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SUMMARY 

1. Aquatic macrophytes generally dominate energy and nutrient 

transfers in wetland ecosystems. They provide a diverse 

habitat for other organisms but each species or life-form, 

iii 

has a different role in determining ecosystem structure and 
function. A multidisciplinary research project on the Pongolo 

River Floodplain, Zululand, South Africa, provided a good 

opportunity to study the role of a submerged species, Potamogeton 

cr i spus L. in a wetland ecosystem. 

2. The role of a plant species in ecosystem structure and fun­

ctioning is contingent primarily upon its adaptations to the 

interactive biotic and abiotic components of the multifactorial 

environment. This role is manifest in the contribution the 

species makes both to the sum total of transfers of resources 

within the ecosystem and to the nature of the physical and 
chemical environment. These contributions can be to both 

the conservative energy-matter transfers of the ecosystem and 

to the information network which regulates ecosystem functioning. 

3. This study set out, using Tete pan as the main field site, to: 
i) Characterise the major physical, chemical and biotic 

variables of the floodplain ecosystem which are most likely 
to affect the acquisition of resources by P. crispus. 

ii) Determine the way the species influences the environment. 

iii) Assess the species adaptations to environmental characteristics. 
iv) Assess transfers of resources from P. crispus to other 

ecosystem components, the factors affecting them and the 
contributions they make to ecosystem structure and 
functioning. 

v) Outline the implications of the findings for management of 

the ecosystem which is threatened by the contruction of an 
upstream dam. 
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4. Annual flooding of the Pongolo river and resultant poor light 

climate and fluctuating water levels create an unfavourable 

habitat for submerged plant growth in Tete pan during summer. 

During autumn through spring, however, stable water levels and 
good light penetration are favourable for plant growth. The 

duration of favourable and unfavourable periods varies annually, 

and on a longer time scale periodic droughts cause the pan to dry 

up completely. Nutrient concentrations and salinity of the water 

were favourable for freshwater plant growth during the study. 

5. Potamoget on crispus on the Pongolo r.iver floodplain is a winter 

producing annual which reproduces both sexually (achenes) and 

asexually (turions). Winter growth is initiated by turion 

germination each year and achenes ensure survival after drought. 

If floods continue into autumn young plants remain dormant until 

the light climate improves. Individual plants have a life span 

of 4 - 5 months but staggered germinat ion of turions from April 

to June ensured that the population was present for up to 8 
months. Pot amogeton crispus was classified as a competitive­

ruderal with multiple regenerative strategies. This life history 

enables the species to exploit the favourable period between floods 
and survive both summer flooding of unpredictable duration and 
intermittent droughts. 

6. The major source of nutrfents for P. cri spus is the sediment pool 

and plant growth brings large amounts of nitrogen and phosphorus 

into circulation each year. The rapid completion of the life 
cycle ensures that in most years Nand P released to the water 
during decay are taken ~p by other components of the ecosystem 
before the next summer floods. Thus, despite a potential for 
flushing of nutrient rich water by floods, pans such as Tete 
experienced a net gain in nutrients between flood periods during 
the study period. 

7. Potamogeton crispus was the major primary producer in Tete pan 

during this study and although production was seasonal it was 
high (126 gm-3~ in comparison to other species reported in the 
literature. 
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8. The presence of an abundant and nutritious food source in the 

form of P. cr ispus turions, attracts a large and diverse 

waterfowl population to the floodplain each winter. During 

feeding the waterfowl uproot P. crispus plants and remove almost 

90% of the turions. This represents a potentially unstable 
grazing system as the birds utilize the "residual growth potential" 

of the plant population. The hypothesis was formulated that 

stability of the grazing system and maintenance of P. crispus 

reproduction may be achieved by production of small turions 

which are energetically unrewarding for the waterfowl but 

form viable propagules. Overall, transfer of nutrients and 

organic matter to this grazing food chain represents a small 
(~10% ) proportion of P. cr ispus production. 

9. The growth of P. crispus in Tete pan provides a large surface 
area for epiphyton growth which increases in density and species 

diversity as plants age. Experiments showed that the host 

plant epidermis was invaded by necrotrophic bacteria but grazing 

of epiphyton by snails retarded this process in young leaves. 

However, as leaves aged the action of the bacteria softened 

(conditioned) the host tissues and promoted consumption of the 

leaves by snails. The co-existence of epiphyton and host plant 
is therefore achieved through a complex set of interacting 

attributes of the epiphyton community, the host plant and 

grazing animals. Comparisons with previously published 
hypotheses of the macrophyte-host relationship indicated that 

attempts to find a single controlling factor may be misleading 
and that adaptation for co-existence should be sought in a number 
of interacting variables. 

10. Since conditioning of P. cr ispus by epiphytes and consumption 
of plants by snails follows a succession which reaches a climax 
during host senescence,it was important to develop a method of 

studying decomposition which included these processes. Experiments 

showed that both snails and bacterial conditioning had marked 
effects on the rates and pathways of -dry matter and nutrient 
transfer during decomposition and that no single technique 
(eg. litter bags) will permit a thorough understanding of 
decomposition processes. 
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11. Conservative transfers of organic matter, nitrogen and phosphorus 

in Tete pan are dominated by the detrital food web with only a 
small proportion going to the grazing food chain. The consump­

tion of P. crispus and its epiphyton by snails in winter and 

spring provides the major pathway of allochthonous production to 

the benthic detrital aggregate and detrital food web. These 
transfers are separated in both time and space from the alloch­

thonous inputs of C. dacty l on detritus which occur as a result 

of decay in the flooded pan margins during summer. The major 
input of phosphorus to the pans appears to occur by deposition 

of silt during floods but fixation of di-nitrogen by the 
epiphyton and in the detrital aggregate greatly exceed flood 

related inputs of nitrogen. 

12. The continued functioning of the detritus dominated foodweb of 
the floodplain pans is dependent upon a sequence of resource 

tr~nsfers which are dominated, during periods between floods, 

by P. crispus and its epiphyton. The processes which regulate 
these conservative transfers show characteristics typical of the 

information network of cybernetic ecosystem functioning and 

hence it was hypothesised that the Pongolo floodplain ecosystem 
has the potential to buffer changes in resource input which will 

occur now that a dam has been constructed upstream. While the 

hydrological regime of the Pongolo river forms the primary 
determinant of the floodplain ecosystem, structure and function 
management of the system must also account for the "managerial" 

role of animals and temperature which initiate and rate regulate 
major ecosystem processes. 
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CHAPTER 1 

INTRODUCTION 

1.1 INTRODUCTION TO THE STUOY 

In wetland ecosystems such as marshes, swamps, floodplains and the 

littoral of lakes, aquatic macrophytes generally dominate energy and 

nutrient transfers, and provide a diverse habitat for animals, algae 
and bacteria (Wetzel and Hough, 1973; Gaudet, 1977; Howard-Williams 

and Lenton, 1975; Welcomme, 1979; Wetzel, 1979; Adams and Prentki, 1982). 
The major communities of macrophytes, the emergent, floating, floating 

leaved and submerged plants, play different roles in the different 

wetlands, with their respective roles being contingent mainly 'upon the 

prevailing hydrological regime, the light climate and nutrient availa­

bility (Wetzel and Hough, 1973; Welcomme, 1979; Brinson et aZ., 1981). 

It is, however, difficult to define relationships between anyone of 

these variables and particular ecosystem processes because many other 
factors may act either independently or interactively to mask the 

relationship (Brinson et aZ ., 1979). Our inability to account for 
these interactions seems to result from an over-emphasis on describing 
macrophyte distribution and quantifying production and nutrient trans­
fers, rather than assessing cause and effect relationships (Wetzel and 
Hough, 1973; Spence, 1982). Thus, while there is a reasonable litera­
ture on the distribution of macrophytes and the quantities of nutrients 
and energy they store or transfer, there are few holistic accounts 
which assess the way these processes respond to different components of 
the multifactorial environment. 

Although the same criticism has been levelled at terrestrial plant 

ecology (Patten and Odum, 1981) this branch of the science has, without 

doubt, a more predictive understanding of plant/environment interactions 

than its aquatic counterpart. This seems to arise largely from a paucity 



2 

of studies in wetland ecosystems (Stearns, 1978) of, (i) the life­
history adaptations (McNaughton, 1975; Grime, 1979) which permit plants 

to survive in and exploit their environment, and (ii) biotic interactions, 

such as grazing, which, because they have important consequences in both 

evolutionary and ecological time, select for adaptation in a broader 

ecosystem context (Wiegert and Owen, 1971; Chew, 1974; McNaughton et aZ., 
1983). 

A consequence of the lack of understanding of these factors and inter­

actions is evident in the conflicting conclusions drawn in two recent 

reviews: Wetzel (1979) claims that "Any biotic utilization by animals 

has small impact on the overall metabolism of the system" while Brinson 

et aZ ., (1981) suggests that animal/plant interactions may have "a 

managerial influence --- on primary productivity, successional stages 

and/or homeostasis in the wetland ecosystem". Clearly such vastly 
different views should be resolved if we are to effectively manage 

freshwater wetlands. The onus is therefore on ecologists to adopt 

a more holistic approach to the study of aquatic plants and wetland 

ecosystem functioning in order to develop a more predictive understan­

ding for use in wetland management (Stearns, 1978). 

A multidisciplinary research project on the Pongolo River floodplain 

ecosystem in Zululand, South Africa, provided a good opportunity to 

study the role of a submerged species Potamogeton cri spus , against this 
background. 

On the coastal plain of northern Zululand, South Africa, flooding of 
the Pongolo River has formed an extensive (10 000 ha) floodplain of 
seasonally inundated grasslands and marshes dotted with shallow lakes 
or pans (Heeg and Breen, 1982). In 1972 a dam was completed in the 
Pongolapoort, upstream of the floodplain, to impound the river and divert 

water to an irrigation scheme on the nearby Makatini flats. Since the 

floodplain ecosystem, which has previously been dependent on this water, 

supports some 40 000 Thonga people (Heeg and Breen, 1982), a detailed 
research programme was initiated to pin-point the major determinants of 

the floodplain ecosystem functioning and to develop a management pro­
gramme which would maintain it as a renewable natural resource. 
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The primary energy base of this ecosystem has been identified as arising 
from three main communities; (1) the semi-terrestrial, seasonally 
inundated, floodplain vegetation, (2) floating and rooted floating 
leaved plants which occur at the margins of some pans and (3) extensive, 

often monospecific, stands of the submerged macrophyte Potamogeton 

crispus , which occur in most pans that retain water through the winter 

(Musil, 1972; Rogers, 1980; Furness, 1981). Furness (1981) has 
studied the semi-terrestrial floodplain vegetation and the objectives 
of this study were; (1) to assess the role of P. crispus in the trophic 
and nutrient transfers of the floodplain pans and define the specie~ 
adaptations to the major biotic and abiotic factors influencing thi.s 
role, (2) consider these findings in relation to our present under­
standing of submerged aquatic plant ecology and wetland ecosystem 
functioning and (3) outline the usefulness of these studies in the 
management of the Pongolo River floodplain ecosystem. 

1.2 REVIEW OF PERTINENT LITERATURE 

1.2.1 "The role of plants in ecosystems": Theoretical appraisal 

The expression "the role of plants in ecosystems" is frequently used 
in one sense or another (Wetzel and Hough, 1973; Gaudet, 1974: Howard­
Williams and Lenton, 1975; McNaughton et aZ., 1983) but does not seem 
to have been defined. It is therefore useful to consider, at the out­
set, some theoretical aspects of this concept and its application in 
ecosystem management. 

To formulate the concept one might ask "What does a plant do in an 
ecosystem?" Calow 'and Townsend (1981) suggest that organisms acquire 
resources and transform them into forms available to others in the food 
web. In this sense, plants can be considered to act as the initial 
gatherers of resources which, after modification, are transferred through 
the food web. However, in addition to this, the physical presence and 
metabolic activity of plants modifies the environment and so influences 
the presence and metabolism of other organisms. The role of a plant 



could therefore be demonstrated by both the contribution it makes to 

the sum total of transfers of resources within the ecosystem, and the 

degree to which it modifies the environment. 

4 

Different species will clearly play different roles in an ecosystem and 

an assessment of the respective roles will provide a solid base for 

development of management goals and policies. The management strategies 

used to implement these policies, however, rely, largely on manipulation 

of environmental (biotic and abiotic) factors to achieve the desired 

results, and the end product depends upon the way in which the individual 

species respond to the altered environment. Thus, for an assessment 

of the role of a species to be useful to the manager it must include 

information on the way the species responds to environmental ' factors. 

This response is difficult to assess since each physical, chemical or 

biotic factor of the environment may affect some aspect of the plant's 

role in the ecosystem (McNaughton et aZ., 1983). Furthermore, these 
factors do not necessarily act independently or deterministically but 

are often interactive in a probabalistic manner (McNaughton, 1983). 

Thus, the effects of individual forces may be minor but because the 

cumulative effects are large they should be assessed by the researcher 
and appreciated by the manager. 

McNaughton (1983) has emphasised that attempting an emp'irical evaluation 
of the importance of each of the many environmental factors is 

technically impossible at present, although clearly an holistic approach 
to the study of a plant~ role in an ecosystem is required. The 

practicalities of elucidation and quantification of the role of a plant 
species in an ecosystem are therefore formidable and it is likely that 
anyone study of defined duration will raise more questions, than 
provide answers. Nevertheless, it is suggested that if the basic approach 
outlined below is foll~wed, bearing in mind the theoretical background 

above, valuable contributions could be made to our understanding of the 
role of plants in ecosystem functioning and our ability to manage 
ecosystems for express purposes. 
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1. Characterise the major environmental (physical, 
chemical and bioticl ,variables of the ecosystem and evaluate (a) the 
factors most likely to affect the acq~i~ition of resources -arid so~lant 
growth and (b) the influence of the species concerned on the environment. 

2. Determine the life-history adaptations (Grime, 1979; Calow 
and Townsend, 1981) of the species which permit it to survive in and 
exploit (Howard-Williams and Ganf, 1980) the habitat. 

3. Assess the transfers of resources from this species -to 
other components of the food web in relation to those of other primary 
producers in the ecosystem. Such an assessment leads to an appreciation 
of the species adaptation in a broader ecosystem context. 

This review of pertinent literature follows this sequence and expands 
upon each component in the context of the role of submerged plants in 
wetland ecosystems in general and floodplains in particular. 

1.2.2 The floodplain environment 

As is the case with all wetlands, the form of a particular floodplain 

depends upon the hydrological regime of influent waters and the local 
topography. Floodplains occur in mature rivers which have attained 
grade (the minimum slope possible under existing conditions) over a 
considerable length of their course (King, 1967). The decrease in 
flow rate of water moving onto the graded river course results in an 
accumulation of water which,during high flow periods,overspills the 
river banks (King, 1967). 

Where the catchment of the river is large and very distant from the 
floodplain it may have a reservoir effect and deliver only one major 

flood of long duration which may, as in the case of the Okavango Delta, 

Botswana, be out of phase with local rainfall and so arrive during the 

dry season (Hutchinson and Midgley, 1973) • . When the catchment is close to 
the floodplain a series of frequent short duration floods may characterise 
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the flood season which coincides with the period of local rainfall. 
In such instances (eg. Pongolo floodplain) long dry periods separate the 

annual floods (Welcomme, 1979; Heeg and Breen, 1982). Thus, alternate 

wetting and drying is a characteristic feature of these floodplains but 
its periodicity varies greatly in relation to over-spill floods arising 

from the catchment, local rainfall and floodplain topography. 

The load of silt and organic detritus carried by flood waters is a 

major factor determining floodplain topography. When the river over­

flows its banks the reduction in flow rate causes deposition of silt 
in lines para11el to the river. Such IIleveesll are raised above the 

surrounding floodplain and tend to dictate the river course. 

However, lateral corrosion of the river bank, another important 

modifier of the floodplain topography, has an opposing effect. 

Lateral corrosion takes place by erosion of the outer bank of a curve 

in the river, with concomitant deposition on the inner bank or slip-

off slope. This process continues until the ends of the loop which 
is formed, meet, and the river cuts off the loop to form an ox-bow 

lake (Gregory and Walling, 1973). The continual movement of the 

river across the easily e roded alluvial plain results in many other 

floodplain features such as; interfluvial depressions between old 
levees; point bars which form by deposition of sand on slip-off 

slopes; back swamp deposits of fine sediments between the levees and 

floodplain margins, and lakes formed by sediment deposition across the 
mouths of tributary rivers. The more mature the river :and the 

broader its floodplain, the greater the diversity of these features 
(King, 1967; Gregory and Walling, 1973; Welcomme, 1979) which, when 
coupled with the hydrological regime, create a wide variety of conditions 
of substratum type, water depth and duration of inundation. These 

in turn lead to a mosaic of habitat types over the floodplain ranging 
from rapidly draining grasslands, to swamps and open water bodies which 
may support submerged plant species. 

The hydrological regime of the river which modifies the floodplain 
topography and dictates the frequency, depth and duration of flooding 

also has important influences on the gains and losses of nutrients for 

the system. The two main sources of nutrient input to floodplains are 
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considered to be those dissolved in the water and those adsorbed onto 
silt (Welcomme, 1979). The latter is the most important source of 

phosphorus to the system (Mitch et aZ ., 1979) but the flood waters may also 

ac t more fo flush salts from the system (Furness, 1981; Heeg and 

Breen, 1982). This has led to the suggestion that construction 

of dams in the catchment will reduce siit inputs but maintain a 

flushing action and so reduce productivity (Furness, 1981). This 

remains an hypothesis, however, and the ability of floodplain ecosystems 
to adjust (see section 1.2.8) to the changes in hydrological regime 

and silt and nutrient inputs is unknown. 

1.2.3 Plant lif~~histor~ ~daptations: A conceptual basis 

The most significant work in the development of an . holistic approath 
to the study of life cycles was that of MacArthur and Wilson (1967) 

who originally proposed the r/K concept of life histories. This work 

recognises two types of organism at opposite ends of the evolutionary 

spectrum: (i) K- selected organisms 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 (ii) r- selected species are considered 

opportunistic species which exploit fluctuating environments, have 

short life spans and expend a large amount of energy in reproductive 

effort (Collier et aZ ., 1973; Grime, 1979). 

Although very influential in the development of ideas on life-history 
adaptations (Calow and Townsend, 1981) the r/K concept has been found 

to present an oversimplified model (Whittaker and Goodman, 1979) which 
cannot provide 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 availabi l ity. As a 

result separate populations of the same species may occupy very different 
positions on the r-K continuum (Whittaker and Goodman, 1979) as may 

juvenile and adult components of one population (Stearns, 1976). 

This led Grime (1977 and 1979) to propose the more detailed C-R-S 

model of life-history strategies in which he recognises that plants 



have evolved three primary or vegetative strategies (C, Rand S) which 
operate in the mature or established phase of the life cycle and five 

regenerative strategies for reproduction. 

Grime bases his model on the assumption that two sets of environmental 
conditions limit plant biomass in anyone habitat; those which restrict 
production of biomass are termed "stressful" while "disturbances" 
effect the partial or total destruction of biomass in a productive 
environment. 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; Calow and 
Townsend, 1981). Thus, three basic strategies 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 regenerative strategies are based 
on modes of reproduction and survival during the juvenile stage. 
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These are; (i) Vegetative expansion (V), (ii) Seasonal regeneration (S), 
(iii) Persistent seed banks (B), (iv) Wind dispersal (W) and (v) 
Persistent seedlings (Br ). 

This broader system of classification of both environmental conditions 
and the mechanism of plant response to them, can be of more use to the 
manager than that of the r-K concept. In most instances management 
decisions mus t be based on a paucity of information but if there is 
a classification system into which the species or system can be placed, 
the information base can be broadened. An example is that having 
categorised a particular habitat and the life-history strategies of 
plants in it, one can use Grime's system to consider whether or not 
a change in environmental conditions will cause failure of species to 
regenerate or establish and so adapt management accordingly. The 
environmental and biological basis of the r-K concept ;s too broad to 
be as useful in this context. 

Recently the C-R-S model has received some criticism frcm two main 
fronts. Firstly, because of the interactive nature of environmental 
variables, a factor which constitutes a stress under one set of condi­
tions can well be a disturbance under another. Thus, his classification 
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of the environment is somewhat narrow (Menges and Weller, 1983) but 

it could undoubtedly be improved. A second, stronger criticism is 

levelled at Grime's a posteriori approach in classifying a previously 

"uncoordinated collection of natural history observations" (Calow and 

Townsend, 1981). These authors favour a more a pr ior i approach which 

will increase predictability since it permits the formulation of 
"hypotheses ---- which can be tested in true Popperian fashion --­
(Popper, 1959)". Detailed examination of this argument is not con­

sidered necessary here; suffice it to say that it may also be claimed 
that, since a number of interacting variables are involved in ecological 

problems there is generally no single null converse of an hypothesis. 
Thus, it cannot be tested in the true Popperian sense (Quin and Dunham, 
1983) . 

Calow and Townsend's (1981) alternative approach, that of resource 

acquisition and reallocation, nevertheless provides a good basis for 

scientific investigation of a species adaptation in both the life­

history and ecosystem context. It is based on the optimal use of 

limited resources and an organism's life-history adaptations are assessed 
quantitatively as its ability to acquire resources and then partition 
them between maintenance, growth, storage, repair, defence and 

reproduction . This ties i n with the concept of the role of plants in 

ecosystems expressed earlier since it is the stored resources which 
are transferred to other components of the ecosystem. If more than 

the stored resources are transferred,then the ability of the plant to 

persist in and exploit the ecosystem may be impaired. Thus, this sort 
of approach seems to lend itself well to the study of the role of 
plants in ecosystems as discussed in section 2.1 above. However, our 
knowledge of how plants function in the multifactorial environment is 
so limited that the optimal adaptive strategy of a plant in anyone 
habitat cannot be predicted a prior i (Solbrig, 1981). While this 

does not detract from the scientific worth of this approach it does 

limit its applicability to studies orientated towards providing answers 

to immediate or short-term management problems. In such cases it is 

probably best to draw from both Grime's (1979) and Calow and Townsend's 
(1981) approaches in a manner suitable to the problem and study in 
hand . This suggestion gains merit from the discussion of ecosystem 



functioning (section 1.2.8) which points out the need for both 
quantitative information on the acquisition and transfer of energy and 

nutrients (resources) as championed by Calow and Townsend (1981) and 

an understanding of natural history phenomena which Grime's (1979) 

CRS model provides. 

1.2.3.1 Life-histories and reproduction of aquatic plants 
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Attempts to classify wetland, or in particular floodplain, conditions 

in terms of the selective forces of stress and disturbance as advocated 

by Grime (1979) indicate that all four combinations (Section 1.2.3.1) 

occur in both the aquatic and seasonally inundated areas. Thus, all 

four categories of stress tolerant, ruderal and competitive plants 

and combinations of these can be expected within the diverse range of 

habitats (Menges and Weller, 1983). Perhaps more important, however, 

is to recognise that individual species respond differently to particular 
selective forces of the environment (Menges and Weller, 1983). A 

flood may therefore stress some aquatic plants by reducing light 

penetration but act as a disturbance to others by causing physical 

destruction of biomass. Similarly a perennial species is adapted to 
seasonal desiccation but an annual may respond to dry periods as a 

disturbance by dying back. The interpretation of stress and disturbance 

must therefore be based on each species' traits and life-history 

adaptations assessed for each species in relation to its particular 
habitat. 

Detailed studies of adaptation of aquatic plants are few and have 
generally only considered aspects of rand K selection (McNaughton, 1975; 
Brock, 1983). It is therefore more pertinent to review life-histories 
and reproduction of aquatic plants in general terms. 

The relative uniformity of the aquatic, in contrast to the terrestrial, 
environment is held to encourage vegetative growth (Sculthorpe, 1967) 

and thus perennial species with predominantly asexual reproduction 

(Hutchinson, 1975). Many wetlands, particularly in the sub-tropics, 
however, experience alternate periods of wetting and drying which would 



select for annuals with desiccation resistant propagules (Howard­
Williams and Ganf, 1981). Both types of life-history are therefore 
common in floodplain habitats (Menges and Waller, 1983). 
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A variety of means for asexual reproduction have evolved including the 
production of underground rhizomes, tubers and stolons. Many species 
have developed specialised buds or dwarf stems, termed turions, which 
become detached from the parent plant and usually germi nate only after 
a period of dormancy (Arber, 1920; Hutchinson, 1975). In this way 

many perennials act as annuals with the non-reproductive portions 
dying back and the turions surviving the unfavourable season. 

The initiation of both production and germination of asexual propagules 
is generally attributed to environmental stimuli such as day length, 
light, temperature and redox potential (Hutchinson, 1975; Haller et aZ., 

1976; Weber and Nooden, 1976; Sastoutomo, 1980). The physiological 
basis of such stimulation is not well understood, but hormonal reactions 
similar to those of terrestrial seeds appear to be operative (Weber 
and Nooden, 1976) and permit the species to regulate their growth to 
favourable seasons. 

This marked tendency for asexual reproduction in aquatic macrophytes 
has resulted in the development of clonal populations, ecotypes, 
(McNaughton, 1966; Hutchinson, 1975) which permit species to occupy 
widely differing habitats and take advantage of locally favourable 
growing seasons. For example, only particular clones of SpirodeZa 

poZyrhi za (L.) Schleid. produce turions and different sets of environ­
mental factors promote production and germination according to local 
climatic conditions (Perry, 1968) . 

Many asexual reproductive organs cannot survive dehydration so that, 
in the sub-tropics in part icular, species must have some other means 
of surviving dry periods. Sexual reproduction appears to play an 
important role in this regard. The production 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 (Meunchner, 1936; Telcherova and Hejny, 1973; Everson, 



1980). Even under wet conditions it may take several years to 
break the dormancy imposed by the thick coat (Hutchinson, 1975) with 
the result that large seed banks develop, reducing the risk of local 

extinction during dry periods. 

Fruits and seeds are also important for dispersal of both annual and 
perennial species and the hard coat ensures survival during the 
rigorous passage through the gut of dispersal agents such as duck 
(Ridley, 1930). Others float until ready to germinate and are 
dispersed by wind and wave action (Spence et aZ., 1971). 

1.2.4 Submerged aquatic plant production 

The role of a plant species in an ecosystem is primarily determined 
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by its ability to acquire energy through the process of photosynthesis 
and to transform this into the chemical energy of organic matter which 
may be utilized by higher trophic levels. Estimates of net organic 
matter production are therefore prerequisites to understanding the role 
of plants in an ecosystem. 

The productivity of submerg2d plants has been determined by methods 
which measure the rates of carbon assimilation (using the 14C isotope) 

or evolution of oxygen (Vollenweider, 1969; Wetzel and Likens, 1979; 
Moss, 1980). Both methods are generally assumed to measure net 
productivity (Westlake, 1975) and while the highest rates recorded 

-1 -1 -1-1 are 13 - 18 mg C 9 dry wt. hr or 38 - 51 mg 02 g dry wt. hr 
(Ikusima, 1965) the average lies between 2 - 10 mg C g-1 hr-1 or 

-1 -1 5 - 25 mg 02 g hr (Westlake, 1975). Neither method, however, 

accurately measures net productivity. 

The use of 14C actually provides a measure somewhere between net and 

gross productivity since some respiratory CO2 is recycled internally 
for use in photosynthesis (Moss, 1980) and the use of 02 evolution rates 
has been the subject of much debate. Hartman and Brown (1967) argued 
that the presence of lacunae containing gas in submerged water plants 
provide's storage capacity for oxygen which could be revitalized during 



respiration. Thus, measurements of changes in oxygen concentration 
in the surrounding water do not give an accurate assessment of oxygen 

metabolism. However, Westlake (1967; 1978) has shown that there is 
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no evidence for a high resistance to outward diffusion of O2 into the 

medium, and that provided plants are incubated in a stirred or flowing 
medium, measured changes in oxygen concentration can be easily corrected 

for the fraction retained in the lacunae, thus providing an accurate 

measure of productivity. It appears that under unstirred conditions 

an indication of photosynthetic potential is achieved but results 

should be treated with caution. 

These two methods, however, have two important disadvantages which 

should be considered when studying the role of submerged plants in an 

ecosystem. The first is that attached algal epiphytes which have 
high rates of production will also assimilate 14C and produce O2 
giving an overestimation of host plant productivity, and it is often 

difficult to remove them without damaging the host. Secondly while 

these methods give estimates of quantities produced they do not 

permit evaluation of the quality of the production; a very important 

factor determining the use of plant production by higher trophic 

levels (Boyd and Goodyear, 1971). For example both the C:N ratio 
and particle size are important factors determining invertebrate 

consumption of plant detritus (Cummins and Klug, 1979; Cummins et aZ., 

1980), and waterfowl preferentially select reproductive organs (Smith 

and Odum, 1981) high in carbohydrates and lipids. More direct 

estimates of organic matter production may therefore be preferable 
when studying the role of plants in ecosystem functioning. Quality 

can readily be assessed from the same samples and epiphyte biomass 
remaining after gentle washing is relatively very small. 

Organic matter production can be estimated by following 
standing crop over the growing season (Westlake, 1965; 

annual plants, standing crop changes generally follow a 

changes in 

1975). In 

typical 
sigmoid growth curve and decrease once the plants become senescent 

(Figure 1.1). In this idealised example gross productivity reaches 
a plateau towards the end of the exponential growth phase and 

decreases only when senescence sets in. Net productivity, on the other 
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hand, decreases late in the exponential phase and becomes negative 

as respiration rate begins to exceed gro~s pfoductivity . . ·Maximum 

standing crop is reached when current net productivity reaches zero 

and subsequently decreases as the rate of respiration exceeds gross 

productivity. 

If the initial standing crop (propagules) and losses other than respi­

ration are negligible, the seasonal maximum standing crop equals 

the annual net production. When much of the plant survives by means 

of rhizomes or tubers into the next growing season, initial biomass 

is not negligible, but provided it persists without appreciable losses 
until after the seasonal maximum, the annual net production may be 

obtained by difference between initial and final standing crop. 
More commonlY,however, some of the initial standing crop is lost or 

translocated into the next season's growth and losses by death or 

grazing occur before seasonal maximum standinq crop is reached (Rich 
et al ., 1971; Howard-Williams, 1978). 

Matthews and Westlake (1969) overcame these problems when studying the 

emergent species Glyceria maxima by using the Allen-curve technique 
where the fate of all the individuals of a particular cohort of new 

shoots was followed. Recently Howard-Williams (1978) adapted this 

approach to the study of a submerged Potamogeton pectinatus community 

in the eastern Cape by tagging~lants and measuring their growth rates 

with the aid of SCUBA; linear growths were converted to biomass changes 

from length/mass regressions. This method is undoubtedly the most 
thorough and should be pursued wherever conditions in the field are 
suitable and time permits. 

The roots of submerged plants generally form a small (2 - 10%) but 
significant proportion of the total standing crop (Westlake, 1965) but 

this may be larger if tubers or other underground storage organs 

are produced. Determination of underground standing crop is difficult 
but has been achieved 

1968; Everson, 1980). 
measured. 

by estimating mass in randomised cores (Westlake, 

Root production has not been accurately 

* Self Contained Underwater Breathing Apparatus 
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1.2.5 Organic matter transfers 

While the amount of plant production indicates the potential role the 

species can play in ecosystem processes, the actual role is demonstrated 

by the subsequent proportional distribution of the production amongst 

the different trophic levels and storage compartments (sections 1.2.1 
and 1.2.8). 

The transfers of submerged plant production can be conveniently 
divided into those which occur during the growing period and those 

which occur during senescence and decay of the remaining organic matter. 

1.2.5.1 Transfers during growth 

Release of Dissolved Organic Matter 

A small, but at times significant, proportion (0.9 - 10%) of the carbon 

fixed photosynthetically by submerged plants is released extracellularly 

during growth as dissolved organic matter (DOM) (Wetzel, 1969; Wetzel 

and Manny , 1972; Hough and Wetzel, 1975; S¢ndergaard, 1981). 

~he compounds released are mostly of low molecular mass (eg. glucose, 
sucrose, fructose, glycine) (Allen, 1971; S¢ndergaard, 1981) and thus 

readily catabolized by bacteria and some algae. Heterotrophic micro­

organisms convert this non-living, detrital DOM (Rich and Wetzel, 1978) 
to a living particulate form (Paerl, 1978) which has greater nutritional 
value and can then be utilized by higher trophic levels. 

Extracellular release from submerged p.lants, however, probably 

contributes little to the total DOM pool in freshwaters (S¢ndergaard, 
1981) since much larger quantities are released during senescence and 
decay (Otsuki and Wetzel, 1974; Godshalk and Wetzel, 1978c). 
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Grazing of submerged aquatic plants 

In general, little of the annual primary production (10 - 20%) of a 

freshwater body enters the grazing foodchain (Wetzel, 1979). 
Furthermore, while animals ingest, on average, 10 - 20% of the annual 

particulate organic matter (POM) production, they assimilate only some 

50% of this; the rest is egested and enters the particulate and 

dissolved detrital pools along with the ungrazed production (Wetzel, 

1979). 

Similarly, less than 20% of submerged plant production is thought to 

be consumed by animals (Hutchinson, 1975; Wetzel, 1975) and thus the 

contribution of these plants to the overall grazing food chain is often 

considered small or insignificant (Wetzel, 1979). It is important . 
to realise, however, that even if a small proportion of the production 
is grazed, it may be sufficient to support large populations of animals, 

such as waterfowl which have nutritional and aesthetic value to man. 

While insects (Wetzel, 1975), some mammals (Weller, 1978) and molluscs 

(Pip and Stewart, 1976) consume living submerged plants, the major 

grazers are waterfowl (Anderson and Low, 1976; Ki~boe, 1980; Smith and 

Odum, 1981) which feed mainly on the nutritious reproductive organs. 

Such selective feeding by waterfowl has considerable potential for 

impact on the reproductive capacity of the population in that it 

reduces input to the propagulejseed bank. Indeed, in annual species 
in particular, this may become an important factor governing population 
growth and production in successive years (Noy-Meir, 1975). Few 
studies have, however, considered .grating from _this point Of view arid 

thus the full effect of waterfowl grazing on wetland submerged plant 
communities is not understood (Smith and Odum, 1981). 

Losses due to damage 

Submerged plants have reduced supportive tissues and are thus 

susceptible to damage (Sculthorpe, 1967) by physical and mechanical 

forces such as wave action and large animal movements. In general, 



the effects of wave action, however, restrict submerged plants to 
sheltered sites where such losses are small in relation to total 
production (Jupp and Spence, 1977). The effects of waterfowl, which 
uproot and breakup plants while feeding would seem to be a more 
important source of loss from plant communities. Smith and Odum (1981) 
demonstrated marked reductionsin biomass and net production of grasses 
in a salt marsh as a result of goose feeding activities. Such damage 
has also been reported for submerged plants (see Smith and Odum, 1981) 
but the effects on production and the pathways of transfer of the 
detached organic matter need to be assessed. 

1.2.5.2 Transfers during senescence and decay 

Since a small proportion of the submerged plant production is grazed, 
most senesces and dies thus entering the detritus pool (Wetzel, 
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1979). The elucidation of this important trophic pathway has stimulated 
detailed investigations over the last decade, of the fate of aquatic 
plaflts during the decomposition process. Present understanding is 
based largely on the study of the disappearance of particulate matter 
and nutrients from dead plant material, either contained in mesh bags 
and incubated in the field (Boyd, 1970; Howard-Williams and Junk, 1976; 
Godshalk and Wetzel, 1978 b; Danell and Sjtlberg, 1979; Howard-Williams 
and Davies, 1979) or incubated in the laboratory, in vitro (Jewell, 
1971; Godshalk and Wetzel, 1978,a;b,c; Carpenter and Adams, 1979). 

