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Damage by episodic flooding to Phragmiites reeds
in a prealpine lake: proposal of a model
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Summary. The development of lakeside fringes of Phrag-
mites reeds can be affected by high water levels, leading
_ in extreme cases to die-back. A model is presented that
allows estimation of the proportions of the damage. The
model - formulated for 1 year and one Phragmites stalk —
is based on the growth curve of the stalk, the altitude of
the growth site, and the water level curve for the year.
Applied to a reed stand over a series of years, the model
is based upon the frequency distribution of the critical
stalk length and the chance that the water level will be
below a given value, each parameter being time depen-
dent. Three case studies from Lake Constance-Untersee
provide an example of the significance of episodic high
water levels. Hence, aestival high water levels are expect-
ed to be one of the main factors controlling the lakeside
frontline of the reedbelt. The model can be used in water-
works engineering, where reed plantations are to be es-
tablished on the shores of lakes and reservoirs with
strongly fluctuating water levels.
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The common reed, Phragmites australis (Cav.) Trin. ex
Steud. (Poaceae). is a perennial grass which colonises
a wide range of habitats and substrates, provided that
there is enough moisture in the subsoil. The most vig-
orous growth is achieved where the water table lies a few
decimeters above the ground (Rodewald-Rudescu 1974).

There are few terrestrial plant species that tolerate
such high and long-standing inundation as Phragmites,
due to its anatomical and physiological features (see
below). The flooding tolerance of the common reed is,
however, limited: lakes and reservoirs with annual dif-
ferences between high and low water levels of 3 m or
more do not normally allow reed stands to grow on its
shore. Even where the lake level fluctuations are less
extreme, serious damage to the reed belt has been ob-
served (Schwilch 1963; Rudescu 1965, pp 88-89; Rode-

wald-Rudescu 1974, pp 113-114; Ostendorp 1990), and
attempts at reed plantation are often unsuccessful for the
same reason (Peintinger 1987).

The measurements discussed below were taken in the
lakeside reedbelts of Lake Constance-Untersee. Lake
Constance is one of the few larger prealpine lakes with-
out artificial lake level regulation. The lowest value is
normally reached in February; the lake level then rises
along with reed growth, until June or July, before drop-
ping again. Great deviations from the average of the
yearly patterns of the water level fluctuations are the rule
rather than the exception.

Hence, the question arises whether the lakeside reed
front is controlled by high water events, and whether the
flooding tolerance can be modified by certain reed
mangement techniques. The model presented here also
aims to optimize reed plantations at the shore of lakes
and reservoirs with strongly fluctuating water levels.

Results
Flooding sensitivity of Phragmites australis

Phragmites australis is a typical terrestrial plant as its
leaves have stomata, well developed sclerenchyma and
a thick cuticula. To photosynthetize and to accumulate
assimilation products the leaves must not be submerged,
as the CQO, diffusion rate in water is much lower than in
air (Rodewald-Rudescu 1974, p 81). Similarly, oxygen
transport from the culm or the leaves into the rhizomes
is possible only if the plant is in contact with the atmo-
sphere. Otherwise the plant will no longer be able to
supply its rhizomes with sufficient oxygen to maintain
aerobic respiration (Yamasaki and Tange 1981 ; Brandle
and Crawford 1987). The stored oxygen within the aeren-
chyma and the central cavity of the rhizome is sufficient
for only 1 or 2 days before anaerobic metabolism starts
(Studer and Bridndle 1984). Phragmites cannot stand
anaerobic metabolism for long as glycolysis + alcoholic
fermentation (a) produces a toxic metabolite, and (b) is

Konstanze©Online-Publikations-Syste(KOPS)
URL: http://www.ub.uni-konstanz.de/kops/volltexte/2008/57
URN: http://nbn-resolving.de/urn:nbn:de:bsz:352-opus-575!


http://www.springerlink.com/content/100458
http://nbn-resolving.de/urn:nbn:de:bsz:352-opus-57550
http://www.ub.uni-konstanz.de/kops/volltexte/2008/5755/

120

very ineffective, yielding only 2 instead of 38 moles ATP
per mole glucose. Hence large amounts of starch are
needed (Brindle 1983, 1985), and in May and June, when
the culms are growing vigorously, the flooding tolerance
is expected to be at its lowest. Field observations in Lake
Constance have shown that a few days after becoming
submerged the leaves begin to turn yellow and later die
down. In addition, presumably the ethylene produced in
the anaerobic soil or in the lower parts of the plant is
prevented from escaping freely into the atmosphere,
thereby inducing leaf senescence (Etherington 1983).

