 1990 Fonteyn and Power submitted a proposal to TPWD for reintroduction
of Z. texana into Spring Lake. The proposal called for transplanting Z. fexana into three
microhabitats using transplants of three different ages. Half of the transplants would be 1n
exclosures, half would be outside exclosures. Exclosures would allow for the quantification of
herbivory by Myocaster coypus and other herbivores. Fonteyn and Power stressed the need for
a sexually reproducing population in Spring Lake. "Replenishing Spring Lake and the San
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Marcos River with seeds will increase the probability of plants establishing naturally within the
lake and river." The proposal was discussed with Jackie Poole. Fonteyn and Power were
encouraged to resubmit the proposal with minor revisions the following spring. A revised
proposal was submitted and funded.

II. CONTRACT #332-0094

TPWD contract # 332-0094 began on 1 September 1991 and ended on 31 August 1992.
The stated contract segment objective was: Establish a population of wildrice in Spring Lake
and determine the extent and frequency of nutria damage. Procedures included, 1) plant 50
individuals each of three different age classes (4 week-old, 4 month-old and 1 year-old) of
cultivated wildrice in five treatments consisting of three different flow regimes and two different
exclosure treatments (no detectable flow/caged, no detectable flow/uncaged, low flow/cage, low
flow/uncaged, and rapid flow/uncaged), in Spring Lake and monitor on a weekly basis for nine
months for survivorship to determine which age class transplants most successfully; 2) use three
exclosures to cover half of the plants at each of the no and low flow treatments to insure
statistically meaningful data and monitor plants weekly for 9 months to examine survivorship
and the effects of herbivory.

First Reintroduction
SITE DESCRIPTION
The San Marcos River arises from springs emerging from the Edwards Aquifer. The
San Marcos springs are one of a series of springs located along the Balcones Fault Line
separating the Edwards Plateau to the west and the Blackland Prairie to the east. Approximately
500 m downstream from the San Marcos Springs a dam was built in 1849 and the original river
channel was flooded along with its intermittent tributary, Sink Creek. Today, the impounded
\d water in the old river channel and a portion of Sink Creek form Spring Lake (Figure 2-1).
Depth of Spring Lake is controlled by removable boards in the dam. Near spring
openings, depth 1s 6-9.5 m. The old river channel is commonly 3-4.6 m deep. Current velocity
is a function of spring flow which is directly related to discharge from the Edwards Aquifer.
Spring flow averages 165 cfs with a low of 45 cfs in 1956 (Buckner and Shelbey, 1991) and a
high of approxfmately 200 cfs in 1992. °

r—

METHODS AND MATERIALS

Plants were started from seed in the raceway at SWT during March, September and
October of 1991 in order to have seedlings in three age classes: 6 weeks, 4 months, and 9
months. Nine month old transplants had gone through a complete growth and flowering cycle
and were considered 1 year-old plants. It was necessary to plant many more seedlings than was
required by contract because of the reoccurring problem with crawfish destroying Z. texana
seedlings in the raceway (See Chapter 1).

Plants were transplanted into three locations in Spring Lake. In two sites, half the plants
were protected with exclosures. As per contract, there were no exclosures at the dam site
because of difficulty securing an exclosure in the current, (Figure 2-1, Table 2-1). There were
three replicates for cach treatment at each sile.
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Table 2-1. First reintroduction of Z. fexana into Spring Lake. The following data are the
number, age, and location of transplants before and after 20 December 1991 flood.

Number of Individuals

December 91 January 92
Age of transplant Age of transplant
Replicate & wks 4 mon. 9 mon. 6 wks 4 mon. 9 mon.
Wetland
Exclosure 1 10 10 1 7 10 1
2 10 10 l 0 0 0
3 10 10 1 0 0 0
No exclosure 1 10 10 l 0 0 0
2 10 [0 i 0 0 0
3 10 10 i 0 0 0
Intermediate
Exclosure 1 - 10 3 - 10 3
2 - 10 3 - 4] 0
3 - 10 3 - 0 0
No exclosure 1 - 10 3 - 3 2
2 - 10 3 - 10 i
3 - 10 3 . 0 0
Dam
No exclosure I - 10 3 - 10 1]
2 - 10 3 - 8 0
3 - 10 3 - 6 0

Exclosures were constructed of 2 cm diameter PVC pipe with 2.5 em wire mesh. The
dimension of the exclosure was 1 m*. A hinged lid allowed access to plants for observation and
measurements. Replicate quadrats without exclosures were marked on four corners with stakes.

At the time of transplanting, ribbon-like submerged Z. texana leaves floated on the water
surface at the Wetland site. Within 6 days of transplanting all leaves outside exclosures at the
wetland site were clipped by herbivores. Submerged leaves were either clipped at the water
surface or clipped about 15 ¢cm above the sediment. There was no damage to leaves inside
exclosures.

On 20 December 1991, there was flooding in Spring Lake and the San Marcos River.
Four of six exclosures washed away. One hundred and twelve of 126 Z. texana transplants in
the wetland site were lost, 60 of 78 transplants in the intermediate site were lost and 15 of 39
transplants in the dam site were lost (Table 2-1). At this point it was necessary to reassess the
experimental design because there were not enough plants available to repeat the entire
experiment.

We discussed possible changes to the project with U, S. FWS and TPWD personnel and



came to an agreement. On 15 March 1992 a draft interim report was submitted to TPWD and
U.S. FWS. The report outlined changes in the
experimental design due to 1) flood damage and 2) limited availability of plant material in
different age classes (Attachment 2-1). The changes included:

1) one age class (4-6 months)

2) include a growth experiment

3) two replicates for each exclosure treatment

Terrell et al. (1978), Emery (1967, 1977) and Power and Fonteyn noted that San Marcos
River populations were primarily submerged with vegetative growth while raceway populations
were primarily emergent with reproductive growth but there was no documentation or
quantification of this observation. A growth experiment, with three replicates, was added to
quantify the relationship between growth pattern and environmental conditions.

It was agreed that two replicates for the exclosure treatment was acceptable. Although
two replicates would limit the statistical value of the study, we were limited by available plant
material. We felt this was the best possible study given the circumstances. The work
undertaken as per the draft interim report provided a basis for future studies which were
published in peer review journals (See Chapter 3 and 5 for studies on Z. texana in Spring Lake).

Table 2-2. Environmental factors at three sites in Spring Lake where Z. fexana was
transplanted. Data collected in July 1992.

Depth Velocity D.O. Temperature pH  Alkalinity

Site (m) (m/s)  (mg/l) (C) (mg/1)
Wetland 0.31 0 2.19 26.0 7.6 254%
n=12

Intermediate 0.76 0.027 5.30 227 7.3% 260.6*
n=15

Dam 1.601 0.061 5.92 22.5 7.3% 261.2%*
n=12

*n=3

Second Reintroduction _

The relationship between macrohabitat and survivorship, reproduction, productivity, and
biomass allocation patterns in Z. fexana was examined. Three sites were selected in Spring
Lake each representing a different habitat type: a wetland habitat, a deep, flowing water habitat,
and a habitat intermediate between the two (Figure 2-1) At each site, the depth was recorded,
velocity was measured with a Marsh McBirney Model 201 portable water current meter,
dissolved oxygen and temperature were measured with an Orion Dissolved Oxygen meter
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model 840, and alkalinity was determined by titration (Clesceri, et al., 1989). These data were
collected in July 1992 (Table 2-2). The wetland habitat was 0.3 m in depth with a velocity of 0
nv/s. Dominant vegetation was primarily emergent or floating and included Typha latifolia and
Eichornia crassipes. The intermediate habitat was located in deeper water (0.76m) with a
velocity of 0.027 m/s. Vegetation was primarily submerged and included Cabomba
caroliniana, Ludwegia repens, Myriophyllum spicatum, Ceratophyllum demersum and
Sagittaria platyphylla. The dam site was 1.6 m in depth, and the velocity was 0.06 my/s.
Hydrilla verticillata and S. platyphylla were the only macrophyte species present.

Table 2-3. Experimental design for second reintroduction of Z. fexana in Spring Lake. Plants
were transplanted between 16 January 1992 and 29 January 1992.

Replicate Sarvivorship and reproduction Growth Experiment
cxperiment
Wetland
Exclosure 1 10 30
2 10
No exclosure i 10
2 10
[ntermediate
Exclosure 1 10 30
2 1¢
No exclosure 1 10
2 10
Dam
No exclosure i 1o 30
2 8 ©
3 6

METHODS AND MATERIALS

Survivorship and reproduction. Plants were grown from seed collected from the SWT
conservation population. Seedlings were potted in September 1991, In January 1992 seedlings
were transported to three study sites in Spring lake. At each site, a Im? exclosure constructed of
2.5 em wire mesh and PVC pipe, was used as a control. Treatment plots, 1 m?, were marked but
left exposed to herbivores. There were two control replicates and two treatment replicates at the
Wetland and Intermedtiate sites. Control and replicate plots each had 10 Z. fexana transplants.
There were three treatment replicates at the Dam site (Table 2-3).

During the study period plants were counted monthly. Terminal inflorescences on
emergent culms were tagged weekly using cotton string.
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Productivity and Biomass Allocation. In January 1992, 30 seedlings were planted in
each site. Each seedling had 6 - 12 leaves and ieaves was approximately 40 cm in length. The
initial average dry weight of leaves was 1.55 g (Appendix 2-1). Three plants were harvested
from each site on 17 March 1992, 27 April 1992 and 8 June 1992 (6 week infervals). The
number of nodes with adventitious roots, inflorescences, clipped leaves, chewed leaves, and
emergent leaves were recorded. Length of the longest leaf and internode length were measured.
Then all plant parts were dried at 40°C and weighed.

Data were analyzed by one-way ANOVA and repeated measures ANOVA (Zar, 1984).
Proportional data were arcsine transformed before analysis.

RESULTS

Survivorship and reproduction. At the wetland site, survivorship was 0 % outside
exclosures within one month of transplanting {Appendix 2-2). Plants in the wetland site were
either lost due to herbivory by crawfish, M. coypus or waterfowl; or uprooted by turtles. See
Appendix 2-3 for description of herbivory in field notes. Survivorship inside exclosures was
55% (11 of 20 plants) after 4 months and dropped to 0 % after 1 year in the wetland site (Table
2-4). Mortality within exclosures was likely due to failure to.thrive from transplant shock,
environmental conditions, or crawfish chewing young leaves.

In the intermediate site, survivorship inside exclosures was 70 % (14 of 20 plants) after
four months. Outside exclosures survivorship was 40% (8 of 20 plants). In one replicate
quadrate’®i all plants were lost within one month of transplanting. Plants were transplanted
into a slightly different substrate (sandy) than the other quadrats (soft mud) and mortality most
likely was due to edaphic factors (Appendix 2-2).

Survivorship at the dam site was 92% after 3 months. Five years after transplanting
plants were present in this site (Table 2-4).

Between 21 February and 7 July 1992 plants within exclosures in the wetland site
produced 222 terminal inflorescences. During the same time period 14 plants in exclosures in
the intermediate produced 104 inflorescences {(Appendix 2-4). Flowers on these inflorescences
were pollinated and set seed (estimated >1,250 seeds in the wetland site and >470 seeds in the
intermediate site). This was the first recorded observation of sexually reproducing Z. fexana in
the wild since Duvall reported briefly on Z. texana in his thesis (1940).

One inflorescence was observed outside exclosures in the intermediate site on 26 May
02, however the inflorescence was clipped before seed set. Five emergent culms were observed
in the intermediate site {clipped on 1 June 1992 before seed set) and 3 emergent culms were
observed in the dam site (clipped 20 May 1992 before seed set).

Productivity and Biomass Allocation

Plants in the Wetland, Intermediate and Dam site increased in size during the experiment
between January 1992 and June 1992, but differences were not significant in any of the
characteristics measured (Table 2-5, 2-6). Resource allocation patterns was examined using
plants from the final harvest. There was a significant difference in allocation patterns among
sites (Figure 2-2). Biomass allocated to reproductive culms (p<0.0001), emergent leaves
{(p<0.0001), and submerged leaves (p<0.0004) was significantly different. There was no
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Table 2-4. Zizania texana was transplanted into five sites in Spring Lake between 1991 and
1995. Plant density decreased each year after transplanting. E=exclosure, OE=outside
exclosure; final=last monitoring day under contract.

Plants/m?

Time after Wetland Intermediate Dam Springs Spiliway
planting (months) E OE E OE

0 10 10 10 10 8 12 10
1 95 0 9 5 8 - -
2 95 0 9 4 8 - -

3 6 0 7 4 7 - -

4 5 0 7 4 - - -

6 - - - - 1.4 -

8 - - - - 2 -
11 0 - - - 92
14 - - 3.2 -
15 - - - 3.1
17 - - 4.2 -
18 - - - 1.7
20 - - 0.4 -
21 - - - - 2.1(final)
23 - - 1.6

24 - -

37 0.4 -

38 - 1.2

41 0.4 -

42 0 1

44 4.8

47 ' 2.4

55 2.1

58 0.5

61 0.1 (final)

difference in seeds, inflorescences, tiller roots, or roots.

Plants concentrated biomass in either reproductive or vegetative parts. Plants in the Wetland
site allocated more biomass to reproductive biomass than the other sites, while plants in the
Dam site allocated more biomass to submerged leaves.
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Table 2-5. Productivity and reproductive activity by Z. fexana in three sites in Spring Lake. Plants were harvested on three dates, 17
March 1992, 27 April 1992 and 8 June 1992.

#Submerged #Culms #Nodes/ #Rooting #Emergent Internode  #Inflorescences  Longest #Clipped  #Chewed
Site Date leaves culm nodes leaves length leaf leaves leaves
(tillers) {cm) tength (m)
Wetland
17 March 1992
Mean 14.3 6.7 - 0 - 0 - 10.7 6.7
sd (4.9) (3.1) (6.1) (3.1
27 April 1992
Muan 15.3 6.3 3.5 1.5 - 6.0 0 0.75 13 1.7
sd (9.1) (2.5) {3.5) {0.7) {0.9) 0.27 (7.8) {0.6)
8 June 1992
Mean 3 4 3.7 0.8 3 10.1 1.3 - 6.7 1.7
<d (2.6) 3) (2.3) (1.2) (1.7) @.1 (1.5) (5.5) (0.6)
[ntermediate
17 March 1992
Mean 20 8 - 0 - 0 - 5.7 2
sd (2.0) (.7 (1.1) (
27 April 1992
Mean 56.7 213 1.3 03 13.1 0 1.4 25 0.5
sd (20.1% {(1.5) (1.1 (0.6) (8.1) (0.2) 0.7 (0.7)
9 June 1992
Mean 78 16.3 4.0 0.8 357 14.8 2.3 1.56 13.0 83
sd (48) (13.6) (1.7 (0.8) (21.1) (5.6) (1.1) (0.2) (16.8) (13.6)
Dam
17 March 1992
Mean 33 227 - & - - 0 - 4.3 2
sd (28) [EAY) {2.1) (1.7}
28 April 1992
Mean 83.7 193 1.3 0 - 17.5 a 1.91 - -
sd : (47.4) (22.1) (0.7} (6.1) (0.12)
9 June 1992 »
Mean 166 2177 353 - 0.7 0 19.2 0 3.25 51.3 2
sd (186.5) (20.6) (2.0) (0.8) (7.7) (0.1) (47.1) (2)
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Table 2-6. Productivity and biomass allocation by Z. texana grown in three sites in Spring Lake. Plants were harvested on three
separate occasions.

Roots Tiller Submerged leaves Inflorescences Seeds Total
Site Date {2) roots and reproductive culms
(g (g) (8) (g) (g}
Wetland
17 March 1992
Mean 0.34 ] 2.48 0 0 2.82
sd (0.20) (2.00} 2.17)
4 May 1992
Mean 0.41 0.21 2.38 0 0 3.01
sd (0.02) 0.37) (1.69) (2.03)
12 June 0.77 0.38 11.48
Intermediate (0.54) {0443
17 March 1992
Mean 0.44 0 2.28 0 0 2.72
sd (0.02) (0.72} 0.71)
4 May 1992
Mean 1.60 0.0% 10.99 0 0 12.59
sd (0.83) 0.0 (4.11) {4.59)
Dam
17 March 1992
Mean 1.21 0 9.69 0 0 10.9
sd (0.37) (2.68) (2.5)
4 May 1992
Mean 3.07 0.001 14.41 0 0 28.38
sd (1.93) (0.001) (14.61) (16.29)

continued next page
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Table 2-6. Continued.

()

Roots Tiller Submerged Emergent Culms Inflorescences Seeds Total
Date Site (2) roots leaves leaves
(g) (2) (g) (g) (g) (g) (g)
12 June 1992
Wetland
Mean 0.77 0.38 0.56 2.86 8.07 0.i7 0.12 12.94
sd (0.54) (0.44) (0.63) (0.48) {0.47) (0.25) 020 (3.40)
intermediate
Mean 5.37 0.65 13.14 5.31 23.85 0.85 0.14 4931
sd (0.09) {0.43) (0.06) {2.55) (13.02) (0.32) (0.15) (27.12)
Dam
Mean 5.68 1.99 58.27 0 41.73 0 0 107.34
sd (7.9 (2.40) (55.59) (42.32) (108.50)
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DISCUSSION

Survivorship and Reproduction. Plants outside exclosures at the wetland site did not
survive. Herbivory was the primary cause of mortality.

Survivorship outside exclosures was 40% at the intermediate site and 92% at the dam
site (Table 2-4). Because water depth, current velocity and surrounding vegetation were greater
in the intermediate and dam site than the wetland site, submerged leaves were less accessible to
waterfowl and nutria, thereby gaining some protection from herbivores. Mortality at the
intermediate site was due to edaphic considerations. Plants transplanted into sandy sediments
did not become established; those transplanted into fine (muddy) sediments survived 41 months.

Surviving plants outside exclosures produced emergent culms but culms were clipped
before floral development occurred Swans, muscovy ducks, mallards and nutria were observed
at the intermediate and dam site. Nutria tended to damage many leaves in a single visit by
chewing the leaf, separating it from the body of the plant and leaving most of the damaged leaf
floating in the water. This pattern was observed a number of times in the raceway at SWT (see
Chapter 1) and in the San Marcos River in 1989. Waterfowl clipped individual culms and
leaves immediately below the water line.

Plants inside exclosures at the wetland site and intermediate site had a higher chance of
survival than plants outside exclosures. Those which survived inside exclosures produced
terminal emergent inflorescences and set seed {Appendix 2-4). Seeds were dispersed into
Spring Lake. No seedling were observed at the wetland site, however at least one seedling was
observed at the intermediate site,

Productivity and Biomass Allocation

Plants in alf sites increased in size but the change was not significant. I feel this was an
artifact of a small sample size. In a later experiment, | increased sample size and harvested
plants over a longer period of time. In the later experiment, there were significant differences in
plant size and resource allocation patterns between sites and over time. See Chapter 5 for a
description and discussion of the later experiment.

Plants had significantly different resource aliocation patterns (Figure  2-2). Wetland
plants lost most of their submerged leaves by the final harvest and over 70% of biomass was
allocated tg reproductive culms and emergent leaves. Zizania texana is a CO, user and it is
likely submerged leaves are CO, stressed in a wetland environment while emergent plant parts
can readily take up CO, from the atmosphere. The shift in resources from vegetative to
reproductive may very well be a stress response. In contrast, plants in the Dam site allocated
about 50% of resources to submerged leaves. Flowing water in the dam site delivered a
continuous supply of CO, to submerged leaves. For a detailed description and discussion of
CO, use by Z. texana see Chapter 4.

ITI. CONTRACT #33-0201

The stated objective for contract #33-0201 was (o establish a population of wildrice in
Spring Lake. The procedures included, 1) establish at least a 20 square meter plot of wildrice in
Spring Lake at a density of six plants per square meter for a total of at least 120 plants and, 2)
develop and utilize methods to protect reintroduced plants from herbivory.
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During FY92-93 the dam site was selected for establishment of an additional plot of Z.
texana. Plants, grown from seed in peat pots in the raceway at SWT, were transplanted into the
dam site at a density of nine plants/m? by gently pressing the transplants, including peat pot, by
hand, into the sediments. Transplants were approximately 3 months old. Leaf length was
approximately 0.75 m (n=8). Transplanting took place on three dates, 15 December 1992, 31
March 1993 and 14 July 1993. Field assistants included two students certified in the use of
SCUBA gear, and Gena Janssen and David Hernandez of Texas Parks and Wildlife Department.

During FY92-93, a total of 183 young Z texana plants were transplanted into Spring
Lake. The plants occupied an area approximately 27 m in length. Width varied from 0.5m to
12m. Areal coverage was approximately 30m?. The Spring Lake population was equivalent to
2% of the estimated wild population (Texas Parks and Wildlife Department, 1990).

A floating exclosure, constructed of PVC pipe and 2.5 cm wire mesh with styrofoam
blocks attached at the base, was designed to protect emergent inflorescences from herbivory
without interfering with current velocity. Two exclosures were placed directly over Z. texana
and attached to trees along the bank with rope. Exclosures were in place during spring and
summer 1993. ]

Aquarena Center {formerly Aquarena Springs) cut aquatic vegetation regularly (about
weekly; daily during summer months). Although cutter/harvester equipment was used, floating
and drifting vegetation was released downstream. The vegetation became entangled in
stationary objects, forming large mats. The floating exclosure protected emerging culms from
herbivores, but drifting vegetation became entangled in Z. rexana and pushed emerging culms
under water, impeding floral development and preventing pollination (Power, 1997). It became
apparent from this study that drifting mats interfered with sexual reproduction in Z. fexana. The
effects of vegetation mats on Z. texana was studied during FY95-96 (see Chapter 7). This work
was published in Southwestern Naturalist (reprint attached).

Another problem associated with the reintroduction effort was Hydrilla / Z. texana
interactions. Power noted on 14 July 1993 that "plants planted in March were not very
successful. They were overtaken by Hydrilla. Plants must be tended regularly (competitors
removed and cut vegetation cleared" (Appendix 2-3). Hydrilla/ Z. texana interactions require
further study.

On 27 May 1993, Gena Janssen (TPWD), Gene Sultanfus and Keith Wall (Aquarena
Springs Resort) and Paula Power met at Aquarena Center and agreed to plant additional Z
texana plants near spring openings by the ferry dock on the northwest side of the lake.

IV. CONTRACT #434-0198 FY93-24
The stated objective for contract # 434-0198 was to reintroduce an additional plot of
Texas wildrice in Spring Lake.

INTRODUCTION

During FY 93-94 Z fexana was transplanted into two sites, one on the northwest side of
the lake near spring openings where CQO, content was greatest (Appendix 2-7)(see Chapter 4 for
a discussion of carbon use by Z. rexana) and a second site was located near the spillway where
flow was greatest (see Chapter 3, 5 and Power, 1996a reprint attached).
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Field assistants equipped with SCUBA gear prepared the spring site for transplanting by
hand-pulling vegetation on 14 September 1993. Pulled vegetation included Ceratophyllum
demersum and Hydrilla verticellata. On six separate occasions field assistants assisted in
planting a total of 410 Z. texana transplants at the spring site as per methods from the previous
year. A 1 m* quadrat constructed of PVC pipe was used as a guide for transplanting Z. texana at
a density of 10 plants/m?. Water depth ranged from 2.3m - 4.3m. Current velocity ranged from
0.030 m/s - 0.079 m/s (Table 2-7).

Table 2-7. Ranges for light, soil characteristics, water depth, and current velocity found in Z.
texana reintroduction sites in Spring Lake. Wt = wetland, In = intermediate, Dm = dam, Sp =
spring, Sw = spillway. Observations and measurements were collected between 1992 and 1995;
+ = presence; O = absence.

Wt In Dm Sp Sw
Light Full sun Full sun Partial sun Full sun Partial sun
Sediment Soft mud Soft mud Soft mud Soft mud Mud/sand/grave
1
Water depth (m) 0.31 0.76 0.91-2.04 23-43 0.70 - 1.13
Current velocity (m/s) 0 0.03 0.03 - 0.08 0.03-0.04 0.02-0.34
Presence/absence O O + O +

On 22 July 1994, 100 transplants were planted in the spillway site (Figure 2-1). Water
depth ranged from 0.70 m - 1.13 m. Current velocity ranged from 0.088 mv/s - 0.345 m/s.

Although not specifically outlined in the contract, plants were monitored seasonally in
the wetland, intermediate, dam, and spring site. Two belt transects, 0.25m x 10m, were placed
parallel to the current in each site. The number of plants intersecting the transect was recorded.
From these data, plant density was calculated. The first four plants intersecting the transect
were measured The following characteristics were indicators of health and vigor: 1) basal area,
2) stem density, 3) leaf length. Basal area was determined as follows: basal length and width
were measured, then basal area was calculated using the formula for the area of a circle, »’ or
the area of an ellipse (minor r)(major r). Stem density was determined by slipping a three
sided 10cm x 10cm frame around or into the base of the plant. Stems withun the frame were
counted (#stems/100cm?). Leaf length was determined by calculating the average length of six
randomly selected leaves/individual. Presence of culms was recorded as a measure of sexual
reproductive effort. Presence of tillers was recorded as a measure of asexual reproductive effort.

Monitoring data are discussed in Section VI Contract #336-0225 FY95-96

Problems associated with transplants at the dam site and spring site included 1) Hydrilla
and C. demersum growing among plants and apparently competing for light, nutrients and
space, and 2) drifting vegetation entangled in Z. texana leaves.
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V. CONTRACT #335-0198

The stated objective for contract #335-0198 was to continue the seasonal monitoring and
data compilation on the reintroduction plots of wildrice in Spring Lake. No specific procedures
were outlined.

During FY94-95, 160 Z. texana plants were transplanted into Spring Lake at the
spillway site. Planting density was 9 plants/m?.

Plants in all sites were monitored quarterly as per previous description. Monitoring data
is discussed in Section VI Contract #336-0225 FY95-96

Problems associated with transplants at the spring site included silt on leaves and C.
demersum entangled in submerged leaves.

VI. CONTRACT #336-0225 FY95-96

The stated objective for contract #336-0225 was to continue seasonal monitoring and
data compilation on the reintroduction plots of Texas wildrice in Spring Lake. There were no
stated procedures.

During FY 95-96, 70 Z. texana plants were added to the spillway site.

The following is results and discussion of monitoring data collected between 1993 and
1996 with data on transplant efforts between 1991 and 1993 included.

Zizania texana was transplanted into five sites in Spring Lake between 1991 and 1995.
Transplants survived no more than 11 months in the wetland site, 42 months in the intermediate
site and 23 months in the spring site. As of the date of this report, plants survived eight years in
the dam site and six years in the spillway site.

Plant density decreased in all sites over time (Table 2-4). A number of factors may have
been responsible for the loss of plants including transplant shock, drifting vegetation, herbivory,
or poor environmental conditions (current, sediment). It is unlikely plants were lost due to
intraspecific competition.

Stem density increased in all sites after transplanting indicating plant growth, then
dropped to 0 in the intermediate and spring sites (Figure 2-3). In the dam site stem density
ranged from 13 - 29 stems/100cm? during the monitoring period. In the spillway site, stem
density ranged from 15 to 29 stems/100cm®. Stem density in wild stands has reached 69.7
stems/100em? (Power, 1996b). Current velocity appears to a critical factor influencing stem
density both in this reintroduction effort (Table 2-5 and 2-7) and wild stands (Power, 1996b). In
study after study, there is a positive relationship between current velocity and productivity
(measured as photosynthesis, see Chapter 4; biomass, see Chapter 3and 5; or stem density, see
Chapter 7). Of all characteristics measured, stem density was the character which most
accurately represented the health of the plant.

Leaf length was not a measure future success of the plant. Leaves tended to be longer in
deeper sites and shorter in shallower site (Figure 2-4). Plants often sustained leaf damage.
Damage to leaves and stems was due, in part, to floating and drifting mats of aquatic vegetation,
which was mechanically cut upstream by Aquarena Center (formerly Aqurena Springs).

Despite attempts to harvest cuttings, some cuttings drifted downstream. The cuttings became
entangled in Z. rexana leaves forming large floating mats. The mats slowed current velocity,
blocked sunlight and shredded Z. fexana ieaves (See Chapter 7).
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During 1995 and 1996, culms from each plant were counted and then followed both by
hand and visually to the terminal end. Many culms were still in early stages of development and
were submerged. Pooling data from three monitoring dates, 36% of culms were clipped at the
dam site and 13% of culms were clipped at the spillway site. [ believe the culms were clipped
- after emergence and the unclipped culms were still developing and had yet to reach the surface.
[t was very rare to see emergent culms at either site unless protected by an exclosure (See
Contract #33-0201, p. 38-39). Based on the clipping pattern and observation, I believe resident
waterfowl were the herbivore responsible for clipping Z. texana culms.

Reproductive failure has been noted many times as a serious threat to the survival of Z.
texana, but there has been no documentation of the cause of reproductive faiture (Emery, 1967,
1977, Terrell et al., 1978, U.S. Fish and Wildlife Service, 1984). This is the first study to
identify herbivory as a contributor to reproductive failure. With the loss of reproductive culms
to herbivory, Z. fexana transplants are limited to clonal reproduction.
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Figure 2-1. Spring Lake, San Marcos, Hays County, Texas. Zizania texana was reintroduced nto
Spring Lake in five sites between 1991 and 1995. Sites were Wetland. Intermediate. Springs,
Spillway and Dam sites. Transplants have persisted in Dam site and Spilhway site.
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Figure 2-2. Biomass allocation in Zizania fexana when grown in three current velocities
in Spring Lake. Plants were grown for 6 weeks. There was a signifcant difference in
biomass allocated to reproductive culms and submerged leaves among sites (p<0.0001)
and significantly less biomass allocated to emergent leaves in the Dam site when
compared wtih the Wetland and Intermediate site (p=0.004).
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Figure 2-3. Stem density of Zizania texana grown in four sites in Spring Lake. Plants in the Spillway and Dam site increased in stem density and

persisted until the present (February 2000). Plants in Spring and Intermediate site eventually died.
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CHAPTER 3.

Effects of Flow and Substrate on Productivity

N I. CONTRACT #434-0198

The stated objective for contract #434-0198 was to investigate to what extent velocity
and substrate influence productivity and resource allocation patterns in wildrice when grown at
a constant depth. There were no state procedures.

INTRODUCTION

Macrophyte growth in streams 1s influenced by the surrounding environment and the
presence of macrophpytes can alter the habitat in which the macrophytes occurr. For example
low to moderate current velocities have a positive effect on metabolism by delivering nutrients,
including CO,, to the boundary layer surrounding submerged leaves (Westlake, 1967; Smith and
Walker, 1980). In addition to the water in which macrophytes occur, sediments also are a
source of nutrients for rooted macrophytes (Chambers, et al., 1989). Fine sediments tend to be
more fertile than coarse sediments and plants grown on fine sediments tend to be more
productive than those grown on coarse sediments (Barko and Smart, 1978, 1979).

Rooted macrophytes can alter stream microhabitat characteristics. Macrophyte beds
alter flow characteristics, provide more substrate surface area and have more fine particle
sediments when compared with unvegetated areas (Gregg and Rose, 1982; Losee and Wetzel,
1993).

Zizania texana , an endangered emergent macrophyte in the family Poaceae, has long
ribbon-like submerged leaves and emergent reproductive culms (Silveus, 1933). Plants
typically form dense stands in fast flowing water and only occur in the first 2.4 km of the San
Marcos River, Hays Co., Texas (Terrell et al., 1978). The upper reaches of the San Marcos
River are characterized by numerous riffles and pools; its headwaters are springs arising from
the Edwards Aquifer. Zizania texana is endangered, in part, because of its limited distribution
and a significant population decline that occurred between 1940 and 1967 (Devall, 1940,
Emery, 1967 and US fish and Wildlife Service, 1994). At present, there have been few
ecological studies on Z texana. Terrell et al. (1978) provide descriptive observations on the
ecology of Z fexana and Power and Fonteyn (1995) investigated seed germination and seedling
growth on fine and coarse sediments; but there have been no manipulative field studies
investigating the response of Z. texana to specific environmental conditions.

