
728 State Street   |   Madison, Wisconsin 53706   |   library.wisc.edu

Cattail: the significance of its growth,
phenology and carbohydrate storage to its
control and management. No. 94 1976

Linde, Arlyn F.; Janisch, Thomas; Smith, Dale
Madison, Wisconsin: Wisconsin Department of Natural Resources,
1976

https://digital.library.wisc.edu/1711.dl/7Z7HKPI4YNUSL86

http://rightsstatements.org/vocab/InC/1.0/

For information on re-use see:
http://digital.library.wisc.edu/1711.dl/Copyright

The libraries provide public access to a wide range of material, including online exhibits, digitized
collections, archival finding aids, our catalog, online articles, and a growing range of materials in many
media.

When possible, we provide rights information in catalog records, finding aids, and other metadata that
accompanies collections or items. However, it is always the user's obligation to evaluate copyright and
rights issues in light of their own use.



CATTAIL 

THE SIGNIFICANCE OF ITS 

GROWTH, PHENOLOGY AND CARBOHYDRATE 

STORAGE TO ITS CONTROL AND MANAGEMENT 

x | 

Technical Bulletin No. 94 
DEPARTMENT OF NATURAL RESOURCES 

Madison, Wisconsin 
1976



hs ARSTRACT ==! 

A possible phenological and physiological basis for control has been 
suggested for use in cattail management work in Wisconsin. Cattail is a very 
important and natural part of most wetlands. It can provide desirable cover 
and nesting sites for waterfowl and other wildlife if it is properly interspersed 
with other plant species and open water. However, because of its ability to 
spread and dominate other plants, it can under favorable conditions complete- 
ly close desirable semi-open habitat with solid cover. 

Control and management methods to be most effective must take into 
consideration the strengths and weaknesses of the plant under Wisconsin 
conditions. The low period in carbohydrate reserves is the time when the plant 
should be most susceptible to injury and the period when control measures 
should be most effective. Phenological indicators can be used to determine the 

physiological low when carbohydrate reserves are minimum.
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Cattails are not intruders into marshes included plowing, discing, rototilling and and control experiments, specifically to 

but are very much a part of wetland herbicide spraying, usually at a time document first the plant’s development 

ecosystems. They can provide a highly during the growing season when such and factors affecting growth, and second, 

desirable type of habitat for marsh birds work could be most conveniently fitted the cycle of carbohydrate storage and its 

when they occur in proper interspersion into the schedule. For the most part, these _ relationship to phenology under Wiscon- 

with other marsh vegetation and open efforts yielded results ranging from sin growing conditions. 

water. Because of their ability to prolifer- moderately successful to poor. It is not our intention to offer specific 

ate and extend their areas of coverage, Nelson and Dietz (1966) in Utah control measures in this report, but rather 

however, they may become the dominant _ successfully conducted one of the few _to provide a better biological foundation 
plant community present, often to the reported cattail control experiments that | on which to base existing and future 

detriment of the habitat and associated used a combination of mechanical and management and control measures and to 

wildlife. chemical control methods. They worked — evaluate results. Status changes in 

More precise control methods need to specifically during optimum periods for carbohydrate reserves have already been 
be developed that will break up solid applying these controls. worked out for many species of forage 

stands of cattail and provide scattered Wisconsin studies indicate that Wis- grasses (Smith 1969). This information 

areas of open water interspersed with consin cattail has different phenological is used to determine the potential of the 

cover of reduced density. Much of the and physiological adaptations than the plants to regrow following cutting or 

work in the past that has been termed Utah cattail, and that control methods grazing. If cattail control and manage- 

‘cattail control‘ has been done without must be modified accordingly (Linde ment measures are planned during the 

special regard for the physiology and 1971; Beule and Janisch 1973). A study period when carbohydrate reserves are 

ecology of the plant (Linde 1969:123). was therefore conducted from 1971-73 in the lowest the chances for successful 

Cattail control efforts in Wisconsin have conjunction with the cattail management control of the plant should be greatest. 

es STUDY ARE A mee 

Our studies were conducted on the average depth of 6 to 8 inches on the River Chemical Treatment Program in 

Horicon Marsh £Wildlife Area study area. However, during the spring an effort to eliminate carp from this 

(H.M.W.A.) located in Dodge County, and summer of 1972 the marsh was segment of the Rock River. Water levels 

Wisconsin (Fig. 1). The study area was drawn down in conjunction with the Rock fluctuated widely on the study area from 

confined to a small monotypic block of 
cattail in the southeast corner of the 
marsh. The cattail species present had 
many of the identifying characteristics of 
Typha angustifolia, including a definite 
separation of the pistillate and staminate yee 
portions of the spike, monadic pollen 
grains and narrow leaves. However, it Tf 
also showed a considerable amount of eT 
variability suggesting hybridization. Al- my} 5 ie, mS 
though we did not pursue this matter, Txt 
Smith (1968) in a vegetation survey on yf Lop f i 7 

Horicon Marsh indicated he considered 7 yo voy i} 

the hybrid Typha glauca, which is a cross at ry ] 
between Typha angustifolia and Typha Cf ET Py e 
latifolia, to be strongly represented. Ye f| oT 77 \ oy WDC E REFUGE ON 

Horicon Marsh 1s a relatively shallow om inaee Ny Horicon manst 
marsh with water depths outside of the = Ss ei @. —r_r 
channels and ditches not exceeding 3 ft. LILA KY WA ZAMAN VILLE 

Water levels are regulated by a dam in mT ELE Neg carrait sruoy 
the city of Horicon controlled by the |] [ bee 6 AREA LOCATION 

Department of Natural Resources. An HORICON 
attempt is made to maintain more or less 
stable water levels but fluctuations often | 
occur during periods of heavy precipita- 

tion and the high flow periods during the 
spring breakup. During the course of this 
study, water levels fluctuated widely. In FIGURE 1. Location of cattail study area on 

2 1971 they were near normal with an Horicon Marsh Wildlife Area.



an almost total absence of surface water provides the main source of water for the discharge their effluents into the Rock 
to near normal depths when heavy rains H.M.W.A., or southern third of the River, the waters coming into Horicon 
caused water levels to sharply increase marsh. The upper two-thirds of the marsh Marsh often carry a heavy nutrient load 
despite the fact that the dam was open. is the Horicon Marsh National Wildlife (Department of Natural Resources 

During the winter of 1972, three Refuge which is controlled by a dike and 1971). Water chemistry monitored at 
subimpoundments were constructed on control structure located near the weekly intervals above the Horicon Dam 
the marsh. The cattail study plot was southern end of the refuge. Water for this during the years 1966-68, showed the 
within one of these new impoundments. portion of the marsh is received mostly following averages: pH — 7.8; total al- 
Because of impounding there was a dras- from the West Branch of the Rock River; kalinity — 282; and conductance — 645. 
tic increase in water levels during the it is spilled into the southern third of the Poff (1961) stated that carbonates (total 
early spring of 1973. High water per- marsh, thus providing an additional alkalinity) averaged 195.2 ppm in the 
sisted until the middle of the summer source of water for the H.M.W.A. east central area of the state where | 
when the dike was opened for placement Horicon Marsh is surrounded by Horicon is located. Our data therefore 
of water control structures. Water levels uplands which are productive agricul- indicate that Horicon is in the high range 
on the study area then dropped and all tural lands. Since the watershed is highly within this hydrochemical region. 
surface water disappeared. agricultural and the municipal disposal 

The East Branch of the Rock River plants at Mayville and Waupun both 

PLANT DEVELOPMENT more slender than the wooden stakes and weekly intervals throughout the month of 
AND PHENOLOGY there was less likelihood of injuring the July. Observations were terminated when 

plants when they were inserted in the the plants were destroyed during the 
bottom soil. They were also more durable course of other work on this area. Ob- 

Sprouts and Aerial Shoots than the wooden stakes. servations and measurements were also 
Initially, all measurements were made made on seedling plants which were 

7 to the tip of the new sprout. As each new produced on mudflats during the 1972 
Cattail shoots used for measurement leaf began to separate from the leaf drawdown of Horicon Marsh. All work 

and study were selected randomly during bundle it was given a number with a felt on seedlings was incidental to other work 
1971 and 1972. In 1973, in addition to 13 marking pen. Leaves were then measured and no organized effort was made to 
shoots originating from vegetative plants individually at regular intervals. Mea- specifically study these plants. However, 
which had failed to fruit in 1972, 12 surements were made twice a week in enough observations were made to pro- 
shoots were selected from 1972 plants 1971 and 1972 and once a week in 1973, vide useful information. 
which had borne fruiting heads. The and in all years continued throughout the 
number of study plants used each year growing season until leaf growth ceased. 
was: 1971, 10; 1972, 20; and 1973, 25. Measurements were made to deter- Air Temperature 

The number of plants studied was not mine growth rate of the various portions | 
large but we feel our data were represent- of the fruiting head and also to record 
ative since growth patterns between when maturity occurred. Careful notes Air temperatures used in this study 
plants showed little variation. Although were kept on the development and phe- were the daily mean air temperatures as 
growth rates varied due to external condi- nology of the plants. recorded by the U.S. weather station at 

tions and individual differences, the man- me | Horicon, located 3 miles south of the 
ner which growth occurred and the order | study area. 
of leaf emergence and development was Rhizomes 
remarkably constant. All plants followed 
the same general pattern. | Water Depth | 

The reason for the increase in study Five randomly selected plants were 
plants in each succeeding year was to ug up weekly to observe new rhizome 
increase the opportunity for obtaining a development. These observations began In 1971 and 1972 water depths were | 
representative sample of fruiting plants in April of (1972 and continued until measured at measuring stakes each time 
for study since there was no way of August. During the first part of July in growth measurements were made. 

knowing in advance which plants would 1972, 13 rhizomes were randomly select- Measurements were also made in 1973, 
eventually fruit. ed for studies involving growth rate and but toward the end of the growing season 

To provide a stable base for plant reve’opment._ These rhizomes ontil water depth was measured only at loca- 
measurement, each study plant was pro- measured in situ at weekly intervals unt tions where study plants were actively 

vided with a graduated measuring stake November 1972. | growing. It was possible to relate 1971 
in 1971. These stakes had a bottom cross and 1972 depth measurement readings to 
piece located at the level of the plant base Seedlings the Horicon Dam gauge readings. This 
when the stake was inserted into place in provided a common base for interpreting 
the bottom soil. In 1972 and 1973 the measurements between these two years. 
wooden measuring stakes were replaced Cattail seedlings, which grew on one In 1973 water levels on the study area 
by 3-foot steel rods with angle iron cross of the Eldorado Marsh cattail work areas were independent of dam levels because 
pieces welded to them. Steel rods were in 1972, were measured for height at the study area became part of a new 3



subimpoundment. A staff gauge was in- all leaf growth had ceased on the study produced in 1972 were present in num- 
stalled in the subimpoundment and plants. bers sufficient for sampling. The 1972 
leveled in terms of the Horicon Dam base A single additional sampling was new rhizomes were, therefore, not in- 
datum. This allowed us to make the made from four plants for total nonstruc- cluded in this sampling. 
necessary interpolations between years. tural carbohydrates (TNC) and then | 

| fractionated further into sugars and 
starch to determine variations in Pr eparation and Analysis 
carbohydrate storage in various portions 

CARBOHYDRATE of the lower 8 inches of the aerial shoot 
STORAGE and old and new rhizomes. TNC Rhizome samples were taken to the 

measurements are estimates of the laboratory immediately after collection 

carbohydrate energy readily available to where they were thoroughly washed and 
Sampling Methods the plant (Smith 1969). then sliced into thin segments to facilitate 

Collections made in 1972 were made drying. Each sample consisted of a 
only from rhizomes which were actively | rhizome length of approximately 5 cm. 

