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ABSTRACT 

The biology and ecology of aquatic 

Ellesmere, a shallow coastal laR~ 

submerged plants were studied in Lake 

in the South Island of New Zealand. 

The aim of the study was to understand previous declines of macrophytes in 

the lake as well as their non-regeneration after a major disturbance event. 

Such an understanding was assumed to play a central role in the overall 

management of the lake. 

Declines of aquatic plants were first reviewed world wide to identify 

potential sources of perturbation or stress for macrophyte communities. In 

Lake Ellesmere, wave action, grazing, sediment accretion, water level 

fluctuations, inorganic and organic turbidity, and salinity were identified 

as having a potential negative effect on plant growth. 

The effects of salinity and light on the growth of Ruppia megacarpa and 

Ruppia polycarpa seedlings were investigated in glasshouse experiments. 

Both factors were shown to affect growth. Poor light reduced rhizome 

elongation which may prevent the anchoring of seedlings that are 

continuously exposed to a turbid and turbulent environment. Growth was also 

found to be reduced under salinities above 10 PPT. Such salinities occur in 

the field after prolonged lake openings. 

A study of the underwater lake environment showed that inorganic 

suspensoids were mainly responsible for the high turbidity of the lake. 

About 40% of the reduction in light penetration in the water column was due 

to shading by phytoplankton. Levels of inorganic suspensoids were highly 

correlated to wind velocity. Relationships between clarity determinants and 

optical properties were also established. Their potential use for future 

management is evaluated. 

Standing crops of the main species were obtained from two areas in the lake 

in the summers of 1985-1986 and 1986-1987 during a sudden period of 

macrophyte regeneration. This allowed the potential for aquatic plant re

establishment to be assessed. Recent developments in ecological theory and 

plant population biology were used in this assessment and proved to be very 

valuable. 



Neasures that could favour re-establishment are presented and their 

integration 

especially in 

in future 

regard to 

lake management is discussed. A new strategy, 

lake level fluctuations, was found desirable. 

Experimental management, where any alternative measure is in the nature of 

an experiment rather than being a programme with predetermined results, is 

finally suggested as a very appropriate approach to macrophyte management 

that may reduce uncertainty in the future management of shallow lakes. 

Key-words: Lake Ellesmere, shallow lake, brackish, macrophyte, decline, 

management, turbidity, disturbance, perturbation, stress, Ruppia. 



CHAPTER 1 

AQUATIC MACROPHYTE DECLINE IN LAKE ELLESMERE: 

NATURE AND CAUSE OF THE PROBLEM 

Preamble 

nAt the height of the storm on April 10-11, gales of up to 134 kph lashed 

the lake. This pushed the level of the north and north east of the lake up 

more than two metres. The 'weed beds' were drowned and the turbulence in 

the deeper water ripped them apart and swept them over the old Kaituna 

railway embankment in windrows up to 1.5 m high. n 

(Riddell, 1980) 

This happened in 1968, in Lake Ellesmere. The storm, undoubtedly, is still 

remembered by those who experienced it. Further north, off the coast of 

the North Island of New Zealand, the cyclone claimed lives on the ferry 

"Wahine" as she sank in the storm. Since then, the storm remains known as 

"the \oJahine storm". 

Twenty years later, another storm of tropical origin, "cyclone Bola", 

struck the north east of the North Island of New Zealand, but did not reach 

south to Lake Ellesmere. Had it done so, there were no aquatic " weed 

beds" that could be scoured out. Since 1968, indeed, no extended "weed 

beds" such as those reported in the 1960s have regrown, leaving the lake 

without what used to be one of its characteristic features. Why did these 

"weed beds" not recover after their destruction in the "Wahine storm"? 
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1.1 The Ellesmere Wetland Resource 

1.1.1 Physical description 

Lake Ellesmere is located south of Christchurch (South Island,New Zealand) 

immediately to the west of Banks Peninsula (Figure 1.1). It is a large 

triangular shallow, brackish lagoon. 

At 1.05 m above mean sea level (m.s.l.) from September to April and at 

1.13 m from May to.· August, the lake water is released to the Pacific Ocean 

by digging a channel through a shingle spit. During long openings the lake 

can become tidal. The channel closes naturally by shingle movement during 

a strong southerly storm. The lake surface area fluctuates between 

approximately 16,000 ha and 20,000 ha, depending on the water level. It is 

the fifth largest lake in New Zealand (Palmer, 1982). 

Similar "bar 

New Zealand. 

1975) lagoons are type" (Irwin, 

The Ahuriri lagoon in Hawkes Bay, 

works) in Marlborough and 

notable (Evans, 1953). 

converted into a solar salt 

Westland are among the most 

found elsewhere in 

Lake Grassmere (now 

the Okarito lagoon in 

The catchment area of Lake Ellesmere consists of 777 km2 of hills and 

1,295 km2 of plains. The plains are drained principally by the Selwyn 

River with other drainages by the Halswell River, LII River, Irwell River, 

Harts Creek and 32 other drains (Hughes et al., 1974). 

1.1.2 Historical considerations 

Lake Ellesmere has long been a resource associated with man in the history 

and prehisLory of the Canterbury region. Maori people had named the lake 

"Waihora" which translates as "water spread out" (see Plate 1.1). The 

importance of Waihora to the Maori people is outlined by Taylor (1944): "It 

provided the Maoris not only with food and easy transportation, but with 

materials for their homes, for their industries, and last of all, but not 

the least essential, with a means of defence against their enemies. The 

number of sites of settlements located and identified indicates that the 

lake shores at one time have carried a considerable permanent population." 
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Figure 1.1 Lo:ation of Lake :llesmere In New Zealand 
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Food, however, was the main resource of Waihora for the Naori people. It 

is still regarded today as a place of mahingakai (food supply) and past or 

present claims focus on that aspect (Taylor, 1944; Ngai Tahu Trust Board, 

pers.comm.). Patiki (flounder) and tuna (eel) were the main items of food. 

The swamps that extended from the lake provided the material for making 

nets used for catching flounder. 

(spear). 

Eels were caught by hand or using heru 

With the arrival of European settlers during the 19th century, commercial 

fishing rapidly expanded. The eel fishery at Lake Ellesmere (Plate 1.2) 

became the largest of the country (56.3% of the national total catch in 

1976). However, a severe decline occurred in the late 1970s and this led 

to the setting of a system of quotas on catches (Town, 1985). Nowadays, 15 

families have their sole livelihood based on the lake fishery (including 

the flounder fishery). 

The early European settlers showed less interest in the lake itself than in 

the lake margins. Like many other wetlands in New Zealand and around the 

world, Ellesmere suffered great reduction in area and naturalness. 

Since the arrival of Europeans, at least 81% of the wetlands around the 

lake have been modified for farming (Palmer, 1982). It should be noted on 

this point that, until the middle of the twentieth century, everywhere 

around the world, wetland management usually meant wetland drainage (Mitsch 

and Gosselink, 19b6). Human needs govern management. These needs change 

with time and management in New Zealand today is more concerned with the 

preservation, use or re-establishment of wetlands (Plate 1.3). 

Farmers are criticized now for this earlier practice of "land reclamation". 

They seem to have been encouraged to make the land suitable for agriculture 

by politicians and land administrators. Such people and society at large 

should accept some responsibility as they seldom expressed little concern 

for any "innerent values" of wetlands, nor did they ascribe to them other 

values that would have been competitive with the values ascribed to the 

wetlands for the potential use for farming. "Value" is here regarded as 

"solllething \.,rorclIY, desirable or useful to humans" (l'litsch and Gosselink, 

l':Jou). 



Plate 1.2 Commercial eel fishing at Lake Ellesmere 

Plate 1.3 A remnant of Lake Ellesmere wetland 

( ~c\-o K. Woo cl s ) 
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Farmers have probably always recognized the "value" of wetlands as wildlife 

habitats, particularly for waterfowl, as they have been themselves game 

hunters and managers. The growth of the acclimitization movement in New 

Zealand which has a special concern with promotion of recreational hunting 

and fishing, has always in the past enjoyed rural support. 

Other values of wetlands have been recognized increasingly in recent years. 

Some arise from the contemporary conservation movement. For instance, 

wetland habitats of Lake Ellesmere are recognized as necessary for the 

survival of endangered and threatened bird species (O'Donnell, 1985). The 

high population of birds and the diversity of species, native, adventive 

and migratory, has also become an aesthetic feature of the lake. Because 

of an increased awareness of conservation issues and values, in part 

because of their own higher stress and pressures, city people are attracted 

more and more to outdoor activities and pursuits that relate consciously or 

unconsciously to these values (e.g. bird watching, picnics; Plate 1.4). 

They may also find in such habitats suitable opportunities for developing 

new recreational activities (e.g. wind surfing, water skiing; Plate 1.5 ). 

Clearly from its main origin as a "food basket" before European arrival, 

the Ellesmere lake and wetland resource has become a multiple value 

(economic, ecological and recreational) system in which, inevitably, 

conflicts between user groups could develop. These conflicts have been 

discussed by Taylor (1974). 

Multiple values in a system suggests the need for multiple purpose 

management of the resource. Lake and wetland management at Ellesmere has 

yet to address the whole range of problems. Mr Dixon (North Canterbury 

Catchment Board, 1980) listed several problems related to Lake Ellesmere, 

including eutrophication of the waters, blooms of toxic blue-green algae, 
\ 

the disappearance of "weed beds" from a wildfowl feeding aspect, the 
\ 

degradation of farm lands by wildfowl, engineering problems of opening the 

lake to the sea, flooding of adjacent farm lands, maintenance of drains, 

and control of nutrient input~. Some of these problems had been previously 

reported by Hughes et ale (1974). But the major management concern clearly 

remained the lake opening 

related to this aspect, 

regime, as 

during the 

shown by some lengthy discussions 

Lake Ellesmere Symposium held in 



Plate 1.4 Picnicing at Lakeside Domain 

Plate 1.5 Water ski-ing in Overton's Bay 
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Christchurch by the North Canterbury Catchment Board (1980). Management 

discussions appeared therefore to be poorly related to some of the major 

problems, as very little information could be found at that time (1980) 

about the ecological response of the lake system to artificial openings. 

