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INTRODUCTICN

The study of the effects of weter fluctuation on the kigher
plants of Lake Carl Blackwell, « li yeer old 3300 acre leke was
undertzken to increase the knowledge, the income, eand plessure
thet man could derive directly or indirectiy frcom the pursuit
and tuke of fisk end wildlife. Studies of the effects of per-
menent flooding in ¢ river bottom timber ares were muade by
Yesger (1949) snd studies of the effects of water fluctuction on
the higher plants were mude by Hall, Penfuund «nd Hess (1946)
with «n indicetion of bow wuater level menugement may be applied
for mslerisl control but to my knowledge no work has been under-
teken to ilmprove the besuty or to increuse tpe production of
fison end wildlife in our men mede leskes through knowledge cr
control qf water fluctuation.

ihe effects of water fluctuation on the plants during the
years 1950 and 1901 in many instunces were comiperable wito the
effects of the fluctuctions of tohe past. The effects of earliex
water fluctuations were garnered from remnants of plants origin-
ally present. MNoreover, this stuay suowed that weter fluctua-
tion was an lmportant factor in the establisbment of some plants
and the eliminstion of others.

The investigstion shouwed how water level regulatior could
be used to control and produce lsrgze ciops of plents. Insuffi-
cient information was gatherea on the killing effects ¢f inunda-

tion of toe upland plants to zesign them ¢ definite position

level in contour pleénting in and .round the lake, but neea for

this information wes brought cut in time aifferences rejulred
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to kill plants by flocding.

The plants at Lake Carl Blackwell, represent only a small
aumber of the plants that should be studied for use in and
around the lakes of the Arkansas hiver Valley System. Toe find-
ings at Lake Carl Blackwell should be useful in & higher plant
ranagement progrem for ‘many lakes of the arkansas hiver Valley

System.



MATEEIALS AND METHODS

Transportation to locations of study was accomplished with
a 16 foot utility type boat powered with a five horsepower out-
boerd motor. Plants were identifled in situ with the aid of
the taxonomic manusls of Eyles (1944), Fassett (1940), PFernald
(1950), Munscher (1944}, Poniilips (1950) and hydburg (193z).
Photograpons for permenent record were token with & camera fitted
with a shutter with speeds up to 1/400 second. Cross sections
of trees for age determination were made with en ordinary hend
saw. QMezn sea level was chosen as & common base datum for
locating the position of the buse of the plants. Positions were
determined by measuring the depth of the plants' base fiom the
water surface level and the converting by computaticn to beights
above sea level.

At tone beginning of the study & general survey of the shoure
line area was made to obtain an approximation of species compos-
ition and distrioution of the plants about the lake. After this
survey, areas were selected for meking & study of individuals or
groups of plants. Phootographs were teken of these areas for use
in determining the changes that may teke place. They show the
position of the water with reference to the planl and serve ds a
reference to the condition of the plant at an easrlier date. In
the anulysis it wes important to know whether the plants were
established pefore, during, or after the high woters of 1944 und
1945. Time of establishment of sowme of the perennial plants was
known from previous observation.

During the past Li years many of the plants origlinally pre-



sent in the lske basin have been eliminstea. At the same time
new species have been introduced, scme by natural mezns and some
by man. During this period the flora of the basin has been con-
tinuously changing, often leaving remnents of the original stand.
fiater fluctuations played their role in elimination and esta-
blishment. Fortunately no long period of inundation vccurred at
the higher levels of the lcke until the summer of 1901l. This
allowed & comparison of the prolonged effect of inundation in
1951 with that of the short period inundations which occcurred
during the early life of the laxe.

The wide variation in the effects of the water fluctuation
made it necessary to treat each specles separztely under the

heading of "Discussion of tone Species Observed".



GhNiEkal INFURKATION

Lake Carl Blackwell, an artificial impoundment constructed
inder U.5. Land Utilizetion Project L.D. OK-1, 1937, is locuted
:ight miles west of Stillwater, Oklahoma in the center of the
srkansas River Valley System. Tewpercture in the region varies
from below O° in the winter to cver 100° fahrenheit in the summer.
lhe region lies between the well watered central plains and the
semiarid region east of the hocky Mountains and has an annual
reinfall of about 35 inches per year. Lainfall is somewhat
gseasonal with most of it falling during the late spring months.
These apparently seasonal rains cannot be relied upon since
cloudbursts and heavy rains cccur throughout the year. These
interspersed with long dry periods produce broad differences in
water surface level. The central section of the Arkansas KRiver
Valley consists meinly of undulating prairie land covered with
Prairie Grses and Juck Uek hardawooa forest. The topogrephy and
mesophytic flora surrounding Lake Carl Blackwell, typical of the
region, is illustrated in figure 1, & general view of the lake.

Tbhe prevailing wind of the region is fiom the southwest.
The effect of it on highexr plant life assoclicted with the lake
is evident. Whenever the wind bhas & sweep acruss open water, it
Has the general effect of reducing the plant life in the water.
The relatively heavy growin of Wiliows, Button Bushes and
Cottonwoods on toe west side of an arm of the lake in area 9
and an absence of the same plunts on the east side of the
arm is shown in figure 2. This condition is common through-

out the lake. Couiplete lack of vegetation in the water at the



northmost part of the eastern side of srea 6 is scown by figure
. The shearing effect of a wind sweep two miles in length and
its resultant wave action is evidenced by the absence of plants
in this locution.

Deep waters also inhibit the growth of the higher ajuatic
plants s is evidenced by their absence in the deep water along
the shore of asrea 7, (fig. 4). This area is protected from the
southwesterly winds which eliminates wind and wave action as a
factor.

The more or less narrow waters of creek beds are protected
from long sweeps of wind and it is in these aress (fig. 1, &)
that large masses of aguatic and semlayuatic plants have become
esteblished in the lake.

The map of the lake (fig. 5) suows the location of the
different areas of the lake as investigated and described undex
this paragraph.

Toe graph (fig. 6) shows the neignt'of the water surface
levels tonrougbout the life of the lake. Superimposed on the
graph are the elevations at which the species were found. The
graph can best be read by transposing mentally the block repre-
senting the vertical locaticns of the base of the plant hori-
zontally through time space for the purpose uf.determining
relationship of the plant to the rise and fall of the water in
the lake. This transposing procecse enables the reader to visua-
lize the time and extent of inundation &nd the posgible time cof
establishment of the plant. The gruph &lso relewses information
on the amount and length of ioundation or aeretion that a plant

can endure and presents the resder with informetion concerning



2e plant's ability to withstand fluctuating water levels to
aich it wes subjected. The rise and fucll of the surface waters
f Lake Carl Blackwell cannot be considered characteristic of
ater level fluctustions in the region since men bas contributed
nnaturally to its change. These unnatural changes over the 1z
esr period produced fluctuutions thet aided in tuis research.
Plant nomenclature and spelling are the same 2s used in the

ight edition of Gray's Manual of Botany by M. 8. Fernald (1950).



Fig. 1. Genexral View of Lake Cerl Blackwell heglon frow
tbe west. DBrecket (A) points cut @ lerze crop of folygonum

—

lapathifclium. July 1, 1901.
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Flg. <. 3bowing & compurutively hecvy emergent plant popu-
lation in the semi-protected west side of «rm (&) and the
absence of plants in relatively open esst side of arm (B).
Area 9, July b, 198l.



Showing the absence of emergent a. uuatic plants
in water subjected to shearing wave action.
august zo,

Showing tone sbsence of emergent aquatlic plants

in deep water. axea 7, august 25, 190l.

10
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Fig. 0. Subdivisions, Lake Carl Blackwell
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DISCUSSION OF THE SPuCles UBSERVED

a? In the following discussion the elevations given are from

3(

ﬁ&“ﬁ sea level. Two elevations appearin- together signify that
tﬁe_base of the plent was found «t and between the levels. The
1ighest water level (944.60') reached during the summer of 1951
vaS .6' above the present spillweay level of 944.00'. Tris infor-
nation will belp the reader to locallze the plants with refer-~
ence to what would be tne normaul poocl level of the lake. FPhoto-
graphs are included to illustreate morphological and colox

changes produced by water coverage.

The assessing of econcmic velues «nd uses to the plant are
based mainly on the writers observaticns ln this and his work on
the larger ayuutic plants of Uklahoma. Technical Bulletin Ko. 4
Experiment Station Oklahoma a. & M. College, de Gruchy (1938),
"Me thods of Precipitating Collodial Soil Particles from lmpound-
ed Waters of Central QOklaboma", Irwin (1945) and "Food Habits of
waterfowl Ligrating through Payne County, Cklaboma", Hancock
(1950) will furnish aduitional informwtion that will oid in
understanding assessment of values,

The following L6 species are arrunged «lpbabeticelly accorda

ing to their sclentific names.

scer Negundo L., Box Elder.- Elev. 944.60', 941.70'.

The Box Elder trees obscrved were in the cge group thet
develuped from seeds after the high weters of the fzll of 19465,
It is Luite probable that the original plants exieting below the
944.00' level were killed by the pigk waters of the summer of

1944 z2nd the summer and fall of 1940,
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The Box Elder tree shown in figure 7 began life in 1946,
t withstood the short inundations of May and June in 1947 and
he shezllow inundations of August, Septewber, and part of Octo-
er in 1950. At the time of the photc, August 8, 1951, the tree
bowed considerusble distress turough yellowing of the leaves.
ts ability to return to active life was doubted. The photo of
bhe same tree (fig. 8) taken on September lo, 1951 shows almost

complete loss of leaves. However the sameras remuin, cs a

ast effort of the plant to continue its kind. The cambium
ayers of plants at, and above the 941.8z' level were still
‘ilable November 21, 1951, after a continucous shallow water inun-
ation of about six months.

The Box bklder is not recommended for use as & shude tree
in recreational areas which will be subjected to inundations.
fevertheless it is believed the Box Elder trees will withstand
tnundation periods of about one months duration during the
zrowing season with slightly longer periods during the more or

Less dormant season.

Ammsnnia ccccinea Rothb., Scarlet Ammannia.- Elev. 944.25',

945.10'.

The Scarlet Ammannia, an annusl, is limited to the lake's
marginal zone of shallow water. The plents sprcut in shallow
water or water scaked soll. They appear tu follow & recedlng
water line and in this wmenner cover & large grea. These plants
are very resistant to the erosive forces of wave zction as is
shown in figure 9. Note that some of the plants are growing in

the water soaked so0il at the waters edge while cothers are Just



Fig. 8. Acer Negundo L.,
Box uslder. The same tree
ag spbown in figure 7 after
four months water coveruge.-
Elev. 941.70', Area 13,
September 16, 19b1.