Flooded stalks can elongate their internodes to es-
cape submergence, but eventually their growth ceases
and they die down. Consequently the rhizomes no longer
receive any oxygen and must also die.

High water leads not only to interruption of oxygen
transport, but often also to increased mechanical damage
to the plant by waves and drifting matter. The stalks are
drawn below water or are snapped off, and the effects
described above are exacerbated.

Growth characteristics of reed stalks

The aboveground parts of the reed plant must grow anew
each year. In the first half of the growth period, the new

stalk length

s

Fig. 1a. Growth curve of Phragmites stalks and the formal ap-
proximation. Dotted line — growth curve, solid line — approximation
by a straight line; definition of ¢, — beginning of growth, 7 —end
of growth, Az — duration of growth. b Definition of total length (L)),
critical length (L_,) of a Phragmites stalk, the altitude of the place
at which the stalk grows (¢) and the height of the water table above

ground (W) and above sea level (W)

growth is maintained by the rhizomes in which assimilia-
tion products have been stored since the previous sum-
mer. The sprouting of the buds begins in the last third of
April, when the temperature passes limiting values (Ost-
endorp, unpubl.). In the following 3 months the culms
grow up with a constant growth rate L and reach their
final length (1.5-5 m) in the last half of July. The panicles
are fully grown about 3 weeks later.

Hence, the growth of Phragmites from the beginning
of May to mid July can easily be described by:

L(t)=L-t+a

where L is the length of the stalk from the ground to the
top of the highest unexpanded leaf, ¢ is the time elapsed
since the start of the year, L is the constant growth rate
and « is the intercept (Fig. 1a). The beginning and end
of growth, t, and ¢,,, as well as the duration of growth
At = t,,. — t, can be computed from the slope L and the
intercept a. This graph fits the empirical data well: the
correlation coefficient r? varies between 0.95 and 0.999
(individual stalks with » = 5—9 measurements each).
Using this model it is possible to estimate the length of
a stalk for any time during the vegetation period.

Critical conditions for reed growth I SR

The “critical conditions”, i.e. the minimum duration and
the minimum height of flooding that lead to injury of
Phragmites plants, are not well known. In this study it
is assumed that flooding lasting longer than 2 days leads
to an oxygen deficiency in the rhizome and thereby stunts
the reed’s growth (I). But if the two uppermost leaves are
never submerged, Phragmites would not be affected (II).
If the young sprouts do not possess leaves at the early
stage of their growth, the submergence is irrelevant,
whatever its depth may be (II1). We can approximate (I)
by using the average water level of five succeeding days.
Conditions (IT) and (ITI) are fulfilled by defining a “criti-
cal” stalk length

Lcril = Lt_m : (LI_LO)"

where L, is the length of leafless sprouts in the early stage
of their development, and L, is the total length (Fig. 1b).
In this study the coeflicient m has been found to be 8.97,
nis 0.34, and L, is 40 cm (n=49, r>=0.906).

Dependence of the growth parameters on the basal
diameter

The stalk population of a reed stand is not homogenous.
The variability can be described by the diameter at the
stalk basis (basal diameter, D,). Ostendorp and Moller
(1991) demonstrated that at least two stalk types can be
distinguished by means of the frequency distribution of
D,. Many growth parameters and morphological fea-
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Table 1. Significance of the basal diameter of a reed stalk for its growth (exemplified for reed stand (b), see Figs. 4 and 5); all correlation

coefficients are significant at the 1% level; D, (mm), L (m day~!), L

'max

(m), t,, At (days)

Max. stalk length L= 1154027 D,
Beginning of growth to
Duration of growth At = 46.04-2.21 D,
Mean growth rate L =326+023 D,

([

144.5—1.63 D,

n=29, r=0.904
n=47, r=—0.540
n=29, r=0.525
n=47,r=0.570

tures are correlated with D, (Table 1). The within-stand
variability must be considered if the extent of damage to
a Phragmites stand is to be evaluated.