Since that time, major scientific investigations on the water quality 

(Lineham, 1983) and on birds (O'Donnell, 1985) have highlighted the role of 

lake openings. Although some specific investigations had been done earlier 

(Mason, 1946, 1951), another aspect of the lake's ecology however, remained 

largely unstudied: the ecology of large aquatic plants (also called 

"aquatic macrophytes"). Webb (1982) had reported on the effect of grazing 

but poor growth inside and outside of experimental cages limited his 

investigations. 

II If 

The loss of the "weed beds" following the Wahine storm and their non-

regeneration has been deplored many times for different reasons, such as 

the lack of food for birds or the decrease in habitat complexity and 

available cover for fish (Hughes et al., 1974; Williams, 1979; Webb, 1982; 

O'Donnell, 1985; Town, 1985). Such reasons might, in themselves, justify 

the need for study of aquatic vegetation. 

The importance of macrophytes might 

instance, it has been suggested that 

extend beyond such reasons. For 

in Chesapeake Bay (U.S.A.) where a 

similar loss occurred, the decline of submerged aquatic vegetation may 

represent "a well focussed case study for examining the problem of managing 

and balancing the conflicting uses of a large natural resource system" 

(Boynton et al., 1981). 

Such an approach is very appealing for the Ellesmere system as aquatic 

plants appear directly or indirectly related to the economic, ecological 

and recreational values of the resource. 

It is appropriate therefore to examine further the role of aquatic 

macrophytes in different systems in order to relate that role to management 

issues. 
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1.2 The Role of Aquatic Macrophytes in Associated Ecosystems 

Aquatic plants interact with their surrounding environment in a wide range 

of physical, chemical and biological ways. Such interactions have been the 

object of several reviews (Sculthorpe, 1967: Gaudet, 1974: Carpenter and 

L~dge, 1986). 

The most important physical effects of macrophytes on their habitats are 

those affecting light, temperature, water flow and substrate. During 

growth and decomposition, they influence chemically oxygenation and 

deoxygenation and dissolved substance processes. Biotic interactions 

include those,with other macrophytes and those with epiphytic algae (algae 

growing on macrophytic surfaces), invertebrates, 

detritivores (Carpenter and Lodge, 1986). 

fish, birds and 

The role of aquatic plants in shallow water bodies has been particularly 

emphasised in some management-orientated studies (Howard-Williams and 

Allanson, 1978: Hodgkin et al., 1985). Food production, habitat 

diversification, buffering of waves (by dense canopies in particular) and 

the ability to absorb pulses of nutrient inputs, are major influences of 

submerged aquatic plants that are of particular interest to managers. 

* Food production 

The importance of aquatic macrophytes as producers in shallow lakes is such 

that their productivity can exceed that of phytoplankton during the growing 

season (Wetzel, 1964). Such food production is likely to attract grazers, 

especially waterfowl, as in these shallow waters plant material can easily 

be reached. 

Species with long, smooth, narrow leaves such as Potamogeton pectinatus, 

Potamogeton filiformis or Ruppia ~ are common in shallow lakes and they 

are particularly relished by game birds (Martin and Uhler, 1939: McAtee, 

1939; Sculthorpe, 1967). Annual consumption of these species has been 

estimated to be from 30% up to 50% of peak standing crop in various lakes 

(Anderson and Low, 1976: Jupp and Spence, 1977b, Kiorboe, 1980b). Such 

species of aquatic plants were also shown to be important in the diet of 
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the needlefish (Hyporhamphus knysnaensis) in a South African lake (Coetzee, 

1981). 

* Habitat diversification 

It is likely that aquatic macrophytes are more important to fish for the 

. food (epiflora, epifauna, detritus) associated with them than for the 

direct food and for the shade and shelter they provide. Abundance and 

diversity of fish appeared to be higher (and their average size smaller) in 

some vegetated areas of Chesapeake Bay than in non-vegetated areas, 

suggesting the importance of these macrophyte (Potamogeton perfoliatus) 

beds as nursery and refuge areas for juvenile and small fish (Kemp et al., 

1984). Similar results have been reported for shallow coastal lakes (Wood, 

1959; Phillips and McRoy, 1980). 

* Trapping of sediment and buffering of waves 

In Chesapeake Bay, Ward ~ al. (1984) have highlighted the role of Ruppia 

maritima beds in trapping suspended matter. They estimated that sediment 

could accumulate in these beds at 2-3 mm per month over the 6-month growing 

season. The fate of such sediments following annual senescence of plant 

shoots remains uncertain. It has also been suggested (Kemp et al., 1984) 

that macrophyte beds also prevent wave-induced resuspension and shoreline 

erosion 

* Buffering of nutrient cycles 

Evidence of the ability of macrophytes to remove dissolved nutrients from 
I 

the water column especially during periods of active growth has been given 

for ~ pectinatus by Howard-Williams (1981) and for Zostera marina by 

Harlin and Thorne-Miller (1981) and Iizumi ~ ale (1982). Carpenter and 

Lodge (1986) predicted that increased macrophyte biomass could also lead to 

increased ecosystem productivity partly through enhanced phosphorus 

recycling from sediments, and then as shoots senesce, through recycling to 

periphyton and phytoplankton. Thus, due to their ability to buffer 

nutrient cycles, aquatic macrophytes interact with other components of the 

ecosystem (phytoplankton, epiphytes) to control primary productivity (see 

also Wetzel, 1979; Sand-Jensen and Sondergaard, 1981). An example of this 
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nutrient filtering mechanism is also found for the seagrasses Halodule 

wrightii, and Syringodium filiforme (Short and Short, 1984). 

This summary has been presented to illustrate the roles that "weed beds" of 

Lake Ellesmere may have played in the biology and ecology of the system. 

Some implications of these roles upon management can also be directly 

assumed. Food production for instance is related to the economic value of 

the system, while habitat diversification contributes to its ecological 

value. Precipitation of sediments and nutrient cycling aspects cannot be 

dissociated from the eutrophication "problem". 

To conclude, aquatic plants in Lake Ellesmere are likely to be of interest 

to all user-groups. They would provide food for game birds (potentially 

increasing hunting value and possibly 

adjacent pastures). They would furnish 

(influencing Maori, commercial and 

also affecting grazing damage on 

shelter (and possibly food) to fish 

recreational fishery). They can 

influence the water quality and affect the perception of quality by some 

recreational users (e.g. wind surfers). 

They may also become actual "weeds" when they get entangled on boat 

propellers or fishing nets. But regardless of their positive or negative 

aspects, it appears desirable that more attention should be paid to them. 

1/ II 

The Wahine storm is the most frequently cited event that affected the 

Ellesmere "weed beds" but other observations prior to 1968 will be reviewed 

now in order to describe how these beds have been distributed and how they 

have fluctuated in the past. 

1.3 The Distribution of Aquatic Vegetation in Lake Ellesmere: Historical 

Considerations 

This history will be restricted to the submerged aquatic vegetation. 

However, it must be remembered that changes have occurred in the swamp 

vegetation that existed around the lake, extending to the site of 

Christchurch (see Plate 1.6) before the arrival of European settlers 

(Burrows, 1969). Changes have also occur,,,d in the tussock scrub and 

flaxland of the Canterbury plains and foothills as well as in the forest 
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Pl ate 1.7 The weed beds' in 1958 near Overton ' s Bay 

(photo V C Browne & Son) 

Plate 1.8 The 'weed beds' in 1958 south of Garibaldi 
islands. 

(photo V C Browne & Son) 
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remnants on Banks Peninsula in Lake Ellesmere's catchment. Such changes 

probably resulted in increased accumulation of sediment in the lagoon which 

in turn could be expected to have influenced the development of submerged 

macrophytes. Early Polynesians had contributed to the modification of the 

natural environment (Johnston, 1969) but not at the same scale and speed as 

that effected by Europeans from 1840. 

Thus, nowadays, very little remains of the extensive podocarp forests and 

flax swamps. Such swampland was converted into agricultural land. 

The submerged plants that grow in Lake Ellesmere have been described by 

Mason (1946, 1951). In her 1951 report, Mason writes: 

"The weeds known to be in Lake Ellesmere were Ruppia spiralis which 
apparently had been the chief constituent of the weed beds, Potamogeton 
pectinatus, also of some importance in the weed beds, Lepilaena bilocu1aris 
collected near the outlet by T.Kirk, Zannichellia palustris which was found 
in February 1948, at Kaituna as a new 
charophytes. Myriophyllum elatinoides is 
higher plant known to occur in brackish 
been found in Ellesmere yet." 

record for the lake, and species of 
the only other submerged aquatic 
water in New Zealand. It has not 

Two remarks can be made from this description: 

1) Ruppia plants are referred to as Ruppia spiralis. This is only later 

(Mason, 1967) that they will be referred to as two distinct species, 

Ruppia megacarpa and Ruppia polycarpa. 

2) "Ruppia spiralis" is regarded as the chief constituent of the weed beds 

but Potamogeton pectinatus is also "of some importance". 

From this, Ruppia megacarpa and Potamogeton pectinatus can be assumed to 

have been the two main species present in what have been referred to so far 

as "the weed beds". These species with their long narrow leaves can indeed 

form dense canopies, hence the expression "weed beds" used in Lake 

Ellesmere. Some valuable information on the fluctuations of these 

macrophyte beds before 1950 has been gathered by Mason (1946) who 

interviewed three fishermen who knew the lake well. The information is 

summarised below. 
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Aquatic vegetation change before 1950 

All information agrees that at one time or another there were "weed beds" 

from Taumutu to Garibaldi Island, from Timber Yard Point to Coe's Bay, west 

of the Selwyn mouth, and off Gray's spit (off Motukarara) (see Figure 1.2 

for location). Another bed not as dense as the other ones stretched out 

along the southern spit. 

The plants are said to have been 6-8 feet long (ca 2m) between Timber Yard 

Point and Coe's Bay. They were shorter along the Kaitorere Spit. 