Fig. 7. uacer Negundo L.,
Box mlder. Showlng dis-
tressed condition ufter two
and cne half months watexr
coveruge.~ plev. 941.70',
area 13, sugust 8, 19561.

L : ’“‘I“-V«-}f-.
N

(Ui
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Fig. 9. osmmanciz coceines kotho., Scerletl amamanniz, Note the
plant's resistance to weve action.- nlev. 944.60', 942.05',
Aree 7, august £8, 1961.

Fig. 10. Ammannie coccines hotob., ccarlet Ammennlia. The
smmannia (&) nd (B) &1ec sble to cope with toe Cy crus (C) and
ite Polygonum (D).~ Elev. 944.00', 94x.00', ares septembex
16, 1951.
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merging from the shallow water. Figure 10, A shows the plants
ate in their growing season and (B) of figure 10 shows the
lants in midseason. This heavy crop of plants adds mzny tons
f plant nutrients toc the lake.

The Scarlet Ammannia will prove to be of considersble value
n the lake management program, especially in lukes in whick
he water level can be controlled. A gredusl drawdown of the
ater level beginning about the widdle of July should produce
arge quantities of these plants cnce & luke is seeded. This
lant is & heavy seed be&arer, producing in some plants an esti-
ated 100,000 seeds or more per plant. Tohe plant furnishes
:onsiderable protection to small fish in the shcllow waters.
'hrough the plants death and decomposition nutrients, brought up
rom the soil, are zdded to the water. The last sctivity was
learly demonstrated by Pond (190b) with severzl species of

ubmerged plants.

Amorpha fruticosa L., False Indigo.- zlev. 944.60', 940.25'.

The False Indigo, normally & land plant, shows remarkable
‘esistance to inundation by water. Considerable difference was
10ted between the rate of the loss of leaves fiom plants with
)nly thelr base covered with water and the plants that were
ilmost completely submerged. Figure 11 skows the leafless con-
lition of the plants found in shzllow water at the 942.68' level
)n August 16, 190l. 1In deeper water, elevation 940.2b', with
)nly the upper brenches emerged (fig. 1&) the leuves remained in
: healthy condition until Cctober 1, 1951 the date of the last

>bservation., These plants developed adventitious roots on the
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tem below the water line (fig. 13). The length and mass of
hese roots are exibited in figure 14, photo of the plant after
t had been removed from the decper water..- The upper parts of
nese roots developed chlorophyll. Plants in the shallow water
180 developed adventitious roote. The large masses of rocots
eveloped by plunts in deep watexr may be the explanction for the
rolonged viability of the plant.

Since this plant is & legume it may be veluable as @ nitro-
en fixer. Its shrubby growth will meke it valuable as cover for
pland game fowl during times of low water. Additional research
i1l be needed before an exact inundation killing period can be

scertained.

Cephalanthus occidentalis L., Button Bush.- Elev. 944.60',

40.00'.

The Button Bushes shown in figure lb,.a are seven or eignt
ears old. These plants, established during the high waters of
944 and 1945, survived the low water levels of 1946, 1948 and
949. During the latter part of 19560 and the early part of 1951
bey were inundated continuously for & period of approximately
even months and‘again fiom June 1o, 19021 to October 1, 1951.
gure 16, A shows the condition of the plants on October 1,
951. TFigure 17 shows the Button Bush at the 940.00' level
lmost completely covered with water. The flowers of these
lante shown by figure 17, s matured into seed and the plants
lexe in & healthy ccndition when observed August zo, 1901 (fig.
.8). These plents prcduce adventitious roote in a manner simi-

.ar to that described for Amorpha fruticosa.
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Fig. 11. amolpbs fruticoss L., Fulse ludigo. Toe Felse Indigo
tilled earxrly in shballow wuter.- Blev. 94Z.08', area 13, August
16, 1951.

Pig. 1i. asorphna fruticose L., False Indigce. Prolonged viabi-
lity wes common in deep wetler.- Llev. 94U.c0', aXea 15, oeptlember
16, 19561,




Fig. 14. Asmorpbha fruticossa

2o, False 1ndigo. Plant re-
noved from the water to show
nass and length of adventi-

tious roots.- Elev. 940.z0',
area 13, October 1, 19560.

Fig. 1. aswmorpha fruticose L.,
False Ilndigo. Plants both in
shallow and deep waeter produced
adventitious roots below the water
line.- Blev. 940.25', ALrea 13,
Cetober 1, 1901.




Fig. 16. Cepbalantbus occlidenteiis L., Button Bush. Toe
sbrubby mess of Button Buspes () produce excellent cover
for growing fist.- clev. 940.08', 939.69', arca 13, sugust
16, 1901,

—
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e =
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Fig 16. Ceprelentbus cccloentelis L., Bution Bush. GSame
group of plant® sbhowr in figure 1o efter six wonths water
covercge.~- nleve 940.68', 95Y.68', .rec 135, uctober 1, 19il.
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Fig. 17. Cepralonthbus cccidentelis, Polyzonum coceineum
Study Sroup. The flowers Of the <laost completely sub-
merged Buticn Busbes (4) matured into secde~ lev, 240,00,

Ares 1, July 3, 1981.

Cepnelentbus ccclaentellc, Polygonum cocclneum
Saae group of plantes &s soown in figure 17.

Fig. 18B.

stady Group.

The seeds of both plants aseturea.- slev. 240.00', area 1,

august 26, 1951.
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The Button Bush is well adapted to the cnanging conditions
of a fluctuating water surface zone. It is & shrubby olunt and
when not covered with water will furnish excellent cover for
upland geme. When it is coveled with weter it can serve as

excellent cover for young fish.

Celtis laevigete willd., kississippi Hackberry.- Elev,

943.83'.

Only one individual of Mississippl Hackberry wes observed
at or below the 944.60' level. This piant was dead when observed
July <8, 1951. The only reason the author can give for its
establishment is its location at the side of ¢ steep cieek bank.
dere tne ro0ts on the bann side of the creek cculd rise above
the water saturated soil. This plant evidently is not well

adapted to the fluctusticn zone.

Celtis occidentelis L., Western Backberry.- slev. 944.60',

94z .8%'.

The Western Hackberry is similar to Celtis luevigata in its

reaction toward inundation. However it remuins alive after
inundation @ 1little longer than C. laevigata. 1t was found fre-
quently srouna the edges of the old creek banks of the lake.

The plant marked (a) in figure 19 is at the 944.00' level.
Tois plant, on asugust <4, 190l appecred to be withstending the
killing effects of flocding. However by Cctober 1, 1901 it kad
died while the american Elm (D) by its side at tbe same level

continued to live.

Tois plant is not recomaended 1for use in the fluctuaticn

Zone.



Fig. 19. ©Skcore Line Study Group of nres 10. (1) Hack~-
verry, (B) Post Cek, (C) Jeck Usk, (D) asmericen mlm.
asugust zz, 195l.



Cerclis cenadensis L., hed Bud.- Elev. 944.60', 943.33'.

The hed Bud found only at the high levels of 943.53' snd
above killed socn &fter the inundation of its base. (Cn July 8,
L9561 after sbout three weeks of inundation the leaves of the
plant had completely lost their green ccloration. Figure zO,

a photograph taken July 28, 1901 shows the killing effect of
inundation of & plant at the 943%.3%' level. The effect is
shown by compering toe drooping lecves (4) of the plant in the
vater with that of the turgid leaves (B) of the plant with its
base above the watler line.

This plant is not recomumended for use in tne fluctuation

Zone.

Cornus Drummondi MNeyer, hough leecved or Common Dogwood.=-

Elev. 944.60', 941.70'.

The Common Dogwood on July 8, 190l after six weeks of water
coverage &t the 94..54' level showed no appzrent ill effects
from inundation. Nevertreless, by august o, 190l most of the
chlorophyll had disappesred from their lesves (fig. 45, B) and
by August 22, 1901 most of the leaves hazd dropped from the
plants (fig. 46, B). On toe other bund plants at the lower level
(941.70") hud lost most of the chlorophyll from their leaves
before July =8, 19b1 (fig. «l1).

bince all of the plante found were along the side of the
creek banks of the lake it is probuble that some of the roots
were uble to obtain uxygen from scil «bove the water line and
thus did not die when the water rose to the 94«.60' level in

1961.



Pig. 0. Cexcis canadensis L., hed Bud. The plunt at (a)
killed with only a few lnches of water coveruge wnile
plants at (B) lived witp its buse « few incones above the
water line.- klev. 944.53', alex «, July «8, 195l.




Fig. 2l. Cornus Drummondi, Common vugwocud. oShow=-
ing distressed condition of plant with less than two
monthe water coverage.- Llev. 941.70', urew &, July
<8, 1951.

a'al
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The Common Dogwood is not recommended for use in the flue-

tuation zone.

Cynodon dactylon L., Bermuda Gruss.- bLlev. 944.00', 94x.60',

Bermuda Grass, norawelly a land plant, was still viable on
Septewber 16, 1901 at the 24x.656' level (fig. xz, a). Plants at
this level were inundated from hay 2o to September 16, a period
of about four months.

Bermuda Grass is well known for its ability to reduce soil
erosion. It will be veluszble in reaucing erosion by wave action.
It also can be used for grazing when not covered by water. Taois
plant will be able to withstand iaundations of two to three

months, especially in shallow watlexr supplied with oxygen.

Cyperus erythrorhizos Muhl., hed-rcoted Umbrella Sedge.-

Elev. 944.60", 943.00'.

Cyperus odoratus L. ?, PFragrant Umbrella-Sedze.- dlev.

944 .00', 943.50'.

Cypsrus ovularis kichx. var. gphaericus Boeckl., Spherical

Umbrella-Sedge.- wlev. 944.00', 940.00'.

Cyperus strigosus L. 7, Strigose Umbrella-pedge.- nlev.

940.60', 943.50'.,

Toe four species of Cyperus h&ave been grouped tugether
because thelr growth habits zre siuiler. The seeds have been
observed to sprout in the weter souked soll ws the water recedes.
Once established tne plaunts a1e wble te withstand inundation of
the base of the plent. 1n lakes in wiodich the walexr level can be
contrclled a drawdown cf tine wutler surface level iln lhe spring

and early suamer before tne middle of July would «llow toese



Fig. cz. Cynodon dactylon L., Bermuda Gruss. showing
resistance to wave actioun and water coverage.- alev.
944 .60", 942.65', arez 8, sugust zz, 196l.

.‘;
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seeds to germinate before that of thne cumpetitive Scarlet
smmannia. after the middle of July & rapid drawdown of the
water level would allow the two plezunts to germinate ot about the
seme time and thus even thelr chcnces of survivel. 1In eitker

case the plunts would have to compete with the larger Polygonums.

