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Abstract

The term aseasonality is used in this paper to describe environmental conditions which either lack annual
seasonal change or have periodicities of change which are longer or shorter than the seasons. Environmental
factors act on plants either as stresses or disturbances and changes in environment can signal the onset of
conditions which are favourable or unfavourable to plant growth and reproduction. Plant life-histories are
thus adapted to these environmental factors and respond to them with both seasonal and aseasonal
periodicities, depending on their manner of occurrence and effect on the plants. A review of pertinent studies
from the Southern Hemisphere shows that plants of the same life-form (submerged, floating, emergent)
might differ in the types of adaptation and response to environmental conditions according to latitude but
that the periodicity of response could be seasonal or aseasonal regardless of latitude. The concept of
seasonality versus aseasonality is therefore misleading and an oversimplification of the variety of periodicities
with which the environment acts on plant genotypes. Limnological principles of the Northern Hemisphere
are applicable to aquatic macrophytes in the Southern Hemisphere but there is a particular need for research
into the effects of biotic variables and water level fluctuations on aquatic plants and communities in the latter.
Introduction This paper attempts to interpret the recorded
adaptations and responses of aquatic macrophytes

All plants exhibit periodicity of behaviour in in terms of these environmental seasonal and asea-

their patterns of establishment, growth and repro-
duction and these are the result of progressive adap-
tation to the periodicity of change in environmental
conditions. When the periodicity of behaviour fol-
lows the same regular annual pattern as seasonal
changes in the external environment it can be con-
sidered seasonal. However, many environmental
factors have different periodicities and predictabili-
ty of occurrence, and for the purposes of this dis-
cussion can be considered aseasonal. Examples of
such factors are the onset of night and day, the tidal
cycle and the supposed long-term wet and dry cycles
identified for southern Africa and Australia (Vines,
1977; Tyson & Dyer, 1978). Others such as the onset
of disease or herbivory may occur seasonally or
aseasonally.
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sonal phenomena with particular reference to the

Southern Hemisphere. Four general questions are

addressed:

1. What is the basis of seasonal and aseasonal peri-
odicity in environmental change?

2. What type of adaptation and response do the
different seasonal and aseasonal components in
the environment illicit in aquatic plants and
plant communities?

3. What are the effects of factors which are normal-
ly seasonal in origin occurring out of season (e.g.
discharges from impoundments during the dry
season)?

4. Doesseasonal behaviour of aquatic plants in the
Southern Hemisphere differ from that in the
Northern Hemisphere?
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The discussion s divided into two major sections.
The first provides a general background to the dif-
ferent periodicities of change in the environment of
plants and the way their life histories respond to
conditions of their habitat. The second part is a
review of examples which attempts to illustrate the
response and adaptations of aquatic plants to sea-
sonal and aseasonal phenomena.

Periodicity of change in environmental conditions
Seasonality

The seasons of the year result principally from
the elliptical orbit of the earth around the sun and
the constant inclination of the earth’s axis to this
orbit. Since the orbital movement is precise and
predictable, so are the changes in day length, noon
sun altitude and path-length of the sun’s rays
through the atmosphere which together establish
the seasonal pattern. The duration of the seasons
can thus be clearly defined (Rice, 1963; Table 1).

Man recognizes seasons more by differences in
mean temperature, rainfall and consequent changes
in the weather, than by the position of the earth in
its orbit. These changes are, however, less predicta-
ble because a complex series of interactions be-
tween solar radiation, atmospheric gases, water va-
pour, the size of land and water masses and the
topography of land surfaces cause large variability
in weather conditions.

Plant genotypes are therefore exposed to and
thus moulded by, a variety of selective pressures
with a seasonal periodicity but because these vary in
predictability from high (e.g. day length) to low
(e.g. atmospheric temperature) probability of oc-
currence, we can expect plants to respond to them
differently.

Tahble I. Duration of the seasons (Modified from Rice, 1963).

Aseasonality

The term aseasonality might be taken to mean a
‘lack of or ‘without’ seasons but clearly the rotation
of the earth about the sun produces at least some
seasonal change in day length, noon sun altitude
and path-length of the sun’s rays even in the equa-
torial regions. Thus some seasonality of environ-
ment occurs in these regions but the consequent
annual changes in weather and climate are smaller
than in temperate regions. The importance of these
changes and their role as selective pressures on
genotypes therefore arises and will be assessed in
terms of plant behaviour in tropical environs later
in the discussion.

There are a number of cyclical environmental
phenomena which affect plant growth but which do
not have a seasonal periodicity. The more obvious
are diurnal and lunar cycles but those with a longer
periodicity are less easy to recognize as they are
subject to greater irregularity of intensity and tim-
ing. The most debated and topical of these pheno-
mena are the long-term wet and dry ‘cycles’ pro-
posed for Australia and southern Africa (Vines,
1977; Tyson & Dyer, 1978). The origins and predic-
tability of these ‘cycles’ have been hotly debated
(e.g. Troup, 1965; Wood & Lovett, 1974; Vines,
1977; Tyson & Dyer, 1978; Campbell & Gardiner,
1979; Nichols, 1981; King, 1973) but regular or not,
aseasonal droughts, floods and hot or cold periods
do occur on a longer time scale than the seasons and
they do act as selective forces in the plant environ-
ment. Indeed, since these events are often severe,
they may eliminate entire populations except for
one or two exceptionally adapted individuals. This
periodic screening of genotypes forms the basis of
‘catastrophic’ selection which is an important me-
chanism leading to adaptive traits and speciationin
plants (Lewis, 1962; Stebbins, 1974).