Descriptions of the disappearance of "weed beds" that occurred in the 1940s 

agr~~ that the decline had sLarted fifteen to twenty years earlier, being 

more rapid over the early 1940s, and moving north, from Taumutu. The last 

big beds were about Coe's Bay and Irwell Mouth, and off Gray's bank. 

In regard to the change in composition of the "weed beds", Mason (1946) can 

be quoted: 

"It is impossible to say now what was the relative importance of each weed 
and whether the relative importance varied from time to time. M.Stead 
remembers, about twenty years ago, when Major R.Wilson drew his attention 
to P. pectinatus in flower near Timber Yard Point, that the weed was about 
half Ruppia and half E.. pec;.tinatus." 

Reasons for the disappearance have also been discussed by Mason (1946, 

1951) and will be further discussed in Chapter 3. 

Aquatic vegetation change after 1950 

The recovery of the "weed beds" during the 1950s was fairly spectacular as 

some photus taken in 1958 illustrate (Plates 1.7 and 1.8). Another photo 

can be found in Hughes et ale (1974). This photo shows that luxuriant 

growth also existed in 1966. The major change that occurred then was the 
II 'I 

Wahine storm, mentioned at the beginning of this chapter. Since April ~968 

and the devasLating effecL of the Wahine storm on macrophytic vegetation, 

opinions vary on the extent of the remaining plants on the lake bed. 
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Fishermen report that up to 1973-74, scattered patches of plants could 

still be seen in the western part of the lake (Gould, pers. com.). 

R. megacarpa and P. pectinatus were observed by Webb (1982) off the 

Halswell River mouth, off Gray's bank and along the eastern end of the 

Kaitorete spit and although always poor, better growth was reported between 

1980 and 1982 than between 1978 and 1980. 

The observations made by Webb (1982) indicate that there may be a potential 

for macrophyte re-establishment in Lake Ellesmere. From the previous 

sections, the need for this potential to be further investigated has 

progressively emerged. Because of the implications it can have on some 

managerial aspects of the ecosystem (fisheries, wildlife, water quality, 

recreation), the non- recovery of the "weed beds" can be seen therefore as 

a major problem. "Weed beds" could provide an integrated perspective in 

the overall management of the resource. The problem needs first to be 

clearly defined in order to set up some research objectives. 

1.4 Definition of the problem, aim and objectives of the study 

Definition of the problem 

Aquatic macrophytes of Lake E]esmere were washed away in 1968 by the Wahine 

storm. The non-regeneraLion of aquatic plants following their 

disappearance is seen as being a problem. There is strong evidence .that 

these plants are indeed important for the economic, ecological and 

recreational value of the lake, and need therefore to be re-established and 

managed. 

Aim of the study 

It is assumed here that the present "status quo" management of the lake 

which addresses only one problem, flood protection, is no longer 

satisfactory, as other goals of future management such as control or 

improvement of water quality protection of wildlife habitats and 

balancing conflicting uses, have become similarly important. 

Re-establishment of aquatic vegetation could contribute to the achievement 

of such goals. Re-establishment is a goal in itself and is presented here 
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as a major objective of future management. 

Such an objective might need however to be further defined (e.g, in term of 

spatio-temporal scales), if sound macrophyte management strategies are to 

be proposed. Management objectives should also aim at preserving the 

existing values of the lake or of the catchment (as they may be directly or 

indirectly related to plant growth and if so, their influence should be 

assessed). 

Before considering any management, it is proposed that any facts or other 

information on decline and on regeneration potential should first be 

provided and interpreted. The achievement of such an aim requires a 

scientific approach, in which limnology and aquatic botany are seen as 

major disciplines. 

In order to take an holistic view of the problem as defined earlier, the 

philosophy of this study intends to lie within an "ecosystem" approach 

("ecosystem" including social-economic-environmental components as 
e.,,,J. e,~~~O"l. 

suggested by VallentyneY 1988) aiming at a better understanding of the 

interrelationships between the biotic, abiotic and managerial components of 

the Lake Ellesmere system. At the same time, it is intended to show that 

this knowledge can be applied to satisfy, without conflict with other 

goals, what ,has been defined as a major objective of future lake 

management, i.e. re-establishment and management of the aquatic vegetation. 

Enunciation of objectives: 

(1) to review concepts associated with plant decline; 

(2) to review past declines of aquatic vegetation in Lake Ellesmere and in 

other lakes; 

(3) to identify causal factors related to these declines; 

(4) to assess the importance of these factors in preventing plant regrowth 

in Lake Ellesmere; 

(5) to understand life cycles of the aquatic plant species that used to 

grow in the "weed beds" of Lake Ellesmere; 

(6) to suggest possible management strategies for plant re-establishment; 

(7) to discuss the place of macrophyte management in the past, present and 

future overall lake management. 
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CHAPTER 2 

CONCEPTUAL PROBLEMS 

2.1 Introduction 

Vegetation decline is one aspect of vegetation dynamics which has received, 

up to now, very little attention in the literature; presumably, as 

suggested by Johnstone 

concentrated on the arrival 

(l986a), 

of new 

"because 

species 

the investigators have 

as the overt expression of 

succession". But does not also decline contribute to succession? 

In a review on Zostera decline in the North Atlantic, den Hartog (1987) 

responds positively to the question by first reviewing successional changes 

that may take place in plant communities. These can be : 

* progressive ("in which communities are gradually replaced by others until 

a terminal stage, the climax, is reached"); 

* cyclic ("where a series of 

the community organization 

progressive successional stages, during which 

increases, is followed by one or more 

successional steps in which the community organization returns to a lower 

level, after which the whole development recurs"); 

* regressive ("where, due to changes in environmental conditions, 

communities cannot maintain themselves, but become gradually transformed 

into communities of a lower organisational level"). 

Addressing changes in terrestrial plant communities, Grime (1979) has also 

referred to two of the three kinds of successional changes reported above 

by den Hartog. But more importantly, 

beyond the descriptive phase and to 

Grime has emphasised the need to go 

identify the mechanisms which cause 

various types of vegetation change. In our way to such an approach, it 

appears important to first understand the concepts attached to the study of 

vegetation change. 
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Succession is one of several important concepts imputed or inferred in the 

study of vegetation change. Other important concepts are stab~lity and 

instability, disturbance, stress and perturbation. How these concepts are 

defined and used governs the nature of discourse about vegetation change 

over time. 

This chapter will first define these concepts. In this chapter , it is 

also proposed to highlight some difficulties that may be encountered in the 

study of vegetation change, such as the choice of criteria and scale of 

investigation. 

2.2 Some concepts related to wetland vegetation change 

2.2.1 "Succession" 

Historically, various concepts of succession have been used in the 

description and classification of wetland vegetation dynamics. They were in 

essence mere applications of terrestrial succession concepts. Such 

concepts have been reviewed in 

(McIntosh, 1980, 1981; van der 

detail 

Valk, 

Only a brief summary is presented here. 

several times in the literature 

1982; Mitsch and Gosselink, 1986). 

One of the first and certainly most influent{al conceptsof succession was 

given by Clements (1916) who based his definition on two assumptions: (1) 

that there exists a stable, self-reproducing type of terrestrial vegetation 

in equilibrium with the regional climate, the "climax", and (2) that all 

non-climax vegetation would eventually develop into "climax" vegetation 

since it was not in equilibrium with the local climate. As a result, 

succession was defined by Clements as the development to a "climax". 

Succession occurred because habitat modifications (reactions) caused by 

species on a site allow new species to invade this site. This process 

continues until the "climax" is reached. 

As an application of such a concept, Pearsall (1920) and Wilson (1935) saw 

aquatic plant communities as temporary stages in the development of some 

type of terrestrial vegetation (Le. as "seral" communities). 
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Tutin (1941) questioned these ideas of "sere" and "climax" and was the 

first to describe submerged 

adapted not only to climate 

conditions (edaphic, biotic). 

aquatic vegetation as communities that were 

but more generally to a set of environmental 

He suggested that aquatic habitats could be 

as stable as terrestrial ones as the result of such adaptation. This 

suggestion was indeed confirmed later and paleoecological studies have 

shown that wetland vegetation is often less likely to change over 

geological time than the terrestrial vegetation in an area (van der Valk, 

1982). 

Thus it has been rapidly realized that there are often more than one 

stable, terrestrial or aquatic vegetation type in a climatic region and 

that these vegetation types will remain as long as suitable environments 

persist. This realization resulted in a significant revision of the climax 

concept (McIntosh, 1976, 1980; O'Neill et al., 1986). 

For instance, Tutin (1941) preferred to use the term "polyclimax" to 

recognize the relative permanence of other factors besides climate. He 

also referred to the term of "hydrosere" for a succession starting in a 

small body of water and leading to terrestrial vegetation. In contrast he 

called a sere ending as a climax under water "limnosere". 

Terrestrial ecologists developed other concepts such as the "pattern

process" (Watt, 1947) or the "pattern climax" (Whittaker, 1953, 1967), 

hypotheses. In these theories, the climax is not a fixed entity controlled 

by regional climate, but a localized interaction of species ("continuum" 

concept', Whhtaker, 1967), responding to complex and interrelated gradients 

in the physical environment. In this continuum concept, zonation simply 

indicates an environmental gradient to which individual species are 

responding. Such ideas had been initiated earlier by Gleason (1926, 1927, 

1939), and are still the basis of modern theories of wetland succession 

(Mitsch and Gosselink, 1986). 

For Gleason, any change, qualitative or quantitative, in the vegetation 

cover of an area is succession. Inspired by this use of the term, van der 

Valk (1981) defines succession as "a change in the floristic composition of 

the vegetation of an area from one year to another". Van der Valk adds: 
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"Succession occurs then whenever a new species becomes established and/or a 

species already present is extirpated. Quantitative changes in vegetation 

of an area are considered to be fluctuations". 