In figure 10 the nerrow zone of Cyperus (C) and Polygonum (D)
shows plainly the putency of the smmennia (A) as & competitor.
The group sbown in this photograph is & result of the slow de-
crease of the water level beginning zbout July 1o, 1951. A
sizilar plant arrangement cun be seen in figure 7.

The greatest value of these plants is from the nutriente

furnished to the water through their decth and decoaposition.

Diospyros virglana L., Common Persimmon.- slev. 944.60',

938.93'.

The Common Persimmon sbown in (D) of figure 28 was esta-
blished after toe high waters of 1944 una 1940. The fact that
trees six years c¢ld wexre found as low as the 939Y.71' level spows
the Persimmon plant witbhstoud inundations lasting «bout four
months during the growing season of 1947, four munths during
1949, eight or more months during 1950 and the early purt of
1951, and again over four months in the summer of 1951 before
dying. The viability of tnese plants on august 1, 1951 was con-
sidered to be such that thney would heve renewed their normal
activity had they been returned to & land habitot. The above
data establishes an inundation killing time for this group of
plents of at least four months.

These trees or shrubs zs in the case witn the Cottonwood
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Pig. <3. Diospyios virgliana

L., Common Persimmon. (A)
Adventitious sprouts growing
vigorously & short distance
above the water line.- Elev.
958.93', Area 13, asugust 16,
1961.

Fig. 24. Diospyros virgin-
iana L., Common Persimuuon.
showing & general distressed
condition of the plant and
adventitious sprouts.- hlev.
938.93', Area 13, september
16, 1961.




Pig. 2b. Diospyrus virpgians L., Coummon Persimmon. Showing
complete loss of viability.- klev. 938.93', Area 13, Cctober
1, 19561,
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and the Willow showed an inverse killing ratio with the distance
of trensportation of fluld to the leaves. In the case of the
killow and Cottcnwooad the leuves ferthest from tne base begean
iying first. 1In the cuse of the Persimmon all ¢f the leaves
gradually lost thelr viability but at & short aistance zbove the
weter line new vigcrous shouts devélopea from adventitious buds.,
Figure 23, 4 shows the condition of these Sthts on august 16,
1951. By September 16, 19061 a large percentapge of the original
leaves had dropped from the plant and tone lecves of the above
nentioned shocts (A) of figure <4 bad begun to luse their
chloropbyll. By October 1, 1901 most of the leaves both from
the shoots and the rest of the tiee had fallen (fig. kb).

The Persimmon usually grows in thickets @nd as suek would
furnish cover for upland game fowli. Tne fruit is also enjoyed
b¥ wen snd other cnimals. The use of this plant should not be
overlocked in planning toe flora of the fluctuauticn zoune of

flood control lakes.

Bchinceloa crusgallica (L.) Beauv., Barnyard-Grass.- Klev.

944 .60', 943.60'.

Bernyard=-Grass, normelly « land plant, thrives in the rich
moist so0il around the edges of our lakes. Once established
(fig. 26) it can withstand ipundation of its buse znd ccntinue
to maturity in the aguatic habitat (fig. &7).

The plant, & renk grower (fig. z8) and heuvy seeder,
serves as food for uplend geme and through decoumposition adds
to the fertility of the wuater. Further knowledge 1s necessary

before its full value in the fluctuztloun zone can be determined.



Fig. «6. wehinochnloua crusgelll (L.) Beauv., Barayard-Grass.-
BElev. 944.60", 943.65', Area 7, august 22, 1l9bl.

Fig. «7. BEchinochloa crusgaelli (L.) Beauv., Barnyard-Grass.-
The same plants shown in figure <6 reach maturity with their
bases covered with watexr.- HKlev. 944.60', 943.65', area 7,
September 18, 19bl.




wehinochloa crusgallica (L.) Beauv., Barnyard-Grass.

Fig. 8.
Illustrating the prolific growth of the plant «t or above the
water's edge.- nlev. 944.60', 945.67', area 7, september 16,

1951.
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Erigeron canadensis L., Mules-Tail.- Elev. ¥Y44.060', 94:.8b'.

This common typical land plant, s do most of the land
plants, dies soon after inundetion. Figure 29 shows by the
ircoping and withering lesves the condition of the plant after
only eight days submexrsion of its base.

The Mules-Tauil's greatest value is probably in its wddition
of nutrients to the water through death and aecomposition. Its

cultivation is not recommended in the floodable zone.

Fraxinus pennsylvanica Mersh var. sublntegeriima (Veahl)

Fern, Green Ash.- bklev. 944.60', 937.60'.

The Green Ash is one of the few original trees thuat have
continued to exist throughout the 1life of the lake. The tree in
figure 30, elevation 941.09', withstood inundations of over two
montos in 194%, @ period of almost two years continucus shullow
water inundetion in 1943, 1944, «nd 1940, a short period in 1947,
over four monthns in 1900 and over six months in 190l. 1t is
believea by the sutbor thoet this tree will live torough toe
winter and zgain put forth leczves in 195&.

Figure 3z shows & tree that has continued to exist in the
0ld creek bed of area 1 at the 937.60' level until after the
early pert of the bigh water flooding of 190l. The tree was
cut to determine its uzge (43 years). The tree probably would
have succumbed before 19bl had not some of its roots been able
to reach aercted soll on the creek bank above the level of the
water in the cireek bed. This tree also survived much higherx
inundations during the times that flocd waters entered the creek.

Figure 87 shows flood-water-cut-marks one of which is approxi-



Fig. «¥. ©HErigeron cznzdensis L., Mmules-Tail. The Mules-
Tail killed with less than €lght days water coversge.-
Elev. 944.60', 94:.865', area 1, June <&, 190l.

a7



Fig. 30. Fraxinus pennsylvanice

darsh, var. subintegerrima (Vahl) j
Fern. Green Ash. This tree has

throughout the life of the lake .- F§
Blev. 941.09', area 1, June <3, @
1961.

Fig. &1. Fraxinus pennsyl-

vanica Marsh, var. subinteg-
exrrima (Vehl) Fern. Green Ash.
Same tree as shown in figure
20. This tree is expected to
live through the winter.-
Elev. 941.09', Areza 1, sSept-
ember le, 1901.



Fig. 3. Froxinus penusylvenices Mersh, ver. sublintegerrima

(Vabl) Pern., Green asb. Showlng depth and conditicn of
tree. HNote presence of 1901 crop of leaves wbich reusined
on the tree after deauth.- klev., 937.60', srez 1, August £4,
1951,
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mately eight feet above splliway level.
The zuthor recommends this tree for plantings at or near

pool levels fo1r use ag « @weade trec in recreation arecs.

Gleditsia tricanthoa‘L;,'Honey ocuén.- Elev. 944.60',

941 -lD' .

The Honey Locust trees shown in figures 3% snd 34 are trees
that were present in the lcke bed when the lake first started to
fill. Thbese trees withstood pericds ¢f inundstion of over two
monthe in 1944 cnd 1945, two short periocds in 1947, and « period
of over three and one balf montos in the late summer and fall of
1950, The leaves of the trees zcbove the 941.65L' level were
still visble on September 16, 1201, though they had lost some of
their chlorophyll (fig. 34). The cembium leyer wes still viable
when excmined on November <1, 190l. The tree marked (4) in
figure 34 died socmetime between July 8, 190l &nd august <c, 1861,
Using the mezn between the two dates, for a complete loss of
viability, would establisb &an inundation killing pericd c¢f about
four monthe. Purtrerucre, no trees were found «t lewer levels.
Why tbe trees above the 941.65' level remed ned viuble as late
as November £1 is not known. It is suspected that the high
oxygen content and shallowness of the clmost constantly moving
water are factors but nc proof fur this statewment caen be fur-
nished.

The tree could be recommended for use in the fluctuation

zone for recreational use if it were not fur the heavy thorns on

its branches.

Gleditsia tricanthos L. forms inernis (Pursh) Schneid,
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Fig. 3%. Gleditsia tricanthos L., Honey Locust. These
trees have lived thiroughout the life of the lake.- EKlev.
942.65', 941.10', Ares 7, July 8, 1901.

e

Fig. 54. Gleditsia tricunthos L., Honey Locust. Same
group of trees shown in figure 33. Tree shown by (4)
killed early at the 941.15' level.- Zlev. 94Z.65',
941.15', Area 7, September 16, 195l.




fhornless Honey Locust.- nlev, 941.81'.

Only one Thornless Honey Locust tree wus observed and it
reacted in the same menner to weter inundetion as the afore
nentioned Honey Locust. Figure b, » shows toe plant on august
3, 19b61. PFigure 36 shows the same tree on septempber 16, 1951,
Ibe eambium layer of this tree was still viaublie when it wes
:xamined on Novewber al,-lgsl.

The Thornless Honey Locust though not an idecl shede tree
vould survive relatively long periovds of inundation znd could be

ased for shade at or neur pool levels in floud control lukes.

Jussicea repens L. Creeping Priarose-willow.- klev., 944.60°,

939.3%'.,

The seeds of the Creeping Priumrose-Willow sprout at or
slightly above the water line. At times of bigh water the plant
is able to withstand considerable inundation. The plants under
thege flooded conditiouns develouped to their maximum growth
around the first of sugust. after fruiting, the stems sank to
toe bottom. This develupment can be seen by noting the changes
at the 9%9.3%' level in the study group photos (see (4) of
figure 37, 38 and 39). The plant was found wore often in yuiet
watexrs than in open wulers subject to bheavy wave wction. Figure
40 shows the plaunt in & semi-sheltered inlet on the ecst siae of
ares 6. 1t is doubtful whether the plants in thils deeply inun-
dated zone will live through another secson.

The practical value of this plant cen not be fully esti-
mated until more work has been done on its bebits. The plants

with toeir floating leaves have been cbserved to completely
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Fig. 30. Plant Study Group. (A) Thornless Honey Locust,
Poison Ivy, (C) Box sldexr, (D) Green Ash.- Llev. 943.31',

941.31', area 13, august 8, 19ul.

Note morpholougical
september 16, 19561.

Pig. $6. Same Group sbown in figure So.
changes.- Klev. 943.31', 94:c.31', Area 13,



Fig. 7.

Study Group of the Sewmi-cpen water of arec 13.

(A) Jussisea repens (B) Scirpus lineotus (C) Typha lati-

folia (D) Diospyros virginlansas. June lo, 1961,

Fig. 8.

btudy Group of the Sewi-open veter of srea 1lo.

Note morpnologicecal chenges. asugust &, 190l.

44
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Fig. 39. Study Group of the Semi-open Water of area
%. DNote worpnological changes. September 16, 1901,




Fig. 40. Jussises repens L., Creeping Primrose-willow.
These plunts were found to be prevalent only in gyulet
waters of small inlets.- Zlev. 941.50', 940.50', ires
6, July o, 1901.

