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- ABSTRACT
Lake Sakakawea 1s a huge man-made fluctuating water level
0 lake in the upper Missourl River Basin. Lake Audubon 1s a
smaller non-fluctuating reservolr adjoining Lake Sakakawea and
- also formed by the Garrison dam across the Missouri. These
- lakes are found in the glaciated portion of western North Dakota,
North Dakota has a semlarid continental climate and the climax

vegetation 1s Agropyron-Stipa mixed grass prairie.

" During the summer of 1971, 50 study sites were established
/! #Ke CEKAYAL B o “ l.rz' bl

on these lakes to study the vascular plants growing along the
Vs

shoreline. These sltes were permanently.marked, and the.

vegetation was analyzed in 2 x 5 dm. plots along a transect

across the shore at each site. On Lake Sakakawea, the fluctuating
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water level lake, thr2e zones are descrited, zone inundated

every year, a zone lnundated 3 years ago, and a zone above the
highest water mark. The plant communities found and described

. <
in these zones are: Zone l1l- a Rumex :;lspus-Polygonum perslicaria

ngkt»c 4 i b
ephemeral annual weed community, and a Phalaris arundinacea

community; Zone 2- the same Fhalarls arundinacea community 1is

N\ s W\ s, N\ Foas
Y found here along with an Agropyron smithii Horﬁeum Jubatum

weedy community; Zone 3- in the undisturbed areas there was

Q Vwdly sgn
an Agropyron smithli- Stiga comata community and 1n certain
PN LT
disturbed areas we found 2 closed communities, a Bromus inermis
Lt et
community and an Agrcpyron cristatum community. But the most

i
%
%

&M:L\ﬂlh -
common community in this area was an Agropyron repen-Poa

h 5\)*\ oY \y
*”p atensis community. "Around Lake Audubon, the nor-fiuctuating

A reservcir, there are also three zones, slightly different from

those around Lake Sakakawea. They are an open water zone, a
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wet shoreline zone and an upland zone. Very little vegetation
is found, curiously, in the open water zone. The wet shore-
line community 1s dominated by emergent aquatics, and the
upland 1s similar to the upland zone around the other lake.

Results of solls analyses were similar on the 50 sites
as a result of solls developling on nearly uniform parent
material under nearly uniform climatic conditions. The soils
are mostly loamy Chestnuts>/\\

_Multiple regression anal&ses of varlous soil factors on
the coverage values of the lmportant specles indicated little
dependance of yvegetation on soll texture, nitrogeh, organic
matter, and slope. Wave action and water level fluctuation are
less easy to quantify but have highly important influence on
the shoreline vegetation.

Diversity of vegetation in the 3 zones 1s discussed.
Vegetation changes during the one year period and successional
trends and possibillities are described and beneficlal water
management policles are discussed alcng with the need for further

studles and possible plantings.

L__A_c‘e__e*.’.sion For

NTIS GRA&I
DTIC TAB x

g .
Unannounced ] "
Justification____ _ | R
Oy
%, Yy
yPee DIIC Foorn$0 | N\ ™
| Distribution/gy Gile

Ayailability Codes

[Avail and/or
Dist Special

AL

A nas 3
.. o e e X




INTRODUCTION

Lake Sakakawea 1s located in western North Dakota (see
Fig. 1) near the geological center of North America. Western
North Dakota has a typical continental climate. In our study
region average monthly temperatures range from a low of -13°C
in January to high of 21°C in July, and annual average preci-
pitation ranges from 37 cm at Williston at the western end
of the lake to 40 cm at Garrison at the eastern end. Climatic
data for both these locations are found in Table 1. Additionally,
the seasonal distributlion of precipitation 1s important to the
vegetation of the reglon with about 75% of the total received
from April through September.

The geological history of that portion of North Dakota in
which Lake Sakakawea 1s fourd 1s relatively simple. The entire
area 1is underlaig by the Tertlary Tongue River formation of the
Fort Union group (Leonard 1930Q0). The great bulk of these 300 m
deep sediments are lacustrine in origin. Numerous lignite beds
often exposed by erosion along the shore are evidence of the
presence of swamps. The entire region was glaciated during
the Kansan Period and the Fort Unlion formation was overlain
with a relatively thin depcsit of glacial till. At this time
tre course of the Little Missouril River was permanently altered,
increasing the grade which in turn resulted in much erosion
creating the 'badland' topography. The glaciation cccurred
during early Plelstocene ard south and east of the lake most
of the glacial ground moraine has eroded away, the Tertiary teds
exposed, and a dendritic drainage pattern restored. But arcund

Lake Sakakawea glacial till is predominant all around “he lake




except for a small area where 1t has been eroded by the Little
Missouri River.
The upland climax vegetation throughout our region is,

according to Klichler (1964), an Agropyron-Stipa mixed grass

climax. A map more detailed than that of Kuchler would show
this general area to be a mosalc of distinctly different
communitles varying frém one place to another in response to
a complex of environmental factors. In more mesic sites

5% Blesafm o o™
certain tall grasses such as Andropogon gerardi and Cala-

moviifa longifolia predominate; and increase in wet years.

. &‘&'M
In more xerlc sites other specles such as Boutefbua gracills

predominate and tend to increase in dry years. Several
woody communities and clones complete the mosalc. A detailed
description of the steppe vegetatlion of western North Dakota
is given by Hanson and Whitman (1938) and some of the woody
communities are described by Nelson (1961). Man's activities,
primarily farming and grazing of cattle and sheep, have altered
the vegetation patterns, destroyed many communities, and pro-
moted an Increase in weedy species. '

A lake can be defined as a body of water large enough
that wave action prevents the permanent establishment of macro
vegetation along a narrow strip of shoreline, while a pond, is
defined as a smaller body of water 1n which there 1is neglligitle
wave actlon so that the shoreline vegetatlion can become perma-
nently established (Dautenmire, 1968). By the definition given
Lake Sakakawea 1s a lake, but some embayments around the peri-
meter are sufficilently protected that they may be ccnsidered

ecoiogically as ponds.