One major difference therefore that can be noticed between C1ementsian and 

G1easonian theories, is that for the former, changes are essentially 

brought about by environmental changes caused by the resident vegetation 

(slow autogenic processes) while for the latter changes are caused by 

environmental changes due to forces external to the vegetation itself 

(allogenic processes). This difference can be related to the difference in 

perspective, pointed out by Johnstone (1986a), that exists between those 

seeking explanations for slow changes and those studying rapid changes. 

Present evidence seems to lead to the conclusion that both autogenic and 

allogenic processes act to change wetland vegetation (Mitsch and Gosse1ink, 

1986). However, the model developed by van der Va1k (1981) to predict 

successional changes, does not explicitly recognize autogenic processes. 

This model focuses on species individuality and implies the absence of 

higher-level organization of any kind. 

A more recent perspective on plant succession that avoids such criticism is 

found in Johnstone (1986a) who suggests that because assemblages are 

composed of species, "succession must be an interaction of species arrival, 

existence and departure in an area. The processes of invasion, maintenance 

and decline are, in this view, system dependent and the system they depend 

on is the biotic and abiotic environment". 

Succession is defined by Johnstone as "the observable phenomenon of loss 

versus retention of stabilily in the species composition of a plant 

assemblage that is caused by the stochastic interaction of invasion, 

maintenance and decline". Johnstone concludes that viewed from this 

perspective, progressive, regressive and cyclic successional patterns (as 

referred to, for instance, in den Hartog, 1987) reflect different modes of 

instability that alternate with modes of stability to maintain succession. 
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2.2.2 Hierarchy and ecological complexity 

It was suggested in Section 2.2.1 that a plant assemblage is the result of 

the interactions of species with varying ecological tolerances and 

requirements. Changes in the physical or biotic environment alter any 

balance of these interactions and cause changes in vegetation with time. 

While community is usually defined as the species populations on a site and 

their interactions, ecosystem has been defined as the community plus the 

abiotic environment. This traditional breakdown between community and 

ecosystem levels of organization was recently viewed as divisive by Bazzaz 

and Sipe (1987) because, they say, "the community does not become an 

ecosystem by adding the abiotic environment, it is an ecosystem because it 

is inseparable from the abiotic environment. The community (=ecosystem) is 

simply one level in the hierarchy of open living systems, from cells to 

planet, that transform energy and resources". This view is reconcilable 

. with that of Lindeman (1942) who nearly 50 years ago defined ecosystem as 

"a system composed of physical-chemical-biologic processes active within a 

space-time unit of any magnitude". 

Some insights on such perspectives and how the interactions of species can 

be affected may be gained from ecological complexity and hierarchy theories 

of systems, (Allen and Starr, 1982; O'Neill et al., 1986). 

These theories have presented a rate-dependent organisation of ecosystems 

where the system is broken down into organisational levels of different 

process rates (slow-fast). Each level can be itself broken down into sub

systems (that can themselves be composed of several components). The 

degree of cohesiveness of such systems depends on the existence or 

strengths of linkages between levels. A simplified representation of these 

system linkages is proposed by lVhite (1988) and appears in Figure 2.1. The 

linkages influence the system or behaviour patlerns. It is seen in Figure 

2.1 that processes corresponding to higher levels occur at slow rates. 

Conversely, lower organisational levels 

(O'Neill et a1., 1986, p. 76). 

exhibit rapid process rates 
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The questions typically asked by population and community ecologists often 

require a simultaneous knowledge of both lower-scale process and higher

scale regulation as the behavior of parts both drives and is constrained by 

the whole (Bazzaz and Sipe, 1987). Reductionist and holist viewpoints are 
/ 

thereby revealed as artificial breakages of a fundamental inseparable 

duality (Allen and Star, 1982). 

2.2.3 "Stability"and "instability" in ecosystems 

It was suggested in Section 2.2.1 that succession may arise from both 

stability and instability in the species-composition of the vegetation of 

an area (van der Valk, 1981; Johnstone, 1986a). 

This section aims at developing and applying a typology of stability and 

instability that can be related to different types of vegetation change. 

The processes that cause the system to be stable or unstable involve biotic 

and abiotic environmental factors. "Disturbance", "perturbation", "stress" 

are particular concepts often used in the literature to describe system 

behaviour (Grime, 1979; Bormann and Likens, 1979; Mooney and Godron, 1983; 

Pickett and White, 1985; Likens, 1985; Wilcox and Simonin, 1987). 

Definition of these concepts is required for adequate exposition of a 

typology of stability and instability. 

* "Disturbance", "perturbation" and "stress" concepts 

The lack of ecological rigor in 

out by 

the use and definition of these concepts 

Rykiel (1985). First, Rykiel addressed has recently been pointed 

some of the semantic and conceptual problems associated with the use of 

these terms. These problems are summarized below: 

1) Ordinary language is inadequate to convey ecological concepts 
(disturbance and perturbation are, in fact, synonyms); 

2) these terms may refer to either a cause or an effect (there is problem 
whenever an effect becomes the cause of another effect); 

3) it is necessary to define a reference condition (unless a reference 
state is defined, the occurence of a stress, perturbation or disturbance 
cannot be detected); 

4) due to the hierarchical organization of ecological systems, the effect 
of a disturbance depends on the organization~l level used as a frame of 
reference, the scale at which the system is observed, and the ecological 
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processes which can propagate or absorb the disturbance across levels at 
the specified scale; 

ecological stimuli and 
open) from extremes 

a normal stimulus 

5) distinguishing the normal range of continuous 
processes (that operate in systems which are 
involves establishing criteria to determine when 
becomes a disturbance. 

With these problems in mind, Rykiel proposed some working definitions (see 

Tab~e 2.1). He also commented: 

"In general, disturbance is defined as a cause (which may be a system 
input) that results in a perturbation, which is an effect (or, change in 
system state). Stress is also an effect (or state change) and is a specific 
type of perturbation which has particular biological meaning. Disturbance 
is categorized and quantified in terms of characteristics (such as type, 
frequency and intensity), whereas perturbation and stress are measured in 
terms of deviations in steady state variables. Occuuence of disturbance 
(cause) presupposes the existence of a detectable perturbation (effect). 
Disturbance is propagated within a system by ecological components and 
processes that are amplified by the perturbations induced. The perturbed 
component or process, not the perturbation, becomes the agent of 
propagation." 

Rykiel finally concluded: 

"the working definitions proposed address some, but not all, of the 
semantic and conceptual problems associated with the use of these terms 

The difficulty remains that we seek to define in static terms 
relativistic concepts that change with our frame of reference". 

Other recent publications have also attempted to address this difficulty in 

relation to the concept of disturbance (e.g. Sousa, 1984; Gerritsen and 

Patten, 1985; White and Pickett, 1985; Bazzaz and Sipe, 1987; White, 1988). 

This resulted in a profusion of definitions (see Table 2.2). 
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Table 2.1: Summary of concepts and working definitions of perturbation, 

stress and disturbance (after Rykiel, 1985). 

A.Perturbation 

B.Stress 

C.Disturbance 

An effect; the response of an ecological component or 

system to disturbance or other ecological process as 

indicated by deviations in the values describing the 

properties of the component or system; relative to a 

specified reference condition; characterized by direc

tion, magnitude and persistence. 

An effect; a physiological or functional effect; the 

physiological response of an individual, or the 

functional response of a system caused by disturbance 

or other ecological process; relative to a specified 

reference condition: characterized by direction, 

magnitude, and persistence; a type of perturbation. 

A cause; a physical force, agent, or process, either 

abiotic or biotic, causing a perturbation (which 

includes stress) in an ecological component or system; 

relative to a specified reference state and system; 

defined by specific characteristics. 
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Table 2.2: Other definitions of disturbance. 

Grime (1979): 

Gigon (1983): 

Sousa (1984): 

Gerritsen and 
Patten (1985) 

White and 
Pickett (1985) 

Bazzaz and 
Sipe (1987) 

White (1988) 

the mechanisms which limit the plant biomass by causing 
its partial or total destruction 

perturbation or impact factor; a factor not being a 
normal part of the ecological system under consideration 

a discrete, punctuated killing, displacement, or 
damaging of one or more individuals (or colonies) that 
directly or indirectly creates an oppdtunity for new 
individuals (or colonies) to become established 

an unusual event or extended episode that causes a 
system to deviate from its 'expected', or 
'regular state'. Cause and effect are separated in this 
definition as 'disturbance' and 'effects of 
disturbance' 

any relatively discrete event in time that disrupts 
ecosystem, community or population structure and changes 
resources, substrate availability, or the physical 
environment 

a shift in physical and chemical fluxes that affects 
individual organism behavior and community composition 
and structure by deflecting them from the most probable 
state or series of transitions 

an event that causes a significant change from 
characteristic patterns of system behaviour. Two 
relationships are implied here: 1) the event depends on 
relationships between the process rate of the 
disturbance agent and the process rates of system 
behaviour; 2) the characteristic pattern depends on the 
temporal and spatial scales of the system 
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Bazzaz and Sipe (1987) point out that much of this recent literature 

related to disturbance tends to define and describe disturbances as sudden 

changes in system states (community composition and structure) rather than 

processes (physical and chemical fluxes, organismal responses). Bazzaz and 

Sipe also react on the fact that disturbances are often characterized as 

environmental fluctuations versus destructive events: 

"The problem is no longer that of categorizing disturbances as 
environmental fluctuations or destructive events, but rather defining the 
criteria whereby 'normal environmental fluctuations' are distinguished from 
'disturbance fluctuations'. If we persist in regarding disturbances as 
events that are in some way not normal, then we cannot define disturbance 
until we face the troublesome task of defining normal (undisturbed) 
individual or community behavior. This is analogous to the problem of 
defining community stability. Both concepts are scale-dependent. lrhey are 
functions of the questions we ask, not of the system itself, since the 
appropriate scale and system boundaries are not defined until we pose the 
question." 

They finally conclude: 

"there are no easy ways to divide the continuum of environmental 
fluctuations into normal and disturbance (abnormal regions). We should not 
be surprised that generalizations about disturbance across widely different 
scales and community types encounter difficulties. We may have to regard 
disturbance on a case-by-case basis and rely on operational definitions of 
'normal' that express something like 'statistically most probable'''. 