To supply material for carbohydrate producing aerial shoots. These were All material was dried between 66°C 
studies in 1971, an old rhizome (one rhizomes which initiated development (151°F) and 70°C (158°F) for 92 hours 
produced during a previous year) and a during the summer of 1971. A sample and then packaged in plastic bags and 
new rhizome (one produced during the was taken from the proximal or older stored until the summer’s collection was 
1971 growing season) were collected portion of the rhizome and another was completed. Materials were analyzed for 
from each of 5 and sometimes 6 plants taken from the distal or newer portion. . TNC at the University of Wisconsin 
randomly selected on the study area. This collection began April 16, 1972 and Department of Agronomy laboratory us- 
Collections of this type were made weekly — continued through June 29. It was not ing a modified Weinmann method of 
beginning June 21 and continuing into until the middle of June, when sampling © removing TNC (Smith 1969). | 
the third week of September, well after was near its end, that new rhizomes 

Me RESULTS AND DISCUSSION — yyy 

: 1973, only very minor growth occurred stem or rhizome. When fruiting shoots 
PLANT DEVELOPMENT between March 29 and April 19, with the develop, they emerge from the center of a 
AND PHENOLOGY first significant growth coming after leaf bundle and are produced on a 

April 19. The growth rate in this year specialized branch or spadix. 
| averaged 0.23 inches per day before the The average date for emergence of the 

Sprouts first leaf emerged. Some growth occurred first leaf from the leaf bundle in 1972 was 
even while ice was still present in the May 7. Leaves from shoots which later 

: | bottom substrate. produced fruiting heads emerged an aver- 
Sprouts began to form on the new age of 4 days earlier than those of vegeta- 

rhizomes during the latter part of July tive shoots. The second leaf usually ap- 
and the first part of August (Fig. 2). The Leaves peared well before the first leaf reached 
sprout, which is enclosed in sheathing maturity and ceased growth. It arose 
leaves, constitutes a bud on the tip of the from within the center of the encompas- 

rhizome. The sprout contains in its base All leaves begin their development sing sheath of the first leaf with the flat or 
the meristematic region where leaf and from leaf primordia in the base of the slightly concave surfaces of the leaves 

flower primordia form and develop into _ sprout. As the sprout begins to elongate, _ facing each other. Convex sides of both 
the foliage and fruit during the next the first leaf pushes out from between the leaves face toward the outer edge of the 

growing season. Once formed, most sheathing leaves to begin development of leaf bundle (Fig. 3). As each succeeding 
sprouts grew at a very slow rate the first the new aerial shoot. The leaves grow leaf appeared, it emerged from the sheath 

year. Growth continued into November, upward, differentiate tissues and mature. of the leaf which preceded it. Leaves 
or until freeze-up, at which time they Growth is due to a proliferation of cells in alternated their emergence from one side 

became dormant. the meristematic region and the elonga- _ of the developing aerial shoot to the other 
Forty-three sprouts randomly selected tion of these cells in the region just above (Fig. 3). 

in early November of 1972 had an aver- it near the base of the growing leaf The number of leaves produced by a 

age height of 7 inches (range 1 to 14 (Smith et al. 1936). We found that no __ single aerial shoot in 1972 varied from 10 
inches) before they went into dormancy. growth occurred in the exposed leaf after to 15. Vegetative shoots averaged 11.5 
This figure for overwintering sprout it emerged from the leaf sheath, suggest- _ leaves while fruiting shoots averaged 14.2 
height is probably somewhat biased since ing that this tissue is already in the leaves. The difference in number is ac- 
it is difficult to locate the shorter sprouts maturation region. Growth in the base of counted for by 2 spathe leaves which 
in the bottom muds. the leaf pushes the maturing portions encompass the fruiting head. These are 

Sprouts wintering over in a dormant upward and new tissue behind it elon- not true leaves but rather sheathing 
state become active again the following gates and then matures to add to the leaf bracts for the fruiting spike (Smith et al. 
spring as soon as air and water reach length from its base upward. Aerial 1936). Unlike the true leaves which rise 
optimum temperatures for growth. In shoots which do not develop fruiting from the base of the shoot, the spathe 
1972, sprouts showed their first spring heads are made up entirely of bundles of leaves have their origin and point of 

4 growth between April 27 and April 30. In leaves growing from the subterranean attachment on the spadix, usually just
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FIGURE 3. Schematic cross-section of cattail plant showing 

leaf form and order of leaf emergence from meristematic region. 5



TABLE 1. Comparison of final leaf heights in fruiting 
and vegetative plants, 1972. 

. WwW 

Avg. Height (Inches) at Termination of Growth | PISTILLATE SPATHE LEAF 
Fruiting Plants Vegetative Plants 

Leaf 1 16.9 15.0 
2 26.2 22.9 ( 
3 39.9 35.8 

SM 3 6 710 50) 5 STAMINATE SPATHE LEAF 

7 74.8 79.4 | 
8 80.9 86.5 
9 83.5 93.3 

10 84.9 98.2 
11 83.7 101.2 
12 82.5 98.8 | | 
13 84.0 101.3 
14 ~ 103.5 
15 — 103.9 

Pistilate 88.0 — : 
pathe 

Staminate 81.6 _ A B 

Spathe : 

FIGURE 4. Fruiting head showing (A) envelopment 
by pistillate spathe leaf, and (B) points of attachment 

of pistillate and staminate spathe leaves. 

below the spikes which they cover (Fig. vegetative plants. Leaf growth on fruiting plants included the spathe leaves, when 
4). They are present for only a short plants ceased in late June as compared to _ they were present. In some instances, the 
period and fall off soon after the fruiting late July or early August for the vegeta- fruiting head itself added to the total 
head emerges. | tive plants (Fig. 5). height. 

Nine of the 20 plants under observa- Leaves on both vegetative and fruiting 
tion in 1972 eventually fruited. The first 6 plants, as they matured and ceased 

leaves to emerge on plants which later growth, began to brown at the tip. This Factors Affecting Shoot 
_ fruited attained a greater final height discoloration gradually extended down- Fi 

than the first 6 leaves of nonfruiting ward as lower portions of the leaf, which Growth and Final Height 
plants (Table 1). It is probable that the were the last to finish growth, became 
early quick growth of leaves of plants senescent. Cattail stands containing Average total height of the plants at 

which later fruited may have occurred many fruiting plants showed a con- the end of the growing season varied 
before the rudiments of fruiting head spicuous tan coloration to the foliage between years. There was a pronounced 
development began (Fig. 5). At this time because of this early maturity and senes- difference between plants which fruited | 
the energy of the plant was concentrated cence. | and those which did not. Unfortunately, 
into building as much photosynthetic Although each leaf on vegetative in addition to the expected variables in 
surface as possible before energy was plants was usually longer than the one climatic conditions between years, there 

diverted to fruiting. After fruiting heads which preceded it, these differences in was also great yearly variability in water 
began to form, growth slowed down and leaf length gradually became less later in —_ levels on the study area. 
the vegetative plants, which did not have the season. Usually, a leaf was produced The rate of growth Or amount of 

this drain on their reserves, continued to later which had approximately the same growth per day varied with environmen- 

produce leaf material for a longer time —_—_Jength as the preceding leaf. After this, _tal conditions and the stage of develop- 
and grew taller. Meyer and Anderson any further leaf production resulted in ment of the plant as did total plant 

(1939) noted that plants producing fruit shorter leaves than the preceding leaves. _ height. Of the factors we investigated, 
tended to reduce their vegetative growth. All of the study plants that developed = temperature seemed to have the greatest 

Each leaf increased the length of its —- fruiting heads in 1972 showed this effect on growth rate, but water levels 
period of active growth over the preced- decrease in leaf height of the late were of importance when depths became 
ing leaf until a peak was reached. Periods produced leaves and seven out of ten abnormal. 
of growth declined in length for the last 2 vegetative plants also grew in this man- 
or 3 leaves. We found only 3 to 4 leaves ner. 
actively growing on any one plant at a Since the vegetative shoots were com- Effects of Temperature 
time. posed only of leaves, the total plant height 

Leaves of the vegetative plants grew was the height of the tallest leaf at. the Generally, high temperatures were as- 
for an average of 26 days following time of measurement. Because each addi- sociated with higher growth rates. How- 
emergence from the leaf bundle, while tional leaf was usually taller than the ever, other factors sometimes took 

leaves from plants which fruited grew preceding one, the tallest leaf was con- _— precedence over temperature and the 
only for an average of 17 days after they tinually changing and plant height — effects of temperature were then modi- 
emerged. The last emerged leaf on fruit- through the season was a composite of all —_ fied or masked. During the main part of 
ing plants completed growth an average the tallest leaves present during the grow- the growing season in 1971 and 1972, 

6 of 30 days before the last emerged leaf on ing season. Total height in the fruiting temperature effects were usually quite



apparent (Fig. 6a,b). Plants nearing the Water Level Fluctuations levels (Fig. 8). Complete drawdown was 
end of their active growth period were | never achieved, however. Bottom soils 
noticeably less responsive to temperature The expected, or normal, water levels were saturated and many pools of water 
changes than plants measured during the on the marsh usually involve uncontrol- remained. Although the dam gates were 
middle of their growing period. led high periods in the spring when left open continuously through the 

As the leaves approached senescence __ precipitation and runoff are maximum. remainder of 1972 and all of 1973, 
little or no response to temperature was Highs also occur any time during the precipitation forced water levels up again 

noted (Fig. 7). Growth rate and tempera- growing season when precipitation is in the fall of 1972. Normal high water 

ture were closely correlated for leaves in heavy. The ‘normal high‘ of 75.30 shown was reached for a short period in the 

early stages of development, and there in Figure 8 is the level the management spring of 1973. Levels dropped with the 

was low response to temperature for the tries to maintain through manipulation of advance of summer and associated high 

same leaves as they approached senes- the dam. The 1971 water levels evapo-transpiration losses. 

cence. represented an approximation of normal These drastic fluctuations in water 

Growth is confined within a range of yearly water levels. During that year, level at the dam were reflected in the 

temperatures to which the plant is sensi- management was directed toward main- water levels of the study plot, but to a 

tive. This temperature range varies with taining the ‘normal high‘ water level. lesser degree. Since the study plot was 

the species. Raber (1933) stated that In 1972 the dam gates were opened in —— well away from river channels or drain- 
41°F. is the minimum temperature for March to accomplish a complete draw- age ditches, drainage out of the bog mat 
growth in most plants, 86°F. is optimum, down in conjunction with a carp eradica- was slow when water levels were low. 

and 113°F. is the maximum. Our data tion program. Because of heavy precipita- Figure 6b shows the average water depth 
are based on average daily temperatures tion, the drawdown was slow during the — at 20 measuring points on various dates in 
but periods of growth were within the first part of the summer and it was not 1972. Although the averages indicate 

temperature ranges described by Raber. until July that the marsh approached low that surface water was present through- 
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out the growing season, water actually 
did disappear briefly at some of the A ~---- GROWTH RATE 
individual measuring locations, but the __ MEAN AIR TEMP o . ——— WATER LEVELS 
soil remained close to saturation at all 004 = 
times. ~ 3 : © 

The extremely high water level in wl 80 320 | a 
1973 was brought about when diking for - = i oe 

| a new subimpoundment, which included rs 60 7¢ rN Nn i | < 
our study area, was completed during the = on i eo WN iy 2 
winter of 1972. Water became trapped OTE 10 ! Vv YON 
behind the dike and water levels rose < fe ! 197] Nenny, 0.0 

. . ) 204° Pe \ 

approximately 12 inches above the nor- \ 
mal high water level for the study area. a<c> os 
During the latter part of July a hole was B a | 
cut in the dike to drain the impoundment gq 007 1M = 
and permit installing a control structure. yy 3 an . = 
At this time water levels dropped and the O18 20 a 
entire study area was drained of surface Zo du MIM A 008 

. . lw - / \ vy 
water by the first week in August. a ra i i VLA AA < 

In 1973 the extreme conditions which r 40 E id i ¥ vi \. i > 
prevailed through the growing season a 4 / an 
certainly must have contributed strongly ao" er S72 sS, 
to the entirely different growth pattern Z “s 
which we found during that year (Fig. C IS 
6c). While growth rate in 1971 and 1972 ~ 10045 =~ 
paralleled temperature through the grow- &. : = 
ing season until plant senescence began, a 80 5 20 
this parallelism was not so evident in Sodus ON lo 4 
1973. Temperature may have influenced a. z yee \ & 
the pattern from mid-May until mid- my 404= 10 oe * wi 
June but after that period any effect was « 16 7 \ < 
over-ridden by other factors. About the 204° 1973 UTTte acer eran eeo mens Lag 
middle of June, even though tempera- ae 
tures remained at a fairly high level, the 
growth rate dropped abruptly. Beginning APRIL MN YONE vy AUGUST 
the first of July and continuing into | | 
August, growth rates plateaued at a rela- 

tively low but constant rate. Leaf growth 

cont inued for nearly a month longer than FIGURE 6. Relationship between plant growth rates, daily 
it did in either 1971 or 1972. mean air temperatures, and water levels on H.M.W.A. over 

Temperature variations between years three growing seasons. 
do not account for this drastic change in 
growth pattern. The only environmental 
variable that was known to be markedly 

different was water depth. Indications are 
that rising water levels over a period of er 
time tended to cause an increase in velopment and phenology for control pur- Fruit production may also be indirect- 

growth. In 1973 the growth rate in- poses. ly involved in Ccterminne the neigh 
creased throughout the period of gradual- vegetative growths. Vegetative plan 

ly rising water levels (Fie 6c). Shortly height varied from year to year on the 

after water levels peaked and began to study area with the 1971 plants showing 
decline the growth rate went into an Fruit Production greater height than the 1972 plants ( Fig. 

abrupt decline, then leveled off and 9). Relatively few fruiting heads were 
maintained a constant slow rate of Our data indicate that plants which produced in 1971 and heavy production 

growth for almost two months. During fruited did not grow nearly as tall as was experienced in 1972. Although we 

this period surface water disappeared. vegetative plants produced in the same are discussing vegetative plant height 

This growth variation would seem to year. In 1972, the average final height of rather than fruiting plant height, 

constitute an adjustment to the drastic plants that fruited was approximately 15 rhizomes interconnect in an extensive 

alteration in water levels. Since water inches less than the average final height network and a single plant may cover a 

conditions were different each year of of vegetative plants (Fig. 9). The seem- considerable area. Therefore, any par- 

study, it is sometimes difficult to distin- ing decrease in height at the crest of the ticular vegetative shoot may be a part of a 

guish the effects of water depth from the growth curve for the fruiting plants is due plant also producing other shoots which 

effects of other variables in the environ- to shedding of the spathe leaves at that are fruiting. It is conceivable that the 

ment. However, extreme variations in point. Energy of the fruiting plants is effects of reproduction may place a drain 

water level can be expected to occur on apparently diverted from vegetative on all parts of the plant and result in 

many wetland areas so this is another growth to the production of fruit. As a smaller shoot height even in the vegeta- 

variable which must be considered when result, height growth in fruiting plants tive shoots during a year of high fruiting 

8 interpreting the progression of plant de- terminated early. head production. Meyer and Anderson
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FIGURE 7. Growth rates of leaves on a vegetative study 

plant as related to mean air temperature. 