Figure 1. The location of study sites on Lake Sakakawea, and
Lake Audubon. The inset shows the location of Lake Sakakawea

in North Dakota.
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Table 1.

Climatic data from Williston, N. D., at the western end

and Carrison, N. L., at the eastern end of lLike Salakawea. P is

average precipitation in cm. and T is average temperature in °C.3

wiliiston, N. L.

Garriscn, N. L.

Month 4 T P T
January 1.2 -12.1 1.5 -12.0
February 1.2 «1042 1k -10.8
¥arch 1.9 -3.0 1.9 .6
April 2.7 640 3.2 53
May b2 12.4 Se2 12.2
June Cel 17,0 8,8 1549
July S.lu 21l.h 6.0 2l.1
August 3.6 1¢,8 L.6 5.6
Sertember 3.1 13.9 3.2 1.0
Cetcber 2.0 Tk 2.0 742
November 1.5 =2.0 1.6 -2.8
ataunen .. S SRR A
Annual 37.2 Sel 405 h.; o

%1, S. Cept. of Commerce, Weather Gureau. 1959. Climatography of the

United States Wo. &0-132, Nortkr Dakota, 16p.
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Like all the other reservoirs of the Missourl River basin
Lake Sakakawea 1s long and narrow. It is 323 km. long and has
2419 km. of shore. The average width 1s 5 km. Lake Sakakawea
was formed by the closure of Garrison dam in 1953. 1In terms
of water-holding capacity and.surface area it 1is the largest
of the Missourl River mainstemlégﬁg. With a capacity of 30.2
billion m3 of water (Benson, 1968) it has covered many square km.
of farmland and wildlife habitat. Lake Sakakawea was at full
pool by 1957. The water levels for the slx most recent years
are graphed in Filg. 2. The water level generally drops during
the late growling season to reach a low durling February or March.
The water rises some until the first of June when it rises
sharply to 1ts highest point about late July or early August,
sometimes later (1968). For the remainder of the year the
water level recedes gradually. During the first half of the

growing season, or untll about the middle of July the plants

which are becomirg established or resuming growth are gradually

inundated. It should also be noted that, asthetically, this is
an ‘deal policy, for there i1s never very much muddy shoreline
exposed during the summer when the lake is most often visited.
Because the wind often blows, and because Lake Sakakawea Iis
huge, wave action has ercded headlands along the shore forming
large cliffs. The finer particles are more easily eroded away
leaving a shoreline "armcured" with rocks from the glacial till,
and inlets are cut off by ligérally deposited sand, silt, and
clay. In lakes which have a constant water level a terrace is
cut at the point wnere the water meets the shore and the eroded

material i1s buillt into.a shelf extending out into the water




(Pearsall, 1918). 1In lakes like Lake Sakakawea in which che
water fluctuates greatly (Fig. 2) the cutting effect 1s moved
vertica11y>along the shoreline with the water level leaving
a bare eroded apron. In the upper reaches of the reservoir,
and in areas where the tributarles enter the lake, deltas are
A bullt up forming large unsightly sand or mud bars.
Lake Audubon 1s a small subimpoundment of Lake Sakakawea
'(Fig. 1). It was formed as a result of the relocation of *
U.S. Highway 83 and the Soo Line Railroad 13 km northwest of
Coleharbor, North Dakota, prior to the closure of Garrison Dam.
In recent years water from Lake Sakakawea has been transferred

into Lake Audubon to maintain a 5 m head differential between

the two impoundments. {(Mr. R. G. Burnett, personal correspon-

- dence).

- Lake Audubon 1s much smaller and shallower than Lake
Sakakawea, but still large enough to be consldered a lake
as defined above. The maln difference between the two lakes
is that the water level 1n Lake Audubon has been maintained
at a nearly constant level, making this lake a suitable control
on which to check the effect of water fluctuations on shore-
. .line vegetation. The water level of Lake Audubon is also shown
in Flg. 2.
It has long been observed that man-made fluctuating
water level reservoirs are not conducive to the successful

' estabil: 'ment of shoreline vegetation; thus the objectives of

ovovoy 1dy were as follows:

1. To quantitatively describe the vegetation which dces

occur along the shoreline cf Lake Sakakawea, noting
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Figure 2. Water level fluctuations in Lake Sakakawea and

Lake Audubon between 1968 and 1972.
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ephemeral or permanent nature of the vegetation.

2. To quantify some of environmental factors influencing
this vegetation and to correlate these data with the
distributlon or importance of these speciles.

3. To note plant successional trends where possible, and
to describe these vrends in relation to water manage-
ment policy.

4. To compare the vegetation of Lake Sakakawea and Lake‘
Audubon shorelines to describe possible effects of water

fluctuation on vegetation.

5. To discover shoreline species preadapted to maintain ‘
themselves in the face of the unusual environmental
conditions impcsed on the terrestrial habitats con-

tacting the reservolr.

A A Wi =
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METHODS
- Field Studies. Our study was initiated in July, 1971.

We made extensive reconnaisance trips around the lake becoming
familiar with the local roads and access areas, and collecting
plants representative of the flora of the reglon. Plant
collections have been made throughout the duration of our
study, and voucher specimens are deposited in the University
of South Dakota herbarium, Vermillion. It became apparent
early that reasonably distinet vegetation zonation paralleled
the lake shore. There is a lowermost zone which 1s flooded
annually and which primarily supports ephemeral vegetation.
There 1s a secord zone which was flooded once in 1969 when
water level reached 1ts maximum (Flg. 2) but has not been
flooded since. Filnally, there 1s the upland vegetation which
has never been inundated but has been altered by man's
activities. After this preliminary survey 50 permanent sites
were established, 44 on Lake Sakakawea and 6 on the adjoining
Lake Audubon. Since the water level in Lake Audubon does nct
fluctuate greatly, sites there could well provide data which
would possibly show contrasting effects due to water level

‘ fluctuations of Lake Sakakawea. These sites were widely
spaced around the perimeter of the lakes (Fig. 1). 3ites were

‘ selected where some vegetatlicocn was growing cr where we thcught

there was the potential of vegetation establishment. This, of

course, precluded cselecting sites along the steep eroded cliffs

surrounding much of lLake Sakakawea. Most, but not all, of the
sites were located 1in protected embayments where wave action 1is

minimal. Use ¢f 2 boat made it possible to establish many of cur
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sites at some distance from more heavily visited areas.