Godshalk and Wetzel (1978,a,b,c), after an extensive review of the 
literature and detailed in vitro studies recognised three phases in 
the decomposition of dead aquatic macrophytes: 

1. During the initial phase decay rates are rapid and attributed 
to losses of DOM and nutrients by leaching. Much of this DOM is 
labile and is rapidly metabolized by heterotrophic micro­
organisms. 
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2. The second phase of decomposition is characterised by a decreasing 

decay rate and the major cause of mass loss is microbial 

catabolism of the plant tissues. During this phase there is a 
progressive reduction in particle size of the POM which provides 

a greater area for microbial colonization. The potential of the 

larger population to increase decay rate is, however, limited by 

increased resistance of the tissues to decay as the more labile 

substrates are progressively catabolised. Since microbial 

metabolism is the major agent of mass loss, environmental factors 

which affect microbial activity such as temperature and the 
availability of oxygen and nutrients, are thought to have their 

greatest influence during this phase. 

3. During the final phase of decomposition the declining rate of 

decay approaches an asymptote of zero. The major factor 

controlling mass loss is the refractility (resistance to ' decay) 

of the remaining detritus and plants with more structural tissues 

have, overall, slower decay rates which result in more detritus 

remaining as the asymptote approaches zero. The patterns of 

decay of aquatic macrophyte POM are therefore highly species 
specific. 

Godshalk and Wetzel (1978 c) and more recently Wetzel (1979) suggest 

that animals play an almost insignificant role in the decomposition of 
autochthonous organic matter. Their hypothesis is that 99% of the 

organic matter has three possible fates which in order of magnitude are: 
decomposition by micro-flora and release as CO2, sedimentation as POM, 
or export from the system as DOM or POM. 

The studies which lead to this description of the decomposition process 

and later studies which support it (Howard-Williams and Davies, 1979; 
Carpenter and Adams, 1979) have,however,been based on the use of plant 

material which was killed either by drying (Wohler et aZ., 1975; 

Howard-Williams and Junk, 1976; Howard-Wi11iams and Davies, 1979) or 
lyophilization followed by drying (Godshalk and Wetzel, 1978 b; 

Carpenter and Adams, 1979). This was done to prevent the growth of 

plants during experiments and also to permit storage until experiments 



could be carried out . While this may approach the natural s~stem for 
many emergent species, most .submerged plant production s€nesces and 

dies in the aqueous environment. 
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Natural senescence is an orderly and programmed sequence of events which 

leads to the death of a plant or a plant part (Woolhouse, 1967). It 

includes events such as the gradual loss of cell membrane integrity and 
the resultant slow leaching of dissolved substances (Eilam, 1965) and 
could therefore be an important aspect of decomposition (Gallagher, 1978). 

In particular a slow rate of leaching, as opposed to the rapid leaching 

experienced when plants are dri.ed, would provide a very different 
organic substratum for colonization of micro-organisms and the retention 

of nutrients in the plant tissues could also increase microbial activity. 

Harrison and Mann (1975) alluded to such effects when they found that 

drying appears lito alter the' organic matter (of Zostera marina L. leaves) 

in such a way that it was less rapidly attacked by microbes". 

Exclusion of the process of senescence from decomposition studies could 

therefore markedly alter the rates and patterns of decay and so bias 
interpretations of the role submerged plants play in the detrital food 

chain. 

1.2.6 The acquisition and transfer of nutrients 

In aquatic ecosystems the major pools of nutrients required for plant 

growth are those situated in the sediment, the water phase, and in the 
living and dead biota. The main factors affecting transfer between 
these pools are changes in chemical equilibria (Welch, 1980) microbial 
metabolism and the rates of primary production and decay (Wetzel, 1979). 
Since rooted macrophytes can be highly productive (section 1.2.2) and 
have access to nutrients in both the sediment and water they can play 
an important role in these transfers (Wetzel, 1975; Howard-Williams 
and Allanson, 1978). 

The role of submerged macrophyte rooting systems in the acquisition of 

nutrients was a point of debate for many years (Pond, 1905; Sculthorpe, 
1967; Denny, 1972; Bristow, 1974; Denny, 1980). 



Many earlier studies (reviewed by Hutchinson, 1975; Spence, 1982) 
held the view that the roots served only to anchor the plants and 
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that nutrient absorption was foliar; later studies showed that sediment 

type and nutrient status significantly affected plant growth and 
concluded that nutrients were absorbed mainly through the roots. 
More recently, however, particularly with the advent of radio tracer 
studies, it has been shown that both root and shoot absorption take 
place in the same plant (McRoy and Barsdale, 1970; Bristowe and 
Whitcombe, 1971; Nichols and Keeney, 1976; Carignan and Kalff, 1979). 
Furthermore, translocation of nutrients occurs in both directions, 
and both release of root absorbed nutrients into the water (McRoy and 
Barsdale, 1970; De Morte and Hartman, 1974) and transfer of water 
absorbed nutrients directly to the sediment (Swanepoel and Vermaak, 
1977) have been described. 

In general it appears that roots act as the major site of nutrient 
absorption (Welsh and Denny, 1979; Carignan and Kalff, 1980) with 
acropetal translocation and the release of some nutrients from the 
foliage occurring. 

Although this release is generally small (c .5% of total uptake) it 
may have important consequences for the associated epiphyton community 
(Section 1.2.7) and should not be ignored in the face of the 

quantitatively much longer transfers which take place during senescence 
and decay. 

1.2.7 The relationship between submerged plants and their 
epiphyton 

Submerged aquatic plants like all other undeewater surfaces recelvlng 
enough light provide substrata for colonization by communities of 
algae, bacteria and other micro-organisms (Moss, 1980; Wetzel, 1983). 
Unlike most other surfaces, however, the macrophytes are metabolically 
active and release a variety of dissolved organic substances and 
inorganic nutrients (section 1.2.6; Wetzel and Manny, 1972; McRoy 
and Goering, 1974; Penhale and Thayer, 1980) to the surrounding water. 
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The epiphytic algae and bacteria at the plant/water interface have 

ready access to these substances and their use may stimulate epiphyton 

growth (Wetzel and Allen, 1971; Moss, 1980; Rogers, 1981). This 

relationship between epiphytes and the host plant is saprotrophic or, 

as described by Allen (1971), chemo-organotrophic. 

The presence of the epiphytic organisms and the detritus and inorganic 

pa rticles which collect among them, however, must also affect the 

host plan t ; for example by restrict i ng the passage of light (Sand-Jensen 

and S0ndergaard, 1981; Phillips et al ., 1978; Lossee and Wetzel, 1983) 

and carbon dioxide (Wetzel, 1983) from the water to the plant. Such 

competition for resources has led some authors to express surprise in 

the fact that plants have not, in the course of their evolution, 
acquired some means of restricting epiphyton development (Hutchinson. 

1975; Moss, 1980). Examples of adaptations, such as the secretion of 

protective mucilage sheaths (Pond, 1918) and sulphur compounds which 
inhibit algal growth (Wi urn-Andersen et al ., 1982), are therefore 

usually considered the exception rather than the rule. This has led 

to the formulation of more general hypotheses to explain the significance 
of the relationship between epiphytes and their host plants. 

Hutchinson (1975) suggested that since epiphyton growth provides an 

easily available and nutritious food source for grazing invertebrates, 

it diverts them from consuming and damaging the host plant. He 

postulated that epiphytes play the same role in aquatic systems as do 

chemical adaptations which prevent excessive grazing in terrestrial 
systems. Thus, release, by the host plant, of dissolved nutrients 
and organic compounds which stimulate epiphyton growth might be 
considered as part of the plant IS overall adaptive strategy. 

Phillips et ale (1978) and Eminson and Moss (1980) also consider the 
release of nutrients and DOM by the plants to be a major factor 

determining the balance which develops between epiphytes and the host 

plants. Their hypothesis, in the context of this discussion, is that 

this balance is maintained by the magnitude of fluxes (usually small) 

of s~bstances at the host/epiphyton interface such that the epiphyton 
provides .maximum benefit to the host by diverting grazing but is 
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prevented from becoming so dense as to interfere with light and CO2 
reception. They further suggest that the balance may be upset when 

the fertility of the water increases to the point where it has greater 

influence on the epiphyton than the fluxes at the host/epiphyton 
interface. Under these conditions the growth of epiphyton may become 

so dense as to outcompete the host for inorganic carbon and light. 
Thus, submerged plant populations decline in highly eutrophic conditions. 

Neither of these hypotheses have been tested and although there is 
some evidence to support aspects of both, Wetzel (1983 a) suggests 

that our understanding of the relationships is so poor that it is 

"premature to state ---- how 

are affecting each other". 

complex and host plant are a 

the actors in this complex community --­

He favours the view that the microfloral 

highly integrated system metabolically and 

that experiments at the microlevel are needed before understanding can 

be improved. This does not necessarily conflict with the Phillips 

et ale (1978) and Eminson and Moss (1980) hypothesis but perhaps 

suggests that, with a multifactorial environment acting on both 

epiphyton and host plant, a complex set of strategies, adapted for 

different levels of co-existence in different habitats, might occur. 

1. 2.8 Ecosystem structure and functioning 

Studies of floodplain ecosystems are so limited (Welcomme, 1979; 

Mitsch et al., 1979) that an attempt to outline concepts of their 
structure and functioning by comparing systems would be fruitless. 
A more informative approach would be to consider theoretical concepts 
of ecosystem structure and function and their implications for 
management. 

An ecosystem can be described as a unit of the biosphere within which 

chemical substances (organic matter and nutrients) are cycled and 

recycled while energy, transported as part of those substances, 

continually passes through the system (Welch, 1980). The ability of 

the ecosystem to continue cycling these substances is maintained by 

a continual input of energy, equal to losses from the system. The 
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variability of energy flow and nutrient cycling processes, hQwe~er, 

generally · prevents assignment of clear-cut boundaries to r ecosyste~s 

(Welch, 1980) although units such as lakes, streams and wetlands are 

often considered ecosystems for study and management purposes. However, 

in this context it is important to recognise the role of the catchment 
in providing inputs of water, energy and nutrients, and also that both 

chemical substances and energy may be lost through the outflow. 

Clearly, if an ecosystem is to continue functioning, inputs must at 

least balance losses, and the question arises as to whether ecosystems 

can, in response to inputs, adjust their structure and function to 

regulate losses. In other words, is the behaviour of ecosystems 
guided by future or desired goals? Do they act as cybernetic systems 

in a true teleological sense (Engelberg and Bayarsky, 1979; Jordan, 1981; 
Patten and Odum, 1981)? 

This has been the subject of some argument, but for the purposes of 

this discussion ecosystems can be considered as units of co-evolution 
which consist of biotic and abiotic components that change and 

evolve together (Patten, 1975; Jordan, 1981). In this sense 

ecosystems respond on the basis of an input/output model with a series 
of internal feedbacks which maintain its orderly function and absorb 

some change in input to dampen change in output (Patten and Odum, 

1981). As such, ecosystems respond to inputs and entities and thus 
the study of ecosystems has implications for management (Welch, 1980). 

Patten and Odum (1981) consider that the principal function of an 
ecosystem is to make possible the orderly cycle of life. This means 
using energy to clean up residues from past cycles and converting them 
into forms · that can initiate and support new cycles. Thus, ecosystems 
possess a primary network of IIconservative energy and inorganic energy­
matter" flows resulting from a variety of transformation and exchange 

processes. These authors suggest that the processes are mainly 

trophic and so knowledge of the food web is fundamental to understanding 

the network. Important constituent processes of the primary conser-

vative network are primary production, decomposition, nutrient cycling, 
growth and development, and feeding. 
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To achieve orderliness in the transformation and exchange of energy and 

energy-matter, a secondary information network is required to regulate 

the primary conservative processes (Jordan, 1981; Patten and Odum, 1981). 

This network is vast and complex but, put most simply, all the processes 

and interactions known collectively as "natural history", serve to 

mediate the conservative exchange and transformation processes. It 

is not their energy or matter contribution to interactions which is 
important but the way in which they initiate, catalyse, rate limit or 

otherwise regulate transfers. They include non-conservative uses by 

organisms of the physical media(air, wate~ soil), sight, sound, smell, 

temperature and other sensory cues provided by the physical, chemical 
and biotic environments(Patten and Odum, 1981). To this could be added 

the physical attributes of organisms, such as hard seed coats, thickened 

cell walls, sharp teeth or spines which,qualitatively rather than 

quantitatively, allow them to exploit a habitat. 

Interactions between the primary conservative and secondary informational 

networks form the machinery which has evolved to maintain the structural 

and functional integrity of the ecosystem. 

Like much ecological theory this hypothesis of ecosystem structure and 

function is difficult to test scientifically. The qualitative 
significance of aspects of the information network which maintains order 

in the system, compounds the problem. However, this discussion does 

emphasise that when studying the role of a plant species in an ecosystem 

one must consider both the transfers of energy-matter (production, grazing, 
decomposition and associated nutrient cycling) and the manner in which 
these are initiated and regulated by interactions which may be 
qualitatively rather than quantitatively important (the information 
network). Furthermore it is important to recognise that the sum of 
these interactions infers the evolution of adaptation of a species to 

whole ecosystem functioning (McNaughton et aZ., 1983) which is more than 

the life-history adaptation that permits the plant to exploit a habitat. 
Without this sort of understanding effects of environmental change on 

the role of a plant in ecosystem functioning are difficult to predict. 

This in turn means that management options are limited and their effects 
difficult to predict. 
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1.3 STUDY AREA 

A general description of the physical, chemical and biotic factors of the 
Pongolo river floodplain provides the background for characterizing, in 

subsequent chapters, the major factors affecting the role of P. cr i spus 

in the floodplain ecosystem. 

1.3.1 Geographical location and description 

The Pongolo River floodplain is situated on the coastal plain of north 
eastern South Africa (27030 I S; 32015 1 E) (Figure 1.2) and comprises 
that part of the Makatin i flats which is seasonally flooded by the 

Pongolo river (Figure 1.3). 

The river arises near Wakkerstroom in the south eastern Transvaal 
(Figures 1.2 and 1.4) at 2200 m above mean sea level (a.m.s.l.) and 
flows due east for approximately 340 km through a catchment of 7830 km2 

until it reaches the Lebombo mountains. The Pongolapoort dam has been 
constructed in the gorge through the Lebombo mountains at about 75 m 
a.m.s.l. On emerging from the gorge the river turns northwards and 
flows across the Makatini flats to join the Usutu river at Ndumu on 
the South African - t10cambique border (20 m a.m.s.l .). The Pongolo 

) 

River floodplain has been formed on this section of the river which has 
attained grade and has a gradient of 1:3000. 

The floodplain is approximately 60 km long, between 0.8 and 4.8 km 
wide and covers 10416 ha. It includes some riparian forest, rapidly­
draining hygrophilous grasslands, marshes (Furness and Breen, 1980) and 
a series of depressions, the floodplain pans (Hutchinson et aZ.~1932), 

which capture and retain water when the river overflows its banks. 
Most of the pans are shallow « 3 m deep, Breen et aZ.~1978), and 
have formed in old river courses (ox-bow lakes), interfluvial depressions 
and valleys of old tributaries which have been dammed by the deposition 



of silt at their confluence with the Pongolo River (Walley, 1980 ; 
Heeg and Breen, 1982). There are 26 major and about 60 minor pans 
(Figure 1.3) with an area of approximately 2200 ha (Breen et aZ .~ 

1978) when the floodwaters subside and the pans lose contact with the 

river. 

1.3.2 Geology and geomorphology 
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Successive decreases in sea leqel during the Pleistocene glaciations 
have resulted in exposure of the continental shelf which now forms the 
Moramoique coastal plain (Hill, 1975). During this period a series of 
long-shore dunes developed and formed a barrier to the eastward flow 
of the Pongolo River thus setting it on its present northerly course 
parallel to the Lebombo mountains. These are formed from acidic 
volcanic rocks particularly rhyolite and dacite (Figure 1.5). 

The floodplain therefore lies on marine Cretaceous deposits of the 
continental shelf onto which the river has, over 30 000 years, deposited 
its sediment load to form the alluvial soils of the floodplain. The 
marine deposits have considerable influence over water quality on the 
floodplain (Heeg et aZ .~ 1978). The water retained in the pans 
differs from that of the river, not only in having a higher TDS, but 
also in the composition of the solutes which approximate to seawater 
in their equivalent ionic proportions. The annual flooding of the 
floodplain flushes the system thus reducing the salinities of the pans. 
Changes in the flooding regime as a result of the construction of the 
Pongolapoort dam could cause an increase in salinity if flooding is 
reduced. 

1.3.3 C1 imate 

The Pongolo floodplain lies at the northern extreme of the ."warm to hot, 
humid sub-tropical" climatic region of South Africa (Schulze, 1965). 

During the summer (December to March), the mean monthly maximum 
temperature ranges from 30,50 

- 32,50C (Table 1.1) and temperatures 
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of over 40 °C are frequently attained. Relative humidity at 08hOO is 

greater than 72% and at 14hOO is approximately 52% (Table 1.1). 
Winters (May to August) are somewhat cooler (mean monthly maximum 25.0 ° -
26.80C; Table 1.1) but relative humidity remains high (Relative humidity 

at 08hOO is 78 - 86% and at 14hOO is 39 - 48%; Table 1.1). 

Mean .annual rainfall on the floodplain is 572 mm and while some rain 
falls throughout the year, the winters are considerably drier than the 

summers (Table 1.1). 

Evaporation is very high and at 2 388 mm p.a. is far in excess of 
precipitation (Breen et al., 1978). Heeg and Breen (1982) suggest that 

this is due to a large advective component caused by arid surroundings. 

high temperatures and a very high run of wind. The area is subjected to 

considerable wind, particularly during the period sep=~mber to December 
when the average daily run is greater than 230 km day (Table 1.1). 

1.3.4. Hydrological regime 

The abrupt change in gradient of the river as it flows onto the Makatinl 

flats (Figure 1.3) markedly reduces flow rate, causing partial deposition 
of the sediment load and flooding of extensive areas adjacent to the 
river. Flooding is therefore dependent on rainfall in the catchment west 

of the Lemombo mountains (Figure 1.2) and the degree of flooding is 

determined by; (1) the volume of water delivered to the floodplain; 
(2) the rate of flow;(3) duration of high flow and (4) the volume of 
water in the pans when flooding commences. Data for the first three 
factors are available from a gauging station (NoW4M06, Dept. of Water 
Affairs) operative since 1929 but the volume of water in most pans 

.i s not known. 

Monthly records for the period 1929 to 1976, in a statistically 

corrected form (Figure 1.6; Heeg and Breen, 19?8) show that 70% 

of the total annual flow occurred during th~ period November to March 

with the greatest volume (17.5%) during February. Lowest flow occur.red 

during the period June to September (approximately 10.5% of the total) 
and although floods have been recorded during this period they are 
infrequent. 
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Summer flooding is characterised by several floods of relatively short 
duration (Heeg and Breen, 1982), which may be grouped into two peak 
periods; December and to a greater extent February (Figure 1.6). 
High flood level (HFL) has been defined as the highest level attained 
by floodwater during an average year and thus marks the boundary of the 
floodplain (Breen et aZ., 1978). The level of water remaining in the 
pans after the floods have subsided is maximum retention level (MRL). 

The depth of water in the pans is reduced considerably between flood 
seasons by evaporation so that some pans dry out annually. The 

permanence of water in the floodplain pans is determined by their MRL in 
relation to river height and pan depth, and has important consequences for 
the biota they support (Section 1.3.6). 

With the construction of the pongol~poort d~m the need to conserve water 
for irrigation purposes now exists. A number of studies (Phel;nes et aZ., 

1972; Coke, 1980; Kok, 1980; Furness, 1981; Heeg and Breen, 1982) have 

therefore attempted to; (1) predict the minimum flow rates required to 
flood particular pans and (2) derive estimates of the duration of 
flooding at different flow rates. The computational techniques have, 
however, been very simple and have not taken such factors as previous 
flood histories that season, changes in infiltration rate and volume of 
water remaining in the pans into account. The figures they derived 
therefore have limited use and should be treated with caution until 
corroborated by more detailed analyses (Alexander, pers. comm.). 

Pitman and Weiss (1979) have pro~ided the means of corroboration in the 
form of a detailed mathematical model of the floodplain hydrology. 
However, this model still requires calibration with detailed data 
collected in the field during actual floods. 

At present it is therefore not possible to accurately predict the extent 
of inundation of the floodplain by particular discharges from the dam. 
Since the hydrological regime is the principal determinant of floodplain 
ecosystem productivity (Furness, 1981; Heeg and Breen, 1982) this places 
considerable constraints on the development of management options for 
the floodplain. 



1.3.5 The effects of the Pongolapoort dam on flooding 

The Pongolapoort dam first affected flow in the Pongolo river in March 
1970 when construction openings in the dam wall were closed (Phelines 
et al.~ 1972). For various reasons, however, the dam has never been 
filled and has remained at less than 25% full capacity for the last 
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ten years. The maximum flow which could be released under these 
conditions was 200 cumecs which is considerably less than the 690 cumec 
flood proposed by Pitman and Weiss (1979) as an "average" summer flood. 

Natural floods have therefore been attenuated by the dam and durations 

extended (Figure 1.7) but the river gradient is so small that the 
floodwaters have still backed up and reached HFL (Furness, 1981; Section 
3.1.1). The timing of releases from the dam, however. have generally 
followed the natural flood pattern and few unseasonal floods have been 
released. The main effect of the dam has thus been to extend the period 
of inundation during summer. While this altered flooding regime may 
have important effects on the seasonally flooded communities (Furness, 
1981), the direct effects on winter producing aquatic plants such as 
P. crispus are probably small. 

An additional and probably more serious problem however, is that the 
dam acts as a silt trap (D. Toerien, pers. comm.; W. Alexander, pers. 
comm.; Heeg and Breen, 1982) and reduces the amount of sediment and 
associated nutrients now deposited on the floodplain. Furthermore, 
the water leaving the dam tends to re-acquire a silt load 1"',s."".H\n~ '",\ 

erosion of levees and channels and hence may change the MRL in affected 
pans. The changed flooding regime could therefore have several indirect 
effects on the aquatic and seasonally flooded communities. 

1.3.6 Biological components 

The Pongolo floodplain is inhabited by an essentially tropical fauna 
and flora and many species find their southern limit here. 



The primary producers on the floodplain are distributed according to 
their tolerance of periods of exposure and inundation and can be 
divided into two types: the seasonally flooded and aquatic communities. 
Six seasonally flooded communities have been recognised (Furness and 

Breen, 1980; Furness, 1981; Figure 1.8): 
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1. The Acacia xanthophloea Benth. - Dyschoriste depressa N~ 

community occurs on 128 ha at the edge of the floodplain and is inundated 

only when the river is in flood. 

2. The Ficus sycomorus L. - Rauvolfia caffra Sond. community 
grows only along the levees of the river where the water table is always 
high but inundation occurs only when the river reaches HFL. It is an 
extensive community covering 406 ha. 

3. The Cynodon dactylon (L.) Pers. community covers 171 ha 
and forms extensive lawns around some pans where it experiences regular 
inundation and gradually becomes exposed as the floods subside. 

4. The Cyperus fastigiatus Rottb. - Echinochloa pyramidalis 

(Lam.) Hitch. & Chase community covers the largest area, 2471 ha, and 
occurs in marshy areas which remain wet for most of the dry season. 

5. Two Phragmites species occupy the wettest areas and 
cover c. 234 ha of the floodplain. The P. australis (Cav.) Trin. ex.Steud. 
community grows in flat, swampy areas while P. mauritianus Kunth 
occurs on river banks, jnlet-outlet channels and pan margins where there 
is a marked fluctuation in water level. 

When the communities become flooded during summer they contribute 
allochthonous inputs of nutrients and energy to the aquatic system 
(Furness, 1981). To date, however, only those inputs from C. dactylon 

have been quantified,making it difficult to assess the relative 
importance of allochthonous and autochthonous inputs to the pans. 

The aquatic flora which provide the autochthonous inputs to the pans 
can be broadly divided into two types: 
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1. The algal communit ies comprise the phytoplankton and the 
periphyton. The phytoplankton, which consist5 essentially of cyanobacteria 
and the diatom Melosira granulata Ehrenberg, is generally sparse (Colvin, 

1972) and appears to contribute little to the primary energy of the 
system as a whole (Rogers and Breen, 1980; Furness, 1981; Heeg and Breen, 
1982). 

Substantial amounts of periphyton occur on most submerged surfaces in the 
floodplain pans but the major community is that occurring on P. cr i spus 

during the winter months (Rogers, 1981; Heeg and Breen, 1982). This 
community forms a small biomass compared to the host plant (19% of 
P. crispus non-reproductive standing crop) but considering that it is 
continuously grazed by invertebrates and a rapid turnover time of c . 

15 days can be expected (Rogers, 1981), its contribution to the annual 
autochthonous production of the system is likely to be important. 

2. The aquatic plant communities may be either perennial 
or seasonal. 
The perennial community of free-floating and rooted species forms dense 
stands in pans such as Ntujanini, Sivunguvungu, Mhlolo and Mzinyeni. 

The main species are Trapa natans var. bispinosa (Ro~b . ) Makino and Nymphaea 

caerul ea Sav. but dominance differs between localities and many other species 
such as Pistia stratiotes L. and Azolla pin nata R. Br. are important 
local contributors to the community in certain pans (Rogers, 1980). 

While these communities provide inputs to the floodplain pans throughout 
the year their contribution to the overall productivity of the system is 
probably small as they do not usually form very extensive stands (Heeg 
and Breen, 1982). 

Two seasonally producing communities of submerged plants QCcur in 
those pans which do not dry out in winter (Breen et al., 1978). During 
summer, Najas pectinat a (Paerl.) Magnus forms dense stands in a few 
pans such as Bumbe and Mthikeni (Rogers, 1980) . . In saline pans such as 
Nyamithi (Heeg et al., 1978) this species may be replaced by N. marina 

L. which is more tolerant of such condit ions. 
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The major inputs from the aquatic commnities are likely to come from 
the winter growth of the dominant submerged plant Potamogeton crispus 

which forms extensive almost monospecific stands in many of the 

floodplain pans (Musil, 1972; Rogers, 1981; Heeg and Breen, 1982). 

These inputs are particularly important as they occur in winter 

when other inputs are at a minimum 

The aquatic invertebrate fauna, which has been studied in some detail 

(Colvin, 1972; Walley, 1980), varies from pan to pan. Snails are 

abundant in the floodplain pans with large populations of BuZinus 

(BuZinus) nataZensis (KUst.) occuring on P. crispus in winter. These 

are the main grazers of the epiphyton on P. crispus (Walley, 1980; 

Rogers, 1981). In addition BuZinus (Physopsis) gZobosus (Morel.) 

and Biomphalaria pfeifferi (Krauss), the intermediate hosts of 
bilharziasis, occur in many pans (Heeg and Breen, 1982). 

Fifty species of fish have been recorded from the Pongolo floodplain 

(Kok, 1980), each exploiting a number of different food resources. 

The only truly herbivorous fish in the system is Ti.lapia rendaZZi, 

Gilchrist and Thompson. Both P. crispus and its epiphyton form a 

part of its diet in winter. In general the fish population forms a 

part of the detritus foodchain, either by utilizing detritus production 

directly, or by feeding on the numerous invertebrate detritivores. 

The floodplain is noted for its avifauna, particularly wildfowl, which 

are most abundant during the winter when water levels are low. Large 

concentrations of waterfowl are found on pans containing P. crispus 

(Dutton, 1972). A number of other vertebrates, including crocodile 

and hippopotamus, occur on the floodplain. The hippopotamus occur 
in a few pans and feed off the floodplain by night but defaecate in 

the pans during the day. They thus provide a substantial but very 

localised, allochthonous input of energy and nutrients to the aquatic 
system (Heeg and Breen, 1982). 

1.3.7 Human utilization 

Approximately 40 000 people living around the floodplain are dependent 

upon it to varying degrees for their subsistence agriculture and 

fishing (Poultney, 1980; Rogers, 1981; Heeg and Breen, 1982). 
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1. Large herds of domestic stock graze on the Cynodon dactyLon 

and Cyperus f astigiatus - Echinoch Loa pyramidaLis communities as these 
become exposed during the dry season. Grazing on the surrounding 

Makatini flats is sparse at this time. 

2. The people grow a variety of subsistence crops on those 

areas of the floodplain flooded for only short periods of time. In these 
areas the water table is higher than on the surrounding Makatini flats 
and the alluvial soil deposited by the floods is richer in nutrients. 

3. The fish on the floodplain are extensively exploited by 
the people for whom they form a major source of animal protein. Fish 
are caught in a number of ways including the use of gill nets, basket 
traps and line and hook. The traditional i si Fdnya is ·'also an 
important method of catching fish once water levels in the pan are 
sufficiently low. 

The floodplain forms an important source of water for domestic purposes 
and in addition the people use a number of species from the seasonally 
flooded terrestrial communities for building and thatching. 

1.3.8 Tete pan 

Most of this study was conducted on Tete pan (Figure 1.9) which is 
typical of the floodplain pans in that it is shallow with a depth of 
1.5 m at MRL and c . 3.8 m at HFL (Figure 1.10). The pan has an 
area of 110 ha at MRL. 

Between MRL and HFL the shore tends to slope gently (Figure 1.10) 
so that · sma 11 changes in depth result in 1 arge changes in surface 
area. The vegetation of this area is also typical (Figure 1.9) with 
the A. xanthophLoea - D. depressa and C. dact yLon fringing the pan to the 
east and extensive marshland communities of C. fastigiatus and E. 

pyramidaLis to the west. The riparian forest has been largely cleared 
to provide suitable areas for cultivation. 



Below MRL the pan sides slope relatively steeply (Figure 1.10) so 
that decrease in depth results in little change in surface area until 
water level falls below 0.5 m. During an average year evaporative 
demand seldom reduces the water level below 0.5 m (Pitman and Weiss, 

1979) . 

Perennial communities dominated by Nymphaea spp. and CeratophyZZum 

demersum occur in two small protected bays but the dominant plant is 
P. crispus which covers approximately 100 ha of the pan in winter. 

1.4. POTAMOGETON CRISPUS L. 

34 

Potamogeton crispus L., a cosmopolitnn member of the Potamogetonaceae 
(Dandy, 1937; Stucky, 1979), is one of 7 species of the genus which occur 
in South Africa. It is common in the summer rainfall areas (Obermeyer, 
1966) and is confined to fresh or brackish waters since it is not 
tolerant of "high" salinities (Stephenson et al., 1980). 

1.4.1 Morphology 

Growth is sympodial from a branched rhizo~e which bears few unbranched 
roots at each node (Obermeyer, 1966). The shoots arise from most 
nodes (Figure 1.11) and grow up to the surface of the water. Lower 
shoot internodes are long but as the shoot reaches the surface, inter­
nodes become shorter and a compact fan of sessile, linear-lanceolate 
leaves is formed, with the youngest in the centre. Although the leaves 
from the lowest nodes may be lost as the plant ages they are not 
replaced) so that the youngest leaves occur at the apex and oldest at 
the base (Rogers and Breen, 1981 a). 

The flower spike is terminal, simple and emergent, and bears 5 - 10 
wind pollinated flowers (Arber, 1920; Obermeyer, 1966). The flowers are 
bisexual with 4 carpels, each having a single ovary. The fruit has a 
hard pericarp and forms an achene (Everson, 1980). 
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1.4.2 Growth and reproduction 

The achenes have a long after-ripening period before germination 

(Meunschner, 1936) which is generally poor (Teltsherova and Hejny, 1973). 

They can, however, survive dry periods of up to 18 months and may be 

important in surviving drought conditions (Everson, 1980; Rogers and 

Breen, 1980). 

In the north temperate regions of America and Europe P. crispus is a 

summer producing species and overwinters by one, or a combination, of 

three vegetative means; as dormant rhizomes, as dwarf shoots or by the 

production of dormant apices termed turions (Arber, 1920; Sculthorpe, 

1967; Stuckey et aZ., 1978). Such perennation, with the year round 
presence of a vegetative form, led Stuckey (1979) to term P. crispus 

a perennial but other authors (Arber, 1920; Sculthorpe, 1967; Hutchinson, 

1975) refer to it as an annual since most of the vegetative production 
dies back each year. 

In sub-tropical Israel P. crispus is a winter producing plant 

which survives the summer by the production of turions only. Waisel 

(1971) attributes this seasonality of growth to the temperature control 
of both turion production and germination, and suggests the annual die off 

of P. crispus in early summer is caused by increasing temperatures. 
He thus terms the species "thermophobic". 

The turions of P. crispus (Figure 1.11) can be up to 5 cm long and 
bear 3 - 7 small, thickened, triangular leaves (Sculthorpe, 1967) with 
dormant buds in their axils. These turions differ from those of other 
submerged macrophytes in that they develop by the production of axillary 
branches from the buds rather than elongation of the axis (Arber, 1920). 
Furthermore, although some may "germinate" without a resting period, 

they have become more a means of reproduction than perennation (Arber, 
1920). 
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It is difficult on the basis of this information to describe an adaptive 

strategy for P. cr ispus but clearly it has a number of regenerative 
strategies which permit it to exploit a wide range of habitats. An aim 

of this study will be to describe the adaptive strategy of P. cri spus 

on the Pongolo floodplain. 

Little is known of the factors controlling growth and reproduction of 

P. crispus on the Pongolo floodplain. Everson (1980) has reported that 

achene germination is very low, and while turion germination may be 

high, it is completely inhibited at salinities of 5 parts per thousand 

(Kennedy, 1976). Much more detailed information on the factors 

affecting growth and reproduction in this system is therefore required. 

, 
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CHAPTER 2 

MATERIALS AND METHODS 

2.1 PHYSICAL AND CHEMICAL ENVIRONMENT OF TETE PAN 

Some of the more important physical and chemical factors which affect the 
growth, reproduction and decay of submerged macrophytes were measured 
at approximately monthly intervals at three stations (Figure 1.8). 
Measurements were taken at two levels (10 cm below the water surface 
and 10 cm above the sediment) and, in most instances, averaged to 
obtain a mean value for each factor in the shallow water column. 

Pan depth, light penetration, temperature, salinity, conductivity, 
pH and dissolved oxygen concentrations were measured in the field 
and water samples were returned to the laboratory for nutrient analysis. 

2.1.1 Pan depth and area 

Fluctuating water levels can have marked effects on the temporal . and 
spatial distribution of littoral plants (Spence, 1982) and hence their 
growth. 

The level of the water below a permanent bench marker reference point on 
the shore was measured with a self-levelling dumpy level. Pan depth 
was then calculated by subtracting the estimate of water level from 
the known height of the bench marker above the flat bottom (Section 
1.3.8) of the pan (Breen et al., 1978). 

Changes in the surface area of Tete were determined from the curve of 
change in the area with depth modified from Breen et al.(1978) 
(Figure 1.10). 
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2.1.2 Light penetr~tion 

Light penetration into a w~ter-body is the single most important factor 
affecting the distri bution of photosynthetic organisms. Secchi disc 
transparency which provides "an approximate evaluation of the trans­
parency of water to light" (Wetzel, 1975) and represents between 10and 
15% transmission, was therefore monitored at each station. 

2.1.3 Salinity and conductivity 

Salinity provides a measure of the concentration (parts per thousand) 
of dissolved salts (Yellow Springs Instrument Co., 1981) while the 
conductivity (specific conductance) of the water solution is a measure 
of both the concentration and extent of dissociation of the dissolved 

sa lts. 

Measurements of the seasonal changes in salinity and conductivity were 
expected to contribute to the understanding of the effects of leaching 

of salts from the Cretaceous marine deposits (secti.on oL3.2) on pan water 
quality. They were measured with a YSI model 33 S-C-T meter (Yellow 
Springs Instrument Co.). 

2.1.4 Temperature and dissolved oxygen concentration 

Production of oxygen during photosynthesis results in an increase in 
the O2 concentration in the water so that during periods of high 
productivity this may increase above 100 percent saturation. Dissolved 
oxygen concentration not only provides an indication of primary 
productivity but, with temperature, markedly affects rates of growth 
and decay of aquatic organisms (Wetzel and Likens, 1979). Temperature 
also has marked influences on the solubility of SUbstances in water 
and hence on their av.ailability to aquatic organisms. 
A YSI model 51B oxygen/temperature meter and YSI 5739 oxygen/temperature 
probe (Yellow Springs Instrument Co.) were used in the fi.~ld. 
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2.1.5 £!! 