(1939:618) in discussing the effect of it is possible that heavy fruiting in cattail following year was supported to some 
reproduction on plant growth noted that may also produce an imbalance within degree by the plants studied in 1973. 
the development of flowers often has a the plant which affects the next year’s Twelve of these plants originated as 
checking effect on vegetative zrowth. production of fruit. In 1971, although no sprouts coming directly off from plants 
Conversely, if fewer fruiting heads are actual counts were made, cattail fruiting known to have fruited in 1972. Another 
produced, the plants could use the extra heads were noticeably less numerous than 13 plants developed from sprouts on 
energy for the production of taller leaves they were in 1972 when a large crop of plants which failed to fruit in 1972. 
on all plants. Vegetative growth in 1973 fruiting heads were observed. The ten Separate growth curves were plotted for 
was probably negatively influenced by plants selected at random for study in each of these two groups of plants (Fig. 
the exceptionally high water levels rather 1971 failed to develop any fruiting heads, 10). Plants which originated from 1972 
than the previous year’s fruit production. while 9 out of the 20 plants observed in fruiting plants terminated growth at the 
This is indicated by a somewhat distorted 1972 eventually fruited. In 1973, very few end of the growing season about 5 inches 
growth curve (Fig. 6c). plants fruited on the study area and no shorter than the plants which developed 

It is well known that some species of _ fruit developed on any of the 26 plants from sprouts on 1972 vegetative plants. 
plants do not always bear fruit in quantity under study. High water on the study Also, when plants were dug up during the 
every year but rather alternate between a area in 1973 undoubtedly influenced course of the 1972 rhizome studies, none , 

year of high production and year of low _ growth, but noticeably fewer fruiting of the plants which had fruit had origi- 
production. Raber (1933:279) stated plants were present outside the study nated as sprouts from plants which 
that the crop of fruit the previous year impoundment also and here water levels fruited in 1971. In other words, fruiting 

may be a great drain upon the food were low. plants do not seem to vegetatively 
reserves of the plant. The theory that cattail fruiting has an produce more fruiting plants the follow- 

While Raber is not referring tocattail, § impact on growth and reproduction in the ing year. 9
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4 4 : TABLE 2. Significant stages in fruiting plant development 
: i | ( 9 Plants). 

{ : Average Date Range in Days 

Q i Maturity date of last leaf June 27 10 

a Emergence of pistillate spathe leaf June 11 7 

ql Pistillate spathe leaf dropped June 29 12. 

| 3 : Emergence of staminate spathe leaf June 14 11 

: 4 Staminate spathe dropped June 29 12 

: Avg. height of pistillate spathe at emergence 44 inches 

Avg. final height of fruiting head 84 inches 
(To top staminate head) 

- eo This series of spikes shows various stages in the 
development of the upper or staminate spike and 

{ 3 __ the relationship to the size changes of the lower or 
__ pistillate spike. Beginning from left to right: 

E E ~ (a) Fully emerged staminate and pistillate spikes 
; __ free of their spathe leaves. (b) Staminate spike 

7 ie ____ beginning to expand in preparation for shedding 
i 3 3 2 4 ee _ pollen. (c) Pollen is shed beginning at the top and 

“> 7 e oo" proceeding toward the bottom of the spike. 
(d) Pollen completely shed and all stamens in a 
state of atrophy. (e) Stamens have been mostly 
shed and much of the spadix which bore the 
staminate spike is now exposed. 

Fruiting Heads in height of the leaf exactly equaled the _ the pollen (Fig. 11). The pistillate spike 
increase in height of the spadix to which is located below the staminate portion on 
it was attached, thus indicating that only the spadix and bears the female flowers 

Spathe Leaves the spadix was increasing in height. Ap- which produce the seeds. In our study 
parently the fruiting head and its spathe plants the separation between these two 

The first visible evidence of fruiting leaves emerged fully elongated from the spikes averaged about 14mm. . 

. head development was the appearance of leaf bundle moving upward as the spadix . Staminate Spike. The staminate spike 

the pistillate spathe leaf (Fig. 4). This increased in length. The spathe leaves is made up of dense clusters of flowers, 

leaf emerged from the center of the leaf were the last two leaves to develop in the each consisting of 2 or 3 stamens borne on 

bundle as a much narrower leaf than the fruiting plant. a short pedicel or stem. Around the base 

normal vegetative leaves, and averaged Growth of the fruiting stalk after the or each pedicel a number of hairs arise. 
about 27 inches long from its point of | head began to emerge was rapid. A The individual stamens have a columnar 

attachment. Unlike the vegetative leaves | maximum growth rate of 6 inches per day _base or filament which is surmounted by 

which had their bases located in the  wasrecorded during the period from June a more or less spherical green head or 

meristematic region at the base of the 12 to June 15. Maximumleaf growth was _anther giving it a match-like appearance. 

plant, this leaf was attached on the floral recorded during this same period in fruit- Pollen grains are produced in pollen sacs 

stalk at the base of the pistillate spike. It, ing plants at 7.3 inches per day. within the anther which, when develop- 

therefore, moved upward as the flower The average date for emergence of the ment is complete, opens and liberates the 

stalk grew. Since this spathe leaf aver- _pistillate spathe leaf was June 11; pollen. At the time of pollination the 

aged about 12 inches taller than the topof  staminate spathe leaves emerged an aver- pedicels elongate, pushing the stamens 

the staminate portion of the fruiting age of 3 days later. Average height of the outward to give more space to the individ- 

head, it preceded the appearance of the pistillate spathe, when it first emerged, ual stamen for the release of pollen. The 

fruiting head. Its sheath enveloped both was 44 inches (Table 2). Unlike other stamens are originally m tightly packed 

the pistillate and staminate portions of leaves, the spathe leaves were retained by masses covering the spadix and produce a 

the fruiting head and also enclosed the __ the plant for only a limited period of time. very dense spike with a pebbled green 

staminate spathe leaf which was attached Average date for shedding both spathe surface. . 

to the floral stalk just below the leaves in the study plants was June 29. Measurements made on the diameter 
staminate spike and extended approxi- These leaves were much narrower than of the spikes during the course of their 

mately 7 inches above it. The staminate conventional leaves and they tapered development indicated that the staminate 
spathe leaf arose from the opposite side of sharply to the sheath. spike built up to maximum diameter at 
the stalk from the pistillate spathe leaf the beginning of pollination and then 

and its sheath enclosed the staminate dropped off in size as the pollen was shed 
spike. At the time the spathe leaves first Inflorescence (Fig. 12). Pollen began shedding at the 

emerged from the leaf bundle no growth top of the spike and continued down until 

could be detected in the emerged portions The cattail inflorescence is monecious, the base of the spike was reached. 

of the leaf and all upward movement and _ having both male and female portions in Plants began shedding their pollen 

further emergence was due to the elonga- _ the same plant. The upper or staminate between June 25 and June 29. As soon as 

12 tion of the floral stalk or spadix. Increase _ spike is the male component and produces the pollen was shed the stamens turned



] umbrella-like floss and attached seed 
broke loose from the spadix and was 
carried away by the wind. Many spikes do 

| BOTH HEADS I00% EMERGED 3 PERIOD WITHIN WHICH _ not break Up in the fall and winter but 
FROM SHEATH BUNDLE POLLEN SHED remain more or less intact into the follow- 

2 BOTH SPATHE LEAVES DROPPED 4 FRUITING HEAD STEM InB SPring. This serves to spread seed 
OFF AND LAST EMERGED BASAL CESSATED GROWTH dispersal out over many months and 
LEAF CESSATED GROWTH — probably has the effect of providing a 

30 better opportunity for at least part of the 
seeds to be shed during periods when 

DIAMETER OF PISTILLATE HEAD conditions are most favorable for 

o germination and development. 

20 | 
| oF Rhizomes 

= __-=<__ DIAMETER OF STAMINATE HEAD 
= ee LO 

= a ‘S Cattail plants are tied together by an 

= 10 | YN underground network of stems or 

FX YN, rhizomes growing parallel to the surface 

_ 4 mM of the bottom. These stems interlace and 

e © e . interconnect and parts of a single plant 

O . ~ may spread over a considerable area and 

5 20 25 5 iO 6 20 25 have many aerial shoots (Fig. 13). This 

JUNE JULY produces a colony or clone which 

reproduces vegetatively and migrates 
outward to invade new areas. All shoots 
are of identical genetic makeup (Curtis 
1959) since they all originate vegetative- 

FIGURE 12. Phenology of fruiting head development for a ly from a common ancestor. At Eldorado 

typical study plant. | isolated clones of considerable size 
formed circular patterns which were 

| clearly definable from the air (Fig. 14). 
Fassett (1957) stated that a clone which 

brown, wilted and began to shed from the tail. is an acre in size may Consist of only a few 

spadix. By July 24 only the bare spadix Morong (1888) estimated the number plants. A single clone may put up thou- 

remained. Eventually the spadix frag- of fertile seeds in Typha angustifolia san’s of aerial shoots wmen are al 

mented and broke off somewhat above spikes to be between 60,000 and 100,000 ait oe Th caves and oecasiona 

the pistillate spike. seeds. This again indicates the enormous feed sta s- re us feos ad con- 

Pistillate Spike. The spike is covered seed potential of the Typha genus. ine nen y to the underground por- | 

with dense masses of flowers each bearing Whether 60,000 or 125,000 seeds are lions OF rizomes. 

a single pistil composed of stigma, style produced the potential for reproduction is 

and ovary. Each pistil, like the stamens, is still phenomenal. Rhizome Functions 

connected to the spadix by a short pedicel Crocker (1938) found that Typha 

(Fig. 11). Numerous hairs surround the seeds could survive 5% years of dry The rhizome has a number of func- 

base of the pedicel and these become the storage and still have a 70 percent tions which are important to the survival 

‘floss’ which helps disperse the mature germination. This high seed longevity and propagation of the cattail plant. 

seed on the wind. Although no more than coupled with its great seed production Carbohydrate Storage. The inner core 

a single seed is produced in the ovary of makes it quite apparent why cattail seeds of the rhizome is the principal area for 

each flower, flowers are so numerous that seem to be omnipresent and merely wait- storage of reserve carbohydrates (Claas- 

a huge number of seeds are produced ona ing for the proper conditions for germina- sen 1921). Reserves are built up during 

single spike. Claassen (1921) estimated tion. the growing season and stored through 

that an average Typha latifolia spike The pistillate head increased rapidly the winter to provide food during the | 

produced 250,000 seeds. Calculating the in diameter with pollination. Maximum period when the new aerial shoot develops 

number of these seeds which were fertile diameter was reached in the study plants in the spring and early summer. 