Due to anthropogenic effects, current velocity and substrate composition in the San
Marcos River are changing. Current velocity is slower due to overpumping of the Edwards
Aquifer and the construction of three dams on the San Marcos River within the historic range of
Z. texana. During the 1970's, five retention dams were constructed for flood control purposes in
the upper San Marcos watershed. The retention dams have altered the frequency and magnitude
of historic flooding cycles and resulted in increased sedimentation in the San Marcos River (Us
Fish and Wildlife Service, 1994). The effects of such historic changes in the physical
characteristics of the San Marcos River on the decline of Z. texana population is not known.
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The purpose of this study is to quantify and compare the growth response of Z. rexana under
field conditions at different flow regimes and sediment compositions.

METHODS AND MATERIALS :

Three sites of similar depth (0.76-0.82 m) but different current velocity were selected
near the spillway in Spring Lake, part of the historic habitat of Z. texana. Depth at the study site
was similar to depth of wild Z. rexana stands. Current velocity was measured with a
Marsh-McBirney portable water current meter Model 201 at a depth at which submerged leaves
genticulate with the current. Velocity ranged from 0.40-0.49 m/s in the fast site, 0.12-0.24 m/s
in the moderate site, and 0.05-0.12 m/s in the slow site.

Coarse and fine sediments were collected from the San Marcos River near wild Z. rexana
stands. Each sediment type was thoroughly mixed and a subsample was analyzed for Kjeldhal
nitrogen, phosphorus, texture and organic matter content.

Sediments were placed in 16 cm pots along with one germinated Z. fexana seed.
Seedlings were allowed to grow and become rooted for five weeks in an outdoor cement
raceway on the Southwest Texas State University campus. Pots were then transported and
planted in each of the three different current velocity sites in Spring Lake. There were three
replicate plots in each site containing three to five pots of each sediment treatment. Plants were
protected from herbivory by waterfowl with 1 m? floating exclosures constructed from
polyvinyl chloride pipe, wire mesh, and styrofoam blocks.

After six weeks, plants were harvested. Plants badly damaged by herbivory were
discarded. The number of stems (i.e. basal leaves plus reproductive culms) and leaf length were
recorded. Plants were dried and aboveground parts were weighed.

Table 3-1. Texture, organic matter content, Kjeldahl N, and phosphorus concentration of sandy
clay and gravel collected in the San Marcos River, Hays Co., Texas.

Sandy clay Gravel

Texture (%)

Sand 56 16

Silt 23 2

Clay 22 3

Gravel 0 79
Organic Matter (%) 3.9 0.32
Nutrient (mg/kg)

Kjeldahl N 1517 71

Phosphorus 47 15
pH 7.8 8.5

Data were analyzed by factorial ANOVA (Wilkinson, 1989) followed by a Tukey multiple
comparison (Zar, {984).

N
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RESULTS

Textural analysis indicated sediments were sandy clay or gravel (Table 3-1). Sandy clay
had greater organic matter content than gravel.

Plants in all treatments increased in mass and density during the experiment. There was a
positive response by Z. fexana to increasing flow when grown in sandy clay and a negative
response to increasing flow when grown in gravel (Figure 3-1). Aboveground biomass was
significantly greater on sandy clay (p<0.001), and there was significant interaction between flow
and sediment on aboveground biomass (p=0.031; Table 3-2).

There was a positive relationship between current velocity and stem density for both
types of sediments although the effect was greater on sandy clay than gravel (Figure 3-2).

There was significant flow effect on leaf length. Leaves were significantly longer in the
moderate site when compared with leaves in the fast and slow site (p=0.002; Figure 3-3). There
was no sediment effect on leaf length and there was no interaction between factors with respect
to leaf length.

Table 3-2. Two-way ANOVA performed on data collected from Z. texana plants grown in two
sediments and three flows in Spring Lake, Hays Co., Texas.

Source of variation SS DF MS F P
Biomass
Flow 10.660 2 5.330 2.204 0.153
Sediment 126.299 1 126.299 52.234 0.000*
Flow X Sediment 22.7775 2 11.387 4.710 0.031*
Stem Density
Flow 182.538 2 91.269 16.430 0.000*
Sediment 128.534 1 - 128.534 23.138 0.000*
Flow X Sediment 51.508 2 25.754 4.636 0.032*
Leaf Length
Flow 0.493 2 0.247 10.857 0.002*
Sediment 0.088 1 0.088 3.883 0.072
Flow X Sediment 0.096 2 0.048 2.109 0.164

* Significance at 0.05 level.

DISCUSSION

There was a positive relationship between flow and stem density and aboveground
biomass, but an upper threshold for growth was not observed. Macrophytes are directly affected
by current through physiological enrichment (Westlake, 1967). In addition, macrophyte
community structure can be shaped by current velocity. Chambers et al. (1991) found plant
biomass was inversely correlated to within bed velocities between 0.01-1 m/s. Nilsson (1987)
found species richness reached a peak at a surface velocity of 0.3 m/s in a fourth order stream
and that species composition in slower flowing water differed from species composition in faster
flowing water. Zizania texana with long ribbon-like leaves which provide protection from
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tearing in turbulent water (Reimer, 1984), prefers faster flowing water. At lower current
velocities Z. texana leaves may be CQO, stressed.

Plants exhibited greater aboveground biomass and stem density when grown on sandy
clay. In addition, the response to sandy clay was greater in fast flowing water (0.40-0.49 m/s)
than slow flowing water (0.05-0.12 m/s). A sandy clay sediment, however, is unlikely at
velocities above 0.3 m/s because sandy clay is uplifted from the stream bed at 0.3 m/s (Hynes,
1970). When stem production is stimulated by fast flowing water, the resulting stem density
contributes to the plant's ability to modify the substrate in its favor. Stems slow current velocity,
increasing fine sediment and detritus deposition (Gregg and Rose, 1982). The result is fine
sediments within stands, and coarse sediments around stands.

Physical changes in the San Marcos River include sedimentation and reduced current
velocity due to construction of dams in the San Marcos River and in the watershed, and
overpumping of the Edwards Aquifer. Sedimentation has a positive effect on Z. fexana growth
while low flows are not associated with good growth rates. The decline in Z. fexana cannot be
attributed to sedimentation in the San Marcos River; however, the population decline can partly
be attributed to reduced flow among other possible factors.
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Figure 3-1. Aboveground biomass (+/-SE) of Zizania texana grown in two types of
sediments and three current velocities in Spring Lake, Hays Co. TX.
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CHAPTER 4.

Carbon Use By Texas Wildrice

[. CONTRACT #434-0198
The state objective for contract #434-0198 was to determine to what extent wildrice uses

bicarbonate ion as a carbon source or if it is strictly a CO, user. There were no stated procedures
for this objective.

INTRODUCTION

All photosynthetic organisms require inorganic carbon, CO,, for photosynthesis.
Terrestrial plants obtain CO, from the atmosphere, whereas submerged macrophytes take up
inorganic carbon from the water. Inorganic carbon dissolved in the water can be in the form of
CO, or HCO,- or CO5=. Relative concentrations of carbon species are influenced by pH. At
lower pH proportionally more CO, is available; as pH rises, equilibrium shifts to HCO,-, then
CO,= (Figure 4-1). As pH rises to 8.5 only 0.7% of total dissolved inorganic carbon (DIC) is
CO, (Rebsdorf, 1972). Some macrophytes are facultative HCO,- users, others are obligate CO,
users (Allen and Spence, 1981; Maberly and Spence, 1983; Sand-Jensen, 1983). There are no
known CO,= users (Allen and Spence, 1981; Maberly and Spence, 1983).

Flowing water influences the availability of DIC in two ways. First, flowing water
reduces the thickness of the stagnant boundary layer surrounding leaves. Second, as CO, is taken
up, new CO, is brought by the current to the leaf surface maintaining the concentration gradient
between leave surface and water. Carbon dioxide availability, therefore, is the result of the
interplay between diffusion through the boundary layer and the CO, concentration gradient
between leaf surface and surrounding water (Denny, 1993). Carbon dioxide diffuses very slowly
through water, 10" more slowly through water than through air. As a result obligate CO, users
receive CQ, at a rate 300 times less than terrestrial leaves (Denny, 1993). Slow CO, diffusion
across the boundary layer can limit photosynthesis in still or very slow moving water (Smith and
Walker, 1980).

Zizania fexana is an endangered macrophyte endemic to the upper reaches of the San
Marcos River, Hays County, Texas (Emery, 1967; 1977; Terrell et al., 1978). In flowing water
Z. texana produces long, ribbon-like submerged leaves. In still water only short aerial leaves are
produced; submerged leaves are absent (Rose and Power, 1992; 1993). The purpose of this study
was to determine to what extent the submerged leaves of the endangered species, Z. texana, take
up HCO,- or if the leaves are obligate CO, users and therefore CO, stressed in still water.

METHODS AND MATERIALS

To determine HCO,- and/or CO, up take, we performed pH drift experiments (Allen and
Spence, 1981; Maberly and Spence, 1983). During pH drift experiments plants are placed in a
closed chamber and allowed to photosynthesize. As CO, is taken up during photosynthesis pH
rises. pH is recorded at regular intervals until it stabilizes. Facultative HCO;- users
photosynthesize until pl reaches 9.5-10.5. Obligate CO, users stop photosynthesizing at pH
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8.5-9.0 when CO, is depleted from the water.

Zizania texana plants used in the experiments were raised from seed on the Southwest
Texas State University (SWT) campus, San Marcos, Texas and transported to Lewisville Aquatic
Ecosystem Research Facility immediately prior to experimentation. Two or three plants with
roots removed were placed in a glass chamber connected to flexible plastic tubing (Figure 4-2).
Chamber and tubing were filled with San Marcos Spring water. Oxygen and pH probes were
inserted in the plastic tubing. Water was circulated through the glass and plastic tubing by a
submersible pump. The apparatus was a closed system and was placed in a water bath to
maintain a constant temperature of 20° C plus or minus 1° C. Plants in the apparatus were
allowed to photosynthesize, taking up CO, and driving up pH in the process. Oxygen and pH
were recorded every minute. The experiment was terminated when pH became stabilized for 30
minutes. Plants were removed from the chamber and dried to a constant weight. Photosynthesis
was measured as mg O, evolved/g dried plant material/hour.

RESULTS

Initial pH of the bathing solution during pH drift experiments was approximately 7.5. As
plants photosynthesized, pH changed rapidly as CO, was taken up from solution. Change in pH
slowed and eventually stopped at pH 8.5-8.7 when CO, was depleted (Figure 4-3).

Photosynthetic rate was high at lower pH when CO, was available but slowed as pH rose.
Photosynthesis eventually stopped at pH 8.7 (Figure 4-4). At pH 8.7, HCO;- concentration was
4.5 mM. In contrast, the concentration of CO, was 0.02 mM. This is the CO, compensation
point for Z. texana, the point at which photosynthesis no longer exceeds but equals respiration.
This compensation point is similar to obligate CO, users such as Pofomageton polygonifolius,
0.011 mM CO,; Sparganium simplex, 0.006 mM COQ,; and Nuphar lutea, 0.005 mM CQO,
(Maberly and Spence, 1983).

DISCUSSION

The experimental method used in this study identifies the upper pH limit for
photosynthesis. Photosynthesis by Z. texana stopped as pH approached 8.7 when CO, was 0.5%
of total DIC. Bicarbonate in the bathing solution at pH 8.7 was 97.5% of total DIC. At this pH
there was abundant HCOs- available for plant uptake. If Z. texana had the ability to take up
HCO,-, photosynthesis would continue after CO, was exhausted, driving pH up to 9.5-10.5. In
this case, no photosynthesis occurred above 8.7 suggesting submerged leaves of Z. texana are
obligate CO, users and are unable to take up HCO,-.

Although the data show that under laboratory conditions, photosynthesis by submerged
leaves is CO, limited at pH 8.7, in stagnant water in the field, other factors may limit
photosynthesis and productivity. Sedimentation on leaves may interfere with nutrient as weil as
CO, uptake by disrupting metabolic processes. Oxygen depletion at night due to respiration by
aquatic organisms may cause oxygen stress during night and early morning hours before plants
begin to photosynthesize and release oxygen. Finally, toxic substances released from anaerobic
breakdown of organic matter in the sediments may accumulate in stagnant water interfering with
submerged leaf growth.

Flowing water influences the availability of dissolved inorganic carbon. Carbon dioxide
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availability is a function of the interplay between current velocity, boundary layer thickness and
concentration gradient between surrounding water and leaf surface; as flow increases, boundary
layer thickness decreases and CQ, availability increases. Carbon dioxide is less likely to limit
photosynthesis by obligate CO, users in flowing water than in stagnant water. Zizania fexana is
restricted to CO, uptake when other forms of inorganic carbon are plentiful and is most likely
CO, stressed in stagnant water. Alternatively, flowing water may enhance productivity in
submerged leaves by reducing the boundary layer and maintaining a high CO, concentration
gradient between water and leaf surface.
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Figure 4-1 Relation between pH and the relative proportions of inorganic carbon species CO,, HCO,-, and CO,=. From
Wetzel, 1983.
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CHAPTER 5.

Productivity and Resource Allocation Patterns in Texas wildrice as
a Function of Current Velocity

I. CONTRACT #335-0198

The stated objective for contract #335-0198 was to complete investigations on the extent
velocity and substrate influence productivity and resource allocation patterns in wildrice when
grown at a constant depth. There were no stated procedures for this objective.

INTRODUCTION

Harper and Ogden {1970); Hickman (1975); Van Baalen, et al. (1990); Dunn and Sharitz
(1991); Madsen (1991) and Neill (1993) have reported trade-offs between reproductive allocation
and vegetative allocation with changes in environmental conditions. Common environmental
factors associated with allocation trade-offs for terrestrial plants include light, substrate, nutrient
availability and for macrophytes, water depth and water temperature arc also important. Little
information is avaijlable on current velocity and its affect on allocation patterns in macrophytes.

Earlier work has suggested that current velocity may influence productivity and resource
allocation patterns in Z. fexana (Rose and Power, 1992, 1994 and Power, 1996a). The work
reported here was undertaken to further identify and clarify the effects of current velocity on
productivity and resource allocation patterns in Z. fexana. over a one year time period.

METHODS

Site Description

This research was carried out in Spring Lake, an impoundment formed by a dam
originally constructed across the San Marcos River in 1849, approximately 600 m downstream
from the San Marcos Springs. On the eastern side of the dam is a spillway. Three of four
experimental sites were located near the spillway. One site was located on the Southwest Texas
State University (SWT) in an outdoor cement raceway. At each site pH, water depth, and current
velocity were recorded on nine different dates between May, 1995 and February, 1996.

Seeds for this experiment were germinated in the lab in January, 1995, then transplanted
to 15 cm plastic pots, which were lined with small plastic bags and filled with fine sediments
collected from one location in Spring Lake. Pots were placed in an outdoor raceway on the SWT
campus and seedlings were allowed to grow for about 6 weeks. On March 10, 1995, potted
plants were transplanted into three sites in Spring Lake and one site in the raceway. There were
three replicate experimental units (plots) at each site. Each replicate plot had 36 potted plants.
Initially, 4 plants were harvested to obtain biomass values for newly transplantied individuals.
The study design called for harvesting 4 plants from each replicate plot on nine different
occasions. However, during the study period some plants were lost due to herbivory, probably
by crawfish, and some plants were washed away by the current. As a result] harvested plants
from each replicate plot on seven dates, May 3, June 1, June 30, July 27, September 1, October
16, and February 8.
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At each harvest, plants were collected from each replicate and sediment was washed from
roots. Plants were divided into vegetative parts, reproductive parts, and roots. Vegetative parts
were defined as submerged leaves and reproductive parts were defined as reproductive culms
with attached leaves and associated tillers. Plants were then dried at 65° C for at least 48 hours
and weighed to the nearest one hundredth of a gram.

All growth measurements were analyzed with repeated measures ANOVA (Zar, 1984).

At each site current velocity was measured at 20%, 60%, and 80% depth and average
velocity was calculated. Each site was named according to its current velocity: Slow Flow
(raceway), No Flow, Moderate Flow and Fast Flow.

RESULTS

Plants in the No Flow site in Spring Lake were lost to herbivory prior to the second
harvest and were dropped from the experiment.

Water depth was similar between sites and ranged from 0.69-0.91 m. Current velocity
varied between sites. Current velocity ranged from 0-0.010 m/s in the Slow site, 0.038-0.142
m/s in the Moderate site, and 0.250-0.369 m/s in the Fast site. The pH was highest in the Slow
site and very similar in the Moderate and Fast sites (Table 5-1),

Table 5-1. Ranges of environmental factors in two sites in Spring Lake and one site on the SWT campus. Data
were collected on nine different days between May, 1995 and February, 1996.

Slow Moderate Fast
Depth (m) 0.69-0.75 0.87-0.91 0.80-0.87
Current
velocity (m/s) 0-0.010 0.038-0.142 0.250-0.369
pH 7.50-7.68 7.23-7.26 7.16-7.28

All plants increased in size over the study period. There was a significant difference in
root, submerged leaf, reproductive culm and total biomass between sites and over time (p<0.001)
and significant interaction between factors with respect to root, leaf, culm and total biomass
(p=0.001). Plants from the Fast site showed the greatest increase in root, submerged leaf,
reproductive culm and total during the study period. Plants in the Slow site showed the least
increase in biomass (Figure 5-1).

The number of submerged leaves per plant was significantly different during the study
(p=0.0001) and among sites (p=0.0001). Interaction between time and site with respect to
number of leaves was significant (p=0.0003). Plants growing in the Fast site produced the
greatest number of leaves/plant at each harvest while plants growing in the slow site produced
the fewest number of submerged leaves in six of seven harvests. The greatest number of leaves
at a single harvest was 28 leaves/plant from the Fast site on the February harvest (Figure 5-2).

The number of reproductive culms per plant was significantly different during the study
(p=0.0001) and among sites (p=0.0056). Plants began producing culms between May 2, 1995
and June 1. 1995, Reproductive culms were present in every harvest from June 1, 1995 until
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February 8, 1996. The greatest number of culms produced for all sites was during the February
harvest with 7.8 culms/plant in the Fast site (Figure 5-2).

The proportion of biomass allocated to submerged leaves decreased significantly over the
study period in all sites (p=0.0001), but did not differ between sites (p=0.2006; Figure 5-3).

Biomass allocated to roots differed significantly over time and among sites. The
proportion of biomass allocated to roots increased over time (p=0.0089) and differed between
sites (p=0.0001). The Fast site had the greatest proportional increase in root biomass during the
study period. The slow site showed the least proportional change in root biomass.

Biomass allocated to reproductive culms differed significantly over time and among sites.
The proportion of biomass allocated to culms increased over time (p=0.0089) and differed among
sites (p=0.0176). Plants in the Slow site allocated more biomass to culms during the study
period than either plants in the Moderate or Fast site.

DISCUSRKION

Plants grown in water flowing 0.25-0.369 m/s accumulated more biomass during the
study period than plants grown in water flowing 0.01-0.14 m/s. Zizania texana exhibited a
similar response to flowing water in another study (Power, 19964, d) and had greater
survivorship when transplanted into moderate to fast flowing water in a lake (Power, 1996b).
Flowing water has been shown to be an important factor influencing photosynthetic rates in
macrophytes (Westlake, 1967; Smith and Walker, 1980; and Madsen and Sondergaard, 1983),
macrophyte distribution (Fonseca and Kenworthy, 1987; and Nilssen, 1987); and macrophyte
growth (Chambers, et al., 1991). Chambers, et al. (1991) found an inverse relationship between
biomass and current velocity between 0.01-1.0 m/s. Nilssen (1987) found species richness
reached a peak at about 0.3 m/s along a current gradient from 0.04-1.23 m/s, with some species
growing in current velocities greater than 1 m/s. Although plant growth increased with
increasing current velocity, an optimum current velocity for growth was not observed for Z.
texana in this study.

Plants from all sites were harvested at intervals for | year. All plants showed initial
growth in vegetative parts followed by growth in reproductive parts. Plants in the Fast site
continued to increase in size throughout the study period while plants in the Moderate and Slow
sites showed vey little increase in size during the same period. Plants in the Moderate site
disappeared entirely at the last harvest. In this site, plants were impacted by herbivores and
floating mats of vegetation. The combination of herbivory, floating vegetation mats and poor
environmental conditions (current velocity) most likely contributed to their decline. In contrast
plants in the Slow flow site (raceway) did not suffer from herbivory and floating vegetation mats
and over wintered. At the February harvest plants in the slow flow site had a mean of 5 leaves
compared with 28 leaves on plants from the Fast site.

Total biomass and reproductive biomass production peaked during the July harvest for
plants slow flowing water. In contrast the July harvest corresponded to a peak in reproductive
output for plants in fast flowing water while total biomass peaked during the February harvest.
Continued growth throughout the study period with reproductive activity reaching a maxiunum
during the summer months, suggests plants are tending toward a longer life span (van Lent and
Verschuure, 1994).
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Current velocity is a critical environmental factor influencing productivity and allocation
patterns. There is an inverse relationship between current velocity and the boundary layer around
leaves (Denny, 1993). The boundary layer increases the distance across which CO2 must diffuse
~ before it is taken up by leaves. Plants in slower moving water may be CO2 stressed and as a
result are less productive. In contrast, leaves in faster flowing water have a narrow boundary
layer and more CO?2 is available for photosynthesis and growth. Although CO, most likely plays
a role, mechanical stimulation of the meristem may also be important in faster flowing water. At
this point, the physiological mechanism for greater productivity in faster water requires further
study.

Plants in slow flowing water allocated proportionally more biomass to reproductive
culms (65% in October harvest) compared with plants in fast flowing water (30% in October
harvest). Allocating biomass in favor of reproductive parts can be an indication of
environmental stress (Harper and Ogden, 1970; Hickman, 1975) and/or a tendency toward a short
life span (van Lent and Verschuure, 1994). Because all plants were harvested at the end of the
study and piants could not be observed for a longer period, it is difficult to predict if the observed
allocation patterns in plants in slow flowing water were an indication of a shift in life history
strategy or simply a function of environmental stress.
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CHAPTER 6.

Sediments, Dams and the Distribution of
Texas wildrice

I. CONTRACT # 335-0198, #336-0225
The stated objective for contract #335-0198 and #336-0225 was to initiate and/or

continue and complete organic matter additions and plant growth experiments. There were no
stated procedures for this objective.

INTRODUCTION

Important sediment characteristics, which influence macrophyte growth, include sediment
density and sediment nutrients (Barko and Smart, 1979, 1986; Chambers et al., 1989; van Wijck
et al., 1992). High density sediments are ofien coarse in texture and are usually nutrient poor
while low density sediments tend to be fine in texture with a high nutrient concentration (Barko
et al., 1991). Macrophytes often exhibit robust growth on intermediate density sediments and
diminished growth on high and low density sediments apparently due in part to nutrient
availability (Barko et al., 1991; Barko and Smart, 1986). Among the many nutrients required by
plants, nitrogen and phosphorus have been shown to be important growth limiting nutrients.

The presence of dams can effect macrophyte distribution in streams and rivers through
the alteration of natural sediment characteristics and {low patterns. Periodic flooding of rivers
can lead to significant transport of fine sediments downstream (Zeh and Dénne, 1994). Dams
retard flood water and result in sedimentation upstream from dams while downstream sites more
closely resemble natural hydrologic conditions with respect to {low patterns and sediment
characteristics (Zeh and Dénne, 1994).

The San Marcos River is a thermally constant, spring fed river in Hays Co., Texas. The
river has three dams along its length, originally constructed in the mid-1800's as sources of
power for local industry. In addition, during the 1970's, five retention dams were constructed for
flood control purposes in the upper San Marcos watershed. The local dams and retention dams
have altered the frequency and magnitude of historic flooding cycles and resulted in increased
sedimentation in the San Marcos River (U. S. Fish and Wildlife Service, 1994). In addition,
erosion from construction on the surrounding hillsides has resulted 1n very coarse sediment
deposition at numerous locations in the San Marcos River.

Zizania texana Hitche. (Texas wildrice) is an endangered emergent macrophyte endemic
to the San Marcos River (Silveus, 1933). Zizania texana is endangered, in part, because of its
limited distribution and a significant population decline that occurred between 1940 and 1986
(Emery, 1967; U. S. Fish and Wildlife Service, 1994). Plants have long ribbon-like leaves and
typically form dense stands in fast flowing water in the first 2.4 km of the San Marcos River
(Terrell et al., 1978). Distribution maps indicate Z. rexana is more likely to occur below dams
where sediments are coarse than immediately above dams where sediments are fine (Texas Parks
and Wildlife, 1989); vet results from controlled studies indicate Z. fexana is more productive in
fine sediments (Power and Fonteyn, 1995; Power, 1996a).



In this study I documented growth of Z. texana on a variety sediments collected above
and below dams in the San Marcos River. I also attempted to assess the adequacy of Nitrogen
for the growth of Z. texana on these sediments.

METHODS AND MATERIALS

Sediments were collected from 6 sites in the San Marcos River. Collection sites were
above and below dams at Spring Lake, Rio Vista, and Thornton’s Dam (Figure. 6-1). Texture of
sediments was determined by the hydrometer method (Brower and Zar, 1984). Sediment density
(dry weight/100 ml wet weight) and water content (g water/100 g dry sediment) were determined
gravimetrically by drying known volumes in a drying oven. Dried samples were combusted at
550°C to estimate total organic matter content from loss of mass on ignition. Samples were
analyzed for Kjeldhal N at Texas A&M Soil Laboratory.

Table 6-1. Gravel, sand, silt, clay, and organic matter content of six sediments collected from
the San Marcos River. SD in parenthesis; n=4. Different letter indicates significant difference
within column (one-way Anova, Tukey Multiple Range test).

Site Gravel (%) Sand (%) Silt (%) Clay (%) Organic (%)
Upstream from dam
Spring Lake 9.6 29 53 18 3.4a
Silt loam (1.8) (4.690) (4243) 3.367) (0.60)
Rio Vista Park 4.9 303 48.5 21.3 2.8b
Loam (5.5 (4.646) (8.021) (5.560) (0.36)
Above Thornton’s 16.4 27.8 52.8 19.5 231c
Gravelly silt loam {14.9) (0.500) {6.946) (6.758) (0.23)
Downstream from dam v
Below Spring Lake 55.2 67.6 23.8 8.6 0.81d
Very gravelly (6.8) (2.689) (2.021) (0.946) (0.06)
sandy loam
Below Rio Vista 64.9 76 15.9 8.1 0.6%¢
Very gravelly (4.6) (4.082) (2.594) (1.652) (0.05)
sandy loam '
Below Thomton’s 75 65.8 21.6 12.6 0.83d
Very gravelly (4.4) {1.848) (1.887) (1.493) 0.07)
sandy loam

For a plant growth experiment, sediments were placed in 10 cm diameter plastic pots.
One Z. texana seedling was placed in each pot. Pots were arranged in an outdoor cement
raceway on the SWT campus in a randomized block design. There were seven replicate blocks.
Untreated Edwards Aquifer water flowed through the raceway at about 0.017 m sec’!, water
depth was about 0.5 m. Plants were grown for eight weeks, then harvested. Plants were dried at
65 C for 48 hours, then separated into above and below ground parts and weighed.
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Table 6-2. Sediment water content and sediment density in six sediments collected above and
below dams in the San Marcos River, Hays Co., Texas. N=4; SD in parenthesis. Different letter
indicates significant difference (one-way ANOVA, Tukey Multiple Range test).

Site Water Content Density Nitrogen
(g water/100 g soil) {g dry weight/ (%)
100 ml wet weight)

Upstream from dam

Spring Lake 39.83a 0.577a 0.629a
(4.865) (0.042) 0.012)

Rio Vista Park 4.004b 1.665a 0.275b
(0.689) (0.157) (0.005)

Above Thornton’s 2.635b 1.950a, b 0.213¢
(0.256) (0.071) 0.014)

Downstream from dam

Below Spring Lake 0.527b 3.548b 0.053d.e
(0.069) (0.233) (0.002)

Below Rio Vista 0.474b 3:629b 0.063d
{0.064) (0.209) (0.015)

Below Thornton’s 0.243b 4.578b 0.046e
{0.040) (0.143) (0.008)

Sediments collected upstream and downstream of Spring Lake dam (spillway) and
Thornton’s dam were used for a fertilization experiment. About 1.5 kg of each sediment was
placed in 15 cm plastic pots lined with clear plastic bags. The pots were then placed in the
outdoor raceway on the SWT campus. One Z. fexana seedling was placed in each pot. After 4
weeks, ammonium sulfide was injected into the sediment at one of five treatment levels. The
levels were 0 mg N (control), 50 mg N, 100 mg N, 200 mg N, and 400 mg N. The top edge of
the plastic bag was folded around the base of the plant and weighed down with pebbles to slow
diffusion of ammonium into the surrounding water. Treatments were placed in a randomized
block pattern. There were five replicate blocks. The plants were allowed to grow for five weeks
after injection of N, then harvested, dried at 65 C for 48 hours, then separated into above and
below ground parts and weighed. Above ground plant parts were shipped to Texas A&M Soil
Laboratory for Kjeldhal N analysis.

RESULTS

Texture analysis of soils indicated that sediments collected above dams were loam, silt
loam, or gravelly silt loam and sediments collected below dams were very gravelly sandy loam
(Table 6-1). Sediments differed significantly with respect to density, organic matter content,
water content, and %N. Sediments could not be divided into above and below dam groups based
on sediment characteristics with the exception of density (Table 6-1, 6-2; all analysis one-factor
ANOVA; p<0.05). Above dam sediments were significantly less dense than below dam
sediments. Sediment density increased with increasing sand content (p<0.035; r’=0.77; Y =
13.937 + 13.380X ) and decreased with increcasing water content (p<0.05; r’=0.997:
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logY = 1.067 + -2.460logX). Water content was positively correlated with %N (p<0.03; r*=0.89:
Y =0.100 + 0.013X). Percent N and organic matter content paralleled water content with respect
to sediment density (p<0.05; r’=0.82; Y = 0.577 + -0.135X and p<0.05; r?=0.87; Y=0.038 +
-0.008X respectively).

All plants increased in size during the experimental period. There was a significant
sediment effect on root, shoot, and total biomass (one-way ANOVA, p<0.05; Table 6-3). Plant
growth, however, did not fall into significantly different groups based on above and below dam
sediments, Plants had the greatest increase in root, shoot and total biomass on sediments of
intermediate density and had diminished growth on either high or low density sediments (Table
6-3). Plants also showed the greatest increase in total biomass on sediments with intermediate
organic matter content (Figure. 6-2).

There was no significant difference in root/shoot ratios between sites.

Table 6-3. Root, shoot, and total biomass from plants grown in sediments collected from six
locations in the San Marcos River. SD in parenthesis; n=7; letter indicates significant difference
among values in each column. There was no significant difference between sites with respect to
root/shoot.