46
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:lose small inlets thus reducing the oxygen content of the water.,
(n the more or less open and deep waters the plante would be
inbhibited in their cutward growth. These plants, as do cll
rootea ayuatics, add to the nutrients cf the water through death

ind decomposition.

Jussiasea uruguayensis Camb., Uruguayen Primrose-willow.

-tlev. 944.60', 943.30'.

The Uruguayen Primrose-Willow was found only in area 2 of
the lake. The plants were found growing on decaying flouting
.0gs and in the narrow marginsl zone at the waters edge. This
specles of plant ¢originally from Uruguey, bhas not been observed
;xcept during the summer of 190l. »Several years study will be
1ecessary to determine the part is will play in the 1life of

Lakes.

Justica lanceolata Chapm., Water willouw.- slev. 944.00°',

142.04" .

Thé water Willow probably established itself (fig. 41) in
.ts present locaticn by seeds during the high waters of 1944 or
.945. BNormally & merginel aguatic plant, it survived the dry
eriocd from 1946 to 19560 without water coverage. The usefulness
)f this valuuble plant in fluctuuting waters will not be fully

tnown until i1t hes been studied for several years.

Leersia oryzoides (L.) S.Ww., nice-Cutgross.- wlev. 944.60"',

3141.79'.

This perennial was first observed in the inundatea condi-

tion during the high waters of 1961. The plant (fig. 4z) at the



Fig. 41. Justicc lanceclatz Chapm., Water willow,

nater Willow spresds from under-weter roctstalks.=-
941.60', Area 1, Septewber 18, 195l.

The
Lleva

48
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Fig. 4t. Leersia oryzoides (L.) S.W., nice=-Cutgruss.
The kKice-Cutgruses grew 10 aaturity frowm submerged roct-
gtulks.~ Elev. 541.79', ares 13, September <6, 1901,




141.79' level developed to maturity frow rootstalks below the
surface of the water. 1t is beleived that this plent will con-
tinue to live through the seuson of 190 though it remuins in
the inundated condition.

The seeds of nice-Cutgrass are useJ by upland and ayuatic
vildfowl. The plant furnisnes protection for fry and finger-

lLings when covered witn weter. 2dditicnal resesrch is needed

to detexrmine the plants full value.

Lemns winor L., Minor Duckweed.- mlev. 944.60', 945.30'.

The inor Duckweed is a free floating plent that follows
the rise or fall of the surface of tbe leke or muy become
stranded on the shore by wave action. This plant hae @& tendency
;0 accumulate in the guiet waters or protectea areas of the lake
'‘fig. 43). The mass of Duckweed in this inlet was one half inch
‘hick.

The plant is found frequently in the ponds and streazms of
this region. 1t is doubtful whether man could successfully
ipply control measures tou its growth.

The full extent cf its velue is not known.

Lindernie anagallidee (Michx.) Pennel, False Piumpernel.

-nlev. 944.60', 945.50!',

Sprouting at the waters edge tols small flowering Felse
>impernel (fig. 44) grows rapidly to msturity. So rapidly does
it develop that it cen compete, though not wholly successfully,

vith the larger smmannia, Cyperus and Polygonuw that grow in the

perginal area ol the same time.
lts grecxtest value is probably in ite appeal to the esthetie
*
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Fig. 43. Lewns kinor L., Wwinor Duckweed. The ikinor
Duckweed accumuletlea in tke sbelterea srea (a).- Zlev.
945.65', area 7, June 14, 1951.




Fig. 44. Lindernic gnsagellidse (wickx.) Pennel, False
Pluwpernel. Tbe flowering Fulse rFilampernel survives the
compelition of ammannie ond Cyperus.- ilev. 944.60',

944.00', Alca lU, .;uguﬁt Lk o 195

o
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sense., Ite diminutive size keeps it from becoming a major factor

.n the economy of the lake.

Morus rubra L., hed hulberry.- smlev. 945.20'.

Only one plant of Led kulberiy could pe found in the lake.
fthe plant lived through four pericds of inundution of about six
ieeks each during 1944 and 1940, but succuwbed in 1901 after =
veriod of a little over two months inundation. Pigure 45, A
snows the healthy condition of the plant on angust o, 19561. By
ugust £, 1951 the plant (fig. 46, A) had lost the grecter per-
sentage of its conlorophbyll and at that time was not considered
ible to resume normal activity if returned to its normel lend
labitzt. By September 16, 190l trhe plant (fig. 47, a) had lost
i1l of its follage. The folizge scen in the tree is that of

smilax Bono-nox wbich has proved to be more resistant to inun-

iations.
The hed Mulberry is not recomwended for use in the lower

levels of the floodable zone.

Nelumbo lutea (Willd.) Pers., water~Chinyuapin, Workapin.-

ilev. 941.43", 959.93'.

The floating leaves of Neluwmbo luteu were first noted com-
ing to the water's surface om august 8, 1951 (fig. 48). By
Jetober 1, 1901 meny of toe leaves had reached the surface (fig.
£19). 1t is juite probable that the cctively growing lezves of
this plant came from rootstocks that esteblisbed themselves
luring the high waters of 1944 and 1940. 1f tbhe supposition lis

true the plants existed torough the dry years of 1946 cnd 1948.



fig. 45. Plant study Group. (&) kulberry, (B) Dogwoocd, (C) Smi-
.8x. area 7, sugust o, 1901.

&'ﬁ:t B o »! A y F
Pig. 46. Plant Study Group. (A) Mulberry, (B) Dogwood, (C) sSmi-
lax. Note morphologlcal changes. Area 7, august 2z, 1961.



Fig. 47. Plant Study Group.

(C) smilax.
ber lo, 1901,

Note morphologlicul changes. srea 7,

(a) dulberzy, (B) Dogwood,

Septem-

o

La7}
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Fig. 48. Belumbo lutez
(wWilld.) Pers., nater-
Cein,usapin, Wonkapin. First
leaves of the Water-Chingua-
pin recch the surface.- Elev.
941.43', 939.83', Area 13,
august 8, 190o1.

Fig. 49. Belumbc lutes (willd.) Pers., water-

Cbin,uepin, Wonkapln. oSeme loceticn zs filgure
48 sbowlng incresse in surfsce leaves.- Elev.
941.43', 939.93', Ares 1, Cctober 1, 19:51.
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his would meke it a plant that is guite adaptable to fluctnat-
ng water conditions.

The Weter-Chinguspin can becoume & nuisance by cowmpletely
losing the fishing waters of shallow inlets. It is doubtful

bether this plant should be used in lake management.

Panicum virgatum L., Switchgrass.- Elev. 944.60', 943.07'.

Switchgrass grows well with its base covered with water.
igure 50 shows the plant &t the 9425.07' level after its base
ad been covered with water for a period of approximately four
onths. The time of ite establishment could not be determined.
The practical use of Switchgraes in lake mansgement should v/

e invectigated.

Paspalum distichium L., Knotgress.- Elev. 944.60', 939.15'.

Knotgress was found in the lake @&s low &s the 939.15'
evel (fig. 51). 1t continued to exist at fhis level thrcoughout
he summer but did not produce fruit. However plants from the
44.60' level down to the 942.09' level did produce fruit. It
s not likely that the plants from the 924<.09' level down to the
39.156" level will survive deep water through another year.
ven the plants in shallow water nay die if they remain submer-
ed.

Sufficient informetion is not svailable to assess this plant

value in cur lake mansgement programs.

Paspalum floridanum Michx., Florida Paéspelum.- Blev. 944.60',

42.58'.

The Florlida Paspslum, a perennial, probably established



Fig. 0. Papicum virgetom L., Switcbgress. owltchgross
reccbes meturlty with water covering ite bDose.~ dlev,
945.07', ires 7, sugust 2z, 19bl.




Fig. 5l. Pespaluw distichium L., KEnotgrags. Surface
cheracterlistics of the plent after three and half months
inunﬂétiurlc- rlev. vju‘gol:)" aXec lqﬁ, Lku&ust lb, .1.901.
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tself in the lake bed sometime during the dry years from 1946
> 1950. Plants at the 94z.08' level resched maturity with their
ases covered with weter. Figure Uz shows a plant at the 94&,.56!
svel reacning maturity after four months inunaation of the base
f the plant.

sufficient information is not availcble to agsess it a

lace in the econoay of luke management,

Polygonum coccineum kuhl., Water Sumertweed.- Llev. 944.60',

57.50' .

Water Suwrtweeds have become established spottedly througn-
1t sabout cone half of the shoreline urez of the lake. The pre-
snce of these plants in the luke was noted as early as 1945.
lants, especially <t the hnigner levels hed tc endure the dry
zasons of 1946 and 1948, but yuickly rejuvenated during the
ite summer of 19560 and summer of 190l. Figure b3 shows a
1ierascteristic grocup of the plants in arec 2 at the 936.10'
:vel. Flgure o4 shows the modificstion of the plant to meet
1e wind and wave swept conditions found a«t the soutbern edge
tE area 4.

Water Smertweed snould not be overloovked in our lake
inagement program. 1ts wide runge of Lubits enubles it to sur-
ive in our widely fluctuuting lakes. 1ts use ot or near pool
svel of our flood control lukes should be investiguted.

The seeds of this plant furnish foud for migratory weter
)Wl besldes the many benefits that can be derived indirectly

rom it by fish.

Polygonum lapathifolium L., Dock-leaved Sumartweed.- Elev.,
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Fig. bz. Paspelum floridenum kicox., Floride Pespelud.
Illustroting the aoility of the plent to recch oweturity
sfter four montbs lnundeticn of its bose.- Elev. 94:.68°
area 13, august 16, 1l5ol.




Fig. 3. Polygoneum coccineum Mubl., Water Smertweed. 4
characteristic group.- Elev. 937.70', area 2, July 28,
1901.

Fig. 54. Polygoneum coceipeum XKubl., Water Smeriweed.
Showing plant mo cation to meet conditions in @ wind
swept crea.~ Elev. 938.10', nree 4, July 9, 1lvil.



44.60', 939.35'.

The heaviest crop of plants found in the luke was that of
his annual Dock-leaved Smartweed. Two croups of this plant were
rcduced during the seuson of 190l. 1n the early spring before
he first of liay seeds of the first crop sprouted in the exposed
0il of the shore llne area. These seeds had probsably been
rought into the eturelinegéreé by the high water (94£.90') of
ugust 1950. Plants were found established in the lake down to
be 939.35' level which is only six lnches fiom the celculated
owest water level (938.75') reached on april 30, 1951. Figure
5 shows the lower limit of establishment ¢f the plants at the
29.35' level (A) near the edge of the old creek bed.