and the germination rate, he concluded during the third week in July about the Plant Extension and Migration. Grow- 

that a single spike was capable of produc- time the staminate head had completely ing rhizomes during the summer months 

ing 125,000 new plants. We made fruit- atrophied. Seed development was occur- move the plant beyond its periphery and 

ing stem counts on a typical cattail ring during this period. cause it to ‘migrate’ into new areas. This 

monotype on the Eldorado Marsh Wil- Pistillate spikes had a mottled lime is an effective means of vegetative propa- 

dlife Area and found 4.4 fruiting spikes green color when they first emerged but gation which continually puts the plant in 

per square yard. If we apply Claassen’s this gradually changed to the traditional — suitable new habitat and maintains it 

figures for seed production, there was a brown color as the stigmas and bracts where it is already established. 

potential for producing more than a half —_ became brown with maturity. Change in Winter Survival. The rhizome is an 

million new seedlings from each square color occurred between June 29 and July organ well adapted to carrying the plant 

yard of cattail. While we acknowledge 6 and the texture changed from a firm through the winter dormant period. In 

that Claassen’s calculation may not be fleshy surface to smooth and mohair-like. addition to its central food storage core, it 

strictly applicable, since on Eldorado we By fall the brown stigmas began to break has a spongy cortex which contains aren- 

are dealing with narrow leaf cattail off exposing the white hairs which sur- chyma cells that are connected with the 

(Typha angustifolia) which has rounded the seeds and the head took on a arenchyma cells of the aerial shoot 

hybridized, it does serve to emphasize the soft downy or whitish appearance. In late (Claassen 1921). In the winter, even 

tremendous reproductive capacity of cat- September, seeds began to shed as the though the aerial shoot is dead these 13
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showing the new rhizome development and the up-turning |... 1 Baa ” ent “ : ey Q).- sree it 

sprouts. Plants which have not fruited usually produce | leslie el ictal shines “oe i iM Ilsa 
longer rhizomes than the plants which have borne fruit. eh ee a seca alg 

arenchyma ‘tubes’ are capable of con- the new growing shoot in our study are injured or killed before they reach full 

ducting air to the rhizome to which it is plants. Four to six adventitious buds development (Smith et al. 1936). 

ape ae rhizomes grow well oe : a ne i on either side In order to determine if injury would 

un iene a of low oxygen and are of the basal area of the plant. stimulate rhizome bud development and 

capap orem "i uring anaerobic conditions ; : bud proliferation in cattail, we initiated a 
for a am aye ne dormancy (La- Rhizomes From Vegetative simple experiment involving 4 growing 
ng : ey still need Pe oxygen to Shoots cattail shoots having varying numbers of 
Sor he i most marshes become new rhizomes and buds. All of these 
anaerobic a The periods Lae a Buds began elongating and became plants were severely injured by removing 

ee feoce sy the scattall “wit pee oh new rhizomes between the last week in the aerial shoot. In two instances we also 

eae 7 woulddies ORY gen Irom the June and the first week in July (Fig. 2). removed part of the developing rhizomes. 

° However, not all of the 8 to 12 adventi- We found in all cases that injury seemed 

7 tious rhizome buds developed into to stimulate the growth of existing 
Bud Formation rhizomes. Most of them remained latent rhizome buds and also brought about the 

and only one or two developed into new proliferation of new buds, rhizomes and 

Rhizome buds began forming the rhizomes. Latent buds become active if an aerial shoot (Table 3). On our study 

14 third week in May on the basal portion of the growing rhizomes or the aerial shoot area it was uncommon to find 3 rhizomes



TABLE 3. Response of plants to injury, 1972. 

Buds Changes 
Type of Present re 

Injury, July 31 Before Injury August 4 August 11 August 22 September 1 September 12 

Cut off all of —-— New bud No bud 7/8 inch More No change 
developing aerial formed growth; growth on growth on 
shoot (2 inches tall). below cut. growth on cut shoot. cut shoot. 

cut shoot. 

— Cut off all of -— 1/4 inch long New rhizome Newrhizome New rhizome New rhizome 
developing aerial new rhizome 5/8 inches 3 3/8 inches 4 3/4 inches; 5 1/2 inches 
shoot (7 7/8 inches formed below long. long. tip turning up. = with 1 inch aerial 
tall). cut. shoot. 

Cut off 3 rhizomes 1 bud Bud Bud 1/2 inch Rhizome nubs Rhizomenubs New aerial 
12-14 inches long development. thick curving developing developed into shoots 2 1/8 | 
with developing upward. 7/8 & 11/2 aerial shoots & 2 1/2 inches tall. 
aerial shoots. inches long. 13/8 &2 : 

inches long. | 

Cut off 2 rhizomes 1 bud Bud Bud 5/8 inch Rhizome nubs Rhizome nubs One shoot destroyed 
and attached development. thick curving developing developed into by muskrats; other 
aerial shoots. upward. 1/2&11/4 aerial shoots shoot present and 

| inches long. 1 3/8 & 15/8 growing. 
inches long. 

(@)- Rhizome produced June-Oct., [969 

OF Plant produced April-July, 1970 

(b)- Rhizome produced June-Aug., 1970 

[; (8)- Plant produced April-July, 1971 
(}__ STAMINATE | 

, HEAD (c) &(q)- Rhizomes produced June - Aug., |971 

i/ ©& ©)-Plants produced April- July, 1972 | 
P STILLATE (e) © &@)- Rhizomes produced June-Aug,, 1972 

(1 ] [2] (3] [4] &[5]- Aerial shoots produced Aug.- 
Oct., 1972 

SPADIX 
| / | [1] & [2]- Basal Area Shoots 

[3] & [4] - Primary Aerial Shoots 
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FIGURE 13. History of plant development and 
structures on 1972 study plants. 19



developing from buds in the same basal 
area and rare to find 4. Rhizomes which 
developed from buds located in the basal 
area opposite the incoming old rhizome 
seemed to be most common and showed 
the greatest length. If 3 rhizomes devel- 
oped, 2 of these were found growing 
opposite the incoming old rhizome. In the 
few instances where we found 4 actively 
growing new rhizomes, 2 of these grew 
from either side of the basal area of the 

FIGURE 14. Cattail colonies or clones form circular patterns mature shoot. 
which are tied together by a network of rhizomes. These 

clones may consist of only a few individual plants although : — 
the clone fia be one a more bs in size. Note the eocEy Rhizomes From Fruiting Shoots 

clones in this aerial view of Eldorado Marsh. 

Buds arising from the basal area of a 

shoot containing a fruiting stalk showed a 
different type of growth. Rhizomes were 
often absent and aerial sprouts developed 
directly from the rhizome bud with no 
horizontal growth or rhizome production 
(Fig. 13). Direct sprout development of 
this type was rare in rhizome buds 

: ; . developing from vegetative shoots. If 
: rhizomes did develop on fruiting shoots 

ee : they were considerably shorter than those 
ee - % found on vegetative shoots. The average 

length of fully formed rhizomes in 
oe ha vegetative plants was 10 inches with a 

Bey acy Lee Ih Ge range from 0.75 inches to 24 inches. 
kw Rees re Na Rhizomes produced at the base of fruit- 

: PRO Aas Se ata A ee (eRe ‘ ing plants, however, averaged only 1.9 
He -gittay eA SR NOR AL ey inches with a range from 0 to 7 inches. 

pak ENE WA ag Aes MR RAL ME AE Bc ly The poor development of new rhizomes 
i ADELA Med at ce TAME APR Ra NCL NG a aa from plants which have fruited possibly is 

r eh: AT Ae i ek ca KER associated with a checking effect on 
h oy Dean) Wey oe a A ara ms se vegetative growth caused by the develop- 

EE a Te A Ba RU is Va S) ing inflorescence which requires that all 
, BSS YE COT RS Bia ee available energy be diverted into its de- 

, ate | 4a pa Ye Hea 7b ae A } velopment (Meyer and Anderson 1939; 

Ree Wy , ‘ Fig eae TR AN tela fe and McNaughton 1966). 
Mit PS Ne Pa Bete UNV 

‘ (peal IA ’ . 

a ate SEL aes an Secondary Rhizomes 
Ms Oat Val ge ary 4 

In addition to the primary rhizomes 
hide yee ae which we have been discussing, secondary 

; baa NEL SF Le eagle ae ae eeeNeet rhizomes occasionally occur (Fig. 13). 

; tig di inne ah se oleae These are produced from the base of a 

Re er Oh Nl sg sprout on the tip of a new primary 
Spain Trees ts Gite atc cet, ie cae rhizome. We found this type of develop- 

eo Mea Po edit ag 1 i cel ment occurring in 10 out of 60 rhizomes 

Re ah Te fe ee examined, 
f ae i seal peo ti We ab 9 in i. The average length of secondary 

; be { Did i a ar ae rhizomes examined on our study area was 
Bet doe) SE ieee ae, ae 7 inches compared to 10 inches for pri- 

Fae Ee ce ye EN od mary rhizomes. The tips of the secondary 
setae 1) ete he , rs rhizomes eventually turned upward and 

Peta ee Te) eee produced a secondary sprout. When both 
~ i Sal oa : primary and secondary sprouts develop 

Boe ig AE into aerial shoots the following spring, 
“ ape ee ue ee secondary rhizome production provides a 

ee oe Reh Anca Se means for increasing the number of aerial 
Noe BE ae bP LO sent am fare eae | shoots. 
ak fi pees OCH Rt eee im tae Lote Ga 

ies I i by: y Waco ae Sua al i Nog 
“ SES de das i! ate Rhizome Growth 

The meristematic region or growth 

FIGURE 15. Dense stands of new cattail plants developing _ area is located immediately behind the tip 
during drawdown conditions on Horicon Marsh. of the growing rhizome. Cells are 

16 : proliferated here, elongate and eventually
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PO coe 2 eS Be NR Cattail seedlings of varying ages. These plants vary in height 

[ee A oye tae dea Boo \. from 3 to 9 inches. Note the beginning of rhizome 
ie ae Dee oN ot a A es <7 development in the larger plants. 
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A This seedling cattail plant (on the right) produced a long 
Coe ag ccs ree horizontal rhizome which eventually resulted in the 
oe ae 4) production of the new aerial shoot on the left. 

oo ee ee 

mature pushing the growing tip ahead of day. Rhizome diameters ranged from 0.4 fall. Although moist mudflat conditions 
them to bring about an elongation of the inches to 0.8 inches. The maximum were ideal for cattail seed germination, 

rhizome. Since a rhizome is actually a growth rate recorded was 1 inch per day shallow water of 6 inches or less may also 

stem it develops nodes and internodes. during the week of July 13 to the 17 in produce new plants, but in lesser quanti- 
The internodes rapidly elongate and ma- 1972. However, since rhizome measure- ties (Bedish 1964; Bergman 1920; Wil- 
ture, but the nodal regions remain embry- ments were not begun until rhizomes son 1955). 
onic and are capable of growth and were already 3.9 inches long this growth Sifton (1959) found that cattail seeds 
differentiation after the internodal tissue rate may be subject to revision. are sensitive to white light and that 
matures. Three or four internodes may be germination is greatly reduced in dark- 
proliferated before elongation of the cells ness. He also noted that optimum temper- 

begins (Smith et al. 1936). Elongation ature for germination is 30° C (86° F) 
and maturation of each developing in- Seedli and that below 25° C (77° F) germina- 
ternode adds to the rhizome’s length. eedlings tion rapidly falls off. However, wide 
Usually 9 or 10 nodes were present in our alternations in temperature may stimu- 

rudy plans before szome elogstion ating cats grow and reproduce ft rmination oe at ow fh lees yas 1 tach anid the’maxintun Ieveth was vegetatively in the same manner as shoots eas ot ai ae en a Pee 
3 inches from established plants, but their size and esercicont whichioccurs Inthe pI 

vo . rate of growth is much reduced. They of light and low oxygen pressure. These 
New rhizomes, which had been grow- appear to be miniature versions of estab- conditions cause the aleurone grains to 

ing parallel to the surface, changed direc- —jjcheq vegetative shoots. swell and break the seed coat. Although 
tion during the third or fourth week in germination is stimulated by low oxygen 
July and the tip began to grow upward se conditions, such as occur in saturated 
and formed a new aerial sprout (Fig. 2). Conditions Needed for soils, respiration of the germinating seeds 
Further elongation of the rhizome then Germination increases under aerobic conditions. 
ceased. The meristematic region or This may explain the greater survival 
growth area remains on the distal end of Our observations indicate that max- of germinating seeds under mudflat con- 
the mature rhizome, but leaf and flower imum germination and production of ditions on Horicon Marsh. Saturated 

primordia eventually differentiate from it seedling plants occurred on moist mud- soils and accompanying low oxygen pres- 
and grow upward within the developing flats during severe water level declines sure promote germination. However, as 

sprout. such as occur during drawdowns (Fig. the soil gradually loses its high water 
The 13 measured new rhizomes on our 15). When this decline occurred in the content and becomes aerobic, under mud- 

study area showed an average daily spring and very early summer the seed- flat conditions, respiration increases, thus 

growth rate in length of .36 inches per ling plants had extensive development by increasing growth and seedling survival. 17



Leaf Growth 

: We observed four seedlings weekly for 
of about 5 weeks during the summer of 

; 1972. Development of the seedling aerial 
z soe shoot proceeded in the same manner as it 

ouainraets meats = did when the shoot developed from 
eases rhe sete rhizomes on existing plants except the 

renters pareiaeets : shoot developed in miniature. One of the 
saben ernie tee tas : : seedlings developed 6 leaves although it 

Hatter aa canae Sey was only 3.4 inches tall (Table 4). In 

Stearic are penaees contrast, shoots originating from existing 
ranean pio “iter plants did not develop 6 leaves until they 

Rca neem eno genie were approximately 40 inches tall. 
a a sei See During the period from June 30 to 

abameom greet pt pecna : ie July 28 the seedlings had an average 
sere ease | ee poe " growth rate of 0.7 inches per day and the 

ate a . gio prateeipree rt maximum growth rate was 1 inch per day 
sceacaaiemrta sone ge eapasrrmceeety (Table 4). This low growth rate and 

iy teeter seers rage miniaturized development is probably to 
tarpon rebagiamuerarr antrum ane ser be expected since, unlike shoots from 
Garcesnmbermegsice ne amatiot & ge detent plants with a mature rhizome system that 

pease tame Bern er gee ss has a large reserve food supply for devel- 
: , Sater ees = Qe opment, the seedling plant must produce 
Le ed all of its food through photosynthesis in 

‘ I ee tao : . its leaf surfaces. 