Northern Southern Length of season Day of onset
Hemisphere Hemisphere

(Days) (Hours)
Spring Autumn 92 20 March 21 equinox
Summer Winter 93 14 June 21 solstice
Autumn Spring 89 19 September 23 equinox

Winter Summer 89

1 December 22 solstice




Disease and herbivory are two selective forces
which often act aseasonally although it must be
recognized that prevalence of such events may be
higher during certain seasons and at certain stages
of the plant life cycle (Stebbins, 1974). Unfortu-
nately there have been very few studies of this na-
ture on aquatic macrophytes in the Southern Hem-
isphere and so these aspects will not be considered
further.

Life histories and plant response to environmental
conditions

The relative uniformity of the aquatic, in contrast
to the terrestrial, environment is held to encourage
species with perennial life cycles and a predomi-
nance of asexual reproduction (Sculthorpe, 1967;
Hutchinson, 1975). This may be true for the wet
temperate and tropical latitudes but in semi-arid
sub-tropical regions many aquatic macrophyte ha-
bitats experience alternate periods of wetting and
drying which may be on short- (seasonal) or long-
(aseasonal) term cycles. Annual growth patterns,
desiccation resistant propagules and multiple re-
generative adaptations (see below; Grime, 1979)
may therefore be more the rule than exception in
these habitats.

Unfortunately very few studies of aquatic mac-
rophyte life cycles have been carried out under the
umbrella of one of the conceptual frameworks
which have been developed to describe plant life
histories. As a result most information remains un-
coordinated and dispersed, and it is difficult to
formulate general principles on which to base this
review. It isimportant for this discussion, however,
to provide a background view of the way plants
respond to environmental factors and to the types
of adaptations which permit species to exploit dif-
ferent habitats.

The most significant work in the development of
a holistic approach to the study of life cycles was
that of MacArthur & Wilson(1967) who proposed the
r/ K concept of life histories. This work recognizes
two types of organism at opposite ends of the evolu-
tionary spectrum: (i) K-selected organisms which
inhabit stable, non-fluctuating environments; they
have a long life span and devote a small amount of
energy to reproduction in order to produce few
offspring with a high probability of survival, and
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(i1) r- selected species are considered opportunistic
species which exploit fluctuating environments,
have short life spans and expend a large amount of
energy in producing many offspring.

Although very influential in the development of
ideas on life-history adaptations the r/ K concept
has been found to present an oversimplified model
(Whittaker & Goodman, 1979) which cannot pro-
vide a complete explanation of plant life-history
phenomena. The main criticism is that it attempts
to explain life-histories as the outcome of a single
selection pressure (resource availability) and does
not cater for the interactive manner in which many
factors of the environment act. As a result, separate
populations of the same species may occupy very
different positions on the r-K continuum (Whit-
taker & Goodman, 1979) as may juvenile and adult
components of one population (Stearns, 1976).
More recent attempts to classify life-histories have
tried to overcome these problems.

Calow & Townsend (1981) prefer the a priori
testing of life-history adaptations on the basis of
optimal use of limited resources. An organism’s
adaptations can be assessed by its ability to acquire
resources and then partition them between main-
tenance, growth, storage, repair, defence and re-
production. However, our knowledge of how plants
function in the multi-factorial environment is so
limited that the optimal adaptations of a plant in
any one habitat cannot be predicted a priori (Sol-
brig, 1981). While this does not detract from the
scientific worth of this approach it does limit its
applicability to studies orientated towards provid-
ing answers to immediate or short-term manage-
ment problems. In such cases the a posteriori classi-
fication of life-history phenomena by Grime (1977,
1979) may prove to be more practical.

Grime (1979) defines ‘strategies’ as ‘groupings of
similar or analogous genetic characteristics which
recur widely among species or populations and
cause them to exhibit similarities in ecology’. He
recognizes the need to consider different phases of
the life cycles of the same organism, because evenin
the same habitat juvenile and mature stages may
respond in different ways to the same selection
force. Thus, he has proposed that plants have
evolved three primary or vegetative adaptations (C,
R and S) which operate in the mature or established
phase of the life cycle and five regenerative adapta-
tions for reproduction. Grime bases his model on
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the assumption that two sets of environmental con-
ditions limit plant biomass in any one habitat; those
which restrict production of biomass are termed
‘stresses’” while ‘disturbances’ effect the partial or
total destruction of biomass in a productive envi-
ronment. There are four permutations of high and
low stress or disturbance but because severe stress
would exclude recovery in a very disturbed habitat,
only three are habitable (Grime, 1977, 1979). Thus,
he considers that plants with three basic adapta-
tions have evolved: C or competitive plants (low
stress, low disturbance); S or stress-tolerant plants
(high stress, low disturbance) and R or ruderal
plants (low stress, high disturbance). Grime’s re-
generative adaptations are based on modes of re-
production and survival during the juvenile stage.
These are; (i) Vegetative expansion, (i) Seasonal
regeneration, (iii) Persistent seed banks, (iv) Wind
dispersal and (v) Persistent seedlings. However, in-
dividual species respond differently to particular
selective forces of the environment (Menges &
Waller, 1983). A flood may therefore stress some
aquatic plants by reducing light penetration but act
as a disturbance to others by causing physical des-
truction of biomass. Similarly a perennial species is
adapted to seasonal drying out but desiccation of
an annual may result in death (disturbance) of the
plant or part thereof. The interpretation of stress
and disturbance must therefore be based on each
species’ traits and adaptations assessed in relation
to its particular habitat.