Biomass (g)
Site Root Shoot Total R/S
Upstream from dam Dﬁ
Spring Lake 0.073a 0.197a 0.266a 0.34a
{0.036) (0.084) 0.121) (0.092)
Rio Vista Park 0.328b 0.885¢ 1.212d 0.37a
(0.117) {0.258) (0.370) (0.059)
Above Thomton’s 0.268b 0.807c 1.075¢c,d 0.33a
(0.099) (0.229) (0.326) (0.040)
Downstream from dam
Below Spring Lake 0.060a 0.153a 0.213a 0.39a
(0.014) (0.032) (0.044) (0.056)
Below Rio Vista 0.093a 0.240a 0.333a 0.40a
: (0.043) {0.099) (0.139) (0.056)
Below Thornton’s 0.208b 0.521b 0.729b,c 0.3%9a
(0.088) (0.133) (0.216) (0.082)

Plants grown on fertilized and control sediments increased in size during the experiment.
Two-way ANOVA indicated there was significant sediment effects on root, shoot, and total
biomass (p<0.05); significant treatment effects on total biomass (p<0.05); and significant
interaction between factors on total biomass (p<0.05; Table 6-4). Plants grown on above
Thornton’s dam sediments (moderate density) showed the greatest increase in total biomass for
all fertilization levels (Figure. 6-3). Plants grown on sediments from above Spring Lake dam
(low density) and below Spring Lake dam (high density) showed little increase in growth with N
additions. Plants grown on sediments from below Thornton’s dam (high density) had an
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intermediate growth response to N additions.
There were significant sediment and treatment effects on root/shoot ratios which
decreased on all sediments with nitrogen additions (two-way ANOVA; p<0.05; Figure 6-4).
The relationship between shoot N concentration and shoot biomass was poor (Figure
6-5). The greatest N concentration and the most variability in N concentration occurred at the
lowest shoot biomass. Thus growth response was greater with respect to sediment N than with
respect to shoot N concentration (Figure. 6-3 and Figure.6-5).

DISCUSSION

The density of sediments differed significantly above and below dams. This suggests
dams can be used as an indicator of relative sediment density. Dams and the resulting
impoundments tend to slow current velocity. Fine sediments and organic matter settle out of the
water column resulting in relatively low density sediments in impoundments. Low density
sediments with high water content and high organic matter content (which contributes to %N) do
not necessarily result in robust plant growth due to the distances across which nutrients must
diffuse and potentially anoxic conditions from decomposition of organic matter (Barko and
Smart, 1986; Bradley and Morris, 1990; van Wijk et al, 1992). [n contrast, below dams, where
current velocities are often greater than 0.3 ms™!, fine particles are uplifted leaving sand, gravel
and relatively high density sediments behind (Hynes, 1970). High density sediments tend to be
nutrient poor due to low organic matter content (Barko et al, 1991).

All plants increased in size during the eight week growth experiment. However plants
had the greatest increase on sediments with intermediate density (above dam sediment) and the
smallest increase on low and high density sediments (above and below dam sediments).
Therefore location of sediments relative to dams is not a good indicator of the sediments’
potential for plant growth. A better indicator would be sediment density or organic matter
content (Figure 6-2).

Low density sediments produced plants with low total biomass. Low density sediments
were unconsolidated, with a high organic matter and water content. Although nitrogen was
present, plants may have been nutrient limited due to the distance across which nutrients must
diffuse (Barko, et al, 1991). High density sediments had relatively low %N and organic matter
content. Diminished growth on these sediments may have been due to nutrient limitation.

Root/shoot ratios varied from 0.33 to 0.4. Root/shoot ratios in this range are considered
high and are usually associated with plants grown on infertile sediments (Barko and Smart, 1979;
Barko, et al, 1991). This suggests that plants were nutrient limited on all sediments and the
variation in plant growth was governed by nutrient availability. The mechanism for plant growth
and nutrient availability may have been due to low nutrient concentration in sediments (Barko et
al, 1991); multiple nutrient limitation (Barko & Smart, 1986); or low oxygen levels (especially
on organic sediments) which impedes nutrient uptake (Bradley and Morris, 1990; van Wijk et al,
1992).

Growth response to N additions in sediments varied significantly. Plants grown on
moderately dense sediment (above Thornton’s dam) showed the greatest increase in total
biomass with N additions indicating N limitation on this sediment (Figure 6-3). Plants grown on
high and low density sediments showed little increase in biomass with N additions. Plants grown
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on high and low density sediments most likely acquired additional N (as reflected in lower r:s
ratio) but plant growth was still limited, possibly by P and Fe or other factors such as potentially
anoxic conditions.

A number of studies have identified critical nutrient concentrations for single nutrients
(Gerloff and Krombholz, 1966; Barko and Smart, 1979; Sytsma and Anderson, 1993). The critical
concentration identified the point at which the nutrient was no longer limiting. It was hoped that
the critical N concentration would be identified for Z. texana growth. However, N concentration
in shoots suggested essentially no N limitation on any sediment (Figure 6-5). This clearly is not
supported by growth data from above and below Thornton’s Dam sediments which showed
significant increases with N additions. Growth data on fertilized sediments is a better indicator
of nutrient limitation than nutrient concentration in tissues. Shoot nitrogen concentration may be
misleading because it assumes plants are limited by a single element and that no interaction
between elements occurs (Barko and Smart, 1986).

In addition to sediment effects, plant growth by Z. texana has been shown to be strongly
influenced by current velocity, most likely through CO, enrichment or mechanical stimulation of
the meristem (Power, 1996b). In the San Marcos River Z. fexana tends to be more common
below dams where current is unaffected by impoundments. This suggests current velocity may
play a greater role than sediments in the growth of Z. fexana in the wild. This has important
management implications. A recovery strategy for Z. fexana is to establish healthy,
self-sustaining, and reproductive populations in the San Marcos River (U. S. Fish and Wildlife
Service, 1996). This will more easily be attained by taking into account the density and organic
matter content of sediments in combination with current velocity.
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Table 6-4. Total, root and shoot biomass from plants grown on different sediments with five levels of nitrogen additions. Two-way
Anova indicated significant sediment effects on total, shoot and root biomass (p<0.05); significant treatment effects on total biomass
(p<0.05); and significant interaction on total and shoot biomass (p<0.05).

Nitrogen addition {mg)

Sediment Biomass 0 (control) 50 100 200 400

Spring Lake Total 1.04 (0.457) 1.63 (0.687) 1.01 (0.553) 0.78 (0.4686) 1.16 (0.304)
Shoot 0.74(0.31) 1.23 (0.55) 0.77'(0.40) 0.59 (0.35) 0.95(0.28)
Root 0.31{0.15) 0.40 (0.18) 0.24 (0.16) 0.19 (0.12} 0.21 (0.07)

Below Spring Lake Total 0.90 (0.581) 0.91 (0.823) 0.59(0.291) 0.52 (0.373) 0.38 (0.244)
Shoot 0.60(0.30) 0.63 (0.66) .44 (0.21) 0.42 (0.31) 0.38 (0.18)
Root 0.30(0.28) 0.21(6.7) 0.15 (0.09) 0.11 (0.07) 0.09 (0.02)

Above Thornton’s Total 2.96 (1.312) 5.80 (1.487) 6.15(3.338) 6.75 (2.929) 7.67 (2.570)
Shoot 2.26 (0.97) 4.73 (1.32) 5.26 (2.92) 5.69 (2.54) 6.67 (2.12)
Root 0.71(0.36) 1.07 (0.34) 0.90 (0.48) 1.05 (0.49) 1.0 (0.46)

Below Thornton’s Total 2.12(1.187) 3.46(1.827 2.37 (0.647) 2.41 (1.589) 0.95(0.797)
Shoot 1.31 (0.95) 2.57 (1.39) 1.87 (0.50) 1.95(1.29) 0.43 (0.64)
Root 0.55 (0.25) (.89 (0.46) 0.50 (0.16) 0.46 (0.31) 0.17(0.16)
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CHAPTER 7

Direct and indirect effects of floating vegetation mats
on Texas wildrice (Zizania texana)

1. Contract #336-0225
The stated objective for contract #336-0225 was initiate and/or continue and complete the

quantification of the effect of floating vegetation mats on productivity and survivorship of Texas
wildrice. There were no stated procedures for this objective.

INTRODUCTION

Texas wildrice (Zizania texana Hitche.) is a perenmial emergent aquatic macrophyte in
the family Poaceae. It has long, ribbon-like, submerged leaves and reproductive culms that arise
from the base of the plant. Each culm has an emergent terminal inflorescence allowing for wind
pollination. Zizania texana is endemic to the first 2.4 km of the San Marcos River and Spring
Lake in Hays Co., Texas. It commonly occurs at midchannel in relatively fast-flowing water
(Silveus, 1933, Terrell et al., 1978).

Zizania texana is listed as endangered by both U. S. Fish and Wildlife Service and Texas
Parks and Wildlife Department (U. S. Fish and Wildlife Service, 1985). Factors that threaten
survival of Z. texana include reduced spring flow from the San Marcos springs, reduced water
quality in the San Marcos River, competition and predation by nonnative species such as
Hydrilla verticillata and nutria (Myocaster coypus), failure to reproduce sexually, and alteration
of sediments in the river bottom (Emery, 1967, 1977; U. S. Fish and Wildlife Service, 1994).

More recently, floating and submerged drifting aquatic vegetation have been identified as
a potential threat to Z. fexana plants. Aquatic vegetation, including Cerataphylium demersum,
H. verticillata, Egeria densa, is mowed in Spring Lake, the headwaters of the San Marcos River,
and despite attempts at harvesting the cuttings, cut vegetation drifts downstream. Cut vegetation
combines with drifting macrophyte fragments and tends to accumulate behind obstructions at or
above the water surface. Obstructions occur in fast or slow flowing water and can be floating Z.
texana leaves, emergent Z. fexana culms, other floating vegetation, fallen tree limbs, trash, or
debris. Entangled vegetation can form thick mats over Z. fexana stands in as little as one week.

Direct negative effects of floating vegetation mats may include shredding of Z. rexana
Jeaves by serrated leaf margins of some macrophytes (e.g., C. demersum) and interference with
reproductive culm emergence. Indirect negative effects include blocking sunlight, which
interferes with photosynthesis, and slowing current velocity, which may reduce nutrient uptake
from the open water (Smith and Walker, 1980; Boeger, 1992; Rose and Power, 1994). The
objective of this research was to quantify direct and indirect effects of vegetation mats on Z.
texana stands.

METHODS AND MATERIALS
An artificial obstruction on which drifting vegetation would become entangled was
created with a 1-m long by 0.075-m diameter float constructed of polyviny! chioride pipe. Floats
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were anchored to the river bottom perpendicular to the direction of flow, at the leading edge of
four Z. texana stands in the San Marcos River in July 1995. Each Z fexana stand was composed
of closety spaced, mature individuals. A control area was marked adjacent to each float. Sites
were in areas where current was great enough to wash floating vegetation downstream in the
absence of an obstruction. This eliminated the need to remove vegetation mats from control
areas. Vegetation accumulated upstream and downstream from the float. Six measurements
were recorded in each control and treatment area. The measurements were: water depth; current
velocity (measured at 20, 60, and 80% depth with a Marsh-McBirney portable water current
meter model 201); photosynthetically active radiation (PAR, measured immediately below the
water surface with a Li-Cor light meter model 1.I-185B with a LI-1935B spherical quantum
sensor); leaf length (calculated as the average length of 5 or 6 leaves),; stem density (no. of

Table 7-1. Environmental measurements and Zizania fexana response (8D in parentheses) to vegetation mats. Data
were recorded at the beginning of the experiment (initial) and six weeks after construction of floats that created
vegetation mats (treatment); adjacent areas lack vegetation mats {control).

Time of measurement

Initial Six weeks

Measurement Control Treatment Control Treatment
Water depth (m) 0.51a’ 0.57a 0.52a 0.47a
(0.133) (0.180) (0.132) {0.160)

Current velocity (m/s) 0.210a 0.174a 0.232a 0.032b
(0.059) {0.095) (0.099) {0.009)
PAR (uE/s/m?) 1800a 1475a 1530a 776
(316) (709) (205) {10)

Leaf length (m) 1.12a 1.12a 0.95a 0.60b
(0.278) (0.288) 0.131) (0.100)

Stem density (/100 cm?) 69.7a 66.7a 60.2a 20.2b
(20.0) (12.4) (12.1) (6.40)
Percent damaged leaves 15a I6a 10a 94b
(0.007) (0.003) (0.002) (0.034)

‘Means for a measurement within a time period followed by the same letter are not significantly different
(P>0.03); n=4.

reproductive culms + no. of submerged leaves /100 cm?); and percent damaged leaves (calculated
from 50 leaves inspected for shredding or other signs of mechanical damage). Measurements
were laken at the lcading edge of each stand in July and mid-August, 1995 (six weeks after
construction and placement of floats).

Grab samples of vegetation mats were collected from two replicates at the end of the
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experimental period. Plant species were separated and identified, and percent species
composition of each sample was determined.

Means from treatment and control areas at the beginning of the experiment and after six
weeks were compared with a paired ¢-test (Snedecor and Cochran, 1980).

RESULTS AND DISCUSSION

At time zero, there was no significant difference between control and treatment in any
category measured (Table 7-1). After six weeks, current velocity, PAR, stem density, and leaf
length were significantly less in the treatment areas compared with the control areas (Table 7-1).
A higher percentage of leaves were damaged in treatment areas compared with control areas. In
addition to being shredded, damaged leaves appeared to be paler green in color or achlorotic.

The upstream sample, composed primarily of C. demersum, a submerged macrophyte
common in Spring Lake, was 0.35 m thick. The downstream sample was composed of
vegetation common in the San Marcos River; Potamogeton sp. and Sagittaria platyphylla were
the most abundant species (30% and 35%, respectively; Table 7-2). The downstream sample was
0.37 m thick. ‘

Current velocity was significantly slower in treatment areas compared to control areas.
Stationary objects, such as macrophytes, can reduce current velocities in flowing water (Gregg
and Rose, 1982). Dense vegetation mats (occupying about 85% of the water column) obstructed
water movement and slowed current velocity in treatment areas. In addition, stem density of
plants in treatment areas declined during the study period while stem density of plants in control
areas remained unchanged. A number of studies have found a positive relationship between flow
and carbon uptake and photosynthetic rates (Smith and Walker, 1980; Madsen and Sendergaard,
1983). Flowing water may also provide mechanical stimulation of meristematic tissue resulting
in increased stem density. The decline in stem density observed in this study may be attributed,
in part, to the negative effect of decreased current velocity.

Plants in treatment areas had significantly more damaged leaves than control areas.
Ceratophyllum demersum and H. verticellaia have serrated leaf margins and when in contact
they shred Z. texana leaves. Damaged leaves most likely had lower photosynthetic rates than
leaves in control areas due to leaf shredding and reduced PAR below mats.

Vegetation mats may also interfere with culm emergence and pollination, contributing to
sexual reproductive failure. The effect of vegetation mats on reproduction requires further study.
Other direct mechanical damage to Z texana by vegetation mats may include uprooting of plants.
Although uprooting of plants was not observed in treatment areas, it is not uncommon to observe
sediments eroding from the base of plants and eventually entire plants become uprooted. It is
unknown whether uprooting of plants in the wild is due to disturbance of the sediments or caused
by drag on plants from entangled vegetation fragments or some other factors.

Historic photographs of Z texana and the San Marcos River (Silveus, 1933) suggest that
vegetation mats are more common in the upstream site today than in the past. The increase in
mats may be due to a change in specics composition exhibiting a growth form more susceptible
to fragmentation and drifting in Spring Lake and the San Marcos River . Hydrilla verticellata, a
fast growing macrophyte, was introduced to Spring Lake and the San Marcos River, and C.
demersum, a nonrooted submersed macrophyte, currently has a wider distribution in Spring Lake
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than historical records would indicate it had in the past (Watkins, 1930; Devall, 1940). In
addition, mowing of Spring Lake, a practice initiated as early as the 1900's, releases thousands of
kilograms of macrophyte fragments annually.

Table 7-2. Species composition (%) of vegetation mats sampled six weeks after construction of vegetation floats.
Location 1 was downstream fromn confluence of Purgatory Creek and San Marcos River, adjacent to Centennial Park
picnic area. Location 2 was in Sewell Park approximately 30 m downstream from Loop 82 Bridge.

Composition {%)

Species Location 1 Location 2
Cabomba caroliniana 0 2
Cerataphyllum demersum 15 75
Ceratopteris thalictroides 0 l
Egeria densa 10 8
Eickhornia sp. 0 2
Hydrilla verticillata 10 7
Myriophyllum spicatum 0 2
Potamogeton sp 30 1
Sagittaria platyphylla 35 0
Utricularia sp. 0 2

Finally, reduced flooding due to the construction of flood control dams in the San Marcos
River watershed and the resulting absence of scouring of the river bottom, together with reduced
spring flows due to over pumping of the Edwards Aquifer, may contribute to conditions in the
San Marcos River that favor increased macrophyte growth and abundance, contributing to
vegetation mats.
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Appendix 1-1. Data from preliminary germination trials to determine conditions which would
obtain consistently high percent germination. Trials included variable light and temperature
regimes. Seeds were germinated either in open petri dishes or closed vials. Zizania texana seeds
were stored 4 months at 3°C under anaerobic and aerobic conditions. Storage conditions were
thus: no more than 20 seeds were placed in a vial. Vials were either capped (anaerobic} or
covered with cheese cloth and placed in a beaker with an aerator (aerobic).

Storage Conditions
Treatments Aerobic Anaerobic

No. germinated/total No. germinated/total

Petn1 dish

24h L 21°C 0/5 0/5
24h L 15/25°C 0/5 1/4
12/12h L 21°C 0/10 0/10
0/14 0/15
12/12h L. 15/35°C 0/8 a/7
24h Dk 25°C /11 0/4
Vial
24h L 21°C 577 6/7
12/12h L. 21°C 13/13 11/13
12/12h L. 21°C 7/9 6/9
24h Dk 21°C 6/6 3/6




Appendix 1-2. Germination of Z. texana seeds at different oxygen concentrations in the water.
Twenty seeds were placed in a flasks containing water with different oxygen concentrations.
After 7 days the number of germinated seeds was counted.

Oxygen Concentration (ppm)

Replicate 0.1 1.0 2.0 3.0 4.0 5.0
1 18 17 12 1 0 0
2 14 18 13 1 0 3
3 17 16 13 1 0 0
4 16 15 10 0 1 0
5 14 15 13 2 1 1
6 12 2 16 8 0 0
7 12 14 6 4 5 0
8 12 14 13 9 1 0
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Appendix 1-3. Zizania texana seeds collected during 1989 from cultivated population at SWT. Seeds were placed
in deionized water in either open vials (aerobic), closed vials (anaerobic), or closed vials containing water which
had been boiled to drive off oxygen. Germinated seeds were placed in peat pots and grown for future seed
production or research.

Number of Seeds
Aerobic  Anaerobic Aerobic Anaerobic  Boiled Water

Date of Collection Date of Collection
15 May 5 ] 1 September 23 23
19 May I3 2 4 September 64 64
2 June 2 2 6 September 79 79
5 June 9 10 8 September 22 22
10 June 10 9 11 September 19 19
12 June 7 6 13 September 45 45
15 June 5 5 5 September 67 67
19 June 5 5 19 September 62 62
26 June 1t 11 21 September 19 19
30 June 3 4 23 September 32 32
6 July 4 3 26 September 36 30
10 July 1 1 28 September 105 105
12 July 2 2 29 September 6 6
i4 July 0 6 2 October 25 25
17 July 9 9 4 Qctober 82 82
19 July 10 10 8§ October 50 25
21 July 13 13 10 October 75 76
24 July 17 17 13 Qctober 86 85
26 July Lt 11 16 October 58 57
28 July 18 i8 19 October 34 35
31 July 6 19 24 October 61 61
2 August 6 6 26 October 60 60
4 August 7 7 31 October 51 5t
7 August 7 9 3 November 39 3
9 August 10 10 7 November 34 34
11 August 10 10 13 November 61
14 August 13 13 14 Navember 61
16 August 6 6 20 November 40
18 August 12 12 24 November 33
21 August 16 16 27 November 43
23 August 20 20 30 November 21 60
23 August 27 27 4 December 5
28 August 44 44 6 December 51
30 August 38 37 11 December 26

14 December 17
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Appendix 1-4. Germination and positive tetrazolium test for Z. fexana seeds in storage between

0 and 42 weeks. Seeds were placed in a dish filled with 300 ml water. A cover was placed over

the dish. After 7 days the number of germinated seeds was counted. Ungerminated seeds were
. Subjected to the tetrazolium test.

\—’ Time in N # Germinated % Germinated # + Tetrazolium% + Tetrazolium % Viable

Storage test test
(weeks)
0 20 1 5 19 95 100
2 20 9 45 7 35 80
4 20 19 95 0 0 95
6 20 20 100 - - 100
8 20 16 80 3 15 95
10 20 16 80 3 15 95
12 20 19 95 0 0 95
14 20 13 65 4 20 85
16 20 18 90 2 10 100
18 20 16 80 2 10 90
19 28 24 86 1 3 89
20 41 36 88 5 12 100
21 39 32 82 1 3 85
22 15 14 93 0 0 93
24 24 19 79 1 4 83
_— 26 20 16 80 1 5 85
28 20 19 95 0 0 95
o 30 20 17 85 i 5 90
32 20 I3 65 2 10 75
34 20 14 70 0 0 70
36 21 12 57 0 0 57
38 20 16 80 1 5 85
40 20 10 50 4 20 70
42 77 : 36 47 0 0 47




Appendix 1-5. Data for seedling growth by cultivated Z. fexana. Sand was purchased, other
sediments were collected from the San Marcos River upstream of the IH35 bridge, or collected
from ponds on the SWT campus.

- Date #eaves

Length(cm) Width (cm)  Leaf Area (cm?) Leaf
Area/Plant
Planted in San Marcos River sediments in peat pots 14 March 89
6 April 89 3 21 0.3 6.3
11 0.2 2.2
1 0.2 0.2 8.7
3 19 0.3 5.7
9.8 0.2 1.96
8 0.2 1.6 926
2 9.5 0.2 1.90
4 0.2 0.8 2.7
3 9.5 0.2 1.9
4 0.2 0.8
] 0.2 0.2 2.9
MEAN 5.9
17 April 89 4 27.1 0.3 8.13
17.8 03 513
13.0 0.2 2.6
3.0 0.2 0.6 16.46
4 35.3 0.3 10.59
14.7 03 4.41
16.0 0.2 3.2
8.5 0.2 1.7 19.9
3 14.5 0.3 4.35
=7.0 0.2 1.4
72 02 1.44 7.19
4 19:2 0.3 5.76
3.2 0.1 0.32
5.2 0.2 1.04
2.0 0.2 0.4 7.52
MEAN 12.8
27 April 89 4 40 03 12.0
21 0.3 6.3
22 0.3 6.6

Continued....

99



Appendix 1-5. Cont.

Date #Leaves Length(cm) Width (cm)  Leaf Area (¢m?) Leaf
Area/Plant
12 3 3.6 28.5
3 43 0.3 13.2
27 April 89 21 0.3 6.3
14 0.3 4.2 23.7
3 25 0.3 7.5
7 0.3 2.1
27 April 89 2 0.3 0.6 10.2
4 29 3 8.7
18 0.3 5.4
5 0.3 1.5
3 0.3 0.9 16.5
MEAN 19.75
Planted in SWT pond sediments
3 weeks after planting
0.3
0.8
52
6.2
32
MEAN 31
6 weeks after planting
17.86
8.9
115.8
51.6
43.1
MEAN 47.5
12 weeks after planting
252.1
232.8
55.2
151.2
288.1
MEAN 193.9
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Appendix 1-5. Cont.

Date #l.eaves Length(cm)

Width (cm)

Leaf Area (cm?)

Leaf
Area/Plant

Planted in sand
3 weeks after planting

MEAN

6 weeks after planting

MEAN

12 weeks after planting

MEAN

2.0
2.0
1.7
2.7
3.6
2.4

9.0
6.2
23.3
10.6
18.9
13.6

78.0
105.6
76.4
41.0
131.5
86.6
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Appendix 1-6. Growth and reproductive indicators of 1 year-old Z. texana grown in the outdoor
raceway on the SWT campus. Seedlings were planted in April 1989 and measured on 13 March

1990.
‘ ~ Nodes with Basal Basal Area Emergent Inflorescences
N Roots Circumference  (cm?) Culms :

(cm)

3 30 72 10 1

0 19 29 0 0

7 35 97 11 0

3 31 76 9 1

3 31 76 16 1

5 35 97 11 0

3 40 127 17 1

7 75 448 11 2

3 33 87 16 1

4 56 249 20 3
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Appendix 1-7. Seed production during 1990 by Z. rexana from the cultivated population at SWT. Plants occupied about 25 m>.

Plant Number

Date ] 2 3 4 5 6 7 8 9 10 Growing Growing All other  Total

inmud  insand
2 April 2 2
5 April 9 9
16 April 2 1 44 47
17 April 2 2 _ 4 52 60
19 April 1 26 27
23 April 5 37 26 5 14 39 46 172
24 April 80 80
26 Aprit 10 1 3 12 13 13 7 59
30 April 1 8 13 16 1 78 116 233
1 May 2 1 5 8 2 6 8 90 122
3 May 3 9 10 10 8 32 112 184
7 May 38 40 38 11 39 15 62 4] 47 237 568
8 May 14 7 14 12 5 15 26 9 29 110 241
10 May 19 63 7 28 3 42 61 34 49 34] 647
14 May 13 26 4 89 13 54 94 17 33 405 748
16 May 8 19 59 8 17 53 20 52 349 630
18 May 130 130
21 May 435 435
25 May 400 400
29 May 26 85 68 21 10t 111 26 151 36 511 1136
31 May 13 67 57 50 61 129 44 64 47 376 909
4 June 4 61 38 40 14 49 64 28 28 87 310 723
Continued....
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Appendix 1-7. Continued.

Plant Number
Date 1 2 3 4 5 6 7 8 9 10 Growing Growing Allother  Total

inmud  insand

6 June 2 82 10 108 6 43 42 20 31 23 436 793
8 June 3 57 32 62 35 41 34 28 11 49 473 825
11 June 1 33 26 91 10 47 109 48 70 30 820 1285
13 June 51 13 43 5 45 50 6 16 45 516 790
15 June 52 12 16 19 37 9 3 3 71 473 695
18 June 26 23 17 11 45 12 6 390 530
20 June 3 22 10 26 24 24 6 332 447
22 June 9 58 4 g 8 17 32 4 125 81 7 368 714
25 June 12 12 4 13 17 1 37 43 244 384
27 June 4 23 5 13 14 10 13 1 92 52 343 570
29 June 4 13 9 6 73 17 4 120 246
5 July 2 9 4 17 42 26 16 76 58 190 440
10 July 24 2 11 5 17 20 3 9 63 247 301
12 July 15 3 8 42 185 253
17 July 3 15 6 303 327
19 July 1 2 3 20 2 21 2 195 246
24 July 3 3 1 55 1 26 6 382 477
26 July ] 7 15 18 171 212
31 July 6 46 187 239
2 August 36 65 101
6 August 22 3 10 205 240
9 August 7 11 5 179 202
13 August 7 106 113
Continued....

104




Appendix 1-7. Continued.

¢

(

Plant Number

Date 1 2 3 4 5 6 7 8 9 10 Growing Growing All other  Total
inmud  insand

16 August 7 120 127
20 August 4 4 50 58
23 August 17 5 120 142
27 August ) 81 194 281
30 August 12 7 118 137
TOTAL 204 0 909 386 781 246 730 1,252 380 1,177 951 7 10,699 18,737
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Appendix 1-8. Destination and date of shipment of Z rexana from the cultivated

population at SWT.

Date

Destination

15 April 1991
January 1992

S December 1995
6 May 1997

20 January 1998
4 June 1998

6 July 1998

13 July 1998

21 July 1998

9 September 1998

26 October 1998

8 March 1999

Dr. Ervin Oelke, U. of Minnesota (approx. 1,000 seeds)
Dr. Robin Probert, Royal Botanic Gardens, Kew (100
seeds)

Dr. Christina Walters, USDA, Ft. Collins, CO. (seeds)
Wayne Kennard, U of Minnesota (seeds)

Dr. Mike Antolin, Colorado State, (leaf clips)

Dr. Darren Touchell, USDA, I't. Collins, CO

{leaf clips and seeds)

Dr. Darren Touchell, USDA, Ft. Collins, CO

(seeds)

Dr. Darren Touchell, USDA, Ft. Collins, CO

(seeds)

Dr. Darren Touchell, USDA, Ft. Collins, CO

(seeds)

Dr. Darren Touchell, USDA, Ft. Collins, CO

(seeds)

Dr. Darren Touchell and Dr. Christina Walters, National
Seed Storage Lab, Ft. Collins (9.27g seeds 2 “perenniating”
structures)

Dr. Darren Touchell, USDA, Ft. Collins, CO

(10.0 g seeds)
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Appendix 1-9. Zizania texana seed collection from cultivated population at SWT during 1991.
Plamts occupied about 25 m*.

Date of # Seeds Date of # Seeds
Collection Collection

10 Apri! 1 27 September 154
15 April | 30 September 218
17 April 6 2 October 172
18 April 4 4 October 107
13 May 8 7 October 139
14 May 3 9 October 134
16 May 3 11 October 116
23 May 13 14 October 184
28 May 13 16 October 142
30 May 2z 18 October 148
21 June 51 23 October 285
9 July 22 25 October 170
1 August 19 28 October 218
5 August 15 30 October 128
12 August 38 1 November 11
13 August 4 4 November 10
14 August 24 8 November 48
16 August 15 11 November 32
18 August 156 15 November 123
19 August 28 18 November 93
20 August 95 22 November 106
22 August 81 27 November 112
25 August 106 2 December 78
26 August 38 4 December 35
27 August 50 6 December 20
29 August &4 12 December 78
31 August 51

2 September 103

3 September 85

4 September 77

5 September g0

7 September 162

9 September 151

11 September 133

13 September 209

16 September 212

18 September 120

20 September 75

23 September 233

25 September 53

GRAND TOTAL 5,685
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Appendix 1-10. Zizania texana seed collection from cultivated population at SWT during 1992.
Plants occupied about 25 m™.

Date of # Seeds
Collection

28 April 1

1 May 61
4 May 66
6 May 37
11 May 100
13 May 81
15 May 54
18 May 52
20 May 28
26 May 172
1 June 188
3 June 183
5 June g1
8 June 141
12 June 28
15 June 76
17 June 53
24 June 191
26 June 22
30 June 54
2 July 35
7 July 33
10 July 43
14 July 31
17 July 23
20 July 17
28 July 63
20 August 32

16 September 12
24 September 40
23 October 140
12 November 54

GRAND TOTAL 2,192
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Appendix 1-11. Germination and positive tetrazolium test for Z. texana seeds in storage between 0 and 36 weeks.
Seeds were placed in a dish filled with 300 ml water. A cover was placed over the dish. After 7 days the number of

germinated seeds was counted. Ungerminated seeds were subjected to the tetrazolium test.

Time in N # Germinated % Germinated # + Tetrazolium % + Tetrazolium % Viable
Storage test test

{weeks)

0 20 0 0 20 100 100
2 20 12 60 3 15 75
4 19 16 g4 2 10 94
G 20 20 100 - - 100
2 20 19 93 0 95
10 20 14 70 2 10 80
12 19 16 84 0 0 84
14 20 18 90 2 10 100
16 20 18 90 i 5 95
18 20 16 80 0 0 80
20 20 17 85 2 10 95
22 20 20 100 - - 100
24 20 19 95 0 0 95
26 20 13 65 1 3 70
28 20 19 95 0 0 95
32 20 20 100 - - 100
34 20 17 85 2 10 95
36 20 17 &5 0 0 85
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Appendix 1-12. Germination and seedling development of seeds collected from cultivated Z. rexana. Seeds were
placed in covered dishes for 7 days. Seven days after the cover was removed seeds were observed for chlorophyll,
shoots and primary and secondary roots. 1992 data.