The pH of a waterbody is a measure of the hydrogen ion concentration and 

as such is affected by the ~quilibrium 
H20 + C02~ HCO; + H+ ~ CO; + H+ 

which results from the dissolution of CO2 in water. In most lakes 
changes in pH are regulated largely by the buffering effects which 
additional carbonates have on this equilibrium (Wetzel, 1975). 

The uptake of CO2 during photosynthesis, howevtr, also causes a shift 
in the equilibrium resulting in an increase in the proportion of 
HCO; and CO; and a reduction in the concentration of hydrogen ions 
(Cole, 1975). Thus, during periods of high productivity pH increases 
while it decreases during periods of low productivity. Diel changes 
in pH may therefore provide an indication of primary productivity in a 
waterbody. A Polymetron Type 55B pH meter was used to measure pH in the 

field. 

2.1.6 Water nutrient analyses 

Since phosphorus and nitrogen are the two nutrients most likely to limit 
productivity (Wetzel, 1975) these were monitored during the study period. 

Water for chemical analysis was collected in preleached (10% HC1) bottles 
and filtered through a preleached (distilled water) 0.45 um membrane 
filter (Golterman, 1969). 

Facilities for these analyses were not available at the field station 
so that filtered and unfiltered samples were frozen (Golterman, 1969) . 
and transported to Pietermaritzburg for analysis. As a result a 
period of up to six months elapsed between collection and analysis of 
samples. 

Freezing of samples results in the development of high local concentrations 
which may cause precipitation of silica in neutral to acidic waters and 
metal salts in alkaline waters (Stainton et aZ'

3 
1974). Total 

phosphorus is unaffected by freezing and may still be measured after 
lengthy storage (Golterman, 1969). In general the nutrient data of this 



study should be considered only as an indication of trends in 

nutrient concentrations. 
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Soluble reactive phosphorus (SRP) was measured by the molybdate - blue 

method (modification 'a' of Golterman, 1969) using filtered water. 
Absorbance at 882 urn was read on a Beckman DB-G spectrophotometer. 

Total phosphorus concentrations were obtained by analysing an unfiltered 
water sample after all soluble and particulate organic phosphorus had 
been oxidised by persulphate digestion (Menzel and Corwin, 1960). 

Nitrate - nitrogen (N03 - N) was measured by the salicylate method 
(Anon., 1969) during 1976 and 1977 but interference by high chloride 
concentrations during 1978 and 1979 led to the use of the cadmium 
reduction method (Strickland and Parsons, 1972) later in the study. 

2.2 GROWTH, PRODUCTION AND REPRODUCTION OF P. CRISPUS 

Attempts to measure growth rates and production of cohorts of P. cr~spus 

plants by the method of Howard-Williams (1978) were unsuccessful because 
turbid water early and late in the growing season and uprooting of plants 
by waterfowl, made it impossible to locate and measure the tagged plants. 
The growth pattern of the P. crispus community was therefore followed 
by sequential estimates of standing crop and production was estimated 
by measuring particulate matter losses from the community and adding 
these to the seasonal maximum standing crop. 

One loss from the cQmmunity which was not measured was the extra­
cellular release of DOM. No facilities were available at the field 
station for such measurements. 

2.2.1 Standing crop 

Standing crop of the above - sediment phytomass was estimated at 
about monthly intervals from random, 810 cm2 samples taken with an 
electromechanical sampler (Breen et al., 1976). The sampler, which 
was lowered from the side of a boat, cut a column (16.1 cm diameter) 



of plant material from the community to a depth of approximately 5 cm 

below the sediment surface. 
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Sample points were randomised by selecting them in a stratified manner 
along arbitrarily placed transect lines which differed in origin and 
direction on each sampling occasion. 

Twenty samples were washed in pan water to remove sediment and 
epiphyton, dried in a commercial spin dryer and weighed fresh in the 
field. The standard error was calculated immediately and, if necessary, 
more samples were takeri until the standard error was less than 10% of the 
mean. Turions and inflorescences were removed from the plants and 
counted and weighed separately to determine their contribution to the 
total standing crop. This could then be divided into the reproductive 
(asexual turions and achenes) and non-reproductive portions. Samples 
were then dried in a forced draft oven at 600 C for 48 hours, cooled 
in a desiccator and weighed. 

2.2.2 Turion and achene banks, and germination in the field 

The turion and achene banks in the sediment were determined in 
February or March of each year, just prior to germination. The 
density of achenes and turions in the sediment was determined from 
between 90 and 120 samples collected with a Van Veen grab which 
sampled an area of 504 cm2. Sampling was randomised as for standing 
crop samples and continued until a standard error of less than 10% of 
the mean number per unit area was obtained. 

Sediment was removed from the samples by washing in gauze (1 mm2 mesh 
size) bags, whereafter the achenes and turions were picked from the 
debris, counted, dried (60oC) and weighed. 

The percentage germination of achenes and turions in the field was 
estimated from 5 - 10 grab samples taken each month. 
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Effects of temperature and light on turion germination 

The effects of temperature and light on turion germination were 
investigated by placing turions in glass bottles which were either 
transparent (light) or painted (dark). Five bottles were placed 

. 0 0 0 0 d 350C in each of 5 aquarla at temperatures of 15 , 20 , 25 ,30 an . 
This covered the range of temperatures experienced in the field 
(section 3.1.3). Twenty five turions and 200 mls of filtered pan 
water were placed in each bottle and aerated continuously. Light 
(16 hour light and 8 hour dark cycle) was provided by fluorescent 

-2 
lights giving a radiant flux density of 16.1 w ~ m • Turions were 
collected from the sediment surface o~ 9th January 1977, when the 
water temperature was 290C. They were stored in a polystyrene box 
at 29 ~ l oC for 3 days until the experiment was started. The number 
germinated was counted twenty-nine days later, after which no further 
germination took place. 

2.2.4 Chlorophyll concentration 

The concentrations of chlorophylls a and b in P. crispus leaves were 
determined each time the standing crop was estimated in order to give 
an indication of change in photosynthetic potential during the life 
span of the community. A c . 50 g sample of leaves, stripped from the 
stems, was collected from each of the three sampling stations on Tete 
pan and transported to the laboratory (1 to 1~ hrs) in plastic bags 
in a cool, dark polystyrene box. The samples were then washed to 
remove epiphyton, spun dry and subsampled for immediate chlorophyll 
extraction. Leaves were homogenised in acetone made basic with 
MgC03 (Westlake, 1969) and extracted in the dark at -70C for 12 hrs. 
The samples were then filtered through glass-fibre filters and the 
acetone diluted to 90% with distilled water after allowing for the 
water in the fresh leaves; this was approximately 80% of fresh mass. 
Preliminary tests showed that no adjustment was required for turbidity 
of the samples. Absorbance was measured at 665 and 645 urn. 

Additional samples were used to estimate the fresh mass: dry mass 



ratio of the leaves so that the concentration of chlorophyll could 

be expressed per unit of dry mass. 

2.2.5 Oxygen production by shoot tips 
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The rate of oxygen production by 4 - 5 cm long shoot tips was estimated 
in 1976 each time standing crop was sampled. In view of the problems 
associated with this approach (section 1.3.2) the results could not 
be used for reliable estimates of plant production but were used, in 
association with the chlorophyll estimates to indicate changes in the 
photosynthetic potential and metabolism of the plants. 

Although very little epiphyton colonised shoot tips (section 6.1.1) 
they were washed gently before incubation to remove all but the very 
firmly attached epiphytes. The shoot tips were placed in 250 ml IIlightll 
and IIdarkll bottles and incubated for 2 - 3 hrs at the depth from which 
they came, on clear, sunny, windless days between 09.00 and 12.00 hours. 
Each incubation comprised twelve bottles: three light and three dark, 
with and without shoot tips. The bottles were filled with unfiltered 
pan water and the oxygen concentration before and after incubation was 
estimated using a standard Winkler technique (Strickland and Parsons, 
1972) . The results from bottles without shoot ti~s were subtracted 
from those with shoots to allow for changes resulting from plankton in 
the water. After O2 determi nati on the shoot tips were dri'ed (600 C) . and 
weighed so that production rates could be expressed per unit of plant 
mass. 



2.3 THE ANALYSIS OF PLANT TISSUES 

Plant tissue analyses were required: 

1. As indicators of nutrient availability for plant growth. 

2. For the estimation of a nutrient budget for Tete pan~ 

3. For the estimation of rates of nutrient loss during 

decomposition. 

Dried samples ~ere ground to a fine powder and bulk~d. Three sub-
samples were used for anal ysis of total Nand P. In decomposition 
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studies the concentrations of the cations K, Ca and Mg were also measured. 

2.3.1 Analytical procedure for 1976 

Total N was determined by titration after digestion and Kjeldahl distillation 
(Paech and Tracey, 1955). After ashing at 490°C for 4 hrs and acid­
extraction (Paech and Tracey, 1955), total P was determined by the 
molybdate-blue method (Golterman, 1969) and cations by atomic-absorption 
spectrophotometry (All en, 1974). 

2.3.2 Analytical procedure after 1976 

After 1976 tissue analyses were performed in the Department of Soil 
Science, University of Natal, Pietermaritzburg. Each sample was 
analysed individually for P, K, Ca and Mg by emission spectrometry 
using a Phillips 1410 Semi Automatic X-Ray Spectrometer (Kubota and 
Lazar,1967). Total N was determined as ammonia with a Beckman ion specific 
electrode (Meldal-Johnsen, 1975) following Kjeldah1 digestion (Paech 
and Tracey, 1955). 
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2.4 POTAMOGETON CRISPUS/WATERFOWL INTERACTIONS IN THE GRAZING FOODCHAIN 

2.4.1 Waterfowl population estimates 

The number of waterfowl of different species using Tete pan as a feeding 
ground, was counted during the evening feeding periods (16heO to sunset). 
Counts, made over 3 - 6 consecutive days at approximately monthly 
intervals, were expressed as mean monthly counts. 

During 1978 counts were also made on 10 other pans every second month. 
The pans were; Mtikheni, Mhlolo, Sivunguvungu, Bumbe, Ntujanene, 
Mzinyeni, Mandlankunzi, Kangazini, Namanini and Sukunti (Figure 1.3). 
To complete these counts in as short a period as possible, they were 
made at different lakes at different times of day. Some were counted 
during the morning feed between sunrise and 09hOO and others during 
the evening feeding period. It took up to 3 days to estimate the 
populations on these lakes and it is stressed that because of inter-pan 

movements the counts provide only a general index of waterfowl dist­
ribution and numbers. 

2.4.2 Food consumed by waterfowl 

The types of food consumed by waterfowl were determined by examination 
of oesophageal contents of birds shot during both morning and evening 
feeding periods. 

Swanson and Bartoneck (1970) suggest that to ensure fresh food in the 
bird's ·crops and ,ruso a reliable quantitative measure of the species 
ingested, birds should be observed feeding for at least 10 minutes 
before being shot . The most abundant duck on the Pongolo floodplain, 
Dendrocygna viduata L. (White-faced duck), however, fed in flocks by 
diving, making it impossible to observe a single individua~ for any 
length of time. Birds collected from feeding or flying flocks during 
the feeding periods contained undigested and easily identifiable food 
in the oesophagus and this sampling procedure was therefore adopted. 
Occasional birds that had apparently not fed recently were excluded 
from the analysis. 



The oesophagi containing food were removed from the .birds as soon 

after collection as possible and preserved in 5% formaldehyde 
(Owen, 1972) containing 5 mg (-1 of Phloxine dye. The latter 
protein stain permitted easy identification and recovery of animal 
remains, while the preservative prevented post-mortem digestion of 

the food. 

The contents of the oesophagi were sorted into species with the 
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naked eye, oven dried (60oC) and weighed. Mass was used in preference 
to the usual volumetric methods (Swanson et al.~ 1974; Geldenhuys, 1977) 

for two reasons: 

1. Food items such as soft bodied invertebrates and carbohydrate 
filled seeds differ markedly in their relative water contents 
and thus in energy stored per unit volume. Volume is 
therefore expected to be less well correlated with organic 
matter and energy content than dry mass (Westlake, 1965). 

As such,mass is a better index of food value. 

2. Since dry mass per unit area (standing crop) is a basic 
currency of plant and animal production studies (Westlake, 
1965), comparisons between food consumption and food supply 

are facil itated. 

The data were analysed by the aggregate percent method (Martin et al.~ 

1946; Swanson et al.~ 1974) where the percentage contribution by 
weight of each food species in each bird is calculated and then expressed 
as the mean percent contribution for each food species, for each 
sampling interval. .Swanson et al. (1974) consider that when birds 
are collected while feeding and the oesophagi are well filled, the 

. aggregate percent method provides the least biased results; particularly 
when presented with other information such as frequency of occurrence 
of each food item. 

2.4.3 The nutritive value of P. crispus turions and achenes 

Turions and achenes were picked from plant material, obtained by 
dragging an anchor through the water, each time the P. crispus standing 
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crop was estimated during 1977. 

Phosphorus and total nitrogen content were determined (section 2.3) 
and crude protein estimated as 6.25 x total N (Boyd and Goodyear, 
1971). Total available carbohydrate was estimated by an enzymatic 
(Takadiastase) method for plant material containing starch (Marais, 
1969) at the analytical laboratories of the Cedara Agricultural College, 

Hilton, 3245, Natal. 

Oven dried (600 C) material was ground and extracted with ether (boiling 

point 40 - 600C) in a soxtet apparatus to determine the total lipid 

content (Paech and Tracey, 1956). 

The gross energy content was determined by bomb calorimetry following 

the method of Walley (1980). 

Available dietary energy is best expressed as metabolizable energy (ME) 
of a particular food item (Burton et aL ., 1979). This is the 
gross energy content (joules g-1) of the food consumed minus the amount 
of energy voided in faecal and urinary excretions. Since bird species 

differ in their ability to assimilate the same food source (Sugden, 
1974), ME is best measured by feeding captive birds of the species 
under study on the particular food source. However, since facilities 
for such experimentation were not available, an estimate of the 
IIApparent li Metabolizable Energy (AME) of turions was made using the 
formula of Carpenter and Clegg (1956) as outlined by Sibbald et aZ . 

(1963). This formula is based on the crude protein,lipid and non­
structural carbohydrate content of the foods and, although originally 
developed for domestic fowl foods, it has been shown to be applicable 
to cereal grains and foods of similar composition eaten by duck 
(Sugden, 1971). Since P. crispus turions had a high starch content, 
a non- structural component which is easily digested (Gous, pers. 

comm ~ ) it was considered reasonable to apply the Carpenter-Clegg 
formula to the determination of the AME of turions. 



2.4.4 The estimation of turion consumption by means of the 

Hiens / Innis model of mean energy demand. 

The existence energy (Mtl is the sum of the energy expended in standard 
metabolism, specific dynamic action and limited locomotor activity per 
square metre per day at temperature "t" (Kendeigh, 1970). Existence 
energy for -non-passerine birds of body weight W(g)1 at ambient 
temperatures of 300C and OOC, have been calculated by Kendeigh as: 

M30 (k cal/bird day) = 0.540 WO. 75 

and 

MO (k cal/bird day) = 4.337 WO. 53 

The Mt requirements for any temperature within this range are obtained 
by linear extrapolation through these values (Wiens and Innis, 1974). 
Conversion to 51 units of mechanical energy can be made by using 
1 calorie = 4.2 joules (Phillipson, 1966). 
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Free living adult birds are, however, more active than allowed for by 
this model, and may have metabolic demands of approximately 40% above 
the existence level (Schartz and Zimmerman, 1971). Thus the total 

energy requirement (MT) of a free living bird (Wiens and Innis, 1974) is 
approximated by: 

Further correction factors may be used for periods when birds are 
moulting or breeding (Wiens and Innis, 1974). Neither of these activities 
occurred during the period when P. crispus produced turions and so 
corrections were not required. 

Wiens and Innis (1974) assumed that 70% of the ingested food is metabolically 
available and hence calculated the total energy intake (MA, joules bird-1 

day-I) of a free living adult bird ~ which is ·neither moulting nor breeding, 
at ambient temperature as: 
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They do, however, suggest that digestive efficiency (or metabolizable 

energy of the foodL be treated as a variable since it may vary between 

both hi rd and food type. In thi s study the AME of turi ons was 
75.5% of the gross energy content and so it was assumed that 75.5% of 
the dry mass of turions would be assimilated. Thus, if turions were 

the only items consumed: 

where t is the averaged mean daily temperature (obtained from Heeg and 
Breen, 1982) for the interval i between population censuses of duck on 
Tete pan and Mt calculated using the mean mass of duck (as determined in 
1978, section 2.4.4) for the interval i. 

The total energy intake for a particular duck species on Tete pan 
during the period in which turions were consumed each year could there­
fore be calculated as: 

(MAil + duck daysil) + (MAi2 + duck daysi2) ... (MAin + duck day! 

that is: i( MAi + duck daysi) 

The total turion intake by duck could then be calculated and converted 
to a dry mass basis using estimates of; 

1. the contribution of turions to the total diet (i .e. 
the total energy intake) (section 2.4.2) 

2. turion gross energy per unit dry mass 
and 

3. turion AME per unit dry mass. 

This assumes that other food items have the same AME as turions but 
since they generally formed less than 10% of the diet the error in 
calcul~tion was probably small and could be ignored. In view of the 
many assumptions made in using this model the results should be viewed 
as rough estimates only. They were, however, the best obtainable 
since even with considerably more effort little improvement could 
be gained. 



2.4.5 Mass and condition of White-faced Duck 

The condition of White-faced duck on the floodplain was assessed as 
the percent contribution of the perivisceral and sub-cutaneous fat 
deposits to total body mass (Wypkema and Ankney, 1979). Five to 
twelve birds, collected every second month during 1978, were dried 
with paper towel and weighed fresh to the nearest 1 g. After the 
birds had been skinned,the sub-cutaneous and perivisceral fat 
deposits were removed and weighed. 

High summer temperatures often made the sUb-cutaneous fat too soft 
to remove easily and accurately in the field. In these cases the 
skins were returned to the laboratory and frozen in sealed plastic 
bags so that the cold, solidified, fat could be easily removed. 
Perivisceral fat, being loosely connected to the viscera, was always 
easily removed and weighed in the field. 

2.4.6 Effects of waterfowl grazing on turion production 
in the field 

The method of excluding grazers from sub-units of the grazing area 
(Brown, 1954) was used to study the effects of duck grazing on turion 
production at Tete pan during 1976 and 1978. 
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In 1976 the exclosures consisted of a frame ( 2 x 2 x 2 m) of steel 
reinforcing rod (1.26 cm diameter) bounded by 20% plastic shade netting 
on the four vertical sides. The frame was pressed into the sediment 
such that the bottom of the shade cloth was 5 - 10 cm below the 
sediment surface and the top 10 cm above the water. Aerial entry of the 
duck was prevented by aIm high fence of upright wire (4 mm diameter) 
bars, 15 cm apart, around the top of the e~closure. Since duck glide 

in to the water on a low flight path they did not land in the exclosure. 
The thin upright bars also prevented other birds from settling on 
the exclosure. 
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The exclosures were, however, too small to allow entry in a boat and 

this made sampling of the turion and seed banks within them difficult. 

2 
In 1978, therefore, larger exclosures of 25 m (5 x 5 m) were 
constructed of untreated, wooden poles bounded by galvanized wire mrsh 
5.5 x 5.5 cm ) stretched from 0.5 m below, to 1 m above .water level. 

This was sufficient to exclude duck from the exclosure and spikes on 

the poles prevented other birds from roosting on them. 

The exclosures (3 in 1976 and 4 in 1978) were positioned in the pan 
before growth of P. crispus commenced. In February of the following 
year, after the plants had died down and before turion germination 
began, the sediment samples were taken in each enclosure with the Van 
Veen grab. The samples were washed and turions and seeds removed, 
counted, oven dried and weighed as described in section 2.2.2. 

The effects of duck grazing on turion and seed production were assessed 

by submitting· the difference between the sizes of the turion and achene 
banks inside and outside the exclosure to a "t" test (Parker, 1973). 

2.4.7 Effects of waterfowl grazing on P. crispus 

standing crop 

The most abundant species of waterfowl on Tete pan, the White-faced duck, 
fed in dense flocks or II rafts II of up to 1 000 birds. The area 
utilized at each feed was easily distinguished by damaged plants and 
turbid waters. Similarly, early in the season, areas where birds had 
not yet fed were distinguishable by an absence of damaged plants. 

To quantify the proportion of standing crop broken or uprooted by 
feeding waterfowl, a portion of the community was sampled immediately 
after it was grazed for the first time. On the 23/7/78 areas of the 
P. crispus population which did not show signs of grazing damage were 
pinpointed. Observation then continued until the 26/7/78 when a flock 
of 500 birds (to the nearest 20) fed over one of the areas which had 
not been previously grazed. The feeding birds covered an area of c 2 . 
3 000 m (100 x 30 m) during the single morning feeding period. 
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Immediately the birds had ceased feeding the detached plants were 

collected by hand from a small boat within each of three 25 m
2 

quadrats, 

spaced at 25 m intervals along the length of the feeding area. 

Since some detached plants could have entered the area by wave and wind 
action after earlier feedi.ng in other areas, three control quadrats were 
set up in the area immediately adjacent to the sample area where birds 

had not previously fed. 

The detached plants were then oven dried and weighed and the number of 
turions remaining on the plants counted. The turions were divided into 

two groups: 

1. Large turions: Large starch-filled turions which consisted 
of swollen stems with dormant buds in the axils of 

swollen leaf bases (Plate 2 a). 

2. Small turions: The stems of these turions were only slightly 
swollen and the leaf bases were either absent or so 

2.4.8 

reduced that the dormant buds protruded beyond them 

(Plate 2 b). 

The production of large and small turions by 
detached plants 

Plants detached by feeding waterfowl on the 21/7/78 were spun dry and 
four 100 g (fresh weight) subsamples were obtained. The numbers of 
large and small turions remaining in each subsample was recorded before the 
plants were placed in glass tanks containing 35i of unfiltered pan water 
and incubated in shaded sunlight. 

Plants were incubated for 20 days and the numbers of large and small 
tur;ons were counted. At this stage much of the vegetative material 

had been consumed by snails {Bulinus natalensis} and no further turions 
were produced. 
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2.5 THE EPIPHYTON, GRAZER, HOST PLANT ASSOCIATION 

2.5.1 Epiphyton colonization of P. crispus 

The pattern of epiphyton colonization of P. cri spus leaves and stems of 
different ages was studied by scanning electron microscopy. Leaves 
and stems of different ages were collected from the base of plants 
(oldest) to the shoot tip (youngest) (see Section 1.4). 

Five mature plants at the same stage of development were collected from 

Tete pan shortly after the population reached maximum standing crop in 
1977. Plants were carefully cut at the sediment and gently transferred 
to a trough of lake water. Two leaves were removed from each of four 
zones (Figure 1.11); 'youngest l leaves, which were not fully expanded, 
near the apex; 'youngl leaves, fully expanded near the apex; Imature' 
leaves, midway down the stem and showing no evidence of senescence; 
'oldest ' leaves, near the bottom of the stem, showing yellowing. 
Two sections of stem 3 cm long and bearing at least one internode were 
also removed from the base, middle and tip of each plant. 

Leaves and stems were transferred to cold (4°C) 5% phosphate-buffered 
glutaraldehyde. Despite care in handling, loose 'detrital aggregate I 
(Bowen, 1979) was dislodged and this study therefore considered only 
the more securely attached epiphyton. 

Because snails graze the senescing plants (Section 6.1) no very old or 
decaying leaves or stems could be found in the field. To simulate the 
later stages of senescence 'oldest' leaves and basal stem sections were 
incubated in unfiltered lake water at room temperature until they were 
flaccid (12 days). They were then transferred to glutaraldehyde. 

The distal 0.5 - 1 cm portion of five leaves and stems from each age 
group were soaked twice in 0.05 M sodium cacodylate buffer for 10 mins. 
to remove preservative, before fixing in 1% osmium tetroxide. The 
tissue was dehydrated by passing through a graded acetone series (10, 
20, 30, 60 and 100%). Material was critical point dried after the 
method of Cross et aZ. (1977), coated with gold and viewed under a 
Jeol JSM 35 scanning electron microscope. 



2.5.2 Vltrastruct ure of the epiphyton/host interface 

The ultrastructure of the epiphyton/host interface was investigated by 
transmission electron microscopy. Distal sections of the preserved 
leaf and stem material remaining from the previous investigation 
(section 2.5.1) were soaked (30 m·ins.) in three changes of 0.05 M 
cacodylate buffer, before being fixed in 2% osmium tetroxide. 
They were then dehydrated in acetone, soaked in propylene oxide and 
embedded in araldite resin. Polymerisation was for 48 h at 70

0
C. 

Transverse sections (c. 70 urn) were cut with a diamond knife on an 
LKB microtome and stained with uranyl acetate and lead citrate 
(Reynolds, 1963). A Hitachi HU, 11, E was used for viewing. 

2.5.3 Effects of snail grazing on the epiphyton/ 
host association 

Leaves and stem sections of different ages were collected from 100 
mature plants of P. crispus (section 2.5.1) and placed in separate 
polythene buckets containing unfiltered lake water. Despite care in 
handling during transport to the laboratory loose detrital aggregate 
and associated microflora were dislodged. It was not, however, 
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removed from the buckets but left as a possible source for recolonization 
of the plant material. 

The leaves and stems were incubated in the buckets, on a laboratory 
bench, to allow epiphyte .colonization to continue in the absence of 
grazers for 20 days. The effects of snail grazing on the epiphyton and 
host were then determined in two ways; 

1. On the day of collection four leaves and four stems 
of each age category were presented to 8 snails of 
uniform size (shell diameter 2.5 - 3.0 mm) contained 
in 2 glass jars. The jars were filled with 75 mls 
of unfiltered lake water and incubated on the laboratory 
bench. After 24 hours the plant material from one set 
of jars was preserved for viewing by SEM (section 2.5.1). 



The condition of the remaining leaves was recorded 

photographically after 20 days. 
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2. Changes in the rates of consumption (lledibilityll; Nicotri, 

1977) of P. crispus were assessed after presenting 

2.5.4 

leaves and stems to snails on the day of collection and 
after 2, 4, 6, 8, 10, 12 and 18 days of incubation in 
the absence of grazers . The experiment was terminated 
after 18 days. 

Numbers and standing crop of BuZinus nataZensis 

Estimates of seasonal changes in the B. nataZensis population were made 
by sorting all snails from the P. crispus standing crop samples. The 
snails were preserved in 5% formaldehyde in the field and on return to 
the laboratory were oven dried (60~C), weighed and counted. 

2.6. DECOMPOSITION AND DETRITUS FORMATION 

The initial decomposition experiments were designed to establish a 
method of study using the decomposition or IIlitter" bag technique 
(Boyd, 1970) to follow mass and nutrient loss in the field. 

Thereafter, studies were conducted in the laboratory to assess the role 
of snails and necrotroph conditioning in the natural process of detritus 
production. 

2.6.1 Field studies 

Since waterfowl broke and uprooted the plants before they died the use 
of detached plants in decomposition studies would represent the natural 
situation. 

Material was collected by dragging an anchor behind the boat just above 
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the sediment surface. The sample thus included both undamaged and duck­

damaged plants of various ages. To ensure ~ study of the entire process 

of senescence, death and decay, only apparently healthy plants were 
selected, while those already showing evidence of senescence were 
discarded. Sediment was removed by gentle washing in lake water and 
all invertebrates, roots and reproductive structures were removed. 
The excess water was then removed by spin-drying and subsamples 
(100g, about 10 g dry mass) were rapidly weighed and transferred to 
plastic-coated, fibre-glass gauze bags (400 x 250 mm, 2.25 mm2 mesh 
size). The bags were kept standing in lake water to prevent the plants 
drying out. Additional subsamples were air-dried before being placed 
in the decomposition bags. 
oven dried at 600 C. These 
dry mass ratio so that all 
oven dry mass basis. 

Further subsamples, of different mass, were 
data were used to determine the fresh mass 
fresh mass estimates could be converted to an 

The bags were transferred to four stations on the lake, situated 30 m 
apart within the area colonized by P. crispus. They were attached to 
a marker by a cord long enough to permit them to sink to the bottom. 
Bags containing plants which were not dried tended to float for 1 - 2 
days before sinking to the sediment, as do naturally uprooted plants. 

One bag of "fresh" and one of dried material was collected from each 
station at approximately five day intervals. The contents of the bags 
were rinsed rapidly in distilled water and the snails and other 
invertebrates which had entered the bags during incubation were 
removed and counted. All material was dried at 600C and weighed. 

The four samples for each treatment were then bulked, ground and 
analysed for total nitrogen, . phosphorus, .potassium, calcium and 
magnesium as described in section 2.3. 

In 1977 a set of decomposition bags of mesh size 5 x 5 mm was also used 
as described above. This mesh size did not restrict the movement of the 
snail population into and out of the bags and provided an indication 
of the effects of snails on the rate of mass loss. 
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2.6.2 h~bor~tory s~ud;es 

While litter b~gs provided an indication of mass loss in the field the 
nature and amount of detritus lost from the bags could not be assessed. 
Experiments to determine the role of epiphyton and snails in detritus 
production were therefore assessed in vitro. 

Uprooted plants were collected from the field, washed gently in lake 
water to remove sediment, and all invertebrates, roots and reproductive 
structures were separated. The excess water was then removed by 
spinning the material in a commercial spin-drier. 

Sixty-four subsamples of 30 g each (about 3 g dry weight) were weighed 
rapidly and transferred to plastic bags before being transported to the 
laboratory. The subsamples were placed in glass jars containing 2 Z 
of aerated unfiltered water and divided into four treatments of 
sixteen jars each: 

1. No snails: P. cr~spus plants incubated without snails 
as described above. 

2. Snails: Forty snails of 0.35 g fresh weight were added 
to each jar. This represented the density and mass 
of snails per gram of P. crispus in the field at the 
time. 

3. No snails plus EDA: Since preparation of subsamples 
would have dislodged much of the epiphyton, 20 ml 
(0.025 g dry weight) of epiphytic detrital aggregate 
(EDA) was added to act as a source of bacteria during 
incubation. The EDA was washed from other plants. 

4. Snails plus EDA: Both snails and EDA were added to the 
jars. 

The effects of the treatments were assessed by following mass loss of 
the plant material and detritus accumulation over a period of 24 days. 
Four replicates of each treatment were harvested at 6 day intervals and 
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the rem~inin~ pl~nt m~teri~l $ep~r~teQ from the detritus by pourin~ 
the contents of the j~rs through ~ 1 mm2 sieve. The water was 
filtered through pre-weighed glass-fibre filters to remove the detritus 
and both detritus and remaining plant material were oven dried (600 C) and 

weighed. 

Results were fitted to an exponential function (y = ae-bk , where y = 
mass of plant material remaining after time interval b, a is the initial 
mass and k the rate constant) which was then linearised to 1ny = a -bk 
(where a is the natural log of the initial mass). Differences in rates 
of mass loss were tested for significance by following the IISimultaneous 
Test Procedure ll for differences between regression co-efficients (k) 
(Sokal and Rohlf, 1969). 

Total nitrogen and phosphorus concentrations of the plant material and 
detritus remaining at each harvest were determined as described in 
section 2.3.2. 

Total dissolved P in the water was measured by the molybdate-blue 
method (Golterman, 1969) in a filtered sample after digestion with 
persulfate (Menzel and Corwin, 1960). 

Total dissolved N was measured by micro-Kjeldahl digestion and 
distillation (Golterman, 1969). 
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CHAPTER 3 

THE PHYSICAL AND CHEMICAL ENVIRONMENT OF TETE PAN 

The potential contribution of P. cr i spus to nutrient and energy transfers 
in the floodplain ecosystem is governed largely by the suitability of the 
environment for plant growth (section 1.2.1). This chapter describes the 
·physical and chemical environment of the floodplain pans with particular 

reference to Tete pan. 

3.1 RESULTS 

3.1.1 Pan depth and area 

During the summer months periodic flooding caused the water level in 
Tete pan (Figure 3.1) to fluctuate rapidly and irregularly between 
maximum retention level (MRL, 1.5 m) and high flood level (3.8 m). 
The first floods occurred in December (1976 and 177) and October (1978) 

and drainage to MRL occurred in May~ March, April and January in 
1976, 177, 178 and 179 respectively. Thus the pan and river were 
separated for between 6 and 8 months from autumn to spring during 
1976 - 178 but for 13 months from January 1979 until floods again 
entered Tete in February 1980 (P. Louw, pers. comm.). 

During the dry months of autumn through spring, water level decreased 
by evaporation and seepage at approximately 0.1 m per month (Figure 3.1) 
with the result that in 1976, 177 and 178 the water depth in early 
summer, shortly before the next seasonls floods, was between 0.7 and 
0.9 m. During 1979, however, the pan and river were separated during 
the summer months when the increased evaporativ~ demand caused water 
levels to drop at about 0.22 m per month. Consequently, by mid October, 
the pan had almost dried out (Figure 1.1 0) and only a small (1 ha) area 
of water aboutO~l m deep remained. 

Changes in surface area of Tete pan (Figure 3.2) were also marked and 

irregular during summer floods but because of the relatively steep 



sides of the pan (Figure 1. 10), were small and gradual during the dry 
autumn to spring period. Thus, while the area available for coloniz­
ation by rooted, submerged plants was very variable during summer, it 
usually changed only slightly (from 106 ha to 90 ha) over the 6 - 8 
month period that the river and pan were separated. Even during the 

1979 drought the surface area remained above 80 ha until early 
September, after which it decreased rapidly to less than 1 ha by 

mid October. 

3.1.2. Light 'penetration 

Secchi disc transparency (Figure 3.1) was low (0.15 - 0.3 m) during 
floods but once the pan and river lost contact,the water cleared 
rapidly and the pan bottom was usually visible by early winter. 

Since Tete is shallow, wind-induced turbulence at times disturbed 
the sediments and caused an increase in turbidity. Such periods 
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were, however, short lived as the resuspended material settled rapidly, 
and they were not reflected in the data except in late spring 
(October, November; Figure 3.1) when water levels were lowest and wind 
runs longest (Table 1.1). 

3.1.3 Temperature 

Midday water temperatures, at both the surface and bottom of the pan, 
were maximal (30 - 31°C; Figure 3.3) during summer (January and February) 
but declined rapidly to 16 - 180e in June and July. Temperatures then 
began to increase again before the end of August each year. 

Although the pan was at times isothermal, the bottom waters were 
usually slightly (up to 20

e) cooler than the surface at midday. At 
the high temperatures experienced on the floodplain a 20e difference 

in temperature would create a large density difference between surface 
and bottom waters, thus providing considerable resistance to mixing 
(Beadle, 1981; Wetzel, 1975). Monitoring over three 24 hour periods 
during 1976, however, showed that these temperature differences were 



caused by daily heating of surface waters (Figure 3.4) and that heat 

loss at night permitted mixing throughout the water column. 

During 1979 seasonal changes in temperature followed the same pattern 
as previous years until the pan was very shallow (10 cm, mid-October) 

when the midday temperature reached 35°C. 

3.1.4 Oxygen concentration and pH 

Both oxygen concentration and pH, at midday, (Figure 3.5) showed 

marked seasonal fluctuations. During winter and early spring (June to 
October) supersaturation of oxygen occurred and pH rose to between 8.4 
and 9.5. During periods of flooding, however, oxygen concentrations 
dropped to well below saturation, reaching 52% in February 1978, and 

pH dropped to below pH 7.5. 
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Both oxygen concentration and pH may be indicators of production within 
a waterbody with both parameters rising during periods of high produc­
tivity (Wetzel, 1975; Cole, 1979; Wetzel and Likens, 1979). The data 

therefore, indicate a net use of oxygen over production during floods 
when waters are turbid and detrital inputs large (Furness, 1981) but 
high primary productivity during the winter months. During 1979 oxygen 

concentrations and pH followed similar trends to previous years until 

August when there was a rapid decline in both variables, shortly before 
the pan dried out, indicating a sudden decrease in primary production. 