Flooding events in relation to water level and growth
curve

Whether a reed stalk is submerged or not depends upon
its length and the actual water level at time ¢ and upon
the altitude ¢ of the place at which the stalk grows
(Fig. 1b). The water level at a given date in the course of
a year shows a great variability at Lake Constance. If
‘many water level records are available one can compute,
for any date of the year, the possibility that the water
level will be above a given value, or the probability that
a given water level will be reached. (Fig. 2). Hence, the
possibility of a particular stalk with known growth pa-
rameters (¢, L, #,) being flooded can be estimated. The
time of the year at which this probability is highest is
ascertained by the same procedure.
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Fig. 2. Probability p that a given water level will be reached (means
of 5 or 6 days). Example: How great is the probability that a water
level 0f 395.30 m a.s.1. will be reached on 31 May? p is 0.80, i.e. this
water level is not reached on 31 May in only 1 out of 5 years on
average

Case studies
Die-back of reeds in Lake Constance-Untersee

More than 35 lakes in Europe are affected by reed decline
(Ostendorp 1989), among them Lake Constance-Unter-
see (Ostendorp 1990). There is controversy over the caus-
al factors: Schréder (1979, 1987) has focused upon nu-
trient enrichment and eutrophication processes, whereas
Lang (1968, pp 317-318) pointed out that “...das zeit-
weise Auftreten und die Dauer von Spitzenhochwéssern
in einzelnen Jahren eine Rolle spielen, denn der Schilf-
rickgang ist nach wiederholten Hochwasserjahren (1965,
1966) besonders augenscheinlich”. (*...the occasional
occurrence and duration of peak high water levels in
individual years play a role, for the reed dieback is espe-
cially noticeable after repeated high water years e.g.
1965, 1966.”) However, no detailed observations or in-
vestigations were carried out in these years.

The model allows to test this hypothesis (Fig. 3). Let
us assume a Phragmites stand as it was before 1965 (as
shown by mapping the “stubble fields” which are the last
remains of the dead reedstands). The lakeside border of
the reed belt is at an altitude of 394.35 m a.s.l., the stalks
are tall and stout, with a mean growth rate of 4.0 cm
day~! and a starting point for linear growth of #,=110
days (i.e. 20 April).
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Fig. 3. Reed growth and water level from April to September 1965
M, Q,, @, — expected growth curve of Phragmites stalks within a
stand at an altitude of 394.35 m a.s.l.: M —mean, @, - 25% quartile,
Q,—75% quartile, 1,=110 days, L=4.0 cm d !, dotted line — water
level, daily records; solid line — water level, monthly means, average
of the years 1931 to 1980
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Comparing the water level curve and the growth
curve, we see that 50-75% of all stalks could have been
submerged for several weeks, especially in the first half
of June. Flooding for 2 days or more can endanger the
survival of a reed stalk and its rhizomes. The effect of the
flooding was accentuated by two heavy and prolonged
hailstorms, with wind velocities up to 7 on the Beaufort
scale. Some newspaper photos, taken in mid-June 1965,
show the flood damage to the reeds, and hence demon-
strate the validity of this estimation.

It is concluded that the combination of flooding and
mechanical damage by waves (and drifting matter) has
been responsible for the reed decline in Lake Constance-
Untersee, rather than the nutrient load, which was rela-
tively low at that time. However, some further detrimen-
tal factors need to be considered for a completely satisfy-
ing explanation of the reed decline in Lake Constance-
Untersee (Ostendorp 1990).

High Water in 1987

The maximum water level in 1987 was almost as high as
in 1965, but came 6 weeks later. Hence, the reeds were
affected in a different way (Fig. 4). Firstly, the present
reed front was now at an altitude of about
394.50-394.70 m a.s.1. because of the decline in 1965 and
the following years. Secondly, the high water levels
occurred 1 month later, when the reed culms were fully
grown. Thirdly, no storms, hail or drifting matter ac-
companied the flood. Hence, no serious damage to
lakeside reeds was found.

Susceptibility of winter-mown reed stands to high water
levels

Full grown stalks of winter-mown or winter-burned
reeds are on average thinner and shorter, and their bio-
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Fig. 4. Reed growth and water level from April to September 1987
(reed stand at an altitude of 394.60 m a.s.l.; see also Fig. 3)

L1V e e g g e e e
s

60 / - J ' s ~{ /" !,./ (a)

401

80
2
8 60
P
w1
5 404
S
201
_' S i
t’
. / / i / &
A‘ 1557 150 10,7175 57 180 57
607 ] ; / [ A AN
H 1 i i £
y iF £ f"
40 L /Q J% £
S i
! i i oF ]/ ;' ¥
i FARY § I A
07 . P4 :/ g e n=63
- i FP /f’,// .
0 '/7‘:///(
0 05 1.0 1,0 20 251m)

shoot length

Fig. 5. Frequency distributions of the critical shoot length Z_, of
a a stand mown in the previous winter, b a stand not mown in the
previous winter but mown the winter before, ¢ a stand untreated for
several years; 134th day=13 May, 180th day=28 June

mass is lower compared with stalks of untreated stands
(Ostendorp 1987). They exhibit a lower growth rate and
a shorter growth period. Hence, an average stalk of a
mown stand is shorter at any time of the season, and
consequently its susceptibility to high waters is greater.
A quantitative estimation is possible if the following
information is available:

I. The parameters of the L, frequency distribution at
different points of the season (Fig. 5), and

2. the frequency distributions of water levels at different
dates (Fig. 2).