At each slite two steel fence posts were driven into the
ground to permanently mark the exact location. One post was
planted well above the highest water mark, and the other was
planted as far out in the water as we could wade. The sites
were established at the time of high water level. The slope
and aspect of each site was measured with a Brunton compass
and recorded. Soll samples were collected from each site, and
a photograph was taken of each site.

After we had established our study sites in 1971 we still
had time to revisit 39 sites and analyze the vegetation. We
stretched a steel tape between the two permanent markers, and
using a 2 x 5 dm plot frame we analyzed vegetation within 30
plots evenly spaced along the tape. Coverage of each species
was estimated and recorded according to a method described by
Daubenmire (1959).

In the summer of 1972 the vegetation at each site was
analyzed three times, once in June, once 1in July, and once in
August. Thls was to obtain maximum coverage estimates of all the
plants occurring at each site throughout the growing season.

Soli samples were ccllected from each vegetation zone at nine

different sites to compare certain soils characteristics from
each zcne.

Laboratory Studies. Using a Hellige-Truog combination

soll testing kit we determined the readily available phosphorus,
potassium, calcium, magnesium, sulfate, and chloride contents
of the soll samples. We used a Beckman expandomatic pH meter

tc determine the tH on the soll paste, and the method of
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Walkley and Black as modified by Walkley and by Smith and
— Weldon (Moodie et al. 1963) to determine the organic matter.
Mechanical analyses were done using a modifled Eouyouco:
method (Moodie et al. 1963). KJjeldahl nitrogen determina-
tions were done by the soils testing laboratory at South Dakota
) State University, Brookings. Speciles identifications were also

‘ | verified in the herbarium.

From the coverage data obtained during the three visits
at each site, we used the largest value for each speciles to
calculate average coverage per plot along each transect.
Total average coverage per plot was then the sum of the
. individual specles coverages within each zone. Vegetation data
A from the upland zone which has never been inundated were kept
Y‘ separate from data collected along a zone flooded only once,
in 1969. And these data were kept separate from those collected
along the lowermost zone which 1s annually flcoded. From these

data, we also calculated frequency, the percentage of plots in

! which a speciles occurs within a zone at a given site. Con-
stancy which was also calculated 1s the percentage occurrence

of a species at all sites within a given vegetation zone.
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RESULTS AND DISCUSSION

Soils. The Paleocene Tongue River formation of the
Fort Union group (Leonard, 1930) underlies all of the area
of our study. This formation was covered with a mantle of
glacial ground moraine during the Kansas glaciation.

The soils of North Dakota are primarily pedocals, accumu-
lating lime in the profiles (Rudd, 1951). In the dry western
part of the state the soils are primarily Chestnuts, forming
on both the glacial ground moraine, and exposed sedimentary
deposits; but in many areas erosion 1s taklng place so rapidly
that the parent materlal 1s relatively unchanged. Consequently,
the solls of western North Dakota are a mosaic of Chestnuts on
the more level areas and regosols and lithosols on rapidly
eroding sites. The descriptions that follow are based on
Omodt et al. (1968) and Patterson et al. (1968). The primary
Chestnut soils are the following:

1. Williams: forming on loam or clay-loam glacial till

in areas of 1 - 8% slope. The Willliams soils have about
a 10 cm dark brcwn A horizon with a granular structure.
2. Morton: forming on medium textured scil weathered from

Tertliary sedimentary deposits. The A horizon 1is up to

25 em thick and is a dark brown with a silt loam texture.

3. Vebar: Forming cn weathered sandstone of nearly level
topcgraphy. These are weil-drained soils with an A
horizon of up t2 23 em of dark btrown sandy loam with a
weak crumb structure.

4. Agar: forming on loess with an A horizon of up to 15 cm

of brown silt lcam with a moderate granular structure.
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Soils of the more rapidly eroding substrates are the following:

1. Zahl: forming on steeper slopes and hilltops of glacial
till areas. The A horizon is up to 13 ¢m deep and 1is
composed of dark brown loam with a moderately granular
structure.

2. Bailnville: regosols forming on steep slopes weathered
from Tertlary beds. AThe A horizon is composed of 5-15
cm of granular silt.

3. PFPlasher: 1lithosols forming on resistant sandstone caps,
most commonly with slopes of between 15 and 30%. The
A horizon consists of 10 - 36 cm of dark brown loamy
sand with a weak crumb structure.

Solls occupylng only limited areas and occurring only in special
situations in our study area are the followlng:

1. Tetonka: forming in poorly drained depressions on
glacial till.

2. Renshaw: chernozems forming on gravelly glaclal outwash.

3. Siocux: regosols forming on steeper gravelly glacial
outwash.

4, Parshall: chestnuts forming on coarse-textured
alluvium along stream terraces.

5. Farland: chestnut soils forming on wind blown eroded
sandstone or medlium-textured alluvium in nearl§ level
areas.

6. Bowbells: chestnut soills forming on concave slopes in
glaclal tilll areas.

7. QOahe: chestnuts forming on glacial outwash that is

level to undulating.




8. Lihen: chestnuts forming on coarse water deposited

level plains.

The soil assoclations shown in Fig. 3 may contain many of
these soll types, but the most predominant soll types in the
assoclation gives the assoclation its name. With the names of
the associlations, Fig. 3 shows that along the eastern half of
the north shore of the reservoir bordering the glacial till
Williams solls predominate on level areas with Zahl solls on
the steeper slopes. Further west where the reservolr contacts
the bluffs of the former Missourl River the steeper Bainville
sclls replace the Williams to a degree and the Zahl soils
become more abundant. South from New Town along the west side
of the reservoir Bainville and Morton soils predominate; still
farther south these solls are replaced by Flasher and Vebar
solls. Along the Little Missouril River arm of the reservoir
Balnville soill is most common among the badlands. The rest of
the southeastern shore consists in various amounts Bailnville,
Zahl, Agar, and Williams soils with the soils of the steeper
slopes gradually bteing replaced by those of the level land.