Germinated Seeds

Collection # Seeds % Germinated % Proper % Chlorophyll % No Time in
Date Development Roots Absent Chlorophyll  Storage (days)
1 May 92 61 88 74 5 20 88
4 May 92 66 95 63 22 14 107
6 May 92 37 92 88 ¢ 13 113
11 May 92 100 86 20 8 72 122
13 May 92 81 90 70 11 19 120
15 May 92 54 83 73 7 20 132
18 May 92 52 86 18 18 64 136
20 May 92 28 71 35 30 35 141
26 May 92 172 41 10 14 13 142
1 June 92 188 58 55 14 30 136
3 June 183 9 6 0 94 145
5 June 92 g1 46 5 3 86 161
8 June 92 141 64 62 3 34 210
12 June 92 28 32 0 0 100 15]
24 June 92 191 71 79 g 13 194
26 June 92 22 91 100 0 0 124
30 June 92 54 67 0 22 88 128
2 July 92 35 63 9 4 86

Mean 87.4 68.5 45.9 94 44.6

SD (60.157) (23.932) (33.888) (8.925) (34.325)
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Appendix [-13. Zizania texana seed collection from cultivated population at SWT during 1993. Each seed
weighed approximately 0.01g. Plants occupied about 25 m?

Date of # Seeds Weight {g) Est. # of seeds
Collection

4 January 4

15 April 17

17 April 17

19 April 26

21 April 136

26 April 200

26 April 152.

28 April 452

3 May 59

7 May 29

10 May 12

12 May 17

17 May 74

19 May 111

24 May 266

26 May 103

1 June 806

7 June 312

11 June 491

14 June 1,170

17 June 12.37 1,237
21 June 10.37 1,037
24 June 7.16 716
28 June 6.15 615
1 July 3.71 371
6 July 3.03 303
8 July 4.13 413
12 July 4.00 400
19 July 7.73 773
22 July 4.29 429
29 July 3.73 373
2 August 4.11 411
2 September 79

20 September 144

27 September 5.27 527
5 October 194

18 October 400

25 October 370

11 November 275

16 November 78

29 November 208

TOTAL 6,302 7,078

GRAND TOTAL 13,380
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Appendix 1-14. Germination and seedling development of seeds collected from cultivated Z. fexana. Seeds were
placed in covered dishes for 7 days. Seven days after the cover was removed seeds were observed for chlorophyll,
shoots and primary and secondary roots. 1993 data.

Germinated Seeds

Coliection N % Germinated % Proper % Chlorophy!l % No Time in
Date Development  Roots Absent Chiorophyll Storage (days)
15 April 1993 17 G4 94 6 0 32
17 April 1993 17 53 44 7 33 30
19 April 1993 26 38 100 0 0 28
26 April 1993 152 89 69 7 24 38
28 April 1993 40 67 77 4 18 54
28 April 1993 100 57 74 2 24 47
28 April 1993 100 73 79 2 19 47
3 May 1993 59 88 85 0 15 49
7 May 1993 29 93 100 0 G 52
10 May 1993 12 83 70 0 30 49
12 May 1993 17 88 67 7 27 47
MEAN 51.7 74.8 78.1 2.8 17.3

SD (46.130) (18.782)  (16.471) (2.974) (12.240)
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Appendix 1-15. Zizania texana seed collection from cultivated population at SWT during 1994. Each seed
weighed approximately 0.01g. Plants occupied about 25 m

Date of No. Seeds Weight (g) Est. no. of seeds
Collection

30 March 17

20 April 41

25 April 71

27 April 14

16 May 7.67 767
23 May 18.57 1857
25 May 11,62 1162
1 June 8.70 870
7 June 19.61 1961
10 June 15.24 1524
13 June 12.71 1271
21 June 21.99 2199
27 June 15.01 1501
5 July 19.72 1972
10 July 30.00 3000
15 July 15.00 1500
21 July 18.63 1863
26 July 7.00 700
TOTAL 143 22,147

GRAND TOTAL 22,290




Appendix 1-16. Zizania texana seed collection from cultivated population at SWT during 1995. Each seed
weighed approximately 0.01g. Plants occupied about 25 m?.

Date of Weight (g) Estimated no. of seeds
Collection

7 July 1.89 189
25 July 5.25 525
27 July 4.69 469
31 July 7.44 744
3 August 6.75 675

8 August 945 945
10 August 4.92 492
11 August 8.89 839
15 August 12.23 1,223
21 August 19.92 1,992
24 August 20.09 2,009
31 August 25.01 2,501
18 September 40.78 4,078
27 September 55.86 5,586
4 October 21.0 210
11 October 50.08 5,008
20 October 22.86 2,286
25 October 46.21 4,621
2 November 15.12 1,512
7 November 6.71 671
GRAND TOTAL 36,625
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Appendix 1-17. Zizania texana seed collection from cultivated population and plants collected from the wild as
called for under the U.S. Fish and Wildlife Contingency Plan during 1996. Each seed weighed approximately
0.01g. Plants occupied about 25 m*.

Cultivated Plants Wild Plants
Date of Weight (g) Est. no. of seeds Date of Plant D # of Seeds
Collection
29 April 5.00 500 12 July B2 18
3 May 15.70 1,570 18 July B2 7
6 May 12.01 1,201 18 July A 7
13 May 4376 4,376 22 July B 11
16 May 20.20 2,020 22 July 120 8
22 May 18.79 1,879 26 July B2 5
3 June 19.55 1,955 26 July BI5f 3
10 June 15.90 1,590 26 Tuly 120 29
17 June 4422 4,422 29 uly 120 4
20 June 18.18 1,818 29 July B15f 8
24 June 15.93 1,593 1 August 120 8
27 June 20.39 2,039 1 August BI15f 8
I July 19.76 1,976 1 August Bl4d 3
9 July 32.05 3,205 I August B2 7
12 fuly 10.00 1,000 5 August Bl4d 13
15 July 20.14 2,014 5 August o label 7
18 July 15.84 1,584 5 August 120 3
22 July 16.75 1,675 8 August no label 2
26 luly 18.34 1,834 8 August B2 1
29 July 12.78 1,278 8 August BI5f 9
I August 10.04 1,004 8 August Bl4d 27
5 August 5.14 514 14 August B2 3
8 August 6.20 620 14 August F11 19
14 August 9.14 914 14 August no tabel 74
22 August 7.02 702 14 August Bl14d 20
3 Scptember 12.62 1,262 29 August K37a 2
6 September 9.1t 911 29 August 20 11
17 September 7.48 748 29 August Jiz 8
30 September 20.76 2,076 29 August Kilc 6
29 August B15f 12
29 August F11 63
3 September J20 52
3 September B15f 57
3 September A 9
3 September F1i 17
3 Sepiember Bl4d 51
5 September B14d 24
5 September 120 18
5 September BIST 14
5 Scptember Fll 1
5 September B2 2
17 September Kl10c 2
TOTAL 48,280 G53
GRAND TOTAL 48,933
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Appendix 2-1. Weight of raceway grown Z. fexana. Plants were clipped the interface between roots and leaves
and returned to the lab. Plants were oven dried.

Replicate Reproductive Vegetative Total
Material (g} Material (g) (2)

1 0.4945 1.1742 1.6687
2 1.5280 1.5280
3 1.2007 1.2325 2.4332
4 0.7428 0.7428
5 0.8946 0.8946
6 0.9473 1.0610 2.0083
7 1.4460 1.4400
8 0.9338 0.9338
G 2.2980 2.2980
10 1.5475 1.5475
Mean 0.8808 1.2852 1.5495
sd (0.2921) {0.4488) (0.5809)
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Appendix 2-2. Survivorship of Z. texana in three sites in Spring Lake in 1992, Plants in all sites survived at least
through July 1992 based on inflorescence data (Appendix 2-4). As plants increased in size and produced tillers, it
was difficult to distinguish one plant from another.

Number of individuals

AR AT e e

Control (Exclosure) Treatment {No exclosure)
Site Date 1 2 1 2 3
Wetland 20 January 10 10 10 10
5 February 10 10 9 1
21 February 10 9 0 0
17 March 10 9 0 0
13 April 9 4 0 0
11 May 9 2 0 0
Intermediate 22 January 10 10 10 10
{7 February 10 8 0 10
28 February 10 8 0 10
17 March 10 9 0 g
14 April 9 5 0 8
11 May 9 5 0 g
Dam 10 January 6 8 10
28 February 6 8 10
25 March 7 8 9
16 April 5 8 9
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Appendix 2-3. Partial field notes Z. texana in Spring Lake.

Date Location Description

9 Dee 91 Wetland plants without exclosures (planted 4 Dec 91y show 2 types of herbivory. 1) all emergent
leaves and culms have been clipped off at the water line. 2) some culms have also been
clipped of ~ 6" from the substrate.

All age classes in exclosures appear healthy, with no signs of herbivory

16 Jan 92 Intermediate one of the uncaged replicates shows herbivary. Stems from one plant were eaten right at
the base. On other plants stems and leaves were eaten about 1 foot from base.

5 Feb 92 Wetlandall uncaged plants clipped 5-20 em below surface

17 Feb 92 Intermediate uncaged with 0 plants was a sandy site all others were muddy, all plants show herbivory just
below water line (5-20cm) or just inside cage. Birds can put beak inside wire mesh and bite
off leaves.

21 Feb 92 Intermediate all leaves at the surface were clipped off

26 Feb 92 Wetland and all leaves that extend out of the cage lengthwise are eaten at the edge

Intermediate of the cage

4 Mar 92 Intermediate 3 female ducks were sitting on cage. There was an egg on the cage, this is the third egg
since January. (Is it a turtle or a duck egg?)

17 Mar 92 Intermediate uncaged plants are all clipped below water line but look green and healthy otherwise

11 May 92 Intermediate Uncaged ptants show few signs of herbivory. They look green and healthy. The submerged
leaves are not at the surface.

Dam Shoot just breaks surface
13 May 92 Intermediate Two shoots of uncaged plants just touching the surface
Dam one shoot 3 inches above surface

20 May 92 Intermediate Teeth marks on cage, Nutria eating cage?

Leaves clipped on 2 emergent culms in uncaged site
Dam 3 emergent culms clipped

3 June 92 Dam all emergent culms at dam site arc clipped-regularly. The stems are stout and strong but
they arc all clipped as soon as they emerge.

8 June 92 Wetland Dozens of emergent culms grow though wire mesh of lid of cage. They stand ~2f1 above
lid. Today noted that some animat walked on lid through emergent culms, chewing them
off as it passed between the culms. it didn’t eat the culms, just chewed them off. Probably
Nutria activity.

Intermediale tots of clipped leaves from uncaged planis. All emergent culms are regularly clipped from
uncaged plants.

30 June 92 intermediate Animal crawled on top of cage and chewed on siems. Samc as Weiland 8 June 92. The
pattern of bird herbivory appears (o be mare precise-less destructive. Nutria scramble
around and make mincemeat out of the plant material.

26 April 93 [ntermediate Last week 1 rowed around Spring Lake. there were 2 new recruiss outside cage at
Transition (intermdiate) site

Continued ...



Appendix 2-3. Continued.

Date Location

Description

27 May 93 Spring

14 July 93 Dam

20 July 93 Dam

meeting with Gena Janssen, Gene Sultanfus, Keith Wall. Decided to place some
wildrice near springs if suitable substrate is located.

Planted 36 plants at dam site with Darrell Solanik and Chip Wood assisted with scuba gear.
Plants planted in March were not very successful. They were overtaken by Hydrilla.

Plants must be tended regularty (competition removed and cut veg cleared) Fall and winter
may be best planting time Faiture duc to 1. intensc shading from cut vegetation 2. Dapple
shade from overhanging treecs 3. Competition with Hydrilla

Cleared cut vegetation from dam site plants. Used inflatable air mattress. Cut vegetion
appears to be very harmiul to plants in two ways. 1. Blocks sunlight, 2. Shreds leaves,
especially Ceratophylium demersum and Hydrilla
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Appendix 2-4. Inflorescences produced in 1992 by Z. texana grown in three sites in Spring Lake.
Data are the number of inflorescences tagged with cotton string on each date. Inflorescences in
control plots eventually produced seeds. Plants in treatment plots produced emergent culms but
culms were clipped by herbivores before inflorescences developed (See Appendix 2-3).

Number of inflorescences

Control (Exclosure) Treatment (No exclosure)
Site Date 1 2 1 2 3
Wetland 21 Feb 2 0 0 0
6 March 2 0 0 0
17 March 1 0 0 0
30 March 7 0 0 0
13 April 9 0 0 0
27 April 17 0 0 0
4 May 7 0 0 0
11 May 9 0 0 0
20 May 29 0 0 0
26 May 24 0 0 0
1 June 14 0 0 0
8 June 18 0 0 0
15 June 24 0 0 0
24 June 28 0 0 0
30 June 13 0 0 0
7 July 18 0 0 0
Total Inflorescences 222 0 0 0
Intermediate 21 Feb 0 0 0 0
6 March 0 0 0 0
17 March 0 0 0 0
30 March 0 0 Q 0
13 April 1 0 0 0
27 April 0 0 0 0
4 May 0 0 0 0
[1 May 0 0 0 0
20 May 4 1 0 0
26 May 4 i 0 1
2 June 3 2 0 0
Continued....
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Appendix 2-4. Continued

Number of inflorescences

Control (Exclosure) _ Treatment (No exclosure)
Site Date 1 2 1 2 3
Intermediate
8 June 4 1 0 ]
15 June 11 5 0 0
24 June 28 0 0 0
30 June 13 0 0 ]
7 July 20 7 0 0
Total Inflorescences 87 17 | 0 1
Dam
21 Feb 0 0 0
6 March 0 0 0
17 March 0 0 0
30 March 0 0 0
13 April 0 0 0
27 April 0 0 0
4 May 0 0 0
11 May 0 0 0
20 May 0 0 0
26 May 0 0 0
2 June 0 0 0
Total Inflorescences 0 0 0
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Appendix 2-5. Characteristics of Z. texana grown in three sites in Spring Lake. Plants were transplanted in January 1992 and harvested at three week intervals.

Submerged Culms Nodes/ Rooting Emergent Internode Inflorescences Longest Clipped Chewed

Site Date Piant leaves culm  nodes leaves length leaf leaves leaves
(tillers) {em) length {m)
Wetland
17 March { 11 4 - ] - - 0 - 4 4
17 March 2 20 10 - 0 - - 0 - 16 10
17 March 3 i2 6 - 0 - - 0 - 12 6
Mean 14.3 6.7 0 0 10.7 6.7
sd 4.9 31 6.1 3.1
Intermediate
17 March 1 22 7 - 0 - - 0 - 5 3
17 March 2 18 16 - 0 - - 0 - 5 2
17 March 3 20 7 - 0 - - 0 - 7 1
Mean 20 0 0 5.7 2
sd 2.0 1.7 1.1 1
Dam
17 March 1 41 18 - 0 - - 0 - 6 4
17 March 2 85 34 - 0 - - 0 - 5 1
17 March 3 33 16 - 0 - - 0 - 2 1
Mean 53 ‘22.7 0 0 4.3 2
sd 28 9.9 2.1 1.7
Wetland
27 April 1 19 6 1 1 - - 0 1.06 8 2
27 April 2 5 9 0 0 - - 0 0.62 Heulms) 1
27 April 3 22 4 6/1 2/1 - 6 0 0.56 22 2
52
7.2
6.4
5
Mean 15.3 6.3 35 1.5 6.0 0 0.75 13 1.7
sd 9.1 2.5 3.5 0.7 0.9 0.27 7.8 0.6
Continued....
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Appendix 2-5. Continued.

O

(

Submerged Culms Nodes/ Rooting Emergent Internode Inflorescences  Longest Clipped Chewed
Site Date Plant leaves culm  nodes leaves length leaf leaves leaves
(tillers) (em) length (m)
Intermediate
27 April 1 54 21 2/ 0 - 20 0 1.63 2 ]
214
27 April 2 38 14 0 0 - - 0 1.32 3 0
27 April 3 78 29 211 11 - 14 0 - -
8
22
Mean 56.7 21.3 1.3 0.3 - 13.1 ] 1.4 2.5 0.5
sd 20.1 7.5 1.1 0.6 8.1 0.2 0.7 0.7
Dam
28 April 1 135 60 0 0 - - - 1.85 >10 <10
28 April 2 43 16 0 0 - - 0 1.84 4 2
28 April 3 109 42 1/1 0 - 23.6 0 2.05 >10 <10
21 17.4
11.4
Mean 95.7 39.3 1.51 0 - 17.5 0 1.91
sd 47.4 22.1 0.7 6.1 0.12
Wetland
8 June 1 0 14 8 1/1 28 3 0 - 13 i
7
6.5
8
16.5
4.5
12.5
12
1 0 10
3 0 6
10
Continued....
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Appendix 2-5. Continued.
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Site Date

Submerged Culms
Plant leaves

Nodes/ Rooting ‘Emergent

culm

nodes
(tillers)

leaves

Internode  Inflorescences
length
(em)

Longest Clipped Chewed
leaf leaves leaves
length (m)

§ June

Wetland 8 June

§ June

Centinued....

(%)
(%)

4/1

211

3(tiller)

3(tiller)

4/1

™

124

L

11.5
11 1
6

35
8

8
10.5
20.5
12.5 2
12
15
19
6.5
4.5
11.5
10
55
17.5
10.5

bLS
13
10
Il
10.5
10




Appendix 2-5. Continued.
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Site Date

Plant

Submerged Culms

leaves

Nodes/ Rooting
nodes
(tillers)

culm

Emergent
leaves

Internode  Inflorescences

length
{cm)

Longest
leaf
length (m)

Clipped
leaves

Chewed
leaves

Wetland & June

Mean
sd

Intermediate
9 June

Continued....

3.7
2.3

1

0.8
1.2

125

(W)

n

16.5

10

8

10

1

7

8.5

6 1
10.5

7.5

13

13

12

15.5

10.1 1.3
4.1 1.5

14
16.5
19
15.5
10.5

225
12

1.5
9.5
10.5

1.72

6.7
5.5

1.7
0.6




Appendix 2-5. Continued.
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Site Date Plant

Submerged Culms

leaves

Nodes/ Rooting
nodes
(tillers)

culm

Emergent
leaves

Internode

length
(em)

Inflorescences  Longest Clipped  Chewed
leaf leaves leaves
Jength (m)

g June 2

Intermediate 9 June 2

Continued....

125

1

wh

L

1

126

60

10
14

6

16
20
8.5
13.5
15
17.5
7.5
20.5
9.5
21
18.5
2.5
11
14
23
21.5
7.5
10
3

14
20
14.5
10.5
12
30.5
15
11

3 1.55 34 24
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Appendix 2-3. Continued.

e e

Submerged Culms Nodes/ Rooting Emergent Internode Inflorescences Longest Clipped Chewed
Site Date Plant leaves culm  nodes leaves length leaf leaves leaves
(tillers) (em) length (m)

3 0 8.5
23
12
4 2 16.5
9.5
11.5
19
5 2 20.5
14.5
15
15
19
2 0 8
17
Intermediate 9 June 2 8 2 17
17
13
6.5
8.5
13
25
25.5
22 17 3 1.41 9 0
21
13
2 ] 10.5
15.5
' 6 ] 21
14
19

80 14

L
=

LN

9 June

Continued....
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Appendix 2-3. Continued.
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Site Date

Plant

Submerged Culms
leaves

Nodes/ Rooting Emergent

culm

nodes leaves
{tillers)

Internode
length

(cm)

Inflorescences

Longest
leaf
length (m)

Clipped
leaves

Chewed
leaves

Intermediate 9 June

Continued....
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128

21.5
18
19
3

17
22
18.5
13
15.5
16
18
14
21.5
13
15
4

26

15
11.5
12.5
15

1.5
9.5
9.5
26
12.5
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Submerged Culms Nodes/ Rooting Emergent Internode Inflorescences Longest Clipped  Chewed
Site Date Plant leaves culm  nodes leaves length leaf leaves leaves ;

(tillers) (cm) length (m)

Appendix 2-5. Continued.

13.5

21

25
Mean 78 16.3 4.0 0.8 357 14.8 23 1.56 15.0 8.3
sd 48.0 13.6 1.7 0.8 21.1 5.6 i1 0.2 16.8 13.6

Dam
9 June 1 74 14 2 0 0 30.5 0 3.10 32 4 :
: 34.5 ;’
4 2 12.5
16.5
36
25.5
9 June 2 44 6 2 0 0 24.5 0 3.40 17 0
37.5
0 June 3 263 25 1 0 0 255 0 3.26 105 2
3 1 22.5

10
1 0 315
0 26
22
12

Dam 9 June 3 2 1 19
22

17.5
20
25
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Appendix 2-3. Continued.
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Site Date

Plant

Submerged Culms
leaves

Nodes/ Rooting Emergent

culm

nodes feaves
{tillers)

Intermode  Inflorescences
length
(cm)

Lengest
leaf
length (m)

Clipped
leaves

Chewed
leaves

Dam 9Jlune

Continued....
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19.5
14
7.5
23
17.5
30
155
19
27
12
36
13
16.5
18.5
10.5
15.5
17.5
15.5
[2.5
17.5
20.5
19.5
20
24
13.5
13
23.5
15
16.5
16




Appendix 2-5. Continued.
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Site Date

Plant

Submerged Culms

leaves

Nodes/ Rooting Emergent

culm

nodes
(tillers)

Internode Inflorescences Longest Clipped Chewed
length leaf leaves leaves
{cm) length (m)

vean
sd

166
186.5

21.7
20.6

35
2.0

2

(8]

0.1

14.5

22

18.5

13.5

20.5

30

19.5

7

2

18

10

295

19

6 .

19.2 0 3.25 51.3 2
7.7 0.1 47.1 2
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Appendix 2-6. Biomass of Z texana harvested on 17 March 1992, 4 May 1992 and 12 June 1992 from 3 sites in Spring Lake. All plant material was oven dried

t0 a constant weight. Zizania texana was first planted in January 1992. Mean weight of leaves at time of tranplanting was 1.55 g.

Roots Tiller Submerged leaves Inflorescences Seeds Total
Date Plant (g) roots and reproductive culms
(g} (g} (g) (g) (g)

Wetland

17 March | 0.2575 0 1.2474 0 0 1.5049

17 March 2 0.3629 0 4,7566 0 0 5.3195

17 March 3 0.1987 0 1.4224 0 0 1.6211
Mean 0.3397 ¢ 2.4755 0 0 2.8152
sd 0.1955 1.9774 2.1696
Intermediate

17 March 1 0.436% 0 3.0721 0 0 3.509

17 March 2 04161 0 2.0995 0 0 2.5136

1 7March 3 0.4600 0 1.6714 0 0 2.1314
Mean 0.4377 0 2.2810 0 0 2.7187
sd 0.0220 0.7178 0.7109
Dam 17 March | 1.40 0 11.26 0 0 12.66

17 March 2 0.79 0 11.21 0 0 12.00

17 March 3 1.45 0 6.59 0 0 8.04
Mean 1.213 0 9.6867 0 0 10.9
sd 0.3675 2.6819 2.50
Wetland

4 May 1 0.43%90 0 1.9482 0 0 2.3872

4 May 2 04115 0 0.9564 0 0 1.3679

4 May 3 0.3899 0.6360 4.2494 0 0 5.2753
Mean 0.4135 0.2120 2.3847 0 0 30101
sd 0.0246 0.3672 1.6893 2.0268
Continued...,
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Appendix 2-6 . Continued

(

()

Roots Tiller Submerged Emergent Culms Inflorescences Seeds Total
Date Plant () roots leaves leaves
4 (g) (g) (@ () (8 {g)

Intermediate

4 May 1 1.12 0 13.34 0 0 14.46

4 May 2 1.1% 0 6.25 0 0 7.36

4 May 3 2.56 0.0183 13.3821 0 0 15.9604
Mean 1.60 0.0061 10.99 0 0 12.59
sd 0.83 0.0106 4.11 4.59
[Jam

6 May | 4,13 0 30.96 0 0 35.09

6 May 2 0.84 0 8.96 0 0 9.80

6 May 3 4,23 0.0018 3.30 0 0 40,2418
Mean 3.07 0.0006 14.41 0 0 28.3773
sd 1.93 0.0010 14.61 16.2933
Wetland

12 June 1 1.3608 0.1701 0 1.1907 3.7705 0 0 6.4921

12 June 2 0.2835 0.0850 (.3969 0.5386 2.6082 0.0367 0 3.9689

12 June 3 0.6804 0.8788 1.2757 6.8607 17.8321 0.4536 0.3685 28.3498
Mean 0.7749 0.3780 0.5575 2.8633 8.0703 0.1701 0.1228 12.9368
sd 0.5448 0.4358 0.6528 34771 8.4739 0.2471 0.2127 13.4075
Intermediate

12 June 1 1.4175 0.6237 6.488 3.8270 11.25 0.50 0 24.1062

12 June 2 9.5823 1.09 20.54 8.26 37.26 1.14 0.11 77.9823

12 June k! 5.103 0.227 12.394 3.856 23.04 0.91 0.30 45.83
Mean 5.3676 0.6469 13.141 5,314 23.85 0.85 0.14 49.3062
sd 4.0888 0.4320 7.056 2.5511 13.02 0.32 0.15 27.1057
Continued....
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Appendix 2-6. Continued
Roots Tiller Submerged  Emergent Culms Inflorescences Seeds Total
Date Plant g) roots leaves leaves
(8) g (2) (2) (e (g) (@)
Dam
12 June t 1.0 1.20 23.54 0 15.03 0 0 39.77
12 June 2 1.16 0.08 28.88 0 15.64 0 0 49.76
12 June 3 14.88 4.69 122.39 0 90.53 0 0 232.49
Mean 5.68 1.99 58.27 0 41.73 0 0 107.34
sd 7.97 2.40 55.59 42.32 108.50

134




() ¢

Appendix 1-7. Continued.
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Plant Number
Date ¢ 2 3 4 5 6 7 8 9 10 Growing Growing All other  Total
inmud  in sand

6 June 2 82 10 108 6 43 42 20 31 23 436 793
8 June 3 57 32 62 35 41 34 28 11 49 473 825
11 June 1 33 26 91 10 47 109 48 70 30 820 1285
13 June 51 13 43 5 45 50 6 16 45 516 790
15 June 52 12 16 19 37 9 3 3 71 473 695
18 June 26 23 17 11 45 12 6 390 530
20 June 3 22 10 26 24 24 6 332 447
22 June 9 58 4 8 8 17 32 4 125 81 7 368 714
25 june 12 12 4 13 17 1 37 43 244 384
27 june 4 23 5 13 14 10 13 1 92 52 343 570
29 June 4 13 9 6 73 17 4 120 246
5 July 2 9 4 17 42 26 16 76 58 190 440
10 July 24 2 11 5 17 20 3 9 63 247 301
12 July 15 3 8 42 185 253
17 July 3 15 6 303. 327
19 July 1 2 3 20 2 21 2 195 246
24 July 3 3 1 55 1 26 6 382 477
26 July 1 7 15 18 171 212
31 July 6 46 187 239
2 August 36 65 101
6 August 22 3 10 205 240
9 August 7 11 5 179 202
13 August 7 106 113
Continued....
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Appendix 1-7. Continued.
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Plant Number

Date ] 2 3 4 5 6 7 8 9 10 Growing Growing Allother  Total
inmud  insand

16 August 7 120 127
20 August 4 4 50 58
23 August 17 5 120 142
27 August 6 31 194 281
30 August 12 7 118 137
TOTAL 204 0O 909 386 781 246 730 1,252 380 1,177 931 7 10,699 18,737
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Appendix 1-8. Destination and date of shipment of Z. texana from the cultivated
population at SWT.

Date Destination
N’ 15 April 1991 Dr. Ervin Qelke, U. of Minnesota (approx. 1,000 seeds)

January 1992 Dr. Robin Probert, Royal Botanic Gardens, Kew (100
sceds)

5 December 1995 Dr. Christina Walters, USDA, Ft. Collins, CO. (seeds)

6 May 1997 Wayne Kennard, U of Minnesota (seeds)

20 January 1998 Dr. Mike Antolin, Colorado State, (leaf clips)

4 June 1998 Dr. Darren Touchell, USDA, Ft. Collins, CO
(leaf clips and seeds)

6 July 199§ Dr. Darren Touchell, USDA, Ft. Collins, CO
(seeds)

13 July 1998 Dr. Darren Touchell, USDA, Ft. Collins, CO
(seeds)

21 July 1998 Dr. Darren Touchell, USDA, Ft. Collins, CO
(seeds)

9 September 1998 Dr. Darren Touchell, USDA, Ft. Collins, CO
(seeds)

26 October 1998 Dr. Darren Touchell and Dr. Christina Walters, National
Seed Storage Lab, Ft. Collins (9.27g seeds 2 “perenniating”
structures)

& March 1999 Dr. Darren Touchell, USDA, Ft. Collins, CO

- {10.0 g sceds)
=7
100



Appendix 1-9. Zizania texana seed collection from cultivated population at SWT during 1991.
Plamts occupicd about 25 m®.

Date of # Seeds Date of # Seeds
Collection Collection

10 April ] 27 September 154
15 April 1 30 September 218
17 April 6 2 QOctober 172
18 April 4 4 October 107
13 May 8 7 October 139
14 May 3 9 October 134
16 May 3 11 October 116
23 May 13 14 QOctober 184
28 May 13 16 October 142
30 May 2 18 October 148
21 June 51 23 Qctober 285
9 July 22 25 October 170
1 August 19 28 October 218
5 August 15 30 October 128
12 August 38 1 November 1
13 August 4 4 November 10
14 August 24 8 November 48
16 August 15 11 November 32
18 August 156 15 November 123
19 August 28 18 November 93
20 August a5 22 November 106
22 August 31 27 November 112
25 August 106 2 December 78
26 August 38 4 December 35
27 August 50 6 December 20
29 August 34 12 December 78
31 August 51

2 September 103

3 September 85

4 September 77

5 September 80

7 September 162

9 September 151

11 September 133

13 September 209

16 September 212

18 September 120

20 September 75

23 September 233

25 September 53

GRAND TOTAL 5,685
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Appendix 1-10. Zizania texana seed collection from cultivated population at SWT during 1992.
Plants occupied about 25 m”.

e Dateof # Seeds

. Collection

e’
28 April 1
1 May 61
4 May 66
6 May 37
11 May 100
13 May 81
15 May 54
18 May 52
20 May 28
26 May 172
1 June 188
3 June 183
5 June 81
8 June 141
12 June 28
15 June 76
17 June 53
24 June 191
26 June 22

30 June 534

[ 2 July 35

N July 33
10 July 43
14 July 31
17 July 23
20 July 17
28 July 63
20 August 32

16 September 12
24 September 40
23 October 140
12 November 54

GRAND TOTAL 2,192
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Appendix 1-11. Germination and positive tetrazolium test for Z texana seeds in storage between 0 and 36 weeks.
Seeds were placed in a dish filled with 300 ml water. A cover was placed over the dish. After 7 days the number of

germinated seeds was counted. Ungerminated seeds were subjected to the tetrazolium test.

. Timein N # Germinated % Germinated  # + Tetrazolium % + Tetrazolium % Viable

7 Storage test test

v {weeks)
0 20 0 0 20 160 100
2 20 12 60 3 15 75
4 19 16 84 2 10 94
6 20 20 100 - - 100
8 20 19 95 0 0 95
10 20 14 70 2 10 80
12 19 i6 84 0 0 84
14 20 18 90 2 10 100
16 20 18 90 1 5 93
18 20 16 80 0 0 80
20 20 17 35 2 10 95
22 20 20 100 - - 100
24 20 19 95 0 0 95
26 20 13 65 1 5 70
28 20 19 95 0 0 95
32 20 20 100 - - 100
34 20 17 85 2 10 95
36 20 17 85 0 0 85

S
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Appendix [-12. Germination and seedling development of seeds collected from cultivated Z. texana. Seeds were
placed in covered dishes for 7 days. Seven days after the cover was removed seeds were observed for chlorophyll,
shoots and primary and secondary roots. 1992 data.