Rhizomes 

Rhizomes began developing on the 
FIGURE 16. Cattail seedlings which are developing __ seedling plants when the plants were still 

substantial rhizomes. very small (Fig. 16). A seedling plant 
about 5.6 inches tall was found to have 

z developed a rhizome bud and a 17-inch 
plant had two actively growing rhizomes. 
Another seedling about 23 inches tall had 
a 4-inch rhizome and from this rhizome a 
new shoot developed which was 10 inches 
tall. 

Rhizome tips began turning upward in 
the soil to form new aerial shoots when 
the seedlings were 8 to 13 inches tall. 
When more than one rhizome developed 
they were located 180 degrees apart. 

; Fi cen Most of the seedling rhizomes were only 
__TABLE 4. Growth of cattail seedlings in 1972. about 3 to 4 mm in diameter at this stage 

Number so no appreciable amount of food storage 

Height Growth Rate of was available. These plants therefore 
Plant No. Date (Inches) (inches per day) Leaves could be expected to be quite vulnerable 

ie .yanessae 40 ayer. i 7 el to injury during the first summer of 
une E 1 July 7 és 0.4 7 development. 

Z June 30 5.3 0.5 6 
2 July 7 8.9 07 7 
2 July 14 13.5 0.8 8 

2 Iuy21 19 A 7 CARBOHYDRATE 
3 June 30 9.8 0.7 5. STORAGE 
3 July 7 14.5 0.8 8 

ee ae ae 5 Significance 3 July 28 293 io 9 
4 June 30 11.0 0.9 6 
4 July 7 17.0 10 8 Reserve food or energy is stored in 

4 ay oH ae 0.6 6 plant tissues in the form of carbohy- 
4 July 28 31.8 0.5 drates, such as sugars and starch. In 

ss perennials, such as cattail, these stored 

Avg. Growth Rate 0.7 materials are primary sources of energy 

i during the early period of growth in the 
spring when carbohydrates are utilized 
faster than they can be replenished by 
photosynthesis. An adequate reserve of 

18 carbohydrates at this time is essential if



the plant is to survive until photosynthesis | maximum production without seriously polysaccharides accumulated in their 
Can again supply its needs. To determine —_ injuring the plants. Since not all plant vegetative parts. Grasses of tropical 
the reserve food present in cattail tissues, | species have their low in food reserves at origin accumulate starch, while those of 
measurements were made for total non- the same stage of growth (Smith 1972), temperate origin accumulate fructosans. 
structural carbohydrates (TNC). TNC it is essential that this low point be 

measurements are estimates of the | determined specifically for cattail so that 
carbohydrate energy readily available to there is an accurate base on which to Aerial Shoot 
the plant (Smith 1969). develop management and control tech- 

To effectively manage and control niques. All forms of nonstructural carbohy- 
cattail, an understanding of its reserve drates were present in much lower quan- 
food storage mechanism and the ability to tities in the aerial shoot than in the 
estimate the time of low food reserves in Relationship to Plant Parts rhizomes (Fig. 17). TNC _ increased 
relation to plant growth and phenology progressively from the lower portions of 
appears essential. During the period of . the tightly rolled leaves down into the 
low food reserves the plant should be Smith (1972) found that thecarbohy- _base of the plant, where starches were the 
vulnerable to injury by various control drates most often stored in grasses are the most abundant fraction. In the leaves, 
techniques. Periods of carbohydrate utili- monosaccharide glucose and fructose most of the TNC was in the form of 
zation and the resulting lows in reserve | sugars, the disaccharide sucrose and sugars. This indicates a continuing flow 
storage have already been worked out for | maltose sugars, and the starch and of materials from the leaves where they 
many forage grasses (Smith 1972). This fructosan polysaccharides. are manufactured, to the rhizomes where 
information is of great importance in He also pointed out that forage they are stored and later used in growth. | 
determining when and how frequently a grasses can be divided into two groups Meyer and Anderson (1939:570) 
field may be mowed or grazed to obtain based on the predominant nonstructural noted that the cells of storage tissues are 

eae T NC (Total Nonstructural Carbohydrates) 
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FIGURE 17. Carbohydrate concentrations in various plant 
parts (percent dry weight). oo 19



not merely passive reservoirs in which °° | AVERAGE HEIGHT OF STUDY PL Ants 
excess foods pile up. There is a continual 
change from soluble forms being translo- 50 | er eS 
cated, to insoluble forms which are being _ a 
stored, and back again into soluble form E ¥ 
when they are used. $ wo 

= 40 f | 
o i 

Old Rhizomes é f 

530, /“ 
Old rhizomes, those produced during = ic 

previous growing seasons, seemed to be Zz 
the principal storage organs (Fig. 17). - 50 TNC 
Our data indicate that cattail is a starch 
accumulator, building up large quantities © 
of starch in the old rhizomes. Sugars tend 0 
to be of much less importance. In August, 
when our samples were taken for sugar 
and starch analyses, reserves were ac- | 
cumulating rather than being used. io 20 10 20 10 20 10 20 
Sugars present at this time were probably JUNE JULY AUGUST = SEPTEMBER 
incoming materials which had not yet I97I 
been converted to starch for final storage. 
The greatest concentration of TNC ap- 
peared to be in the proximal portion of | 
the old rhizome where it was stored 110 INC 
mostly in the form of starch. The amount 100 eeesecesee: 
of TNC decreased somewhat in the more fo 
distal portions. This may indicate that 90 a“ 
storage began in the proximal portions = 80 a“ 
and gradually extended to the more distal £ wo 
portions with the passage of time. At the = 70 i 
time of our sampling, TNC values were a X 
still recovering from the summer low, = 60 ra | 
although by far the greater part of this ~ 50 yg 
recovery had already been accomplished. Zz f 
Since there was a higher TNC buildup in 7 49 ; 
the base of the plant than in the lower 30 / 

parts of the aerial shoot, storage ap- ; 
parently began at this point and 20 f 
progressed out into the rhizomes. [0 __--” \ AVERAGE HEIGHT OF STUDY PLANTS 

New Rhizomes 10 20 10 20 10 20 10 20 
APRIL. MAY JUNE JULY 

Both old and new rhizomes contained | i972 
approximately the same amounts of 
TNC, but the type of carbohydrates . 
involved varied considerably between 
them (Fig. 17). In the new rhizomes FIGURE 18. Seasonal changes in total nonstructural carbo- 

(those produced during the current grow- hydrates (TNC) in relation to plant height. 
ing season) sugars became increasingly 
important, progressing from the proximal 
portion to the distal end or tip. Starches, | 
which were in slightly greater amounts 
than sugars in the proximal portion, | height in 1972 as compared to 1971 
decreased in the tip to less than half the Seasonal and Yearly | _ because of the diversion of food materials 
amount of total sugars present. Innoneof Variations into fruiting head production. Production 
the other plant parts sampled were the of both leaves and fruiting heads may 
reducing sugars (glucose and fructose) have increased the rate of reserve food 
as plentiful as they were in the new The seasonal buildup and use of TNC utilization (Meyer and Anderson 1939) 
rhizome — especially in its tip. Since are shown in Figure 18. TNC reserves and these reserves were utilized sooner as 
these are the most soluble forms of sugar, attained a low about 2 weeks earlier in a result. Plants in 1971 attained 91 
it is probable that more of the incoming 1972 than in 1971. One of the major percent (95 inches ) of their average total 
carbohydrates were being used in growth — differences between 1971 and 1972 was height at the time the low in reserves 
than were being stored as starches at this — the large number of fruiting plants which occurred, while in 1972 they had attained 
point. More storage occurred in the re- developed in 1972. Our data indicated only 78 percent (78 inches) of their 
gions closer to the aerial shoot where that a large production of fruiting plants average total height probably because of 

20 growth was no longer occurring. may have caused a reduced total plant faster utilization of reserve TNC.
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FIGURE 19. TNC reserves relative to plant phenology, 1972 
(percent dry weight). 

_ growth. rate faster than it was being utilized. 
Relationship to Plant The rate of carbohydrate transloca- During the period when the first leaf 

Phenology tion is not necessarily the same as the rate separated from the leaf bundle, intense 
of its utilization. Replenishment of growth again lowered the TNC reserves. 
depleted tissues from stores in more However, plant height rapidly increased 

TNC fluctuated in the early stages of remote areas could continue even though shortly thereafter and photosynthetic 

growth during April and May when the growth rate had been severely surfaces were being produced, which 
heavy drains on the reserves occurred curtailed. The first dip in TNC on April began to manufacture carbohydrates. 

during a relatively short period of time 20 (Fig. 18) was probably the result of This food production, coupled with trans- 
(Fig. 18). The minor rise in TNC follow- first shoot growth in the spring. The located carbohydrate reserves, again per- 
ing a drop probably represented a translo- buildup which followed may have mitted a slight recovery of TNC at the 
cation of carbohydrates from one part of resulted from a leveling out in the growth sampling point. However, as rhizome 
the plant to another in an attempt to rate which allowed reserve food to be buds formed and fruiting heads began to 

compensate for the drain in TNC due to translocated into the depleted areas at a develop, growth rate increased more 21



rapidly than carbohydrates could be dates. This difference may be due to ‘ 
manufactured and reserve food translo- variations in environmental factors such 
cated. This resulted in a rapid decline in as water levels and temperature which 
TNC at the sampling point until a low shifted the plants’ phenology. It is obvi- i 

was reached on June 21. At this point ous therefore that the low in TNC and the | 

TNC production equaled TNC use. This resulting physiological low of the plant bp 

short period when plant reserves are are not fixed to a calendar date and will | q 

minimum is the physiological low of the shift somewhat from year to year depend- | 
plant when it is most susceptible to injury ing on external and internal factors. , r 

(Smith 1972). Shortly thereafter, TNC A number of phenological check Pee Er oe 

began to increase as carbohydrate pro- _ points were used to determine when this | El | ge 

duction exceeded food use. At this time low in reserves occurred (Fig. 19). oe FT a bt 

fruiting plants had attained maximum Calendar dates were useful only in a Gee 2 7 fr 
foliage height and were heavily general way since variations among i bhilal Ff 

photosynthesizing. seasons, weather and other environmen- (_  . | mt oF 

We began sampling TNC during June tal factors caused variations in the plant’s Ee 2 1 bea 4 Ca 

in 1971 and continued until fall. In 1972 development and resulted in a shift in the | Billig | | 
sampling was initiated in April when plant’s physiological low point. The best 4 4 . say ake 

plant growth first began and continued indicator proved to be the emergence and _ = | ‘a aT = 

until July to provide data which would final shedding of the pistillate spathe leaf. Bee : a. 7 

coincide with those of the previous year. This leaf emerged during the period when | ar ib 2 

Although our data are not continuous food reserves were suffering their fastest £ : . = | a 

between the two years, we have included decline. At this time TNC dropped 14 4 ~ | ‘alk ] 

the low in TNC for both years in the percent in one week of time. Further  §f — 7: 4 } ee 

overlap area of the graph (Fig. 18). Note reduction occurred and the physiological -~_ | ‘a a 

that although the low in TNC occurred low was reached when the pistillate vo ie af | F Ay 

during the same general period in the spathe leaves were beginning to shed and ie D ‘ 

summer in both years, there is actually a the plant came into full flower or i 

two-week difference in the calendar anthesis. The exact date of the low point 
Fully emerged floral head with both spathe 

leaves shed prior to the beginning of 
pollination. This point in the development 

of the floral parts should be close to the 
time when TNC reserves are at their lowest. 