The second crop germinated in the owrginel soll arcund the
44.00' level &as the water started down during the latter part
f July (see graph figure 6). at this time of year the Scerlet
mmannia begins to germinute 1ln shallow weter. Thus, in an area
ith a receding water line tpe Scarlet Amuannic attains suffi-
ient growth to offer competition to the seealings of Cyperus
nd Polygonum wnich sprout «fter the water has receded. The
yperus and Polygonum are thus prevented from establishing
hemselves in the zreu where the Ammannia seedlings are thick.
ompare area (A) figure 06 «nd area a figure 57. The Polygonum
eedlings and the Cyperus seedlings (fig. 56, B) developed only in
n erez where the Ammannis wus scarce. The extremely high level
reas, 944.60' down to the 944.00' was not covered with water
ong enough to sprout the seceds of tne ammennic with the excep-
ion of wave swept sbhores (fig. 9). Figure 56 shows the high

evel area to be vold of sumannia seedlings. 1In this high level
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Fig. bb. Polygonum lapathifolium L., Dock-lezved omurt-
weed. The estaoblishuwent of plants ceesed sharply at the
937 .30"' level along the edge of the old creek bed.- Elev.
940.35', 929.30', area 1, July <8, 1951.
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Fig. 6. Shore Line Study Group. oShowing areus of seed-

lings. (&) asumennia, (B) Cyperus and Polygonum, (D) Boto-
mogeton.~ Llev. 944,60', 943.60', area 7, august 5, 1901.



Shore Line Study Group.
(A) Ammannia,
rus, (D

Same group ac figure
onum and
otomogeton.- &%ev. 9
ber lo, 1901.

Fig. 07.
b6 showin

Ti5.50T

_%E,ﬁﬁ_

, septem

65



66

rea the seedlings of the Cyperus and the Polygonum, shown by

he bracket (B) figure 57, grew to muturity. Where the stand of
olygonum was beavy the Cyperus plunts were stunted or even
illed. Where the stund of Polygonum wus light the Cyperus grew
o maturity (fig. 57, C).

D lapatpifolium is exceptionally veluable us & heavy crop
roducer and is well «dapted tu lazkes in this region. a4 draw-
own of the water surfcce level of about six feet in the spring
ould aliow the seeds, 1if present, tc germinate. The water,
fter germination of the seeds, could aguln be raised three
ourths of the distaence of drawdcevn for the remeinder ¢f the
rowing season. This would enable the plant:s to serve as pro-
ection for young fish. 1In lete summer or full the plante
bould be flooded (figs. 58 and 59) to allow deccmposition and
elezse of nutrients to tke Water; The seeds of these plants
re used «s fooud by ayuatic and uplund game fowl. The plants
an be used by ayuatic birds if covered with water or by upland

ame birds if exposed.

Polygonum pensylvenicum L., Pinkweed.- Elev. 944.60',

43.50'.

The Pinkweed hes become established at high elevations in a
ew of the swele amreus of the lake. In generul this plént is
ore common at elevaticns «bove spillwey level. Nevertneleés'
ais plaut is associcted with and wey becume useful in cur flood
cntrol lakes. 4 pericd cof severzl years study would be re-
alred before the full extent of its usefulness could be deter-

ined.
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Fig. b8. Plant Study Group. Cottonwood trees in the
Polygonum filled water of the ©ld creek bed.- Elev.
944.60', 940.00', Are« 1, October 8, 1950.

Fig. ©9. lant Study Group. Same group ae sbhown in fig-
ure 59 illustreting the carly killing of the Cottonwood
trees in the juiet detritus filled water.- gElev. 944.60°',
940.00', Ares 1, hsugust xzo, 1901.
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Its esthetic value is high and it serves as food for both

yuatic and upland game fowl.

Populus deltoides Marsh., Cottonwood.- Blev. 944.60',

39.35'.

The study of the Cottonwoouds during the sumuer of 189¢1
resented some unusual data which the writer cculd not explain.
In the relatively quiet waters of area 1 (fig. 58) the
'ottonwoods and Willows from the 942.v0' level to 240.00' level

ithstocd pericds of inundeation ranging up to seven months or
ore during the summer wnd fall of 19560, These plants produced
eaves in tbe spring of 1901 but bhad lost most of them by July
., 1961 and by sugust <5, 1961 all their leaves had been shed
fig. 89).

In contrast the Cottonwoods in the open waters of area 1
fig. 60 and fig. 61) at the 940.30' to the 939.30' level were
till viable cn August 1, 190l. By august b, 190l the taller
rees in the open wuters begen to luse their leuves (fig. 61,4).
iy September 16, 1961 the tuller trees had lost nearly all of
heir leaves (fig. 6z) but the leuves and brunches of the young
rees (fig. 63) with only & small portion of their branches out
¥ the water continued to iive. Some of these young trees
etained their leaves in « living eovnditicvn as late as Uctober
5, 1961.

Possible explenztions for tone difference in killing time of
be plant in the open ana the closed water mwight be placed on

ifferences in the oxygen content of the water. The large amount

f orgenic debris in the water around the trecs shown in figure



Fig. 60. Popuius deltoides a@nd salix nigru study Group.
Cottonwood and Willow trees in open weter.- Elev. 939.85',

929.35', sre« 1, October 8, 1950.

Fig. 61. Populus deltoides and Salix nigra Study Group.
Sume area os shown in figure 60 showlng the prolonged via-
bility of the trees in open water.- Klev. 939.85', 939.35',
Arez 1, August 25, 19b6l1.

€2
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Pig. 62. Populus deltouides Karsh., Couttomwood. Tall two
and three year oid Couttonwood trees died earliexr than the
short two and three year old trees.- Klev., 940.09', 929.59',

Area 1, September 18, 1951. ‘

Fig. 63. Populus deltcides Narsh., Cottonwoud. Same aresa
as above sbowling prolonged viability of sbort two and three
year old trees.- Elev. 940.09', 939.59', area 1, September

18, 1951.
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3} suggest a high oxygen demand on the water. This area is also
‘otected from wind and wave action that would norm=lly stir
1id mix the oxygen absorbed at the surface into the lower layers.
le 1low amount of oxygen in this water could have been the cause
)r the early xilling of the trees. The absence of decaying or-
nic material and active wind and wave c«ction cadrscterize the
ynditions surrounding the trees shown in figure 60. Here the
‘evalling southwesterly wind has fully & one helf mile sweep
iich can by the creation of water turbulence stir considerable
ygen into the lower layers of the water.
A possible explanation for the diffeience in killing time

‘tween the tall and the short trees shown in figure 6z and

gure 63 could be the greater transpiration rates of the taller
ees. Whatever the cause may be the fact remains that there

an inverse ratio between killing time and the surface area
' the plant exposed to the air. This 1g especially true in

e two and tbree year year old group.

The trees shown in figure 64 are in thelr fifth and sixth

ars of 1ife. They began life azfter the high waters of 1944
d 1945 and were found only above the 940.18' level (dotted

ne figs. 64 and 65). &t tbhe 940.18' level inundations cf a
ttle over two montbhe duration occurred in 1947 and in 1949,
ese occurred during the early months of the summer when oxygen
mand of the plant was nigh. It is highly probably that most

the plents which may have stsrted in 1946 below the 940.18°
vel were killed by the more than two months inundation which
ey would have received.

Younger trees were found at the slightly lower levels of



~3
)

Pig., 64, Six year o0ld Study Group. Dotted line marks
limit of esteblishment at the 940,18' level.~- Elev,
944,60', 940.18', Area 13, August 16, 1951.

Fig. 65. 8ix year old Study Group. Same group &as.
figure 64 but tcken from the opposite direction.-
Elev., 944.60', 940.18', area 13, October 1, 1951.
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40.09' to 929.59'" elevation (fig. 62 snd fig. €3). These young-
r trees began their life after the water rise in 1947. no
lants were found below the 939.35' level. 4arees above the
39.09'" level lived through the long period of inundation begin-
ing the latter part of July &nd extending throuzkb the winter
onths of 19560-51 probably because they hud passed cor nearly
assed their active growing season when the rise came.

Trees older than six years were fcound only above the 94&.50!
evel and these near tbe watcrs edze particularly near & high
xeek bank (fig. 66). 1Ln such cases some of the roots of the
ree could reach the aerated soll above the water line. rollow~-
ng the 942.560' level back through the years on the graph one
an see that trees at this level must have withstood inundation
ieriods of about two monthe during the years of 1944 znd 1946.
rom this data it is beleived that a period of lnundation gresater
‘han two months especlally during the growing season will gener-
11y produce a kill of these trees, but lounger periode ¢f inun-
ation without a kill are possible during the wmore or less
lorment pericd of the plant.

Killing time behavior of the five and six year old and
1lder trees wae guite errstic and in some instances could not be
xplained. PFigure 60, the same zrea as shown in figure 64 shows
itwo six year old Cottonwood trees side by side, one of the two
;rees had succumbed, but the other was ctill living on October
., 19561, The cambium layer of the living tree was still viable
)n November 21, 1961l. The large Cottonwood tree shown in the
Villow, Cottonwood Study Group at the 94£.70' level (figs. 77

ind 78) succumbed, losing its leaves by Cctober 25, 19561. The
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One of the older

Populus deltcides Cottonwood.
Cottonwood trees near the shoreline.- Elev. 942.50', Ares
1961.

Qetober 25,

Fig. 66.
Z,
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ree shown in figure 66 photographed from the scme pousition as
hat of figure 77 retoinea its leaves in & chloropnylleeceous
ondition until frost. It is beleived thet this tree will put
‘orth leaves 1in the spring of 19bk.

The relatively snort inundation killing period of the
ottonwood tree would keep it from being recommended for use at
he lower contour levels 1in recreastional cress of our flood
wontrol laekes though lcnger periods of viability in tkhe spollower

reus are in evidence.

Potamogeton nodosus Poir, aimerican Pcndweed.- flev. 944.60',

38.10'.

The American Pondweed was found in «bundence ot two general
€evels in the lake, ihe ¥40.10' to 948.10' level (fig. 68, 4)
nd the 942.67' to the 941.67' level (figz. 68, B). The graph
fig. 6) shows two high water pericvds during the past two years.
'he first rising to thbe 940.60' level in the midsummer months of
949; the second rising to the 942.90' level during the late
wmmer months of 1900. The presence of the majority of tne
vlants at these two levels suggest thet these plunts begun their
.ctive 1life in the shallow water azreecs duling toese two high
aters pericds. The well establisbed plants of tke 940,10' to
128.10' level reached the water's suilface ebout the middle of
‘une wbile tne plunts of the 94x.67' to 241.067' level dia not
‘each the surfazce until asusust. The wcppecrance of the latter
ixoup of plants @t the surfacce con be noted by examining area
D) of figures v6 and 67.