Their definition of disturbance is reported in Table 2.2. 

From this discussion, it is clear that no general definition or 

categorization of the concept of disturbance will satisfactorily describe 

the event that is the focus of attention as it can be endogenous or 

exogenous, chronic or periodic, natural or anthropogenic or can remove or 

add components. The way it is perceived depends on the frame of reference 

that is chosen. For each situation, this is the role of the observer to 

define the scales and establish the criteria of observation (see Section 

2.3). A long list of definitions of stress and perturbation could also be 

presented. But what appears more important to remember is that it will be 

desirable to always accompany the use of these concepts with a definition 

of both the concept and the scales and criteria of observation. 
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* "Stability" ~ "instability" concepts 

Intuitively, we recognise that 

reference to "disturbance". As 

stability has no intrinsic meaning without 

stated by Rykiel (1985): "the question of 

stability in real ecological systems arises precisely because they are 

subject to disturbances and can potentially be permanently altered or 

destroyed by a disturbance (or disturbance regime) with the appropriate 

characteristics." 

When based on clear definitions, a typology of ecological stability and 

instability can prove useful. 

(1983) has been applied with 

mountains by O'Connor (1984). 

For instance, a typology developed by Gigon 

success to ecological systems in New Zealand 

This typology is presented schematically in 

Figure 2.2, and can be detailed in the context of the present work. 

For this typology, the criteria used are: 

1) the presence or absence of disturbance factors (see Table 2.2 for 
Gigon's definition of disturbance); 

2) small or large amplitude of the changes (oscillations) of the ecological 
factor under consideration. 

Gigon also acknowledged that there were many cases where the distinction 

between normal and disturbance factors was unclear, and that the terms 

"small" and "large" oscillations needed to be defined. This led him to also 

insist on the need to define space and time in any system as "depending on 

the criteria and scales of observation, the same ecological phenomenon can 

be considered stable or unstable" (Gigon, 1983). 

Another point related to the concept of stability is emphasized by Gigon 

(see also Keddy, 1982): "For practical application it is important to 

distinguish between natural and anthropogenic stability and instability". 

While the descriptive advantages of such classification are obvious, its 

potential for prediction of how a system can absorb changes may be more 

limited. Gigon appears aware of this, however, since he also defined 

ecological lability (the "potential instability of a stable system"). 
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2~2.4 Plant strategies 

Strategies may be determined by a selective force. In ter
estrial ecology, authors often refer to ''I.. -selected species 
characterised by a large reproductive effort and a short 
life expectancy, and K-selected species characterised by 
a small investment in reproduction and a long life expect
ancy (MacArthur, 1962, MacArthur and Wilson, 1967, Gadgil 
and Bossert, 1970, Pianka, 1970). 

The.life-cycles and reproductive patterns of R.polycarpa and R.megacarpa 

have appeared suitable to Brock (1983) for interpretation as examples of r

and K-selection respectively; although Brock also added that more extensive 

consideration of the predictability of environmental fluctuations in their 

h~bitats were necessary for the assumptions behind the theories to be 

satisfied. She actually found her data were consistent with other concepts 

of plant strategies such as those of semelparity and iteroparity developed 

by Stearns (1976) and those of monocarpy and polycarpy used by Harper 

(1977). "Semel parous organisms are those which reproduce once and die 

(referred to in botanical nomenclature as monocarpic). Iteroparous (or 

polycarpic) organisms reproduce more than once" (Silvertown, 1987). 

Using these 

strategies 

perspectives, 

were described 

R.polycarpa and R.megacarpa reproductive 

by Brock (1983) , respectively, as 

semelparous/monocarpic and iteroparous/ polycarpic. 

Grime (1979) has developed a more elaborate system of strategies for 

vascular plants which offers a 

strategies in the established 

major advantage as it distinguishes between 

and regenerative phases. The need to 

consider different phases of life-cycles in an attempt to define major 

adaptative strategies for growth appears essential when one reads in Harper 

(1977) "Correlations made between the distribution and abundance of adult 

plants and environmental features are extremely unlikely to reveal real 

causes because the scale of environmental heterogeneity that is relevant 

and readily studied for the mature plant is of quite a different order from 

that which determines the behaviour of an individual seed". 

In other words, juvenile and mature plants, even if they experience the 

same habitat conditions, may be subject to different forms of natural 
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selection. They may also respond in different ways to the same selection 

force because of differences in size or function. 

For the established phase, Grime (1979) defined three primary strategies 

(competitors, stress-tolerators, ruderals) and four secondary strategies 

(competitive-rudera1s, stress-tolerant ruderals, stress-tolerant 

competitors and "C-S-R" strategists). These strategies are more and more 

often referred to by aquatic botanists (e.g. Brock, 1983; Johnstone, 1986a; 

Brock et al., 1987; Hejny and Hrondova, 1987; Kautsky, 1987; Rorslett, 

1987b,c). Grime's definition of each strategy is based upon the coupling 

of plant characteristics (growth rate, morphology) and environmental 

factors ("disturbance", "stress" and "competition"). 

Some difficulties in relation to such approach have been recently discussed 

by Grubb (1985). For instance, about Grime's approach to stress (where 

stress is defined as "the mechanisms which limit the plant biomass by 

causing its partial or total destruction"), Grubb comments: "It ignores the 

key characters of plants suited to a wide range of conditions that are 

stresses for many plants, e.g. high or low temperatures, water-logging, 

submergence and salt". Grubb illustrates this with an example of particular 

interest to us: "Plants which grow submerged, or at least on water-logged 

soil, do not have the characteristics of stress-tolerators listed by Grime, 

but are certainly tolerant of conditions which reduce the growth of other 

plants". 

Grubb has also highlighted some difficulties related to the adoption of 

disturbance (sensu Grime, 1979) as one of the primary axes of 

differentiation in types of vegetation. Difficulties, he says, stem from 

the fact that disturbance can be of very different types, a basic division 

being, to him, into continual and periodic disturbance. In Grubb's view, 

continual disturbances like grazing, wave action or flood, burial by sand 

or mud, produces distinctive, long-persistent types of vegetation. Grubb 

shows that the key characters of plants suited to these various kinds of 

disturbance are very different. Periodic disturbances can also vary in 

type, frequency and intensity. These are matched by variation in plant 

response. Grubb finally concludes that the key characters suited to various 

disturbance regimes are very different, as different as were those that are 

suited to various stress conditions. 
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In summary, Grubb suggests that two or three basic types or strategies 

represent adequately only a fraction of the major functional types. 

The secondary strategies offered 

omitted in Grubb's remarks. It will 

by Grime appear somehow regrettably 

also be shown later (Chapter 6) that 

submerged plants can have some 

listed by Grime. These remarks, 

of the characteristics of stress-tolerators 

although valid may therefore need to be 

looked at with some circumspection. 

Grime (1985) has moreover recently admitted that, to be of practical value 

in the description and management of vegetation, his strategy approach 

"must be refined by the development of additional criteria which can be 

used to recognize the mechanisms which control the 'fine structure' of 

plant communities". 

Verhoeven et ale (1982) argued that a generalization of strategies for the 

complete variation of vascular plants could only lead to vague definitions 

of environmental factors and an arbitrary choice of·plant characteristics, 

but they proposed that the concept of plant strategies could be used on a 

scale at which plant characteristics, environmental factors and 

interspecific relationships can be exactly defined and measured. With 

additional autecological information on the plant taxa constituting the 

community, they concluded that a real understanding of the mechanisms that 

determine the community structure could be achieved. 

Such an approach goes along some aspects developed by Stearns (1976) about 

the definition of fitness. Fitness is described by Stearns as "something 

everyone understands but no one can define precisely". Fitness only 

applies to organisms in the context of a given environment and therefore an 

adequate definition must take into account the existence of different 

general environmental situations and explicitly model the interaction of 

environment and organism. 

Fitness has often been measured on whole populations, as standing crop 

values for instance. But a theory which shows that what holds for the 

population holds for the individual organisms and vice versa, is still 

awaited (Stearns, 1976). Towards such an understanding lies the need to 

mUltiply studies which involve dual approaches, in the field and in the 
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laboratory. Added to that 

supporting this view have been 

Valk, 1987). 

made by 

recently 

Verhoeven et al. (1982), pleas 

made (Brock, 1986, 1989; van der 

The present work will attempt to 

macrophyte strategies in Lake 

accordingly, in Chapter 6. 

go along these lines and a discussion on 

Ellesmere will then be elaborated, 

2.3 The choice of criteria and scales of observation in the study of 

vegetation change 

Selecting the appropriate criteria and 

phenomenon might be a first essential 

organisation and complexity of the system 

scales for observing a particular 

step in recognising the underlying 

that is the object of the study. 

This has been pointed out several times in the definition of the previous 

concepts. Often, the observation window chosen depends on the purpose of 

the study. "Change the purpose and the system of interest might be 

different in spatial and temporal extent" (O'Neill et al., 1986). 

In Section 2.2.3, it was suggested that to characterise a particular 

phenomenon like disturbance or stability, the criteria and scales of 

observation must be adequate. The definition of disturbance given by 

Rykiel (1985) points out that this phenomenon is relative to a reference 

state and system, and is defined by specific characteristics. 

For instance, the time-scale chosen to study a system like a lake might be 

large enough to include any unusual event that could affect the system or 

to recognise repetitive events as characteristic of the lake under 

scrutiny; in that case, when one chooses a parameter to describe the 

system (see Figure 2.2), the unusual event creates large oscillations of 

the parameter considered and is seen as a disturbance; the repetitive 

events are not, as they don't affect the oscillations and become part of 

the system in which vegetation dynamics operate. 

Among descriptors of disturbance, type, frequency and intensity (magnitude) 

are often used. For instance, Gerritsen and Patten (1985) note that because 

systems and behaviour are hierarchical, disturbances at any given level are 

not necessarily disturbances at higher levels of organization. They suggest 
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that for an event to be considered a disturbance, it must have three 

properties relevant to the level of organization: 

(a) low frequency of recurrence with respect to the temporal scale of the 

focal level; 

(b) low temporal predictability with respect to the level's time scale; 

(c) production of a significant deviation of system state. 