The periods of high pH and oxygen concentration coincided with the 
presence of P. crispus in the pan (Figure 3.5; Chapter 4) during all 
four years of study indicating that this plant's metabolism had a marked 

influence on the chemical environment of the pan. 

3.1.5 Conductivity and salinity 

Conductivity was low (100 to 500 u S cm-2; Figure 3.6) during periods 
of flooding but increased gradually as water levels decreased by 

evaporation after the river and pan were separated. Maximum conductivities 
reached during 1976, 177 and 178 were 800, 1500 and 1800 u S cm-2 

respectively while in 1979 conductivity rose from 1900 in August to 
reach 4500 in October shortly before the pan dried out. 



Salinity (Figure 3.6) followed a similar trend to conductivity; during 
periods of flooding it was undetectable but as water levels declined 
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by evaporation, salinity rose to 0.7, 0.85, 1.0 and 2.0 ~/ oo in 1976, 177, 

178 and 179 respectively. 

Conductivity and salinity were therefore both markedly affected by 
flooding, which flushed salts from the system, and by evaporation during 
the dry months (March to October) which increased the concentrations of 

salts. The salt content may also have been' increased by the presence 
of seepage water from the underlying marine Cretaceous deposits 
(Heeg et aZ., 1978), but there is insufficient information to indicate 

how important this may be. 

A plot of conductivity against percentage decrease in volume of the pan 
(Figure 3.7) shows a 'non-linear relationship where there is little 
change in conductivity until some 60 - 70% of the volume has been lost. 
This indicates that increased conductivity is not simply a function of 
concentration of salts and that the system is fairly well buffered 
against changes in conductivity until reduction in water volume is large. 
Such buffering has been noted in a number of shallow African lakes 

(Howard-Williams and Ganf, 1981) and is attributed to a wide ' range of 

hydrological, chemical and biotic interactions. On the Pongol0 floodplain 
it is probably due, at least in part, to precipitation of certain 
elements early in the annual drying cycle and to the duration of flooding 
in the previous season which would leach salts from the sediment and 
flush them from the system. Uptake of elements by macrophytes may 
have influenced conductivity but the lack of a consistent relationship 
between annual changes in P. crispus standing crop and conductivity 
(Figure 3.7) suggests that this was not a major buffering mechanism. 

3.1.6 Nitrogen and phosphorus 

Nitrate-nitrogen (N03-N) concentrations (Figure 3.8) showed distinct 
bimodal fluctuations each year. Levels were high (up to 152 ug e-1 in 

1976) at the end of the flooding period whereafter they declined rapidly 
during the growth period of P. crispus to reach low (8 ug e-1, 1976) or 
undetectable levels in midwinter. This was followed by a rise in 
concentration each year in spring, which Rogers (1981) attributes to 
N2 - fixation by epiphytic cyanobacteria and subsequent excretion by 
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snails which graze upon them. There is a later decrease in these high 

levels with the advent of the first floods which are low in N03-N 
(Archibald et al ., 1969). The rise in N03-N as floods continue into 

summer probably results from leaching of inundated soils and the 
oxidation of NH~ released during decay of drowned semi-terrestrial 

vegetation. 

The maximum concentrations of N0 3-N varied from year to year (Figure 3.8) 

but were always near the lower limit for the concentrations normally 
expected in unpolluted waters (Wetzel, 1975). Everson (1980), however, 
showed the total N concentrations in the sediment were high and changed 

very little over an annual cycle. 

Soluble reactive phosphorus (SRP) concentrations (Figure 3.9) tended 
to be higher (up to 35 ug t-1) during floods and lower ( 5 ug t- 1

) 

when the river and pan were separated but there was no consistent 

pattern during the study period. 

Total phosphorus concentrations (Figure 3.9) in Tete pan also varied 
markedly from year to year, but showed a more consistent pattern of 
high levels (60 - 100 ug t-1) during floods and lower levels during the 

winter months. 

While silt-adsorbed P and soluble P leached from inundated terrestrial 
vegetation probably contribute to high concentrations during floods it 

is difficult to fully aSsess the factors affecting P concentrations and 

fluxes in this system from the information available because: 

1. Lake sediments may buffer changes in soluble phosphorus 
by net adsorption during periods of low biological demand and net release 
of P when demand increases. Thus concentrations in the water may remain 
steady although significant exchanges are taking place (Twinch and Breen, 
1980). 

2. The depth of the oxidised microzone at the sediment/ 
water interface is very important in determining the P exchange kinetics 
between sediment and water (Syers et al., 1973; Klopatek, 1978). 
Wind i nduced turbulence in shallow, highly oxygenated systems such as Tete 
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pan will frequently disturb t he sediments and increase the depth of the 

microzone. Initially, this will result in a release of P from the pore 
water of the reduced sediments but the increased depth of oxidised sediment 

which results, will slow down further release. 

3. All biological components of a water-body are important 

factors in phosphorus cycling and their rates of P uptake from the 
sediments or water, excretion and release of P on death cause marked 
changes in the concentrations of all forms of phosphorus (Twinch and 

Breen, 1980). The effect of a si ngle flux of P may therefore not be 
clearly evident. 

4. Orthophosphate-phosphorus (P04-P) is the only form of 

phosphorus freely available to primary producers and SRP levels do 
not accurately indicate the quantities of this nutrient present (Section 

2). Furthermore, SRP concentrations can be affected by lengthy 
storage of samples (Section 2.1.2). 

Phosphate-phosphorus, is however, only one of the important phosphorus 

components in water which include colloidal P, low molecular weight 
organic P, particulate P and P04-P (Twinch and Breen, 1980). All of 
these compartments would directly or indirectly influence growth of 

P. crispus and its epiphyton. However, elucidation of the various 
pathways of flux would require very detailed research beyond the scope 
of this study. 

The data presented do, however, suggest that, on the basis of P 
concentrations in the water, Tete pan can be classed as mesotrophic to 
eutrophic (Wetzel, 1975) and since available P in the sediments is high 
(Everson, 1980) phosphorus does not appear to be in short supply for 
rooted submerged macrophytes and their epiphyton. 

3.2 DISCUSSION 

The flooding regime of the Pongolo River during 1976, 177 and 178 

broadly followed the usual pattern of season~l events (Section 1.3.4) 
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with early floods in spring followed by further floods during summer. 
The absence of floods during 1979 was unusual and caused by fluctuations 
in rainfall which occur on a longer time scale (Tyson and Dyer, 1978). 
The parallel occurrence of annual, small magnitude and longer time scale, 
large magnitude fluctuations in environmental conditions is an important 
determinant of shallow' lake functioning in the tropics and sub-tropics 
(Beadle, 1981; Howard-Williams and Ganf, 1981; Brock and Lane , 1983). 
The large surface area to volume ratio of these lakes means that the 
capacity of the water body to buffer environmental effects which act 
over the surface area, is small. Thus both short and long term extremes 
in environmental conditons occur and the biota of shallow lakes are 
adapted to these. This discussion considers the implications of 
seasonal flooding regimes and long term wet and dry cycles on the 
Pongolo floodplain for growth and reproduction of submerged macrophytes. 

3.2.1 Annual fluctuations in physical and chemical environments 

During 1976, 177 and 178 there were two distinct phases of physical ar.d 
chemical conditions each year. 

1. A summer (November to March) period of flooding when 
water depth and surface area fluctuated frequently and widely, and silt 
loads reduced light penetration to a few centimetres. Thus, despite 
low salinity and conductivity, warm temperatures and a tendency for 
higher nutrient levels than at other times of the year, summer conditions 
were not favourable for the growth of rooted submerged macrophytes. 
The low O2 concentrations and pH during this period indicate that during 
summer the aquatic phase of the floodplain is dominated by a heterotrophic 
metabolism. The major energy source of the floodplain fauna at this 
time is detritus, formed when the semi-terrestrial vegetation is 
inundated. 

2. During autumn through spring (April to October) pan 
depth and area were more stable and decreased slowly as water was lost 
by evaporation and seepage. Light penetration was good and although 
temperatures were lower than in summer, and conductivity and salinity 
increased, they did not exceed the range reported for other habitats 
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of P. crispus (Waisel, 1979; Stephenson et al ., 1980). Thus,although 

nutrient concentrations, particularly N03-N,tended to be lower, 
nutrients were available in the sediments and conditions were suitable 
for the growth of rooted submerged plants such as P. cr i spus. 

Indeed, supersaturation of oxygen and high pH indicated high rates of 

primary production during this period. 

Although floods create unfavourable conditions for submerged macrophytes 
during summer they are instrumental in ensuring that growth can take 

place in winter, in three main ways; 
(a) they recharge the pans with water and in doing so they 
(b) flush out accumulated salts (Heeg and Breen, 1982) which 

could reduce growth of P. cr i spus and germination of the 
turions (Kennedy, 1976) if salinity exceeded 5 parts per 
thousand; 

(c) floods also act in transferring nutrients from inundated 
semi-terrestrial vegetation to the aquatic phase 
(Furness, 1981). 

Periods of flooding are therefore as important as stable water level 
periods in providing an environment suitable for sustained submerged 
plant production. Plant. life-cycles would, however, need to be 
adapted to the winter/spring favourable period. 

3.2.2 Long term wet and dry cycles 

Tyson and Dyer (1978) have proposed that an 18 year wet and dry cycle 
occurs in the summer rainfall area of South Africa. Their data have 
shown a drought period during the 1960's followed by above average 
rainfall during the 1970's, and they predicted another drought in the 
early 1980's. This cycle clearly affects the Pongolo floodplain as 
Coke (1970) described Tete pan as being "almost dry and sal -jnity high" 

in 1968/69, Furness (1981) reported extended duration floods in summer 
1975/76, and Tete pan was again almost dry in 1979 and dried out 
completely in 1983 (C.M. Breen, pers. comm.) . 
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Extended periods of flooding in wet years, and unseasonal floods such as 
occurred in July 1963, will have the effect of shortening the winter/ 
spring period favourable for primary producers but droughts are likely 
to have most impact on submerged plants and their role in ecosystem 

functioning. 

The absence of floods during January and February 1979 resulted in stable 

depth, clear water conditions in Tete pan which were favourable for the 
growth of submerged macrophytes. Unseasonal production was accompanied 
by an increase in pH at this time (Figure 3.5). Despite the marked drop 

in water level during winter, however, conditions of light and surface 
area remained favourable until early September when the area available 
for colonization was rapidly reduced. Most important, however, was 
that although salinity and conductivity increased markedly,they did not 
exceed the general limits (5% 0 and 5000 u S cm- 1 sec-1 respectively) 

of tolerance of freshwater organisms (Beadle, 1981). 

Increased salinity appears to be one of the major causes of death of 
freshwater organisms during a drought phase in shallow lakes (Kalk et al., 

1979; Beadle, 1981; Howard-Williams and Ganf, 1981) and may be more 

important on the Pongolo floodplain than indicated by conditions in 
Tete pan. Others pans such as Mhlolo and Nyamithi which have small 
saline catchment areas of their own (Heeg et al., 1978) normally have 
higher salinities (2 - 4% 0 ) and thus may be more affected by 

concentration of salts during droughts. Heeg et ale (1978) and Walley 
(1980) suggest that this may be the reason for a complete absence of 
lamellibranchs and reduced oligochaete biomass in these pans which 
both contain dense stands of P. crispus. 

3.2.3 Tete pan as a submerged plant habitat 

Since individual plant species respond differently to particular 

environmental variables (section 1.2.3.2) there is no point in attempting 
to clarify the conditions in floJdplain pans such as Tete in terms of 

stress or disturbance until more detailed studies of P. crispus growth 
and reproduction are discussed. However, it is recognised that for 
an organism to survive in, and exploit, a shallow water habitat it must 



have a life cycle which, (a) provides for an inoculum to survive 
unfavourable periods and (b) ensures growth and reproduction during 
favourable periods. On the Pongolo floodplain, if plants such as 
P. crispus are to play an important role in ecosystem functioning they 
must: 

1. Produce inoculae to survive the unfavourable light 
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climate in summer which varies in both t iming and duration each year in 
relation to seasonal flooding. 

2. Produce inoculae which will survive drought conditions 
occurring on a longer time scale. 

3. Have the ability to grow and reproduce in a variable 
and short (6 - 8 months) period during winter and spring ea~h year. 
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CHAPTER 4 

ADAPTATION OF GROWTH, REPRODUCT ION AND NUTRIENT RELATIONS OF POTAMOGETON 

CRISPUS TO FLOODPLAIN CONDITIONS 

* The life history and adaptive strategy of P. cr ispus needs to be 
tarefully attuned to the major environmental fluctuations which occur 

on the Pongolo floodplain if it is to successfully exploit its habitat 

and playa predictable role in ecosystem functioning. 

Plants must acquire resources (energy and nutrients) and allocate 

them to growth and reproduction during the favourable periods of the 

year such that some may be stored over the unfavourable periods in order 

to ensure an inoculum when conditions for growth subsequently 
improve . 

This chapter considers the adaptations .of P. crispus growth, reproduction 
and nutrient relations to the floodplain environment. 

4. 1 RESULTS 

To facilitate interpretation, results for growth and reproduction during the 

wet period (1976-78) are presented first (Sections 4.1.1 - 4 1 3), followed 
by those for the drought year 1979 (Section 4.1.4). Nutrient relations 

for both periods are presented in section 4. 1.5. 

4.1.1 ~chene and turion germination, and the annual initiation 
of P. cr i spus growth 

Achene germination was very low each year, ranging between 0 and 0.005% 
of the bank in the sediment arid most plants arose from .turions each 

year~ 

Turion germination (Figure 4.1) was first recorded in April and 

reached maxima of 60%, 84%. and 91 % in mid-July 1976, 177 .and 178 

respectively . The estimate of 60% in 1976 is ~ however, considered low 

* :h i s controversial , te~ is used (sensu ,Grime , 1~79) as ,it i~lies a,suite of interdependent adaptations 
Wh1Ch promote funct1on1ng of the plan~ 1n a ~ult~factor~al, 1nteract1ve environment. This implication, 
fundamental to t he general theme of th1S thes1s, 1S lack1ng from other terms in common usage. 
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as it was based on the number of turions with attached plants only 
and did not account for detachment of plants during sampling. During 
the latter two years the turions with empty bud scales in the axils of 
leaves, indicating the loss of the attached plant, were included and so 
a germination of 85% to 95% by mid-July would appear more accurate. 

The initiation of turion germination occurred at a time of decreasing 
temperature (Figure 3.3) and increasing light penetration (Figure 3.1); 
two factors which have been identified as important stimuli for 
germination in other submerged plants (Hutchinson, 1975; Section 1.2.1). 
This was confirmed by laboratory experiments which showed that both 
temperature and light had significant effects on turion germination 
(Table 4.1). Germination was maximal at 15°C, significantly (p = 0.01) 
reduced at 25 °C and did not occur at 30°C. Light had no significant 
effect on percentage germination at low temperatures but markedly 
increased germination at 25°C . 

The summer conditions of high temperature and low light penetration 
(Section 3.1) therefore inhibited germination but when temperature dropped 
below 25 °C in April germination was stimulated. Since light is not 
important in promoting germination below 25°C, germination can occur 
before light reaches the sediment as must have occurred in 1976 (Figures 
3.1 and 4.1). 

Temperature therefore appears to be a major factor controlling turion 
germination and thus the initiation of P. crispus growth at the onset 
of the favourable winter season. 

4.1.2 Growth and decline of the P. crispus population 

Growth of young plants, as indicated by increases in standing crop 
(Figure 4.2a) and rates of dry matter production (Figure 4.2b), was 
slow initially but increased rapidly during June and July each year. 
The formation of reproductive structures (turions and inflorescences) 
by mature plants in August coincided with a reduction in vegetative 
growth and maximum standing crop occurred in late Augustjaarly September 
(Figure 4.2a and b). 
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The decline of standing crop was not as predictable as the initiation 
or growth phases and plants disappeared by the beginning of November 1978, 
late November 1977 and mid-December 1976. During 1976 and 1977 P. crispus 

had therefore disappeared before the floodwaters filled the pan to above 
MRL (Figure 4.2a) but during 1978, 41 g m-2 or 62% of maximum standing 
crop remained in October when the pan was flooded by very turbid water 
(Figure 3.1; Section 3.0.0). Thus, the life cycle of P. crispus on the 
Pongolo floodplain has usually been completed before the onset of summer 
floods but early floods may .inundate the population and cause its rapid 

decline (Figure 4.2). 

Waisel (1971) has described P. crispus in Israel as "thermophobic" and 
suggests that the annual decline of winter-growing populations is 
caused by increasing summer temperatures. More detailed studies of 
P. crispus on the Pongolo floodplain duri rng 1976, however, suggest that 
this is not so. 

Changes in P. crispus standing crop in relation to leaf chlorophyll 
and shoot tip oxygen production during 1976 

In April 1976 plants began to grow below the euphotic zone (i.e. at 2.5 
times Secchi disc depth) in darkness or very dim light (Figure 3.1) and 
they contained no measurable chlorophyll (Figure 4.3). Thereafter, the 
chlorophyll {a + bJ content increased rapidly to a maximum in May and 
June but declined in July after the maximum rates of dry matter production 
had occurred (Figure 4.2b). Rates of dry matter production and leaf 
chlorophyll concentration therefore decreased before temperatures began 
to rise. A similar sequence of events occurred during 1977 and '78 
(Figures 4.2 and 4.3). 

Shoot tips were first incubated in bottles at their natural depth, just 
above the sediment surface, during April 1976. The young plants which 
lacked chlorophyll showed a small net uptake of oxygen (Figure 4.4) 
indicating that growth must have been at the expense of the turion reserves. 
By May, however, the plants were 1 m tall and water depth had decreased 
to 1.5 m. Thus despite continuing turbidity (Secchi disc depth 0.4 m) 
the plants had reached the euphotic zone. ,The rate of 02 production 
by shoot tips incubated at 1 m was 5 mg 02 g-1 hr-1 but four times 



greater (20 mg 02 9-1 hr- 1) at the surface, indicating that the rate 

of photosynthesis was reduced by light attenuation in the turbid water. 
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The maximum rate of O2 production by shoot tips was measured in early 
June but then decreased markedly to a minimum in late August (3 mg 02 
g-1 hr-1) shortly after the water temperature (Figure 3.3) had begun to 

rise (17 °C to 19°C). More important, however, was that during this 
period of decreasing production, gross rates of 02 production showed a 
smaller decrease than net production (Figure 4.4) indicating an 
increased respiratory demand and that the shoot tips were beginning to 

senesce (refer to discussion in Section 1.2.2. and Figure 1.1). This 
occurred at the same time as the decrease in the rate of dry matter 
production (Figure 4.2b) and chlorophyll concentration (Figure 4.3) 
and demonstrates that growth, and the potential for growth, decreased 
before the onset of increasing temperatures, turbidity and conductivity 
associated with spring. 

By mid-September, however, both net and gross rates of oxygen production 
by shoot tips (Figure 4.4) had increased significantly and this trend 
was maintained into November despite increasing temperatures and a general 
decrease in the standing crop (Figure 4.2). This is at least partly 
explained by the fact that waterfowl uproot older plants while feeding 
on the turions thereby improving light penetration and favouring the 
growth of younger and shorter plants. These were used in later 
experiments and showed increased rates of photosynthesis with increasing 
temperatures as has been demonstrated for P. cr ipsus in Japan (Saitoh 
et al., 1970). 

These results show that on the Pongolo River floodplain the annual decline 
of P. crispus is not brought about by increasing temperatures but 
probably reflects the normal cycle of an annual species. The decline in 
the population, 4 - 5 months after germination began, therefore appears 
to be inherent; the plants reach maturity, flower, set seed, produce 
turions and then senesce. If this interpretation is correct, then 
P. crispus plants on the floodplain have a life span of 4 - 5 months 
and the period over which germination takes place, 3 - 4 months, permits 
the population to grow for approximately 8 months during the winter/ 
spring period. The ratio of production to biomass (maximum standing 
crop) would therefore be considerably greater than one (Section 4.2.3). 
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4.1.3 Replenishment of turion and achene banks 

Turions 

Approximately 90% of the turions present on the sediment in autumn eac;l 

year germinated and observations in the field indicated that those 

remaining were not viable and decayed before the next autumn. An annual 

replenishment of the turion bank must therefore have occurred. 

Turions were first formed in June of 1976, 177 and 178 and maximum 

numbers (270,770,722 m- 2 respectively) and mass (9,21,29 g m-2 

respectively) were recorded in late August, early September (Figure 4.5a). 

These maxima do not, however, represent the total production of turions 
for each year since: 

1. Mature turions became detached from the parent plant 
and, on sinking to the sediment, became rapidly indistinguishable from 
the previous seasons turions. 

2. Turions were grazed by waterfowl (Section 5.1). 

3. Additional turions were produced after maximum number 
per unit area was measured. 

The most meaningful estimate of the turion bank available for each 

seasonls growth was the number of turions on the sediment in February 

or March shortly before germination began. This turion bank increased 
each year (Table 4.2) from 1129 m- 2 (! 195, P = 0.05) in 1976 to 2100 

(! 273) in 1979. The mass of these turions, which also showed a general 
increase from 40 g m- 2 in 1976 to 60 g m-2 in 1979 (Table 4.2), represented 
the total production of turions minus that removed by grazers (Section 5.1). 

Achenes 

Although achene germination was small, it was important in propagation 

after dry years (Sections 1.2.3 and 4.1.4): Since losses of achenes from 
the . sediment bank may occur through 'death and dec~y in the unpredic­
table period between droughts, they will need to be regularly replaced. 



Inflorescences were first produced in August each year and reached a 
maximum in September (Figure 4.5b). In contrast to turions this 

maximum did represent a reasonable estimate of total numbers of 

inflorescences produced since: 

74 

1. Very few new inflorescences were produced after September. 
2. Inflorescences were retained on plants until after senescenc( 

3. Consumption by waterfowl was small (Section 5.2). 
4. Inflorescences which settled on the sediment remained 

recognisable until well into summer. 

Also in contrast to turions, the number and mass of inflorescences 
produced decreased significantly (p = 0.05) from 38 m-2 at 1.2 g m-

2 
in 

1976 to 11.5 m-2 at 0.38 g m-2 in 1978. 

Twenty to twenty four ovaries (x 21 ~ 3; P = 0.01) were produced per 
inflorescence of which 77% matured to form achenes. This yielded 
561,240 and 180 achenes m-2 during 1976, 177 and 178 respectively. 

However, despite this small production (Hunt and Lutz, 1959) the achene 
bank increased from 1976 to 1978 indicating that losses each year were 

sma 11 . 

4.1.4 Growth and reproduction during 1979 

The summer standing crop 

All the plants of the 1978 standing crop had disappeared by the end of 
November but a second crop of small (2 - 3 cm) plants with a standing 
crop of 0.8 g m- 2 was collected on the 7th December 1978. These plants 
remained small throughout the early summer floods and growth was resumed 
in early 1979 when the floods subsided and light penetration improved 
(Figure 3.1). Thus, on the 4th April 1979 a standing crop of 12.7 g m-2, 
consisting of mature plants bearing turions, was sampled (Figure 4.2). 

The origin of these plants is uncertain but both turion and achene 
germination may be implicated. Examination of the turion and achene 
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banks showed that 14% (341 m- 2) of the turions had germinated and the 

achene bank had decreased by 49%. The small percentage germination of 
turions was consistent with the small standing crop of plants but the 

large loss of achenes was not. This latter loss is therefore difficult 
to explain. 

The cause of this unseasonal appearance of P. crispus is also difficult 
to explain although it does seem related to the early flooding and 
inundation of the 1978 standing crop. One possible explanation is that 
the floods consisted mainly of cold hypolimnetic water from ' the 
Pongolapoort dam and that this stimulated germination of some turions. 
There are, however, no data to support this hypothesis. 

Few inflorescences were produced by this summer growth but a maximum 
of 54 turions m- 2 was recorded in April (Figure 4.5a). All plants had 
disappeared by late May. 

This summer growth supports the hypothesis that. P. crispus .is not 
adversely affected by high temperature on the Pongolo River floodplain 
but has a short life span and senesces after reproduction. 

Winter growth and effects of drought 

The growth of P. crispus in winter 1979 was initiated by the germination 
of turions in April as in previous years (Figure 4.1). Overlap of 
the summer and winter standing crops prevented calculation of the rates 
of dry matter production until May, whereafter it was clear that production 
followed the same pattern as in previous years (Figure 4.2b). 

Maximum production (0.79 g m- 2 day-1) was recorded in June with a decline 

in July. These changes in production coincided w,ith a typical rise and fall 
in chlorophyll concentrations (Figure 4.3). 

Standing crop (Figure 4.2a) also followed established trends until July 
when it reached 38 g m- 2 and turions and inflorescences were first 
produced in June (Fiqure 4.5). However, despite this apparently 

normal growth of P. crispus there was a sudden unseasonal cessation of 
measurable dry matter production in late July followed by a rapid decline 
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in standing crop during August (Figure 4,2), All plants had disappeared 

by 6th September 1979. 

Although in July the water level was low (Figure 3.) there was no indication 
of adverse environmental conditions (Section 3.0) which might have 
caused the unseasonal disappearance of plants. Field observations at 
the time, however, indicated that excessive damaging and uprooting of 
plants by feeding waterfowl was the major cause of standing crop decline. 

Waterfowl normally fed on the current seasons turions produced on plants 
(Section 5.1) but the low water level permitted the birds to upend and 
dig up the "parent" turions which had given rise to the standing crop. 

In doing so, waterfowl rapidly destroyed the P. crispus population 
during August before reproduction was completed, thus reducing recruitment 

to the turion and achene banks in the sediment. 

The fate of these turion and achene banks during the drought which 
followed was not determined but studies on Khangazini pan showed that 
while turions did not survive des~ication (unpublished data), achene 
germination was stimulated (Rogers and Breen, 1980). Thus, the plants 
which were growing in turbid water in September 1980 (field observation) 

probably arose from achenes. 

4.1.5 Nutrient relations 

Tissue concentrations as an indication of nutrient availability 

The overall ability of a plant to accumulate mineral elements is reflected 
in the ash content of the dry mass (Brinson and Davies, 1976). The ash 
content of P. crispus over the four year study period varied between 12% 
and 18% dry mass (Table 4.3) which was within the range for submerged 
macrophytes reported in the literature (reviewed by Hutchinson, 1975). 
Ash content does not, however, reflect the proportions in which nutrients 

occur and despite a high ash content individual nutrients such as nitrogen 
and phosphorus may be in short supply. 

During 1976 - 178 nitrogen content was highest (2.5 - 3.3%) in young 

plants each year and decreased steadily to 1.4 - 1.7% in senescent plants 



at the end of the season. Such a decrease is common and can be 

attributed to the accumulation of "non-growing tissues" as the plants 
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age (Howard-Williams and Allanson, 1978). These nitrogen concentrations 

fall within the range reported in the literature (Reimer and Toth, 1969; 
Howard-William~ and Alianson, 1978) and are much higher than the "critical 
concentration" (1.3%) of Gerloff and Krombholz (1966). This suggests that 
the plants contained more nitrogen than was required for growth, -tne 

critical amount, and that luxury upta~e and storage was taking place. 

Phosphorus concentrations (0 .7 - 0.21 %; Table 4.3) in the tissue during 
1976 - 78 followed the same pattern of decrease with age as nitrogen, and 
were not only higher than the 0.\ 3% critical concentration (Gerloff and 
Krombholz, 1966) but were among the highest reported in the literature 

(Hutchinson, 1975) . Thus luxury amounts of P were probably also taken up. 

In contrast to the wet years, during 1979 the concentrations of both 
nitrogen and phosphorus (Table 4.3) in plant tissues were below the 
critical concentrations (p = 0.08 - 0.13% and N = 0.36 - 0.49%). 
While this might indicate nutrient limitation of growth rates, rates of 
dry matter production (Figure 4.2b) do not support this as they were not 
markedly lower than previous years. 

Accumulation of nutrient stocks in the standing crop 

Temporal changes in standing stock of both nitrogen and phosphorus (Figure 
4. ·6) in the plant tissues followed those -of plant standing crop but the 
maxima reached each year differed. During 1976 - '78 maximum nitrogen 
stocks varied little and remained between 1200 and 1400 mg N m-2 while 
stocks of phosphorus decreased each year from 300 mg P m-2 in 1976 to 
160 mg P m-2 in 1978. During 1979 both nitrogen and phosphorus maximum 

-2 -2 stocks were very low at 300 mg m and 40 mg m respectively but this is 
a reflection of both the low standing crop and low concentrations of 
nutrients in the plants. 

During 1976 - '78 the nitrogen (N03-N) and phosphorus (TP) present in 
the water when Tete pan and the river first lost contact (Table 4.4) 
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would only have accounted for 10 - 20% of that accumulated in the plant 

population at maximum standing crop. This suggests that the major 

nutrient pool for P. cr ispus is in the sediments and supports studies 

by Everson (1980) which indicated that most P uptake occurred via the 

root system. 

4.2 DISCUSSION 

Three major points for discussion arise from these results: 

1. The life-history strategy of P. crispus on the 

Pongolo floodplain and the manner in which this permits the species to 

persist in and exploit the floodplain environment. 

2. Nutrient relations of P. cri spus and their potential 

influence on losses from and gains to the floodplain pans. 

3. The relationship between standing crop of P. crispus 

and net production which represents the amount of organic matter, energy 

and nutrients available to other trophic levels. 

4.2.1 Life-history strategy of Potamogeton cri spus 

The data available do not permit a quantitative estimation of P. crispus' 

life-history strategy in terms of resource acquisition and reallocation 
as advocated by Calow and Townsend (1981). The more qualitative CRS 
model of Grime (1979) is therefore used as a basis for describing the 
attributes of P. cr i spus life-history which permit it to survive in, 
and,exploit the pans of the Pongolo river floodplain. 

Grime recognises that plants have evolved 3 primary adaptive strategies 

(C,R and S) which operate in the mature or established phase of the life­

cycle and 5 regenerative strategies for reproduction. These strategies 

represent the extremes and different combinations are found in 
intermediate environments. 



The established phase 

The different types of organisms which have evolved the three primary 

adaptive strategies are described by Grime (1977 and 1979) as: 
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1. Competitors in which C- selection has involved selection 

for high competitive ability which depends upon plant characteristics 

wh i ch maximise the capture of resources in productive, relatively 

undisturbed environments. 

2. Stress tolerators in which S- selection has brought 

about reductions in both vegetative and reproductive vigours, to permit 

endurance of environments in which stresses such as low light, poor 

nutrient availability or water supply limit productivity. 

3. Ruderals in which R- selection has resulted in the 

evolution of short life cycles and large reproductive effort in poten­

tially productive environments where severe disturbance creates inter­

mittently favourable conditions for plant growth. 

The CRS model of life-history strategies has largely been developed on 

the basis of terrestrial plant ecology and the little that is known of 

emergent aquatic plants such as lYpha (McNaughton, 1975). Submerged 

aquatic angiosperms have not been considered but the model provides a 

useful framework for description of both established and regenerative 
(see below) strategies of P. ari spus on the Pongolo floodplain. 

The floodplain environment would favour R- selected species as it is 
potentially productive but experiences alternating unfavourable and 

favourable seasons for plant growth. Although P. arispus growth is 
usually restricted to the favourable period, the severe attenuation of 

light during unfavourable floods appears tO ,act as a disturbance to the 

established phase. This was observed when the early flood of October 
1978 resulted in the rapid death of P. cr i spus. 

The high rate of production of P. crispus , its short life span and large 
annual reproductive effort could all represent adaptations to R­
selection pressures placing this species in the ruderal category. 
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However, the monospecific nature of most stands of P. crispus in the 
floodplain pans might also indicate that it is an extremely successful 

competitor which avoids periods of disturbance. P. crispus on the 
Pongolo floodplain is probably therefore best classified as a competitive 
-ruderal but much more information is required to verify its competitive 

abilities. 

Regenerative strategies 

The five regenerative strategies described by Grime (1979) can be summarised 

as follows: 

1. Vegetative expansion (V) where a low risk of offspring 
mortality is acnieved by prolonged attachment to the parent plant and 
mobilization of resources from parent to offspring. As the parent must 
survive the period of offspring establishment this strategy has usually 

evolved in undisturbed habitats. 

2. Seasonal regeneration (S) from an annual, large seed 
production, usually occurs when seasonally predictable disturbances, such 
as flooding and snow, create unfavourable and favourable growing periods. 
This strategy is common in temperate regions where seasonal cycles are 
rna rked. 

3. Persistent seed banks (B) which may represent many years 
of accumulation, are usually found in habitats which experience inter­
mittent "catastrophic" environmental perturbations such as fire and 
drought. There are 3 main mechanisms operative in persistent seed banks: 
(i) The prevention of germination between the time of seed production and 
burial; (ii) burial of seeds and maintenance of dormancy and (ii i) 
promotion of germination. 

4. Wind dispersal (W) of numerous seeds has evolved in 
plants which exploit areas subject to erratic and large-scale disturbances. 
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5. A persistent seedling bank (Br ) usually occurs in 

forests where conditions for recruitment occur infrequently. Seedlings 
persist in a stunted or etiolated condition where factors such as light 
are deficient. They are often dependent on large seed reserves during 
this period and become establisned only when death of trees creates a 
gap in the canopy 

Grime (1979) points out that the major selective forces resulting in 
differentiation of these regenerative strategies have been intensity, 
periodicity and spatial distribution of environmental disturbances. 
Thus, since more than one disturbance can occur in an ecosystem and 
they can be on different time scales, anyone phenotype or genotype 
might exhibit several regenerative strategies. P. crispus possesses 
3 different strategies, S, Band B , which seem to have evolved in r s 
response to the three main environmental features of the floodplain; 
predictable seasonal growth periods, unpredictable flood durations and 
intermittent "catastrophic" droughts, respectively. 

P. crispus seasonal regeneration 

Although turions are asexual reproductive organs their seasonal 

production, summer dormancy and temperature trigger of germination in 
autumn present a mechanism of seasonal regeneration which regulates the 
established ruderal phase to the favourable growing season. While 
the established . phase has a life span of only 4 - 5 months, staggered 
germination as temperature declines permits ·the population to exploit 
the full 8 - g· months of the favourable winter/spring period. 

P. crispus persistent "seedling" strategy 

Turions contain large energy reserves which maintain the young plants 
when there is insufficient light for photosynthesis. The persistent 
seedling strategy of P. cr ispus occurs in cold temperate lakes where 
germination of turions occurs in autumn but ice cover limits light 
penetration and prevents plant growth. The young plants remain stunted 
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until spring thaw and growth occurs in. spring and summer (Stuckey et aZ., 

1978). On the Pongolo floodplain the ability of seedlings to persist 

under dark conditions allows the species to survive irregularities in 

the flooding cycle and exploit the favourable periods which inevitably 
follow. Thus, seedlings survived the turbid conditions after late floods 

in 1976 and the floods which followed an unseasonal germination of 

turions in December 1978. 

The P. crispus persistent "seed" bank 

The persistent "seed" bank of P. crispus consists of achenes formed during 

sexual reproduction. The achenes require an after ripening period 

(Mayer and Poljakoff-Mayber~ 1963; Everson, 1980) which suppresses 
germination before burial in the sediments. The main factor maintaining 

dormancy of buried achenes appears to be the hard, impermeable peri carp. 

Rupture of the pericarp during desiccation breaks dormancy (Everson, 
1980) and hence the achene bank has evolved as an effective strategy 

for persistence of the species after droughts. Guppy (in Meunschner~ 1936) 

found that achenes can survive up to 18 months of dessication. 