These obsexrvations suggest that the proper control of wuter
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Fig. 67. Potamogeton nodcsus Polr, American Pundweed.
Floating chcraucteristics of leaves and frulting bodies.
-Elev. 940.10', 938.10', Area 13, July 9, 1951.

Fig. 68. Potamogeton nodosus Poir, Aamerican Pondweed.
The american Pondweed hed established itself at two dif-
ferent levels.- Elev. 4; 940.10', 938.10', Elev. B;
942.67', 941.67', Area 7, August 2z, 1961.
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evels might produce large crops of this plant in & leke cnce it
g seeded. However, more investigation is needea to prove this
ssumption. The possible use of the americaen Pondweed should

ot be ¢verlooked in the fluctuation zone aresq.

Prunus angustifolia lMarsh., Chlckasaw Plut.- Elev. 944.060',

43.05'.

Only one thicket of Chickasaw Plums (fig. 69) was found in
he lake bed and that above the 943.056' level. The plants lived
hrough the inundation of the high waters of 1944 and 1945,
ossibly because the inundation occurrea at « time of the yecr
6 which the plant wag more or less doraant., Plants at the
4%.05' level and above were not wgeln inundeted until May of
951l. These plants killed sooun «fter inundaticn but exact time
8 not known. The plonts bad 1loust &all of thelr leaves and most
f their fruit by august <z, 1901.

The snort durction of the inundation killing pericd pre-
ents the recommendation of this plant for use in @ lake menage-

ent program.

Prunus emericana Marsh, var. lanota, american Wild Plum.

Elev. 944.60', 944.09'.

sAmericen Wild Plums were found along the old creek banks
nd above the 944.09' level.- The leaves of the tree shovn in
igure 70 hea lost most of their chlcorophyll before July 8,
951l. 4t thet time it was considered that this tree had alieady
ost its ablility to resume normal zctivity. Figure 71 shows the

ondition of the tree on September lo, 190l.



78

Fig. 69. Prunus angustifolia Marsh.

, Chickasaw Plum.
These Chickssaw rlum trees lived through the high water

inundation of the fall of 1945 but were 1illed quickly

by water coverasge during the summner months of 195l.-
Blev. 944.60', 940.05', August 25, 1951.



rig. 70, Ytrunus americans Marsh, var. lansta, imerican
%ild Plum. negistrating the flsccid condition of the
lef;i?‘ai-?i.- "218%". .}44.\:‘3" AT@aa }3' July 28' l.('f}l.

Fige 71. Prunus americana Marsh, var. lanata, American
#ild Plum. Seame tree 2s shown in figure 70, Area 1,
September 16, 1351.

79
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The short inundetion killing period prevents it from being

recommended for use in & leke mwnagement program.

quercus macrocarpa hichx., Mussy-cup Oak.- Klev. 94z.00',

One tree of the Mossy-cup Osk wes found in the lake. The
tree (fig.72) was fiist cbserved on July <8, 1801, «t which
tize the writer assumed that it would be able to resuume norwal
ictivity if returred to ¢ land environwent. The lesves of the
ti1ee remeined in & chloruphyllacecus cunditicn until September 1,
L951. However, the tree wies not considercd able to recume its
aormzl activity if returned tc¢ & lund habitut. By Septewber 16,
L9u1 the tree had lost all of its lecves (fig. 73).

Since only one tree of this species was cbserved it would
e difficult to arrive at en inundation period kiiling time. It
Ls believed, however, thet thie tree will survive an inunduotion
oseriovd of over twe months duvration.

Thie tree has possibilitiecs fur use os @ stad; tree ip the
recrestion areas at ¢1 sbove poul level in our flood contrul lekes

ut cannot be reccommended until fuztker cbservatlions «re made.

quercus iLerilandice Muench., Bilcck Jack, Jack Cak.- Llev.

244 .060', 943.60'.

Many original Jack Oaks were found sround the edge of the
Leke basin in locctions such toet thelir rcots could reack
ierated soil above the wuter line. The plent cnown by (4) in
figure 74 at toe 943.10' is one of the Jack Ouks present when
the lare started to fill. This tree survived over & awwnth of

ipundation late in the year of 1945, but xilled with less than
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Fig. 72. Quercus macroecarpa Michx. This Mossy-cup

Oak showed 1ittle sign of distress after two months
water coverage of its base.- Elev, 342.40', Area 1,
July 28, 1951.

Fig. 75. Quercus macrocarpa Michx, The same tree shown
in figure 72 succumbed after three months inundation.

Hote the viability of the young Green Ash trees in the
foreground.- Elev. 342.40', Area 1, September 18, 1351.



Fig. 74. quercus marilandica kuenco and quercus stellata
Wang. The Jack Oak (A) 1s less resistant to water cover-
age than the Post Ouk (B).~ nlev. 943.60', Area 13, July

8, 1961.
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i monto of inundetion during the early suamer of 1951. &4
jomperison cen be mede with the more resistunt ,uercus stel-
ata (B) neurbdy.

This trec becwuse c¢f its short inunduation killing period

raninot be reccumuwended fuil use in leke muncgement.

ucrcue stellatu Wang., Post Quk.- Elev. 944.60', 94-.73'

The presence of the ariginal indigencus Caks only «t levels
f 942.73' or hizhexr indilcates that Pust Qak trees were able
0 survive lnundstion pericvds of about six weeks but succunbed
f the inunaation periovd reached two aonths.

FPigure 19, B shows a tree of this species «t the 94:.73'
evel at & tiue when it is just beginning tu louse the chlouro-
byll from its leaves. It must clsu be remembered tonot the
ree wes nexxr the shore line wnd that some of its roots may have
xtended toc the serated suvil on the shouie. Howsver, its reslis-
ance to inundetion is muco greater then tnet of the Jack Qzak
ree shown by (C) of figure 19 ot the 944.00' level which had
lready lost the chlorcpbylil from its lecves.

«. stellate with wn indiceted ilnundation killing period of
pout twe months cennot be recoumended for usge 1n the lower

svels of the fiuctuaticon zone of flovd countrol lakes.

Rhus Toxicodendron L., Poison Cek.- Rlev., 944.60', 943.83'.

The plants cof this species shewn by (B) of figure 35, had
»st all of the chblorophyll fiom thelr leaves by August 8, 1901
1d eppurently cad been dead for scmetlic.

Since this plent 1s poleoncus to men its presence in the
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leke or the cres suriounding is not desiied. Flooding might be
sonsidered &as « means of e€eliminating lbe piont from the recrec-

tional ereas surrounding & leke.

hobinia Pseudo-acacie L., Black Locust.- Blev. 944.60',

943.30"'.

The etudy o¢f the Black Locust grove (fig. 75) in area 3
illustrates the inability ot this species to cope with water
covering its roovt system. The buse of the large trees shown by
(a) of figure 70, is at the 945.30' level. This tree wnd the
Large barren tree in the back ground probobly were killed by the
1igh waters of the summer of 1944 and 1940. Tke younger trces
3ix yeers and less seen in the water wnd at about the seme level, -
out forth lecves in 1901 &s a last efiovrt of survival but did
16t recch full foliage status. The trees shown by (B) of figure
16, at the 944.,%0' level reached full foliage but killed with
.ess than three weeks lnundation. The trees seen at the higher
tevels above the water line withstocd lnundation of their bases
for pericvds ¢f at leact &« month in i94u. Tohis inundaticn ceccurr-
3d ut & time when the plants bad pussed their active growing
seascon.

This plant can not be recommended for use in the fluctuation

Z01e .

humex crispus L., Yellow Dock.- Elev., 944.,00', 942,90',

Yelliow Dock &s well os uiost of the beibaceous uplana plants
succumbed yuickly after inundaticn. Figure 76, & soouws the
slant in watexr at the 942.90' level on July 3, 190l.

Its chief value in the fluetustion zone ares would be in



Fige 7He Hobinia Psuedo-Acacis L., Black Locust. The
lack of resistance to inundation is shown by the desd
tree (A) and the dying tree (B) which is above the
water line.~ %Sleve 944,60', 944.,00', Area S, July 8,
19861.
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Fige 76, Eumex crispus L., Yellow Dock. The Yellow bock
goon after inundstion.- Klev. 944.60', 942.90', Area 1,
July 4, 1351,
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€ addition of orgenic matter end nutrients to the water through
ath and decomposition. This is true of most of the herbaceocus

lend plants found in the fluctuation zcne.

Salix interior Rowlee, Sandbar Willow ?- Elev. 944.60',

i9.10',

The Sandbar Willow was found in cunjunct;on with the Black
.1low in nesrly &ll arees of the lahe.- Its diwinuitive size
id smeller leaf distinguished it from the lerger fast-grcwing
&cK Willow. It was more commonly found zlong the o0ld creek
nks in the upper reaches of the lake. MNMany of these plants
:re killed by August 1, 19561. All plants found were less than
.Xx years old.

It is believed that these plants cennct withstand prolonged

wwnda tion.

Salix nigre Marsh., Black Willow.- Elev. 944.60', 929.10'.

The Black Willow was found in every section of the lake.
ts presence in numbers indicates 1its adaptability to lake shore
avironment. A few trees still exist that were present in the
ld creek bed before the lake wes built. Figure 77 shows one of
sese trees @t the 940.20' level. This tree witbstood inundations
f its base in 1943, «ll of 1944 zsnd 1945, a short pericd in
947, 1949, &nd 1950 and wes still alive on October 25, 1951
fig. 78). This tree and «ll of the other trees older than six
gears were found next to & shore possessing @ high bank. The
op of the tree shown in figure 78 started losing its lecves
ong before the leaves near the base. This again suggests &s in

be case of the Cottonwood thet the distance of transportation
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rig. 77. rlant Study uroup.

Populus deltoides.- klev. 942.70°',

3&113{ nipra.- Elev. 940.20', Area
2, July , 1951,

ig. 78. Plant study
roup. 3ame group as
bove. The Cottonwood
nd the top branches

f the Willow died

hile the lower branches
f the Willow remained
live.- Populus deltoi-
es RBlev. 942, 70; §alix
ig ra Blev., 940 0‘

res 2, October 26, 1351.
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f watexr to the leaves might be a killing factor. The tall
.llow trees iilustrateo in figure 80 slso showed an earlier
.scoloration and killing then the shorter trees. The Black
.1low as was the case with the Cottonwcoa tree did not live as
mg after inundation in the guiet detritus filled waters of the
1lets (fig. 79) as tbey did in the open waters (fig. 80).