Germinated Seeds

w Collection #Seeds % Germinated % Proper % Chlorophyll % No Time in
Date Development Roots Absent Chlorophyll  Storage (days)
1 May 92 61 88 74 5 20 88
4 May 92 66 95 63 22 14 107
6 May 92 37 92 88 0 13 113
11 May 92 100 86 20 8 72 122
I3 May 92 81 90 70 11 19 120
15 May 92 54 83 73 7 20 132
18 May 92 52 86 18 13 64 136
20 May 92 28 71 35 30 35 141
26 May 92 172 41 70 14 15 142
1 June 92 188 58 55 14 30 136
3 June 183 9 6 0 94 145
5 June 92 g1 46 5 3 86 161
8 June 92 141 64 62 3 34 210
12 June 92 28 32 0 0 100 151
24 June 92 191 71 79 8 13 194
26 June 92 22 91 100 0 0 124
30 June 92 54 67 0 22 88 12§
2 July 92 35 63 9 4 86
Mean 87.4 68.5 459 9.4 44.6
5D (60.157) {23.932) (33.888}) (8.925) (34.325})
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Appendix 1-13. Zizania texana seed collection from cultivated population at SWT during 1993. Each seed
weighed approximately 0.01g. Plants occupied about 25 m”.

Date of # Seeds Weight (g) Est. # of seeds

Collection

4 January 4

15 April 17

17 April 17

19 April 26

21 April 136

26 April 200

26 April 152

28 April 452

3 May 59

7 May 29

10 May 12

12 May 17

17 May 74

19 May 111

24 May 266

26 May 103

I June 806

7 June 312

11 June 491

14 June 1,170

17 June 12.37 1,237

21 June 10.37 1,037

24 June 7.16 Ti6

28 June 6.15 615

1 July in 371

6 July 3.03 303

8 July 4,13 413

12 July 4.00 400

19 July 7.73 773

22 July 4.29 429

29 July 3.73 373

2 August 4.11 411

2 September 79

20 September 144

27 September 5.27 527

5 October 194

18 October 400

25 Qctober 370

11 November 275

16 November 178

29 November 208

TOTAL 6,302 7,078

GRAND TOTAL 13,380
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Appendix 1-14. Germination and seedling development of seeds collected from cultivated Z. texana. Seeds were
placed in covered dishes for 7 days. Seven days after the cover was removed seeds were observed for chlorophyll,
shoots and primary and secondary roots. 1993 data.

Germinated Seeds

Collection N % Germinated % Proper % Chlorophyll % No Time in
Date Development  Roots Absent Chlorophyll Storage {days)
15 April 1993 17 94 94 6 0 32
17 April 1993 17 53 44 ? 33 30
19 April 1993 26 38 100 0 0 28
26 April 1993 152 39 69 7 24 38
28 April 1993 40 67 7 4 i8 54
28 April 1993 100 57 74 2 24 47
28 April 1993 100 73 79 2 19 47
3 May 1993 59 88 85 0 15 49
7 May 1693 29 93 100 0 0 52
10 May 1993 12 83 70 0 30 49
12 May 1993 i7 88 67 7 27 47
MEAN 51.7 74.8 78.1 2.8 17.3

SD (46.130) (18.782)  (16.471) (2.974) (12.240)




Appendix 1-15. Zizania texana seed collection from cultivated population at SWT during 1994. Each seed
weighed approximately 0.01g. Plants occupied about 25 m®.

Date of No. Seeds Weight {(g) Est. no. of seeds
Collection

30 March 17

20 April 41

25 April 71

27 April 14

16 May 7.67 767
23 May 18.57 1857
25 May 11.62 1162

1 June 8.70 870

7 June 19.61 1961
10 June 15.24 1524
13 June 12.71 1271
21 June 21.99 2199
27 June 15.01 1501

3 July 19.72 1972
10 July 30.00 3000
15 July 15.00 1500
21 July 18.63 1863
26 July 7.00 700
TOTAL 143 22,147
GRAND TOTAL 22,290




Appendix 1-16. Zizania texana seed collection from cultivated population at SWT during 1995. Each seed
weighed approximately 0.01g. Plants occupied about 25 m?.

Date of Weight (g) Estimated no. of seeds
Collection

7 July 1.89 189
25 July 5.25 525
27 July 4.69 469
31 July 7.44 744
3 August 6.75 675

8 August 9.45 945
10 August 4.92 492
11 August 8.89 889
15 August 12.23 1,223
21 August 19.92 1,992
24 August 20.09 2,009
31 August 25.01 2,501
18 September 40.78 4,078
27 September 55.86 5,586
4 October 21.0 210
11 October 50.08 5,008
20 October 22.86 2,286
25 October 46.21 4,621
2 November 15.12 1,512
7 November 6.71 671
GRAND TOTAL 36,625
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Appendix 1-17. Zizania texana seed collection from cultivated population and plants collected from the wild as
called for under the U.S. Fish and Wildlife Contingency Plan during 1996, Each seed weighed approximately
0.01g. Plants occupied about 25 m”.

Cultivated Plants Wild Plants
Date of Weight (g) Est. no. of seeds Date of Plant [D # of Seeds
Collection
29 April 5.00 500 12 July B2 18
3 May 15.70 1,570 18 July B2 7
6 May 12.01 1,201 18 July A 7
13 May 43.76 4,376 22 luly B2 11
16 May 20.20 2,020 22 July J20 8
22 May 18.79 1,879 26 July B2 5
3 June 19.55 1,955 26 July BI5f 3
10 June 15.90 1,590 26 July 120 29
17 June 4422 4,422 29 July 120 4
20 June 18.18 1,818 29 July BI5f 8
24 June 15.93 1,593 1 August 120 8
27 June 20.39 2,039 1 August B15f 8
1 July 19.76 1,976 I August Bl4d 3
9 July 32.05 3,205 1 August B2 7
12 July 10.00 1,000 5 August B14d 13
15 July 20.14 2,014 5 August no label 7
18 July 15.84 1,584 5 August 120 3
22 July 16.75 1,675 8 August no label 2
26 July 18.34 1,834 8 August B2 1
29 July 12.78 1,278 & August B15f 9
1 August 10.04 1,004 8 August Bl4d 27
5 August 5.14 514 14 August B2 3
8 August 6.20 620 14 August F11 19
14 August 9.14 914 14 August no label 74
22 August 7.02 702 14 August Bl4d 20
3 September 12.62 1,262 29 August K37a 2
6 September 9.11 911 29 August 120 11
17 September 7.48 748 29 August nz 8
30 September 20,76 2,076 29 August K1dc 6
29 August B1sf 12
29 August Fll 63
3 September J20 52
3 September B15f 57
3 September A 9
3 September F11 17
3 September B14d 51
3 September Bl4d- 24
5 September 120 18
5 September BI13f 14
5 September Fli 1
5 September B2 2
17 September Ki0c 2
TOTAL 48,280 653
GRAND TOTAL 48,933
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Appendix 2-1. Weight of raceway grown Z. fexana. Plants were clipped the interface between roots and leaves
and returned to the lab. Plants were oven dried.

Replicate Reproductive Vegetative Total
Material (g) Material (g) ()

1 0.4945 1.1742 1.6687
2 1.5280 1.5280
3 1.2007 1.2325 2.4332
4 0.7428 0.7428
5 0.8946 0.8946
6 0.9473 1.0610 2.0083
7 1.4400 1.4400
8 0.9338 0.9338
9 2.2980 2.2980
10 1.5475 1.5475
Mean 0.8808 1.2852 1.5495
sd (0.2921) (0.4488) (0.5809)
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Appendix 2-2. Survivorship of Z. texana in three sites in Spring Lake in 1992, Plants in all sites survived at least
through July 1992 based on inflorescence data (Appendix 2-4). As plants increased in size and produced tillers, it

was difficult to distinguish one plant from another.

Number of individuals

Control (Exclosure)

Treatment (No exclosure)

Site Date 1 2 1 2 3
Wetland 20 January 10 10 i 10
5 February 10 10 9 1
21 February 10 S 0 0
17 March 10 9 0 0
13 April 9 4 G 0
11 May 9 2 0 0
Intermediate 22 January 10 10 1 10
17 February 10 8 0 10
28 February 10 8 0 10
17 March 10 9 0 &
14 April 9 5 0 8
11 May 9 5 0 8
Dam 10 January 6 8 10
28 February 6 8 10
25 March 7 8 9
16 April 5 8 9
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Appendix 2-3. Partial field notes Z. texana in Spring Lake.

Date Location Description

9 Dec 91 Wetland plants without exclosures (planted 4 Dec 91) show 2 types of herbivory. 1) all emergent
leaves and culms have been clipped off at the water line. 2) some culms have also been
clipped of ~ 6" from the substrate.

All age classes in exclosurcs appear healthy, with no signs of herbivory

16 Jan 92 Intermediate ane of the uncaged replicates shows herbivory. Stems from one plant were eaten right at
the base. On other plants stems and leaves were eaten about 1 foot from base,

5Feb 92 Wetlandall uncaged plants clipped 5-20 cm below surface

17 Feb 92 [ntermediate uncaged with 0 plants was a sandy site all others were muddy, all plants show herbivory just
below water line (5-20cm) or just inside cage. Birds can put beak inside wire mesh and bite
off leaves.

21 Feb 92 Intermediate all leaves at the surface were clipped off

26 Feb 92 Wetland and all leaves that extend out of the cage lengthwise are eaten at the edge

Intermediate of the cage

4 Mar 92 Intermediate 3 female ducks were sitting on cage. There was an egg on the cage, this is the third egg
since January, (Is it a turtle or a duck egg?)

17 Mar 92 Intermediate uncaged planis are all clipped below water line but look green and healthy otherwise

Il May 92 Intermediate Uncaged plants show few signs of herbivory. They look grecn and healthy. The submerged
leaves are not at the surface.

Dam Shoot just breaks surface
13 May 92 Intermediate Two shoots of uncaged plants just touching the surface
Dam one shoot 3 inches above surface

20 May 92 Intermediate Teeth marks on cage, Nutria eating cage?

f.caves clipped on 2 emergent culms in uncaged site
Dam 3 emergent culms clipped

3 June 92 Dam all emergent culms at dam sitc are clipped-regularly. The stems are stout and strong but
they are all clipped as soon as they emerge.

8 June 92 Wetland Dozens of emergent culms grow though wire mesh of lid of cage. They stand ~2ft above
lid. Today noted that some animal walked on lid through emergent culms, chewing them
off as it passed between the culms. It didn’t eat the culms, just chewed them off. Probably
Nutria activity.

Intermediate lots of clipped leaves from uncaged plants. AH cmergent culms are regularly clipped from
uncaged plants.

30 June 92 Intermediate Animal crawled on top of cage and chewed on stems. Same as Wetland 8 June 92. The
pattern of bird herbivory appears to be more precise-less destructive. Nulria scramble
around and make mincemeat out of the plant material,

26 April 93 Intermediate Last week [ rowed around Spring, Lake, there were 2 new recruits outside cage at
Transition (intermdiate) site

Continued ....
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Appendix 2-3. Continued.

Date Location

Description

~ 27 May93 Spring

I4 July 93 Dam

20 July 93 Dam

meeting with Gena Janssen, Gene Sultanfus, Keith Wall. Decided to place some
wildrice near springs if suitable substrate is located.

Planted 36 plants at dam site with Darrell Solanik and Chip Wood assisicd with scuba gear.
Plants planted in March were nat very successful. They were overtaken by Hydrilla.
Plants must be tended regularly {(competition remaoved and cut veg cleared) Fall and winter
may be best planting time Faiture due to 1. intense shading from cut vegetation 2. Dapple
shade from overhanging trees 3. Competition with Hydrilla

Cleared cut vegetation from dam site plants. Used inflatable air mattress. Cut vegetion
appears to be very harmful to plants in two ways. 1. Blocks sunlight, 2. Shreds leaves,
especially Ceratophyllum demersum and Hydrilla
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Appendix 2-4. Inflorescences produced in 1992 by Z. fexana grown in three sites in Spring Lake.
Data are the number of inflorescences tagged with cotton string on each date. Inflorescences in
control plots eventually produced seeds. Plants in treatment plots produced emergent culms but
culms were clipped by herbivores before inflorescences developed (See Appendix 2-3).

Number of inflorescences

Control (Exclosure) Treatment (No exclosure)
Site Date- 1 2 1 2 3
Wetland 21 Feb 2 0 0 0
6 March 2 0 0 0
17 March 1 0 0 0
30 March 7 0 0 0
13 April 9 0 0 0
27 April 17 0 0 0
4 May 7 0 0 0
11 May 9 0 0 0
20 May 29 0 0 0
26 May 24 0 0 0
1 June 14 0 0 0
& June 18 0 0 0
15 June 24 0 0 0
24 June 28 0 0 0
30 June 13 0 0 0
7 July 18 0 0 0
Total Inflorescences- 222 0 0 0
Intermediate 21 Feb 0 0 0 0
6 March 0 0 0 0
17 March 0 0 0 0
30 March 0 0 0 0
13 April 1 0 0 0
27 April 0 0 0 0
4 May 0 0 0 0
11 May 0 0 0 0
20 May 4 1 0 0
26 May 4 1 0 I
2 June 3 2 0 0
Continued....
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Appendix 2-4. Continued

Number of inflorescences

Control (Exclosure) Treatment (No exclosure)
Site Date 1 2 i 2 3
Intermediate
8 June 4 | 0 0
15 June i1 5 0 0
24 June 28 0 0 0
30 June 13 0 0 0
7 July 20 7 0 0
Total Inflorescences 87 17 ‘ 0 1
Dam
21 Feb 0 0 0
6 March 0 0 0
17 March 0 0 0
30 March 0 0 0
13 April 0 0 0
27 April 0 0 0
4 May 0 0 0
11 May 0 0 0
20 May 0 0 0
26 May 0 0 0
2 June 0 0 0
Total Inflorescences 0 0 0
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Appendix 2-5, Characteristics of Z. texana grown in three sites in Spring Lake. Plants were transplanted in January 1992 and harvested at three week intervals.

Submerged Culms WNodes/ Rcoting Emergent Internode Inflorescences Longest Clipped Chewed

Site Date Plant leaves culm  nodes leaves length leaf feaves leaves
' (tillers) (cm) length {m)
Wetland
17 March | i1 4 - 0 - - 0 - 4 4
17 March 2 20 10 - 0 - - 0 - 16 10
17 March 3 12 6 - 0 - - 0 - 12 6
Mean 14.3 6.7 0 0 10.7 6.7
sd 4.9 31 6.1 3.1
Intermediate
17 March 1 22 7 - 0 - - 0 - 5 3
17 March 2 18 10 - 0 - - 0 - 5 2
17 March 3 20 7 - 0 - - 0 - 7 1
Mean 20 0 0 5.7 2
sd 2.0 1.7 1.1 1
Dam
17 March 1 41 18 - 0 - - 0 - 6 4
17 March 2 85 34 - 0 - - 0 - 3 1
17 March 3 a3 16 - 0 - - 0 - 2 1
Mean 33 22.7 0 0 43 2
sd 28 9.9 2.1 1.7
Wetland
27 April 1 19 6 1 ] - - 0 1.06 8 2
27 April 2 5 9 0 0 - - 0 0.62 9(culms) 1
27 April 3 22 4 6/1 2/1 - 6 0 0.56 22 2
5.2
7.2
6.4
5
Vlean 15.3 6.3 3.5 1.5 6.0 ¢ 0.75 13 1.7
sd 9.1 2.5 3.5 0.7 0.9 0.27 7.8 0.6
Continued....
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Appendix 2-5. Continued.

()

()

Submerged Culms Nodes/ Rooting Emergent Internode Inflorescences Longest Clipped Chewed
Site Date Piant leaves culm  nodes leaves length leaf leaves leaves
(tillers) (cm) length (m)
Intermediate
27 April 1 54 21 21 0 - 20 0 1.63 2 1
21.4
27 April 2 38 14 0 0 - - 0 1.32 3 0
27 April 3 78 29 2N 1/1 - 14 0 - -
8
22
Mean 56.7 21.3 1.3 0.3 - 13.1 ] 1.4 2.5 0.5
sd 20.1 7.5 1.1 0.6 8.1 0.2 0.7 0.7
Dam
28 April j 135 60 0 0 - - - 1.85 >10 <10
28 April 2 43 16 0 0 - - 0 1.84 4 2
28 April 3 109 42 1/1 0 - 216 0 2.05 >10 <10
2/1 17.4
11.4
Mean 95.7 39.3 1.5/1 0 - 17.5 0 1.91
sd 47.4 22.1 0.7 6.1 0.12
Wetland
8 June 1 0 14 8 1/1 28 3 0 - 13 1
7
6.5
8
. 16.5
° 4.5
12.5
12
l 0 10
3 0 6
10
Continued....
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Appendix 2-5. Continued.

()

(.,

Site Date Plant

Submerged Culms
leaves

Nodes/ Rooting ' Emergent

culm  nodes
(tillers)

leaves

Internode
length
(em)

Inflorescences

Longest Clipped Chewed
leaf leaves leaves
length (m)

8 June 2

Wetland 8 June 2

8 June 3

Continued....

13

7 4/1

4/1 0

21

Itiller) 2

3(tiller) 1

124

L

11.5
11
6

3.5
8

8
10.5
205
12.5
12
15
19
6.5
4.5
1.5
10
5.5
17.5
10.5

11.5
15
10
11
10.5
10




Appendix 2-3. Continued,

()

(i

Site

Date

Plant

Submerged Culms

leaves

Nodes/ Rooting
nodes
{tillers)

culm

Emergent
leaves

Internode
Jength
(cm)

Inflorescences

Longest
leaf
fength (m)

Ciipped
leaves

Chewed
leaves

Wetland

Mean
sd

Intermediate

8 June

g June

Continued....

15

3.7
2.3

1

0.8
1.2

125

16.5
10
8

10

1

7
8.5
6
10.5
7.5
13
13
12
£5.5
10.1
4.1

14
6.5
19
15.5
10.5

22.5
12

1.5
9.5
10.5

1.3
1.5

6.7
5.5

1.7
0.6




Appendix 2-5. Continued.
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Site Date

Plant

Submerged Culms

leaves

Nodes/ Rocting
nodes
(tillers)

culm

Emergent
leaves

Internode Inflorescences
length
(cm)

Longest
leaf
length (m)

Clipped
leaves

Chewed
leaves

0 June

Intermediate 9 June

Continued....

125

31

(%)

|

126

60

10
14
6

6
20
8.5
13.5
15
17.5
7.5 3
20.5
9.5
21
18.5
12.5
11
14
23
21.5
7.5
10
8

14
20
14.5
10.5
12
30.5
15
11

1.55

34

24




Appendix 2-5. Continued.
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()

Site Date

Plant

Submerged Cuims

leaves

Nodes/ Rooting Emergent
leaves

culm

nodes
(tillers)

Internode  Inflorescences
length

(em)

Longest
leaf
length (m)

Clipped
leaves

Chewed
leaves

Intermediate 9 June

9 June

Continued....

L

80

0

127

22

8.5
23
12
16.5
9.5
11.5
19
20.5
14.5
15
15
19
8

17
17
17
13
6.5
8.5
13
25
25.5
17 3
21
13
10.5
15.5
21
14
19

1.41




Appendix 2-3. Continued.
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Site Date

Plant

Submerged Culms Nodes/ Rooting Emergent

leaves

culm

nodes leaves
(tillers)

Internode  Inflorescences
length
(em)

Longest
leaf
length (m}

Clipped
leaves

Chewed
leaves

Intermediate 9 June

Continued. ...

1238

21.5
18
19

3

17
22
18.5
13
15.5.
16
18
14
21.5
13
t5
4
26

15
11.5
12.5
15

11.5
9.5
9.5
26
12.5
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Appendix 2-5. Continued.

Submerged Culms Nodes/ Rooting Emergent Internode Inflorescences Longest  Clipped Chewed
Site Date Plant leaves culm  nodes leaves length leaf ‘leaves leaves
{tiliers) (cm) fength (m)

13.5

21

25
Mean 78 16.3 4.0 0.8 357 14.8 2.3 1.56 15.0 8.3
sd 48.0 13.6 1.7 0.8 21.1 5.6 1.1 0.2 16.8 13.6

Dam
9 June 1 74 14 2 0 0 30.5 ] 3.10 32 4

34.5
4 2 12.5
16.5
36
25.5
9 June 2 44 6 2 0 0 245 0 3.40 17 0
375
9 June 3 263 25 i 0 0 25.3 0 3.26 105 2
3 1 22.5
2
10
1 0 31.5
3 0 26
22
12
Dam 9 June 3 2 1 19
22
7 ) 25
17.5
20
25
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Appendix 2-5. Continued,

(

()

Site Date

Plant

Submerged Culms
leaves

Nodes/ Rooting Emergent

culm

nodes leaves
(tillers)

Internode  Inflorescences
length
(em)

Longest
feaf
length (m)

Clipped  Chewed

leaves

leaves

Dam 9June

Continued....

130

19.5
14
7.5
23
17.5
30
15.5
19
27
12
36
13
16.5
18.5
10.5
15.5
17.5
15.5
12.5
17.5
20.5
19.5
20
24
13.5
13
23.5
15
16.5
16

it




Appendix 2-3. Continued.

(

(.

Site Date Plant

Submerged Culms WNodes/ Rooting Emergent Internode Inflorescences  Longest
leaves culm  nodes leaves length leaf
(tillers) (em) length (m)

Clipped
leaves

Chewed
leaves

Mean
sd

& 2 14.5
22
18.5
13.5
20.5
2 0 30
£9.5
7 2 7
2
18
10
29.5
19
6
166 21.7 3.5 0.1 0 19.2 0 3.25
186.5 20.6 2.0 7.7 0.1

51.3
47.1
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Appendix 2-6. Biomass of Z. fexana harvested 0;1 17 March 1992, 4 May 1992 and 12 June 1992 from 3 sites in Spring Lake. All plant material was oven dried

to a constant weight. Zizania texana was first planted in January 1992. Mean weight of leaves at time of tranplanting was 1.55 g.

Roots Tiller Submerged leaves Inflorescences Seeds Total
Date Plant (2) roots and reproductive culms
(g} () (g} (g) (g}

Wetland

17 March | 0.2575 0 1.2474 0 0 1.5049

17 March 2 0.5629 0 4.7566 0 0 5.3195

17 March 3 0.1987 0 1.4224 0 0 1.6211
Mean 0.3397 0 2.4755 0 0 2.8152
sd 0.1955 1.9774 2.1696
[ntermediate

17 March ] 0.4369 0 3.0721 0 1] 3.509

[7 March 2 0.4161 0 2.0995 0 0 2.5156

| 7March 3 0.4600 0 1.6714 0 0 2.1314
Mean 0.4377 ] 2.2810 0 0 2.7187
sd 0.0220 0.7178 0.7109
Dam 17 March | 1.40 0 11.26 G 0 12.66

17 March 2 0.79 0 11.21 0 0 12.00

17 March 3 1.45 0 6.59 0 0 8.04
Mean 1.213 0 9.6867 0 0 10.9
sd 0.3675 2.6819 2.50
Wetland

4 May 1 0.4390 0 1.9482 0 0 2.3872

4 May 2 0.4115 0 0.9564 O 0 1.3679

4 May 3 0.3899 0.6360 4.2494 G 0 5.2753
Mean 0.4135 0.2120 2.3847 0 0 3.0101
sd 0.0246 0.3672 1.6893 2.0268
Continued....
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Appendix 2-6 . Continued

‘

Roots Tiller Submerged Emergent Culms Inflorescences Seeds Total
Date Plant (2) roots leaves leaves
{2) (g) (g} (@ (& (8) (g)

[ntermediate

4 May ] .12 0 13.34 0 0 14.46

4 May 2 1.11 0 6.25 0 0 7.36

4 May 3 2.56 0.0183 13.3821 0 0 15.9604
Mean [.60 0.0061 10.99 0 0 12.59
sd 0.83 0.0106 4.11 4.59
Dam

6 May 1 4.13 0 30.96 0 0 35.09

6 May 2 0.34 0 8.96 0 0 9.80

6 May k! 423 0.0018 3.30 0 0 40.2418
Mean 3.07 0.0006 14.41 0 0 28,3773
sd 1.93 0.0010 14.61 16.2933
Wetland

12 June 1 1.3608 0.1701 0 1.1907 3.7705 0 0 6.4921

12 June 2 0.2835 0.0850 0.3969 0.5386 2.6082 0.0567 0 3.968%

12 June 3 0.6804 0.8788 1.2757 6.8607 17.8321 0.4536 0.3685 28.3498
Mean 0.7749 0.3780 0.5575 2.8633 8.0703 0.1701 0.1228 12.9368
sd 0.5448 0.4358 0.6528 34771 8.4739 0.2471 0.2127 13.4075
Intermediate

12 June 1 1.4175 0.6237 6.488 3.8270 11.25 0.50 0 24.1062

12 June 2 0.5823 .09 20,54 8.26 37.26 1.14 0.11 77.9823

12 June 3 5.103 0.227 12.394 3.856 23.04 0.91 0.30 45.83
Mean 5.3676 0.6469 13.141 5.314 23.85 0.85 0.14 49.3062
sd 40888 0.4320 7.056 2.5511 13.02 0.32 0.15 27.1057
Continued....
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Appendix 2-6. Continued

(.

Roots Tiller Submerged  Emergent Culms Inflorescences Seeds Total
Date Plant (g) roots leaves leaves
(2) (8) (2) (2) (2) (e) (e)

Dam

12 June 1 1.0 1.20 23.54 0 15.03 0 0 39.77

12 June 2 .16 0.08 28.38 0 19.64 0 0 49.76

12 June 3 14.88 4.69 122.39 0 90.53 0 0 232.49
Mean 5.68 1.99 58.27 0 41.73 0 0 107.34
sd 7.97 2.40 55.59 42.32 108.50
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Appendix 2-7. Alkalinity and pH of water collected from 8 locations in Spring Lake and the San Marcos River.
On 3 January 1994 250 mi water was collected from each site, placed in bottles, packed in ice, and transported to
Lewisville Aquatic Ecosystem Research Facility, Lewisville, Texas for analysis. All samples were collected at
about 30 cm below the water surface.

Site Alkalinity pH
From spring at base of steps in front of Aquarena Springs Inn 264 7.36
245 7.35
30 m downstdream form ferry dock on NW shore directly over 252 7.29
reintroduction site 250 7.17
30 m above confluence of Purgatory Ck. and San Marcos River 253 7.76
257 7.8
Immediately upstream from large Z. fexana stand located 250 8.11
downstream from the confluence of Purgatory Ck and 251 8.16

San Marcos River

At inlake for A. E. Wood State Fish Hatchery 249 7.89
241 7.91
Downstream from A. E. Wood State Fish Hatchery outflow 241 7.91
246 7.93
Downstream from sewage treatiment facility 245 7.84
243 7.81
Upstream from sewage treatment facility 246 7.93
242 7.93
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Appendix 2-8. Seascnal monitoring of Z. texana at the dam site in Spring Lake. Transects were 10 m x 0.25 m and were placed randemly, parallel to the

current. Plants intersecting the transect were measured, Occasionally fewer than four plants intersected the transect.

Date  Transect Plant intercept Plant intercept Basal area Stem density Submerged leaf
dimfty length (cm) width (cm) (em?) /100 e¢m? tength (m)

8394 | 20 10 157 12 1.5
2.5

2.1
1.1
1.5
2.2
8394 1 15 15 177 6 22
1.8
2.1
1.6
1.7
1.3
8394 2 20 10 157 22 24
2.6
1.5
2.8
2.5
2.3
30 20 471 20 2.1
1.75
3.0
2.2
23
23
314 10 . 1.5
2.5
1.8
2.4
1.8
23
8/3/94 25 98 10 2.1
MEAN 229 13.3
5D 138 6.3

Continued....
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8/3/94

(o1

8594 2 20

[2%]
Lh

136

Leaf length
ave,

1.82

1.76

2.35

227

2.05

2.37
2.10
0.27

Culms
+/0

Nodes with
roots +/0
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Appendix 2-8, Seasonal monitoring of Z. texana at the dam site in Spring Lake, continued.

Date  Transect Plant intercept
d/m/fy length (cm)

Plant infercept
width {cm)

Basal area
(cm?)

Stem density

/100 cm?

Submerged leaf
length (m)

Leaf length
ave.

Culms
+/0

Nodes with
roots +/0

22794 1 20

227794 1 10

2277794 1

w

22794 1 10

32/7/94 2 15

MEAN
SD

Continued....

22

h

236

188

20

78.5

117.8

128
85.8

24

15.6
53

137

1.43
1.75
1.89
2.29
2.31
2.4

1.8

1.78
1.97
2.03
2.3

23

[.17
1.22
1.64
1.75
2.02
2.02
1.78
1.8

2.09
2.04
2.2

235
2.16
1.83
2.62
2.44
2.65
2.12

2.01

2.03

1.64

2.04

23

2.0
0.2
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Appendix 2-8. Scasonal monitoring of Z. texana at the dam site in Spring Lake, continued.

Date Transect
d/msy

Plant intercept
tength (cm)

Plant intercept
width (cm)

Basal arca
(cm?)

Stem density
/100 em?

Submerged leaf
length (m)

Leaf length
ave,

Culms
+0

Nodes with
roots +/0

21994

21/9/94

21/9/94

21994

21/9/94

MEAN
sD

Continued.....

15

[SS]

30

22

10

118

283

207

66

141
103.4

23

44

22

25.8
13.3

138

O ND Ln [V )

— e e o o —
~J

oo EWLWLN =

[N
o

1.57
1.62
1.21
1.74
1.82
1.9
1.97
180
1.33
1.87
2.28
2.70
2.41
2.65
2.97
1.13
1.26
1.57
1.8

1.33
1.64
2.44

1.34

1.31

i.72

2.32

1.6

1.7
0.4
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Appendix 2-8. Seascnal monitoring of Z. texana at the dam site in Spring Lake, continued.

Date Transect
dimiy

Plant intercept
length (cm)

Plant intercept
width (em)

Basal area
{cm?)

Stem density
/100 ¢m?

Submerged leaf
iength {(m)

Leaf length
ave.

Culms
+/0

Nodes with
roots +/0

12/12/94 |

12/12/94 1

12/12/94 |

12/12/94 1

12/12/94 1

Continued....

10

12

[¥S)

9

71

141

27

19

29

21

139

1.03
1.21
1.5
2.0
2.08
23
1.28
2.15
2.3
2.09
1.9
1.85
1.35
1.5
1.8
1.73
1.9
1.7
£.35
1.8
1.95
1.75
1.90
1.8
1.3
1.4
1.8
1.9
1.7
1.8

1.69

1.67

1.76

1.65

+
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Appendix 2-8. Seasonal monitoring of Z. texana at the dam site in Spring Lake, continued.

(i

Date Transect
dimtv

Plant intercept
length (cm)

Plant intercept
width (em}

Basal area
(cm®)

Stern density
/100 cm?

Submerged ieaf
length {m}

Leaf length
ave.

Culms Nodes with
+0 roots +/0

1271294 2

12/12/94 2

12/12/94 2

12/12/94

tJ

12/12/94 2

MEAN
SD

Continued....