Although the main functional significance of persistent seed banks is 

to ensure regeneration i n si t u after a major environmental disturbance 

they may also facilitate dispersal by animals (Grime, 1979). The 

protection provided by the hard peri carp of P. crispus achenes duri ng 

passage through the gut of waterfowl (Section 5.1) would represent 

such a strategy and promote gene flow between populations on the 
floodplain. 

The strategies of both the establ i shed and regenerative phases of 

P. crispus life cycle are therefore well adapted to floodplain conditions 
and permit effective exploitation of the favourable growth periods. 

Under the natural flooding regime of the Pongolo river P. crispus may 

therefore play' a predictable' role , in the annual cycle of organic ' 
matter and nutrient transfers. However~ as construction of the 

Pongolapoort Dam will affect the flooding regime and alter environmental 

conditions on the floodplain it is important to identify factors which 

might cause "failure'" (Grime~ 1979) to establ ish or regenerate. 
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Potential failure of establishment and regeneration 

The most likely causes of failure to establish would be dry~ng out 

or flooding of the pans during the winter months, after most turions 
had germinated but before the plants had begun to reproduce. The 
staggered timing of germination and growth, effectively reduces this most 
critical period to the months of June and July. Although natural floods 

have occurred during this time (Heeg and Breen, 1982) they have a very 

low frequency of occurrence. 

Partial failure to establish may also occur as a result of destructive 
feeding by waterfowl on parent turions, as occurred in 1979. Since 

waterfowl presence on the pans appears to be mostly a response to the 

availability of turions (Chapter 5),many plants would mature before the 

bird,sarrival and only those which germinated late in the season would not 
become established. 

Failure in the regenerative phase is more difficult to predict, 

particularly as both turion and achene production and germination must 

be considered. Consumption by waterfowl may also affect regeneration. 

Grime (1979) considers that a change in the environment of species with 

multiple regeneration strategies will tend to reduce the effectiveness 

of some strategies and, if one form of disturbance predominates over 

the others, reduce the ~ffective number of strategies to one. Controlled 

releases of floods from the Pongolapoort Dam in the immediate future 
(10 - 20 years) are likely to be of very regular duration and timing 
(Alexander, 1982) thus eliminating droughts. In the long term, 
however, as irrigation demands increase, frequent "droughts" could be 
experienced on the floodplain. 

Over the next 20 yea rs, therefore, a n', absence of I droughts J may favour 

seasonal turion regeneration and reduce achene production The fact that . , 
during the wet years of this study turion production increased and achene 

production decreased,would tend to support this hypothesis. A decrease 

in achene production would not result in regenerative failure but if the 
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achene bank were to be markedly depleted by death and decay during this 
period, failure to regenerate could occur when irrigation demands 

eventually result in a 'drought on the floodplain. Monitoring programmes 
designed to assess the effects of controlled discharges on the floodplain 

ecosystem (Alexander, 1982; Breen, 1983) should therefore follow changes 

in turion and achene banks and adapt management accordingly. 

Two other major environmental factors which could result in regeneration 

failure are an increase in salinity to above 5% and droughts which 

extend beyond the period of achene survival under desiccated conditions. 

Guppy ( in Meunschner, 1936) suggests that this is 18 months, but further 
studies should verify this for the Pongolo floodplain populations. 

Excessive grazing of the regenerative phase can have a major impact on 

a plant's ability to exploit a particular habitat (Grime, 1979). The 

major grazers of P. cri spus are waterfowl which feed on turions, but 

studies on the floodplain (Section 5.2) suggest that grazing acts to 

stimulate turion production rather than decrease regenerative potential. 

Change in the flooding regime of the Pongolo river could therefore be 

a major factor affecting the ability of P. crispus to exploit the flood­
plain environment. 

4.2.2 Nutrient relations 

Growth of P. crispus brings large amounts of nitrogen and phosphorus from 
the sediment pool into circulation each year and much of this is trans­
ferred to the water phase during decomposition (Section 7.2.1). Thus, 
during the annual decline in standing crop when the non-reproductive 
portions of P. crispus decomposed, there was a general increase in Nand 

P concentrations in the water (Figures 3.8, 3.9). This indicates that 
release from the decaying plants exceeded rates of uptake by other 

components of the system and that nutrients may accumulate in the water 

at a time when flooding is likely. However, although concentrations of 

Nand P increased, because of reduced volume, the actual amounts in the water 
(Table 4.4) at this time each year were lower' than when the pan and river 
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lost contact after the previous floods. Overall therefore, the pan 
ecosystem, with P. crispus and its epiphyton as the major primary 
producers, acted as a nutrient trap during the period of isolation 
from the river each year. During the three wet years there was a 
total net transfer of c. 170 kg P as total phosphorus and c. 190 kg N 
as total N0

3
-N from the water to the various components of the ecosystem. 

The potential fate of the nitrogen is difficult to assess since bio­
chemical reactions may have resulted in retention in the biota or 
sediments, or losses to the atmosphere by denitrification (Wetzel, 1975). 

The sediments, however, seem the most likely component for phosphorus 
retention in view of their role as a sink for phosphorus (Syers et aZ., 
1973). As the major primary producers, P. crispus and its epiphyton 
undoubtedly played an important role in taking up and transferring 

these nutrients in the ecosystem. 

In October 1978, 44 kg P and 400 kg N remained in the plant standing 
crop when floods exceeded MRL and caused rapid decay of the plant tissues. 

Release of these nutrients to the water phase during decomposition could 
result in their bei~g flushed from the system by floodwaters. Thus, if 
floods are early there may be a loss of nutrients from, rather than gain 
to the pan. Studies of nutrient transfers during decomposition 
(Chapter 7) are therefore required to assess the magnitude of losses 
to the water phase and their significance to ecosystem functioning 
(Chapters 8 and 9). 

4.2.3. The annual net production of Potamoget on crispus 

The importance of aquatic plant production to system metabolism can be 
assessed by its contribution to the gross energy flow through the food 
web (Wetzel and Hough, 1973). 

The amount of energy or matter available to other trophic levels is the 
net production of the plants (Phillipson, 1966) and in many earlier 
studies of annual species (reviewed in Westlake, 1965; Wetzel, 1975) 
this was considered to be represented by the maximum standing crop 



ach ieved in a season. However, this is so only if the following 

conditions apply: 

1. Propagule germination must take place within a short 

period of time. 
2. There must be no loss of plants or plant parts by 

natural death, abscission or grazing before maximum 

standing crop. 
3. Respiration of all plants must equal or exceed gross 

production after maximum standing crop. 
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Clearly growth of P. crispus on the Pongolo floodplain does not meet 
these requirements and, since dry matter production could not be 

measured by the mark and measure technique of Howard-Williams (1978), 

an alternative approach was adopted. This involved making separate 

esti~ates of annual net production of the non-reproductive shoot 

material, roots, turions and achenes based on the following information 

and assumptions: 

1. Non-reproductive shoot material: The staggered 

germination of turions, a plant life span of 4 - 5 months (Section 4.2.1) 
and the fact that as older plants disappear they appear to be replaced 
by younger plants which are very productive (Section 4.1.2), suggests 

that P. cr ispus shoot production greatly exceeds maximum standing crop. 
In this light, assuming that there are no major losses to grazing or 

leaf fall before death of plants, the presence of a standing crop for 
8 - 9 months (twice a plants life span) indicates that annual net shoot 
production can be approximated by twice the maximum standing crop. 

2. Roots: Everson (1980) estimated the root mass at 
maximum standing crop to be approximately 4.3% of the non-reproductive 
plant mass. By applying the same reasoning as for shoots, root net 

production can be estimated as twice that present at maximum standing 
crop. 

3. Turions: A proportion of the turion production is 
grazed each year (Section 5.2). Assuming other loss~s of turions 



are small, the turion net production will equal the mass of turions 
present on the sediment after standing crop decline plus the mass 

grazed. 
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4. Achenes: Achene production could be estimated from the 

maximum standing crop of inflorescences each year (Section 4.1.3). 

5. Although young plants may grow at the expense of turion 

reserves most plants of only 1 - 2 cm in height were photosynthetic. 

The plant mass derived from the previous years production is therefore 

assumed to have contributed little to the maximum standing crop and so 

to annual net production. 

Thus it was calculated (Table 4.5) that the annual net production of 
P. crispus in Tete pan was 120, 187 and 158 g m-2 dry mass for 1976, 

177 and 178 respectively and that the production:maximum biomass ratio 

(P/B ratio) ranged from 2.5 to 2.8. Therefore, although P. cri spus has 
a short life span and low maximum standing crop, the high PIB ratio 

(Table 4.6) results in an annual net production which falls in the 

middle of the range reported in the literature (Table 4.6). The high 
reproductive effort of P. cri spus , c . 40% of net production, is evident 

from these data. 

Few studies have demonstrated the significance of macrophyte production 

to overall ecosystem functioning but in South Africa Howard-Williams 

and Allanson (1978, 1981) have shown Potamoge ton pectinatus L. production 
to be very important in energy and nutrient dynamics of the Swartvlei 
lake ecosystem. Although P. pect inat us is highly productive it occupies 
only 7.3% of the lake area and using their data it can be calculated that 

-3 this plant contributes c . 34 g m dry mass to the system on a unit 
volume basis. This represents c . 50% of the total primary production of 
the system. 

Potamogeton crispus has a lower annual net production but occupies nearly 
90% of the area of Tete pan and contributed an average of c. 126 g m-3 

to the system per annum between 1976 and 1978. Phytoplankton production 
during winter is very small (Rogers and Breen, 1980) and primary 
production in summer also appears low (Section 3.2). Thus, although 
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P. crispus growth is highly seasonal, its contribution to trophic and 

nutrient dynamics of floodplain pans such as Tete is likely to be 

extremely important. In addition it acts as a substratum for epiphyton 

which contributes c. 23 g m- 3 per annum (Section 8.1.2). 

4.2.4 Summary and conclusions 

Potamogeton crispus is a winter producing ruderal with multiple regenerative 

strategies. It is well adapted to exploiting the short winter/spring 

period favourable for submerged plant growth and surviving both summer 

flooding of unpredictable duration and intermittent catastrophic droughts. 

This suggests that P. crispus can playa predictable role in the Pongolo 

river floodplain ecosystem. 

The major source of nutrients for P. cr ispus is the sediment poo1 and 

plant growth brings large amounts of nitrogen and phosphorus into 

circulation each year. The rapid completion of the life cycle ensures 

that in most years Nand P released to the water during decay can be 

taken up by other components of the ecosystem before the summer floods. 
Thus, despite a potential for flushing ' of nutrient rich water when floods 

arrive, pans such as Tete appear to experience a net gain in nutrients 

in most winter/spring periods. As the major primary producer in these 

pans, P. crispus shows important adaptation to nutrient cycling in an 

ecosystem context. More detailed studies of the transfers of nutrients 

through the food web are, however, required before this adaptation can 
be fully ellucidated. 

The annual net production of P. crispus in Tete pan is very high on a 
unit volume basis and thus, although growth is very seasonal, its 
contribution to trophic dynamics in similar floodplain pans is likely 
to be extremely important. 

The transfers of P. crispus production and accumulated nutrients to 

other components of the ecosystem and factors affecting them, form the 
basis of discussion in succeeding chapters. 



CHAPTER · 5 

POTAMOGETON CRI SPUS/WATERFOWL INTERACTIONS IN THE 

GRAZING FOODCHAIN 
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Large flocks of waterfowl inhabit the Pongolo floodplain (Dutton, 1972; 
( . 

Clark, 1974; Cyrus and Robson, 1980) with peak numbers occu~ng durlng 
winter and spring (Dutton, 1972). Although the achenes of P. cr ispus 

form an important food source for waterfowl in north America (Hunt and 

Lutz, 1959), Dutton (1972) working on Nyamithi pan, suggested that 
waterfowl were attracted to the floodplain by the large number of 
gastropods associated with the P. cr sipus and not the plant itself. 
His work thus supported the hypothesis (Section 1.2.5.1) that submerged 
macrophytes do not make a significant contribution to the grazing 

foodchain. 

This part of the study investigates this hypothesis and considers (1) 

the role of P. crispus in maintaining a diverse waterfowl community on 
the floodplain and (2) the influence of waterfowl feeding on the P. cr ispus 

population under both wet and drought conditions. 

5.1 THE WATERFOWL COMMUNITY AND IMPORTANCE OF P. CRI SPUS AS A FOOD SOURCE 

5.1.1 Results 

Waterfowl community composition and numbers 

Eleven pans of widely differing physico-chemical characteristics (Table 
5.1) and representing a cross-section of floodplain waterbodies, were 
visited every second month during 1978 to assess the spec ies composition 

and relative abundance of the waterfowl community on the floodplain as 

a whole. The pans could be divided into three groups according to 
a subjective estimate of the cover of P. cr ispus at maximum standing 
crop: 
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(1) "Abundant" P. crispus ; 80% or more of the pan surface 

area was colonized by P. crispus at maximum standing crop. 

(2) "Sparse" P. crispus ; scattered plants or colonies 

covering less than 10% of the pan area. 

(3) "No" P . crispus; P. crispus did not occur in these pans. 

A total of 12 waterfowl species were recorded (Table 5.2) over the 
year with the White-faced Duck (Dendrocygna viduata (L.)) being the 

most common (73.5%) followed by the Spurwing Goose (PZectropterus 

gambensis (L.)) (9.4%), Yellow-billed Duck (Anas undulata, Dubois) (4.4%) 
and Knob-billed Duck tSarkidornis melanotus (Pennant)) (4.0%). Two 

species, the Cape Teal (Anas capensis ,Gmelin) and White-backed Duck 

(Thalassornis leuconatus, Eyton) were observed only once each. 

All species, except the Red-billed Teal (Anas erythrorhyncha, Gmelin), 
were most abundant (No. of birds ha- 1) on pans colonized by P. crispus . 

Most species showed a marked preference for pans with abundant P. crispus 

and seasonal changes in number also followed the growth and decline of 
the plants. In general the numbers of White-faced Duck and of the 
other species (considered together; Figure 5.1) were low during summer 
but after increasing rapidly during June remained high (c. 5700 and 
c . 2700 respectively) during winter and spring. The number of birds 

declined rapidly during November with the onset of summer floods. 

Although about 85% (5000) of the winter White-faced Duck population 
occurred on pans with abundant P. crispus there was a movement of 
some birds (c. 1500) to pans with sparse P. crispus during October 
before the onset of floods (Figure 5.1). 

This study confirms the findings of Dutton (1972) that the White-faced 
Duck are the most common species on the floodplain and that waterfowl 
concentrate on the pans during winter and spring. No evidence was, 
however, found to support his view that the birds dispersed over the 
floodplain during summer floods to breed. Most species, particularly 
the White-faced Duck, migrated from the floodplain during the summer 



breeding season. Some White-faced Duck do, 

floodplain and females containing eggs were 
(1),January 1978 (2) and December 1978 (2). 

however, breed on the 

shot during January 1977 
Broods of flightless 

juveniles were observed during both April and May, 1978. 
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The waterfowl community on Tete pan, where most detailed studies on 

waterfowl/Po crispus interactions were undertaken, was typical of that 
found on pans with abundant P. crispus (Table 5.3). One further species, 

the Cape Shoveler (Anas smithii (Hartet)) was observed in small flocks 

during 1979 increasing the total number of species observed to 13. 

The maximum number of waterfowl on Tete pan was reached in August or 

September of each year (Figure 5.2) at approximately the time of 

P. crispus maximum standing crops (Figure 4.1 ). The birds did not, 

however , all remain on the pan and numbers declined rapidly in late 
September/ early October . This was after maximum plant standing crop but 

before that of turions and achenes , was reached. White-faced Duck numbers 

reached maxima of 3009, 4210 and 2635 birds in 1976, 177 and 178 while 

the total number of birds of other species were 790, 495 and 385 

respectively. 

In summer 1979 during the unusual growth of P. crispus , both the White­

faced Duck (300) and other species (450) (Figure 5.2) congregated at 

Tete pan to a greater extent than i.n previous summers. During the 

winter drought, however, White-faced Duck numbers were markedly reduced 

over previous winters with a maximum of 490 occurring ' in August. The 
total number of birds of other species did not change (Figure 5.2) but 
there was a shift in the proportional species composition (Table 5.3); 
while the Knob-billed Duck was scarce and the Pygmy Goose (Nettopus 

auritus (Boddaert)) absent, both the Red-billed Teal and Yellow-billed 
Duck appeared to be attracted by the low water conditions. 

Food and feeding behaviour of waterfowl 

Analysis of the oesophagus contents of White-faced Duck from 11 

different pans on the floodplain showed distinct seasonal differences 
in the types of food consumed (Table 5.4). During summer and autumn, 



when the few birds present were dispersed over the whole floodplain, 
their food was varied with 15 different types being selected. In 
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most cases the food was obtained by dabbling in the shallows and the 

major food item was inundated Heliotropium indicumL. nutlets. Insects 
and the reproductive organs of plants, such as E. pyramidalis , Polygonum 

spp. and Cyperus spp., which occur along the margins of pans also 
occurred frequently in the diet. During winter and spring, however, 
only 9 different food items were consumed with P. crispus turions 

forming 63.5% of the diet and occurring in 83% of the samples. The 
reproductive organs of Nymphaea spp., Cyperus spp. and E. pyramidalis 

were also consumed but mostly by birds collected from pans where P. crispus 

was sparse or absent. 

White-faced Duck which fed on Tete pan where there was abundant 
P. crispus similarly ingested a variety of food in summer (Table 5.5) 

but in winter and spring diet was dominated (80 - 100%) by turions. 
Turions were obtained by dabbling or upending during mid-winter but as 
spring progressed and duck numbers declined (Figure 5.2) the birds 
began diving and uprooting the P. crispus plants in order to obtain 
turions. The only other items eaten frequently in winter and spring 

were P. crispus achenes and aquatic insect larvae but these did not 
form a large proportion of the total diet mass. 

The winter and spring diets of the Knob-billed Duck, Spur-winged Goose, 
Egyptian Goose (Alopchen aegypticus (L.)) and Fulvous Whistling Duck 
(Dendrocygna bicolor (Viellot)) on Tete pan were also dominated by 
P. crispus turions while the Hottentot Teal fed predominantly on the 
mollusc Bulinus natalensis (Table 5.6). Three Yellow-billed Duck and 
two Red-billed Teal collected on Tete during winter had empty crops 
although their gizzards contained a large proportion of turion 
fragments. 

Most of the major species of waterfowl on the Pongolo floodplain there­
fore feed selectively on P. crispus turions when they are abundant 
during winter but are more opportunistic in their feeding habits in 
summer when large portions of the floodplain are inundated. 
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This pattern was altered slightly during the drought of 1979 when two 

birdscollected on Tete pan during the unusual summer growth of P. erispus 

contained only turions in their crops. Furthermore, during winter when 

water levels were very low, the White-faced Duck began digging in the 

sediment and removing turions from the previous seasons production 

which had, or were in the process of producing new shoots. Thus the 
crops of five duck shot in late July conta i ned both the current (73%) 

and previous (20%) season's turio~s . 

Nutritional value of turions and achenesand its influence on water­

fowl condition 

Potamogeton erispus turions (Table 5.7) are very rich in available 
carbohydrate (50%) but have low lipid (1.5%) and protein (3.8%) contents 

(Sugden, 1971; Krull, 1970). Electron micrographs (Plate 5.1) indicate 

that the major carbohydrate is starch which is accumulated in the 

parenchymatous tissues of the thickened leaf bases and stems. 

Achenes, on the other hand, have a much lower available carbohydrate 

content (18.8%) but contain more lipid (15.6%) and protein (5.9%) 

which have higher energy yielding potentials than carbohydrate. The 

gross energy content of achenes (18.9 kj g-1) is therefore higher than 
that of turions (16.4 kj g-1) but since the thick pericarp of the 
achene (Everson, _ 1980) is not read i ly digested the apparent metabolizable 

energy content (Sibbald et al., 1963) is similar to that of turions. 

Field observations during this study, however, indicated that the 
pericarp is so hard that many, perhaps most, achenes pass through the 

gut intact. Thus, although achenes are apparently nutritious they would 
provide a much lower energy reward per unit of effort than the turions , 
which waterfowl select as their major food source. The value of achenes 

as a waterfowl food source is further reduced by their small standing 
crop (Figure 4.5). 

White-faced Duck present on the floodplain during autumn 1979 and more 

importantly those arriving in early winter (June and July) had small 
body mass (e.6.25 g) and low fat reserves (1 - 2.5%) (Figure 5.3) but 
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by mid-October both mass and fat reserves had increased significantly 
(p = 0.05) to 780 g and 5.3% respectively. Thus, birds which left 
the floodplain at the beginning of the breeding season (November) were 
in good condition. 

The decrease in condition of those birds remalnlng during summer is 
probably attributable to a greater energy expenditure in obtaining food 
which is less available under flooded conditions. This is supported 
by both the lower food intake (Table 5.5) and wide variety of foods 
eaten (Tables 5.4 and 5.5). 

5.1.2 Discussion 

Waterfowl community composition and continental affiliations 

The waterfowl community of the Pongolo floodplain is typical of that 
described by Winterbottom (1967) as IIEast African Tropical Aquatic 
Avifauna ll in that the major species include the White-faced Duck, 
Spurwing Goose, Knob-billed Duck and the ubiquitous Egyptian Goose. 
The presence of the Yellow-billed Duck at some density, however, 
indicates a degree of overlap with the IISouth Temperate ll species 
distribution . . . In all, 13 of the 16 species which breed in South 
Africa (Siegfried, 1970) and one of the few regular migrants (the 
Cape Teal) are represented on the floodplain. Thus, the Pongolo 
floodplain provides a habitat for one of the most diverse waterfowl 
communities in South Africa. This is enhanced further by the presence 
of many other water-associated birds of which 15 species are of restricted 
distribution and listed as lIendangered" in the South African Red Data 
Book (Siegfried et aZ., 1976; Heeg and Breen, 1982). 

The most abundant waterfowl on the Pongolo floodplain, the White-faced 
Duck, is essentially a tropical species which occurs in large flocks 
(up to 24000) on floodplains of Zambia (Douthwaite, 1977) through to 
Senegal (Treca, 1981) but has been recorded in small numbers as far 
south as the Orange Free State goldfields (Liversidge, 1962; Geldenhuys, 
1976). In most areas but particularly the floodplains of tropical 
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Africa, White-faced Duck occur in large flocks in winter and spring 
(Winterbottom, 1964; Dowsett, 1971; Dutton, 1972; Douthwaite, 1977; 
Skead and Dean, 1977) but seem to disperse to ephemeral water bodies 
to breed during the wet season (field observations). 

Clark (1974) suggests that the White-faced Duck is expanding its 

range into the more temperate areas of southern Africa and this m.ay be 
so on the Pongolo floodplain where it increased in numbers from. flo~ks of 
c. 300 in 1961 to 1000 - 2000 in 1972. Counts of over 4000 in this 
study (1977) support this hypothesis and further studies may reveal that 
the Pongolo floodplain is becoming an increasingly important habitat 
as this species, and perhaps others, spread further south into temperate 
Africa. 

The Pongolo floodplain as a waterfowl habitat 

Although the Pongolo floodplain is one of a number of wetland areas 
on the coastal plain of northern Natal, it appears to be the most 
important habitat for waterfowl in the area. Certainly the same 
numbers and in some cases diversity, are not seen on the Muzi swamps, 
the coastal lakes and vleis to the east (field observations) or on 
the Umfolozi River floodplain at the southern limit of the coastal 
plain (Rogers, 1978). 

The presence of an abundant winter food source in the form of P. crispus 

turions is undoubtedly the major factor attracting waterfowl to the 
Pongolo floodplain. The high carbohydrate content of turions provides 
a food with an A.M.E. higher than the average wild seeds and almost 
equivalent to cultivated grains such as barley and wheat (Sugden, 1971). 
Thus the waterfowl can replenish their fat reserves in a short period 
during winter and spring, and return to summer breeding grounds in 
good condition. 

The Pongolo floodplain does not seem to form an important breeding ground 
for waterfowl probably because rapidly fluctuating water levels in 
summer (Section 1.3.11) inundate potential nesting sites and create 
conditions of low and changeable food supply. 
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In winter, however, the relatively stable water levels in many pans and 

warm climate permit the growth of aquatic plants, in particular P. cr i spus , 

and associated invertebrates at a time when most other waterbodies in 

South Africa are either too cold, or have too little water, to encourage 

such growth. Since the winter flocks of East African tropical species 

of waterfowl on the floodplain are far larger than those reported for 
other parts of the country it would seem that the Pongolo floodplain acts 

as an important overwintering area for these birds. 

The exact role of the floodplain in maintaining a large and diverse 

waterfowl community at the southern limit of the tropical species range 

cannot, however, be elucidated without more detailed studies. In 

particular the factors limiting population growth in the summer breeding 

grounds must be identified (Flake, 1979; Kroodsma, 1979) before our 

ability to conserve or manage the waterfowl populations can be 
improved. 

Implications of waterfowl grazing for P. crispus regeneration 

Noy-Meir (1975) illustrated, theoretically, the ways in which the 

stability of a terrestrial grazing system can be affected by different 
characteristics of the herbivores and plants concerned. Smith and 

Odum (1981) have suggested that aspects of this theory may be applicable 
to goose grazing of rhizomatous salt marsh plants. 

Plant species which possess both grazeable and ungra~eable fractions to 

their total biomass may impart stability to the system, since herbivore 
populations fluctuate in relation to the availability of the grazeable 
fraction only and leave a IIreserve biomass ll which provides a ufesi.dual 

growth potential ll from which the plants can regenerate. In terrestrial 
systems the residual growth potential usually takes the form of asexual 
reproductive organs such as tubers and rhizomes (Noy-Meir, 1975) but 

presumably a seed bank or annually produced seed reserve would provide 

the same potential for regeneration in species with predominantly 
sexual reproduction. 
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Most bi rds (Grime, 1979) and in particular waterfowl (Skead, 1980; 
Smith and Odum, 1981) consume the (sexual and asexual) reproductive 
structures of aquatic plants rather than the Ii non reserve" biomass. 
As such they are util izing the "residual growth potential II which could 
affect the ability of the resource (plant population) to renew i tself, 
and so reduce the stabil ity of the system. Such "unstable" systems 
would be more prone to overgrazing and extinction of the resource. The 
adaptation of a plant species to grazing would therefore have important 
implications for stability in the ecosystem context. 

Waterfowl on the Pongolo floodplain feed on both the sexual and 
asexual "residual growth potentials" of their principal food resource 
P. crispus and, furthermore, in obtaining their food they uproot the 
growing plants and remove them from their major source of nutrients, 
the sediment. A potent ially unstable grazing system therefore exists 
and further studies were directed towards assessing the adaptation of 
P. crispus to waterfowl grazing and the potential for Qvergrazing. 

5.2 EFFECTS OF WATERFOWL GRAZING ON THE P. CRISPUS POPULATION 
IN TETE PAN 

Grazing waterfowl would exert their influence on P. crispus in two 
ways: (1) direct effects of turion and achene removal on the plant 
and (2) indirect effects of reduction in propagule number on subsequent 
development of P. cr ispus populations. In either event the effect on 
stability of the grazing system would depend largely on the proportion 
of turion production removed by waterfowl. 

5.2.1 Results 

The quantity of turionsconsumed 

Three different methods were used to obta in an estimate of turion 
consumption (Section 2.4.5); (1) the exclosure technique (2) culling 
of birds immediately after feed and (3) stochasticallY,by means of the 
Wiens/Innis model (Section 2.4.4). 



Exclosures 

In 1976 three exclosures were set up in Tete pan to estimate the 

proportion of turion and achene production which was consumed by 

waterfowl (Section 2.4.6). 
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In early 1977 when all the P. criipus plants had disappeared there was 

no significant difference (Table 5.8) in the number of achenes inside 
or outside the exclosures, confirming earlier observations (Section 

5. 1.1) that the waterfowl did not consume a large proport i on of the 

sexual reproducti ve reserve . At the same t ime there were more 

t uri ons (p = 0.001) on the sediment outside the exclosures than 
within (Tab le 5.8). The mass of turions was, however, not significantly 

greater, indicating that the turions within the exclosures were larger 

than those in the pan. Two possible explanations for these 

observations are: 

1. The enclosure of P. crispus influenced the size and 

number of the turions produced. 

2. Grazing removed large turions and stimulated production 

of many smaller ones. 

In both cases, however, exclosures were unsuitable for 

estimation of turion consumption. No attempt was made to establish 
the effect of exclosures on turion production but later studies (this 
section) considered the selection of large turions by grazers and 

subsequent production of small turions. 

Culling after feeding 

The White-faced Duck had two dist i nct feeding times, in the early 

morning and late evening. It was hoped that, by culling birds immediately 

after feeds, an estimate of the total amount consumed could be made by 

multiply i ng the mean mass of turions in the crops by the number of birds 

on the pan. This was repeated morning and evening to estimate daily 
consumption on four occasions during winter and spring 1977 and 
knowing the changes i n duck numbers with time,the total amount of turions 
consumed could be calculated. 
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It was estimated that between the 15/6/77 and 29/11/77 

approximately 3 g dry weight m- 2 of turions was consumed. · This 

represented a total of 2724 kg, yeplding a total energy intake (based 

on A.M.E., Section 5.1.1) of 59.9 x 106 kj. However, even the 

"existence energy requirement" (Section 2.4.4) of the ,1977 White-faced 

Duck population (calculated by the formulae of Kendeigh (1970)) would 

have been nearly three times greater (160 x 106 kj or 8.36 g m- 2 

turions). Although Kendeigh's method may be subject to some error 
(Laseiwski and Dawson, 1967) there is clearly no energy deficit in the 

population as the birds gain in mass and improve in condition while 

feeding on P. crispus turions. Thus this method did not appear to give 

an accurate assessment of turion consumption by the waterfowl. 

The weaknesses of the method were probably that the 

duck digested a large proportion of the food during feeding and before 
they were shot, and that it did not account for nocturnal feeding by 
the White-faced Duck. 

An estimate of the quantity of turions consumed by all 

duck was therefore made using the deterministic model of Wiens and 
Innis (1974) (Section 2.4.4). 

Estimation using the Wiens/Innis model 

Consumption of turions by White-faced Duck as calculated in this way 
varied from 7.9 g m- 2 in 1976 to 14.3 g m- 2 in 1977 and 10.0 g m-2 in 

1978 (Table 5.9), Since consumption by all other species was estimated 
as 3.4,4.1 and 2.1 g m- 2 respectively, it was calculated that between 

15 and 25% of the turion production was consumed by the waterfowl during 
each of these years. During the winter drought of 1979 the waterfowl 
consumed less than half (5.3 g m-2) that of previous years. Thus, 

since grazing by waterfowl may have stimulated turion formation, at 

least 75% of the turion production was not consumed in anyone year 
and remained to form a large "reserve growth potential". 



The size of a reserve is not, however, indicative of its long term 
stability nor of the potential for overgrazing if the waterfowl 
population were to increase. Overgrazing of P. crispus turions was 
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not evident during this study but nevertheless, each year, waterfowl 
moved away from Tete pan (Figure 5.2) to others with abundant P. crispus 

before turion number and standing crop reached a maximum in spring. 
Since such a migration could effectively reduce the potential for 
overgrazing of the turion reserve and so impart stability to the 
grazing system. its cause required investigation. 

It was noted that, at the time the migration began each year, there 
was a marked reduction in the mean size (mass) of turions (Table 5.10). 
The hypothesis was thus developed that smaller turions would be 
difficult to locate and so the reward to waterfowl per unit of ' feeding 
effort would be reduced, causing some birds to move to other feeding 
grounds. Further studies were directed towards determining the cause 
of this decline in turion size and the implications of this in 
maintaining the stability of the grazing system. 

Selection of turions and damage to standing crop by waterfowl 

The reduction in turion size in early spring could have arisen in two 
ways: (1) a preferential selection of large turions by feeding birds 
or, (2) through an increased production of small turions, possibly by 
detached plants. 

In the field IIsmall ll turions could be easily distinguished from IIlarge ll 

turions in that stems of small turions were only slightly swollen and 
leaf bases were so reduced that the dormant buds protruded beyond them 
(Plates 2.1 and 2.2). 

To determine the extent of uprooting and breaking of plants, and the 
selection of large turions by waterfowl a comparison was made between 
an area of Tete pan in which duck had recently fed and one in which no 
feeding had occurred (Section 2.4.7). 
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On the morning of the 26/7/78 ~ flock of c.500 White-faced Duck were 
observed feeding in a dense IIraftll in an area (c. 3000 m2) which had 

not been previously utilized that season . The effects of duck feeding 
on P. cr ispus standing crop and turion numbers were determined by 
comparison of samples within the feeding area and immediately adjacent 
to it. 

Sixty seven percent of the P. cr ispus standing crop in this area 
was detached from the sediment during the morning feed. Since duck 
feed twice a day, 500 duck could detach 67% of the standing crop from 
6000 m 2. It was estimated by extrapolation of these results that 
during each year of study half the number of duck present could have 
uprooted all the plant material present at maximum standing crop. 
This supported field observations that duck progressively detached 
almost the entire standing crop each year. 

Furthermore, the duck had removed 89% of the turions from the detached 
plants and where there had been 7.8 (~ 0.9, p = 0.05) large turions and 
1.4 (: 0.4) small turions per gram of non-reproductive P. crispus before 
feeding, only 1.0 (~ 0.5) large turion, but 0.8 (~ 0.3) small turions 
per gram remained. Thus, while feeding the duck uprooted many plants 

and selected a high proportion of the large turions but few small ones. 
The overall high proportion removed (89%) contradicts previous evidence 
that only 15 - 25% of the turion production was consumed. The 

possibility that the detached plants continued to produce turions was 
therefore investigated. 

Turionformation by detached plants 

Detached plants were transferred to glass tanks (Section 2.4.8) and 
within 20 days they had produced 3.3 (~ 0.9) large and 61.0 (~ 3.2) 
small turions per gram of non-reproductive material. In the field 
where some plants had been detached but others were still rooted there 
was also a marked increase in small turions from 1.4(~ 0.4) g-1 to 
12.5 (~ 3.1) g-1 but only a small change in the number of large turions 
(7.8 (: 0.9) g-1 to 11.3 (~2.6) g-1), during the 20 day interval. 
Thus, not only do the waterfowl selectively graze large turions but by 
uprooting plants they appear to promote a rapid production of small 
turions. 
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This was tested in the field by setting up exclosures which prevented 

the removal of large turions and the uprooting of plants by grazing 
waterfowl. By the end of the season large turions were significantly 

(p = 0.001) more abundant inside the exclosure whilst small turions were 

more abundant in the pan where grazing and uprooting had occurred 
(Table 5.11). The total number of turions inside and "outside the 

exclosures was, however, the same and apparently did not show the 

stimulation of turion production by grazing seen in earlier exclosures 
(Table 5.8). This can be at least partly explained by the fact that 

these second exclosures had a large mesh size (5.5 x 5.5 cm) which 
permitted wind action to move some detached plants into the exclosures. 

These became entangled amongst the rooted plants and produced small 

turions which settled to the sediment. 

Field observations therefore suggest that grazing stimulated production 
of turions but the effect was masked by poor experimental design. 

Implicationsof turion size and number for standing crop development 

The annual standing crop of P. crispus develops largely from germination 
of turions. Although grazing may stimulate an increase in turion 

numbers, their value in perennation from one year to the next depends 
on their viability. When incubated at 20°C in the light 64.9% 
germination was achieved for small turions. This was some 10% 

(significant at p = 0.05) less than for large turions (75%) but the 
reduction in viability would be offset by the c. 45% increase in 
turion production stimulated by grazing (Table 5.8). 

5.2.2 Discussion 

The influence of waterfowl on transfer of P. crispus production 

Waterfowl appear to be the major grazers of P. crispus production on 
the Pongolo floodplain. The only other potential grazer of aquatic 
plants is the fish TiZapia rendaZZi (Heeg and Breen, 1982) but this 
species is not abundant and no visual evidence of grazing of P. crispus 

was found. 
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Con sump t ion of 15 - 20% of tur i on production by waterfowl represented 

only 6 - 10% of the tota l P. crispus dry matter net production (6.5; 
9.8; 7.6% in 1976, 177 and 178 respectively); thus a significant but 

small amount of P. cr ispus production enters the grazing food chain. 