Since soll development 1s closely related to ciimate,
vegetation and parent material, and since climate, upland
vegetation and parent materlials are quilite uniform throughout
the study region, the zonal soills which have developed also have
been quite uniform. Varlations which do occur in the soils have
teen the result of topography and some differing parent
material, particularly in the vicinity of the Little Missouri
River where rapid erosion has prevented development of mature

soll profiles.
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The similarity of the results of our solls analyses also
bear out the contention that the soils iIn the area are much
alike. All but one of ocur soll textures contains the word
loam in 1ts type name. Of the 50 soll textural types, 27 were
loam (Fig. 4). The results of the soll tests are found in
Table 2. We found predictably high amounts of phosphorus
although the range was from very low to very high. Magnesium
ranged from very low to very high with the values tending to
be high where the substrate was Tertlary sedimentary rock and
low where the soll was forming on glacial till. Calclum ranged
from high to very high with the great majority cf the soils
tested belng very high. Potassium ranged from medium to very
high, most soils were either high cr very high. Chloride values
were either very low or low with low being the more common value.
Nitrogen and organic matter were low except'for a few sites
such as site number 12, where terraces have been bullt to
collect silt and water making this a rich mesic site. Sulfate
values ranged from very low to medium and were most commonly
very low. The pH values of the solls were about what cne might
expect 1n solis forming undep the process of calcification
(Table 2).

To determine whether there was any conspiclous erosion
from the upland portion of our transects to the lowermost
portion we sampled soils from the 3 zones of 9 sites. We
determined particle size distribution and organic matter for
each sample to learn whether the finer particles and/or
crganic matter were belng eroded or transported frcm a higher
zone to a lower zone. As shown in our data (Table 3) there

are no trends in either the percentages of sand, silt or clay,

"-"
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Figure 4. Results of mechanical analyses are shown on the
- soll textural triangle. The textural class of each soll
sample for each site, 1 through 50, 1s indicated by the

position of the number in the trlangle.
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or organic matter from one zone to another. Nine sites 1s

i

f

! e perhaps an lnadequate sample, but still one might suspect a

y

i trend to appear in the results if erosion were removing finer

particles and organic matter from the inundated zone and

leaving behind coarser particles.

J |
. ' Lake Sakakawea Vegetatlion. The water management policiles
L described in the Introduction have resulted in a type of
v vegetation zonation distinet from the zonation ordinarily asso-
.
' clated with pond succession. We noted three vegetatlon zcnes
. around Lake Sakakawea. The first of these three zones (zone 1)
i. is found on that part of the shoreline that is ordinarily
T inundated when the water comes up in the summer. Thils area
4 lies between the 1840 and the 1849 (560-564 m.) foot contour
{j lines (Fig. 2). Two distinct plant communities are found in
"\,»r\a.\ Voo e o
this zone. The most common is a Rumex crispus-Polygonum
f
i persicaria annual weed community. On a typical site charac-
' terized by thls community there are three cverlapping sub-
! zones. Starting at the waters edge and moving up the shore these
) sub-zones consist of flrst a bare area, an area of Iincreasing
s FoG\
Polygonum persicaria, and an area dominated by Alopecurus
. cus\u-l. s 2
s aequalis ard Veronlca peregrina. These zones are not dis-

tinectly delimited, but rather they blend gradually into each

. cther. Rumex crispus 1s scattered throughcut the vegetation

of Zcne 1. As the water gradually inundates this zone most

plants are killed. A small percentage of Polygonum persicaria

. survive this inundation by developing swollen nodes (fecr 1
|
|

floatatior. and aeration), and by stem elongation. The

.- disseminules of Alopecurus aequalis and Veronlca reregrina j

. - o . e ey e e
= e wennossiiobiinlniaibninapstunsame—"
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re

probably mature before inundation, accounting for thelr

- continuing presence. Rumex crilspus appears to ripen upon

inundation. The other community occurring on fewer sites of

. v gu.’\ Com- latta g

Zone 1 1is an almost pure stand of Phalarils arundinacea. This

specles appears to be spreading into this area from the zone

Nl wbscwyron o
above where 1t is more extensive. Agropyron smithili,
‘%v IR o c,,.* . B.,..‘a.g
' Agropyron repens and Poa pratensis appear to be survivors in

this area from an earlier upland community, and they along
V,Ind.‘ﬁ;( raes A«. 5!-‘1\\‘\»--‘
with the grasses Hé?deum ubatum and Beckmania syzigachne all

cover more than 1% of the area. In Table 4 the coverage,

P frequency, and constancy of all species are listed 1in order

v of decreasing coverage values. Each species 1s first listed
L in the zone in which i1t had the largest coverage. It may be
- 6 \—O-r+ M«'

L seen in Table 4 that Polygonum persicaria, which was found on

33 of the 38 sites investigated and which dominated 17 of these
. 38 sites, covered 15% of the total area (much mcre than any

' other plant ). Phalaris arundinacea occurred on 6 of the 38

sites, was dominant on 4, and covered 6% of the area. On the
four sites where 1t was dominant it had a remarkably high
coverage value of 59%. Six sites were dominated by Rumex
crispus, which covered 7% of the area, and two sites were

Va1 4rAeS
dominated by Puccinellia airoides which covered 4% of the total

‘- area. Eilghty-one species were found in Zocne 1 in 714 plots

on 38 sites. The average cover of all specles per plot was €1%.
This figure was highest on the filrst analysis and declined on
sutsequer.t analyses as the water rcse, flceding the zone and

killing the plants.
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The second vegetation zone occurs on that part of the