External environmental factors can also actina
third capacity, not considered by Grime, namely as
‘signals’. Changes in the external environment often
result in responses by plants which cannot simply
be explained on the basis of biomass limitation by
stress or disturbance; for example, the alternate
drying and wetting of aquatic macrophyte seeds
which is often required before germination can oc-
cur. Other signals may result when a stress or dis-
turbance occurs, or is removed, but the significance
of adaptation to signals lies in the fact that it regu-
lates growth and dormancy to favourable and un-
favourable periods respectively. Such adaptation is
thus extremely important in promoting optimal use
of resources by plants in both space and time or, in
other words, promoting their ability to exploit fa-
vourable habitats (Howard-Williams & Ganf,
1981).

In the following review of examples we attempt

to interpret aquatic plant responses to seasonal and
aseasonal environmental change in terms of stress,
disturbance and signals. To avoid a long, tedious
list of examples, discussion is largely restricted:
Salvinia and Eichhornia as examples of floating
plants, Typha spp. as emergents and Potamogeton
crispus L. as a submerged species.

Periodicity of response in aquatic plant reproduc-
tive cycles

The reproductive events of flowering, setting
seed and the formation of hibernaculae or other
propagules appear to have a largely seasonal cycle
in rooted emergent and submerged plants, regard-
less of latitude, but in floating species they may be
distinctly aseasonal.

The emergent Typha spp. flower at different
times of the year in various habitats but with a
seasonal periodicity. Thus, Typha orientalis Presl.
and Typha domingensis Pers. in S.E. Australia
flower in early summer (October/ November) (Fin-
layson et al., 1983) but Typha latifolia L. on the
temperate highveld of South Africa (Rogers, 1982)
flowers in mid-to late-summer (January) and 7.
domingensis on tropical Lake Chilwa (Howard-
Williams, 1973) in mid-winter (July). Similarly,
submerged species such as P. crispus (Rogers &
Breen, 1980) and Potamogeton pectinatus L.
(Howard-Williams, 1978) also show distinct sea-
sonal reproductive cycles despite inhabiting hot
sub-tropical and temperate climates respectively.

Few studies of aquatic plants in the Southern
Hemisphere have elucidated the factors which act
as signals for flowering and propagule production
in emergent species. McNaughton (1966, 1975),
however, has clearly demonstrated the importance
of photoperiod and temperature change in growth
and flowering of Northern Hemisphere Typha spe-
cies and that these signals operate regardless of
latitude. Vegetative reproduction by the formation
of rhizomes also responds to photoperiod and
temperature signals. A rise in temperature has been
suggested as the signal for flowering and turion
production in P. crispus (Waisel, 1971) but studies
in both Japan (Kadono, 1984) and on the Pongolo
River Floodplain in South Africa (Rogers & Breen,
1980) contradict this. In the latter habitat, propa-
gule production is usually in winter and spring and
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Fig. ]. Changes in Poramogeton crispus standing crop (1a) and
turion germination (1b) in relation to water level (flooding) (1a),
Secchi Disc depth (la) and temperature (1b) on the Pongolo
River Floodplain. South Africa. (After Rogers & Breen, 1980).

is highly seasonal (Fig. 1), but does not occur in
response to environmental conditions. Rather, in-
dividual plants have a short life-span (4-5 months)
and, when grown out of season, reproduce at ma-
turity regardless of the time of year (Rogers, 1984).

In contrast to rooted plants, floating species re-
produce in response to both seasonal changes in the
environment and changes in population density
which may be aseasonal especially in the tropics.
Thus, Lemna spp. respond to seasonal changes in
photoperiod (Hillman, 1961)and Azollafiliculoides
Lam. in the temperate regions of South Africa (Fig.
2) has a cycle of sporocarp production which corre-
lates well with seasonal changes in water tempera-
ture (Ashton, 1982). Eichhornia crassipes (Mart.)
Solms and Salvinia molesta D.S. Mitchell, however,
seem to respond more to changes in density than
temperature or photoperiod (Mitchell & Thomas,
1972). Both these species have a largely tropical and
sub-tropical distribution where, although growing
conditions change only slightly over an annual cy-
cle, periodic flooding breaks up colonies and dis-
perses the plants. Populations recover from such
disturbance by rapid vegetative reproduction but as
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Fig. 2. The seasonal cycle of sporocarp production by Azolla
filiculoides Lam. (histograms) in response to variations in mean
monthly surface water temperature (-®-0-e-). (From Ashton,
1982).

mats become more dense and competition for re-
sources increases, the plants are stimulated to re-
produce sexually. Presumably the limitation of one
or other resource acts as the signal.

The marked tendency for asexual reproduction
in aquatic macrophytes has resulted in the devel-
opment of clonal populations or ecotypes
(McNaughton, 1966; Hutchinson, 1975), which
permit species to occupy widely differing habitats
and to take advantage of locally favourable grow-
ing seasons. Many asexual reproductive organs,
however, cannot survive dehydration and so in se-
mi-arid regions desiccation-resistant propagules
are a prerequisite for long-term survival. The pro-
duction of seeds and fruits by most species provides
a propagule with a tough outer covering which not
only withstands desiccation but often requires it in
order to break dormancy (Muencher, 1936; Telt-
scherova & Hejny, 1973). Even under wet condi-
tions it may take several years to break the dorman-
cy imposed by the thick coat (Hutchinson, 1975)
with the result that large seed banks develop. This
reduces the risk of local extinction during pro-
longed aseasonal dry periods.

The initiation of propagule germination is gener-
ally attributed to environmental signals such as day
length, light, temperature and oxygen saturation
(Hutchinson, 1975; Haller er ql., 1976; Weber &
Nooden, 1976; Sastroutomo, 1980). The physiolog-
ical basis of such stimulation is not well under-
stood, but hormonal reactions similar to those of
terrestrial seeds appear to be operative (Weber &
Nooden, 1976).
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This concept of regenerative adaptations becom-
ing modified to promote the persistence of ecotypes
in different habitats can be well illustrated by com-
paring reproduction of P. crispus in different
southern and northern latitude habitats.