The proportion of this amount which is metabolized by the birds (about 

75% by mass) will be exported from the system (4.5 - 7.5% of Pn) as CO2 
from respiration or as biomass when the birds migrate to the summer 

breeding grounds. The remainder of that ingested 0.5 - 2.5% Pn) would enter 

the detritus food chain as faeces, either directly to the aquatic phase 

during winter or during floods, after being deposited on the floodplain by 

roo st i ng bi rds. In ei t her event this amount i s small in relation to other 

autochthono us (e. q. non-reproductive P. crispus and ep i phyt on ) and 

allochthonous (e.g. Cynodon dacty l on ) inputs to the aquatic system of 
the floodplain (Heeg and Breen, 1982; Section 8.1). 

Very few studies of waterfowl have attempted to estimate the proportion 

of plant production removed duri ng grazing (Anderson and Low, 1976; 

Smith and Odum, 1981) but it appears that between 2% (Dobrowolski, 1973) 

and 58% (Smith and Odum, 1981) can be utilized. Smith and Odum (1981) 

and Smith (1982) suggest that waterfowl grazing , particularly when it 

is of a short duration but destructive nature, stimulates annual net 

production by the food plant and may affect the type and amount of 

detritus formed. In their studi es Spartina rhizomes dug up by Snow 

Geese,supplement the amount of organic matter which enters the detrital 
food chain. 

Since there was no difference in turion standing crop inside and outside 
exclosures at the end of a season and waterfowl removed 15 - 25% of 
the production, grazing also increases P. crispus production to a small 

extent on the Pongolo floodplain. More important, however, is that 
by uprooting and breaking up most of the P. crisp us production, water­

fowl could have considerable effect on the processes of decomposition 
and detritus formation. This is considered in Chapter 7. 
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The influence of waterfowl on nutrient transfers 

Some studies suggest that waterfowl can provide a pulse of nutrients 
to the lake water during peak feeding seasons (Kalbe, 1976; Dobrowolski, 
1973; Ryther and Dunston, 1971). During the first years of this study, 
waterfowl on Tete pan consumed an average of 7.5 kg Nand 2.0 kg P 
each season. This represented 1.0% and 1.5% of the Nand P in P. crispus 

at maximum standing crop, and 10% of the N (as N03 -N) and 2.6% of the 
P in the pan water when floods subsided to MRL (Section 4.2.2). 

This amount would be transferred over a period of 5 months and some of 
it deposited on dry land. Transfer of nutrients by waterfowl is there­
fore unlikely to be an important factor affecting aquatic primary 

production on the Pongolo floodplain. Loss of nutrients from the 

system by bird migration in summer and by flushing when floods 
inundate faeces on the floodplain will therefore also be small in 

comparison to other inputs and losses during floods (Section8~2.1). 

Maintenance of P. crispus regenerative potential and stability of the 
grazing system: An hypothesis of adaptation viewed in an ecosystem context 

Potamogeton crispus on the Pongolo floodplain supports a large waterfowl 
population although less than 10% of the annual net production of the ' 
plant is consumed. As it is the reproductive organs, turions and to a 
lesser extent achenes, which are eaten ,this could represent an unstable 
grazing system (Noy-Meir, 1975; Smith and Odum, 1981) and so be prone to 
overgrazing. Since the waterfowl population appears to be increasing 
and construction of the dam upstream may affect the pattern of 
environmental disturbances to which P. crispus is adapted (Section 

4.2.1), it is important to consider the stability of this grazing system 
which provides an important winter food resource to the birds. 

Results of the studies on interactions of waterfowl and P. crispus 

indicate that grazing may in fact enhance turion production, and also 
that a sudden reduction in mean ' turion size may cause birds to leave a 
pan and thereby reduce grazing pressure. Thus, at least in wet years, 
a mechanism which controls grazing pressure seems to operate and 
maintain P. crispus regenerative potential. 



An hypothesis was formulated to explain these interactions and the 
main effects they have on stability of the grazing system under wet 
and dry conditions. This is summarised in the conceptual model in 

Figure 5.4. 
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Since the reproductive and not non-reproductive tissues of P. cri spus 

are consumed by waterfowl, these annual plants always mature and enter 
the regenerative phase (Section 4.2.1) before grazing has any impact 
on the population. Few achenes are eaten by waterfowl and most enter 
the persistent achene bank in the sediment where they ensure the 
persistence of the species after drought (Section 4.2.1). 

Most of the achenes ingested, however, pass through the gut and 
Everson (1980) suggests that the resulting scarification of the 
peri carp actually stimulates germination. Waterfowl may therefore 
be important in dispersal of P. cr ispus . 

During mid-winter (July) waterfowl feed on the large turions near 
the surface but as the duck population increases these become scarce 

and the birds begin to dive and uproot plants in order to obtain 
turions. The object of diving appears to be to bring the plant to the 

surface where the lower turions can be easi"ly removed. Approximately 
90% of the first formed turions are removed- in this way. 

A second crop of turions is then initiated in the axils of most leaves 
of the detached plants, but since the plants no longer have access to 
their nutrient supply they beg i n to senesce and less photosynthate is 
available for turion format ion. The second crop of turions is thus 
small and because they are more difficult to locate the waterfowl obtain 
a lower energetic reward per unit of effort. 

As the season progresses the waterfowl continue to selectively graze 
the large turions and reduce the ratio of large to small turions even 
further. It would thus become increasingly difficult for the birds 
to match effort with reward. 



106 

Then, during wet years, as the energetic reward per unit effort approaches 

some critical point (probably c . 1) many duck leave that population of 

P. crispus and move to another (Figure 5.4). This movement would 

decrease the competition for food which is experienced by the remainlng 

birds permitting a greater reward per unit effort. Thus the duck 

population stabilizes at a lower density during spring. This density 

is probably regulated by the rate of production of both large and small 

turions by rooted and uprooted plants respectively. 

Uprooted plants remain floating for a few days but soon senesce, sink 

and decay (Section 7.1.1). Most of the small turions produced by 

these plants sink to the sediment along with turions (large and small) 

dislodged from the plants by the activity of feeding waterfowl. Once 

turions are scattered and partly buried in the soft sediment their 

retrieval appears energetically unrewarding for the waterfowl which 

leave for the summer breeding grounds once P. crispus standing crop has 

declined. 

The production of small viable turions appears to provide an "ungrazeable 

reserve biomass" which stabilizes the waterfowl/P. cri spus grazing 

system by providing the "res idual growth potential" for the next season. 

Grazing during wet seasons does not therefore reduce the seasonal 

regenerative potential of P. cri spus and is unlikely to result in 
regenerative failure (Section 4.2.1). 

During a drought year, water levels are low and turions in the sediment 
are accessible to upending and dabbling waterfowl. Thus, when reward 
per unit of feeding effort decreases the duck dig up these turions 
causing rapid destruction of the standing crop before all plants have 
matured (Figure 5.4) and entered the regenerative phase (Section 4.2.1). 

The result is a decreased turion production and seasonal regenerative 
potential. Even such destructive grazing is, however, unlikely to 
reduce turion production or turion numbers in the sediment to zero 

in anyone season as the waterfowl are likely to leave when the 

reward per unit of feeding effort is reduced. A small regenerative 

potential will therefore probably always exist in pans such as Tete. 
In the event of the pan drying up, the achene bank, which does not seem 

to be markedly affected by grazing, becomes the major means of regeneration 
(Section 4.2.1). 
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Potamogeton cr ispus therefore appears to exhibit remarkable adaptation 
in an ecosystem context (McNaughton et az', 1983) in that, even under 
a complex hydrological regime, it can support a dense and diverse 
waterfowl population which, by feeding on the plants' main reproductive 
organs, induces a potentially "unstable" grazing system. 

This adaptation results in a small conservative (Section 1.2.8) 
transfer of P. cri spus production (6- 10 %) to the waterfowl trophic 
level and is clearly governed by an intricate information network 
(Figure 5.4) which acts to maintain regenerative potential. 
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CHAPTER 6 

THE EPIPHYTON/GRAZER/HOST (P. crispus J ASSOCIATION 

Eminson and Moss (1980) proposed that a delicate balance develops between 
macrophyte and epiphyton such that the epiphyton provides maximum 
benefit to the host by diverting grazing without becoming so dense as to 
interfere with light and CO2 reception. The nature of the association 

and stability of the balance which develops may affect macrophyte production 

and so the role of the host in the ecosystem. This study describes the 
association between epiphytes and the host, P. crispus, assesses the effects 
of snail (BuZinus nataZensis) grazers on the association and discusses 
adaptations for co-existence of epiphyton and host plants. 

6.1 THE EPIPHYTON/HOST ASSOCIATION 

Scanning electron microscopy was used to determine the species composition 
and succession of colonization of P. crisp us by epiphyton while the 
transmission electron microscope permitted an ultrastructural study of the 
effects of epiphyton on the host plant. 

6.1.1 Results 

Colonization by epiphyton 

The patterns of colonization were examined on both adaxial and abaxial 
leaf surfaces . - As no consistent differen~es could be detected, 
the processes were regarded as relatively unaffected by leaf orientation. 

The youngest leaves at the tip of the plant were devoid of epiphyton 
(Plate 6.1a), although some fine debris adhered to the surface (Plate 
6.1b). A sparse epiphyton, comprising Cocconeis pZacentuZa (Ehrenberg) 
Cleve (Plates 6.1c and d) and occasional groups of short stout bacteria 
(c . 1 urn long, Plates 6.1d and 6.2a) had colonized the. young leaves! by 
the time they had expanded fully. The bacteria appeared to be attached 
to the leaf surface by a web-like structure (Plate 6.2a) resembling the 



acidic polysaccharide fimbriate webs described by Floodgate (1972). 

With increasing age the epiphyton became more dense and included a 
greater variety of species (Plate 6.1 e and f). On mature leaves 
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c. placentula was dominant with Gomphonema spp. (Plate 6.1e) and 
Navi cula spp. (Plate 6.1g) also present. Filamentous cyanobacteria, 
enclosed in mucilaginous sheaths, and colonies of short stout bacteria 
were common. Scattered upright, rough-walled bacilli were also present 

and could be seen at higher magnification (Plate 6.2b). 

The density of C. placentula increased markedly on the oldest leaves 
as did the bacterial component (Plate 6.1g and h). Whilst diversity 
of diatoms did not appear to change, the bacteria included prostrate 
smooth-walled rods (0.25 urn x 2 urn, Plates 6.1h and6.2c) and short 
filaments (0.3 - 0.8 urn diameter, Plate 6.1h) . 

Incubation of the oldest leaves in pan water for 12 days to simulate 
the later stages of senescence did not cause any visible change in the 
species present in the epiphyton but did increase the density, 
particularly of the bacteria. The filamentous bacteria were abundant 

(Plates 6.1i and j). 

The composition of epiphyton on stems was the same as that on leaves. 
The upper 3 cm of stem was devoid of epiphyton but, as in leaves, the 
density and species number increased down the stem so that the most 
dense and diverse epiphyton was found at the base of the plant. 

Incubation of the basal 3 cm stem sections in pan water for 12 days 
also resulted in a marked increase in density but no detectable change 
in species composition (Plate 6.3a and b) of the epiphyton. 

Ultrastructure of the epiphyton/host interface 

Epidermal cells of the youngest leaves had a thin cuticle overlying a 
layered cell wall (Plate 6.4a). The cytoplasm was dense and vacuoles 
were absent. The first bacterial colonisers of the leaf surface were 
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eyident in sectiQns of ¥oung leavest but the1 did not appear to disrupt 

the cell structure (Plat~ 6.4bl. The dense cytoplasm was highly 
vacuolated and chloroplasts and mitochondria were closely packed together 
(Plate 6.4b and cl. A broad electron translucent zone occurred between 
the cytoplasm and the dense adaxial cell wall (Plate 6.4b). This zone 
contained no organelles (Plate 6.4c) and since it was not separated 
from the dense wall by a membrane, it was probably of cell wall rather 
than cytoplasmic origin. It appears to have arisen by dissolution of 
the pectiC matrix, allowing the wall to swell and the microfibrils to 
become disorganised. These changes were not evident in the mesophyll 
of abaxial epidermal cells. 

In both the adaxial and abaxial epidermal cells of mature leaves electron 
translucent areas, also comprised of sparse disorganised micro-fibrils, 
were evident just beneath the cuticle (Plate 6.5a - c). Within each 
of these areas were small organisms having well-defined cell walls, a 
granular cytoplasm and fibrous nuclear material within an electron 
translucent area (Plate 6.5d), indicating that they were bacteria. 
The electron translucent areas around them may, therefore, represent 
degradation of the cell wall by extra cellular enzymes {Byrde, 1980}. 

Occasionally the plant cuticle was ruptured and the underlying cell 
wall digested away {Plate 6.5b}. The cell walls of the mesophyll 
(Plate 6.5c) and abaxial epidermis {not shown} had, by this stage, 
also become swollen with loosely arranged microfibrils. 

The oldest leaves from the field supported a dense epiphyton. The 
cuticle was almost completely absent and most of the epidermal cell 
walls, both adaxial and abaxial, were disorganised (Plate 6.6a). The 
epidermal cells showed typical signs of advanced senescence (Baddeley, 
1967) in that they were highly vacuolated, most organelles were absent 
and the remaining chloroplasts swollen with ill-defined grana stacks. 
The tonoplast was also swollen and ill-defined. The mesophyll cells 
(Plate 6.6b) showed less advanced senescence, being vacuolatea and with 
occasional swollen chloroplasts. The walls of these cells were 
disorganised and swollen (Plate 6.6b and inset) with a markedly 

invaginated plasmalemma resembling that of transfer cells {Pate and 
Gunning, 1972}. 
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After 12 days in the laboratory the cells lacked cytoplasm and only 
the disorganised cell wails and plasm~lemma of the leaf cells remained 
(Plate 6.7 1. Bacteria had penetrated into both the epidermal (Plate 

6.7al and mesophYll cells (Plate 6.7b) and the walls of both tissues 

had been extensively degraded. 

Ultrastructure of the upper 3 cm of stems was similar to the youngest 
leaves in that there was no evidence of attached epiphyton or penetration 

of epidermal cells by bacteria. Mid-way down the stem, however, 
occasional bacteria were evident within the outer epidermal wall 
(Plate 6.8a); Although the bacteria were surrounded by electron 
translucent areas indicative of enzymatic degraclati,on , there was Qrily 
slight inward swelling of the cell wall. Epidermal cells of the basal 
3 cm stem sections, however, showed swelling typical of that in leaf 

cells (Plate 6.8b). 

After incubation in pan water for 12 days basal stem sections showed 
little change in ultrastructure although bacteria had invaded the 
intercellular spaces of the cortex (Plate 6.8c). Entry may have been 

gained via the cut ends of the stems. 

6.1.2. Discussion 

Two patter ns of colonisation of submerged macrophytes by epiphyton have 

been reported. In freshwater macrophytes and many marine macroalgae, 
new species replace earlier colonisers as the host ages (Ballantine, 
1979; Cattaneo and Kalff, 1978; Howard-Williams et at ., 1978), whilst in 
other marine macroalgae (Ballantine, 1979) and on P. cr i spus, as shown 
in this study, pioneer epiphyton species may perSist. In all cases 
however, there is both an increase in epiphyton density and species 
diversity during ageing of the host. Thus although the pattern of 
colonisation by epiphyton may differ, the"result in all cases, is an 
increase in epiphyton density and species diversity during ageing of 
the host. There is, however, little information on the fate of the 
epiphyton after death of the host. Robb et al .(1979) observed marked 
differences in the diversity of bacteria on living and decomposing 
P. pectinatus leaves, while Newell and Fell (1980) showed gradual 
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changes in the mycoflora of ThaZassia testudinum Konig after death. 
Clearly the death of P. crispus leaves and stems during incubation in 
lake water did not affect epiphyte diversity while the density, 

particularly of bacteria, increased. 

The swelling and disruption of the epidermal wall of fairly young 
leaves and the bases of rooted stems of P. crispus , which results in 
a reduction in cell volume and thus also in internal cell wall area, 
has not been reported in other submerged plants. It is, however, a 
common feature of cells infected by bacteria (Wallis, 1977) and other 
pathogens (Beckman, 1964). 

The disorganisation of the microfibrils in cell walls has been 
ascribed to an increase in acidity, or to cationic complexing as a 
result of the secretion of organic acids by the invading pathogen. 
This weakens and loosens the lattice structure of the polymeric 
substances in the primary wall of the invaded cell (Beckman, 1964) and, 
often, in adjacent cells as well (Wallis, 1977; Wallis and Truter, 
1978). In P. crispus swelling and disorganisation occur before 
any pathogens are observed within the tissues. The host response 
might, therefore, be attributed to organic acids secreted by the 

epiphytes, particularly the bacteria, before penetration. This is 
supported by the gradu~l extension of these conditions into the 

mesophyll and ~b~x;~l le~f epidermis before bacteria are evident in 
them. Why the response was not observed on the abaxial epidermis 
at the same time as the adaxial, when both had similar epiphyton, is 
not clear. 

Tbe characteristics of transfer cells seen in the older mesophyll cells 

are also difficult to interpret, since, although they have been known 
to occur in response to nematode parasitism in some plants (Whitfield, 
1979) they also occur normally in many submerged macrophytes (Pate and 
Gunning, 1972). 

Invasion and degradation of stems by bacteria appeared to take place 
more slowly than in leaves. This i~ probably attributable to the 
greater degree of thickening and lignification of the stem cell walls 
(Everson, 1980) and would explain the lack of extensive degradation 
during incubation in lake water. 
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Bacteria are only known to enter hosts through natural openings 
(e.g stomata and lenticels) and lesions. Since the former are absent 
in P. cr ispus , the pathogens probably gained entry to the epidermal 
cell wall through wounds which could have been caused by a variety 
of factors. Once within the epidermis,however, they spread rapidly 
and actively degraded the surrounding cell wall . It is likely that 
these activities were, at least partly, responsible for the concomitant 
senescence of leaf and stem cells since senescence caused by pathogens 
is known to manifest ttself in the same way as natural senescence 

(Butler and Simon, 1967). 

The results of thi s study support those of Howard-\~i 11 iams et al. 

(1978), and suggest that the host/epiphyton relationship is more 
complex than the essentially saprophytic relationship described as 
chemo-organotrophic by Allen (1971}. In P. cr ispus since it may 
cause the death of the host by promoting senescence, it could be 
considered necrotrophic and as such forms a further factor which may 
affect the delicate balance between macrophyte and epiphyton proposed 
by Eminson and Moss (1980}. Bacteria, by degradjng the cell walls 
would probably soften them making the plant more susceptible to damage 

and consumption by invertebrate grazers, rather than protecting it by 
diverting grazers as Hutchinson (1975) proposed. Degradation of plant 
tissues by bacterial and fungal action also occurs in autumn shed leaves 
in streams and is terme.d lIconditioning" (Cummins ;19741. Such conditioning 
softens the tissues and permits increased rates of consumption by 
invertebrates (Cummins and Klug, 1979). 

6.2 EFFECTS OF SNAIL GRAZING ON EPIPHYTON/HOST ASSOCIATION 

The gastropod BuZinus nat aZensis , is the most abundant macro-invertebrate 
associated with the P. crispus community (t~alley, 1980) and, like most 
gastropods (Calow, 1974) , is a periphyton feeder (Stiglingh and Van Eden, 
1970; Walley, 1980). The influence of grazing by B. nataZensi s on the 
epiphyton/host association of P. crispus was therefore investigated. 



6.2.1 Results 

The pattern ·of snail grazing on leaves 

Scanning electron microscopy was used to study the pattern of snail 
grazing on leaves of different ages (section 2.5.3). 

After 24 hours exposure to snails the surface of the youngest leaves 
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remained apparently unchanged. Thus if the snails had been grazing 
on the leaves they caused little or no damage. The surface of young 
leaves (Plate 6.9a and b) was also unaffected by the grazing action of 
snails, although most of the epiphyton had been removed, leaving debris 
and the ventral valves of some diatoms behind. Grazing snails had, 
however, removed the epiphyton and parts of the outer walls of some 
epidermal cells of mature leaves (Plate 6.9c and d). This exposed numerous 
canals (Plate 6.9d, arrowed) which are thought to have been caused by 

necrotrophic action of the bacterial epiphytes within the cell walls. 
The incidence of canals increased in the vicinity of damaged cells, 
indicating a correlation between heavy localised infections of bacteria 
and cell damage caused by snail grazing. 

Senescent leaves, having almost entirely electron translucent epidermal 
cell walls as a result of bacterial degradation (section 6.1.2), were 
extensively damaged by snail grazing within the 24 hour period (Plate 

6.ge and f). 

After 6 days in the presence of snails, all the youngest leaves (Plate 
6.10a) and most young leaves (Plate 6.10b) were still intact and showed 
no macroscopic evidence of damage. Furthermore, while most mature leaves 
had been damaged (Plate 6.10c), the few senescent leaves remaining were 
extensively damaged (Plate 6.10d). Microscopical examination of the 
leaf surfaces showed them to be devoid of epiphyton and while the youngest 
leaves were undamaged, damage increased with leaf age. 

Grazing snails therefore fed primarily on epiphytes but in older leaves, 
those parts which had been degraded by epiphytic, necrotrophic bacteria 
were also consumed. Grazing in vitro also, however, controlled the 
extent of recolonization by epiphytes. It is suggested that this would 
have the effect of reducing conditioning by necrotrophs which would 



retard consumption by snails. Support for this hypothesis was sought 
in the laboratory by comparing the chanqe in "edibility" (rate of con­

sumption; Nicotri, 1980) of leaves of different ages with increasing 

time allowed for conditioning before grazers were introduced. 

"Conditioning" and "edibil ity" of leaves and stems 
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When leaves of the two youngest categories (youngest and young) were 

presented to snails immediately after collection, they were inedible and 

remained so until the experiment was terminated 20 days later (Figure 
6.1a and b). Even when these leaves were incubated with detrital 

aggregate in the absence of snails for 2, 4 and 8 days before being 

introduced to snails, they remained apparently unconditioned and inedible. 

Mature and senescent leaves, however, had been conditioned in situ before 
collection and edibility, which was always greatest in .tberoldest 

senescent leaves, increased with time of conditioning in the laboratory 
(Fiqure 6.1a and b). 

After 18 days conditioning all leaves were similarly edible and .ll1ost 

had been consumed by the 20th day (Figure 6.1b). Thus, the number of 

leaves remaining after 20 days was greatest when conditioning was least 

and when snail grazing continuously removed the developing epiphyton. 
The results show that although the degree of conditioning of leaves 

controls edibility and thus consumption by snails, grazing, by controlling 
the development of epiphyton, arrests conditioning and curtails 
consumption of the leaves. 

The consumption of sections of stems taken from the tip, middle and base 
of mature plants similarly increased with time allowed for necrotroph 
conditioning (Figure 6.2a). The edibility was, however, only slightly 

affected by position of the stem on the plant for the first four days, 
thereafter all sections were consumed at equal rates. The rate of 

consumption was generally slower than for leaves, and, in contrast 

to leaves, the number remaining at the end of the experiment decreased 

slightly with time for which snail grazing occurred (Figure 6.2b). 
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Necrotrophic conditioning appeared therefore to be less efficient than 

in leaves. This confirms the observations made by transmission electron 
microscopy (Section 6.1.2) which were attributed to the greater proportion 

of structural material in stems than leaves. 

Nevertheless the number of stems remaining when the experiment was 
terminated was greatest when conditioning was controlled by the 

continuous removal of epiphyton by grazing snails. 

The BuUnus nataZensispopulation ·in Tete pan 

The numbers and standing crops of snails in Tete pan (Figure 6.3) were 

high in winter and spring but low during the summer months. The 

number and mass of snails per gram of P. crispus did not remain constant 
but increased to a maximum on senescing plants which support the most 

epiphyton (Rogers, 1981). 

Appleton (1978) suggests that temperature is the major factor governing 

seasonal changes in Bulinid populations and that snails are favoured by 

warm summer temperatures and decline in winter. Careful searches of 

marginal and mid-pan habitats in Tete pan, however, showed that the 

population declined in summer and did not simply migrate from the P. crispus 

community to other areas. Thus, on the sub-tropical Pongolo floodplain 

where winter temperatures are warm, the availability of. epipnyton and P. 

crispus as a food source and habitat, and not temperature,appear to be 
the main factors determining the seasonality of the B. nataZensis 

population. 

6.2.2 Discussion 

Adaptation for co-existence of host and epiphyton 

The "delicate balance ll
, which Eminson and Moss (1980) suggest develops 

between epiphyton and the host plant, is thought to be controlled by 
fluxes of nutrients and DOM at the host/epiphyte interface. It is 
thus dependent on host metabolism and topography, and manifested in a 
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host-specific epiphyton. Although their hypothesis is based on algal 

epiphytons, the mechanisms they proposed might also apply to bacteria, 
especially as they are also universal contributors to the epiphyton. 

The epiphyton developing on artificial substrata in the pans of the 

Pongolo system shows distinct differences in species composition, biomass 

and nutrition from those on P. crispus (Rogers, 1981), indicating that 

host metabolism does influence the epiphyton. However, in contrast to 
the situation proposed by Eminson and Moss (1980) the epiphyton does not 

prevent damage to the host by diverting grazing since the host cells are 
resistant to grazing until conditioned by necrotrophic bacterial epiphytes. 
It may be correct that snail grazing prevents excessive growth of epiphyton 

on P. cr ispus but, perhaps of greater significance is the reduction in the 

rate of attack by necrotrophs which appears to extend the life span of 

the plant. These data thus support the hypothesis of Eminson and 

Moss (1980) in that both host metabolism and grazing seem to be 

important factors regulating the structure and function of the epiphytonj 
host association but it does not support the hypothesis (Hutchinson, 1975) 

that the epiphyton protects the host from qrazers . Instead. aspects of 
the host's life-history strategy, structural resistance to grazers and 
a short life-span,which is completed before conditioning facilitates 
grazing,are important factors in its own defence. 

The important concept that arises from this discussion is that co­

existence of epiphyton and host in the floodplain pans is achieved 

through a complex set of interacting attributes of the epiphyton 
community, the host plant and the grazing animals. This suggests that 

in other environments, factors such as allelopathy (Wium-Anderson et aZ., 

1982) the production of mucilage (Hutchinson, 1975) and replacement of 
leaves in perennial species could also form important components of 
overall adaptations for co-existence. Attempts to find ubiquitous factors 
wh i ch have an overridinq control of the association (see Wetzel, 1983 

and 1983a) could be misleading. The concept of a number of interacting 

variables, of which one or more plays a predominant role under a certain 
set of environmental conditions. would seem more consistent with the 

theory of organism and community adaptation within ecosystems (Sections 
1.2.1; 1.2.2; 1.2.8) . This does not, however, mean that existing 

hypotheses are either premature (Wetzel, 1983a) or should be discarded. 
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They are ,after all, hypotheses and thus more experiments should be 
designed to test them under a range of conditions. Progress in our 

understanding of the roles of epiphyton and aquatic ~lants in wetland 
ecosystems and the factors permitting co-existence will remain slow 

until a more experimental approach is adapted (Sand-Jensen, 

1983; Wetzel, 1983a). This study indicates that the concept of 

organism and community adaptation within ecosystems (Grime, 1979; 
Calow and Townsend, 1981; Solbrig, 1981; McNaughton et aZ., 1983) 

could provide a useful basis for formulating and testing hypotheses. 

The epiphyton of P. crispus has a dual role; it does provide grazing 

for snails but, when once the bacterial component has gained entry 

into the cell wall, it serves also to enhance grazing of the macrophyte 

rather than divert it. The rapid growth and very short life cycle of 

P. cr ispus (4 - 5 months; Section 4.3.1) ensures that reproduction can 

take place before the plants are consumed but if the balance were upset 
necrotrophic processes could cause the destruction of the plants before 

reproduction occurred. The question therefore arises as to how easily 

the natural balance between epiphyte and host can be upset. 

Eminson and Moss (1980) consider that the balance between epiphyton and 

host may be upset when the fertility of the water increases to the point 
where it has a greater influence on the epiphyton than the relatively 

small fluxes at the host/epiphyte interface. Epiphyton growth is thus 

stimulated and the att~ched organisms outcbmp~te the host for nutrients, 
inorganic carbon and light,resulting in a decline in macrophyte populations 
in highly eutrophic waters (Phillips et aZ., 1978). While this may be 
important in the particular context of eutrophication, the above discussion 

clearly shows that many other factors may also be important. For 
example in the case of P. crispus on the Pongolo floodplain,necrotrophic 
bacteria/grazer interactions may be as important. If lake fertility 

were increased,a decrease ·in' the host~ s influence on the epiPDyton may 

lead to a rate of invasion by necrotrophic micro-organisms which exceeds 

the rate of grazing earlier in the host's life-cycle. A decline in 

both growth and reproduction which results more from bacterial attack 

than competition for resources, could thus lead to a loss of macrophytes 
from the system. The possibility of a similar set of circumstances 

arising from the eradication of the snails in ~n ~nti-bilharzia 
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campaign provides a further example. 

Implications of necrotroph/grazer interactions for transfer of resources 

Under natural conditions on the Pongolo floodplain, snail numbers are 

maximal on senescing plants which support the most epiphyton. Thus it 
might be expected that the effects of conditioning by epiphytes and of 

snail grazing on the host plant in the field, would be most pronounced 
at this time. 

A number of studies have suggested that although living plants are not 

eaten, snails do consume senescing or dead ti ssues (Azevedo and Medeiras, 
1955; Stiglingh and van Eden, 1970; Lamens and van der Velde, 1978; 

Cattaneo and Kalff, 1980). Similarly, freshly shed autumn leaves are 

not consumed by stream invertebrates (Kaushik and Hynes, 1971) but once 
partly conditioned by microbes,larqe amounts of leaf tissue are ingested. 

However, invertebrate assimilation is inefficient (Wetzel, 1979) and 
most of the biomass consumed is voided as faeces and enters the detrital 

pool as dissolved and particulate organic matter. The microbial conditioning 

and invertebrate grazing may thus have a profound effect on the fate of 
allochthonous organic matter production. 

This study indicates that necrotrophic bacteria/snail grazer interactions 

may also play an important role in determining the transfers of P. crispus 

production and accumulated nutrients during senescence and decay. 



CHAPTER 7 

DECOMPOSITION AND DETRITUS FORMATION 

Present understanding of the decomposition of aquatic macrophytes is 
based largely on the study of the disappearance of particulate matter 
and nutrients from dead plant material,either contained in mesh bags 
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and incubated in the field (Boyd, 1970; Wohler et aL ., 1975; Howard­
Williams and Junk, 1976; Godshalk and Wetzel, 1978b; Danell and Sjoberg, 
1979; Howard-Williams and Davies, 1979),or incubated in the laboratory 
in vitro (Jewell, 1971; Wohler et al., 1975; Godshalk and Wetzel, 1978a, 
b,c; Carpenter and Adams, 1979). 

The plant material, actively growing or senescent,has usually been 
killed by drying or lyophilization (Section 1.2.3.2) and hence studies 
have not included senescence and the action of necrotrophic bacteria in 
the decay process. The initial decomposition experiments were therefore 
designed to establish a method which included natural senescence (1976) 
and to compare the results with those obtained when plants were dried. 
Further experiments assessed the role of necrotrophic bacteria/grazer 
interactions in detritus formation and nutrient cycling in more detail. 

7.1 THE EFFECTS OF DRYING ON THE PATTERN OF MASS AND NUTRIENT LOSS 
FROM SENESCENT P. CRI SPUS 

7.1.1 Results 

1976 Experiments 

These experiments were designed to establish a routine for collection of 
material that was about to enter the senescent phase so that neither 
young actively growing nor partly decomposed plants were used in the 
decomposition studies. 

Plants were uprooted from the sediment to simulate damage caused by 
waterfowl and those in which senescence and decay was evident were 



discarded (Section 2.6.1). The remainder were transferred as fresh 

(undried) material to the decomposition bags. 

Material placed into decomposition bags on the 21 August (1976),just 
before the population began its annual decline (Figure 7.1;e1),10st 
mass rapidly (83%) during the first 17 days and then mass increased 
significantly (p = 0.05, Figure 7.2). Inspection showed that some 
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of the shoots in the bags had started to grow and it was evident that 
not all of the material placed in the bags had been entering the 
senescent phase. However, when apparently healthy material (i.e plants 
already senescing were discarded) was collected 30 days after maximum 

standing crop (Figure 7.1;e2) and the experiment repeated, there was a 
rapid loss of mass which continued at a constant rate of c. 4% day-1 , 

until only 9% remained after 27 days (Figure 7.2b). Since no growth 
of plants was evident in the bags all material was considered to have 
been about to senesce when the experiment was initiated. Thus it 
appeared that the pattern of mass loss of P. crispus during natural 
senescence and decay could be followed when material was collected c. 

30 days after maximum standing crop had been attained. 

1977 Experiments 

Material was collected at the same stage of the annual cycle (Figure 7.1 ;e
3
) 

for a comparison of the pattern of natural senescence and decay with 
that obtained when plants were killed by drying. To facilitate discussion 
the terms IIsenescentll and IIdried ll plants are used to describe the material 
used in the two sets of litter bags. 

Sen.escent plants did not show a significant reduction in mass during the 
first 24 hours (Figure 7.3) but thereafter loss proceeded at a constant 
rate, c. 4% of the original mass per day, and after 24 days only 10% of 
the original mass remained. The rate of mass loss was thus the same as 
that measured in 1976 (Figure 7.2b). 

Dried material lost 18% of its mass within two hours (Figure 7.3). No 
significant loss occurred during the next 23 hours after which it 
proceeded at a constant rate, 2% of the original mass per day. This 
was slower than the loss from senescent material and, after 24 days, 
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a significantly greater propo~tion of the original mass (35%) remained 

in the bags containing dried material . 

Nutrient concentration in senescent material remaining in the bags 
showed little change during decomposition, although phosphorus and 
magnesium decreased slightly (Figure 7.4a). All nutrients were therefore, 
lost from the bags at similar rates. Significant reduction in nutrient 
stock could not be detected after 24 hours, but loss proceeded at a 
constant rate of c . 4% day-1 during the following 24 days (Figure 7.4b). 

Nitrogen concentration in the dried material remained fairly constant 
during decomposition and was thus similar to that in senescent material 
(Figure 7.4a) : Phosphorus and potassium concentrations decreased during 
the first two hours whilst those of calcium and magnesium each increased 
by almost two thirds. During the period 1 - 24 days the concentrations 
of phosphorus and magnesium declined slightly with calcium and potassium 

remaining fairly constant . 

The rapid loss of mass during the first 2 hours, associated with 
differential rates of nutrient loss, resulted in marked differences 
between the nutrient stocks remaining in decomposing senescent and 
dried material. The stocks of nitrogen, phosphorus and ' potassium in 
dried plant material decreased by 7%, 54% and 95% respectively within 
two hours (Figure 7.4b). Thereafter nitrogen and phosphorus stocks 
were reduced at constant rates(c. 3.7%.and 3.3% day-1 respectively) whilst 
no further losses in potassium were recorded. Reduction of nitrogen 
stocks between 2 hours and 24 days were more rapid in the case of 
senescent than dried material, so that after 24 days dried material 
contained more nitrogen than did senescent material. In contrast, after 
the initial rapid loss of phosphorus, the rate of loss was slower than that 
from senescent material and at the end of the experiment the amounts 
remaining were similar. 

The stocks of calcium and magnesium in dried material increased markedly 
during the first 24 hours before declining at almost constant rates of 
3.3% of the original mass per day (Figure 7.4b). The stocks of calcium 
and magnesium were consistently higher in dried than in senescent material. 