Following this, the "Wahine" storm can 

it was a rare event for the lake, 

significant d~V:IQbc.lll. of system state 

populations). 

be regarded as a disturbance since 

unpredictable and which produced a 

(destruction of weed beds and bird 

Process rates of system behaviour will be perceived differently depending 

on the scale adopted. For instance, over long-term periods (e.g. decades) 

growth rates may be slow, while over shorter periods (one or two years) 

seasonal cycles might become apparent and reveal periods of fast growth 

rate. 

It is believed that the size of the window of observation should be very 

different according to whether the observer is looking at declines of 

mature vegetation stands or at regeneration through propagule establishment 

(see also Section 2.2.4). 

As an illustration, the fluctuations of the "weed beds" in Lake Ellesmere 

could be represented. Unfortunately, no quantitative measurements of any 

parameter have been taken in the past and this makes a more detailed 

classification of the types of stability difficult. However, from the 

descriptions reported in Chapter 1, it might be inferred that fluctuations 

in biomass (=criteria of observation) have always existed and these 

fluctuations can be tentatively reconstructed (see Figure 2.3). The period 

from 1900 until the 1940's c~uld tentatively be referred to as a period of 

cyclicity (sensu Gigon, 1983). If we extend the period of observation 

until 1968 (which includes the recovery that occurs after the decline in 

the 1940's), it would be seen as a possible period of elasticity, while the 

period from 1968 until now can be regarded as a period of exogenous 

instability (middle window), this instability resulting from a disturbance, 

the "\.Jahine" storm. However, with another change of scale we can see that a 

new kind of stability (elasticity) may have taken place resulting from a 
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. new set of constraints (with a greatly reduced biomass that fluctuates at a 

new level of organisation). Because of the change of scale, the amplitude 

and the frequency of the oscillations take a new dimension. Factors that 

affect these oscillations must therefore be studied accordingly. 

In the following analysis of the environmental features of Lake Ellesmere 

(Section 3.3, Chapter 3), this will be borne in mind so that a distinct 

basis for discussing past declines 

established. Thus, both long term 

will be presented. 

and 

(when 

potential regeneration can be 

available) and short term data 
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CHAPTER 3 

TOWARDS AN UNDERSTANDING OF AQUATIC PLANT DECLINE 

3.1 Introduction 

The destruction of forests is 

communities. Wetlands (including 

one example of disappearance of plant 

shallow lakes) are other geographical 

features that are also becoming endangered. Like forests they are claimed 

for agricultural purposes, through drainage, and aquatic plant communities 

suffer considerable losses. In the recent years, however, such 

reclamation has eased considerably in New Zealand and the need for the 

protection of forests and wetlands is more and more acknowledged. Still, in 

many parts of the developing world, modern technology of land clearance 

coupled with sometimes spurious economic arguments for development, lead to 

accelerated clearance of forest and wetland. 

b ... \J.sed "'-!> ""-'" 

Aesthetic reasons' for instance might V appeal for protection of aquatic 

habitats for they often inspire poets and painters. But the great diversity 

of biological communities found in lakes, rivers, swamps, coastal lagoons 

or estuaries provides an important set of reasons to address wetland 

conservation issues. Aquatic plant 

of these ecosystems (Chapter 1). 

communities are an important component 

It is therefore essential to understand 

how some of these communities have disappeared and how to a(ryssess the I. 

potential for their regeneration. 

Management applied to macrophyte decline may include different steps such 

as the detection of past changes, the recognition of causal factors 

associated with these changes, the prediction of future declines and the 

selection of techniques for re-establishment (when desirable). Each step 

requires the knowledge of all the levels of change in the hierarchy : 

changes in environment, in plant behaviour, and in species composition of 

community. 
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Knowledge of plant behaviour and of species composition of the plant 

community is directly linked to the understanding of vegetation dynamics. 

Vegetation dynamics, like environmental features, operate over a broad 

range of spatial and temporal scales which are difficult to define when in 

a complex organisation. However, in order to study vegetation, it is 

necessary to create order, to identify units in space or time which it is 

possible to study. This dilemma was addressed by Miles (1979) and other 

workers (White, 1979, Van der Valk, 1981, 1982, Grime, 1985) and it was 

concluded that explanations of 

level of the species and the 

vegetation 

individual. 

change are to be found at the 

Species attributes of particular 

importance that have been identified are: 

dispersal mechanisms 

size, duration of viability of seeds 

propagule establishment requirements 

growth·rates 

life form and plant size 

potential longevity 

tolerance to environmental stresses at different phases of the 

life cycle. 

The relevance of the study of such attributes to the explanation of aquatic 

macrophyte decline can be found in the literature (Marshall, 1965; 

Johnstone, 1982; van der Valk, 1987). 

A fair knowledge of changes in the physical and human environment of 

Ellesmere can be gained from historic and geographic literature on the lake 

and its catchment (see Hughes et al., 1974). The features of this 

environment that relate to plant growth need now to be identified, 

especially the factors that may be responsible for plant decline. 

A broad geographic review of macrophyte declines may first help identify 

possible causal factors of decline. This world review is summarised in the 

next section (Section 3.2), along with a description of some New Zealand 

declines. The subsequent sections (Sections 3.3 and 3.4) then describe and 

discuss the features that could be related to the problem of decline in 

Lake Ellesmere, as identified from the geographic review and also from 
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previous reports on past declines (Mason, 1946, 1951). Reasons for non-

regeneration mayor may not be 

section of this chapter will 

the same as reasons for decline. The last 

formulate hypotheses that could lead to 

improved understanding of how the problem of non-regeneration may be 

related to the response of some of the plant attributes to present 

environmental conditions. 

3.2 A geographic review of macrophyte decline 

3.2.1 World-wide 

In Table 3.1 we have summarised some examples of aquatic vegetation 

declines around the world (in freshwater, brackish and marine habitats) and 

their apparent causes. Other aspects included in the table are the type of 

work carried out by the different authors, the scale of the habitats, and 

an indication on the lapse of time between comparative studies. 

This table points out that most of the literature related to aquatic 

vegetation decline consists of surveys where decline has been observed 

(comparative work) and/or studies where causes of decline have been 

reviewed. Most reviews are related, in fact, to apparent causes of decline. 

Thus, the focus in macrophyte decline research has obviously been on field 

observations and correlations of plant distributions with environmental 

parameters ( water chemistry especially), as noted by van der Valk (1987). 

The abundance of eutrophication studies for many European lakes probably 

explains the reason why, for instance, authors often refer to organic 

turbidity as a cause to the declines. To some extent, this could almost be 

compared with the abundance of literature on the role of acid rains on 

forest declines. There may be some readiness to oversimplify the 

explanation of the problems as some articles have already suggested (Cans, 

1988). Other aspects such as plant competition, grazing, pathogens or 

natural senescence that may appear less important in causing decline (as it 

appears from Table 3.1), might have been merely neglected too much. 

While causal factors reported in the table are often purely speculative, 

some surveys are however sometimes accompanied with investigations on 

speculated factors (e.g. Jupp et al., 1~77a,b). Although several causes 



Key to Table 3.1 

* Habitat 

* Vegetation type 

* Work type 

F: freshwater 
B: brackish 
M:marine 
S: submerged 
NS: non-submerged (emergent and floating-leaved plants) 
AS: comparative aerial surveys 
FS: comparative or non-comparative (short-term) field surveys (on transects) 
L: observations during limnological work 
E: ecological work 
R: review 

Surface areas are given when reported by the author(s). 

Dates are related to comparative work on 2 different years (e.g. 1920/1970) or to long-term research 
(1940-1975). 

Anthropogenic (A) and Natural (N) causes that have been investigated are underlined. X symbolizes both 
anthropogenic and natural causes. 

Asterisks indicate shallow lakes «5 m). 



Table 3.1 A geographic review of aquatic vegetation declines and their apparent causes. 

LakelRiver Names 
and Countries 

• Lake Arres(Denmark) 
• Ringkobing Fjord(Denmark) 
• Bastmp So(Denmark) 

Northern Lakes(Swcden) 
Vuoksi R/L system(Finland) 

• Loosdrecht Lakes(lIoliand) 
Coastal Lakes(llolland) 
Mediterranean coast(France) 

• Camargue(France) 
A iguebelelle(France) 
Swiss plateau Lakes(Switzerland) 

• Neusicdlersee(Austria) 
• South Bohemian ponds(Czechoslovakia) 
• G:)lIocanla Lake(Spain) 

Lake Comabbio(lLaly) 
'" Loch Leven(Scotland) 
'" Loch Leven(Scotland) 

Lough Ennell(lreland) 
Lough Sheelin(Ireland) 
Llangorse Lake(Wales) 

'" Norfolk Broads(England) 
'" Norfolk Broads(England) 
'" Norfolk Broads(England) 

English Rivers(England) 
English Rivers(England) 

'" Lake lIula(lsrael) 
Yarkon River(Israel) 
Amal River(Israel) 

'" Lake Chilwa(Malawi) 
'" Swartvlei Lake(South Africa) 

'" Ojago-ike(Japan) 
Tomioka Bay(Japan) 
Seto inland Sea(Japan) 

Cockburn Sound(Australia(W» 
'" Moreton Bay(Australia(Qld» 
• Gippsland Lakes(Australia(Vic» 
'" Lake Macquarie(Australia(NSW» 

'" North Bay(Virginia (USA» 
'" Back Bay(Virginia) 
'" Currituck Sound(Nth Carolina) 
'" Currituck South(Nth Carolina) 
'" Currituck South(Nth Carolina) 

Carteret County Coast(Nth Carolinal 
Chesapeake Bay(Nlh Carolina) 
Rhode Rivcr(Nlh Carolina) 
Cape Ann(Massachusctts) 
Rondeau Bay(Onlario) 
Lake Wingra(Wisconsin) 
Pickwick Reservior(Nlh Alabama) 
Illinois River(lIIinois) 
Lake Eric(Michigan) 
Backus Lake(Michigan) 

'" Bear River Marsh(ULah) 
Tijuana Estuary(California) 

Fraser River Delta(Canada (BC» 

F 
B 
F 
F 
F 
F 
F.RM. 
M 
B 
F 
F 
F 
F 
B 
F 
F 
F 
F 
F 
F 
F.B. 
F.B. 
F.B. 
F 
F 

EB. 
F.B. 
F.B. 