15

12

141

63

24

20

54
S0

24

16

O
w

140

1.25
1.3
1.75
1.80
1.85, 1.70
1.30
1.30
1.65
1.95
2.0
1.85
1.0
1.4
1.3
1.25
1.1
1.5
2.0
1.7
2.05
1.95
1.8
1.4
1.4
13
1.65
1.25
14
1.5 e

161

1.67

1.26

1.82

1.42

1.65
0.19

+ +
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Appendix 2-8. Seasonal monitoring of Z. fexana at the dam site in Spring Lake, continued.

Datc
d/mfy

Transect

Plant intercept
length (cm)

Plant intercept
width (cm)

Basal area
(cm?)

Stem density

/100 cm?

Submerged leaf
tength (m)

Leaf length
ave.

Culms
+/0

Nodes with
roots +/0

1/3/95

1/3/95

1/3/95

173/95

1/3/95

Continued....

2

13

11

il

112

86

57

104

44

32

24

14

27

141

1.6
2.01
2.05
2.6
2.5
1.80
1.5
2.95
3.25
3.15
2.0
2.54
1.5
1.5
2.2
2.56
2.8
1.7
1.78
1.93
1.88
2.0
1.62
2.04
2.14
2.1
1.6
232
2.03
2.44
1.82
2.6

2.09

2.56

2.04

1.87

2.1

217

+
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Appendix 2-8. Scasonal monitoring of Z. texana at the dam site in Spring Lake, continued.

.

Date Transect Plant intercept
d/mfy length {cm)

Plant intercept
width (em)

Basal area
(cm?)

Stem density
/100 cm?

Submerged leaf
length (m)

Leaf length Culms
ave. +0

Nodes with
roots +/0

173195 2 8

[
0

1/3/95

1/3/95 2 9

iJ
~J

[/3/G5

MEAN
SD

12/5/95 missing data***
Continued....

missing data

57

50

64

38

63
28

24

.83, 1.91
17

20

22

142

2.15
231
22
1.94
1.5
1.4
1.83
1.92

1.93
2.2
2.08
1.79
2.31
2.13
2.1
1.81
2.25
1.96
2.0
2.25
2.12
2.05
1.96
221
2.14
1.92

2.0

1.73

2.06

2.06

2.07

2.07
0.21

2.22 +
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Appendix 2-8. Seasonal monitoring of Z fexana at the dam site in Spring Lake, continued.

Date Transecl
dimfy

Plant intercept
tength (em)

Plant intercept
width {em)

Basal area
(cm?)

Stem density
/100 ¢’

Submerged feaf
length (m)

Leaf length
ave.

Culms
+/0

Nodes with
roots +/0)

12/5/95

12/5/95

12/5/95

MEAN
SD

1/8/93

Continued....

32

17
11

32

143

2.0
2.05
2.1
2.68
2.48
0.6
1.95
2.7
22
2.15
0.6
0.72
0.75
1.0
2.18
0.7
1.69
225
2.01
1.45
1.4
1.96
1.81
1.98
22

1.52
1.76
1.89
1.80

1.92

1.05

1.62

1.87

1.74
0.44

1.80
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Appendix 2-8. Seasenal monitoring of Z. texana at the dam site in Spring Lake, continued.

()

Date Transect Plant intercept Plant intercept Basal area Stem density
dimty length (cm) width (cm) (cm?) /100 em’?

Submerged leaf
length (m})

Leaf length Culms Nodes with
ave. +/0 roeots +/0

1/8/95 25

[/8/95 29

1/8/95 13

1/8/95 38

MEAN 27
SD 9

Continued.....

144

2.03
1.93
1.71
2.05
2.26
1.96
1.38
1.82
3.60
2.0

1.95

1.14
2.06
1.91
2.19
1.59
1.54
1.85
1.72
1.69
3.31

1.98

2.15

1.78

1.82

1.91
0.16
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Appendix 2-8. Seasonal menitoring of Z. fexana at the dam site in Spring Lake, continued.

Date Submerged leaves  Culms Stem density Emergent Clipped Nodes with Nedes with
dimfy (%) #) /100 em? culms (#) culms (#) roots roots +/0
15/8/95 13 5 0 5 7
15/8/95 39 7 0 7 7
15/8/95 8 2 0 2 3
15/8/95 22 ] 0 0 0
15/8/95 42 5 0 1 2
15/8/95 9 1 0 0 [
13/8/93 28 2 0 1 2
15/8/95 24 1 O 0 1
[7/8/95 6 7 0 5 6
17/8/95 39 5 0 5 4
17/8/93 2 1 0 1 5
MEAN 21 3 0 2 3
SD 4 2 2

13/11/95 42 5 0 0 7
13/11/96 6 2 0 l 3
13/11/96 6 1 0 1 2
13/11/96 26 2 0 ] 3
MEAN 20 2.5 0 1 4
SD 17 2 0.5 2
19/2/96 23 6 0 0 5

***new field assistant. Values collected by new assistant appeared to be an order of magnitude greater than values collected by previous assistants

145




()

()

Appendix 2-9. Seasonal monitoring of Z. texana at the intermediate site in Spring Lake. Transects were 10 m x 0.25 m and were placed randomtly, parallel to

the current. Plants intersecting the transect were measured,

Date Transect
d/m/v

Plant intercept
length (em)

Plant intercept
width (cm)

Basal area
(cm®)

Stem density
/100 cm?

Submerged leaf
length (m)

Leaf length Cuims Nodes with
ave. +0 roots +/0

11/3/94 =

30/5/04 ¢

14/9/94 no plants
12/12/94 no plants
[/3/95  no plants
12/5/95 no plants
1/8/95 no plants
15/8/95 no plants
13/11/95n0 plants
19/2/96 no plants

2

20

2

10

3.1

157

2

10

0.7**
0.8
0.5
0.74
0.85
0.92
1.21
0.75

0.75 + 0

0.83

*1 plant located, no transect
**plant had 2 leaves, total
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Appendix 2-10. Seasonal monitoring of Z. fexana at the spring site in Spring Lake. Transects were 10 m x 0.25 m and were placed randomly, parallel to the

current.

Plants intersecting the transect were measured.

Date
d/m/y

Transect Plant intercept Plant ihtercept Basal area Stem density Submerged leaf  Leaf length Culms Nodes with
iength (cm) width (cm) (cm?) /100 cm? length (m) ave. +/0 roots +/0

8/3/94

8/3/94

8/3/94

8/3/94

8/3/94

1 25 20 393 15 1.6 1.83 + 0
2.0
2.1
2.1
1.7
1.5
1 30 35 825 9 1.3 .46 + 0
1.5
1.65
1.35
1.55
1.40
78 5 1.4 £.27 + +
1.4
1.6
1.3
1.1
0.8
2 20 20 314 6 1.3 1.39 + +
1.45
1.2
1.6
1.5
1.3
2 30 15 353 9 09 1.17 + +
1.4
1.7
1.2
0.8

8]
<
L)

Continued.. ..

147
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Appendix 2-10. Seasonal monitoring of Z texana at the spring site in Spring Lake, continued.

(

Date  Transect Plant intercept Piant intercept
dim/v length {cm} width (cm)

Basal area

(cm?)

Stem density
/100 ¢cm?

Submerged leaf
length (m)

Leaf length

ave.

Culms
+0

Nodes with
roots +/0

8/3/94 5 10

~J
()

)
(o)
[F]
[

8/3/94

MEAN

[
(¥

/3194 1 10 10

[E%)
[¥9)
wh

94 1 20 20

;
/

Continued....

336
258

78

314

15

13

148

1.0
1.4
1.1
1.15
125
1.25
1.0
1.2
1.3
1.1
1.6
0.95
105

1.8
2.8
1.5
1.6
1.7
1.2
0.9
2.0
1.7
1.6
1.5
1.9

1.19

1.2

1.36
0.23

1.77

1.6




Appendix 2-10. Seasonal monitoring of Z. fexana at the spring site in Spring Lake, continued.

‘.

Date Transect
d/mfy

Plant intercept
length (cm)

Plant intercept
width (cm)

Basal area
{cm?)

Stem density
/100 ¢cm?

Submerged leaf
length {m)

Leaf length
ave.

Culms
+0

Nodes with
roots +/0

23/3/94 ]

Continued....

20

20

20

30

314

157

353

471

118

23

21

149

1.8
2.5
0.9
2.0
23
1.4
1.5
1.4
1.7
1.0
1.7
1.9
1.8
2.1
23
23
24
2.1
1.2
1.1
1.5
1.7
2.0
0.8
2.6
24
2.1
1.5
1.8
2.0

1.82

2.17

1.38

2.07

+
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Appendix 2-10. Seasonal monitoring of Z. texana at the spring site in Spring Lake, continued.

Date  Transect Plant intercept Plant intercept Basal area Stem density Submerged leaf  Leaf length Culms Nodes with
d/m/y length {cm) width {cm) (cm?) /100 em? length (m) ave. +/0 roots +/0

23/3/94 2 10 5 39 6 1.5 1.87 + 0
2.0
2.1
1.9
1.7
2.0
10 78 8 1.7 1.95 + +
1.8
2.2
2.1
2.0
1.9
23/5/94 2 10 15 118 14 2.2 1.82 + +
2.2
1.7
1.6
1.8
1.4
23/3/94 2 30 45 1,060 28 2.3 2.05 + 4
1.9
1.8
2.5
2.2
1.6
MEAN ' 282 14 1.82
SD 293 7 0.24

2
L)

5194

3
<

14/9/94 10 8 63 19 1.81 1.72 + +
1.70
2.0
1.75

Continued....
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Appendix 2-10. Seasonal monitoring of Z. texana at the spring site in Spring Lake, continued.

()

Date  Transect Plant intercept Plant intercept Basal area Stem density
dim/ty length (cm} width (cm) (em?) /100 em?

Submerged leaf
length (m)

Leaf length Culms
ave, +/0

Nodes with
roots +/0

1 4/9/94 5 8 31 15

14/6/94 3 9 : 36 14

14/9/94 4 5 16 7

MEAN a 41 14
SD 22 5

Note: 14/9/94 all leaves clipped at/below water. Nutria?waterfowl?cutterboat?

16/11/94 5 5 20 6

16/11/94 [ 1 0.8 2

Continued....

151

1.32
1.23
2.05
1.05
1.28
1.62
1.47
1.28
1.4

205
1.68
0.75
1.39
0.88
132
1.47
1.05
1.32
1.59

1.1
0.95
1.2
1.18
1.0
0.7
0.6
0.75

1.45 +

1.42 +

1.27 +

1.46
0.19

1.02 +

0.67




Appendix 2-10. Seasonal monitoring of Z. texana at the spring site in Spring Lake, continued.

(

Date
dimly

Transect

Plant intercept
length (cm)

Plant intercept
width {cm)

Basal area
(em?)

Stem density
/100 cm?

Submerged leaf
length (m)

Leaf length
ave.

Culms
+/0

Nodes with
roots +/0

16/11/94
16/11/94

16/11/94

16/11/94

16/11/94

16/11/94

Continued....

%]

3

1
2

(V%)

1
2

(V'S ]

0.8
3

Lt

13

1
6

152

0.5
0.6
0.55
0.7
04
1.0
1.1
0.75
0.8
1.1
0.9
0.68
1.3
1.25
1.10
0.8
0.1
0.55
03
0.5
0.2
0.7
1.2
1.15
0.35
0.7
0.6
0.7

0.5
0.72

0.85

0.85

0.42

0.78

0
0
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Appendix 2-10. Seasonal monitoring of Z. texana at the spring site in Spring Lake, continued.

Date  Transect Plant intercept Plant intercept Basal area Stem density Submerged leaf  Leaf length Culms Nodes with
d/m/fy length (cm) width (cm) (cm?) /100 cm? length (m) ave. +/0 roots +/0

16/11/94 1 1 0.8 2 0.75 1.02
1.3
MEAN 6 4 0.76
SD 6 2 0.21
Note: 16/11/94 Plants covered with silt and vegetation. Work at archeological site(?) may contribute to siltation.
22/2/95 1 3 4 16 11 1.27 1.56 0 0
1.38
145
1.78
1.80
1.71
22/2/95 1 2 2 3 3 1.55 1.76 0 0
1.60
1.62
1.71
2.0
2.07
22/2/95 1 1 1 0.8 2 0.9 1.1 0 0
1.1
1.2
1.19
22/2/95 1 1 1 0.8 4 1.4 1.89 0 0
1.8
1.93
2.15
2.10
. 1.95
22/2/95 1 1 1 0.8 2 0.6 1.05 0 0
" 1.5
22/2/952 1 ] 0.8 2 0.8 1.54 0 0
Continued....
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Appendix 2-10. Seasonal monitoring of Z. texana at the spring site in Spring Lake, continued.

Date  ‘Transect Plant intercept Plant intercept Basal area Stem density Submerged Jeaf  Leaf length Culms Nodes with
dfmfty length (cm) width (cm) (em?®) /100 cm? length (m) ave. +/0 roots +/0

1.45
2.0
1.9
/2195 2 i 1 0.8 4 0.41 0.48 + +
0.52
0.3
0.68 .
(.93 1.1 + +
1.02
1.17
1.3
1.03
1.0
22/2/95 2 4 3 16 7 0.96 1.29 + =
1.2
1.43
1.35
1.32
1.47
22/2/93 2 4 4 13 10 0.92 1.1 + +
0.83
1.17
0.75
1.32
1.61
MEAN 6 6 1.29
SD 7 5 0.41

[RS]
[N

L
e
pt=]
a

22/2/95 2

10/3/95 1 missing data***  missing data 10 0.5 1.11 + +
0.65
1.20

Continued....
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Appendix 2-10. Seasonal monitoring of Z. fexana at the spring site in Spring Lake, continued.

()

Date  Transect Piant intercept Plant intercept Basal area Stem density
dimsy length {cm) width (cm) {em?) /100 em?

Submerged leaf
length (m)

Leaf length
ave.

Culms
+/0

Nodes with
roots +/0

10/5/95 | 19

MEAN 14
SD 6
1/8/95 15

1/8/95 38

178195 6

1/8/95 i5

MEAN 19
sb 13
Continued....

155

2.20
1.0
0.6
1.4
1.1
2.5
1.6

0.50
0.38
0.52
0.54
0.55
1.52
1.49
0.82
0.70
0.96
0.28
0.29
0.29
0.57
0.59
1.50
1.80
1.0

2.0

1.7

1.44

110

0.40

1.60

0.90
0.56
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Appendix 2-10. Seasonal monitoring of Z. texana at the spring site in Spring Lake, continued.

15/8/93 no plants
13/11/95 no plants
19/2/96 no plants

F+¥new field assistant. Values collected by new assistant appeared to be an order of magnitude greater than values collected by previous assistants
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Appendix 2-11. Seasonal monitoring of Z. texana at the spillway site in Spring Lake. Transects were 10 m x 0.25 m and were placed randomly, parallel to the
current. Plants intersecting the transect were measured.

Date  Transect Plant intercept Plant intercept Basal area Stem density Submerged leaf  Leaf length Cuims Nodes with
dimty length {cm) width (em) (em?) /100 em? length (m) ave. +10 roots +/0

18/5/95 1 10 10 78 34 0.5 0.85 + 0
0.9
1.0
i.0
0.85
18/5/95 1 10 10 78 14 0.62 0.91 0 0
0.85
1.0
1.0
1.1
18/5/95 1 10 10 78 34 1.01 1.23 + +
1.25
1.08
1.45
1.38
18/5/95 1 10 10 78 19 0.7 1.05 + 0
0.83
1.23
1.24
1.25
18/5/95 1 10 10 78 45 0.8 0.9% + +
0.8
1.02
1.13
1.2
18/5/95 2 10 10 78 45 0.51 0.69 + +
0.04
0.64
0.82
0.85

Continued....
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Appendix 2-11. Seasonal monitoring of Z. texana at the spillway site in Spring Lake continued.

()

Date  Transect Plant intercept Plant intercept
d/m/fy length {cm) width (cm)

Basal area
(cm?)

Stem density
/100 cm?

Submerged leaf
length (m)

Leaf length
ave,

Culms
+/0

Nodes with
roots +/0

18/5/95 10 15

(8%

18/5/95 2 10 12

(o]

18/5/95

18/5/95 2 10 3

MEAN
SD

1/8/95

1/8/95

178195

Continued....

118

94

0.8

39

72
32

46

30

23

29
15

46

40

31

158

0.59
0.67
0.67
0.78
0.85
0.89
0.96
0.98
1.06
1.08
0.35
0.67
0.6

0.62
0.68
0.98

0.62
(.87
1.18
0.85
0.99
0.86
1.0

1.24
1.2

1.1

1.15
0.61

0.71

0.99

0.51

0.717

0.87
0.21

0.9

1.08

0.76

+

-+
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Appendix 2-11. Seasonal monitoring of Z. texana at the spiliway site in Spring Lake, continued.
Date Submerged leaves  Culms Emergent Clipped Nodes with
d/mfy (#) (#) culms (#) culms (#) Toots
0.59
1/8/95 73 0.22 0.68
0.38
1.00
1.00
0.79
MEAN 54 0.9
SD 21 0.18
17/8/95 6 l 0 0 0
17/8/95 21 0 0 0 0
| 7/8/93 51 2 0 1 1
17/8/95 39 4 0 0 4
17/8/93 24 4 0 1 0
17/8/95 12 0 0 0 0
17/8/95 0 0 0 0 0
17/8/G3 9 0 0 0 0
[ 718193 18 1 0 0 0
MEAN 23 1 0 0.2 0.3
sD 19 0.4 1
[3/11/95 0 1 0 0 2
13/11/93 12 0 0 0 0
13/11/93 22 2 0 0 0
13/1195 37 5 0 0 3
13711795 2 0 0 0 0
13/11/95 10 1 0 0 0

Continued
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Appendix 2-11. Seasonal monitoring of Z texana at the spiliway site in Spring Lake, continued.

Date Submerged leaves  Culms Emergent Clipped Nodes with
d/miv # # culms (#) culms (#) roots
MEAN 14 1.5 0 0 1
sD 14 1.9 1.3
19/2/96 45 2 0 0 0
19/2/96 22 2 0 0 1
19/2/96 15 3 0 1 2
19/2/96 18 3 0 3 2
19/2/96 24 6 0 0 6
19/2/96 27 0 0 0 0
19/2/96 47 6 0 0 5
19/2/96 3 2 0 a 1
19/2/96 3 0 0 0 0
19/2/96 12 0 0 0 0
MEAN 22 2 0 0.4 2
SD 15 . 2 1.0 2
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INTRODUCTION

During the month of December. there was significant flooding of Spring Lake

and the San Marcos River. This flooding cccurred 1mm9dmteiv after we had
d planting Texas wi !dmu— in the experimental sites. The fleoding caused

finishad
v dataage to sunte of the experiment. many plainls were cd:med away by the
Lr,ynnﬁalaln W """TT‘]P"“" t]-n»na (1{‘1“}‘115 ]rnat

.-y-.‘

earrent, as were fonr of the eix cages.
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APPENDIY &2 —1

SEED PRODUCTION - 1890

Plant
Cate 1 2 3 4 5 6 7 3 9 10 Growing Growing All other Toal
in mud in sand

April 2 2 2
April 5 g
April 16 2 1 44 47
Aprit 17 2 2 4 52 60
April 19 1 26 27
April 23 5 37 26 5 14 39 46 172
April 24 80
April 26 10 1 3 12 13 13 7 59
April 30 1 8 13 16 1 78 116 233

Total 18 0 49 9 42 o 23 45 2 130 0 0 291 68%
May 1 2 1 5 8 2 g 8 a0 122
May 3 3 9 10 10 8 32 12 184
May 7 38 40 38 1 39 15 62 41 47 237 568
May 8 14 7 14 12 5 15 26 9 29 110 241
May 10 19 63 7 28 3 42 81 34 49 341 647
May 14 13 26 4 89 13 54 94 17 33 405 748
May 16 8 19 59 8 17 53 20 52 349 630
May 18 130
May 23 435
May 25 400
May 29 26 85 68 21 101 111 26 151 36 511 1136
May 31 13 67 57 50 61 129 44 g4 47 378 309



Appendix ceontinued

August 9 7 1 5 179 202
August 12 7 1086 133
August 1€ 7 120 127
August 20 4 4 50 58
August 27 17 5 120 142
August 27 6 81 164 281
August 3 12 7 118 137
Total 11 G 0 0 0 0 0 70 0 15 148 0 1157 1401
“ oL A A A ST L S |
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INVESTIGATION OF RECOVERY TECHNIQUES F(R
ZIZANIA TEXANA

INTRODUCTION

The population monitoring of Zizania texana for the past 20 years has revealed

the rapid decline of this species (Emery 1967, 1977; Fonteyn and Vaughan, 1986).

We propose, therefore, to conduct a series of field exper1ments to deve]op the

...... AT A LTS

techniques needed to ensure the recovery of this species in the San Marcos River.

S

Based on our previous work w1th Zizania, we developed the hypothesis that Zizania
texana was outcompeted by exotic species in its historic native habitat along the
banks of the San Marcos River and was subsequently forced to exist 1in deeper
channel regions. In these regions, populations can exist hut only margf&éf]y;
little if any sexual reproduction occurs. To test the hypothesis, exotic

competitors (primarily Colocasia esculenta - Elephant Ear) currently occupying

the banks of the San Marcos River will be removed by various means, followed by

the reintroduction of Zizania. Add1t1ona1ly, we will establish a popu]at1on at,_

FENE RO S I old

the_Aquatic Station at. Southwest Texas State University (SWTSU) to create a seed

bank and nursery for future experiments and reintroduction to historic native

St mehar i L

hab1tat.- .

EXPER IMENTAL DESIGN
Fifteen protected areas will be selected along the upper San Marcos River. Five
contiguous 2x2 m treatment piots will be delinated in each area (Fig. 1}. The
treatments will be: (1) Control, (2) Interplanting Colocasia with Zizania,
(3) Colocasia manually removed, (4) Colocasia removed by single application of

herbicide, (5) Colocasia removed by multiple applications of herbicide.



To determine the effect of small mammal herbivory (primarily Myocastor coypus
-Nutria) on the establishment of Zizania, one half of each 2xé m treatment plot
will be fenced producing 2x1 m subplots.

In treatment areas 2-5, 10 individuals of Zizania will be planted in each
subplot. Prior to planting, each individual will be clipped to 20 cm. Increases
in culm length will be monitored monthly for 18 months to determine growth rate.
Plants will not be clipped to determine dry-weight increase because such
treatment could prevent successful establishment. Sexual and asexual

reproduction and mortality will also be monitored.

Experimental Design

T-1 T-2 T-3 T-4
E XX XX LT XX XXX K X X XX X XXX
x )S 4 ’c > 5 (k o
* A ¢ X > p < R
Interplanting ] ¢ " ; b : “
Manu . I y -
= Control Colocasia > Remo:aif % Herbicide g Herbicide h
9 and ] Colocasia (Single p. (Muitiple .
Zizania 3 X Application) U Applications)
) < ] ; 3 < .
x 3 < = > g < .
% X p o 5 e < o
k/\/\{\(\f\.ﬂ Fava /\f‘\f'\}q )\/\ LYATAY A AV AYATLY A
g M d—1 M — :
e
[, 4 Fenced Area
PN
Fig. 1



Schecule of Main Activities

September 1986 - August 1987
September -
1. Selection of experimental sites.
2. Growth of Z. texana in raceways of SWTSU.
3. Establishment of Z. texana population in raceways of SWTSU.
October -
1. Manual removal of Colcrasia
2. Application of herbicide to treatment plots 3 and 4. Number and
time of repeat applications of herbicide to treatment 4 plots
will be determined by an expert from Texas Parks and Wildlife.
November -
Texture analysis of soil at exper?mental sites aﬁd sites of current
occupation by Zizania.
December -

Construction of fences.

January 1987 -

Construction of fences.
February -

Observation of effects of (>locasia treatments.
March -

Placement of raceway grown .[izania into treatment plots.



April - August
1. Observations of Zizania growth.
2. Observation of growth of Zizania in raceways at SWTSU.

3. Collection of seeds produced by population in raceways.

September 1987 - August 1988
September - December
1. Continued monitoring of treatment plots.
2. If sufficient seed production occurs investigate germination
and seedling establishment requirements.
3. Assess Colocasia reestablishment. If reinvading, explore
alternative removal methods.
January - August
1. Ceontinued monitoring of treatment plots.

2. Analysis of data and submittal of report.

Importance of Proposed Project to the Endangered Species Program

The experiments proposed would help provide the data needed to formulate a

practical and workable plan to ensure the survival and reestablishment of

Zizania. The project directly addresses several items oulined in the Action Plan

Narrative of the San Marcos Recovery Plan. This study may also assist in the

recovery of another endangered species 1in the San Marcos River -- Gambusia
georgei -- for which Zizania texana vegetation 1is the prime habitat (Robert

Edwards, personal communication).
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Abstract

Zizania rexeng Hitche., an endangered macrophyie has declined in number during the past 50
yeuars. To determine the effects of substrate composition and curren; velocity on plant growth,
plants were grown in pots containing either fine or course sediment at three sites in Spring Luke,
Hays Co., TX. Each site was similar in depth but differed in current velocity. Plants were allowed
to grow for 6 weeks and then harvested. Growth was greaier on fine sediments. There was
significant interaction hetween flow and sediment with fespect to aboveground biomass and stem
density and. there was significant flow effect on leaf length and stem density. Stem density was
greater in fast flowing water (0.40-0.49 m s™') than either moderae (0.12-0.24 ms™") or slow
flowing (0.05-0.12 ms- '} water. The decline in Zizania tevana populaticn can be attributed. in
part, to physicat changes 1o Zi-gniq rexana habilat,

Kexwordy: Current velocity: Endangered: Macrophyle: Photosynihesis: Texas wildn
e il -

e Sediment: Fi-gnia

I. Introduction

Macrophyte growth in streams is influenced. in part. by current velocity and sediment
composition. Low 10 moderate curren; velocities have a positive effect on metabolism by
delivering nutrients, including CO,. to the boundars laver surrounding submerged leaves
{(Westlake. 1967: Smith and Walker. 1980). Sediments are also source of nutrients for
rooted macrophyies {Chambers ef al. 1989). Fine sediments tend 10 be more feriiic thun
course sadimients, allowing for more bromass production in plants grown on fipe

-
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sediments {Barko and Smart, 1978, 1979). Conversely, rooted macrophytes can alter
stream microhabitat characteristics. Macrophyte beds alter flow characteristics, provide
more substrate surface area and have more fine particle sediments when compared with
unvegetated areas (Gregg and Rose, 1982: Losee and Wetzel. 1993).

Zizania texana Hitche, (Texas wildrice), an endangered emergent macrophyte in the
family Poaceae, has long ribbon-like submerged leaves and emergent reproductive culms
(Silveus, 1933). Plants typically form dense stands in fast flowing water and only occur
in the first 2.4 km of the San Marcos River, Hays Co., TX (Terrell et al., 1978). The
upper reaches of the San Marcos River are characterized by numerous riffles and pools;
its headwaters are springs arising from the Edwards Aquifer. Zizania rexana is endan-
gered, in part, because of its limited distribution and a significant population decline that
occurred between 1940 and 1967 (Devall, 1940: Emery, 1967 and US Fish and Wildlife
Service, 1994). At present, there have been few ecological studies on Zizania rexana.
Terrell et al. (1978) provide descriptive observations on the ecology of Zizania texana
and Power and Fonteyn (1995) investigated seed germination and seediing growth on
fine and coarse sediments; but there have been no manipulative field studies investigat-
ing the response of Zizania texana to specific envirenmental conditions.

Due to anthropogenic effects, current velocity and substrate composition in the San
Marcos River are changing. Current velocity is slower due to overpumping of the
Edwards Aquifer and the construction of three dams on the San Marcos River within the
historic range of Zizania texana. During the 1970s. five retention dams were constructed
for flood control purposes in the upper San Marcos watershed. The retention dams have
altered the frequency and magnitude of historic flooding cycles and resuited in increased
sedimentation in the San Marcos River (US Fish and Wildlife Service, 1994). The
effects of such historic changes in the physical characteristics of the San Marcos River
on the dectine of the Zizania rexana population is not known. The purpose of this study
is 10 quantify and compare the growth response of Zizania rexana under field conditions
at different flow regimes and sediment composiions.

2. Methods and materials

Three sites of similar depth (0.76-0.82 m) but different current velocity were
selecied near the spillway in Spring Lake, part of the historic habitat of Zizania rexana.
Depth at the study site was similar to depth of wild Zizania rexane stands. Curreni
velocity was measured with a Marsh—McEimey portable water current meter Model 201
at a depth at which submerged leaves genticulaie with the current. Velocity ranged from
0.40-0.49 ms™" in the fast site, 0.12-0.24 ms™' in the moderate site, and 0.05-0.12
ms~ ' in the slow site.

Coarse and fine sediments were collected from the San Marcos River near wild
Zizania rexana stands. Each sediment type was thoroughly mixed and a subsample was
analyzed for Kjeldhal nitrogen. phosphorus, texture and organic matier content,

Sediments were placed in 16 cm pots along with one gernunated Zizania icxanu seed.
Seedlings were allowed 10 grow and becomie rooted for 5 weehs 0 an outdoor cement
racewiuy on the Southwest Texas State Universiny campus, Poly were then iransporied
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Tabte |
Texture. organic maner content, Kjeldahl N, and phosphones concentratzon of sandy clay and gravel collected
in the San Marcos River, Hays Co.. TX

Sandy clay Gravel
Texture {%)
Sand 36 16
Silt 21 2
Gravel 0 79
Organic matter (%) 39 0.32
Nutrient (mgkg ')
Kjeldahl N 1517 71
Phosphorus 47 L5
rH 7.8 8.5

and planted in each of the three different current velocity sites in Spring Lake. There
were three replicate plots in each site coniaining three to five pots of each sediment
(reatment. Plants were protecled from herbivory by waterfowl wiuh 1 m? floating
exclosures constructed from polyvinyl chloride pipe. wire mesh, and styrofoam blocks.
. After 6 weeks, plants were harvested. Plants badly damaged by herbivory were
discarded. The number of stems (i.e. basal leaves plus reproductive culms) and leaf
length were recorded. Plants were dried and aboveground parts were weighed.
Data were analyzed by faciorial ANOVA (Wilkinson, 1989) {ollowed by a Tukey
multiple comparison (Zar, 1984).

3. Results

Textural analysis indicated sediments were sandy clay or gravel {Table 1). Sandy clay
had greater organic matter content than gravel.

-
I
i P

—_
=

o

44

Aboveground biomass (g)
o
L

0

' Sionw Soderats iast
Pz Anosezround tromass € SEY 0 Zitunic iowne PEYAE G DND YIS of sedimonts and ihree current
vetewtties i Spring Lake, Hays Co., TX.
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Table 2
Two-way ANOVA performed on data collected from Zizania texeng planls grown in (wo scdiments and three

flows in Spring Lake, Hays Co., TX

Source of variation Sum of squares d.1. Mean square F P
Biomass

Flow 10.660 2 5.330 2.204 0.153
Sediment 126.29% 1 126.299 532234 0.000 °
Flow X sediment 22,775 2 11.387 4.710 0.031°
Stem density

Flow 182.538 2 91.269 16.430 0.000 °
Sediment 128.534 t 128.534 23.138 0.000 °
Flow X sediment 51.508 2 25.754 4.636 0032 °
Leaf Length

Flow 0.493 p 0.247 10.857 0.002 °
Sediment 0.088 1 0.088 3.883 0.072
Flow X sediment 0.0%6 2 0.048 2,109 0.164

* Significance at 0.05 levet.

Plants in all treatments increased in mass and density over the course of the
experiment. There was a positive response by Zizania texana 1o increasing flow when
grown in sandy clay and a negative response o increasing flow when grown in gravel
(Fig. 1). Aboveground biomass was significantly greater on sandy clay (P < 0.001), and
there was significant interaction between flow and sediment on aboveground biomass
(P =0.031; Table 2).