The literature on this cosmopolitan species is
large (Sculthorpe, 1967; Hutchinson, 1975; Stuckey
et al., 1978; Stuckey, 1979; Rogers & Breen, 1980;
Sastroutomo, 1980; Kadono, 1984) and confused,
with much argument and contradiction about the
times of reproduction and the importance of differ-
ent reproductive structures. The many differences
reported, however, appear to simply describe wide
ecotypic differentiation. In general the species hasa
distinctly annual growth cycle and can be classified
according to Grime (1979) as ‘ruderal with multiple
regenerative strategies’. The ‘regenerative strate-
gies’ are ‘seasonal regeneration’ by means of tur-
ions, the formation of a ‘persistent seed (achene)
bank’ and ‘persistent seedlings’ or young plants
which can remain dormant over periods of poor
light penetration (Stuckey et al., 1978; Stukey,
1979; Rogers, 1984). However, the growing season
differs from one habitat to the next as does the rdle
of individual regenerative adaptations. The follow-
ing examples illustrate this variability.

On the sub-tropical Pongolo River Floodplain in
South Africa, frequent floods and concomitant
poor light climate during summer (Fig. 1), createan
unfavourable period for submerged plant growth
but winter conditions are more suitable. Occasional
droughts, however, do result in the lake habitats
drying out with an aseasonal periodicity. Potamo-
geton crispus populations must, therefore, be adapt-
ed to seasonal reproduction which regulates plant
establishment to winter and must also cope with
aseasonal floods and occasional droughts (Rogers,
1984). Because the unfavourable summer light con-
ditions vary in duration from 3-7 months, the au-
tumnal decrease in temperature forms a more relia-
ble signal of the forthcoming favourable winter
period than does photoperiod. Thus, a drop in wa-
ter temperature to 25 ° C in autumn stimulates ger-
mination of turions (‘seasonal regeneration’) which
increases until the winter minimum temperature of
15°C (Rogers & Breen, 1980). Germination is thus
staggered over a period of 3-4 months (April-July;
Fig. 1), thereby increasing the chance of plant estab-

lishment if flooding is late and continues into au-
tumn or winter. This chance is further increased by
the ability of young plants to remain dormant for
up to three months under poor light conditions
(‘persistent seedling strategy’). Achenes of P. cris-
pus require drying and rewetting for germination
and thus, during wet periods, the achene bank in-
creases to several thousand m2 but rewetting after
a drought stimulates germination. This ‘persistent
seed bank strategy’ is therefore an adaptation to
ensure survival of long-term aseasonal drought
conditions in this habitat.

In contrast to the above example, other popula-
tions of P. crispus respond to other signals which
regulate growth and reproduction to favourable
periods which occur at different times of the year.
The most opposing example is of populations in
north temperate ponds which freeze over in winter
(Stuckey ez al., 1978; Stuckey, 1979). In these habi-
tats growth occurs in spring or summer and survival
over winter is either as turions (Sastroutomo, 1980)
or dormant young plants which persist until the
light climate improves with the spring thaw (Stuck-
eyetal., 1978). In the former instance turion germi-
nationis in response to changes in photoperiod and
temperature in spring, while in the latter, turions
appear to germinate in response to decreasing
temperature in autumn as on the Pongolo Flood-
plain. Many of these temperate habitats do not
experience severe drought and in the absence of this
selection force, flowering is occasional (Hunt &
Lutz, 1959) and no persistent achene bank devel-
ops. Thus, although entirely different seasonal and
aseasonal environmental phenomena are experienc-
ed in these habitats, ecotypic differentiation of the
different regenerative adaptations permits the spe-
cies to survive over a wide latitudinal range.

The question of seasonality and aseasonality of
aquatic plant reproductive cycles is therefore not a
simple one. Plant responses in both production and
germination of propagules depend on adaptations
to conditions in their specific habitats, and re-
sponses to both seasonal and aseasonal changes in
environment can be found in single species regard-
less of whether they occur in tropical or temperate
regions. Furthermore, there is no evidence of a
complete lack of seasonal response in tropical habi-
tats.



Periodicity of response in the established phase

This part of the discussion deals with changes in
the growth, biomass and productivity of aquatic
plants in response to changes in environmental
conditions. Measurements of biomass change of
floating macrophytes are generally meaningless be-
cause they are affected by compaction due to wind
and can change rapidly. Growth rate is, therefore, a
better currency for measuring response of these
plants and has been shown to be clearly seasonal in
both S. molesta from tropical Lake Kartba (Mit-
chell & Tur, 1975) and A. filiculoides from the
temperate highveld of South Africa (Ashton,
1982). Furthermore, it is important to distinguish
between changes in biomass of the population as a
whole, changes during growth and senescence of a
single member of the population and changes dur-
ing growth and senescence of a specific organ (e.g.
leaf) of that member (Hopkins et al., 1980).

These latter points are illustrated by studies of
Typha orientalis (Mitchell & Chick, unpubl.; Fig.
3), Potamogeton pectinatus (Howard-Williams,
1978; Fig. 4) and P. crispus (Rogers & Breen, 1980;
Fig. 1). Growth of T. orientalis leaves and rhizomes
in S.E. Australia are both distinctly seasonal, but
maximum biomass is reached at different times of
the year. In contrast, root biomass shows no signifi-
cant change over the annual cycle (Fig. 3). What
this study does not show, however, is that the indi-
vidual ramets from which new leaves arise each year
may reach at least three years of age (Grace &

3 | Rhizomes
™

Dry Matter (kg m™)

A'S O N D J F M A'M J J A § 'O

Month

Fig. 3. Seasonal biomass for leaves, rhizomes and roots of
Tvpha orientalis in the Murrumbidgee Irrigation Areas, Grif-
fith, Australia. Vertical bars represent standard errors of the
mean. (From Mitchell & Chick, unpubl.).
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Wetzel, 1981b) and so function on yet another time
scale.