FIGURE 20. Fruiting spike color changes relative to the low 
in TNC reserves. 

in TNC reserves occurred, therefore, at 

that time. These phenological indicators 

Ce eee FISTIEEATE: SPIKE: Sree are easily determined for the period when 
the carbohydrate reserves have reached 

one a ch 2 
inches for the nonfruiting shoots and 86 
inches for those that fruited. Leaves of 
the fruiting shoot had nearly reached 
maximum height at this time. Pollination 
occurred shortly thereafter. 

At the critical point when carbo- 
hydrate reserves were at their lowest, the 
pistillate spike was lime green. The 

STAMENS BEGINNING staminate spike was dark green (Fig. 20) 
and had a pebbled appearance. Shortly 

thereafter, TNC began to increase and 
the spikes took on a brownish tinge and 

Rhizome buds, which had been form- 
ing on the base of the aerial shoot and its 
associated rhizomes, elongated into new 
rhizomes as soon as the TNC reserves 
began to recover from the low point. This 
elongation was completed just before the 
vegetative plants reached their maximum 
leaf height. At this time the rhizome tip 
turned up and the new sprout began to 

22 develop.
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Cattail floral head with the upper or Fully emerged floral head with the upper or Floral head with the upper staminate spike 
staminate spike just beginning to shed staminate spike in the process of shedding in the last stages of pollination. Stamens are 
pollen. Note the staminate spathe leaf pollen. Pollination begins at the top of the beginning to atrophy. 
hanging down in front of the lower pistillate spike and spreads downward until pollen has 
spike. This spathe leaf will soon be shed. been shed from the entire spike. 

Well-developed pistillate cattail spike. Note 
the bare spadix above this spike is bent over 

Upper or staminate portion of the cattail and broken. This is the portion of the Fully mature pistillate cattail spike with 
head is beginning to atrophy. Note stamens spadix which formerly bore the stamens and seeds beginning to shed. Note the long 
at the top of the staminate spike have staminate spike. These are now completely white hairs which surround the seed and 
already been shed leaving the upper third of shed and the spadix is beginning to fragment carry it on the wind are exposed and 
the spike bare and exposing the spadix. at this point. expanding. 
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es MANAGEMENT IMPLICATIONS AND RECOMMENDATIONS Ex 

Although cattail is persistent, spreads depth of water they will tolerate. Water 4. Our data indicate that heavy fruit- 
aggressively, and has a tremendous level can be used as a means of control ing puts an additional drain on the 
reproductive potential, it does have its and management if capabilities for rais- carbohydrate reserves. Therefore, control 
weak points. Management measures ing and lowering it are flexible. However, measures should be more effective during 

planned on the basis of the weaknesses deep water will do little good and much seasons when the production of fruiting 
and strengths of the plant have a much harm if the entire bog mat floats up when heads is heavy. 

better chance for success than those _ the wae is appre. ON ee no em 
; was made in this study to determine the Lo 

based merely on work convenience. Be maximum water depth, field observations 5. Since it is obvious that not all fore attempting a management or control Loa shoots grow and develop at the same rate 
program, the following specific points indicated that narrow leaf cattail and its y diti ‘Ilneed tob 
should be considered: hybrid form seemed to thin out when average COndIUONS WIIl Need tO DE approx- 

water depths reached 2.5 feet. Harrisand _ !mated using as many of these phenologi- 
1. For maximum control with a mini- Marshall (1963) noted that Typha la- cal checks as possible on a reasonable 

mum of effort take advantage of the —tifolia died out in water over 12 to 15 Sample of shoots. 
weaknesses of the plant in planning man- inches deep during three years of flooding Although we have pointed out the 
agement and control measures. Although and that hybrid cattail 7. Jati- physiological weaknesses of the plant and 
the low in carbohydrate reserves general- _—folia Xangustifolia persisted in water have attempted to pinpoint these weak 
ly occurs in the latter part of June, utilize depths up to 24 inches and the stands periods phenologically for management 
phenological indicators to help determine remained healthy. purposes, further research is still needed 
the exact time this low occurs since the | to develop improved control treatments 
calendar date will vary between seasons 2. Because they are produced in  basedon these findings. 
(Figs. 19 and 20). Since the low point in enormous quantities, cattail seeds are We have pointed out in this paper that 
INC is sharply defined and is easily everywhere and merely waiting for the the rate of growth and development in 
missed because it occurs abruptly, TNC right conditions to germinate. Shallow cattails varies due to such environmental 
reserves are in a state of rapid change water or mudflat conditions, while they conditions as water level extremes and 
during the two-week period spanning the produce many desirable food plants, are temperature. The TNC reserves decrease 
time just before and just after the low also conducive to the germination of during the spring and early summer 
point. Our sampling was done on a week- cattail seeds. This should be considered growth period as growth rates increase 
ly basis so the low could have occurred when water levels are reduced for man- and when fruiting head development oc- 
any time within the week indicated as agement purposes. curs. It is obvious therefore that we 
being the low point. It might be well cannot set in advance a calendar date 
therefore to consider the week before and 3. When planning management or — when the low point in TNC reserves will 
the week after the low point as a span control measures remember that cattail occur and when the physiological low 
when control measures will be most effec- shoots are interconnected by a vast point of the plants will be reached. Since 
tive. This study involved hybrid cattail network of underground rhizomes and a our data indicate that the low point in 
(T. latifolia XT. angustifolia) and nar- single plant may cover many square feet TNC occurs during fruiting head devel- 
row leaf cattail (T. angustifolia). Other of area. The plant not only spreads into | opment we have attempted to develop a 
species may show a different phenology. new areas by these rhizomes but the timetable which can be used to determine 

Rhizomes need oxygen to survive over rhizomes also serve as carbohydrate the physiological low period based on 
extended periods (Laing 1941), and this storage areas. When a shoot is severely plant phenology. Phenological character- 

fact can be utilized in a management injured it can draw on carbohydrate istics are annually recurring natural 

program if conditions are suitable for its reserves in the rhizome network to events in plant development whose 
application. Cattails, like other aquatic produce a new shoot from latent buds calendar dates shift with environmental 
plants, have limitations on the maximum which are commonly present. conditions. 

eS SL) LL AR Ye 

Cattail is a natural part of the wetland produce the best results. This usually second part of this study. Only the first 
ecosystem and in a proper dispersion resulted in mediocre or negative results. part concerning biology of the plant is 
provides valuable nesting and escape With this in mind, a two-part study was presented here. 
cover for waterfowl and other marsh initiated by the Wetland Habitat Project The study was conducted on Horicon 
birds. However, it becomes a problem in 1971. The objective of the first part Marsh Wildlife Area during 1971-73. 

species when it rapidly proliferates and was to study the phenology, physiology Cattail sprouts to be studied were located 
produces an unbroken monotype. and carbohydrate metabolism of cattail in the spring as soon as ice left the marsh. 

Much of the cattail control work at- | under Wisconsin growing conditions. Development and growth of leaves, fruit- 
tempted by game managers in Wisconsin Findings from this work have helped to ing heads, and rhizomes were measured 

in the past has been done whenever it provide a firm biological foundation for weekly throughout each growing season. 
could be best fitted into the work the development of control techniques Rhizomes were collected weekly to 

24 schedule rather than when it would which have been investigated in the analyze total nonstructural carbohy-



drates (TNC). This was a means for usually in late April. late June. Beyond this period carbohy- 
determining stored energy levels on Leaves on plants which bore fruit drates were being produced in excess of 
which the plant depends for initial growth ceased growth approximately one month the plant’s immediate needs and they 
and development in the spring. earlier than leaves on vegetative plants were translocated to the rhizomes for 

Cattail leaf growth and total height and the final height of fruiting plants storage. Stored carbohydrates are avail- 
paralleled mean air temperatures averaged 15 inches less than that of the able to help the plant recover from severe 
through June in 1971 and 1972. Gradual- vegetative plants. This indicated that injuries and to develop new shoots the 
ly rising water levels during the 1973 plant reserves were probably being following spring before it is capable of 
growing season modified growth patterns diverted from leaf production to fruit photosynthesizing sufficient carbohy- 
noted during the first two summers of the production and this resulted in a checking drates for its needs. 
study. effect on leaf growth. Maximum leaf By correlating the low in TNC with 

Adventitious buds at the base of grow- growth of the study plants was more than phenological developments in the plant 
ing aerial shoots developed into new 7 inches per day. the critical period when the plant is most 

rhizomes in early June. Maximum TNC tests indicated that old rhizomes susceptible to injury was determined. The 
rhizome growth was 1 inch per day. (those produced during a previous grow- low in TNC in late June was found to 
Sprouts formed on the new rhizomes ing season) are the principal storage coincide phenologically with the emer- 

during late July and early August and organs. The maximum level of TNC gence and shedding of the pistillate 

these produced the next summer’s crop of occurred during the early winter period. spathe leaf. At this time, application of an 

aerial shoots. These sprouts went into | When growth was initiated in the spring appropriate control measure would prob- 
dormancy in late fall and resumed growth TNC gradually declined to a minimum in ably achieve maximum control. 
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TECHNICAL BULLETINS (1972-76 ) * 

No. 52. Mercury levels in Wisconsin fish and wildlife. (1972) No. 72 Mortality of radio-tagged pheasants on the Waterloo | 
Stanton J. Kleinert and Paul E. Degurse Wildlife Area. (1973) Robert T. Dumke and Charles | 

No. 53 Chemical analyses of selected public drinking water M. Pils 
supplies (including trace metals). (1972) Robert No. 73 Electrofishing boats: Improved designs and operating 
Baumeister guidelines to increase the effectiveness of boom 

No. 54 Aquatic insects of the Pine-Popple River, Wisconsin. Deas (1973) Donald W. Novotny and Gordon R._ 
(1972) William L. Hilsenhoff, Jerry L. Longridge, rege 
Richard P. Narf, Kenneth J. Tennessen and Craig P. No. 75 Surveys of lake rehabilitation techniques and 
Walton experiences. (1974) Russell Dunst et al. 

No. 56 A ten-year study of native northern pike in Bucks No. 76 Seasonal movement, winter habitat use, and 
Lake, Wisconsin, including evaluation of an 18.0-inch population distribution of an east central Wisconsin 
size limit. (1972) Howard E. Snow and Thomas D. pheasant population. (1974) John M. Gates and 
Beard James B. Hale 

No. 57 Biology and control of selected aquatic nuisances in No. 78 Hydrogeologic evaluation of solid waste disposal in 

recreational waters. (1972) Lloyd A. Lueschow south central Wisconsin. (1974) Alexander ) 

No. 58 Nitrate and nitrite variation in ground water. (1972) Zaporozec 
Koby T. Crabtree No. 79 Effects of stocking northern pike in Murphy Flowage. 

No. 59 Small area population projections for Wisconsin. (1974) Howard E. Snow 

(1972) Douglas B. King, David G. Nichols and No. 80 Impact of state land ownership on local economy in 
Richard J. Timm | | Wisconsin. (1974) Melville H. Cohee 

No. 60 A profile of Wisconsin hunters. (1972) Lowell L. No. 81 Influence of organic pollution on the density and 
Klessig and James B. Hale production of trout in a Wisconsin stream. (1975) 

No. 61 Overwinter drawdown: Impact on the aquatic Oscar M. Brynildson and John W. Mason 

. vegetation in Murphy Flowage, Wisconsin. (1973) No. 82 Annual production by brook trout in Lawrence Creek 
Thomas D. Beard during eleven successive years. (1974) Robert L. 

No. 63 Drain oil disposal in Wisconsin. (1973) Ronald O. Hunt. 

Ostrander and Stanton J. Kleinert No. 83. Lake sturgeon harvest, growth, and recruitment in 

No. 64 The prairie chicken in Wisconsin. (1973) Frederick Lake Winnebago, Wisconsin. (1975) Gordon R. | 
and Frances Hamerstrom Priegel and Thomas L. Wirth 

No. 65 Production, food and harvest of trout in Nebish Lake, No. 84 Estimate of abundance, harvest, and exploitation of 
Wisconsin. (1973) Oscar M. Brynildson and James J. the fish population of Escanaba Lake, Wisconsin, 46- 
Kempinger 69. (1975) James J. Kempinger, Warren S. 