- shoreline between the elevations of 1849 and 1850.5 feet (563.6-
564 m) above mean sea level and was inundated only once in the
summer of 1969. The vegetation growing in this area was killed i
at that time, and the vegetation growing in this area in 1971
and 1972 was the result éf two and three years development
respectively. Compared to Zone 1 which had 81 species in 714 ?
plots Zone 2 contained 103 specles in 253 plots, and also had

a larger average cover per plot of 153% compared to 61% for Zone
1. Cover values greater than 100% can occur primarily becuase of
superimposed plant cancoples of different species, and also
because of different plants attaining maximum vegetative
development at different times during the season. In Zone 2
there are also two distinct communities. The same Phalaris

arundinacea community occurring in Zone 1 reaches its maximum

development in Zone 2. Where Phalaris arundinacea was present

at three sites 1t dominated toth Zones 1 and 2. Phalaris

arundinacea covered only 5% of the total area, but had a high

coverage value where 1t did occur. The most common plant

community in Zone 2 1s an Agropyron smithil-Hordeum Jubatum

4 weed community. Hordeum Jubatum covered 26% of the total

area, was found on 21 of the 30 sites, was dominant on 12

- \ sites, and was an important component of 7 more. Agropyron
smithil covered 20% of the total area, was found on 21 of
the 20 sites, was dominant cn 7 of these sites, and was an

important vegetative component in 6 additicnal sites.

Poa pratensis covered 13% of the area, was found on 19 of the

30 sites, was dominant in 4 and was an important ccmponent of




37

|
6 sites. Puccinellia airoides was found on 19 sltes, and was Q
dominant on 3. Other plants dominating at least one site along ,

|

with thelr average cover 1n Zone 2 were the following:

Agropyron repens 7%, Cirsium arvense €%, Agrostis hiemalis 2%,

Carex laeviconica 5%, Poa palustris 3%, Polygonum persicaria 6%,

Bromus inermis 2%, Hellanthus annus 1%, and Melllotus sp. 4%.

Other species with coverage exceedlng 1% were the following:

Agropyron trachycaulum 2%, Artemlsia dracunculus 1%, Lactuca

pulchella 2%, Carex brevior 3%, Alopecurus aequalls 3%, and

Agropyron cristatum 2%.

The third vegetation zone 1s found abknve the highest
water line. 1In this zone there 1s a sub-~zone of lush vegeta-

tion next to the water line where the plants recelve extra

molsture from the lake and lncreased nutrients from decaying
debris deposited by water. About cne third of the sltes in
Zone 3 were vegetated by relatively undisturbed native grass-

land which Kuchler (1964) refers to as the Agropyron-Stipa

type. Weaver (1942) found Agropyron smithil to be a very

strong competitor for moisture. We found Agropyron smithil

increased near the water's edge.
There are several plant communities fcund in Zone 3.
That community occurring on the reliatlively undisturbed sites

is an Agropyron smithii-Stipa comata plant community. The

dominant plants of this community are Agropyron smithil which

covered 38% of the total area, was dominant on 11 of the 22
sites, and was fcund on practically all of the sites whether

characterized by this plant community or not. Stipa comata

ccvered 7% of the tctal area. Other important speciles were
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Symphoricarpos occidentalis covering 10% of the area and charac-

terlstically growing 1n clones dotting the landscape, Carex

filifolia 5%, Stipa viridula 4%, Psoralia argophylla 1%, Rosa

arkansana 3%, Koeleria cristata 1%, Gaura coccinea 1%. All these

are components of the native vegetation. Also present on two

sites was a community consisting of almost 100% Agropyron cristatum

' which we belleve was seeded 1in a field about to be abandoned as

the reservoir water level rose. Agropyron cristatum covered 10%

of the total area with most of the coverage being on these two

sites. Bromus inermis formed a similar clcsed community on

another site; this specles covered 8% of the total area in Zone 3.
A Areas disturbed by farming or overgrazing and not reseeded as the

water level In the reservolr rose were dominated by a weedy

g- community we call the Agropyron repens-Poa pratensis community.
This community is composed cf numerous species. In addition to

3 Agropyron repens with a total coverage value of 8% and Poa

pratensis with a coverage value of 42 other conspicuous speciles

and theilr coverage values are as follows: Convolvulus arvensis

2%, Lactuca pulchella 4%, Agrostis hiemalis 2%, Aster ericoides

4g, Conyza canadensis 1%, Lactuca scariola 2%. The Phalaris

1 arundinacea assocles also extends into this zone. Interestingly

Zone 3 had exactly the same average vegetative cover, 153%, as
. that of Zone 2, but there is a difference iIn the vegetation between
Zone 2 and Zone 3. Zone 3 has more dense vegetation but with

little vertical stratification. Zcne 2 vegetaticn 1s characterized

N Ly at least 2 distinct layers with one superimposed over the cther.

Lake Audubcn vegetation. The vegetatlon on the control sites

on Lake Auduben is also characterized by three zones, thcugh

o ———
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these zones do not correspond exactly with the zones produced
by the water fluctuation in Lake Sakakawea. The zones around
Lake Audubon are the following: Zone 1, the open water zone,
Zone 2, a narrow fringe of lush green emergent aquatic vegeta-
tion, and Zone 3, an upland zone corresponding to the Zone 3 of
Lake Sakakawea.

Zone 1 of the control lake was almost devcid of vegetation,

containing only some representatives of Potamogeton gramineus

and Chara sp. except for one site above Lake Audubon where
there was apparently extensive eutrophication before the dams
were built and exhlblted a mosalc of aquatic emergent vegeta-

tiontion such as Polygonum coccineum and Eleocharis palustris,

and Scolochloa festucacea. Beard (1973) reported that winter draw-

down of a lake severely retarded development of aquatlc vegetation,
but as there 1s essentlally no winter draw-down in Lake Audubcn,
this cannot be a factor. Aquatic vegetatlon 1s also essentlally

at our sites around Lake Sakakawea but there the draw-down is

considerable. We observed appreclable stands of Potomogeton sc.

only 1n one bay at the Wolf Creek Game Management Area, Lake
Sakakawea, although thin patches were occasionally observed on
cther sites. Large numbers of carp ¢n both lakes, and an algal
bloom on Lake Audubon were ncted during both summers of our
study.