In the south temperate lake, Swartvlei, biomass
of the submerged P. pectinatus is present over a full
annual cycle, although growth of individual plants
and hence structure of the community is highly
seasonal (Fig. 4). New shoots, which arise from
perennial stolons, emerge each spring and reach
maturity in autumn but, persist through winter and
senesce the following spring. Branching and the
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Fig. 4. a: Diagrammatic representation of the annual growth
cycle of Potamogeton pectinatus in Swartvlei, South Africa. b:
Changes in shoot density of Potamogeton pectinatus. c: Changes
in mean mass of individual live shoots. d: Production rate curve
for Potamogeton pectinatus. Vertical bars in b and ¢ represent
two standard errors. (From Howard-Williams, 1978).
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formation of a canopy reduce light penetration and
from mid-summer through winter there is a pro-
gressive loss of the lower leaves. When total pro-
duction of dry matter was calculated this resulted in
a production/ maximum biomass (P/ Bjratio of
1.2:1. In contrast, P. crispus on the Pongolo Flood-
plain shows distinct seasonal changes in biomass
(Fig. 1), with the population only being present for
6-8 months of the year, but it may have a P/ Bratio
as highas2.8:1 (Rogers, 1984). In this case, individ-
ual plants have a life span of only 4-5 months, but
since germination is staggered over a period of 3-4
months, the population is replaced at least once in
any season. The adaptive significance of this is that
it permits the population to exploit most or all of
the 8 month autumn-spring favourable period for
plant growth. These examples emphasize the im-
portance of understanding the characteristics of
both individual plants and populations in order to
assess both the response of species to environmen-
tal change and in interpreting the periodicity of
biomass changes.

The seasonal cycle of vegetative growth for Ty-
pha spp., growing near Griffith (Fig. 3), is also
characteristic of most emergent aquatic macro-
phytes in the Northern Hemisphere (McNaughton,
1966; Fiala, 1978) and in the tropics. Howard-Wil-
liams (1973) has shown that in Lake Chilwa (15°S),
where temperatures are uniformly high (monthly

means range from 18.7°C in July to 27.2°C in
December), regrowth of Typha domingensis from
cut stands varied seasonally in relation to solar
radiation, water depth and phenology of the plant
(Table 2). The pattern of regrowth from cut stands
was presumed to reflect the pattern of actual
growth in undamaged leaves. Growth was most
rapid in the summer from December to March
reaching a peak in the latter month when solar
radiation was highest. Growth declined in autumn
but increased somewhat from July to August due to
the flowering of the plants. Growth was least in
November when the second year old flowering
shoots died and the plants collapsed due to a com-
bination of low water levels and maximum bio-
mass. Howard-Williams (1973) noted that below-
ground biomass was approximately equal to
above-ground biomass, although at the period of
minimum-shoot biomass, the former constituted
67% of the total. However, these observations were
based on limited sampling and may be contrasted
with the data of Mitchell & Chick (unpubl.) (Fig. 3)
and Fiala {1978), which demonstrate a clear sea-
sonal increase in rhizome biomass during autumn,
prior to the adverse winter growth conditions. In
this case, the rhizomes clearly function as perennat-
ing organs for the plant.

The periodicity of change in production and bi-
omass in the established phase of a plant’s life cycle

Table 2. Annual growth pattern of Typha in Lake Chilwa as demonstrated by regrowth of plants in cut stands (from Howard-Williams,

1973).
Date Regrowth Solar Water Phenology

{(gm ! dayl) radiation* depth

(Jem2d ) {cm)

Oct. 71 36 (0.93) 2473 71 End of flowering
Nov. 1.6 (0.57) 2355 65 2nd year shoots die
Dec. 6.6 (0.88) 2264 74 New growth
Jan.’72 6.6 (0.60) 2355 70 New growth
Feb. 4.9 (0.63) 2387 85
Mar. 7.1 (1.58) 2447 90
Apr. 42 (0.55) 2069 100
May 2.4 (0.26) 1899 80
Jun. 2.5 (0.26) 1743 N.D.
Jul. 4.0 (0.73) 1743 70 Inflorescences develop
Aug. 3.0 (0.74) 1964 67 Flowering

*Solar radiation figures are monthly means for 1968 to 1971.
Standard error of the mean in parenthesis.

N.D. = no determination.



therefore shows as much variation as the reproduc-
tive cycle. Different species and plant parts respond
on different time scales, independently of habitat
and latitude, and these responses can have specific
implications for the periodicity of response of the
population as a whole.

Response of aquatic macrophyte communities to
fluctuations in water level and flow rate

Considering that wetlands are predominantly
shallow habitats and that evaporation in the South-
ern Hemisphere generally exceeds precipitation, it
is surprising that so few studies have assessed the
effects of water level and flow rate fluctuations on
aquatic plant communities (Howard-Williams &
Ganf, 1981; Brock & Lane, 1983; Dohmeier,
1984). We consider this complex topic separately as
it is of vital importance to the survival of most
macrophyte species and is the primary determinant
of community composition in space and time.