No. 66 Dilutional pumping at Snake Lake, Wisconsin — a cures Gordon R. Priegel, and Lyle M. 
potential renewal technique for small eutrophic lakes. 
(1973) Stephen M. Born, Thomas L. Wirth, James No. 85 Reproduction of an east central Wisconsin pheasant 

O. Peterson, J. Peter Wall and David A. Stephenson population. (1975) John M. Gates and James B. Hale 

_ No. 67 Lake sturgeon management on the Menominee River. No. 86 Characteristics of a northern pike spawning 
(1973) Gordon R. Priegel population. (1975) Gordon R. Priegel 

No. 68 Breeding duck populations and habitat in Wisconsin. No. 87 Aeration as a lake management technique. (1975) S. 
(1973) James R. March, Gerald F. Martz and A. Smith, D. R. Knauer and T. L. Wirth 

| Richard A. Hunt No. 90 The presettlement vegetation of Columbia County in 

No. 69 An experimental introduction of coho salmon into a the 1830’s (1976) William Tans 
landlocked lake in northern Wisconsin. (1973) Eddie No. 91. Wj . os ‘cipation in the river basi 
L. Avery QO. isconsin 's participation In the river basin 

commissions. (1975) Rahim Oghalai and Mary 
No. 70 Gray partridge ecology in southeast-central Mullen | | 
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impoundments: the Marion Millpond experience. | , . . . , 
(1973) Stephen M. Born, Thomas L. Wirth, Edmund No. 93 Wwe ana 78) Waren 8. Chovchill. ishes in Lake 
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| *Complete list of all technical bulletins in the series available from the Department of Natural 

| Resources, | 

Box 7921, Madison, Wisconsin 53707. 

OT



: - 

« : 

+



NATURAL RESOURCES BOARD 

THOMAS P. FOX, Chairman 

Washburn 

CLIFFORD F. MESSINGER, Vice-Chairman 

New Berlin 

MRS. G. L. McCORMICK, Secretary 

Waukesha 

JOHN C. BROGAN 

Green Bay 

LAWRENCE DAHL 

Tigerton 

DANIEL T. FLAHERTY 

La Crosse 

HAROLD C. JORDAHL, JR. 

Madison 

DEPARTMENT OF NATURAL RESOURCES 

ANTHONY S. EARL 

Secretary 

ANDREW C. DAMON 

Deputy Secretary 

ACKNOWLEDGEMENTS 

We wish to acknowledge the diligent 
efforts of Joseph Haug who was responsi- 
ble for the field work and plant measure- 
ments during the first year of the study in 
1971. His notes, photographs and sketch- 
es were basic for developing later phases 
of the study. 

We also want to thank John Beule for 
plotting portions of the cattail growth 
field data. 

We thank Cyril Kabat and Donald 
Thompson for critically reading the 
manuscript. 

This investigation was financed by the 
Wisconsin Department of Natural Re- 
sources through the Federal Aid to Wil- 
dlife Restoration Act under Pittman- 
Robertson Project W-141-R. 

About the Authors 

Arlyn F. Linde is a Project Leader and 
Thomas Janisch a Project Assistant, in 
the Bureau of Research, DNR; Dale 

Smith is a Professor of Agronomy, Uni- 
versity of Wisconsin-Madison. 

PRODUCTION CREDITS 

Ruth L, Hine, Editor 
Rosemary FitzGerald, Copy Editor 
Richard G. Burton, Graphic Artist 3000-3J70060-77



rusk ee! TONDO SE Nee TS, ea Oe a ; 
ays seta Vg coe letry iN rH nase Ni Bea teateces Say peat eed ae 

Fires yates ERG Rp” See Tayv et eee eras ih oe te 

Steer oral ee NIC. Sg i bane mee SE SS Ben, ae Sade cnet grat atton SUS rare iia apes Been a lee 

RS RAR Es ita Nt ator ae RN Ea: EES teen iia eh as pene ns SN suas! nee SE ere 

Pea a Shae Be geen PUAN GER SIS USSD AGAR Cage Baie ent cede hye a Rapier bgt) - erent 8 te ee Fi Bie WARY Sate 

Rivera de Tet Month Sowa high ety [PES NCATE DY De Set gratin Pepa ae raed sag eine dhe Waa eer eg sen SL ape a pe 

Mew adaacres 4 tage Pe sthnl ose a hero Sea e ee ae el: aie tee Y Ra aac eRe ea ee ‘S oe Praeansis 

aL e pe sie to ve ee Nears Ee RR eGN Ae da tata nOn dae ate ASU ai Rik eee Mee aie! pone ee ea 

POG a Ma Stan R ee at tote Re) ie ciyee wala Rap Eman bat Ne Bayh ceo ans NE oo Sey. ngs dare ek ean ae oN Se te , 

Suess oe UN Taro pie ae ie ee Por cae aa acens Segal cl cn nineteen eee ene a ee 

Moana elem re Shei eal eps oo Re eM eRe est era vate ae coals a 

Hee mers toht goat Boe eRe ae Tvs oe aS eee irae Ee Setar Fa ee SIat iN i es che Fes die eink eonae Cyr ol ae aa ‘ 

rk: NUS A SS he ale ON oe ee en Se ate 

Matern SBI UN ei hs eI SPRUE ace SIPS lege aah aS Sela igisap taal So tec Reet Ran saree Ca abe Sy oi Se Ree a 

Soe Ni an eat he eect Peat Seng So PCa acted a Se A air kc tee tak ay cele NP etn onty rhe shatter amt aoa Meare ake Sepa Me eo 

Zevon omar coupe Serra er fe None ane fats eae srrpace Cpt En ioe a ne a is fs ig eos at! z 

ee re le ak ag Te oes ae Sere Sena es ea Zoe : Poe ee alae 

Got ee eee SL are Eee nen Se MORE Seek AL Jer Si Shige eh ven ec tS See Apne Ra SRG pt ERAN Gun ee a he fh inst ae 3 

ee eine Sa eget ae eae dees Berek Uae een tape ie ee ea 

PN CaS naa gett ie incd ahs tates a, ERR eno EN IMA Sean 2 ia aoe, ante NERY ce RoR etd heat a Dio Reger 

Ae ae Aaa ry Weer aca eS PR Te aes SoH ce rR Re A Nb Pa: ER eae 

De Rum Arar Raa ae Recta Vedi eake as ate Dik Paneer Aa Ue aes th teats es er sg es ee ? 

ange aye, ett Aaa eres Woesuraunga, Done eau nape Psa a ey eae aes ae en of ray aa ee 

ai sia BEST ced ak ite tee Mats ney me Mr Cate UE alate whee Span eres boards he thw nO a ENS yee tS eee Sa ee eee > 

Ge cat ete eae se eh toee ae Sdn Se erate de ose PO nt evant ne, SRS haan teat sont ie eat eee 

Retry cd SE OOES NORE ACY Gen DS LN Teast aera eae ne eae ee Raha erg SO ee 

BUA Vrs Sees bia seas eae Oo eee Ee Pra ak Spd eG ean u Rea ee Ts arson SE Geer cea eee SLI Rear e 

yes weet ec oe Screens Pea Oe Se ae Ss plone ene 

Re oe ae on SOP PEE aOR eters Umea uate estate ioe eis femme 

pO Ney Ree aS {oo iar acne een pena ee eS ice RN ea eetiaa nea Eu SA kes Spe 

or aeteeee ny Meets) Rory Biase ee ikoe i eke setuen ae: Dope see heres EtiNime esi a ede eae Ta hore gacn hesae 

oO RU aU ec cine eet Mey SO Bike eh ne ea Oe a CPR eG aie ae a Ra rane 

a Res EE enn ie Mec atid? eRe SH Ds hee ta DiS a ONS ee a en eae Rage On tes 

SSE a NCL Ne Rati fet Senate Ce eal aa Teo eee Raa ila Se SAU In So ora ee ata Brevi ost: 

Feeney inwe a eat ee epee een eae Marta igpo ates ster io Avene Pere Ne ucaee Ser ra Sat (UR ae eae ees ite 

jae eRe eis sostii el Sa oh Sta Seiten, Ghee REE Ba exe His SS ae 

pisom rors Pe ae Caer lecae sage! di aR NAR pene See chee Seen ise eS Ge Pei goa ieee . 

ay VANS Aare ae Be eee eae Th are re a yeu aes i ae ue a a 5c gt a oe 

Seite reenter LRN ene a Laer Sa roar stea Wiaaete Stet aren Seer rece 2 EN Noss unease senna ane 

Ba tee aE Re BERGE Dears REC cranes ee Sapa rasa seals Savtac te CS Ae ha ae aess 

BSS AF ee Mus ees ieaate att cre a me Rot A Be TERR Wee SA Tere MSC Gh seis nae Moat lena Shiga neh SPN) ieee 

SS Ure Cees ot Teer eg ae IN Dae ans ASetis Wn Sak Men die Vat ed irae 8 fe a ane Ba 

We i aieane caer ate een Peek acne pene hy 3A cares ce ee Me ee Tbe gat (Pee Eee Gy OC SU Ae a 

aL NOs NR pss ee, ae te Eger rhe cana i: sare Pelee abet Ee Sg RRS aS oe 

pile ane Sonne Ret onc Ae danger ah ates Siete aia ee See ey at Rei etn ea ary ee Vi is ere alana EG ten vue) Sea 

POU BOGS eM eae ata anaes eat RAE ae Be een an Sven ea Lee aa iets 

Wauace te ae: Res ie aseptests Mae at Egat NRE Rong Neda AWE JOR ahi fe SCR Ee Ore LEGA OR ee ND a 

ENR ate ana ay Haida Bea seat ag OES ne Panwa, < eee KAN oom eee ee ee eeneay eater ier AY 

ROBE Gt ey a nee Nab Sheree ai Anes O ae Ba aes aries cence TSN a ae tae 

Sues team Seaceien at ace ete eee Sig een ONS Geen, Ueto ton Se ea MES EN Epo tke ee ae es Sata Ne NE 

eae ie ae Roh Seema Curae cel a esoge tape aap lite eikiag Papeete Meme RNS Oh Se eS ee hae oa 

Be ete ena a Sree e Bete Ae ake ce He Dem Buea: A Stigcecnsy PES are Sear eave 

esters pea nieag ecteeeeen ae Sh aN eg ag SAW Be Miten cate Rr Ehetile eet oe ate GaSe od RSA eh ee UE PTS 

ME ee Peete yt awe tee AUS et na a ee eae eee oe Pr Re net RA Saan ee ice Roto aa aang ac 

eee ane ae ee eee ne: KR pad hee OE EEA eel 

She Sere ecu teen er STIR eae NUR ae mener MATa tome mae Meee Tae) en =r eg ROS ee . 