Zore 2 on Lake Audubon is generally characterized by a

Typha latifolla-Carex iaeviconica emergent agquatlc community,

but this was frequently Invaded by speciles characteristic of
the upland vegetation. Important species fcund in this zone

were the dominants, Typha latifolia which covered 12% of the

area, the Carex lazeviconica which covered 2C% of the area.
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Other important ‘species and theilr coverage values were Beckmania

syzigachne 8%, Polygonum coccineum 5%, Hordeum Jubatum 18%,

extensive on one bull-dozed site, Scholocloa festucacea 2%,

Alisma plantago 3%, Typha angustifolia 10%, Phalaris arundinacea

1% and several other specles more characteristic of the upper
zone (Table 4).

Zone 3 around Lake Audubon 1s somewhat.similar to Zone 3
around Lake Sakakawea. But because of differences in water level
fluctuations and wave action primarlly, similarities between
Lake Audubon Zones 1 and 2 and Lake Sakakawea Zones 1 and 2 are
considerably less. No grazing 1s now permitted around Lake
Audubton at least in the areas where our sites are located, but
all of the grasslands on the steeper rockler grocund moraine
appear to have been farmed or overgrazed at one time. One site

was dominated by an apparently seeded Bromus inermis community,

while most of the rest were dominated by Melllotus officinalis.

The important species found here with thelr coerresponding

coverages are as fcllows: Hordeum jubatum 2%, Bromus lnermis

30%, Melilotus officinalils 26%, Lactuca scariocla 2%, Pca pratensis

7%, Agropyvron smithil 5%, and Achillea millefolium 2%.

Succession from 1S71 to 1972. During the summer of 1371 we

had time to analyze the vegetation only at 29 sites and those in
Auzust. Thus, to compare our 1971 and 1972 data we examined only
data from the same 29 sltes on Lake Sakakawea. In Zone 1 there
were significant changes 1n coverage ¢f several lmportant species.

Phalaris arundinacea increased 1ts coverage frcm 1% to 4%,

Herdeum jubatum increased from 2% to 5%, Polygonum persicaria

decreased from 11% tc 2%, and Polygonum ramosissimum decreased
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from 1% to .1%. Possibly the increase in Phalaris is part of
- a general trend of increase in emergent aquatics. We noted

and we photographed an increase in Typha latifolia between 1971

and 1972 but too little of this speciles occurred in our plots

to confirm the change. The decrease in the two Polygonums may

have been the result of a more rapid and early rise in the water
' level in 1972 than in 1971. (See Fig. 2). This rapid rise

probably drowned the young seedlings before they could become

fully established.

In Zone 2 Polygonum persicaria also decreased, Rumex crispus

increased from 1% to 3%, Hordeum jubatum increased from 6% to

' 8%, Poa pratensis increased from 2% to 4%, while Agropyron repens

! declined slightly. The most significant change in the vegetation

was the increase in coverage of Agropyron smithii, from 2% to 14%

over thls one year period. Of course the cover of different
specles fluctuates from year to year and this dramatilc increase

in Agropyron smithii may not indicate a long term trend. Certainly

one year l1s not long enough for us to make long range predictions

from our data, but 1t wiil be very interesting to fcllcw these
trends for several years.
In Zone 3 Agropyron smithiil increased from 13% to 27%, Bromus

inermis increased from 1% to 6%, Symphoricarpos increased from

) 7% to 11%, Agropyron cristatum increased ¢ -om 9% to 11%, and

Stipa viridula increased from .5% to 2%. Stira ccmata declined

from 6% to 4%. Agaln the most significant change was 1n the

percent cover of Agropyrcn smithil, which aimost doubled from

1971 to 1972. Bcth years of our study were "hizh" molsture

years and according to Weaver (1942) Agropyron smithil is a very

S e e
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“one 1, Zone 2, Zone 13, Zone 1. Zone 2. Zone 3.

lake Sakakawea lake Audubon

Fig. 5. Index of similarity values calculated using
Jaccard's Index to compare 1971 and 1972 vegetation data
for the three vegetation zones of Lake Sakakawea and Lake

Audubon.
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strong competitor in more mesic habltats. Two years of data

tend to 1ndicate that the seral Agropyron cristatum and the

Bromus inermis communities are not belng replaced by native

grassland, even though in most places where they are found the
original disturbance 1s not operative.

¢ Using Jaccard's index of similarity (Oosting, 1956) we com-
pared coverage for each of the zones between the two years.

The data are presented 1in Fig. 5. The expression used to

measure similarity (I.S.) is the following:
a+b

I.S. = 100

where
W = Sum of the lower coverage values for all specles
shared in the particular zone between 1971 and 1972.
a = Sum of all the coverage values of specles in a
particular zone in 1971.
b = Sum of all the coverage values of specles in a
particular zone in 1972.
The highest degree of similarity was found 1n Zcne 1 on
Lake Audubon. This 1s the result of very little vegetation
found 1n Zone 1 except on one site dominated by emergent aguatic

perehnials, and very little change in the vegetaticn frcm 1371

to 1672. The reason for the low index of similarity 1in Zone 1
: on Lake Sakakawea 1is different water management practice that
affected the survival of Polygonum persicaria and other species.

We cannot explain the slightly higher index of similarity in

cocnes 1 and 2 in Lake Sakakawea than in Lake Audubon, though we
did sample a larger area on Lake Sakakawea and vegetation of

Zcne 3 on Lake Audubon was probably more disturbed. But in any
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event there are small differences in similarity 1indexes 1in all
- but Zone 1 of Lake Audubon from 1971 to 1972.

Diversity. We are interested in plant specles diversity and
its meaning, particularly with regard to changes in diversity
resulting from man's influence on the vegetation around Lake
Sakakawea. Theoretically greater diversity 1s assoclated with
. greater stability of ecosystems, and we know that overall biotic
diversity 1ncreasés with successional development of an ecosystem.
For vegetation thils increase occurs up to a point and is limited
by such things as floristic richness of the plant community, and
competitive capacity of the individual specles present. In some
cases plant species diversity 1increases during successlon, then

' decreases (Margalef, 1968). Natural selection acts to increase

!“ diversity and stability through time while man, almost Invariably
- acts by increasing production to decrease the diversity, and
therefore by the stability of the ecosystem (Odum, 1967).