Fluctuations in water level and flow rate are
often seasonal in origin but their intensity, duration
and periodicity can vary markedly both within and
between seasons. Thus the duration, periodicity
and predictability of periods favourable for plant
growth may vary both seasonally and aseasonally.
It is very difficult to categorize habitats on this basis
as their variability is continuous over a wide spec-
trum of fluctuations but, the major effects of
changes in water level and flow rate on plants and
plant communities can be more easily grouped into
five categories:

(1) Saturation of the rooting medium with the sub-
sequent stress of anoxia (Grace & Wetzel,
1981a).

(ii)) The stress imposed by desiccation during dry
periods (Mitchell, 1978; Rogers & Breen, 1980;
Brock, 1983).

(iii) Changes in salinity associated with evapora-
tion and precipitation cycles (Brock, 1983).

(iv) The effects of changes in light climate induced
by changes in depth and suspended particle
load (Rogers & Breen, 1980; Dohmeier, 1984).

(v) The physical damage (disturbance) caused by
the mechanical action of floods and water tur-
bulence (Mitchell, 1978; Neiff, 1979).

Each of these effects may occur seasonally or
aseasonally and the major determinant is the pre-
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cipitation cycle which has both seasonal and longer
term periodicities.

Anoxia

The responses of emergent macrophytes to anox-
ia may be exemplified by reference to Typha spp.
This plant frequently occurs in situations where its
rhizomes are growing in anaerobic sediments. The
rhizomes survive because oxygen is made available
to them vig the aerenchyma which connects them to
the photosynthetic portions of the plant projecting
above the water surface. Indeed, Sale & Wetzel
(1983) have demonstrated that if this supply is
blocked by cutting the stems below the surface of
the water, oxygen levels in the rhizome decline ra-
pidly from about 15% to zero within 8 hours.

The slow rate of oxygen diffusion may thus limit
the depth to which Typha spp. can grow and thus its
competitive ability in communities. For example,
Howard-Williams (1973) demonstrated that the
growth of Typha domingensis from Lake Chilwa
declined if subjected to depths greater than 1.5 m
for prolonged periods. However, competitive abili-
ty between different Typha species may differ in
different water depths. Grace & Wetzel (1981a)
showed that the competitive ability of T. latifolia
was reduced in deeper water because of the greater
cost of producing the relatively broad leaves which
characterize this species, although otherwise, it was
able to outcompete T. domingensis (characterized
by narrow leaves) for light. Typha domingensis was
therefore only able to compete successfully with 7.
latifolia at depths greater than 80 cm at this site.
Since oxygen concentrations in the sediment
change markedly, in both space and time, down the
depth gradient in wetlands, adaptations to survive
anoxia of the root zone play an important réle in
determining species distribution and succession. It
can be expected that species adapted to regular
seasonal anoxia will occur near mean water level,
while others only able to tolerate occasional flood-
ing or drying out on a longer time scale, will occur
further up or down the depth gradient respectively.

Desiccation

There is very little information on the response of
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aquatic plants to desiccation. In general, responses
seem rather to be of avoidance by production of
resistant propagules than of tolerance of water
stress by established plants. Thus, both Typha spp.
(Grace & Wetzel, 1981b) and P. crispus (Hunt &
Lutz, 1959; Rogers, 1984) respond to decreases in
water level and periodic drying out by increasing
seed production. Although avoidance of dry peri-
ods is usually achieved by sexual reproduction,
some species (e.g. Ruppia spp.) also produce tur-
ions which are capable of surviving ‘several years’ of
desiccation (Brock, 1983). Indeed, the extreme vari-
ability of the frequency and duration of droughts
and associated fluctuations of water level seems to
select for species with multiple regenerative adapta-
tions (Grime, 1979) which allows them to respond
to both seasonal and aseasonal changes in envi-
ronment as described for P. crispus above.

Salinity

There is again a marked paucity of information
on the responses of plants to fluctuations in salinity
of inland waters of the Southern Hemisphere, the
most detailed work being from Australia (Brock,
1982a, b, 1983; Brock & Lane, 1982). Changes in
salinity are often associated with changes in cycles
of evaporation and precipitation and so plants in
these habitats generally have life histories similar to
those of temporary waters. Annuals tend to show
typical monocarpic reproductive patterns of rapid
development, early maturity and the production of
large numbers of small propagules. Perennials,
however, exhibit polycarpic reproductive patterns
with slow development, late maturation and the
production of a small number of large propagules
(Brock, 1983). Some halophytic species, however,
do show special adaptations to changes in salinity.
Brock (1982a) has shown that while an increase in
salinity acts as a signal for germination of the annu-
al Ruppia tuberosa, Davis & Tomlinson, a decrease
in salinity illicits the same response from seeds of
the perennial Ruppia megacarpa Mason. Germina-
tion is not, therefore, in response to any predictable
seasonal factor, but rather to salinity, the major
stress of the environment, which can change sea-
sonally or aseasonally.

The light climate

The light climate is probably the most important
factor determining the distribution of submerged
macrophytes in space and time and has been exten-
sively covered by Spence (1982). Here we only con-
sider an aspect of particular importance to semi-
arid areas; the reduction in light penetration caused
by high silt loads. Highly turbid flood waters on the
Pongolo River Floodplain during summer, for ex-
ample, prevent submerged plant growth. Thus P.
crispus exhibits winter growth (Fig. 1), even though
optimal temperature conditions for photosynthesis
(c. 30 °C; Ikusima, 1965) occur during summer
(Rogers & Breen, 1980).