The endurance tc¢ inundation of soue of the young trees as
1own in figure 80 would indicate & rather long inundation kill-
1g period time especizlly in shollow water. The fact that none
f the trees older than six years were found in the lake except
. the higher levels or near the bank indicutes thet the killing
.me is much shorter. The Willow has toe ability to put forth
lventitious roote from the stem belcw the water line. These
wrnisb succor to the plants, thus giving & false ilmpression as
» killing time. The inundstion killing time cof this plant will
ry considerably with its sge and witn its location in the leke.
8 normel inundation killing period appears to be well over two
mnths and fou thie reason it is recommended for use s & chade
‘ee at or near pool levels. The young trees when covered with
.ter serve as protection to small fish and add conslderably to

e esthetic velue of & lake.

Sapindus Drummondi B. znd A., Soapberry,- Elev. 944,.60',

1.25"

The Soapberry tree weeg found only et very high levels
cept in the case of a very young tree (fig. 81, C). This
ung tree at the 941.20' level died before July <8, 1961. At

is time trees at the 945.7b5' had already started losing their
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FPige 79. Salix nigra, Populus deltoides. These trees
lived only a short time in the quiet detritus filled
waters.- Elev. 944.60', 939.10', Area 1, June 25, 1951.

Fig. 80. 38alix nigra. showing prolonged viability
of the Black Willow in open water.- Klev. 944.060',
959.10', Area 15, October 1, 1951.
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Fig. 81.

Sapindus Drummondi, Soapberry.

Color differ-
entiation is exibited by the lesves of the plants st the
different levels.- Elev. A~ 944.060'

, B- 945.75', C-
341.25"', Area 1, July 28, 1351.

Fig. 82,

Sapindus Drummondi, 3ospberry. Early discolor-
ation of the leaves was noted in this group of Soapberry
trees.- Elev. 943.70', 942,80', Area 1, July <, 190l.




green color (fig. 81, B) while those «t the 944.60' level retain-
ed thelr full color (fig. &1, s). The reduction ¢f chlorophyll
in the leaf wus noticed us early as July 3, 1951 (fig. 8:)e The
Lecves of the Soapberiy trees at the 945.00' to the 943.20' level
Jxadually lost thelr green color awnd by august o, lY%oul nearly
ill of the leaves bad turnea yellow (fig. 6»). By sSeptember 16,
1951 the plants hua Lost most of their leuves (fig. 84). Com-
oare tbhe color of tohe Sepindus lecves with that of the ucre
resistant american Elm ¢t the extreme lert of the picture.

The Soapberry cen not be recoumended for use in the lower
levels of the leke flucuation zone becwuse of its short inundea-

tion killing pericd.

Scirpus lineatus Michx., Bulrush.- Zlev. 944.60', 938.60'.

Scirpus linectus had become well estublished in seversl of

the small inlete of the lake «t the 9%9.81' to the 938.81"
levels. The plants probubly established themselves at these
levels during the nigh waters of 194% cor 1949. They then had
Lived tbrough the dry pericds of 1948 and 1949-50, whick would
show them to be jyulite versatile as fur as requirements of babl-
tat are councerned. The stems of the plants «t the above nen-
tiovned levels were not husky though trey protruded through the
vater surface. host of these especiclly at toe deeper levels
iid not produce fruit and before the summer was over the cteme
iied znd fell intc toe watexz. Tne above mewntioned pohencmena of
these plants at toe 929.30'" level is illustrated in (B) cf fig-
ires 37, 28, 39. This data places the plant's maximum depth

Llimit at about four tv five feet. Plants found ot the higher
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Fig. 85, 3apindus Drummondi, uUlmus americana. Lneaf
color differentistion.- Blev. 940,60, 940.20', Area 7,
August 6, 1951.

rig. 84. __ginduq Drummondi, Ulmus americant. 38me group
as shown in figure 89 111uqfrat1ng the difference in via-
bility of the American Elm and the Soapberry.- Elev.
942.60', 945.20', Area 7, September 16, 1951.



levels were in a peultpy growing condition.

The plant grows rapldly in she&llow water and in water socked
soil. Its full value in & lcke munagement program ie not known,
1ts appeal to the cesthetic sense is high snd tbhrough death and
decomposition it will @dd nutrients to tbe water. 1t also will
serve s protection to smell fish. Further studies should reveal

other values.

Scirpus sp. ? L., Bulrush.- Zlev. 940.10', 939.10'.

Scirpus sp. probably lntroduced by man, was found only in
area 13 at the location shown in figure 85. The plant was noted
2t ite present site by the writer while fisbing in the lake dur-
ing the summer months of 1940. apparently, the plants have per-
sieted in dry soil through toe summere of 1946 and 1948.

The plant cppezrs to be ,uite versatile as fur «s habitat
reqyuirements are concerned and is recomuended for use in lakes

with & widely fluctuating woter surface level.

smilax Bona-nox L., Greenbrier,- rlev. 944.60', 941.71°'.

The Greenbrier was found to be yuite resistont to inunda-
tion. Plants at the 94¢.79' level, with their bases continu-
ally under weter remained visople fiom June 6, 1901 to Cetober 1,
19561 (fig. 85). Others were found that were still viable on
detober 25, 1951 at the 941.71' level. The Greenbrier (C) of
figures 45, 46, and 47 of the, "Plunt Study Group, area 7",
shows the plant at the 942.79' level und allows a comparison of

Lts viability with that of the other plants in the group; namely,

the ked kulberry, the Dogwocd and the Elm.
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Fig. 85. Scirpus sp.
of the plants.- Tlev.
ber 16, 13561,

'%* T;T

> General growth characteristics
340.10', 339.,10', Area 15, Septem-



Smilax Bona-nox provides good cover for quail and other

pland game. Since its resistance to flooding is bigh it should
€ considered in experlaentel plantings in the fluctuating zone

rec of our flood control lakes.

..Sorgum halepense (L.) Perse., Jobnson Grass.- Elev. 944.60',

84.23'.

Johnson grass was observed only &t one place in the lake
2d below the 944.60' level though it is guite prevelant at
Lgher levels. The Johnson grase shown in figure 87 extends
ownward to the 944.23' level and forms a defipite line at that
:vel. The line wae probably produced by the inflowing waters
f tbe creek which were higher then spillwey level.

More work needs to be done befure tne value of this plant

1 the fluetuation zone can be assessed.

Tamarix gellica L., Frenco Tamarisk, Szlt Cedar.~ Elev.

t0.40', 939.40',

The Salt Cedar was found between the levels of 940.40' and
39,40' and only in one location (fig. 88). The plants in this
reé were in their fifth and sixth years, having sterted life in
346 and 1947. The plants which started in 1946 lived through
iree months inundation in 1947 end 1949, more than seven months
1 1950 end more than five months in 1¥56l. Thelr prolonged via-
ity in the long inundation periods of 1950 and 1951 is perti-
.1y attributed to the plants @bility tc produce aaventitious
ots below the surface of the water. The cambium layer of the

;em below the origin of the adventltiocus roots died durlng the
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Fig. 86. Smilax Bona-nox L., Greenbrier. This Green-

brier remained viable late in the season.- EBlev. 945.20"'

Area 7, september 16, 1951.

o7




Fig. 87. Sorgum halepense, Johnson Grass. Showing lower
limit of growth at the 944.25' level. mnote the high-
water-cut-marks in the o0ld creek bank.- Elev. 944.60'",
944,25", Area 1, August 24, 1951.

28



Fig. 88, Tamarix gallica, Salt Cedar. 'This plant re-
mained viable through the development of adventitious
roots just below the water line.- Elev. 940.40',
959.40', Area 11, August 25, 1951.

99
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ummer of 1961.

The fact that these plants withstood inundations of cver
bree months during the years of 1947 and 1949, places them in
class suitable for use in the fluctuation zone of flood control

akes.

Teucrium canadense L., Americun Germander.- Elev. 944.60',

42.14°.

Plents of Teuc{ium canadense withstood inundation in 1951
ong enough to produce flowers and fruits. rigure 89 shows the
ondition of the pleénts on August 5, 19561, at the 942.14' level.
t is doubtful whether these plants will send forth shoots in
962 especially if the water remains st a high level.

Sufficient knowledge is not available to assess this plant

value in a lake menagement program.

rypha latirolia u., Gommon vat-tail.- Elev. 944.60', 941.35"'

nd 939.50', 938.60',

The Common Cat-tails were probably ectablished at the lower
evels by the germination of the seeds in the water soaked eoil
ollowing the midsummer rises of 1947 and 1949. The plants
ived through the medium high waters of 1950 but feiled to re-
ppear in 1981. One relatively large bed was found in area 13
aring the fall of 1950 at the 938.060' to 939..0' level. TFew
f the plants reached the surface of the water in 1951l. Two
f the plente reached the surface but died befure the end of
ummer (fig. 37,C). It is possible that depth of water is the

nly factor involved in the death of the plants. If so then one



Fig. 89, Teucrium canadense, American Germander. The
American Germander remained alive after water coverage
but failed to produce normal growth.- Hlev. 942.14'
Area 7, August 5, 1351.




ould conclude that continuous inundations of four feet or more
8 a limiting factor to their growth. However, further obser-
ation on the depth limitations of this plant should be made.
Cnly the plants found at the higher levels of the fluctua-
ion zone were in a healthy growing condition. PFigure 90 shows
lants from the 941.85' to the 941.35' level in arxrea 1. The
oove observetion indicates that the plant is probably better
1ited for use in lskes with & steble rather than & fluctuating
:ter level., The data even suggest that control of water level

.ght be used to kill the plants should they become & nuisance.

Typha glauca Godr. ?, Cat-tail-klev. 944.60', 938.60',

This rank growing plant remaineu viuble in the relatively
rep waters between the 940.40' and 958.60' levels during the
.gh waters of 1951. Some of the plants were observed by the
‘iter in thelr present locaticons as early as the summer of 1945,
1e plants were able to withstend the dry years of 1946 and 1948.
‘uiting bodies were not found as late as CUctober 1, 1901, the
.me of the last observation (fig. 91).

Its ability to witbstand both the submerged and the emerged
mditions make it suitable for use in widely fluctuzting lakes.
ire necds to be known about the habits of this plant before its

al value can be assecsed.

Ulmus americana L., American ilm.- Elev. 944.60', 941.02'.