REAM B Reta AES Spee i Mater fo ict ghee ts ate el a GS Pint oa acne nent, Ce uae tie Te De tie , 

Phare eras WR SE aN cie Aalear at sens ee oie mene ren Wels yee SAR A Nea Oa alatas Se pees 

ae toy Aina numa Be rahe be ihe acre PEt ere en, ei eas te ie APE eee 

ise hpi rie eh cen rane at RP OLA MS ceen gah pvt sae OR arse ac: A repre eene LS Ss Sa pe NP NS Res Sagu Say Sa Ee EE 

Splgtines Cok Cae Boe beng eee Sie ae gees iets ROU AU ASEAN MI. count Ais Beata te lege etree is Sy tee eat ea EN 

Ao onsen te Wah st ee Ete ay SAARC e iB econ eae Bhi ectarean MUSE Rare el a FE ais ote Fah nes ah ees ai im 

AS heath eee rate apne Relea Nene set See eee INN SAW Mm Satay Sana Mins Sets eS tna Pn pee a i Sees pe EATS ie rest ; 

eae POO Re OUR cere SRE ie Sse, OR PA es Oe eae eae 2 ees Te sinha : 

ee ee Weert ie tre Soe ae Cee es a isin 

Be ake eh count apg th Shame tr es ea pian ea ci Ue tree Me a ee Tat ie eat Sh RMI Baie se Le Me ates oe eae rea 

mR coe Sit cera) dim ats Us pects taes ranean cree ee cle! reat ne Ret eae es RR ila Hera ta Peres $i. Nae ESAS MUI oH Saat i 

me eG ey ea ee Ned rghe orton tating FU eus stone te Te OU Sibu Chaat aia gS ee OE AS, a eee : 

ae tod pe cha eee a en oO, Pace ean oe ee BO ee ieee 

viata diteRunr ingeces Sate Matha BS EAS ee ea Me eas eet tt RE NING ein elaine Macrae nas oy iis Git SEW Sig eo ees 

er Gene ent ek ea Mi cnc aie privet TONG Rint unin ass Re Seige ee iy ete SUES ILEZ NA 4 ice 4 aan te 

RS an ed aay Aaa Mies hes ep PeneL ON chaps Cex manned ia SBCs aes te tia estan eo Perce ages PS oak A eI a aera [ies ONO 

RS Prae EAT ge Foe NVC ARNT PEROT thick rath eel Nu ae PEAR OLA Papas ATS a ics RRR TAN een hia pt one EN, ee Se At Baan gas Seen 

LES aN ee Er Hoe nk cone aa ua SS Rte ae ae Ee Sea Rae 

mans pay Iie etnias wake aes NUE eS Sear OME a Ce ume er ae LS Eanes 

RR VP i ae Cec nd eae re MUSE ER R eaaidy pie Rage ate RY ieee We ern. ate a, AO woes Figgas rai SoG eh eomscaaneee 

hE a eer oS See en ea. ve me seture Seer ane Sa ete ae : Se ccna E 

GER ae Pesekeen air taracon Gili PRN SHU ee st tie Pants (ewraamear gs iearyse eee Nee Een [ES ete tea eat x 

ome ieee ane PE Si ene Be ee. a SEN Neotaag 

ecieR avera a: eae OPN EN sree ee Bere Ne pala erate ere ae: TRS sat cork neg ee cist esl Ae ns gaa 

Spee eek aE Me a eee Pr A ete eee ae Wee er Seana dan ee eye es oe ee eee be 

pie peengeonee POR ih a iieee tS a 

DROSS eerere at ai anna 

TeSeN a euty S A Cah Sith Vasoteg aaorane ale STD cera atone ihe ase ne ie Nh ares rele Nar as pe SiS ike OARS Ee pete) eee aed peeatiad 

EN LAR pnehae eng. oes ere ane Oe eee ae he Stee 

AEN ae PORT PBag be yet AR VOR Nee N Dan TT te Ger Rie Guna ot Sushi gee een oa ima eatin cone Sr aay Pan Cee oh ¥ 

Hee ais ies pine eRe aeme a O Wah R aR Roel Ronee ea) Ge oenastes RUE SER ed a ete tgnne hE COCR Sang Sats ae 

ey ans Lee eta Bol Ones aey Aas Pe eee eo ee SOAR eas ee 

he cpa aay Hoe oo en eee DR Se 

een as aby Rane HMSHost ie epee Hy i UE ea a i eee 7 Sonus tee 

Pr an Sytee Pen eeeg ie he eT eet) PERS Eee inne ee OR oe ee Hf een 

Senet oun pees ata EE RR PAE PR Re SA SEN anh teen She nee Ee Am Sine ar ae ee iad eae 

Vere tists ae Seria te Niece bai Aap ae aula ura teeth Spee Narn moe Silene maT Sr Cate e eG AE a Holey ty arte Ur eae tices 

aeehe PNG yak: oT Pilea Cease (Ota Sheoh  gtig ANT CG cain ne et eee ah hart Rea 

Se PNT Sue Side i eee ga Sieh ie ee Mueacw ese PS ie Tau E Seek eye te Laat aaa ie 

ane set paves Brae) Sade eR Ne elt, yee Sel ey Seva: Si See a HSE ae Lies ea 

Eran Soa anise gc cA Aine Coeur ren aes ate ai Sonate eae nts mene Igbaras a tect as ic ete ane Beene 

Rg ones Liter a aR Antena ea Ba AEE Sea DEON hea Ratamaee nae RAUL Re Weenie ten Tee tee et Ra pats ec rt eae She NAAN oa Rea Hecate 

Hohe Senne SPE ea SaE ANE iS Wa ns Rasen rye acre a canes Ca ee ocean tat a eis eee Hig bina Beggs ene lu Vane ea eee he Stcnaet eae eee! 

RY Syic ee Bh eee Pio peed a snc nc Ctr e NEE eee ee AN ache tata Sena Vania Sate 2 OS ae Pair a Sreiias 

Sey at eee ates neve UR che amie eereibe ates Laer het Aes aeee bravagien cebay ui ate Sige te ate cena icy PAA 

Biter r,s ei sae Peete tat SORE Sree SPIT SeNt en eee rs BSN eka as ray Biot eM ar Leie at EATEN Wali GI Nea Sot UN oem 

BLP h SSeS aaa RNB Be tas Ie Sy Aaa eee eS altaya eee OSE hyenas nlp UBL Ee NER Pa ea aed Pesaran ee tat Cane Uae Une ce ay i Dea 

Ria eere Tee parle ee iat exc cine en an ieee S De Te ORES be eee Bete sci as 

Noe er pneaue feat Ree Gye teens ota or oye Brae eo ee Re Roy 

Riera Aste een” Nea ha tine ER Er eea NNN Ste HR Sea ae, ae TRANG ete geet rade} Pe Fae Meta Dean aS NS pM tae nae 

dara see ase Ness BPR 6s Car tehg Aa) Bane eae alae) Pie a Vata aan na Sr ace A Seance tds Fane oe CO seine Cia Eas : 

OLA ae eed ats Eee na egieeo sche) Tate re ea Sa a caiee cenanianret give ei Me DR yi Mer Bia ten mht ain co DEA esata roca car eeraen fas 

AS iy aot Soke ea Minas atau a sae DUR Ket ash cena aerate he Par Reaa etek nO Atanas ter Mado Ree A Aten ie GC OP a ; 

ARG AIP See PU es Haier Stier, SOREN aH TCR Rec CeNTa i ince neg Hine. Wile aeons EDR urge ee des, SPP vient Se aye ates 

Saag Pe AAR Li Remo Eee iWentdh RIGA ROR aaa TS PA AIL ee ME, See gia ae Pee hese Ne ee Seno aa ite ms, Set 

Pe he chemi Longe SRS eee Rist Moraes) SUEY oar Rae Mera eh rn cea SUT ied a DINER ON Se eons need eZ 

EP Sees ee Pann Bes Dae PR ag ot Pecan eat ates See Tarmac ee ASUS ae tekaetitpe IN SRR aig eae Se SNe 

Sere otag RNS acce Sen aN ad om Sete Nora Usha eevee ae Regie PAC Sia ree eo eis gene RS Rane, Foe Ratna gee Tinie SPSS ab Sear aps eet eee 

Pcie iN up erearat St, Bains EAs RIO MEER oe NSU ONO Rea ed BELTWAY atone aoc Mamta ae Ait EOSIN See 108, BAN ae Siete Se ani Rai a gee rere 

Doan any eae cial ReaD REO aE [tee sea es hase tees ipa SOTA Set EURO Go cciNc waged Were NM etiecte esac) Dee 

APS Re a tt noe Ue ce Bg ea SE AiR ae nny @ Nee ea Sie te a aR a Re aera Ae ors mniate Aaa nated Py eM eae 

SREP aS PRE phere aa ne pee BE NE Pee ea ahs hah, aie eae tive a pete Sah Petal ies vate fone eke IPR nt a 

RM Waaiber iat tugs es BEV N tater eeceaeae Snr ney ee ae eV A CERIN Se eee TEN Sena omar Doheny A een Za pean 

acer Bs ereneui samen shrtee ree a Maus 4 RRR eH, OARS Oa I NR eta eta eee by 

Sea abe te ROR Sa Nee AA Us ee rete eran eee eR a a edt Ha ae ad Me at ear Sry (CL RMD iter 

SEAM eee BOE PRE ms eC i eae Teas SOR seine tes aaa Re at ach acer PRAY eS ia ate tea Ranier se * 

Rin Mane aatseat RT Sp IRE ae einen cin terres Meal OC aTA Ae Vea ts sctelt oo hy Met Poa PK GeeUt Cae Urner ee TOR, SAB Sak han ie ea 

Ea Mee Bist ie nie To a eoarRaae Sestoa es, Lee ones Reh wera Cee EEN ian eB ra RIA ote Cerise Re ieSeA 

Res cccd OMe contagt say age KBE oy aan DAS aS GNC Laat oan Seu (STAVES ECS VNR hr Seas Sib Sb Ws a ae Re ica hase 

iy cle Heh l Aie mie Nees sa Se tts aN Ravers SiS ee Ses ery Saar eatt Fa eee Bars oN Bekins Ee tah a HS Seem tae 

RSW aesies bi gm pee) Cah einen eee SS sat ae ie Ra seins Meme Dee tea Cy aa corone. yiseu. Pe Pees Gee Wey arian ema 

PSA mtd pear orn ee Se aera S RR Rare TG Avs Sean tet eor Se Sate S can ton te ora eet ee! eae cat Ca aa Lene eh rece 

A ese oon asta or serra hee AL vce et Bape ee he Pe es pe Rae ea eee eine NS eee ISR RY esac oto Sees eds Oa pa 

SF Sere pe an WGI A es aac tay AR AUN cee eT CScds gehen ae, BURL Raa RABE ae ad RRR one: the Besson sous Be Syn Eee aes 

eae RENE nate SULA ils ie et oi Pelt tte eee re fou PRON Au ee “Hbeedipieees: aes Gy elev VE oi a ogies eee ii eed Bite) 

ESL a pate Cis RENAN UN SE A ea a OC Mae Ha ea ayaa POSS Dee URN Coy Resi oN NE RS is ine oaks penaee Dig sors 

Je ar EES iea ann Met Ret magn hee aon ae Se ap Se REMIND Aa ae eda ee Hamme y Anke sg A ek eh ee eres Sri sey 

Pape ee ee einen ian Tt mci aati We ech gh aE NC en Pau NE NN heat SS PE eae etry aie Oa A Rs ees Siefh eS Nagto tate ae Naey 

BONES OR REY a st het mg Arig eT tai RE LS oes eat ese Sacer ah Fare al OR USO ee EGOS a aS wiper at 

BEE CRON cat tel gts Ge Resin nn ny aise eae atone SS a Reh ete cee Ni Wire Siete eens PEM ep a 

Rec a Re eas NRO MRCS os ESS eR aie wc ane Re ete se Reve carretera Aoi OF utente Renee aes 

MAIS ete ey ia) eee ea ne aro PU PS iM eas eet oka pone aeractay Ree aeS Vabseure St eae seit 

Cio Urs ener eer T Poe LN cel amin A letnoen Pa narele Hiei User Nay Al ticity <a DREN NEI NS aaa acaermaniessg ues ear eye} bry Pacha oe ed 

Coa Pa atari rei ca SRC nie eee Phe rn! EVO satin Tas Har Ptah a ease ane Se Os Eta sala eam eae cata 

Pee uae a aa at ees Ep aa nent ia Ne VG Te ee Pe Spa Ria ite Satrienmo ten aeprateees heh ge OM eee CaN 

Py aeons ree A eee aa ee Ole fenn eaeeae Rabe eC ameYaee ng acer: ate anno ENP nN aA a ence nee tag PRY Carat 

Pid es BEEN oR oe aa Tas Seite ene unde canoes 4 eit Wy meatal espe ya ea gnc Se hehe Mach he Ange be ae 

Ph Maia AS eae cps aca os ae Aa at RPA cate Sal ape “aM ANd cay Diets Deas aaa MS aE ea Heat Ln, atte Cts Geet ges aie ean 

PaO eer a pe Re Gulch hain mrtg Bee ATS te aogier ies Pee tr tat yet amp ne ise Satie nN ga 

neces apse aE Na. a EN east onda Sy Yea MAP eae tcp) SE Ry Pe Si tok Dee int heat Beton eae 

eee ene FE Sean te re aay Salah ine ln Arg cients ie al RE SSC ap eS a aA ae en See Poet Se eis fen 

i enone Laker aes Serer tea oa FORT eluate Pir or eae vig PN re ASN sles HAAS RONG Gs Senna nae) ane afta eeu Ac Beet 

eas Pea Rc otc a ON ee sean een Ce eet Sey ena 

tei eie rie a eae abet aimee eet Ayn! SMU TING iets Riek aliases Batak es hiark esta he ae te ene aan eT ROVER eI att ENE Her tiger eer Vinge Sc 

eee ree RP Oe rei SA ee are: eee GS Nit iris Mat PO GR Sore Mi stor naan BS 

Cee Ee tee Bab aaa aie penn ciate nea Bate eRe Fe PR YO MG ee RES 

rp iheeoe hoa AG aa Wie ate REN ppd HGR Termin poet ee Me ee ae OY ho 
Pe apa eRe MERC LENG Va AE MT Mg gees PRINT co ath: 
ese ee Peaks ERB asl ees Moe Ts


	Blank Page