Resuspension of bottom sediments can also re-
duce light penetration in shallow systems and adap-
tations such as floating leaves and avoidance as a
dormant stage are typical of plants in habitats where
this occurs regularly. In other systems where occa-
sional or aseasonal droughts cause an unusual
marked reduction in water levels it can have im-
portant effects on the plant community. In Rolfe’s
Pan, a permanent endorheic lake on the highveld of
South Africa, resuspension of bottom sediments
during the 1982/83 drought resulted in death of a
diverse submerged macrophyte community and a
change to a phytoplankton dominated system (Doh-
meier, 1984).

Flood disturbance

The variable flooding régime of a major river
such as the Parana in Argentina (Bonetto, 1975)
provides a good example of the effect of fluctua-
tions in water level and flow rate on aquatic macro-
phyte communities. In this case, the occurrence of
the floods is seasonal but the variation in their
extent is markedly different from year to year, so
that effects on aquatic communities differ to such
an extent that they can almost be regarded as asea-
sonal.

Neiff (1979) carried out a study of the effects of
the floods on aquatic vegetation of the Middle Pa-
rand River between 1970 and 1977 and distin-
guished between annual or ‘ordinary’ floods with a
flow of 25 000 m s! and ‘extraordinary’ or ‘excep-



tionally extraordinary’ floods with a flow of 40 000

ms ! and above, the latter generally occurring every

5-10 yrs. Extraordinary floods occurred in 1973

and 1977. During ordinary floods, the rise in water

levelis usually gradual but nevertheless causes tem-
porary changes to the morphology of the system,
with lagoons being enlarged so as to coalesce with
one another and the main river. The inflows of
flood water also affect the chemical and physical
characteristics of the water. All these effects are
variable and depend upon the magnitude of the

floods (Bonetto, 1975).

The aquatic vegetation of the system is adapted
to these regular seasonal flood events and when the
changes are gradual there is little marked change in
plant zonation. However, during more rapid chan-
ges, rooted emergent species such as Paspalum rep-
ens Berguis, Panicum elephantipes Nees and Po-
lvgonum punctarum Ell may be dislodged and car-
ried away as floating debris. Depending on the
intensity of the flood and the velocity of flow, these
are either eliminated or moved to a more favoura-
ble area. Rooted submerged plants may undergo a
temporary reduction in density and cover as a con-
sequence of a decrease in the transparency of the
water caused by the high turbidity of the flood
water. However, this change is accompanied by a
tendency for increased species diversity. Floating
islands of aquatic vegetation can be moved in large
quantities from the tributary rivers into the main
Parana River during flood seasons, the extent of
this phenomenon again depending on the extent of
the flood. When the flood subsides and the rooted
vegetation begins to regrow, species with a capacity
for rapid colonization, such as Eichhornia crassipes
and Salvinia herzogii De La Sota will dominate the
more lentic systems, as these are progressively iso-
lated from the flow.

Extraordinary flood disturbance has a devastat-
ing effect on the vegetation and Neiff (1979) distin-
guished four stages of effect:

(i) acritical period when flood waters inundate the
valley and reduce both extent and species di-
versity of aquatic vegetation;

(i1) a compensation period when the macrophytes
begin to recover following a fall in water level;

(iii) a normal water level period when the various
water bodies are once more isolated from the
main stream and the vegetation is potentially
different in each;
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(iv) a low water period when the hydrophyte cover
is reduced and helophytes colonize the exposed
mud.

Although these changes in communities take place

in response to the effect of seasonal floods, their

effects may be perceived for a number of years.

Similarly, the rate of successional changes such as

those described above, may be affected by variable

- seasonal factors such as temperature, even though

the change itself will often take place over several
seasons. For example, the replacement of Pistia
stratiotes L. by Eichhornia crassipes in a lentic
water body associated with the Parana River took
17 months to occur (Neiff & Poi de Neiff, 1979).

The pattern of water level changes in Lake Kari-
ba in its first few years provides an interesting ex-
ample of how man-made dams can alter the way in
which water level fluctuations determine communi-
ty composition (Mitchell, 1970). The disturbance
caused by changes in water level and of flow rate in
the Zambezi River prior to impoundment by the
dam provided an environment for aquatic plants
similar to that of the Parana River. The shifting
substratum, characteristic of so-called sand-bank
rivers, and the mechanically damaging effect of the
annual flood waters, was a major disturbance to all
but the most hardy perennial emergent macro-
phytes. Inter-flood periods were characterized by
receding water levels in backwaters and isolated
river pools. These were seasonally colonized by a
complex of floating plants such as Pistia stratiotes
and annual submerged species such as Potamoge-
ton spp. and Lagarosiphon spp., with typically
ruderal life histories which permitted rapid growth
and colonization between floods.

The formation of Lake Kariba had three major
effects on the conditions for aquatic plant growth;
all of an aseasonal nature. First, the effect of river
flood was largely removed. Second, the extent of
fluctuations in water level was markedly dimin-
ished and standing water bodies of varying degrees
of calmness were permanently available. Third, the
flooding of land, vegetation and animals provided a
source of plant nutrients which gradually declined
over the first few years. The first macrophytes to
take advantage of these more favourable growing
conditions were Ceratophyilum demersum L. and
Salvinia molesta. Both are free-floating species cap-
able of forming populations that would have been
unaffected by the extensive changes in water depth
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and area consequent on the flooding of the lake
bed. The propagules of the original flora were sub-
merged at such a depth as to be virtually eliminated.
Asthe lake began to mature and shorelines began to
stabilize, a permanent lake flora started to develop
and species able to accommodate to regular fluc-
tuations in water level began to colonize zones of
the shoreline. Thus Lagarosiphon verticillifolius
Oberm. formed large beds in the deeper water and
Panicum repens L. was particularly successful in
colonizing the exposed shorelines. Salvinia con-
tinued to move up and down with the water level
and provided a substratum for emergent swamp
species such as Scripus cubensis, Poeppig & Kwith
ex Kunth, Tvpha domingensis and Phragmites
mauritianus to form floating sudd islands. These
swamp species were, however, not able to adapt to
the extent of the lake level fluctuations and died
when stranded on the shore by a receding lake level.
In more sheltered situations, however, some aqua-
tic plants (e.g. Potamogeton schweinfurthii A.
Benn) left by receding water levels adopted differ-
ent growth forms and were able to survive several
months until resubmerged. These responses oc-
curred whenever the lake level fell regardless of the
season, though increased insolation in the summer
increased desiccation and decreased survival.