Several of the original Americen Elms present when the water
s first impounded were found around the edge of the lake basin.
roadside group in area 7, (fig. 92) was selected for continued

udy throughout the summer of 1951. Figure 92 shows the condition
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Fig. 90. Typha latifolia, Common Cat-tail., <The Common

Cat-tails grew vigorously in shallow waters.- Klev.
941.85", 941.55', Area 1, June 20, 1351.
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Fig. 21.

prypha glauca wodr. ? Cat-tsil. These planis
failed to produce =eed in 1351 but remained viable in
the deep waters.- Tlev. 938.30', 940.40', Area 7, Octo-
ber 1, 1951.
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f the trees on June 15, 1951 at wrich time the trees at the
owest level had been inundeted for & period of cpproxinately

ix weeks and the trees at the higher levels approxicately four
eeks. All of the trees put forth folisge tnough some of

ne trees had undergone an inundation period of more then three
onths during the late summer of 1950. However, lesves cf the
rees at the 941.02' @nd 941.17' level were stunted and did not
sach full size. These leaves as well as the leaves of the

rees at the 941.32' level dropped from tne tree before august 5,
9561 (fig. 93). At the same time the leaves of the trees at

1€ 941.07' level turned yellow and dropped fiom the trees before
sptember 14, 1951. By September 14, 1951 the leaves of the

rees at the 942.42' level turned yellow (fig. 94) @nd thece

rees in turn begen losing thelr leaves before Cctober 1, 19351
fig. 95). Trees at the 943.1%' level and above held their

eaves until frost. Exawmination of the cambium layer of these
rees on November 21, 19561 showed the trees to be in viable
ondition.

Reconstructing the history of inundation of American Elms
rom the time of impounding of the water in the lake one finds
eriods of inundation léating about two montns in 1942, three
r more months in 1944, three pericvds of over twe months
aration in.-1945, two shoxrt periods of & month or less in 1947,

period as long as four monthe in 1900 @énd & period of meore
hen seven months in 1951.
There is a possibility th:t three factors nave contributed

o the killing of the trees by inundation, namely, duration,
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941.02°
941,17
941 ,02°"
941,32!
941,67!
942 ,42"
945,17

Fig. 92. rolygonum lapathifolium, Ulmus americana. Il-
lustrating the growth of r. Tapathifollum BAd The mor-
phological changes in U. AmeTricana .- Klev. indicated,
Area 7, June 15, 1991,

941.02"
941.17"
941.02"
941,32
941.67°
942 ,42"
945,17

Fig. 95. Prolygonum lapathifolium, Ulmus americana. " Il-
lustrating the growth of P, 1apathifolium and the mor-
phological changes in U. americana.- %lev. indicated,
area 7, August b, 1901,
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941.02°
941,17
§ 941, 0”‘
g 941.5

941 67'

Fige 94. rolygonum lapthifolium, Ulmus americana,
Illustrating the growth of P. lapsihifollum and the
morphotogical changes in U. americana.- %lev. indi-
cated, Area 7, september 14, 13561.

941.,02?
941,17
941,02°"
941,521
241,67
242 ,42°"
943,17"

Fig. 35. Polygonum lapathifolium, Ulmus americans.

Illustrating the growth of P. 1an“ hifolium and the
morphological change=s taking place in Ues Americansa.
-Elev. indicsted, Area 7, October 1, 1951,
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2pth of water and time of the year. Trees at the 941.17'
0 941.67' level were inundated about May 1, 19561 which wss early
a1 the growing season. Trees at the 941.67' to 942.42' levels
:re inundated from may 10, 1961 to May 1o, 1956l. Trees above
1€ 942.67' level were not inundated until after June 1, 1961
t which time the rapid growing pericd of the trees was well
ivanced. Trees wbove the 943.17' level remained alive through
e 8ix montcs of inundation in 1951 &nd it is believed that
1ese trees will put forth leaves in 190%. These trees wi th-
tood known inundation periods of about three months in 1944
1d 1945 even during their pexriods of rapid growth and still
mger periods in the year of 19561l. Present datz seems to show
16 trees to heve a minimum viability period after inundation
f about three months for the spring four or more months for the
(te summer and possibly longer if the trees are dorment. The
mg viebility period of the trees at the 943.17' level can
rdly be explained by the time of year &2l one since these trees
re continually inundeted fiom the latter part of May to November 21,
161, a period of approximetely six months. Shallow inandation
st also play a role by permitting tne trees to live longer
&n 1f covered by decp wuter. This hypothesis was strengthened

the discovery on November <1, 19061 in aree 1o of additional
ees living in the shellow water asbove the 9zz.8l' level. The
ses of these trees were too far away from the shore line for
e roots to reach serated soil.

The American bLlm with an inundetion killing period of about

ree months is recommendea for use as @ shade tree in lhe recrea-

onsl areas of our flood control lakes.
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Vitis sp L., Wild Grape.- Elev. 944.60', 940.00'.

Wild Grape plants of this specics were found growing along
he banks of the creek in area 2 between the levels of 944.60!
nd 940.00'. They were first observed on July <8, 1901 (fiz.96)
t which time their viability was considered excellent. They
ere not again observed until October £5, 1951 (figz. 97) at
hich time they were about the only plents remaining in & viable
ondition in the area. However, some of the vincs with bases
elow the 941.71' level had succumbed.

This plent though observed only twice by the writer cppears
0 be yuite resistant to inundation and should fit into a lake
luctuc tion zone managtment program. The trailing metted vinee

f this plaent could serve as cover to upland game fowl.



Figo 961 Vitis 8 .y &ild GI&pe-" L‘-lev. 944-60"
940.00', area &, July £8, 1951.

Fig. 97. Vitis sp., #wild Grape. This wild
Grape (A) Temeined viable until frost.- Llev.
944.60', 940.00', Area 2, Cctober 25, 1951.
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GLNERAL DIsSCUSSION

An important result of this investigation was thet it
1iggested a wide renge of vegetative control possibilities that
Juld be ¢btuined by systematically reguleting the water level
f a 1leke. This regulation is possible to & certain extert in our
.o0od control lzkes und could be more fully utiiized in recres-
.onal impoundments thet have instelled in them outlet control
1lvee. Plunts such as tone Scarlet Ammannia, the Knotweeds and
1¢ Umbrella Sedges reyuire @ chenping water level during the
.ants seeding c¢nd germination seasun 1f large crops are to be
‘cduced., The large sres marked by the bracket (4A) of figure 1
iows one of the meny areas thet wes covered wito Polygonum

ipathifolium. This large crop wes possible only by the rise of

e watexr to the 942.90' level in vuly of 1900, followed by the
‘adual decresse of the water tu tne 928.75' level. ‘'he rise
obably helped to move the seeds into positicon. «whe decrezse
i the weater level expused the seeds allowing them to germinste
1ing the spiring of 1961. The plunts were covered with weter
'ter germinetion and grew to meturity. Otber examples can be
wund under, "Discussion of The Species Cbserved", 1.e., the
msenniz, the Cetteils, the Cyperus .nd others; eack with its
'n peculiar reacticn to ¢ chenging or stable water line.

The differencés in resistance toc watexr cuverage shown by
e different species of uplénd plents suggest tpet & foim of
mtour plenting skould be texen intoe consideretion wpoen intro-

.eing pients into tewporarily flcoded zreas. The use of the
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lant and the length of time it can survive inundation should be
)¢ basis fur plont selection. The plents should be plonted on
contour et treir proper elevation above the normel pool level.
e length of time @ particulsr contour is likely to be inundated
.60 should be considered. The cpoproxliucte lengfb ¢f inundztion
x the different levels cen be calculated from the expected
infeil, the runcfi snd the drawdown contemplated for a particu-
r lake. PFurther investigation is needed in this relctively

w field to determine more accurately trhe individual resistance
» flooding undexr varying cunditicns. The descending order of
sistance to inundsetion sbhown by plants wzs, fuir the trees;

‘een Ash, Black Willow, Americuen Elw, Horey Locust, Cottonwood,
1 the shrubs; Button Bush, Persimmon, Temerisk, Felese Indigo

a4 four lpne grasses; Knotgrass, kice-Cutgrass, Florida Paspalum
.d Bermuds grass.

By the creation of ¢ merginael fluetuation zone our flood
ntrol projects have opened a new fiela useable in the pioduc-
on of figh «nd wildlife. Todey very little is kncwn about the
riculture and aquicuiture of this zone. Development of the
ocdable zone surrounding our lekes will not only increase the

come to wen but provide &én area ugeful for bis recreation.
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SUMMaRY

1l. The effects of water fluctuation on the higher plants
bserved in this work agree in the main with the findings of
all, Penfound and Hess, 1946 in thelr linvestigations in the
ennéssece Valley and the findings of Yeager, 194v in his investi-
ation in the Upper Mississippi Valley.

B In generzl the elevations ¢f the remnants of the ori-
inal stand of hardwood trees aided in determining the killing
sriods which corresponded to the observed killing period during
1€ prolonged inundation of 1981.

%. Veriation in resistance to water coverage suggeste the —
2ed for contour plenting based on the lengtbh of time & parti-
1lar level of the fluctuestion zone is apt to be flooded.

4. Besides the duraticn of inundetion the depth of water
>verage proved to be @ killing factor. This was exhibited most
trongly in the study of the American Elm wholch withstood seven
)nths shallow water coverage but died in deeper water after
iree montins inundation.

5. The short time during July of 1901 reguired to kill
.ack Locust and Jack Qak trees that had withstood more then a
)nths water coverage during Cctober of 1945 indicates that
:ason of flooding ie a factor.

6. Wwater fluctuation is not conly necessary but the proper
.ming of its rise «nd fall is necessary if large crops cf the
:mi-aquatic plants are to be grown. Large crops of plants are
reded to ada nutrient salts tc the water. The amcunt of nutrient

1te in a leke is a criterion of its productivity (Hotehkiss,
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941; Allee, 1949).

7. The need of water fluctuation for the establishment
f some species wes disclosed in the study of the americaa Pond-
sed which was found to be esteblished at only two general levels.

8. Generally the taller Willow and Cottonwoud trees under ©
2¢ same condition of water coverage were killed more guickly
aan the shorter trees.

9. 4 longer period of weter coverage wee requlred to kill
illow and Cottonwocd trees in water opern to wind and wave action
1an in protected waters.

10. Willow and Cottonwood trees killed more quickly from
wundation in the detritus filled water than in water free from
stritus.

11. Adventitious roots developed on the submerged stems of
ije Willow, Salt Cedar, Button Bush and the Felse Indigo.

12. The killing period of suorpha fruticosa with only

1elr baces covered with water was soorter than for plants
.most completely submerged. aAdventitiocus rcots vere developed
r plants in sballow and in deep water with large musses of
yote on the stems of plants in deep water. These large masses
f roote may be the explanation for prclonged viability of the
.ants in deep water.

132. Tne Common Persimumon developed snoots from adventitious
1ds on the stems of the plant & short distance above the water
.ne. Explanations for thie ana other worphelogical or color
langes resulting from flocding have not been attempted but
amer (1951) believes that injury to the shoots of flooded

.ants is complex in origin and bhas several causes rather than



;sulting simply from interference with water absorbtion.

14. Flooding can be used tc eradicate or limit the growth
f undesirable plants.

15. The uses of the plants for fluctuation ZOnes are

.scussed under the topic, "Dis cussion of the Species Observed™.
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