B 
B 

F 
M 
M 

M 
M 
B 
B 

n 
B 
B 
n 
B 
M 
F.B.M_ 
F.R. 
M 
F 
F 
F 
F 
F 
F 
F 
B 

M 

NS 
S 
NS 
S 

AS 
E 
AS 
FS 

SINS E 
SINS FS 
SINS R 
S R 

E S 
S 
S 
S 
SINS 
S 
S 
NS 
S 
S 
S 
S 
SINS 

FS 
FS 
R 
FS 
L 
FS 
AS 
FS/E 
FS 
FS 
FS 
R 

S E 
S E 
SINS R 
SINS FS 

F R 
SINS E 
SINS E 

NS AS 
S FS 

S 
S 
S 

S 
S 
S 
S 

FS 
FS 
FS 

AS 
FS 
L 
FS 

40.6 
295 
0.355 

18.3 

14.3 
3.59 
13.3 
13.3 
11.4 
18.5 
1.5 

700 
8.8 

0.248 

tOO 

S R/E 480 
S R/E 480 
S R/E 480 
S E 480 
S . RP/FS 480 
S E 
S R 
S FS 
S R 
S R 
S R 
S L 
NS/S· E 
NS R 
NS/S R 
S FS 
NS FS 

S FS 

1944/1972 

1912/1973 

1948-1955 

1904/1982 

1941/1976 

1949/1972 
1910/1974 

1965/1977 
1970s 

A 
A 

A A 
A 

A 
A AA 

A 

N A 
X NA 

A 
AA 

NXN A 
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A A 

NX 
NX A 

AAA 
AAA 

A 
AA AA 

A 
N 

A 

N 

NN N 
N N 
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AA 
AA 

AA 

A 

A 
A 

A A 

NN 

A 

XN 
A 

N 

A 

N 

N 
N 

A 

1954/1978 A A 

1973/1978 

1965-1972 
1966-1973 

N 
NN N 

N N 
N N 
N ri 
N N 
N N 
N 
N NA 

NA 

N NN 
AA 

A X 
A X 
A N 
X 
A 
N N 

A A 
A A 
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NA 

N 

N 
N 

N 

N 

N 

NN 

... _----_ .. _ .. _-
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N 
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can be potentially responsible for a macrophyte decline, they are rarely 

assessed simultaneously in ecological studies (van der Va1k, 1987 also 

emphasises this aspect). Exceptions are for instance the work by Phillips 
,- --- i, 

et a1. (1978) and Cambridge et a1. (l986b) on organic turbidity (kind of 

turbidity due to organic particles like algae or detritus) and epiphytes. 

It appears that the scales of observation vary enormously among the 

studies. For instance, with regard to the time scale, they may be long term 

comparisons of different time intervals (resurveys, aerial photos) or 

short-term limnological or ecological studies. 

It is also evident that criteria used to describe the changes vary 

considerably, qualitative data (list of species present) being most 

commonly reported, while quantitative criteria, when reported, can refer 

to either change in the number of species (e.g. Jupp et a1., 1974; 

Andersen, 1976) or a change in total biomass (e.g. Jupp and Spence, 1977b; 

Kiorboe, 1980b). With some exceptions (e.g. Bourn, 1932; Low et a1., 1944; 

Howard-Williams, 1975; Verhoeven, 1979), the collection of information on 

species at~ributes has been neglected. 

From Table 3.1, it can also be seen that anthropogenic causes are 

frequently adduced for declines. The relevance of this to management is 

important as human-caused effects on aquatic vegetation appear, at least in 

theory, more easy to rectify (e.g. pollution control) than effects that. 

result from natural causes that are more difficultly manageable (e.g. 

turbulence created by wind). 

The causal factors associated with the declines in Table 3.1 are 

recapitulated in Table 3.2, with their origins and mechanisms of 

perturbation or stress that they may induce on plants. "Causes" ref1ec;:t 

disturbances while "origins" reflect the agents of disturbance (which are 

often found outside the lake system, in the catchment). Disturbance, 

perturbation and stress are used here as in Rykiel's parlance (see Section 

2.2.3). It is now proposed to look at some examples of ~q~atic vegetation 

declines in New Zealand. 



Table 3.2 Causes, mechanisms and origins or macrophyte declines. 
(after Johnstone, 1982, 1986b) 

CAUSE 

Turbulence 

Water-level fluctuations 

Sedimentation 

Inorganic turbidity 

Organic turbidity 

Epiphytes 

Pollution 
(acidity, heavy metals, 
detergents, herbicides) 

Nutrien~ limitation 

Trampling! 
Shoreline rectification! 
Macrophyte harvesting 

Salinity fluctuations 

Grazing 

Plant pathogen 

Presence or plant 
competitors 

Seasonal pattern 

Senescence 

MECHANISM 

Mechanical force of wave action leading 
to breakage or uprooting 

Fluctuation of water dcptJl and light 
penetration affecting growtJl rates and 
life-cyclcs/Desic.cation 

Deposition of silt on leaves (shading)/ 
Increased organic mailer in tJle sedi
ment conducive to accumulation of 
organic toxins 

Shading by presence of suspended solids 
in tJle water column 

Competition for light willi 
phytoplankton! AllelopatJlY 

Compctition for lighl/AllclopatJIY/ 
Mechanical load conducive to exposure 
to breakage 

Physiological intolerance 
(toxin accumulation) 

C, N, P limitation for grOWtJl 

Physical disruption 

Physiological intolerance at one or 
several phases of tJle life-cycle 

Breakage/Uprooting by predators 

Disease conducive to decay 

Competition for light or for space 

Plant Phenology (e.g. annuals) 

Switch in resource allocation from 
vegetative growtJl to sexual 
reproduction (perennials) 

N.B. Normal characters: non-specics dependcnt 
Bold characters: species dcpendcnt 

NA ruRAL ORIGIN 

Wind 

Droughts! 
Tides! 
Floods 

F100dsIW ind/ 
Presence of dense 
macrophyte stands 

Floods 
Wind resuspension 

NatUlalnutrient loading 
from rich soil erosion! 
Wildlife/Plant decay 

Nutricnt loading 

ANTHROPOGENIC ORIGIN 

,,---------,,- ._------------
Boat traffic 

Drainagc/ 
Lakc-Ievel controV 
Coastal lake openings 

Activities in tJle 
catchmcnt (mining. 
deforestation) 

Activities in tJle 
catchmenl/Macroph yte 
control 

Nutricntloading in tJle 
catchment (agricultural, 
domestic, industrial) 

Nutricnt loading 

Industrial, agricultural. 
domcstic activitics in tJle 
catchmcnl/Macrophyte control 

Absence of nutrient loading in the catchment 

Droughts! 
floods 

Endemic predators 

Dispcrsal by 
animals/w ind 

Climate 

formation of dcnse 
canopies 

Unknown 

Agriculturall 
Recreational activities 

Opening of coastal 
lakcs to sea 

Introduced prcdators 

Dispcrsal by human 
activitics (e.g. boating) 
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3.2.2 Examples in New Zealand 

The major change that affected submerged macrophytes in New Zealand lakes 

has been the invasion of most communities by exotic species, such as Elodea 

canadensis, Lagarosiphon major, and Ceratophyllum demersum which, in some 

instances, have completely replaced the native communities. Hughes (1976) 

has reviewed this problem and also the progressive increase or invasion by 

raupo (Typha muelleri) in some areas. 

This suggests the importance of competition as a cause for the disappearance 

of some species. One example is probably that of Myriophyllum robustum. De 

Lange (1985) explains its rapid demise (about 30 years) through "the 

transformation of the largely wetland dominated North Island lowlands into 

an agrarian landscape". Adventive species such as Alisma plantago-aguatica, 

Glyceria maxima, Salix ~., Ludwigia palustris and Myriophyllum aguaticum, 

are seen in the role of competitors with ~ robustum. Besides competition, 

the same author also mentions the role that pollution, herbicides, increased 

surface runoff, increased sedimentation rate, eutrophication, drainage or 

destruction of habitat (milling of kahikatea forests) could play. The 

possibility is acknowledged therefore of competition for an altered resource 

substrate. 

~~crophyte recessions in shallow 
, 

Thus, Gibbs (1973) in his study 

lakes of New Zealand are often reported. 

of Puke puke lagoon (North Island),after 

witnessing the complete disappearance of aquatic plants (following a severe 

drought and subsequent exposure of the lake beds), looked at plant re

establishment after this event. Veronica anagallis-aguatica and 

Ranunculus fluitans were first to recolonise the substrate and then Chara 

globularis dominated the lagoon until this population died back coincidently 

with a dense bloom of phytoplankton. It seems, however, that this bloom was 

the second of two events, the first one being a major flood which raised the 

water level, increased turbidity with suspended material carried in from 

farm drains and covered the Chara bed with a layer of silt which further 

reduced light capture by plants. The sequence of these events occurred over 

five months after which the lagoon bed was practically denuded of 

macrophytes with the exception of a few scattered Potamogeton pectinatus. 

This species along with Potamogeton crispus grew successfully the following 
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season. Gibbs eventually concluded that in these shallow waters of Puke puke 

lagoon, the competitive balance between phytoplankton and macrophytes was in 

favour of macrophytes. A major point to be remembered from this study is 

also the potential for rapid plant recolonization that exists in such lagoon 

after exposure. 

Mitchell et ale (1987) attributed 

lagoon (South Island) to shading by 

suppression of macrophytes in Tomahawk 

phytoplankton, but he does not reject 

other causes such as swan feeding or wave disturbance (during storm events). 