Responses to nutrient supply

Plants which derive their nutrient supply entirely
or largely through their roots from the substratum
in which they are growing do not normally respond
rapidly to changes in nutrient supply. In most of
these situations plant nutrients are not limiting
growth. The growth of emergent plants, such as
Typha spp., in swamps is, therefore, generally a
reflection of seasonal temperature fluctuations ra-
ther than of nutrient supply. Where Typha popula-
tions experience reduced nutrient supply, the plants
compensate by directing more of their resources to
root growth (Grace & Wetzel, 1981b). The capacity
of such plants to cycle resources such as nutrients
between different parts of the plant and to take up
and lose nutrients to the surrounding environment
has led to them being called nutrient pumps (Klo-
patek, 1978). This phenomenon occurs in response
to seasonal changes and can be described by refer-
ring to the work of Davis & Van Der Valk (1983),

with Typha glauca Godr. in pothole marshes on the
prairies of Iowa. These workers showed that the
plant shoots accumulate nitrogen, phosphorus,
potassium, calcium and sodium in spring. After
peak biomass is achieved in' mid-summer, both
phosphorus and nitrogen are translocated within
the plant, principally to the rhizome, but also to the
inflorescences. Most of the nutrients remaining in
the shoots that die at the end of the growing season
are probably leached into the interstitial water dur-
ing decomposition. However, the nitrogen and
phosphorus in the rhizomes are stored over winter
and are translocated into the shoots again in the
following spring, together with nutrients absorbed
by the plant from external sources. Potassium is
also translocated within the plant but appears to
leak into the environment without being stored in
the rhizome. Sodium and calcium are not translo-
cated from the shoot during the summer; the former
is leached into the environment during decomposi-
tion, the latter is retained. This example demon-
strates that when studying seasonality of nutrient
supply it is important to recognize both internal
translocation of nutrients and changes of supply in
the external environment.

Floating species and some submerged species
(Denny, 1972) obtain nutrients from the water in
which they are growing. In this regard they are
similar to phytoplankton, and rather like phyto-
plankton they can respond rapidly to changes in
nutrient supply. Extensive growth of Eichhornia
crassipes and Salvinia molesta in all continents of
the Southern Hemisphere occurs in nutrient-rich
waters where temperatures are sufficiently high for
rapid rates of growth. In tropical regions this
growth persists year round as shown for S. molesta
in the Sepik River, Papua New Guinea (Mitchell et
al., 1980), whereas in temperate regions this is sea-
sonaland only occurs in the summer. In Lake Kari-
ba, a single large input of nutrients from decay of
terrestrial vegetation when the lake filled, caused
explosive growth of S. molesta but as this supply
was flushed from the system during successive
summers, growth declined to such an extent that
the species was no longer a problem (Mitchell,
1970). The periodicity of nutrient supply can there-
fore have important implications for management
of aquatic plants in different habitats.



Conclusion

This examination of seasonal and aseasonal phenomena in
aquatic plants clearly exposes the complexities of plant-environ-
ment interactions which are superficially marked by the broad
rhythm of seasonal changes in higher latitudes. Thus the ques-
tions set out in the introduction cannot be answered in simple
terms. Seasonality versus aseasonality cannot be considered
only in terms of whether or not habitats at low latitudes expe-
rience a lack of marked seasonal change without grossly over-
simplifying the variety of periodicities with which environmental
factors affect plants, or denying the complexity of plant
responses to fluxes in environmental conditions. It has to be
recognized that some components of the environment (e.g. water
level fluctuations) change with periodicities which may be longer
or shorter or with less predictability of occurrence, than those of
direct seasonal origin (e.g. photoperiod) and that they also act as
selective forces on the plant genotype.

Plants are adapted to and thus respond to, environmental
factors such as stresses, disturbances or signals of forthcoming
conditions and may do so with seasonal or aseasonal periodici-
ties regardless of latitude. Thus, a change from asexual to sexual
reproduction in floating plants can occur aseasonally in re-
sponse to density changes in the tropics but in temperate habitats
the same response may be to seasonal changes in temperature.
Another example is that the seasonality of P. crispus flowering is
reduced in north temperate lakes where water level changes are
small but increased in hot sub-tropical habitats where low water
levels are more frequent.

These examples demonstrate that differences in seasonal
behaviour between aquatic plants in the two hemispheres are less
related to global than to local factors and this appears to be
generally true for other supposed differences in seasonal be-
haviour of aquatic macrophytes between the two hemispheres.
However, the interactions between plant and environment
within the rhythm of the seasons is so complex and incompletely
understood that even this general statement has to be made with
caution. Further studies of these interactions are clearly re-
quired. In the Southern Hemisphere these should concentrate on
assessing the effects of biotic factors such as grazing, disease and,
most importantly, water level fluctuation and its subsequent
effect on habitat conditions. It is only by means of investigations
such as these that unifying principles of the patterns of plant
responses to regular and irregular changes in the environment
can be elucidated to the benefit of our understanding of these
complex phenomena.
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