The decomposing senescent and dried plant material both attracted 
snails (Bulinus natalensis ), with numbers and mass initially 
higher on the dried material. However, by the eighteenth day the 

senescent material supported more than twice the number and mass of 

snails (Table 7.1). 

7.1.2 Discussion 
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The rate and pattern of mass loss from dried plant material was similar 
to that observed for a variety of aquatic plants (Boyd, 1970; 1971; 
Mason and Bryant, 1975; Howard-Williams and Junk, 1976; Howard-Williams 

and Davies, 1979; Godshalk and Wetzel, 1978b). The initial rapid loss 
of mass has been attributed mainly to the solubilization and leaching of 
minerals and organic substances (Planter 1970; Kaushik and Hynes, 1971; 
Godshalk and Wetzel, 1978a; Swift et al., 1979) and the later, slower 
loss of mass is attributed to the breakdown or catabolism of plant 
material by heterotrophic micro-organisms (Howard-Williams and Junk, 1976; 
Saunders, 1976; Godshalk and Wetzel, 1978c). However, when decomposition 
bags are used, mass loss during the latter phase is also related to the 
loss of particulate matter by comminution (Swift et al., 1979) from the 
bags and the rate of catabolism of these particles is not recorded. 
Thus as decomposition is the sum of leaching, comminution and catabolism 
(Swift et al ., 1979) the pattern of mass loss from decomposition bags in 
the field reflects the rates of production of both the particulate and 
dissolved organic detritus (Rich and Wetzel, 1978),and not the rate of 
complete decomposition. 

Since dried P. crispus lost a greater proportion of its phosphorus and 
potassium than of its mass during the first two hours, it is clear that 
these two nutrients were rapidly, leached. In contrast, the rate of loss 
of the nitrogen stock was the same as the rate of mass loss indicating 
that leaching was not important. This has been observed in other 
studies (Odumand de la Cruz, 1967; de la Cruz, 1975; Howard-Williams 
and Davies, 1979) and is attributed to the rapid binding of any soluble 
nitrogen that is released by either the microflora assQci,ated with -the 
decomposing material, or as protein complexes on the dead material. 
As decomposition proc~eds these processes can also result in an 
increase in the concentration of nitrogen (Howard-Williams and Davies, 1979) 



but this was not evident in the present study, possibly because its 

duration was so short. 
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Howard-Williams and Junk (1976) observed a marked increase in the 
concentration of calcium during the early stages of decomposition and 
attributed it to the adsorption of Ca++ onto the surface of the plant 
material by cation exchange. The increase in stocks and concentration 
of both calcium and magnesium within two hours during this study, suggests 
that dried P. crispus is also acting as a cation exchange surface. 

Despite the close similarity between the patterns of nutrient and mass 
loss reported elsewhere and those shown here for dried P. crispus, they 
deviate markedly in most respects from those occurring in senescent 

material. 

Thus detached, senescent plant material did not act as a cation exchange 
surface and the loss of mass from senescent material did not show the 
initial rapid leaching. The latter might be expected since during 
natural ageing, leaching would be an extended process as individual 
cells senesce, die and lyse (Godshalk and Wetzel, 1978c) whereas when 
dried material is used, all cells are dead on re-immersion. 

However, since leaching is a more rapid process than microbial breakdown 
of structural material, certain nutrients such as P and K, would be 
expected to show a decrease in concentration during decomposition 
(Swift et 'aZ ., 1979). As this was not observed in the case of 
senescent material it is concluded that leaching was dependent on 
structural breakdown and thus nutrient loss by leaching was concurrent 
with loss of particulate matter by comminution. The presence of large 
numbers of snails which preferentially consume senescing plant material 
(Section 6.2.1) implicates them in this process. 

It is clear,however, that the mechanisms leading to a loss of mass 
and nutrients during these experiments were markedly altered by drying 
of the plant material. Harrison and Mann (1975) and Godshalk and Wetzel 
(1978a) have also observed that drying increased the rate of leaching, 
and the former authors commented that drying appeared to alter the 
organic matter in such a way that it was less rapidly attacked by 
microbes. The overall slower rate of mass loss from dried material in 
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this study might also therefore be a result of a change in the pattern 

of microbial breakdown. 

Until recently, it was considered that colonization by microflora 
responsible for decomposition began after death of the plant or plant 
part (Olah, 1972). However, this study (Section 6.1) and those of 
Howard-Williams et aZ . (1978) and Robb et al. (1979) have demonstrated 
micrcfloral successions which begin on young plants and continue after 
death. Furthermore, in this study it was apparent that necrotrophic 
bacteria, which formed an integral part of the natural epiphyton 
succession, were responsible for both hastening senescence and initiating 

the decomposition process. 

When decomposition was studied using senescent material, the microflora 
would have remained living and relatively undisturbed but when dried 
material was used it would, like the plant cells, have been killed by the 
drying process. Dried material would therefore have to be recolonized 
before decomposition could proceed. Since nutrients and dissolved 
organic matter are leached rapidly during the first two hours and they are 
known to influence the rate of bacterial production (Fenchel and Harrison, 
1976; Paerl, 1978) it is likely that recolonization would be nutrient 
limited. Drying must therefore be expected to alter both the type of 
micro-organisms colonizing the material, and the rate of catabolism; 
hence the slower overall rate of mass loss from dried plants. 

Furthermore, since snails such as B. nataZensis grazed both the senescent 
plants (Section 6.2.1) and the epiphyton which promote senescence, it 
must be expected that drying would influence snail numbers and the 
consequent pattern of comminution and detritus formation. The larger 
snail mass which was supported on the decomposing senescent material 
emphasises the different pathways of energy and nutrient transfer which 
become operative if the material is dried prior to experimentation. 

Rates of decomposition have usually been modelled by an exponential 
f . -bk unctlon of the type y = ae where y is the mass remaining after a 
time interval b, a is the initial mass and k is the rate constant 
(Jewell, 1971; Howard-Williams and Davies, 1979; Carpenter and Adams, 
1979). Although an exponential model of this type fits the data for 
decomposition of dried P. crispus (coefficient of determination 0.99, 
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Figure 7.5a), inspection shows that in common with data from other workers 
(Howard-Williams and Davies, 1979; Godshalk and Wetzel, 1978b), it does 

not fully account for the initial rapid loss by leaching. In a 
modification, Godshalk and Wetzel (1978b) noted that if k was considered 
to decrease exponentially (an exponential model of the type dw/dt = kW 

where k = ae- bt , W = percent of the initial mass remaining and t = days of 
decomposition) then no such discrepancy occurred. However, k did not 
decrease exponentially in this study but rather changed very abruptly 

between 2 and 24 hours. 

The loss of mass from senescent material, in both 1976 (not shown) and 

1977 (Figure 7.5b) was best described by a 'linear model of the type 
y = a - a

1 
x , (where y is the mass remaining after time x, a is the o 0 

initial mass and a
1 

the rate constant) with coefficients of determination 
of 0.995 and 0.997 respectively. However, despite its usefulness in 
describing the pattern of mass loss from the decomposition bags, it is 
limited in that it does not account for the fate of fine particulate 
or dissolved detritus. More detailed investigations of the factors 
affecting production and utilization of this detritus are required before 
a biologically meaningful model can be produced. Nevertheless the 
different functions required to describe the two sets of data suggest that 
drying of a submerged macrophyte such as P. cr i spus may bias a mathematical 
model of decomposition. 

Since drying markedly affected the decomposition process many previous 
studies may have underestimated the rates of decomposition of submerged 
macrophytes as they did not account for the influence of epiphyton/ 
grazer interactions during senescence. 

7.2 EFFECTS OF GRAZING SNAILS AND EPIPHYTES ON DETRITUS 
FORMATION AND NUTRIENT TRANSFER 

Once preliminary experiments to establish a routine for studying 

decompos it i on had been completed, the effects of epi phyte condit i'oni.ng' 
and snail grazing on decomposition were examin~d. _ " .... ' ,,_ 
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7.2.1 Results 

Mass and nutrient loss from large mesh, decomposition bags 

During the preliminary experiments (Section 7.1) it was observed that the 
larger snails of the population were excluded from the bags with a mesh 
size of 1.5 x 1.5 mm. In 1977 a study of the size frequency distribution 
of the B. natalensis population, present 1 month after maximum P. cr i spus 

standing crop (Figure 7.6), showed that a mesh size of 5 x 5 mm would 

permit access by the whole population. 

The loss of mass from senescent plants placed in these bags (Figure 7.7a) 
was similar to that from the smaller mesh bags incubated at the same time 
(Section 7.1.2) in that there was no significant leaching loss initially 
and about 10% of the original mass remained after 24 days. 

The pattern of mass loss, however, was not linear as in the small mesh 
bags but exponential (Figure 7.7b, coefficient of determination O. 98 
and rate constant, k = 0.086). 

Concentrations of Nand P showed little change during decomposition 

(Figure 7.8a) and loss of nutrient stocks followed the pattern of mass 
loss (Figure 7.8b) confirming that a rapid leaching loss did not take 
place. 

Two explanations for the different patterns of mass loss from the two 
mesh sizes are: 

1. The larger mesh size permitted access to the plant 
material by a greater size range of snails (Table 7.1) so that total 
snail mass was greater. Since sna i ls are implicated in the decomposition 
process this would have effected an increase in the rate of mass loss. 

2. The larger mesh size would allow loss of larger detrital 
particles from the bags, thus enhancing the rate of mass loss from the 
bags. 

The major disadvantage of the decomposition bag technique is that it is 
not possible to collect the detritus lost from the bags and so study its 
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formation and role in the decomposition processes. I n vitro experiments 

were therefore conducted so that all detr i tus could be collected and 

the effects of conditioning by epiphytes and grazing by snails on detritus 

production assessed (Section 2.6.2). 

Effects of grazing snails and epiphytes on -detritus formation 

Detached plants, incubated without snails, lost c . 38% of their mass in 

12 days (Figure 7.9a) at which stage they were brown, flaccid and 
apparently dead. Thereafter mass loss continued exponentially (k = -0.033) 
(Figure 7.9a, Table 7.2) such that 50% loss (t ~ ) occurred within 20 days 

The pattern and rate of mass loss was not significantly (pi 0.05) 
affected by the addition of epiphytic detrital aggregate (EDA) when 

snails were absent (Figure 7.9a, Table 7.2). In contrast, plants 

incubated with snails, although showing the same exponential pattern of 
mass loss, lost mass significantly (p =0.05) more rapidly (k = 0.056 

t ~ = 13) and this was greatly enhanced by addition of EDA. Despite 

the greater rates of mass loss in the presence of snails the plants did 
not become brown and flaccid. 

Accumulation of a fine detritus (FPOM<l mm2),consisting mainly of 

snail faeces, was also significantly more rapid (Figure 7.9b) when EDA 

was added (1095 mg in 24 days) than in the presence of snails alone (600 mg). 

In the absence of snails, however, most of the dead plant material 

remained unfragmented and both with and without EDA less than 200 mg 
of fine detritus accumulated. 

These results provide further evidence that snail grazing, by removing 
epiphytes, controls the spread of necrotrophic organisms which promote 

senescence in P. crispus. Consumption of conditioned plant parts, however, 
leads to a rapid loss of mass and production of fine detritus. 

The rate and pattern of mass loss from plants with snails and EDA were 

the same as those obtained i n the field using large mesh bags. Since 

the detritus produced by feeding snails is fine (<:: 1 mm2), loss of large 

particles from the bags is unlikely to be significant and both the field 
and laboratory studies (snails plus EDA) would appear to approximate 
the natural situation . 
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The exponential rates of mass loss, in contrast to the linear rate 
observed in the smaller mesh bags, can probably be attributed to the 
differences in the snail populations within the bags. In the small mesh 
bags snail entry was restricted so that the relative rates of grazing and 

conditioning would have differed from that in large mesh bags where 
grazer access was similar to the field situation. 

Effects of grazing snails and epiphytes ·on ·nutrient ·transfers 

Studies on the nutrient transfers during detritus formation were confined 
to the two treatments "Snails + EDA" which approximated the field situation 
and "No snails or EDA" which provided comparison. 

Loss of Nand P stocks from P. crispus plants in vitro followed the 
same patterns as mass loss (Table 7.3). Thus while 9 and 10% of the 
original stocks of Nand P respectively remained after 24 days in the 
presence of snails 49% Nand 60% P remained where snails were absent. 

In the absence of snails, most of the P was lost as dissolved P to the 
water (27% after 24 days) and only 7% occurred in the FPOM. Only 3% of the 
N stocks occurred in the dissolved form after 24 days while 19% occurred 
as FPOM. In contrast, snail consumption of P. crispus resulted in more 
Nand P being lost to the FPOM than to the water. The amount of N in the 
FPOM rose to 14.6% of the original stocks indicating that fixation of N 
occurred,increasing the total N stock by 67%. 

When snails were absent the total nitrogen stocks decreased during the 
24 day incubation period (Table 7.3). This can probably be attributed 
to inefficient removal of periphyton from the sides of the incubation 
jars at each harvest. Such periphytic growths were minimal in the 
presence of snails which grazed them continuously. The important point, 
however, is that consumption of P. crispus by snails had a marked effect 
on the rates and directions of nutrient transfers. In particular it 

resulted in a smaller proportion of nutrients entering the dissolved phase 
and a detritus very much richer in nitrogen (Table 7.4) than was produced 
by microbial decomposition alone. 
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The organic matter (ash free dry weight; Table 7.4) content of the snail 

faeces (FPOM), although lower (77%) than the parent plant material (85%), 

was higher than that produced by microbial decomposition (69%) and so 
too was the N:organic matter ratio. The large quantities of FPOM produced 

by snails were, therefore, the more nutritious detritus. 

7.2.2 Discussion 

Under natural conditions on the Pongolo floodplain,the effects of 
epiphytes and snails on the host plant are most important in determining 

the fate of plant production at the time of senescence, after the plants 

have been uprooted by waterfowl. 

Before the plants are uprooted the invading bacteria are restricted to 

the outer epidermal wall even in the oldest leaves (Section 6.1). 

Once uprooted, however, the plant's combined strcitegy of defenc~ a~ainst, 
or control of, epiphytes appears to break down and the invading 'bacteria 

spread rapidly. This supports the suggestion that host metabolism 
influences the ~piphyton (Se~tion 6.2.2). 

Conditioning of the cell walls of P. crispus clearly permits the snails 

to consume the plants before they die and before the readily utilizable 

organic matter is leached out. This permits the rapid formation of a 

fine, nutritious detritus and so influences the rates and patterns of 

nutrient and energy transfer within the ecosystem. 

Conservative transfers of energy-matter in the detrital pathway are 
large in comparison to the grazing food chain (Section 5. 2.2) but are 
also clearly governed by a complex set of interactions attributable to 
the ecosystem information network (Section 1.2.8). 

This is similar to the pattern of decay of allochthonous plant litter 

which enters streams (Cunmins et al., 1973; Boling et al., 1975; 

Anderson and Sedell, 1979) in that certain invertebrates (designated 

"shredders") have been shown to be very important in reducing dead, 
conditioned leaves to FPOM which is then utilized by other functional 
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groups (e.g. collectors). The rates of conditioning and hence FPOM 
production are primarily controlled by the refractility of the tissues 
(Cummins et al., 1973) which differs between species. 

On the Pongolo floodplain rates of conditioning are also dependent on 
the relative refractility of the tissues (leaves and stem~ and although 
B. natalensis is morphologically a "scraper" (Stiglingh and Van Eeden, 
1970 ), conditioning of P. cri spus permits it to function as a "shredder" 
and produce a fine detritus. This forms a very valuable food source 
for the many detritivorous fish species (Heeg and Breen, 1982) and 
invertebrates (Walley, 1980) on the floodplain. The trophic relations 
of these detritivores are not well understood but Walley (1980) has shown 
that the production of the oligochaete Branchi ura sowerbyi, an important 
collector species, is markedly increased by the seasonal input of P. crispus 

detritus each year. 

Much attention has been paid in recent studies to the modelling of the 
decomposition process (Godshalk and Wetzel, 1978c; Carpenter, 1981). These 
have usually described the pattern of decay as an exponential function 
(y = a~-bt ; see discussion Section 7.1), and have not actually considered 
the way in which this rate is affected by biotic and abiotic factors. 
Godshalk and Wetzel (1978c) developed a simple model to describe the 
interactions of the major factors affecting the rate of decomposition: 

Where 

k = T x 0 x N1 

R x S 

k = decomposition rate 
T = temperature 
o = oxygen 

N1 = nutrients 
R = plant refractility 
S = particle size 

This was not considered to be a definitive model of the decomposition 
process but could be used to demonstrate future research needs. Godshalk 
and Wetzel pointed out that, since k would not respond linearly to 
changes in the other model components and that the components do not 
necessarily act independently of one another, little would be gained from 
more descriptive studies and further research should concentrate on: 
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( i) The significance of decompos i tion to aquat ic ecosystems. 

(ii) The importance of the various rates to system metabolism 

and stability over long periods of time. 

(iii) The relations between detritus decomposition and the 

maintenance of higher trophic levels. 

(iv) The role of decomposition as an agent by which mineral 

nutrients are regenerated. 

The first of these priority research areas is not well defined and seems 

to be covered largely by the other three more specific areas. These 

areas can only be approached on the assumption that the basic decay 

rates of the plants can be reasonably accurately measured. 

This study has shown that the techniques adopted in a study can markedly 

affect the rates .of change of ~ the model .components and interactions 
between them. Thus, not only is the estimate of k affected but also 

the interpretation of which factors affect k and by how much. For example whel 

P. cr ispus plants were dried,the rate of leaching was accelerated such 

that the loss of nutrients (N1 in model) and dissolved organic matter 

caused a marked change in the refractility (R) of the tissues. This 

reduced the rate of conditioning by necrotrophs and so the ability of 

snails to act as shredders and reduce particle size (S) . Hence, 

nutrient loss was faster and k slower, and the role of P. cr i spus in 

nutrient regeneration and system metabolism may have been misinterpreted. 

On the Pongolo floodplain the rate of P. crispus decay is rapid and so is 
probably not important in maintaining long term stability of the system 
as would more refractile tissues with a slower decay rate. However, 

the timing of the entry of detritus into the floodplain detrital pool 
each year appears very important. The formation of P. crispus detritus 
in spring comes at a time when other energy imputs are low and this serves 
to maintain higher trophic levels until the summer floods transfer 

allochthonous detritus to the pans (Heeg and Breen, 1982). This study 
demonstrates that the timing and rate of entry of P. cr ispus to the 



CHAPTER 8 

THE ROLE OF POTAMOGETON CRISPUS IN CONSERVATIVE TRANSFERS 
OF ORGANIC MATTER AND NUTRIENTS IN TETE PAN. 
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The general objective of this study was to gain an understanding of the 
role of P. crispus in the functioning of the Pongolo River floodplain 
ecosystem. The preceeding chapters have described the floodplain 
environment and the biology of P. cr ispus at the population and community 
levels. It now remains (Chapters 8 and 9) to integrate this information 
with other ecosystem characteristics and processes and to develop an 
understanding of the role of P. crispus in the functioning of the flood­
plain pans. 

The purpose of this Chapter (8) is to describe the role of P. crispus in 
the conservative transfers of organic matter, nitrogen and phosphorus 
in Tete pan and to develop a framework on which to base a discussion 
(Chapter 9) of the adaptations which regulate functioning of the pans as 
aquatic ecosystems. The conceptual modelling approach adopted depicts 
ecosystem components and transfers semi-quantitatively and assists in 
identifying future research requirements. 

8.1. ORGANIC MATTER POOLS AND TROPHIC PATHWAYS 

The trophic pathways in Tete pan are illustrated (Figure 8.1) as transfers 
which occur between the major pools of organic matter (ash free dry mass) 
on an annual basis. Only transfers of organic matter are shown and 
not respiratory losses of CO2 which would occur at all trophic levels but 
were not measured. The convent ional symbol for a general storage 
compartment (a square box; Odum, 1971) is used to designate pools, and 
transfers are differentiated into those which could be quantified (solid 
lines) and those which are known only qualitatively (dotted lines). 



Since the model deals with the pan or aquatic ecosystem and not the 

floodplain as a whole, inputs from the seasonally inundated vegetation 

are considered allochthonous and those generated by aquatic primary 

producers, autochthonous. 

8.1.1 Autochthonous production 
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Potamogeton crispus production in winter and spring represents the largest 

autochthonous input of organic matter (OM) to Tete pan (Figure 8.1). 

The average annual net production over the study period was c . 130t of 

which 49% (63t) was shoot material, 3% (4t) roots and 48% (61t) turions 

and achenes. Transfer of this production to the grazing food chain is 

largely limited to waterfowl consumption of turions (10t or 7.8%" P ) and the 
" n 

remaining c . 95% senesces, dies and enters the detrital food web. There 

are 3 main pathways of transfer to the detritus pool: 

1. The roots die and decay within the sediment. Since they 

are distributed between 1 and 20 cm deep (Everson, 1980) only a portion 

of the detritus will be available to trophic levels higher than decomposers. 

The contribution of roots to the detrital food web is thus considered small. 

2. About 5it OM, as turions, remains in the surface sediments 

until the following year when, after germination and transfer of some mass 
to the developing plantlet (Section 4.2.3), they are conditioned by 
bacterial action and enter the detrital pool. The organic matter 
entering the detrital pool (30t) was calculated as the amount remaining 
in July each year after germi nation was complete. Since germination 
spans some months (Section 4. 1.1) turions would be at different stages ' 

of decay in July; this figure (30t) is thus an underestimate but the best 
available. 

3. The largest portion of production, 63t of shoot 
material, is conditioned by bacteria and converted to a fine detritus 

by sn8ils (Section 7.2.1). The pool of snail biomass is small (0.7t) 
and since the assimilation of macrophyte tissues by such invertebrates i s 
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low (<: 10%; Calow, 1975; Smock and Harlow, 1983) and few generations 

of B. natalensis are produced each winter (Appleton, 1978) a small amount 

is transferred to the snails and most of the P. cr i spus shoot production 

enters the detrital pool on the sediment surface as faeces. 

The other important autochthonous organic matter input to Tete pan is by 

epiphyton production (Rogers, 1981). The maximum standing crop of 
epiphyton is only 3t of organic matter but rapid turnover of these 
communities results in a much greater annual transfer. Rogers (1981) 

did not measure production but suggests that a turnover time of 15 days 

can be expected in a productive warm environment such as Tete pan. 

Using this figure and her data on change in OM standing crop, epiphyton 

annual production is estimated at 26t, most of which appears to be 

consumed by snail grazers (Section 6.2.1; Rogers, 1981) . Other studies 
(Hunter, 1980; Kesler, 1981; Summer and McIntyre, 1982) have also shown 

that grazing invertebrates can remove most of the epiphyton production 

and since assimilation efficiency is low (c. 30%; Calow, 1975) a large 

proportion of this production also seems to enter the detritus pool on 
the sediment surface before being transferred to the detrital food web. 

In general therefore, most autochthonous production in Tete pan enters 
the detritus pool on the sediment surface but not before it is processed 

by snails which represent only a small pool of organic matter with a 

low rate of assimilation~ An important role" of the snails therefore seems 
to be promoting the transfer of primary production to the detrital pool 
and the formation of a benthic detrital aggregate (BOA, Bowen, 1979a) 
on the sediment surface. 

8.1.2 Allochthonous inputs 

The Cynodon dactylon lawns which occur on the slopes draining directly 

into the pans (Figure 1.4) have potentially the largest allochthonous 

input to the aquatic ph~se (field observations; Br~en, pers. comm.). 
Detritus from the C. fas tigiatus / E. pyramidalis and Phragmites 
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communities appears to be largely trapped in the marshy depressions they 

inhabit, while the two higher lying communities (P. sycomorus/R. caffra 

and A. xant hophZoea/D. depressa (Section 1.3.6)) are only flooded for 

short periods in very wet years and comprise, plants which do not decay 
rapidly. Their contribution to detritus inputs to the pans is therefore 

considered small. 

Approximately 130 ha of 
study period. Furness 
of 644 kg ha- 1 dry mass 

C. dactyZon lawn drained into Tete pan during the 

(1981) showed that an aboveground standing crop 
-1 (Furness, 1981; pg. 97) or 570 kg ha ash free 

dry mass, can be expected just before the summer floods and that 50% of 
this might be lost through decay during a 28 day flood. Thus, in Tete 

pan C. dacty Zon would contribute about 43t to the aquatic phase in this 

time. If inundated for 120 days the contribution would be 61t. 

These figures are somewhat in contrast with Furness' (pg. 104) suggestion 

that C. dactyZon contributes up to 10 times (per unit area) as much to the 
aquatic phase of the floodplain as P. crispus. 

contrast are: 
Reasons for this 

1. He considered P. cri spus net production to be equal 
to maximum standing crop and used the low figures of 1976 only. 

2. Underground biomass of C. dactyZon was included in 
his calculation but this is unlikely to reach the aquatic phase as it 
is buried in compact soils. 

In addition it is important to realise that the significance of these 
two species to trophic relations in any pan will depend upon the area 

. . 
occupied by each and comparison on a unit area basis only may be 

misleading. It is clear, however, that both autochthonous and 

allochthonous sources provide large organic matter inputs to the detrital 

pool of the aquatic phase. The pathways by which allochthonous material 
is transferred have not, however, been assessed. 
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8.1.3 . Other higher trophic levels 

There are two pathways of organic matter transfer from the detritus pool; 

along the detrital food web or to permanent burial in the sediments. 

The latter, however, seems very small as decomposition of primary 

production is rapid (Section 7. 1.2; Furness, 1981) and the organic 

matter content of the sediments is low « 1.5%; Everson, 1980). Thus, as 

in most aquatic ecosystems (Odum and de la Cruz, 1963; Rich and Wetzel, 

1980; Mann, 1980) the major pathway of energy flow in Tete pan is through 

the detrital food web. 

A number of steps in this food web have been demonstrated qualitatively 

but few quantitatively (Kok, 1980; Walley, 1980; Heeg and Breen, 1982) 

so for the purposes of this study, the contributing organisms have been 

broadly grouped as either birds, benthic invertebrates or fish. The 

detrital food web is considered, in the model (Figure 8.1) to begin with 
the organic matter which collects in the detritus pool on the sediment 

surface. The snails are not included as their role appears to be in 

the preparation of the organic matter for transfer into the diverse 

detrital food web rather than consumption of detritus. Furthermore, 

very little of the organic matter consumed by the snails is transferred 

directly to other trophic levels since the only organism to predate upon 

them to any extent is the Hottentot Teal (Section 5.1.1). The few Teal 

which inhabit the floodplain do not seem to generate an important transfer 
of organic matter. 

Standing crop data for duck and snails were obtained from this study but 
that for lIother birds ll and fish from Walley (1980) and Heeg ·and Breen 
(1982) and Kok (1980) respectively. Conversions from dry mass to ash­
free dry mass were carried out using average values for these organisms 
supplied by Jorgenson (1979). 

The most important point which can be gained from the limited knowledge 
of conservative transfers in the detrital food web, is that most organic 

matter is cycled within the pan ecosystem and little is exported beyond 
its boundaries (Figure 8.1). 
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Transfers of organic matter through the food web can result in losses 

from the ecosystem via consumer emigration and human exploitation. 
Emigration losses from wetlands are seldom large (Prentki et al., 1978), 

particularly if the animals feed and roost within the ecosystem and 

there is no large emigration of juveniles each year. Since these 
criteria fit most consumers of the floodplain pans the net export of 
organic matter from Tete pan by consumer migration can be considered low. 

One exception to this rule may be the White Pelican {Pelicanus onocrotalus L. 

which transports fish to juveniles at lake St. Lucia to the south. 

Whitfield (pers. comm.) estimates that about 1t of organic matter may 

be exported from Tete pan by this means. The major loss therefore 

occurs through human exploitation of fish stocks which amount to c. 3t 
if 170 kg fresh mass ha-1 p.a. (or 400t from the floodplain) are 

harvested as suggested by Heeg and Breen (1982). 

8.2 NUTRIENT TRANSFERS 

The models of nutrient (N and P) transfers (Figures 8.2 and 8.3) were 

quantified in the same manner as the organic matter model and thus 

describe the amounts of nutrients moved from one pool to another over 

an annual cycle. Concentrations of nitrogen and phosphorus in fish 

and waterfowl tissues were not determined during this study and average 

values for these organisms were taken from Jorgenson (1979). The 

data for epiphyton nutrient relations were obtained from Rogers (1981). 

In Chapter 4 it was suggested that when floods entered Tete pan after 

P. crispus standing crop had decayed there was a small net gain 
of nutrients (N and P) by the ecosystem during the period in which 
it was separated from the river. However, the floodplain as a whole 
is an open system with a through-flow of water and if floods are 

early it is also possible that nutrients released during decomposition 
could be flushed from the pan. Clearly if the productivity of the 

floodplain pans is to be maintained,exports of nutrients must at 

least be balanced by imports. An important objective of these 

models was therefore to attempt a nutrient budget of Tete pan and to 
use gaps in the budget to propose future research directions. 
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8.2.1 A preliminary nutrient budget for Tete pan 

The main sources of nutrients for wetland ecosystems are atmospheric 
fall-out (wet and 'dry),inflowing water and nitrogen fixation. Birds 

and hippopotomuses which feed away from the wetland but return to its 
refuge after feeding may be important sources in some systems (Moss, 1980; 

Prentki et aZ ., 1978) but neither occur in Tete pan. 

The contributions of wet and dry fall-out to the Nand P budget of Tete 

pan have not been measured but in a rural area, far removed from industry, 

they are likely to be small in relation to other i nputs « 5%; Prentki 

et aL , 1978; Mitsch et aL , 1979) . 

Inflow of water to Tete pan during summer floods can contribute nutrients 

in three main ways; in the water retained in the pan when the flood 

subsides in autumn ( 76 kg P, Figure 8.2 ; 75 kg N as NOi , Figure 8.3); 

by promoting decay of c. dactyZon (114 kg P and 1050 kg N) and by 

deposition of silt to which nutrients are adsorbed. To date no 

estimate of silt load to the floodplain has been made, but studies of 
other floodplains (Welcomme, 1979; Mitsch et aZ ., 1979) indicate that 

this could be the major source of phosphorus to the pans. The 

generally higher concentrations of total P in the water of Tete pan 
during turbid summer floods (Section 3.1 .2) would support the 

view that silt adsorbed P is an important input to the pan. 

The largest source of nitrogen, on the other hand, appears to be N2 

fixation which has been observed to occur in the epiphyton (1140 kg; 
Rogers, 1981) and also in the detritus arising from snail processing 
of conditioned P. cr ispus (calculated from Section 7.2.1 to be c. 

1300 kg p. a. ) . 

In general therefore, phosphorus loading to Tete pan may be largely 

dependent on flooding but flood related nitrogen loads are strongly 

augmented by N2 fixation which is associated with the growth and decay 
of P. cr i spus. 



Loss of available Nand P from wetlands occurs principally through 

permanent burial in the sediments, consumer emigration/exploitation, 

outflow and denitrification (Prentki et at., 1978). 
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Permanent burial of Nand P in the sediments of Tete pan has not been 
measured but is likely to be small in relation to incoming loads and 

internal transfers (Prentki et at ., 1978); especially as organic matter 

burial is small (Section 8.1) and growth of plants such as P. crispus 

tend to result in a net upward movement of nutrients from the sediment 

(see below; Prentki et .at ., 1978). Exports via consumer emigration are 

also likely to be small (Section 8.1). The largest potential loss is 

from emigration of waterfowl (20 kg P and 400 kg N) each summer but as 

about the same quantities will be returned when birds arrive the next 

winter any net loss will be small. Export via pelican and human 

exploitation of fish stocks, however, may be as high as 66 kg P and 

530 kg N per annum. 

Export of Nand P from Tete pan by outflow is also important but will 

depend, at least in part, on the timing of floods in relation to P. crispus ' 

cycle of growth and decay. If floods occur in summer after P. cr i spus 

standing crop has declined and ecosystem processes have transferred the 

nutrients released during decomposition to other storage compartments, 

the average export will be only the 20 kg P and 11 kg N which remain in 

the water phase. However, if floods are earlier a larger stock of nutrients 
may be flushed downstream. For example when floods arrived in October 
1978, some 44 kg P and 400 kg N remained in the standing crop. 
Decomposition studies (Section 7.2.1) showed that about 30% of the P and 
10% of the N may be transferred to the water phase as dissolved Nand P 
and so could be flushed from the system. These losses (c. 13 kg P 

and 40 kg N) were, however, less than the average gain from the water 

phase (76 kg P and 75 kg N as NO;, see above) and so would not have 

markedly affected the size of the Nand P pools in Tete pan. If, on 

the other hand floods were to arrive in early spring when P. crispus 

was at maximum standing crop,then total export, including the nutrients 
in the water, could increase to 146 kg P and 330 kg N. 
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While these losses of N, even when combined with fishing export (330 + 530 = 
total 860 kg p.a.), are small in comparison to total N inputs (3565 kg p.a.), 

an early flood,in conjunction with fishing,increases the total quantified 

P export to 212 kg. -This is 22 kg higher than the annual import from 

water retention and C. dact yZon decay (190 kg), but if floods occur 

after P. crispus decline P export will be much less at 86 kg p.a.. This 
serves to illustrate that the timing of floods may have important consequences 

for nutrient, especially P, loss but whether or not it will result in overall 

net import or export in the pan ecosystem may depend upon the difference 

between inputs of silt adsorbed P and losses which may occur during floods; 

neither of which have been measured to date. Of particular importance in 

the latter context is the release of P which may occur if there is a marked 

change in ' the chemical equilibrium at the sediment water interface during 

floods. As redox potentials decline nutrients tend to become more 

soluble (Wetzel, 1975) and may enter the water phase. This can 

particularly affect the phosphorus equilibrium since P release from the 

sediments to the water can occur even without complete annoxia (Stevenson 

and Gibson, 1976). In Tete pan reduced O2 tensions above the sediment 

during floods (Section 3.1..4) may result in a release and subsequent 

flushing of P downstream. Thus, even when floods occur in summer, outflow 

exports could be much greater than concentrations in the water indicate. 

The very large difference between the measured imports (3565 kg) and 

exports (860 kg) of N from the system, suggests, in the absence of evidence 
for permanent burial, that nitrification and denitrification are important 
processes in the N cycle of Tete pan; but neither have been measured to date. 
The seasonal change between highly oxidised conditions which develop in 
winter and spring as a result of P. crispus production and more reduced 
conditions in summer would favour these biochemical processes and so 
stimulate a dynamic N cycle. 

Future studies aimed atderiving the nutrient budgets of floodplain pans, 
and indeed the floodplain ecosystem as a whole, should therefore 

concentrate on the nitrification/denitr ification cyt l e -wi th flood 

related addition~ and losses of P. In the past,floods were probably 
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the major factors affecting import and export of P in the pans but now 

the Pong01apoort dam wi11 retain much of the si1t and so marked1y reduce 

imports. Researchers and managers shou1d therefore ask what mechanisms 

exist to conserve nutrients and how can these be maintained? C1ear1y 

contr011ed f100d re1eases from the dam in re1ation to the cyc1e of growth 

and decay of P. crispus cou1d offer one management option but a greater 

understanding of interna1 transfers of nutrients IS , required if the P 

budget is to be ba1anced in future. 

8.2.2 Interna1 nutrient transfers 

The preceeding Ib1ack-box" nutrient budget for Tete pan ignored the 

interna1 ecosystem processes which, according to ecosystem theory 

(Section 1.2.8; Mann, 1980; We1ch, 1980; Patten and Odum, 1981) should 

provide a buffer against change in external factors. Since change in 

nutrient, especia11y P, 10ads to the system will result from the Pongola­

poort dam, it is important to determine the most important components of 

interna1 nutrient transfers (this section) and assess their significance 

for wh01e ecosystem functioning (Chapter 9). 