Using Fig. 5 and 2, we can estimate the percentage
of submerged stalks, depending upon water level fre-
quency distribution.

Say that the three stand types (A — mown the
previous winter, B — mown the winter before, C — un-
treated) are at the same altitude, i.e. 395.0 m a.s.l. Con-
sidering the probability of submergence of p=0.2 (i.e.
flooding in 2 of 10 years on average), in May nearly all
stalks in each stand will be critically submerged (Fig. 6).
From the beginning of June onwards the three stand
types differ: in A ca. 80% of all stalks will be flooded
whereas the proportion drops to 10-30% in stands B and
C. If p increases (p=0.5, and p=0.8, i.e. submergence in
every second year, and in 8 of 10 years, respectively), the
proportion of flooded stalks decreases in all stands.

¥
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Fig. 6. Probability of flooding (in 2, 5, and 8 of 10 years) and
percentage of critically submerged shoots in a a winter mown reed
stand, b a reed stand untreated in the last winter, and ¢ a reed stand
which has not been treated for a long time; the time span for which
the graphs are not defined covers the time when the young sprouts
are leafless and submergence is irrelevant (see text)

However, when p is high, the submergence in untreated
stands is negligible, but proportion of flooded stalks is
remarkably high in the mown stand A. Based on this
model, it is concluded that winter mowing management
of lakeside reeds increases the risk of flooding and conse-
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quent dieback of a significant proportion of stalks, there-
by damaging the reed stand.

Discussion

Phragmites exhibits a precise stalk geometry in for in-
stance the cone-like shape of its stem, the leaf number,
the internodal length (Haslam 1970, 1971). The growth
characteristics are equally simple: the growth rate of an
individual stem is a linear function of time, and the
period of growth is a function of the basal diameter of
the stalk. Hence, it seems that the growth of a stalk is
controlled by “internal” factors, weather conditions
being of minor importance.

The simplicity of the stand architecture facilitates the
application of numerical models which can give some
insight into rhizome-stem interrelations, to nutrient
mobilization from the deeper lying storage rhizomes, to
internal stand structure regulation, to the nutrient econ-
omy, and to the importance of insulation and tem-
perature for the autogenous carbon supply of the culm,
relative to the nutrient supply by the rhizome (Osten-
dorp, in prep.). However, these concepts need further
evaluation.

In this paper the practical consequences may be sum-
marized as follows:

1. If annual high water levels or aperiodic flooding are
likely to be factors controlling the dynamic development
of the reed fringe, their significance relative to other
parameters can be estimated (Hagenmeyer and Krum-
scheid-Plankert 1990). In Lake Constance the lakeside
reeds are generally increasing; however, if a high water
event occurs early in the vegetation period, as in 1988, the
amount of increase 1s low or even negative (i.e. retreat)
(Fig. 7).

2. Various kinds of reed belt management can be studied,
as to whether they improve or impair the reeds’ tolerance
to high water levels. In this paper, it can be stated that
winter mowing of reeds leads to a increased proportion

Fig. 7. Development of the lakeside reed front
(regression or progress relative to the previous year) in
Lake Constance-Untersee, demonstrated for 4 types of
reed stands (data from A. Pier, pers. comm.); solid
curve — actual water level, daily records; dashed line —
mean yearly course of the water level

v
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of submerged stalks compared with untreated reed
stands; hence, mowing of the lakeside reed fringe can
endanger their viability.

3. Optimisation of lake shore restoration works by means
of reed plantations is facilitated. Bittmann (1968) recom-
mended plantations of Phragmites no further down than
the average high water level in summer, otherwise the
young shoots would be drowned. However bank erosion
is often most serious between the low water line and the
mean water level, and thus Phragmites planted as a bank
protection measure should be within this range. Further-
more, these permanently flooded reeds are of the greatest
importance for the retention of nutrients and fish breed-
ing.
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