The coverage data from our vegetational analyses make it
L. possible to rank our plant species 1in decreasing crder cof the
' total area covered by each species. Plotted 1in this manner

dominance~diversity curves for each zone are shown in Fig. €.
s The specles are arranged in sequence from the highest to the

lowest cecverage on semi-logarithmic graph paper. All three

s curves apprcximate sigmold curves with some modification. In
5 : Zone 1 the upper half of the curve (Fig. 6) could also have

been approximated by a geometric series. This is not unexpected

f in visw of the rigcrous environmental conditions in Zone 1,
though there are numercus species of only intermedlate impcrtance

, .. and few of lit*le importance, giving the overall sigmoid shape

ettt - R
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to the dominance-diversity curve. 2Zone 2 curve is interesting
- in that dominance 1s less pronounced, with most species
attaining an 1ntermediate 1importance value. As a result the
slope of the curve for Zone 2 1s less steep along most of its
length. 1In Zone 3 there 1s a well defined dominant group of
plants, a large number of plants of intermediate importance, and
a fairly large number of plants of much less importance.

To calculate diversity we used the Shannon-Wiener diversity
index. Borrowed from information theory it provides, in bits of
information, the mean diversity for the blotic community or a
part thereof. The index is:

m
D =(L ng Log2ng
i=1 N N

where ny 1ls the importance (coverage) value of the gth species,
m 1s the number of species, and N is the total importance
(coverage) value for the community. This index takes into
account the 2 factors which influence diversity: the number of
species and the evenness of distribution of the importance
values among the species. We calculated the dilversity of equai

areas, 172 plots, from each vegetation zone. The results are

given in Table 5. The diversity in Zone 1 is low due to a
paucity c¢f specles and the dominance by a few species. The
» diversity in Zone 3 1s almost as high as the diversity in

Zone 2 in spite of a lower number of specles because here there

is a larger number cf species of intermedlate importance. Our
Zone 1 1s a low diverslty ephemeral plant community which must
become reestablished each year after 1t has been inundated by

-’ rising water level of the lake.

- LR T O
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”™
- Table S, A comparison of total species, total cover and mean diversity
calculated from 172 pleots in each zone.
- Zone 1. Zone 2. Zone 3.
Divers ity 3 -75 LL073 h 068
.-
Total Cover 70.29 187.96 153.24
‘- Total Species L3 ol 76
.
.
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Regression Analyses. Because of the complex nature of both

- the vegetation along Lake Sakakawea shoreline and the numerous
environmental factors which influence that vegetation, some of
our data were subjected to multiple regression analyses.

Three solls characteristics, percent nitrogen, percent organic
matter, and percent silt + clay as well as one topographic
feature, degree slope were used as four lndependent variables in
the regression. The dependent variable was plant speciles coverage.
In the Analysis of Variance for the Regression, an F value
is calculated by dividing the sum of the squares attributable
to regression by the mean squares. This value was not signifi-
cant for those species checked in Zone 1. No one independent
variable 1s consistently high or low in its influence on the
dependent variable, vegetation cover. The same 1s true of
Zone 2. All the specles mentioned below which were affected
by soils characteristics are in Zone 3.
To obtaln some idea of the influence of the individual
independent soil variables on vegetation cover we computed

at-value (regression coefficient/std. errcr of the coefficient)

for each variable. In Zone 3 Agropyron smithii was close to

significantly influenced by soil organic matter. Symphoricarpos

occidentalis was highly influenced by slope and organic matter.

A Lactuca pulchella was controlled by all three soil variables.
Poa pratensis was controlled by the per cent of nitrogen. ince

there was considerable influence of soil factors cn the 10 most
important srecles of Zone 3, we continued the regression analysis
on the seccnd group of 10 important specles of Zone 3. Of the

second ten only Tragopogon dublus was strongly controlled by

. > g e s
R L R TR




m*———-===““"-!-----—----—-.__..!

49

slope. No other soil factors were significant on any other
species of thils group.

The primary value of the multiple regression analyses
was 1n indicating to us that of the soll factors tested only
a limited number of significant regresslons were obtained.
This is important because it tends to reinforce what we think about
two environmental factors which are less easy to quantify, namely
water level fluctuations and wave actlion. One can tell that
water level fluctuations and wave action both have significant
influence on the vegetation. But obtaining accurate quantita-
tlve data on these varlables 1s qulte difficult. Experimental
plantings this summer will help in providing mecre informaticn
on both of these factors.

The future of the shoreline vegetation. The shoreline of

a man-made fluctuating water level reservolr presents a
difficult environment for the establishment of vegetation.
Factors which prevent vegetation establishment or destroy

vegetation are mainly water level fluctuation, wave action,

cattle grazing, erosion and carp activity which both destroys
submerged aquatic species and adds to the turbldity of the
water. These factors form a complex which in various combina-
tions can destroy any vegetation completely, can retard vege-
tation development or can maintain a particular stage of
succession.

On the open lake wave action is very effective in reworking
the shoreline. Steps or terraces are formed by the materlal above
the water which was cut away and deposited below the water line or

moved for considerable dlistance along the shore (Akimov, 1959;
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Pearsall, 1917). Where wave action 1s strong, waves erode
away the bases of the shore creating an unstable slope, and
large portions of the substrate slump, slip, or cave into
the reservolr. Conditions are so unstable that almost no
plants can exist in these areas.

The shoreline 1s also reworked during the winter by ice.
We were unable to visit the lake during the winter months to
observe the actlon of the 1lce, but observations of ice action
on Lewis and Clark Lake, a smaller reservoir downstream,
indicates this action 1s very effective. If the water level
is lowered during the winter months the ice action is probably
negligible along that portion of the shore which concerns us
most in this study. Erosion along the shoreline 1s prcbably
the result primarily of wave action. There 1s some minimal
erosion of the bared substrate from rain and wind.