The major source of nitrogen and phosphorus for P. crispus appears to 

be the sediment (Section 4.2.2; Everson, 1980) but that for the 

epiphyton may be from either or both the water and host plant (Figures 

8.2 and 8.3). However, since the maximum combined size of the P. crispus 

and epiphyton Nand P pools is much larger (11 and 3 times respectively) 

than the amount in the water at MRL, the sediment pool must represent the 
origin of most Nand P taken up by autochthonous organic matter producers 
other than N2 fixing cyanobacteria. 

As can be expected (Welch, 1980) transfers of Nand P taken up by primary 

pro~ucers in Tete pan largely follow the same pathways as organic matter. 

Thus, whi1e sma1l proportions are transferred to the deeper sediments by 

root decay (10 - 15%) and to waterfowl grazers (<:.5%), the largest 

proportion (-;>80%) is transferred through the smal1 snail pool to the 

BOA on the sediment surface. In vitro studies of P. crispus decomposition 
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(Section 7.2.1) showed that, at least in the short term, about 30% of 
this P and 10% of the N accumulated in the water while the rest (70% and 

90% respectively) remained in the detritus which settles to the sediment. 

The sediments, especially the surface detrital aggregate therefore seem 

to playa central role in nutrient transfers. An important observation 

in this context is that, if it is assumed that snail processing of P. 

crispus detritus promotes ~fixation in the field as it apparently did 
do in vitro (Section 7.2.1), then it can be calculated that N inputs to 

the detrital aggregate outweigh P inputs by about 18 : 1. Thus, the 

two large inputs of nitrogen to the system by N2-fixation appear to 

generate internal transfers of N which are more than twice the average 

required per unit of phosphorus for primary production (Section 7.1; 

Wetzel, 1975). The possible significance of this for ecosystem functioning 

is discussed in Section 9.2.3. 

8.3 PERIODICITY OF ORGANIC MATTER AND NUTRIENT TRANSFERS 

The preceeding sections have outlined the magnitude and pathways of 

major pools and transfers of organic matter and nutrients in Tete pan 

but an important aspect of the functioning of this network lies in the 
timing or peri~dicity of these transfers over an annual cycle. Since 

most of the organic matter and nutrients transferred in Tete pan pass 

through the detrital pool on the sediment surface, changes in organic 

carbon, total nitrogen and available phosphorus concentrations of the 
surface sediments (Everson, 1980) should give an indication of the 
periodicity of major transfers in the system. 

Particulate detritus of aquatic macrophyte origin is mostly derived 
from the refractile, structural tissues and has a high C:N ratio and 
poor nutritive value (Wetzel, 1983)." However, in the littoral zone of lakes 

algae, bacteria and fungi colonise the detritus and a complex, nutritious 

"benthic detrital aggregate II (BOA) develops (Bowen, 1978; 1979a,b,c) 

on the sediment surface. The growth and nutrient uptake of these 
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organisms decreases the C:N ratio and increases the nutritive value and 

thus seasonal change in the size and nutritional quality of the BOA pool 

is a major factor governing secondary production in shallow lakes (Bowen, 

1979a,b,c). Although no studies have been conducted specifically on BOA 

in the floodplain pans, Eversons' (1980) study of sediment characteristics 

of Tete pan did include the top 1 cm which corresponds to the BOA. 

Epiphyton production provides the major input of detritus to Tete pan 

during winter (Figure 8.4) but as spring progresses this is augmented 

by the decay of P. crispus which continues until early summer. Thereafter 

flooding inundates the C. dact yZon community and further inputs of detritus 

to the pan sediments can be expected (Furness, 1981; Heeg and Breen, 1982). 

Epiphyton and P. cr ispus inputs to the pan are evident as marked increases 

in organic carbon and N concentrations in the BOA on the sediment surface 

(Figure 8.4) but during summer when C. dactyZon decayed both concentrations 

declined steadily and did not reflect this input. Low inputs of N might 

be expected from allochthonous refractory detritus but the concomitant 

decline in OC concentration indicates that floods do not provide pulses 

of detritus to the sediment surface of the pan itself, but rather that 

C. dactyZon decays i n situ on the flooded margins. Thus, it seems 

the major ecosystem processes of the aquatic phase of the Pongolo 

floodplain ecosystem are separated temporal ly and also spatially such 
that they occur in the permanently flooded pan area during winte r and 

spring (between floods) and on the seasonally flooded margins in summer 
(during floods). 

Everson's (1980) data also show marked increases in OC and N in the BOA 
during autumn (Figure 8.4) which are not explained by studies on the 
Pongolo floodplain to date but are probably due to two main factors: 

1. With the subsidence of pan water level to MRL at 
the end of summer, wind and wave action may disturb some of the now 

fine C. dacty Zon detritus in the shallows and re-distribute it to the 
pan sediments. 
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2. Increasing light penetration during autumn permits 

the growth of b~nthic algae and mats of heterocystous ' cyanobacteria 

were observed on the sediment surface in 1977,178 and 179 (field obsv.) . 

Both the detritus and algal production would increase the OC content of the 
BOA but it is suggested that the marked increase in N concentration, 

which was not accompanied by a similar increase in P (Figure 8.4) was due 

to N-fixation by the cyanobacteria. Phosphorus concentrations decreased 

during the autumn to spring period, when demand by P. cr ispus and 

indirectly the epiphyton,was high and then increased during the period of 

P. crispus decay and detritus formation. Most importantly though P 

concentration increased markedly during the summer floods supporting 
the view that silt adsorbed P is an important import to the pan (Section 

8.2.1). 

Seasonal changes in the BOA thus indicate that four different communities, 

the benthic algae/cyanobacteria, epiphyton on P. crispus , P. crispus 

itself and C. dactylon , provide a series of organic matter and N inputs 

to the aquatic phase over an annual cycle. They therefore provide a 

continuous energy source for the detrital food web although the BOA 

pool shifts in importance from mid-pan to the seasonally flooded margins 

with the onset of floods. Furthermore, it appears that at least three 

separate events of N2 fixation, spread over the annual cycle, act to 

maintain a low C:N ratio in the detritus pool and that silt carried by 
floods replenishes the P pool during summer. 

The continued functioning of the detrital based food web and the small 
grazing food chain in Tete pan is dependent on a sequence of resource 
transfers which are dominated, during the periods between floods, by 
P. crispus and its epiphyton. It is important, from a management 

point of view, to assess the mechanisms, or adaptations, which maintain 

these conservative transfers and regulate their periodicity in an 

environment subject to annual flooding . This is discussed in Chapter 9. 
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CHAPTER 9 

GENERAL OISCUSSION 

9.1 INTRODUCTION 

The preceding chapter demonstrates the extent of our knowledge of the 
conservative network of the aquatic phase of the Pongolo floodplain 
ecosystem, its links with the seasonally inundated component and the 
role of P. crispus in energy-matter transfers. A great deal of 
information, some of it very basic (eg. flood related inputs and out­
puts), is still required before a detailed understanding can be 
achieved but it is nevertheless important to now take stock of the 
situation and assess the usefulness of these data in pr~dicting 
ecosystem response to change. The need for this assessment arises 
from construction of the Pongolapoort dam. 

Many authors consider that one of the most important properties of 
an ecosystem is its ability to buffer changes in inputs or outputs of 
resources (see Odum, 1969; Jordan, 1981; Patten and Odum, 1981). 
Patten and Odum (1981) suggest that this ability is due to the cyber­
netic nature of ecosystem functioning which in turn lies in the wayan 
information network directs and rate controls the ecosystem conservative 
transfers (Section 1.2.8). This final chapter is therefore concerned 
mostly with aspects of the information network and evidence of cybernetic 
properties in the functioning of the Pongolo floodplain ecosystem. 

Cybernetic systems are a special class of cause-and-effect systems in 
which feedback of a portion of the potential output controls, at least 
in part, input (Fiqure 9.1). For feedback to operate the system 
requires an information network which connects all parts of the system 
into an inteqrated whole. Such networks requlate the system and are 
characterised by mapping (transcription of information from one physical 
entity to another) and amplification,in which low energy causes give 



rise to high energy effects (Patten and Odum, 1981). Engelberg and 
Boyarsky (1979) have asserted that ecosystems are not cybernetic,but 
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if one looks for properties in ecosystems which are analogous to 
engineered systems there is abundant evidence of cybernetic features 
(Patten and Odum, 1981). Ecosystems, however, tend to be "determinate" 
(Figure 9.1) rather than teleological because their "behaviour" is 
governed only by past causes rather than desired goals. Nevertheless 

"feedback structure may passively or emergently make - - - behaviour 
stable, regular, or otherwise predictable", and enable a system lito 

damp disturbance" or change (Patten and Odum, 1981). 

Underlying the concept of a cybernetic ecosystem is that of the 
ecosystem as an evolutionary unit (Section 1.2.8), in which the 
sum of the interactions which maintains orderly function, represents 
an adaptation (Odum, 1969; Chew, 1974) to existence under a certain 
set of environmental constraints. Thus, it follows that the Pongolo 
floodplain ecosystem would be adapted to its specific flooding regime, 
as is P. crispus, but at the ecosystem level of organisation, 
adaptation must lie in the manner in which the conservative and 
information networks interact (Patten and Odum, 1981). 

Unfortunately there has been no detailed theoretical treatment of 
wetland ecosystem functioning about which this discussion can be 
structured but some concepts outlined by Brinson et aZ. (1981) 

should be considered. They proposed that although the hydroperiod 
may be the major determinant of wetland ecosystem structure and 
function, other forcing functions, such as animal-animal and animal­
plant interactions, markedly influence specific processes. As a 
result relationships between ecosystem properties and a single 
environmental variable, such as the hydrological regime, are difficult 
to find. Brinson et aZ.(1981) also recognise that open (exorheic) 
wetland ecosystems differ in the amount of flushing they experience 
ahd so differ in' their patterns of storage, export and import of 
resources. But "like any organised ecosystem wetlands contain many 
complex pathways of energy flow" of different magnitudes and "feedback 
mechanisms" maintain their orderly functioninq. Their concepts are 
therefore consistent with that of the cybernetic nature of ecosystems 
but lack the detail to confirm it. 



In this chapter the pattern of storage, input and export of resources 
in the Pongolo floodplain pans is considered as an adaptation to the 
seasonal flooding regime. Particular attention is paid to the role 
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of animal/plant (P. crispus) interactions in regulating this adaptation 
and to evidence of cybernetic properties which would imply an ecosystem 

capacity to buffer change. Finally the usefulness of this study in 
assessing future research and management policies is considered. 
Due to the complexity of the subject matter, the discussion takes 
the form of answers to questions which have arisen from the outline 
(Chapter 8) of the conservative structure of the ecosystem: 

1. The role of animal/plant interactions. 
Do animals have a small influence on system 

metabolism as held by Wetzel (1979; Section 1.2) for aquatic eco­
systems in general or do they have a managerial influence on eco­
system processes Brinson et aZ. (1981)? 

2. Grazing versus detrital food webs. 
Why is so little P. crispus production transferred 

to the grazing foodchain and what is the significance of this for 
ecosystem adaptation and functioning? 

3. Nutrient cycling in an open system. 
What is the significance of the large, periodic 

N2- fixation inputs from different sources and the high N:P ~atio ~ of 
inputs to the BOA, for ecosystem functioning? 

4. Ecosystem adaptation to seasonal flooding. 
Does the network of interactions which lead to the 

capture, transformation and transferral of resources by P. crispus have 
adaptive significance for ecosystem functioning and do the regulatory 
mechanisms indicate a potential to buffer change? 

5. Management. 

How can this information assist in f~ture management 
and research policies? 



9.2 ECOSYSTEM ADAPTATION AND FUNCTIONING 

9.2.1 The role of animal/plant interactions 

Wetzel·s (1979) hypothesis that animals have a small influence on 

system~tabolism is based on the assumption that they assimilate 
little Qf the organic matter synthesised by primary producers. As 

such, however, the hypothesis considers only the conservative 

transfers of energy - matter and not the information network of the 

ecosystem which regulates these transfers (Section 1.8). Brinson 
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et aZ. (1981), however, suggest that animals act as lIecosystem 
managersll and may be very important in maj ntaining primary production, 

successional stages and ecosystem homeostasis. Their use of the term 

lIecosystem managers ll implies a ' r~ulatory roJe and that they consider 

the effects of animals to be manifest through the information, rather 

than conservative, network. Reconciliation of the two hypotheses 

therefore seems to lie in adopting a more holistic ecosystem view of 

animal-plant interactions. This study has shown that two groups of 

animals, waterfowl and snails, affect the growth, reproduction and 

decay of P. crispus populations in Tete pan (Figure 9.2) but they are 

both small components of the conservative ecosystem network (Section 
8.1). The question here is do they have a managerial role in the 
functioning of the pans of the floodplain ecosystem? 

Waterfowl consume only a small proportion of P. cri spus turion produc­

tion in Tete pan and although this may stimulate further turion 
production to compensate for losses, it does ~ot necessarily 

constitute a managerial influence on P. crispus ~opul~tions. The 
same may not, however, apply in the shallower pans where upendinq 

waterfowl can dig in the sediments and remove parent turions, before 
the plants arising from them have reproduced. Some pans,such as 
Mgodo and Namanini,are shallow but because they are immediately 

adjacent to the river there is a high water table and they retain 

water all year round. Only occasional P. crispus plants are found 

in these pans, despite the fact that during periods of high water they 

are continuous with the deeper Bumbe pan which is extensively colonized. 
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Studies during the 1979 drought showed that low water levels alone 
did not reduce P. cr i spus growth or prevent reproduction (Section 
4.1.4) in Tete pan; thus a hypothesis is that when the water level 
regularly drops to the up-ending depth of waterfowl (c. 30 cm) before 
the plants reproduce, grazing of parent turions induces an unstable 
grazing system (Noy-Meier, 1975) and the species fails to establish. 
Support for this hypothesis could be sought by transferring P. crispus 

turions to Namanini and planting them, at the same density per unit 
area, both within the protection of exclosures and in the pan where 
they are exposed to grazing. Since such an experiment would be 
contrasting the effects of hydrology (the rate of depth reduction) 
and animal influences, it would also provide information applicable 
to the hypothesis of Brinson et al ., (1983) that although hydrological 
regime is the primary determinant of wetland ecosystem functioning, 
other forces such as animals have a managerial influence on primary 

P!Eduction and plant succession. 

Other managerial influences of waterfowl lie in the indirect effects 
of their feeding~ctivities in pans such as Tete. Waterfowl only 
c~nsume a sm~p-roportion of P. cr ispus production (Section 8.1.1) 
but their im act on ecosystem processes lies in the fact that while 
fee~ing they uproot most, if not~ll (Section 5.2.1), mature plants. 
This increases the .rates of necrotrophic attaclc ancLs.enes..cence 
(Section 7.2.2) which lead to the process of detritus formation 
(Figure 9.2). Although no quantitative data are available, 
observations in the field showed that a lack of grazing in exclosures 

. -
l~Jo a delay (by several weeks) in senescence and death of plants. 
Thus, although the £onservativ~ransfers are_ small, the hysical 
avtivities of the bird~ appear to initiate the transfer of org~nic 
ma t ter and nutrients to the dominant detrital pathway earlier~h~ 
wouLd natural senescence. 

Waterfowl feeding activities can also be viewed as being indirectly 
responsible for a change in the managerial influence of snails 

(Figure 9.2). Before plants are uprooted feeding snails have a dual 
rQle of transforming epiphyton biomass into detritus (Rogers, 1981; 
Section 8.1.1) a~d controlling, at least partially, the rate of 



necrotrophic attack on P. crispus (Section 6.2.2). Once the plants 
are uprooted by waterfowl, however, necrotrophic attack begins to 
exceed grazing and the plants are rapidly conditioned. It is 
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difficult to assess the full mechanism leading to this imbalance in 
necrotroph attack and snail grazing, but two factors seem to be 
important either singly or, more likely, in combination. Firstly, 
detachment of the mature plants from their roots may lead to senescence 
with the concomitant increased release of DOM and nutrients, thus 
stimulating greater necrotroph growth. However, detachment from 
the roots cannot provide the full explanation since laboratory 
experiments (Section 6.2.1) showed that when grazing removed necro­
trophs, detached leaves remained alive and healthy for more than 20 
days. The second suggested mechanism, which is consistent with 
field observations, is that the vigorous feeding activities of the 
waterfowl dislodges snails from the plants and that in the time taken 

for recolonization, necrotroph attack begin$ to condition the plants. 
Under this hypothesis waterfowl activities interupt the managerial 

role of snails in controlling necrotroph attack and this indirectly 
feeds . back to . the recolonising snails by diverting their feeding 
activities to the host plant , Snail consumption thereafter regulates 
the pathways and rates of organic matter and nutrient transfer to the 
BOA and detrital food web (Section 8.1.1). 

The managerial role of snails is complex but the main point is that 
animal-animal and animal-plant interactions have important regulatory 
effects on ecosystem processes which are divorced from any influence 
of the hydrological regime and thus these studies support the hypothesis 
of Brinsonet a l . (1981). Furthermore since the effects are large and 
arise out of small conservative transfers they may each constitute an 
amplification. Patten and Odum (1981) consider that indirect 
effects which arise from, or accompany, direct energy-matter transfers 
but are markedly more significant than the direct transfers, can be 
classed as "amplification". As such these interactions act in an 
informational sense to provide feedbacks. They have _developed through 
evolutionary time to stabilize ecosystems and prevent catastrophic 

e'yents such as "boom and bust herbivory" and large scale predator-
~rey oscillations (Patten and Odum, 198i ). 
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Amplification effects are well known in the strict information 
network of cybernetic ecosystems (eg. the sight of a predator illicits 
a large energy response when prey run away) but some studies do 
recognise that they can arise as side effects of conservative transfers 
(Chew, 1974; OINeill, 1976; Patten and Odum, 1981) as in Tete pan. 
The managerial influence of animals on primary production, succession 
and ecosystem homeostasis proposed by Brinson et ale (1981) therefore 
seems to operate, at least in part, through amplification, where the 
indirect effects of small conservative transfers act to trigger a 
response or regulate a rate, in an informational manner. Wetzellg 
(1979) proposal that animals have little effect on system metabolism does 
not seem . to hold in an ecosystem context because it ignores infor­

mation feedback and amplification. 

9.2.2 Grazing versus detrital food webs 

The details of transfers in the grazing and detrital food webs and 
the intricate sets of interactions which control these transfers are 
discussed elsewhere. Here attention is focussed on the significance 
of the proportional distribution of macrophyte production to the two 
food webs. That is, what significance has the small transfer to the 
grazing food web for functioning in an open floodplain ecosystem? 

Many authors have pondered the question of why grazers do not eat 
aquatic macrophytes but only two (Hutchinson, 1975; Mann, 1980) have 
really attempted to formulate hypotheses. Hutchinson (1975) held 
the view that, since sodium content is favourably high in comparison 
to most terrestrial species and there is a general lack of secondary 
metabolites which might deter grazers, the answer did not lie in 
characteristics of the plant but in the covering of epiphyton which 
distracts invertebrate grazers. There are two problems with his 
view: Firstly, this study indicates that the structural nature of 
the plant rather than the epiphyton presence, prevents grazing of healthy 
P. crispus tissues by invertebrates and secondly, macro-grazers such 
as waterfowl, fish and larger animals would not be deterred by a 
layer of epiphyton if the plants provided an usable energy source. 
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Mann (1980) provides a more plausible explanation in his questioning 
of the distinction between grazing and detrital food chains. He 
points out that where grazing is heavy in terrestrial systems the 
dominant herbivores usually harbour a culture of microorganisms to 
assist digestion by -converting structural plant tissues into readily 
assimilable carbohydrates. The process of IIconditioningli of plant 
tissues in aquatic environments represents a similar process in that 
it makes indigestible plant tissues available to consumers but, since 
water is not limiting to bacterial metabolism in aquatic ecosystems, 
the process can take place in the external environment. Mann (1980) 
therefore implies that it is the nature of the plant material that 
regulates transfer to consumers in both environments and that certain 
adaptations have evolved to improve the transfer. 

To assess the implications of this for ecosystem functioning the 
analogy can be taken further. In ruminants, the process represents 
an adaptation which increases the efficiency (Phillipson, 1966) of 
energy utilization by reducing the percentage of the energy intake 
which is not assimilated and thus exported from the organism. A 
hypothesis is that because plant material must be conditioned before 
it is transferred to consumers the process has the same overall result 
of reducing export from aquatic ecosystems as it does in ruminants. 
Because conditioning can take place more efficiently in the aquatic 
environment, selective forces may not have favoured the evolution of 
complex gut flora in aquatic organisms to the same extent as in 
terrestrial ones. Aquatic grazers of living tissues therefore only 
utilize readily assimilable organic matter such as the large energy 
reserves of reproductive organs. On the Pongolo floodplain certain 
waterfowl species only,appear to be adapted to using this type of food 
source efficiently and the export of organic matter through their 
feeding is small. The remaining P. crispus production requires 
conditioning before transfer to autochthonous consumers and only a 
small portion is exported from the system. Thus, other resources 
such as phosphorus which are associated with this organic matter are 

conserved within the system and transferred to storage compartments. 
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The evolution of a conservative network with small transfers of 
resources to allochthonous qrazers and large transfers to an autoch­
thonous detrital basal food web is a characteristic of aquatic eco­
systems. Thus, although such a network provides a basis for reduc;ng 
exports of resources from the Pongolo floodplain ecosystem it cannot 
be considered an adaptation* to the specific flooding regime. The 
question does arise, however, as to whether the specific characteristics 
of the floodplain conservative network and factors regulating it 
(information network) represent adaptations* to reduce the potential 
for flushing of resources from the system? This hypothesis* can be 
developed further by discussions . of aspects of the nitrogen and 
phosphorus cycles in the Pongolo floodplain ecosystem (Section 9.2.3) 
and ecosystem adaptation (Section 9.2.4). 

9.2.3 Nutrient cycling in an open system 

Studies of Tete pan have shown that N2- fixation may occur on at 
least three occasions over an annual cycle and that since a small 
amount of this nitrogen seems to be flushed from the pan during floods, 
the major exports of N appear to be through nitrification/denitrification 
(Section 8.2.1). In general the Pongolo floodplain ecosystem is 
characterised by a dynamic nitrogen cycle with transfers .. which are 
proportionally large in comparison to those of phosphorus. 

At a population level the ability to fix N2 clearly gives some 
organisms a competitive advantage over others when sources of avail­
able N are low (Welch, 1980) but why do inputs of N apparently exceed 

* It is important to realise that "given a sufficiently inventive 
mind it is always possible to imagine what the selective advantage II of 
a particular phenomenon might be and that correlations should not be 
automatically taken as cause-effect relationships (Calow and Townsend 
1981). This sort of a posteriori approach can, however, be justified 
(Clutton-Brock and Harvey, 1979) if used to give order to observations 
from which one can generate research to accumulate or reduce support 
for the hypothesis. 
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the requirements of primary producers which are the main resource 
gatherers of the ecosystem? Is it that nitrification/denitrification 
is so rapid that recurring conditions of low N supply trigger 
frequent events of N2-fixation? The nitrogen cycle in Tete pan is 
so poorly understood that this question could rapidly become circular 
as nitrification/denitrification could equally be triggered, or the 
rate increased, by improved N supply following N2- fixation. However, 
if the question were considered in an ecosystem, rather than population, 
context, it could be rephrased to become "What is the significance of 

a dynamic N cycle to ecosystem functioninq?" 

One view of such a cycle may be that it increases the use of other 

resources in the ecosystem which may be potentially more limiting to 
organic matter production than is N which has a large atmospheric 
store. This in turn implies that an increased N supply permits the 
transfer of other resources,such as phosphorus,to storage compartments 
(detritus, sediments, living organisms; Sloey et aZ., 1978) which are 
less subject to loss by flushing than the dissolved phase in the water. 
The development of a highly dynamic N cycle in ecosystems subject to 

flushing may thus have the indirect effect of buffering losses of other 
resources from the system. 

Such a hypothesis of important side effects of a dynamic nitrogen cycle 
is consistent with the general theory of biochemical cycling in 
ecosystems and with cybernetic theory (Hutchinson, 1948; Patten et aZ., 

1976; Patten and Odum, 1981). Cycles of matter (not energy) in the 
conservative network are closed, and also "global" in the sense that 
they encompass the entire ecosystem. This permits conservative 
biochemical cycles, such as that of N, to act in an informational 
sense. For example, when changes in the availability of resources 
trigger events such as microbial blooms and new cycles of plant growth 
(Patten and Odum, 1981). The proposed transfer of phosphorus to 
storage compartments may therefore be only one of many side loops to 
co-evolve with a dynamic N cycle. 

The important points . in the context of this thesis, however, ' are; (1) 
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further indication of cybernetic features in the functioning of the 
Pongolo floodplain pan ecosystems and (2) a hypothesis that these are 
manifest in an ecosystem adaptation to conserve phosphorus under a 
flooding regime which would promote flushing. Such a hypothesis 
is probably impossible to test but a careful study of the spatial 
and temporal changes in N2-fixation, nitrification and denitrification, 
while following similar changes in the amounts of P in various storage 
compartments, would provide useful evidence on the ability of the 
ecosystem to buffer the potential for flushing of resources. 

9.2.4 Ecosystem adaptation to seasonal flooding 

The question being asked here is: Does the network of interactions 
which lead to the capture, transformation and transferral of resources 
by P. crispus have adaptive significance for ecosystem functioning 
and do the regulatory mechanisms indicate a potential to buffer 
change? This section serves then to draw together the concepts and 
hypotheses of the preceding sections and to summarise and conclude the 
chapter. 

Adaptation of a plant to a particular environment is viewed as its 
ability to reproduce in that environment (Solbrig, 1981). Similarly, 
in ecosystems the presence of an information network which regulates 

processes and so promotes continued existence, implies adaptation 
to a set of environmental constraints. Without such a network 
nature would be "chaotic, disorderly and unbalanced" but its presence 
imparts a cybernetic nature, at least to components of the system, 
if not to the system itself (Engelberg and Boyarsky, 1979; Patten 
and Odum, 1981). Thus, ecosystem adaptation can be recognised by 
identifying a set, or sets, of regulatory mechanisms which promote 
orderly transfer of energy-matter in such a way that it maximises, 
or at least promotes, the continual functioning of the ecosystem. 
Recognition of this adaptation leads to improved understanding of 
the ecosystem as a functional unit and to its ability to buffer the 
effects of change in input. This understanding in turn leads to 
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better management(Welch, 1980). 

My thesis is that the floodplain ecosystem is adapted, as is P. crispus, 

to the seasonal flooding regime of the Pongolo river in a manner which 

permits it to capitalise on periods favourable to resource acquisition 

by primary producers. The principal need for adaptation arises 

from the effects that floods have on water depth, light penetration 

and the flushing of nutrients. The adaptation is manifest in the 

distinct separation of ecosystem processes into those which occur 
between floods and those which occur during floods, and in the complex 

set of feedback mechanisms, amplification and resource mapping which 

regulate this separation. Thus, although the hydrological regime 
(hydroperiod of Brinson et aZ., 1981) is the major forcing function 

of ecosystem structure and function, the adaptation to it is 

regulated by a large number of other ecosystem components and processes 

which act in an informational sense. It is proposed that a 

consequence of this adaptation is that constituent cybernetic 

processes have led to the ability to dampen the effects of changes in 
input to the ecosystem. 

This study has dealt with between flood processes, in particular the 

role of P. crispus in the capture, transformation and transfer of 

resources in the floodplain pans (Chapters 4 - 8). Figure 9.2 

summarises these processes and th~ manner in ~hith other biotic and 

abiotic ecosystem components initiate, direct and rate control them 
to form an adapted whole. 

Growth of P. crispus is stimulated by a decrease in temperature but 
the differential response of turions to temperature staggers germin­
ation over a 3 month period and permits the population to capitalise 
on the entire period favourable for growth and reproduction. 

During this period P. crispus' physical presence and metabolic 

activities provide a suitable environment for a productive epiphyton. 

This makes substantial contributions to the acquisition and transfer 

of resources but at the same time has the potential to compete with 

the host for light and provides a micro-environment which favours the 

growth of necrotrophic organisms. Grazing of epiphyton by snails, 



however, reduces this potential and so maintains high rates of 
production and nutrient cycling in the ecosystem. Once plants have 
begun to reproduce, interactions between waterfowl and snails 
regulate and direct the pathways and rates of transfer of resources 
acquired and transformed by P. crispus ,to other ecosystem components 
in such a manner that it is largely completed before early summer 
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when floods can be regularly expected. This network of interactions 
which regulates ecosystem processes between floods has clear cyber­
netic characteristics (Sections 9.2.1 - 9.2.3) and the effect of 
reducing exports of resources, particularly phosphorus, from the pans. 
The hypothesis is that this buffers the potential flushing effect of 
summer floods. 

How important this buffering was under a natural flooding regime in 
which large imports of silt adsorbed phosphorus maintained productivity 
is uncertain but it could reduce the effects of a decreased P load 
now that a dam has been constructed upstream. In other words if 
management recognises that between flood processes can conserve resources, 
and permits the regulatory factors to operate effectively, a natural buffer 
to change in resource inputs will exist. Management of the 
Pongolo floodplain should therefore not only consider the seasonality 
of the hydrological regime but also the regulatory or informational 
processes which ensure completion of resource transfers before floods 
arrive. 

9.3 CONSIDERATIONS FOR MANAGEMENT OF THE PONGOLO FLOODPLAIN ECOSYSTEM 

This study has been concerned with achieving a holistic understanding 
of the role of P. cri spus in the Pongolo floodplain ecosystem. This 
role is clearly important in maintaining ecosystem structure and 
functioning and should this be preserved by management as far as 
possible. To discuss the management of P. crispus alone 
however, would be counter to the general purpose of the study, 

management of the ecosystem as a whole is therefore included in this 
section. Two major issues are discussed; the hydrological regime 



which formsas the major determinant/forcing function and the 

managerial roles of animals and temperature which initiate and 

rate regulate major ecosystem processes. 

9.3.1 The hydrological regime 
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With the completion and filling of the Pongolapoort dam, future water 

requirements of the floodplain will have to come as controlled releases 

from the dam. 

An important objective of management should be to maintain the 

seasonality of the hydrological regime and allow completion of all 

the annual between-flood processes in the pans. The last floods of 

the summer season should therefore occur before pan water temperatures 

reach 25°C (March - April) and P. crispus germinates. Occasional later 

floods (into May) would be acceptable as young plants can tolerate at 

least short periods of reduced light penetration (Section 4.2.1). 

The period between floods of successive summers can vary considerably 

but with two main considerations: 

1. A water depth of about 35 cm (the up-ending depth 

of waterfowl) is required at the end of the dry period if a stable 

grazing system is to be maintained in pans colonised by P. crispus. 

2. The first floods of the succeeding summer should 

not regularly occur before P. crispus standing crop has declined to 

zero. Earlier floods have the potential of flushing resources such 

as phosphorus from the pans before they are transferred to storage 
compartments. 

In general therefore floods which flush, as opposed to fill, the 

pans should begin in November or early December with the last occurring 

about mid- to end- February. It is important to remember, however, 

that the ability of P. crispus to exploit this habitat as a 

ruderal, lies in its multiple regenerative strategies (including 

staggered germination) and short life cycle. Furthermore, the 



flexibility of this species adaptations has probably been maintained 

by the variability of the flooding regime (Section 4.2.1) and could 

161 

be reduced if artificial releases were made on a regular predetermined 

basis. This might not seem an important issue in the short term 

while water demands for agriculture are low but as these increase 

and water availability for the floodplain decreases flexibility in 

response to hydrological regime will be important. Artificial 

releases should therefore contain an element of variability 
which will not only maintain flexibility in the response of P. crispus 

but also of the ecosystem as a whole to enviromental changes. 

Furness (1981), Heeg and Breen (1982) and Alexander (1982) have all 

proposed flooding regimes for the Pongolo floodplain which take 
seasonality as well as frequency, duration and magnitude into account. 

The latest proposal by Alexander (1982) incorporates the other two 
studies and came into effect in spring 1984. It is not necessary to 

discuss all the details of this proposal here as it incorporates the 

features discussed above. One of the main purposes of his proposal, 

however, was to provide the means to calibrate the Pitman/Weiss hydro­

logical model (Section 1.3.4) of the floodplain. He therefore set 

specific dates in November (1984) and February (1985) for individual 

floods. Since variability in flooding is important these dates should 

not be carried through to future years and every effort should be 

made to incorporate variability into long term releases from the dam. 

9.3.2 The managerial role of animals and temperature 

A seasonally adjusted hydrological regime will provide an environment 
for P. crispus but this alone will not optimise the retention of 
resources such as phosphorus in the pans if rate regulatory and event 
initiating processes in the ecosystem are allowed to degenerate. 

Of particular importance to management in this context are the 

waterfowl and snail communities of the floodplain. If proposals for 

limited tourism in the area (Heeg and Breen, 1982) are implemented, 

then the hunting of waterfowl and ,eradication of bilharzia will 

become significant issues. Provided touris.m is limited and hunting 



controlled on a sustained yield basis waterfowl populations should 
not be affected but the use of molluscicides to combat bilharzia 
will affect all snail species including B. natalensis. They should 
not therefore be used,especially as they do not constitute a viable 

means of control (Appleton, pers. comm~). 
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The germination of turions in response to a temperature trigger may 
represent a good adaptation to a natural flooding regime but it does 
present problems for management under controlled floods as hypolimnial 
water in the dam is. likely to be below 25°C during early summer 
(Furness, pers. comm.). Release of cold hypolimnial water during 
summer floods should therefore be avoided and floods should only be 
released from the radial gates of the Pongolapoort dam. 

9.4 FUTURE RESEARCH DIRECTIONS 

The purpose of this section is not to formulate a policy for future 
research on the Pongolo floodplain but rather to highlight some 
important issues which this study has brought to light. Numerous 
proposals for future research into aspects of the role of aquatic 
plants, including P. crispus, in aquatic ecosystems have been made 
throughout this dissertation. They will not be repeated here but 
rather the need to study the response of the ecosystem and its 
components, to changes in resource input will be emphasised. Most 
studies to date have been concerned with present day processes and 
not how they might change under future management practices. 

9.4.1Potamogeton crispus 

Perhaps the most important information required about P. crispus in the 
above context is its response to changes in nutrient, particularly 
phosphorus, availability. What are the minimum requirements of this 
plant, ~nd if nutrient supplY is to be supplemented how can this be 
achieved without upsetting the epiphyte/host association? 
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9.4.2 During flood processes 

To date there is very little information on processes which take 

place during floods and no understanding of how these processes 

operate in the context of ecosystem adaptation to flushing. Furness 
(1981) considered nutrient loss from decomposing, inundated C. dactyZon 

and, although he did not study pathways of transfer, proposed that 

much of this could be flushed from the system. Is this so or are 

there other processes which act to retard flushing by transferral of 

nutrients to storage compartments? Does the same apply to other 

species of floodplain plants? A hypothesis, following this study, 

is that the rapid growth of epiphyton on inundated plants (Rogers, 
1981), and consumption by invertebrates and juvenile fish, results in 

the retention of nutrients in storage compartments during floods. 

But how would this be affected by different durations, magnitudes and 
frequency of artificial floods? Studies should concentrate on 
decomposition of inundated vegetation, epiphyton production, grazing 

and the associated pathways nutrient transfer. These will improve 

understanding of adaptive processes, in particular rate regulating 
functions, which will assist in deciding on optimal characteristics 
of individual floods. 

9.4.3 Ecosystem response 

The need for management to consider the ecosystem as a functional 
adapted unit has been stressed in this study. Controlled floods 
provide the means for testing whole ecosystem response to different 
hydrological regimes and phosphorus would be a useful currency. 
How predictable is ecosystem response to hydrological regime? How 
finely does management of the regime have to be tuned? Measurements 
of the loads of phosphorus and other resources discharged from the dam 
and those leaving the floodplain, at a point such as Makanes drift 

where flow rate and depth can be measured, can provide a mass balance 

of P for the floodplain. If sampling is carried out at short 

intervals (hourly) a unique estimate of ecosystem response to flooding 

can be obtained and integrated into future management programmes. 
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