There was a positive relationship between current velocity and stem density for both
types of sediments although the effect was greater on sandy clay than gravel (Fig. 2).

There was significant flow effect on leaf length. Leaves were significantly longer in
the moderate site when compared with leaves in the fast and slow site (Fig. 3:

25
Sandy clay
204 D Gravel
-
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¢ 154
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Fig. 2. Stem density (= SEY of Zizania revand grown in twa nvpes of sediments
Spring Lake, Hays Co. TX.
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Fig. 3. Zizania texana leafl ieagth {4+ SE) from plants grown in (wo types of sediments and three current
velocities in Spring Lake, Hays Co., TX.

P = 0.002). There was no sediment effect on leaf length and there was no interaction
between factors with respect to leaf length.

4, Discussion

There was a positive relationship between flow and stem density and aboveground
biomass, but an upper threshold for growth was not observed. Macrophytes are directly
affected by cumrent through physiological enrichment (Westlake, 1967). In addition,
macrophyte community structure can be shaped by current velocity. Chambers et al.
(1991} found plant biomass was inversely correlated to within bed velocities between
0.01-1 ms~'. Nilsson (1987} found species richness reached a peak at a surface
velocity of 0.3 ms™! in a fourth order stream and that species composition in slower
flowing water differed from species composition in faster flowing water. Zizania texana,
with long ribbon-like leaves which provide protection from tearing in turbulent water
(Reimer, 1984), prefers faster flowing water. At lower current velocities Zizania rexana
leaves may be CO, stressed.

Plants exhibited greater aboveground biomass and stem density when grown on sandy
clay, In addition, the response to sandy clav was greater in fast flowing water
(0.40-0.49 ms~') than slow flowing water (0.05-0.12 ms~'). A sandy clay sediment,
however, is unlikely at velocities above 0.3 ms™ because sandy clay is uplifted from
the stream bed at 0.3 ms™*! (Hynes. 1970). When stem production is stmulated by fast
flowing water, the resuiting stemn density coniributes 1o the plant’s ability to modify the
substrate in its favor. Stems slow current velocity. increasing fine sediment and detritus
deposition (Gregg and Rose. 1982). The result is fine sediments within stands. and
coarse sediments around stands.

Physical changes in the San Marcos River inciude sedimentation and reduced current
velocity dee to construction of dams in the San Marcos River and in the watershed, and

i gt ey e+ b8 g e iy e
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overpumping of the Edwards Aquifer. Sedimentation has a positive effect on Zizania
texana growth while low flows are not associated with good growth rates. The decline in
Zizania texana cannot be attributed to sedimentation in the San Marcos River: however,
the population decline can partly be attribuied to reduced flow among other possible

factors.
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Abstract

These contributed papers review the current status of plant conservation in the
southwestern U.S. in the current legislative arena, citing specific cases from surveys,
and genetic, demographic, and ecological studies. In addition, broad issues affecting the
paradigms of conservation of rare plant species in an ecosystem management context
are reviewed,
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Reintroduction of Texas Wildrice (Zizania texana) in
Spring Lake: Some Important Environmental
and Biotic Considerations

PAULA J. POWER
Biology Department, Southwest Texas State University, San Marcos 78666

Abstract: Texas wildrice (Zizania texana Hitchc.), an endangered macrophyte, is endemic to
the San Marcos River and Spring Lake in Hays County, Texas. Its population declined dra-
matically between 1940 and 1967. In a reintroduction program that was initiated in 1992,
plants were transplanted into five microhabitats at a density of 10 plants/m?2. Seasonal
monitoring identified an initial increase in plant size followed by high mortality in three of
five sites. Data suggest that stem density is a good indicator of future transplant success and
that current velocity is an important environmental factor associated with transplant success.
However, herbivores have continually clipped reproductive culms just below the water sur-
face. This limits transplants to clonal reproduction.

Introduction

Texas wildrice (Zizanig texana Hitche.} is an
emergent macrophyte in the family Poaceae. It has
long ribbon-like submerged leaves and reproduc-
tive culms that arise from the base of the plant.
Each culm has an emergent terminal inflorescence,
allowing for wind pollination. Culms root at the
nodes, producing tillers, which is a form of clonal
reproduction.

Zizania texana is endemic to the first 2.4 km of
the San Marcos River and Spring Lake, Hays
County, Texas, the headwaters of which are
springs arising from the Edwards Aquifer. The
springs are located in Spring Lake. Historically, Z.
texana was abundant in Spring Lake, the San
Marcos River, and adjoining irrigation ditches
(Watkins 1930, Silveus 1933, Devall 1940). During
the first half of this century, Z. fexana, like many
macrophytes, was considered a pest species and
efforts were made to control the growth of the
plant (Watkins 1930, Emery 1967). Between 1933
and 1967 the population declined significantly,
and after 1977 Z. texana occurred only in the first
2.4 km of the San Marcos River (Emery 1977).

Zizania {exana is now listed as an endangered
species by both the U.S. Fish and Wildlife Service
and the Texas Parks and Wildlife Department
{U.S. Fish and Wildlife Service 1985). Factors
threatening the survival of Z. texana include re-
duced spring flow from the San Marcos springs
due to overpumping of the Edwards Aquifer,
reduced water quality in the San Marcos River
from nonpoint source poilution, competition and
predation by nonnative species such as nutria
(Myocaster coypuis), absence of sexual reproduction,

and alteration of sediments in the river bottom
(U.S. Fish and Wildlife Service 1984). Alteration of
the river sediments includes deposition of fine
organic and inorganic particles due to reduction in
frequency and magnitude of historic flooding
cycles, and coarse gravel deposition from soil
erosion in the immediate water shed.

Twice during the past 20 years Z. texana has
been transplanted from captive populations on the
Southwest Texas State (SWT) campus into the San
Marcos River in attempts to increase the naturally
occurring population. There were no long-term
survivors in either case (W.H.P. Emery, personal
communication, Fonteyn and Power 1990).

Monitoring a plant population concerns the
quantitative assessment of the population over
time using data derived from individual plants,
which allows managers to detect important
changes in health, vigor, and reproductive poten-
tial, as well as identify demographic trends such as
adult suryivorship and seedling recruitment.
These measurements are vital in evaluating the
long-term success of a reintroduction program
(Palmer 1987, Pavlik and Barbour 1988). The
objective of this project, which will be completed
in 1996, is the reintroduction of Z. texana into
different microhabitats in Spring Lake, and the
monitoring of the status of the transplants in each
microhabitat. The outcome of the study will pro-
vide managers with important information neces-
sary for decisions with respect to San Marcos River
and walershed management, as well as insights
inlo appropriate environmental conditions for
more successfut transplantation into the San Mar-
ces River,
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Figure 1. Spring Lake, San Marcos, Hays County,
in five sites between 1992 and 1995. Sites were Wetland (WT), Transition (TR

and Spillway (SW).
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Table 1. Ranges for current velocity, water depth, light, and soil characteristics found in Zizania texana reintroduction
sites in Spring Lake. Observations and measurements were collected between 1992 and 1995; + = presence; 0 =

absence.

WwT TR RV SP SwW
Light Full sun Full sun Partial sun Full sun Partial sun
Sediment Soft mud Soft mud Soft mud Soft mud Mud/sand/gravel
Water depth (m) 0.31 0.76 0.91-2.04 2.34.3 0.70-1.13
Current velocity (m/s) 0 0.027 0.038-0.079 0.030-0.038 0.088-0.345
Survivorship 0 0 + 0 +

Table 2. Zizania texana in five reintreduction sites in Spring Lake, Hays County, Texas; + = presence, 0 = absence.

Year WT TR RV SP SW
1992 + + +

1993 0 + +

1994 0 0 + +

1995 0 0 + 0 +

Table 3. The data below represent reproductive activity by Zizania texana grown in two sites in Spring Lake during
summer 1995. Culms represent sexual reproductive activity; tillers represent asexual reproductive activity. Data were
collected from three transects in each site; SD in parentheses.

No. Culms/ Percent Clipped No. Emergent No, Tillers/
Plant Culms Inflorescences Plant
RV 3.44 53 0 358
(1.073) (31.4) (1.843)
W 125 - 8.3 0 042
L (1.146) (14.4)

£ BT RN

herbivores. Culms that were not clipped were all
well below the water surface. There were no emer-
gent inflorescences at either site.

Discussion

Monitoring plants has identified some impor-
tant relationships between environmental factors
and health and vigor of Z. fexana transplants. For
example, plants in sites with no detectable to slow
current had high mortality, while plants in sites
with moderate to fast current velocity had survi-
vors. Rose and Power (1994) examined the rela-
tionship between current velocity and culm pro-
duction, and suggested that culm production may
increase in flowing water either by mechanical
stimulation of the meristem or physiological

(0.723)

»

enrichment. In contrast, there was no consistent
relationship between survivorship and water
depth, suggesting that water depth does not play
as critical a role in transplant success (Table 1).
During 1994 and 1995, losses in leaf length and
stem density were followed by periods of recovery
in some sites (Figures 4 and 5). Plants in TR failed
to recover from losses of plant material in 1994
and plants in SP failed to recover in 1995. Damage
to leaves and stems was probably due, in part, to
floating and drifting mats of aquatic vegetation,
which is mechanically cut upstream by Aquarena
Springs, a nature theme park. Despite attempts to
harvest cuttings, some cuttings drift downstream,
form mats that tend to accumulate in spring and
summer during peak growing periods, and L en
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Figure 2. Plant density of Zizania texana transplants in Spring Lake at RV site between winter 1992 and
surmmer 1995. No data are available for 1992 and 1993. Time since transplanting in parentheses.

break up during fall and winter. The mats, com-
posed primarily of Cerataphyllum demersum, be-
come entangled in Z. fexana leaves, shredding
them. The mats block sunlight and slow current
velocity (Rose and Power 1995). Zizania texana
plants appear to recover from the damage attrib-
uted to the mats during fall and winter.

In summer 1995, plants in SW and RV pro-
duced reproductive culms and asexual tillers
{Table 3). It is unknown at this time whether the
lower number of culms and tillers in SW com-
pared with RV is attributable to the age of trans-
plants or environmental conditions.

Reproductive failure has been noted many
times as a serious threat to the survival of Z.
texana, but there has been no documentation of the
cause of reproductive failure (Emery 1967, 1977,
Terrel! ot al. 1978, U.S. Fish and Wildlife Service
1984). In this study we identified herbivory as an

important contributor to reproductive failure.
Over half the culms at the RV site were clipped
and 8.3 percent of culms were clipped at the SW
site. All culms close to the surface were clipped,
precluding seed production. Field observations
suggest that some important herbivores include
crawfish, near the base of the plant; nutria, which
was first introduced to Hays County after 1960
{Texas Agricultural Extension Service 1987); and
resident waterfowl, including swans, mallards,
and muscovy ducks, which are encouraged by
Aquarena Springs employees with supplemental
feed to remain throughout the year for the amuse-
ment of Aquarena Springs guests. With the loss of
all inflorescences by herbivory, transplants are
limited to clonal reproduction.

Will Z. fexana persist in Spring Lake? Histori-
cally, emergent reproductive culms were a com-
mon occurrence in the San Marcos River and
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Figure 3. Plant density of Zizania texana transplants in Spring Lake at SW site between winter 1995 and
summer 1995. Time since transplanting in parentheses.
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Spring Lake (Devall 1940, Silveus 1933, Watkins
1930). Today, however, reproductive culms are
under an onslaught of herbivore activity, and
there is no new recruitment by seed. In addition,
literally tons of drifting aquatic vegetation become
entangled in Z. fexana plants, blocking sunlight,
slowing current velocity, and damaging leaves.
Zizania texana’s existence in Spring Lake is further
jeopardized by reduced spring flow from the Ed-
wards Aquifer and possibly competition for space
and light from introduced macrophytes. Zizania
texana has persisted in RV and SW despite these
insults. Monitoring these sites through 1996 will
provide the additional data necessary to draw
conclusions about the long-term status of Z. texana
in Spring Lake.
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Growth of Texas Wildrice (Zizania texana) in
— Three Sediments from the San Marcos River

ABSTRACT

A conservation population of the endangered Texas wild-
rice has been maimained in an outdoor raceway on the
Southwest Texas State University campus since 1986, To
determine a suitable planting medivm for raceway grown
plants, seeds were germinated. then planted in three soils:
clay, sandy clay lo%m, and gl"a\cl After 6 weeks of growth,
p]aan were dried, separated into above and below gtound
parts and weighed. Plants produced the greatest biomass in
sandy clav loam and the least in clav. Plants grown in clay
{with intermediate nutrient concentration) had the highest
r:s, 0.74, which suggests sediment wexture as well as nutrient
concentration may play an important role in growth of this
endangered species.

Koy words: macrophyte, nutrient concentration, Texas wild-
rice, Zizanlia lexana, root 1o shoot ratio, endangered species.

INTRODUCTION

Texas wildrice (Zizania fexana Hitche} is an emergent
aquatic macrophyte in the family Poaceae. lws distribution is
‘imited (o the firsi 2.4 kilometers of the spring fed, thermally
constant San Marcos River, Havs County, Texas. Texas wild-
sese typically occurs adjacent 1o the deepest part of the river

el in gravel or soft, muddy sediments forming dense
#ds which vary in aerial coverage from approximately 0.45
m* to 194 m* (Texas Parks and Wildlife Deparument 1990).

Texas wildrice is listect as an endangered species by both
U.S. Fish and Wildlife Service and Texas Parks and Wildlife
Department. Factors which threaten its survival include
reduced spring ftow from ihe San Marcos springs, reduced
water qualiny in the San Marcas River, competition and pre-
dation by nonnative species such as Nutria ( Myocaster coypus)
and H_m'u/!a verfzedllata, absence of sexual reproduction in
the wild, and alteraton of sediments in the river bottom
(U.S. Fish and Wildlife Service 1984, Alteration of the river
sediments includes deposizion of fine organic and inorganic

particles due e reduction m frequency and magnitude of

historic flooding cveles. and coarse gravel (icpo:luon from
soil erosion in the immedinie warer shed. To prowect plants
from cxtincion from threars o the wild and also for
research purpoeses. attempts huve been mmade to propagate
Texas wildrice outsicle the San Marcos Rwver, Terrell et al.
(1978 had himed success growing mature Texus wildrice
phints in Beiswilles Muvhond, Finerv (1977 brieflv grew
Tevas witdvice i an outdoor raceway on thie Southwest Texas
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State University (SWT) campus, San Marcos, Texas; but, they
were not mainwined after Emery’s retirement in the late
1970's. Inn 1986 Power collected small clumps of Texas wild-
rice from the San Marcos River which were planted in peat
pots containing native sediments and placed in flowing water
on the SWT campus. A conservadon population of Texas
witdrice has since been maintained on the SWT campus.

Growth by Texas wildrice is significantly influenced by the
sediment in which it is grown {Power and Fonteyn 1995). It
1s unknown, however, to whart extent nutrients and sediment,
separately or in combination, influence plant growth, This
study was initiated 10 elahorate on the nutritional require-
ments of Texas wildrice and the potential role sediment tex-
wure may play in plant growth. The objective was to
determine growth response by Texas wildrice when grown in
sediments collected from the species’ natural habitat. The
research will improve our undersianding of the ways in
which sediments effect plant growth; and, 1t may benefit
decisions on management with respect o the conservation
population, habitat alteration of the San Marcos River and
watershed, and future reintroduction programs of this
endangered species.

METHODS AND MATERIALS

Three sediment tvpes were selected for the growth experi-
ment, 1) a moderatelv fine sediment from Sewell Park in the
San Marcos River; 2 a coarse sediment from the confluence
of Sessom Creek and the Sun Marcos River; and, 3) a very
fine soil adjacent to the San Marcos River. Thirne 10 em pear
pots were fitled with one of three suil types and placed ran-
domly in a racewav. Water flowed T.h.ough the raceway at
0.015 m/s from the Ecdwards Aquifer via an artesian well on
ihe SWT campus. Water depth was 0.4 m. One germinated
Texas wildrice seed was placed in cach pot. After six weeks
growth, plants were harvested. Soil was gendy washed from
Plants were retuwrmed o the 1ab and divided into
Phant material was dried and

the roots.
abhove and below ground paris.

weighed.
Subsamples of each soil tpe were shipped v Texas A&M
Soil Testing Laboratory for wxinre. orgianic maner, and

mrient anadvsis,

Daa were anabveed by single facior ANOVA [HHowed in
Tokey Muliiple Conmparisen. Proportionul data were frans
formed bemrasine transtornaaon betore analsis (Zar TOS

RESULTS AND DISCUSSION

Oy the bosis ol tespued anabsas, sedimenis were desig-
mated ol smdy el o amd gravel Clesas A Soil Tesi-
g Tabortor s Clay sas o fine sonl consisting of 629 clay



TABLE |. TEXTURE AND QRGANIC MATTER CONTENT OF THREE SOILS: CLAY,
SANDY CLAY LOAM AND GRAVEL, COLLECTED IN AND AROUND THE SAN MARGOS
RIVER, SAN MARCOS, TEXAS.

Lexture (%) Clay Sandy clay loam Crrved
= kt 56 16
35 23 2
(G2 2 3
Gravel ¥ 0 7
Organic matter (%) 1.7 1.9 (.32

35% silt and only 3% sand. Sandy clay toam, a modcrately
fine soil, consisted of nearly equal parts silt and clay and 56%
sand. Gravel consisted of 79% gravel (particles larger than
9mm), 16% sand and uegligible amounts of clay and silt
(Table 1). Sandy clay loam had the greatest organic mater
content, 3.9%, followed by clay, 1.7% and gravel, 0.32%.
Organic matter most likely contributed to the physiological
enrichment of the sediments, especially sandy clay loam
(Sand-]ensen and Sendergaard 1979).

Soils were analvzed for pH, NO,. Kjeldahl N, available P,
K, Ca, Mg, Z, Fe, Mn, Cu, Na, and S. Soil nutrient concentra-
tions are presented in Table 2. In water, N, P, Z, Mn and Cu
coprecipitate and are taken up by the roots (Barko et al.
1991). Of the nutrients which coprecipitate, P and especially
N are commeonly considered important limiting nutrients for
macrophytes (Barko and Smart 1979; Barko et al. 1991).
Sandy clay loam had double the Kjeldahl nitrogen concen-
tration of clay, and Kjeldahl nitrogen concentration of gravel
was negligible. Available phosphorus concentration was

ighest in clay followed by sandy clay loam.
Total biomass of plants grown in sandy clay loam (0.790
™\ was significandy greater when compared with plants

n in gravel (0.138 gm} and clay (0.025 gm). Root and
w5 biomass were also significantly greater in plants grown
in sandv clay loam when compared with plants grown in
gravel and clay (Table 3). Nitrogen most likely limited plant
growth in gravel and clay sediments. In contrast, phosphorus

TABLE Y. NUTRIENT CONTENT {MG 7RG DRY SOI1.) OF THREE SOILS; CLAY, SANDY
CLAY LOAM AND GRAVEL, COLLECTED IN AND AROUND THE SAN MARCOS RIVER.
SaN MARCOS. TENAS, TENAS WILDRICE SEEDLINGS WERE PIANTED IN EACH 5011,

TPE.
Nutrient Clav Sands clav loam Cravel
ENQ, 1 1.3 0.8
“Rjcldahl N 776 1217 7l
"‘I‘.hn\'piml‘m 50 47 15
Pestinaitun BN a0 15
Calcium PRRun [RREI 1830
Mugnesiin wae bRy KoLH)
VAT 0.1 s (.6
Tron 14 R B
Nangaese L 5.2 1.2
U in TR 0]
Solitim 2 G 17
sl Wi Hrae f2=
pil ! P R

Nutnents which eoprecipianes theis source s <edunent. All oter nutients
cesalts whrche dissodve st and wee st nhely aken o Ba shioeois
otk erad, T

-,

AND ROOT T SO0 RATIO OF TEXAS WILDRICE GROWN IN THREE SEDIMENTS.

LETTER FOLEOAWING MEAN INDICATES SICNIFICANT DIFFERENCE USING TUKEY'S

MULTIPLE COMPARISON PROCEDURE AT THE 0.00 LEVEL OF SIGNIFICANCE. 81
IN PARENTHESIS.

Bionass Clay Sandy cluy loam Gravel
Shoot Q014 0.616H 0.094a
(0.006) (0.203) (0.043)
Raoot 0.011a 0.174h 0.044:
(0L007) (0.051) (0.0115)
Taral 0.023a 4.79Gh 0.138a
(G013 (0.254) {0.057)
R:S 074 0.29h 0.50c

Means foliowed by standard deviation.

was probably nota limiting factor because clay, with the high-
est phosphorus concentration, produced plants with lowest
total biomass.

On inferile sediments, plants allocate more biomass to
belowground suructures to maximize volume of soil occupied
by roots, resulting in relativelv high root to shoot ratios
(Barko et al. 1991). In this study, however, a different biom-
ass allocation patiern developed than was expected. Plants
grown in clay soils (with intermediate nutrient concentra-
tion) had the highest root to shoot ratio, 0.74 {Table 3). This
suggests plants grown in clay allocate more biomass to below
ground parts in an effort 1o maximize nutrient uptake, and,
nutrients, although present in relatively moderate amounts,
are inaccessible 1o plant roots. It is possible small, closely
packed clay particles may impede root penetration making
nutrients essentially inaccessible for uptake..

Plants grown in the most nuirient depauperate soil,
gravel, had an intermediate root to shoot ratio, 0.50. Sandy
clay loam, not surprisingly, had a low root to shoot ratio, 0.29
{Table 3). High root to shoot ratio of plants grown in gravel
relative to sandy clav loam suggests nutrient limitation on
gravel sediments, This may be due w both low nutrient con-
cenitration and low nutrient availability because of the
greater diffusion distance between gravel particles (Barko
and Smart 1986).

In conclusion, high root w shoot ratio of plants grown in
clav which had intermediate nutrient concentrations: and,
low productivity by plants grown in gravel and clay suggest
that soil exture as well as nutrient concentration play an
important role in Texas wildrice growth. Plant growth limita-
tion on very fine sediments may be due to textaral consider-
ations and on coarse sedimenis. limitation may be duc o
nutrient considerations, When selecting sediments for a
planting medium for Texus wildrice, either for a conserva-
tion populaton or other purposes. such as reintroducton
programs or research projects when high productivity is
desirable. coarse. as well as very fine sediments, should be
avoided, Sediment selection should focus on moderately Aine
sediments with high nuirient concentraanns,
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DIRECT AND INDIRECT EFFECTS OF FLOATING VEGETATION MATS ON
TEXAS WILDRICE (ZIZANIA TEXANA)

PavLA POWER

Department of Biology, Sewthawest Texas State University
San Marcos, Trxas 78666

Texas wildrice {Zizanin lexana) is a perennial
emergent aquaic macrophyte in the family
Poaceae. It has long, ribbonlike, submerged
leaves and reproductive cuims that arise from
the base of the plant. Each culm has an emer-
gent terminal inflorescence allowing for wind
pollination. Zizania texana is endemic o the first
2.4 knt of the San Marcos River and Spring Lake
in Hays Co., Texas. It commonly occurs at mid-
chanrel in relatively fast-flowing water (Silveus,
1933; Terrell ¢t al., 1978).

Zizania texana is listed as endangered by both
U.S. Fish and Wildlife Service and Texas Parks
and Wildlife Department (U.S. Fish and Wildlife
Service, 1985). Factors that threaten survival of
Z. texana include reduced spring flow from the
San Marcos springs, reduced water quatlity in the
San Marcos River, competition and predation by
nonnative species such as Hydrilla verticillata
and nutria (Myocaster covpus). failure o repro-
duce sexually, and alteration of sediments in the
river bottom (Emery, 1967, 1977; U.S. Fish and
Wildlife Service, 1994).

More rlecently, floating and submerged drift-
ing aquatic vegetation have been identified as a
polential threat to Z. fexang plants. Aquatic
vegetation, including Cerataphylium demerswm,
H. verticitlata, Egeria densa, is mowed in Spring
Lake, the headwaters of the San Marcos River,
and despite attempts at harvesting.the cuttings,
cul vegetation drifts downstream. Cur vegeza-
tion combines with drifting macrophyvie frag-
menis and tends o accumulate behind obsirue-
tions at or above the water surface. Obstructions
occur in fast or slow flowing water and can be
floating Z. lexana leaves. emergent Z. texana
culms, other floang vegetation, fallen 1rec
limbs, wrash, or debrs. Enangled vegerasion
can form thick mwats over Z0 teena stands i as
ltle as one week.

Direct negative effects of floating vegeraton
mass may include shreddimg of 2 fexana eapves
B serrated deal marging of some maciophies
it O denersony and ierlerence with vepro-

ductive culin emergenee. Indoeit negative of-

fects include blocking sunlight, which interferes
with photosynthesis, and slowing current veloc-
ity, which may reduce nutrient uptake from the
open water (Smith and Walker, 1880; Boeger,
1992). The objective of this research was 1o quan-
tify direct and indirect effects of vegetation mats
on Z. texana stands.

An artificial obstruction on which drifiing veg-
etation would become entangled was created
with a 1-m long by 0.075-m diameter floar con-
structed of polyvinyl chloride pipe. Floats were
anchored to the river bottom perpendicular to
the direction of flow, at the leading edge of four
Z. texanq stands in the San Marcos River in July
1995, Each Z. fexana stand was composed of
closcly spaced. mawure individuals. A control
area was marked adjacent to each floai. Sites
were In areas where current was great enough
to wash floating vegetation downstream in the
absence of an obstruction. This eliminated the

-need o remove vegetation mats from controt ar-

eas. Vegetaton accumulated upstream and
downstream from the float. Six measurements
were recorded i ecach control and treatment
ared. The measurements were: water depth: cur-
rent velocity (measured at 20, 60, and 80% depth
with a Marsh-McBirney portable water currem
meter model 2013 photosynihetically active ra-
diation (PAR, measured immediately below the
water surface with a Li-Cor hight meter model
LI-1858 with a LI-1935B spherical quantum
sensor); leafl length (calculated as the averuge
length of 5 or 6 leaves): stem density (no. of re-
productve culms + no. of submerged teaves 1100
an®) and percent damaged leaves (calculated
fram 50 teaves inspected for shredding or eiher
signs o mechanical damage). Measurements
were taken ac the leading edge of each stanel in

Julyand mid-Aagast 1995 s weeks adter con-

strwction and placement of o)

Graly samples o vegetation mats were col
lecred from swe yepiicaaes at e end of the ex-
pernmentad pervd. Plant spedies were separated
ane aelenidicd. and percent spedies composition

ol eacl samsle o derermimed
i
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TABLE P—Environnentd] measurements and Zizania texana vesponse (SO in parentheses) 10 vegetation mats,
Data were recorded at the beginning of the expertment (initial) and six weceks adier construction of floats that
created vegetation nats {treatiment); adjacent areas lack vegetation mats (control).

Time of measurement

Inztizl Six weeks
Measurenent Canral Treatmesu Contral Treatient
Water depth (mj) 0.51a' 0.37a 0.52a 0.47a
(0.13%) (0. 180) (0.132) (0.160)
Current velocity (nys) 0.210a 0174 0.2%2a 0.032h
(0.059) (0.04m) (0,099 {0.009)
PAR (pEfsim®) 15004 14752 13304 77b
(316} {709 (205} (10)
Leaf length {m) [.}2a 1.12a 0.95a 3.60b
(0.278) {0.285; (0.131) (0.1
Stem density (100 cm?) 69.7a 66.7a 60.2a 20.2h
(20.0) (12.4) a1 (6.40)
Percent damaged leaves 15a tGa 10a 94h
R (0.007) (0.003) {0.002) {0.034)

''Means for 4 measurement within a rime period followed by the same letier are not significamly different

(> 0.05):n =4,

Means from treatment and control areas art the
begiuning of the experiment and after six weeks
were compared with a paired -test {Snedecor
and Cochran, 1980},

At time zevo, there wis no significam differ-
ence between control and treatment in any cat-
egory measured {Table 1). After six weeks, cur-
rent velocity, PAR, stem density, and leaf length
were significantly less in the treaiment areas
compared with the control areas {Table 1). A
higher percentage of leaves were damaged in
wreatiment areas compared with control areas. In
addition to being shredded. damaged leaves ap-
peared 10 be paler green in color or achlorotic,

The upstream sample, composed primarity of
. demersion, a submerged macrophyie common
in Spring Lake, was 0.35 m thick. The down-
stream sample was composed of vegetation com-
mon in the San Mavcos River; Polanogeton sp.
and Sagitaria platyplhiylla were the most abun-
dant species (3087 and 3534, respectively: Table
2 The downstream sample was 0.37 m thick.

Curreme velociny was significantly slower in
treatment preas compared ta control areas. Sta-
sonary objects, such as macroplvees. can reduce
cinrent velodities in Hlowing water (Gregg and
Rose. TO821, Dense vegelation mats (ocoupying
abour 2370 o the water columny ohsiucteed wa-
ter menement aind slowed corremt velocny in
treanment V

drcas. o oaddinon, siem densing of

plans s rreannem ueas declined duing the

study period while stem density of plants in con-
trol areas remained unchanged. A number of
studies have found a positive relationship be-
tween flow and carbon uptake and photosyn-
thetic rates (Smith and Walker, 1980: Madsen
and Sendergaard, 1983}, Flowing water may also
provide mechanical stimulavion of meristematic
tissue resulting in increased stem density. The
decline in stemn density observed in this study

TasiE 2—Spedies composition (%) of vegetation
mats sampled six weeks after consruction of vegetation
flaats. Location 1 was downstream from confluence of
Purgatory Creck and San Maroos River, adjacent o
Cenmtennial Park pienic area. Location 2 was in Sewell
Park approximately 30w downstream from Loop 82
Bridye.

Composition (%)

Speches Location 1 focation ¥
Coetlombioe corolinicia ¢ 2
Ceredaplicilion deinersam 15 75
Ceralapic dialadioados 1} 1
.".:’_4. riee ok . I b
Ere fihsy e I Y] Y
Fivd reller e rticifioa 10 7
Myvinphivilin speation " u
Pateitiogs £ <p Rt |
Nesgrritervin :m"r.‘f\"hfn_ﬂ'fq ih 3]
Ctitndnnin 1l 2
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may be attributed. i part, 1o the negative effec
of decreased current velocity,

Plants in treatment areas had  significanly
more damaged leaves than control arcas. Cera-
tophylham demersion and H. verticellata have ser-
rated leaf margine and when m coace they
shred Z. fexana leaves. Damaged leaves most
likely had Jower photosynthetic rates than leaves
in control areas due to leat shredding and
reduced PAR below mats.

Vegetation mats may also imterfere with culm
emergence and pollination, contributing  to
sexual reproductive failure. The effect of vegeta-
tion mats on reproduction requires further study.

Other direct mechanical damage o Z. lexana
by vegetation mars mav incude uprocting of
plants. Although uprooting of plants was not ob-
served Indreatment areas, it 15 not uncommon to
. observe sediments croding from the base of

plants and eventually enure plants become up-
rooted. It is unknown whether uprooting of
plants in the wild is duc to disturbance of the
sediments or caused by drag on plants from en-
tangled vegetation [ragments or some other fac-
Lors.

Historic photographs of Z. texana and the San
Marcos River (Silveus, 1933} suggest that vegeta-
tion mats are more common in the upstrearn site
today than in the past. The increase in mats may
be diue o a change in species composition exhib-
iting a growth form more susceptible to fragmen-
tation and drifting in Spring Lake and the San
Marcos River. Hydrilla verticellata, a fast grow-
ing macrophyte. was introduced o Spring Lake
and the San Marcos River. and (. demersum, a

“nonrooted submersed macrophvie, carrently has
a wider distribution iy Spring Lake than histori-
cal records would indicate it had n the past
(Watkins, 1930 Devall, 19401, In addition, mow-
ing of Spring Lake. a practice initiated as carly
as the 190075, releases thousands of kitograms of
macrophvie fragments annually.