There 1is silt deposition and delta formation at the
head of the reservoir and wherever tributaries enter the lake.
Since Lake Sakakawea lies on a nearly level glacial ground
moraine plain with a deranged dralnage pattern there are few
tributaries. The only significant tributary is the Little
Missouri River. It drains the rapidly eroding substrate of the
North Dakota 'badlands' and deposits a considerable lcad of
sil% and clay. We measured 30 cm of deposition on one mud-
flat 1n one year! Around the perimeter of the lake deposition
occurs as the materilal eroded away by wave action 1s built up
into a shelf at the base of the cliffs or 1is carried along the

shore by littoral currents and deposited at some dilstance from

- - . - . .
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the orlgin possibly across an inlet cutting 1t off from the

™ main lake and shortening the shoreline. It should be
remembered though that erosion of headlands and deposition
in embayments 1s a normal geomorphologic feature of young
lakes whether or not water level fluctuates significantly.

As the water level fluctuates the vegetation is alter-
nately flooded and desiccated. It 1is well established
(Conway, 1940) that the drop in oxygen concentration accom-
panying flooding 1s fatal to many speciles. Different
species can tolerate varying amounts of flocoding. Only
specles with special adaptations for root aeratlion can survive
long periods of flooding. Most plants, particularly if they
are well established can withstand deslccation much more
easlily than flooding. Submerged aquatics are killed by pro-
longed desiccation, even during thelr period of dormancy
(Beard, .973).

Grazing cattle around the reservoir 1s another factor

working against vegetatlion establlshment near the shoreline. T
Cattle often spend considerable time near and in the water,

damaging the vegetation by both grazing and trampling. These

activities add to the erosion problem.

We frequently observed carp working in the very shallow
» quiat places where plants might easlly become established.
Robel (1961) found that carp had little effect on emergent
aquatics, but we feel that carp probably destroy our mcre

ephemeral Pclygonum persicaria-Rumex crispus weed community,

though we do not have data %o substantlate <this.
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Most of the lake is very transparent. Turbidity is high
along the rapidly eroding points on windy days, but since most
of our terrestrial specles get established on the exposed shore-
r line when the water 1s down turbidity 1s probably not important
‘ to these specles.

Along the upper reaches of the reservoir there is much
dead timber floating in the water. This deadwood has two
effects: (1) the mechanical rubbing action of this wood can
t destroy vegetation along the shore and logs deposited on the
shore can cover soil and prevent plant growth: (2) this same
deposited wood holds moisture, breaks the action of the waves,
and collects silt deposits, all of which can promote plant
t. growth. In fact, in the older Fort Peck Re~ervolr upstream
[ of Lake Sakakawea dead wood deposited alor,, the shores has

nearly all been buried by silt and clay deposits.
In spite of these adverse envirommental factors there 1s
some vegetation growing along the shore around the reservoir.
‘. If a specles 1s to survive on the bare apron of substrate
between high water and low water levels it must te pre-adapted

to withstand both flooding and desiccatlion posed by the new

environment as well as the timing of water level fluctuatlons

in relation to 1its own phenocloglcal requirements. t obviously

. must also be ecologically adapted to the climate of the regilon
) in which it appears. A search for plants thus adapted to both
the climate of our study region and the pecullar hatitat con-

ditions along the lake shculd begln with the ecotypes fcund

in this region. 0One valiue c¢f the study thus far has been to

learn which specles appear capable of surviving, and expanding
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their areas, on this lake shore. From what we have learned we
plan to expand the study to "help" succession along in areas
where, for some reacon(s), plants have not yet become established.

Agropyron smithli is one such species which 1is increasing near

the water, and survives in water for a time, and has been shown
éxperimentally to be capable of growing through soll . deposits

30 em thick (Mueller, 1941). It might survive on mud flats

where silt deposition is a limiting factor for many other speciles.
We have observed it on mudflats where it had been inundated,

sent up a vertical rhizome, and grew new leaves above the water
level. We also are cautiously optimistic about certaln other

species---Phalaris arundinacea, Typha latifolia, Phragmlites

communis and others---all mentioned above as possible plants
which might remain permanently along the shoreline. So much
depends on the magnitude and timing of water level fluctuations.
The water level of Lake Sakakawea 1s controlled primarily
by climate and avallable runoff (Benson, 1968). Vegetation
development could be enhanced by reducing the magnitude of the
water level fluctuations, and by maintalning the water at a low
level. {ter a period of time, perhaps two years, the water
level could again be raised and flood the established vegetaticn.
This practice would kill much of the vegetaticn but would also
provide the needed spawning habitat for certain species of fish.
Also, a sub-impoundment of one of the shallow bays with a pumping
station to create the desirable water level would enable one to
experimentally determine the effect of water management policiles

on the vegetation, and also therefore on flsh spawning.
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This study has answered far fewer gquestions than it has
ralsed. Understanding of an ecological problem most often
includes long range solutions for which many would like ah

g immediate solution. Nature works in rather delliberate ways,
and ecological problems simply seldom have short-term answers.

1 Certainly, ecologlcal problems have no simple solutions, because
the interactions of bilological forms and their environment
(ecology) are extremely complex. We have learned quite a lot
about shoreline vegetation on huge fluctuating water-level
reservoirs of the upper Missourl River Basin, and we alsc know
that what we have learned about thils vegetation 1s keyed directly
to the water-management practlces during at least 1971-13972 and

perhaps before 1971. Should the water management practices

- change signifilicantly in 1973 and beyond, there would be direct
= effect on the vegetation. The shoreline vegetation around this
kind of a reservoir is unique in that it adjusts to the natural
forces of nature, and at the same time 1s forced to adjust to
man-imposed forces, primarily those accompanying changing water
levels. Should it be pecssible for the timing of water fluctua-
tions to coincide with the times best sulted to do the least
. damage to shoreline vegetation, and should be be possible for
water level fluctuations to be minimized to afford the greatest
survival of shoreline vegetation, we would be more than
cauticusly optimistic about continued vegetatlional succession.
In the meantime we can work towa;ﬁ fuller understanding of
reaction of vegetation to the current water management practices,

and attempt to establish vegetation in areas where it does not

now occur. Continued werk in this area willl give us the necessary

background to honestly know whether vegetation can become
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permanent and widespread, whether ephemeral vegetation 1s the
only answer, or whether there 1s any "real" answer to this
complex problem. But we know that only real data can provide

the understanding necessary on which to make predictions.
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