Finatly. reduced Hooding due 1o the construc-
non of Hlood control dams in the San Marcos
River watershed and the resulting absence of
scouring of the river botom, tegether with re-
duced spring flows due o over punipng ot the
Edwards Aquiter, i conmbote o conditons in
the San Muarcos River that favor increased mac-
rophiie grovi asd ahundince, coniributing 1o
\’('g(‘l.lil!)” [BETSEAN
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MOISTURE, SEEDS, AND REPRODUCTIVE FAILURE IN TEXAS
WILDRICE (ZIZANIA TEXANA)

Pauta PoOwER

(

Biolegy Department, Southwest Texas State Uniuersity. San Marcos, Texas 78666

ABSTRACT—The population of Texas wildrice (Zizania texana), an endangered macrophyte en- 3
demic to the San Marcos River, Texas, declined benween 1940 and 1967, The decline has been ]
attributed to reproductive failure among other factors. Panicies in the wild can be pushed under 1
water for periads of time by floating bits of vegetation, swiniming waterfow! and recreadonal users 3
of the river. In this study. the potential role of wetting developing panicles in reproductive failure 1
was investigated. Wettng was achieved bv misting panicles for 30 seconds 3 times/day, or by ]
submerging panicles for 3 or 6 hours each day during floral and seed development, Control
panicles were left undisturbed. In addition, seeds collected from treated panicles were categorized
as having firm, soft, or liquid endosperm. Control panicles devetoped significanuy faster (9.4 days)
than panicles submerged for 6 hours (14.8 days}. Seed set was significantly lower when panicles
were submerged for 3 and 6 hours, There was a significant interacion between treatments and
seed endosperm catcgorv. The greater the wetting time the greater the proportion of seeds with
liguid endosperm and thus inviable seeds. In addition, secds with soft and liquid endosperm were
smaller and contained more moisture than seeds with firm endosperm indicating seeds had not
gone through a critical period of dry mater accumulation and that there was a difference in
maturity level among secd categories.

Successful sexual reproducton in angio- reduce successful germination and seediing
sperms has three sequential stages: pollination, growth (Kermode and Bewley, 1985).
fertilization, and seed mawration (Lyons er al,, Zizania texana, an anemophyllous, perennial
1989). During each stage of reproductdon macrophyte. is @ member of the family Po-
there are hazards which may result in repro- aceae. It is listed as endangered by both the
ductive failure. During pollination of anemo-  state and federal government (UL.S. Fish and ;
phyllous plants (wind pollinated) weather can .. Wildlife Service, 1985). Emergent culms pro- '
pose a hazard. Anthers generally do not open  duce terminal panicles during spring, sumumer, i
unless the weather is warm and dry, because and fall months, and long ribbon-like sub- ’
pollen is rapidly washed out of the air during  merged leaves are produced throughout the :
rain (Faegri and van der Pijl, 1979). In addi- vear. Panicles are monoecious with separate
tion. anemophyilous plants are dependent on male and female spikelets. Lower branches
high pollen densin to successtullv pollinate,  bear one-flowered staminate spikelets and up-
because they lack specific animal pollinarers to per branches bear one-flawered pistillate spike- :
efficienty distribute pollen. High pollen den-  lets (Gould, 1975). Floral development is sim-
sity is most likely achieved by large closely  ilar o Z pefustris as described by Archiboid ¥
spaced populadons (Faeri and van der Pijl. and Weichel (1988) and 2 aguatica var. agqua- :
1974). tica as described by Wel and Dale (1960). Pis-

For mast sceds, desiccadon is the final siage  dllate spikelets emerge from the leaf sheath r
during secd development, it leads 1o a state of  and sugmas are exserted overa number of davs
meabolic quiescence before germination.  followed Iy emergence ol siaminate spikelets :
Secds which do not achieve low molstire levels and anther debiscence, R

Abhthough historically an abondant species in g

during development, may nol Ferminate upon
imbibition fRermode and Bewlev, THE3). Ap-
parenidy. condinons which mpede dessocation

pose a husrd during seced developmient and

ihe San Marcos Bivers Havs Co,, Texas, £ fex-
an dechined drwmaticdhy between 1940 and

LOSO (Emery, 1967, 1977 Vaughn, IRGY. Pres-
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enily, Z texana occurs mostly as small-to-mod-
erate-sized fragmented stands scattered along
the first 2.4 km of the San Marcos River. Its
population decline has been attributed to a
number of factors including sexual reproduc-
tive failure {Emery, 1977, Vaughn, 1986). Re-
productive failure can be auributed, in parg, to
herbivory by nutria (Myocaster coyprues) , an intro-
duced rodent and herbivory by waterfowl (U.S.
Fish and Wildiife Service, 1994; Power, 1995).
Historical records suggest in the past, emer-
gent panicles and seed set were common (Sil-
veus, 1933). In contrast, at the present time,
few panicles emerge from the river water in the
wild. In high current areas, panicles can be
drawn underwater periodically. Panicles can
also be pushed under water for periods of time
by bits of free floating vegetation, swimming
waterfowl, or recreational users of the river
{Power, 1996). The effect of submerging de-
veloping panicles on pollination and seed mat-
uration is not well understood.

The objective of this smdy was to determine
if wetting or submerging reproductive culms
during floral maturation, pollination and seed
development poses a significant threat to re-
productive success.

MerHoDSs AND Mareriuws—Inhially, a bagging ex-
periment was performed 1o test the ability of pani-
cles o sclf poltinaie, Secondly, misting panicles with
a hand held mister and gently submerging panicles
was used as a method of examining if wetting pani-
cles affected the 1) tming of panicic development;
2) sugma receptivitvg 3) pollen viability; 43 seed sen;
and 5) seed development. Each aspect ol reproduc-
non was examined separatety,

Plants were grown in 10 cm diamewer peat pois i
sediments collected from the San Marcos River. Pots
were placed in an outdoor cement rucewny an the
Southwest Texas Swre Universine camipus, Warter
flowed into the raceway through o valve wt one end
and out a drain ar the ather end. The racewayv is
about 50 m leng and about 1 omowide, Waier depth
was approximately A0 cm. Phuns were closely spaced
along about H) o of the raceway. Panicles were erect
and cmergent during the stade which ook place be-
tween Mav and Mogust, 1O95G

A hagging experiment exaumined the abiliny of 7
texetnes 10 sell pollinaie. Panicles weres 1) bagged wod
allowed o self pothinate: 2y bagged and envsculaced
as anthers cinerged frons the sheatte aned 39 1ol oo-
Bagued. There were cight seplicate panseles Tor cacly
trestnment. Bags were e lrome 5o wide ddialvas

tibany coatio lengihs fong cnmgh o complerel oo

er panicles. Bags were sccured with staples, When
seeds were evident on control panicles, ali control
and weated panicles were harvested and percent
seed set for each panicle was calculated as number
of seeds present/number of pistillate spikelets/pan-
icle.

To determine if wetting affecied the duraton of
panicle development, pistitlate spikelets were tagged
when they first emerged from the leaf sheath and
then either 1} misted for 30 scconds ar 100 AM, 2:
00 PM and 6:00 PA; 2) submerged for 3 hours; 3}
submerged for & hours; or 4) left undisturbed (con-
wrol). Each dav the presence of pistillate spikelets
with exerted stigmas, staminate spiketets, and de-
hisced anthers was recorded. Treatments continued
each day until ail anthers dehisced. There were sev-
en replicaie panicles for each treatument.

To determine if weuing affected stigma receptivi-
o, panicles were tagged and cither 1) misted 3
dmes/day; 2) submerged for 3 hours each day; or
3) left undisturbed (control). Three to seven pistil-
late spikelets with newly exserted sugmas were col-
lected from panicles on five consecutive days. Spike-
lets were retwrned 1o the lab and immediately placed
in capillary wbing containing hydrogen peroxide,
Stigmas which bubbled were considered receptive
(Kearnes and Inouve, 1993).

To determine if wetting affected pollen viability,
panictes were tagged and cither 1) misted 3 dmes/
day; 2) submerged for 3 hours/day; 3) submerged
tor 6 hours/dav; or 4) left undisturbed (conwrol).
There were four replicate panicles for cach treat-
wment. For three days during anther dehiscence,
three open anthers were collected {rom each repli-
cale panicle before 10:00 AM. Pollen from cach an-
ther was shaken onto a slide containing a drop of
lactophenal-aniline blue. A cover shipy was placed on
the slide and pollen grains under the cover slip were
counted. Viable pollen grains stained dark blue, and
non-viable graims stined taindy or notat all (Kearnes
and Inouve, 19933, Percent viable pollen was calecu-
lated as number of viable potlen grainstowl num-
ber of pollen grains

To determine the effects of wenting on sced set
and seed developiment pamcles were tagged and ei-
they 1 omisted 3 dines duve 23 subimerged for 3
hours dav: 31 submerged for 6 hours/dav; or 4) left
undisturbed (caonwroly, There were thirteen |‘(‘p|icnlr
panicles for cach rrestment Treatments bewan when
pistillere stignas were first exserted and continued
tor 16 comecutve davs with the exception of day
tamber G0 P33 and L After the Tarh dav, all anthers
had debisced and harvesang of seeds commenced,
Seeds were collected by genidh dragging the fingers

aang e contral axis of the pasiicle. Seeds were T

vesterd tor the niext sixodiavs, Percent secd set was
calenlied aoanmber of secds harvesded samher ol

prastiiade fa falia

amu bme ey
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Collected seeds were stained using tetrazolium
chloride (Kearnes and Inouve, 1993), but viable and
nonviable seeds could not be distinguished. As an
alternative to the tetruzolium chloride treatment,
the endosperm from hve to seven seeds from each
treatment was categorized as firm, soft, or liquid. En-
dosperm was categorized firm, soft, or liquid in part
because seeds with a firm endosperm are fikely o
germinate given appropriate environmenal condi-
tons and seeds with aliquid endosperm wilt not ger-
minate (pers. observ.; Power and Fonteyn, 1995},

Collected sceds were shipped to the National Sced
Storuge Lab in Fi. Collins, CO for additional mea-
surements. Dry weight and moisture content {water
i tissue {g)/dry weight (g)) were determined for
cmbryos and endosperm. Data were pooled during
laboratory analvsis. In additon, embrvos were as-
sayed for dehydrin, a protein expressed late in seed
development. Seeds were assayed using Western Blot
analysis and an antibody for dehydrin protein,

ResvL.Ts—Inflorescences were terminal and
determinate. Flowers developed {from the apex
downward and were protogynous (stigmas
were receptive before anthers dehisced). In ali
treatments, the central axis of the inflores-
cence elongaied and mature pistillate spikelets
emerged from the leaf sheath followed by sw-
minate spikelets. Thé pistiliate stage, staminate
stage, and full panicle development 1ook fewer
days in the control treatment than in the 6
hour submerge treatment (Table 1, l-way
ANOVA, P < 0.05 for each). Control panicles
developed in significantly fewer days (9.4} than
panicles submerged for 6 hours each day
(14.8). Mist treabment and 3-hour reaunen:
were intermediate between the conurol and 6-
hour treatment.

Neither bagged nor bagged and emascitlat-
cd tlowers produced any seed, suggesting inflo-
rescences do not self poliinate or exhibit aga-
maospermy. In contrast, 66% (= 27% SD) of
unbagged pistllate spikelets were pollinaied
and developed seed (I-way ANOVA, P < 0.03).

Misting and submerging panicles had no sig-
nificant effect on stigma receptivity or polien
viadhiliy when compared with conirol panicles
(F-way ANOVA, £ > 0.03). Sixtv=six to 100F of
the stigmas from all reauments bubbled upon
cxposure o hvdrogen pevoxide until the
fourth dav of reatment. Bollen viabilin was
bigh fronn wll orcauncnis, Polien from cani ol

reannent was 45 2 200 vinble, 94 £ 3% vinble

=1

fromy nust reatment, U3 = 2% viable frong 9
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TasLr 1—Timing and sequence of floral devel-
opment in Zizania fexana from planis grown on the
Southwest Texus Stace Universily campus. Pistiliate
stage is the number of days between emergence of
first pistillate spiketer and exsertion of first anther,
staminate stage is the number of days between ex-
serton of first anther and first anther dehiscence,
full panicle development is the number of days undl
all anthers have dehisced, toal is the number of days
between the beginning of the pisiillate stage and the
end of full panicle developuent. A l-way ANOVA
was performed on each measured stage followed by
a Tukey multiple range tese. All ANOVAs were sig-
nificant (£ < 0.03). The 8D is in parentheses and »
= 7 for each suge. Means within a row for a given
stage with the same superseripr are not significantly
different.

Number of days

3-hour 6H-hour

Conurol  Mist dip dip

Pistillate stage 2.1 1.5%0 3.6 3.2¢
(0.378) (0.837) (1.902) (0.408)

Staminate 3.1k 4,3he 3.1 5.5¢
stage (1.345) (0.816) (1.B876) (1.211)

Full panicle 4.14n 5.0 5,7« 6.9«
development (1.343) (R816) (1.211) (1.211)

Total QAP LLQve 1830 148

(2.936) (2.366) (3.615) ({2.562)

hour treaunent, and 87 * 9% wviable from 6-
hour treatment (with no significant difference,
Lway ANOVA, P > (L05).

Mean seed set was 32-54%. with the highest
vilue in the control (Fig. 1). There was a sig-
nificant difference in seed set between control
and wreaument panicles (l-way ANOVA; P =
0.018). Tukev multiple range test dewermined
seed set was significandy greater in control
panicles than in either the 3 or 6§ hour sub-
merged treatments, butl seed set in the mist
treatment was intermediate between the con-
ol and submerged veamments (Fig. 1),

Control and wreatment panicles produced
firom, soft. and liquid seeds. Twoavay ANOVA
incicated that there was a significant differ-
ence i the proportion of seeds in the three
seed categories and that there was significant
mieracion between treatment and seed cute-
corv the proportion of Hguid and soft seeds
increased with increasing wetting tine CTable
.

Embrvos wand endosperm from seeds with
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8 TasLE 2—Texture of secds collected from Zizania

70

a,b

Seed Set (%)
&

texana after three experimental treatments and con-
trol. Seeds were pricked with a scalpel and catego-
rized as firm, soft, or liquid, The endosperm of firm
seeds appeared slightly chalky, the endosperm of
soft seeds was very soft or slighidy runny, the endao-
sperm of liquid sceds was liquid. A 2-way ANOVA
was performed followed by a Tukey multiple range
test. There was a significant difference in seed tex-
ture and significant interaction between weatment
and texwure. The SE is in parentheses and means
followed by the same superscript are not significandy
different.

204
Seeds (%)
10.] 3hour G-hour
Control Mist dip dip
h n=7 n=6 - a=>5h n=:6
g
. Firm 76.0° 71.3 44.1" 44 8b
Control Mist 3 Hour 6 Hour (5.59) (637) (12.21) “ ]_39)
FiG, 1—Seed set in Ziania texana alter sixteen Soft 12.0° 14.0° 29.30 26‘gh
consecutive treatment days. Seeds were collected (3.40) (2.9%) (5.95) (5.59)
Liquid 12,10 14.7 26,5 29.00

daily until all seeds had fallen from weatment and
control panicles. A l-way ANOVA indicated signifi-
cant differences berween treatments (P < 0.05}. Two
bars with the same letter are not significantly differ
ent (Tukey multiple range test}.

firm endosperm were larger than seeds with
soft or liquid endosperm. Seeds with soft and
liquid endosperm contained more water than
seeds with firm endosperm, suggesting seeds
with a soft or hiquid endosperm had not gone
through a period of desiccation (Table 3}.
Western blot analysis showed strong banding
for two proteins at 23.4 and 25 Kd in seeds with
firm endosperm. Seeds with soft endosperm
showed faint banding for one protein at 23.4

(3.46) (1.16) (15.96) (8.74)

Kd. Seeds with liquid endosperm were not as-
saved due to insufficient sample size.

Discusston—In this study Z. texana panicles
did not self pollinate when bagged. Self incom-
patibility occurs within the genus (Weir and
Dale, 1960; Rogosin, 1954) and seems to be the
case in Z. texana. Bagging, however, may have
caused higher temperatures within bags which
could have inwerfered with fertilization and
embryo development giving a false indication
of self-incompaiibility although this possibility
SCEMSs Temaote.

s ~m*

e # rat e h EBAR  p 15 ] RN BT T Al ey § b € i riar

© et A 1 b 01t o

TasLe 3—Dry weight and water content of embryos and endospernt of Zizania texana sced. Smaller em-
bryo weight and higher water conient of soft and liguid seeds suggesis a difference in maturity stage among
categories. Duta were pooled during laboratory analvsis and were not analyzed statistically,

Emhrvo Endosperm
% Embryo Dry weight Witer () Dy weight Water (g)/
present (mg) Dy weigho ot (mg) Dy weight (@)
Firm a3 0.24] 715 3.0 .16+
n =45 n =3 w3 a4 no= 3
Soft faba 0.08)2 ENIRE 1466 L

o Y =D w4 w0 v T3
Vi 45 [FRL .06 T 1.7 516
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Panicle development can be divided into
three stages, pistillate stage, staminate stage,
and full panicle development. The pistillate
stage begins with the emergence of the first
pistillate spikelet and ends with the exsertion
of the last sugma. The staminate stage begins
with the emergence of the first anther and
ends with the emergence of the last anther
Full panicle development is the tfime between
the dehiscence of the first and last anther. Be-
tween the beginning of the pistillate stage and
the end of the staminate stage siigmas {rom
one panicle are receptive but anthers from the
same panicle have not yet dehisced. Thus, the
timing of floral development and stigma recep-
tivity seems to promote outcrossing. This is in
agreement with Emery and Guy (1979) who
noted that pistiltate spikelets showed enlarged
ovaries 1 o 2 days after they were exserted
from the leaf sheath indicating pistillate flow-
ers were poliinated before anthers from the
same panicle dehisced. Outcrossing is favored
in large, dense stands with many inflorescences
at various developmental stags. This condition
is lacking in the fragmented Texas wildrice
population. Reproductive failure in the wild in
this species may occur, at least in part, at the
pollination stage becauvse there simply are not
enough emergent panicles with receptive stig-
mas and dehiscing anthers at the same dme
and place to have effective pollinadon.

Wetting panicles apparently impedes repro-
ductive success during pollination. Seed set
was greatest in conirol panicles when com-
pared with misting, and the % and 6-hour dip-
ping treatments, Treaunents began cach day at
about 3000 AM. At this time of dav, anthers
had dehisced and oceasionally clouds of pollen
were visible in the air when anthers were dis-
lurbed. Misting may have washed polien from
the air preventng pollination from taking
place and submerging panicles may simplv
have prevented polien from reaching stigmas.

Wetting panicles also apparentv impedes re-
Productive success during seed development,
Three-hour and Ahour dipping treatments
had significandy fewer firm seeds than conral
or mist weatmments and therefore fewer seeds
Gikely ro germinate. Resudts alsa showed thar
frm seedds hud Loger embrns and more dey
atter accumutaion dhan soft or Tguid seeds
Cirese dats conpled with ditlerent stagning paart-

terns for tirm and sob seeds unedivate o difler-
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ence in maturity stage among seed categories,
but it is uncicar whether this is due to arrested
development or incipient abortion {or both).
Germinability and seedling growth is not fully
expressed unless sceds go through a period of
desiccation during development (Kermode
and Bewley, 1985) and a slight reduction in wa-
ter potertial is necessary for desiccation and
dry matter accumnulation during development
(Vertucci and Farrent, 1995). Misting and sub-
merging panicles may have alicred water po-
tentials inside and outside seeds, interupting
the desiccation process.

Conditions in the wild which cause panicles
to remain wet for long periods of time, such
as floating vegetation mats, resident waterfowl,
recreattonal users of the river, or other factors
may contribute 10 pollination failure and re-
duced seed set, or developmenual failure and
fewer matwure seeds which are capable of ger-
minating, thus contributing to overall repro-
ductive failure in Z. texana.

This research was supported by a grant from the
U.S. Fish and Wildlife Service. A special word of
thanks 10 Do K. Kennedy, U. S. Fish and Wildlife
Service and D Christina Vertuceci, National Seed

*Swerage Lab, Fr. Collins, CQ. | would also like to

thank Dr. P S, Williamson and Dr, Q. W. Van Auken
for their critical review of the manuscript.
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EFFECTS OF OXYGEN CONCENTRATION AND -
SUBSTRATE ON SEED GERMINATION AND
SEEDLING GROWTH OF TEXAS WILDRICE

(ZIZANIA TEXANA)

PaurLa Power aND PauL J. FONTEYN

Department of Biology, Southwest Texas State University,
San Marcos, TX 78666
Department of Biology, San Francisco State Unwersity,
1600 Hollowway Ave., San Francisco, CA 947132

ABSTRACT—We examined effecis of O, concentration on germination of Texas wildrice (Zizania
icxana}, an endangered plant endemic to she spring fed, thermally constant San Marcos River. Seeds
had significantly higher germination at 8.1, 1.0, and 2.0 ppm O, and lower germination at 3.0, 4.0,
and 3.0 ppm O, Depth and substrate significantly influenced percent germination; seeds buried in
clay had the highest percent germination and seeds placed on the surface of sand had the lowest percent
germination. At each of three different time intervals (3, 6, and 12 weeks after planiing), seedlings
grown in clay had significantly greater leal arca than seedlings grown in sand. These data show O,
fevel to be an imporiant environmental cue for Texas wildrice, Low O, levels trigger germination in
anaerchic sediments; such sediments ultimately provide the most suitable substrate for growth.

Texas wildrice (Zizania texana), an endan-
gered perennial macrophyte, is endemic to the
spring fed, thermally constant San Marcos River
in Hays County, Texas. Texas wildrice has nar-
row, long blades that float on or below the surface
of the water and erect reproductive culms that
rise above the waier surface allowing for wind
pollination. It forms large vegetative stands that
are often associated with but nor restricted to the
main channel of the river (Terrell et al., 1978}

During the past 35 years, Texas wildrice has
declined dramatically due 1 habitat desiroction,
removal of the species from the river, and the
absence of seed produciion (Emery, 1967, 1977),
Research on germination requirements could
provide insight ino appropriate hahitat condi-
tions {or scedling survival (Fenner, 19833, a crit-
ical stage in the life history of the species.

Some aquatic macrophyvies require low oxveern
levels for seed germinuiion (Kennedy e wl, 1980,
Bonnewell eral, 1953 Bons and Schroder. 19863
A Ruogosin On L} and Stimgeon (19660) sue-
gested thit low oxvaen levels niav influence ger-

2 oseeds by athers sohieved

MINANOB 1 2 gt

wood vermmmmnion wiliont malntaininge artiiional-

v odon oxveen evels Siogeeiin Y000 Niheis 1o

al. 1987} We hypothesized thai dissolved oxygen

_concentration in water affects germination of

Texas wildrice. We 1ested the effects of oxygen
concentration on seed germination and the effects
of sediments with different oxygen availability on
seedling growth and seedling survivorship,

MATERIALS AND METHODS—Sceds were collected
during summer and fall 1989 from planis growing
outdoors in a cement raceway on the Southwest Texas
State University (SWT) campus, Hays Co., Texas,
The raceway, originally consiruried for raising span
fish, 1s conunuously supplied with water from an arte-
sian well. Water depth and fow are controlled with
an adjustable valve. Seeds were hulied and placed in
vials immediately aflier collection. Vials were filled o
within ! mm of the 1op with deienized water and stored
at 3°C.

Germinaion was measured in geienized water at
SN ONVEE Cnicentranons: s 20 A, 3.0, and
Gar ppra. A oncenmaton o SU ppin oXygen was

aedileved b TIRNTIR TR ¢ watton varboy filled

with dewmized water. Nitragen was hubbled ing the

carbe totap b 1102

Yt d 3.0 ppin exygen
camncentramiony Oxvaen levs e water were de-
wermined using 4 YS! moded 37 oavegen meter with a

YT ndc! =739 cnceaen prote Wk the desined ean-
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F16. 1—Percent germination of Texas wildrice seed
in water with six different dissolved oxygen concen-
trations. Vertical bars indicate SD.

into 250 ml Erlenmyer flasks containing 20 seeds. Flasks
were immediately stoppered and placed in an environ-
mental chamber set at 21°C with 2 12-h light:12-h
dark photoperiod. There were eight replicates for each
ireazment. Germinated seeds were counted daily for 4
days. A seed was considered germinated when the sheot
extended through the sced coar,

Because seeds placed in higher oxygen levels failed
to germinate, seeds inittally placed in water at higher
oxygen levels were placed in waler at low oxygen levels
to determine germinadon respense. The water was
decanted from treatments with 3.0, 4.0, and 5.0 ppm
oxygen and replaced with water containing 0.1 ppm
oxygen. Flasks were sioppered and returned to the
environmental chamber. Germinated seeds were count-
ed after 7 days.

Engerminated seeds from all ireatments were 1ested
for viabiiity by splitting the seed lengthwise and placing
itin a solution of 0.12 gm wirazolium chleride and 30
ml deionized water. Viable embryoes stzined dark red
afier 24 h. Nonviahle embryas were whne wo pale pink
{Simpsan, 1966).

Percent germinauen of viable seed was cale

for each treatmens, The dati were wransfor

an arcsme transformation and analyzed using 1 one-

way ANOVA fullowed by Schefle pairwise comparison
of means.

To determine if the resulis of the laboratory oxygen
experiment would be repeated under field conditions,
sceds were planted in two sediments: clay rich in or-
ganic matter collected from ponds on the SWT campus
and sand with litle or no organic matter purchased at
a locat hardware siore and rinsed prior to the exper-
iment. These sediments were selecied because each has
a different oxygen demand and therefore different ox-
ygen availability. Clay rich in organic matter has a
high biclogical oxygen demand and therefore low dis-
solved oxvgen levels. In contrast, sand has liule or no
organic matter, and hence a low biological oxygen de-
mand and high dissclved oxygen availability. Plasiic
pots were filied with clay or sand sediments and placed
in water 30 ¢m in depth in a raceway on the SWT
campus, Seeds were placed on the surface and 1.5 cm
deep in both sediments. There were four replicates with
20 seeds for each treatmgnt. Current velocity was 0.015
m/s, not rapid enough to wash out seeds placed on the
sediment surface. After 10 days all seeds were retrieved
from each pat and germinated seeds were counted.
Percent germination was calculated using viable sceds
only.

Germination data for sceds placed in 1wo substrates
and two depths were transformed with an arcsine
wansformation then analyzed with a two-factor anal-
ysis of variance with depth and substrate as the main
factors followed by Tukey Muidple Comparison test
(Zar, 1954).

To determine survivorship and growth in two sub-
sirates, seeds were planted 1.5 cm deep in sand and
clay in plastic pots and placed in a raceway on the
SWT campus. Survivorship was determined by count-
ing the number of seediings in each substrate at 2, 3,
6, and 12 weeks afier planting. Because Texas wildrice
it 1t appropriaie 10 de-
srea asan alternative

is an endangered species, w
termine growth by measuring !
to harves:
end, length and widsh ot ail

¢ hinmass. To this

plams and w g
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© planming. A r-test
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was used w analvze producsying data,

RESULTs— Dissolved oxyvgen concentraiion in
the water significantly COVA, P < 00013
influenced germination in Texas wildrice (Fig.
13, Highes: percent germrzuon of viable seed in
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Fi16. 2—Proportion of Texas wildrice seeds which
were nonviable, remained ungerminated after treat-
ment, germinated under initial oxygen concentration

ireatment, and germinated ac low oxygen concentration
after inhial treatment at higher oxygen concentration.

nated when placed under low oxygen conditiens
{Fig. 2).

The two-factor ANOVA indicated that buried
seeds had significantly higher percemt germina-
ton when compared with seeds placed on the
sediment surface regardiess of sediment type (Fig.
3). In addition, germination was greater in seeds
placed on the surface of clay when compared with
sceds placed on the surface of sand (Fig. 3). How-
ever, the Tukey muliple comparison test indi-
caied no difference in percent germinaton be-
tween buried treatmenis.

Seedlings grown in clay had nearly wwice the
ieal area of those grown in sand at each time
interval, Leaf area {in em?) alter 3, 6, and 12
weeks 1n clay was 2.9 (0.4 SE}, 46.5 (4.9, and
193.8 {41.7) respectively; corresponding values
for sand were 1.9(0.2), 22,4 {3.8), and 86.6 {13.2).
The cffects of substrate were significant for each
age group (F < 0510 After seeds germinated,
there was some morialiy; however once esiab-
ished. the chance of survival was the same re-
gardiess of substrate,
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Power and Fonteyn—Seed germination and graowth in Texas wildrice

100
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FiG. 3—Germination of Texas wildrice seeds in two
different sediments and two different pilanting depths,
Assumed oxygen concentration decreases with increas-
ing depth. Vertical bars represent SD.

many wetland and aquatic species (Kennedy et
al,, 1980; Bonnewell et al., 1983; Pons and
Schroder, 1986). This requirement allows seed
te respond to suitable sites that provide favorable
conditions for inital seedling growth (Fenner,
1985). Percent germination increased with low
dissolved oxygen concentration and anaerobic
sediment cenditions. Buricd seeds in both sedi-
ment types showed the greatest percent germi-
nation, presumably where the sediments were low
in disselved oxvgen (Pannamperuma, 1972). The
clay-water interface should have a higher oxygen
concentration than the area 1.5 cm below the
surface due o the oxygen concentration gradient
between sediment and water, and, as expected,
seeds at the clay-water interface had lower per-
cent germinaion than buried sceds. Sandy soil
with very hiztle erganic matier and low biological
oxvgen demand probably had high oxygen con-
centratton ar the sand-water inerface, resulung
i low percent germinadon (Flg, 31

iriee seeds thae

Texas ws srmnated and grew




4 The Southwestern Naturalist

in clay rich in arganic matier produced more leaf
material than did seeds that germinated and grew
in sand low in organic maticr. The growth of
Texas wildrice seedlings in clay may have been
due to nutrients released from decomposing or-
ganic matter rather than some quality of the sed-
iments. Nevertheless, clay, the sediment that pro-
duced significantly greater germination, also pro-
duced larger seedlings.

Sandy soil can provide a suitable subsirate for
seed germination of Texas wildrice only if the
seeds are buried. Burial is possible in a nawral
habitat since the moving water on the river bed
continuously rolis particles on the bottom. Even-
tually seeds could lodge against larger stationary
objects and become buried by smaller rolling par-
ticles. Seedlings growing in sand, where they have
smaller leaves and probably a smalier root system,
would not withstand disturbance encountered
during the seedling stage as successfully as seed-
lings growing in clay.

The substrate of the San Marcos River is
patchy. Soft, muddy areas can be found adjacent
1o sandy-gravely areas. In a riverine habitat with
a paichy substiate, low oxygen can be an impor-
tant envirenmental cue for seed germination. A
low-oxygen cue triggers seed germination under
conditions that enhance seedling survival and
growth. Low oxygen Is encountered when seeds
are buried in coarse sandy sediments. The low
oxygen requirement would ensure that seeds ger-
minate oniy when buried in coarse subsirates and
would reduce the likelihood of newly germinated
sceds being carried away by the curreni. Low
oxvgen is also encountered both at and below the
surface of fine sediments with abundant organic
maiter. Fine clay sediments with abundant or-
ganic mauer provide positive conditions for ger-
mination and subsequently abundant plam
growth.

vol. 40, no. 1
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