Mason (1965) was not able to explain satisfactorily the disappearance of the 

so-called "Ruppia spiralis" (in fact .!h. megacarpa) in the Wairau lagoons, 

Marlborough (South Island). A succession of droughts over a six-year period 

that may have led to higher saIL content, but heavy silting, disease, 

currents, destruction by wildfowl, and 

are suggested as possible factors that 

However, no evidence was found for any 

changes in the lagoons. 

anaerobic conditions near the bottom 

could have affected plant growth. 

of them having contributed to the 

A dramatic decline of macrophytic populations has been observed in recent 

years in some lakes of the Waikato Valley (North Island). Kingett (1984) 

has reported on the recession that occurred after 1978 in Lake Waahi. An 

examination of suspended solids, dissolved solids and turbidity 

concentrations revealed significant increases in all parameters. Mining

related activity is associated with these changes and also led to increased 

toxic material (boron, phenols). Other factors such as grazing, lower water 

levels or natural mortality are not excluded. Kingett (1984) concludes that 

resuspension of bottom sediments by wind and wave action is likely to 

inhibit the re-establishment of aquatic macrophytes into Lake Waahi. A 

similar collapse was reported in Lake \vaikare during 1977-78 (\Vaikato Valley 

AuthoriL y, 1985), b",~ l,e.s Io\O~ be-en e..->, plcMVle.d 'j~}' 

Major macrophyte declines are reported in the Hawkes Bay Region (North 

Island), in Lake Runanga, and Lake Hatuma. These declines have not been 

explained yet (Hawkes Bay Catchment Board, 1987). In the same area, high 

sedimenl load in the inflows after exceptionally heavy rainfalls in the Lake 

Tutira catchment in 1985, was shown to be responsible for the decline of 



macrophytes in the lake 

(Elodea canadensis and 

surviving rhizomes. 

(Johnstone 

Hydrilla 
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and Robinson, 1987). However, plants 

verticil lata) regenerated rapidly from 

These different New Zealand examples illustrate that changes may be due to 

natural causes or to man's activities. The understanding of both types of 

changes requires both long term and short term observations. These examples 

also show the complexity of sequential events, so that it is difficult to 

say what is actually cause. It may be less difficult to identify origins or 

agents of disturbance. 

3.3 Features related to the problem in Lake Ellesmere 

The potential effects of some environmental features of Lake Ellesmere on 

plant habitat have been reviewed by Mason (1946) and Gerbeaux and Ward 

(1986). These perturbation and stress factors are reported on Table 3.3 

with their origins (disturbance factors). It may be seen that perturbation 

factors and stress factors are in fact ~wo kinds of disturbances at the 

plant community level which may originate from the same agent of 

disturbance at a higher level. For instance, turbulence and inorganic 

turbidity both originate from wind. The former induces mechanical effect 

on plant structure (breakage), the latter acts on plant physiology (reduced 

growth). Disturbance, perturbation and stress are used here as in Rykiel's 

(1985) parlance (see Chapter 2). 

Following one of Gigon's (1983) recommendations, natural and anthropogenic 

disturbances have also been distinguished. As we saw in the previous 

section, both kinds of disturbance and their effects have been reported to 

be responsible for macrophyte declines elsewhere. They are only described 

in the present section and will be discussed in Section 3.4. 



'l":Ihle 3.3 A..~~"ssificalillnllr dislurh"!!f~I)erlllrh:l1i1l1l :uIII slress r"c(lIrs !!!£!lae :ulualic vegehl!illll 
or Lake Ellesmere. 

Exogcnous 

Endogcnous 

DISTURBANCE 

Willd 

IIcdJivorolls hillls) 

Rivcr floods 

dcnse lIIacrophYle 
stands 

Lake openings 

N ulricntloading 

PERTURBATION I 

Wavc action 

Grazing 

Waler-Icvel fluctuations 

incrcascd inorl~allic tlllhidity (flOlII wave-reslIspclUlcd sCllimcnt) 
inorganic sedillleJltatioll 

increascd iJlorgallic IInhidity (frOIll hilll activity) 

iJlor!~;lIIic sedimcnl'llioll 
dcclcased salillily 

orgauic sedilllcnl<llion 

increascd salinity 
varialions in Ihc underwalcr light clilllaic 
variations in the habitat size 

incrcased till bidil y 
epiphytcs 

"Perturbalionn factors: conducive 10 dcslruction of plallts through mechanical breakage, removal or desiccation. 

2 "stress" factors: conducive 10 reduced growlh through physiological response. 

3 Can be regarded as an anthropogenic factor if they have been introduced within the tillie-scale chosen. 
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3.3.1 The elements of the climate 

Lineham (1983) has reported on the main climatic features of the Lake 

Ellesmere environment. Information is also summarized by De Lisle (1969) 

on the Canterbury 

Christchurch. Long 

climate 

term data 

and 

are 

by McGann (1983) on the climate of 

compared below with climatic records made 

over the period of field study (October 1985 April 1987). Data was 

obtained from the nearby Lincoln College meteorological station or from 

Christchurch airport. Wind data was also processed from charts of the North 

Canterbury Catchment Board's station at Taumutu. 

Mean daily radiation and temperature 

The seasonal variations of solar irradiance reported on Figure 3.1 are 

typical of those in temperate regions. 

(October-Harch), radiation values at 

slightly below average for eight of 

made. 

During the plant growth period 

Lincoln College were generally 

the 12 monthly summary observations 

Temperature fluctuations shown over the period of study indicate low winter 

values with water temperatures remaining below 100 C from May until October. 

Average water temperatures may exceed 200C during summer months. 

Rainfall and inflows 

Rainfall is an important feature in brackish ecosystems as it may influence 

salinity through high levels of inflow. Over a long term, rainfall recorded 

at Lincoln College tends to vary seasonally towards a winter maximum in 

May, June and July (Figure 3.2). Over the period of study, high monthly 

values were recorded in winter (Jul.Aug.1986) but also in spring (Nov.1985, 

Oct.Nov.1986) and in summer (Feb.~lar.of both 1986 and 1987). 

Inflows may vary accordingly but are influenced by precipitation at other 

locations. Heavy rainfall in the Christchurch region may affect the 

tributaries of the lake, especially those from the Banks Peninsula. Some 

data on inflows are summarised in Table 3.4. 
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Table 3.4 Some tributary inflows (m3.s-1) of Lake Ellesmere (data supplied 

by N.C.C.B) 

Selwyn River Other rivers from 

(at Coes ford) lower catchment 

Banks peninsula 

rivers 

Mean annual flow 

Base flow 

Quickflow 

4.62 

1.29 

3.33 

4.68 

3.04 

1.64 

1.2 

0.6 

0.6 

It is evident from the high proportion of mean annual flow that is 

constituted by base flow that the lower catchment streams are dominated by 

springs. In contrast, a relatively 

the Selwyn occurs as quickflow. 

River (Figure 3.3) are related to 

high proportion of mean annual flow in 

Most of the inflow peaks of the Selwyn 

unusually high levels of precipitation in 

the upper catchment. These may occur when westerly airstreams accompanied by 

heavy rainfall pass over the Alps. These westerlies are very often followed 

by south-west winds that bring three quarters of the mean annual rainfall in 

the Christchurch region (McGann, 1983). However dry southerlies also occur 

too and a high flow in the Selwyn River can be recorded without heavy 

rainfall occuring in the lower catchment. Thus the fresh of December 1985 

is not linked to high rainfall over the Canterbury Plains (56 mm at Lincoln) 

but to heavy precipitation in the upper catchment of the Selwyn River (e.g. 

189 rom at Hororata; New Zealand Meteorological Service, 1985). Hoist 

easterly air masses can also cause sustained precipitation in the Selwyn 

catchment and some of the major high flows occur from such conditions. 

Spring freshes (September 1985, August and September 1986) may present 
c, 

particular cases of snow melting~) the first year being lower than the 

second probably because of small amounts of snow in 1985 in comparison with 

1986. 
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Wind 

Wind is one of the main variables affecting wave height and therefore 

resuspension of bottom sediments, or exposure on a lakeshore. 

Figures 3.4a and 3.4b show the percentage frequencies of occurrence of winds 

at Christchurch airport in spring and summer (from McGann, 1983). The east 

north-easterlies are markedly predominant, their most common speed being 

between 3 and 6 ms-1• 

Lake Ellesmere might not have quite the same directional dominance in wind 

as does Christchurch because of different orographic exposure. However, like 

Christchurch and the Canterbury Plains of Lincoln, it is marked by windiness 

at most tim~9f the year. Processing of the charts from Taumutu station 
V 

enabled to establish correlations between Taumutu station and Lincoln 

College. They are presented in Table 3.5. Mean daily wind speed was actually 

higher at Taumutu (x = 4.6 m.s-1) than at Lincoln (x = 3.44 m.s-1) over the 

period covered by the charts (1983-1987). 

Table 3.5 

Daily: 

Monthly 

Daily and monthly regression equations of wind velocity (in 

m.s-1) between Taumutu (T) and Lincoln College (L). 

VT = 1.108 VL + 0.79 

1.33 VL + 0.01 

r = 0.8 

n = 1737 

r 0.95 

n = 53 

The mean daily average wind speed recorded at Lincoln College station over 

the period 1964-1970 (see Figure 3.5) is generally above the 3 m.s-1 level 

with the exception of winter months (from May until August). The mean 

daily average wind speed there over the study period is also shown on the 

same figur~ wiLh the number of days of various wind speeds for each month. 

It appears that winds during 1985-1987 have always been below average, 

particularly during the growing season 19d5-86. 
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Figure 3.6 gives an indication of the fluctuations in wind velocity. Values 

shown are means of measurements taken over periods of 4 hours and 24 hours 

prior to sampling. Measurements of mean wind velocity 4 hours prior to 

sampling are commonly used in surveys studying the effect of wave induced 

sediment resuspension. Values varied greatly between sampling days. 

Unusually strong winds happening at different times in present human memory 

may have further effects on lake behaviour. Apart from the Wahine storm, 

storms from the North West are recalled by lake residents (Rennie, pers. 

corn.) - one in July 1945 and one in November 1959 • 

During such heavy storms, an effect of wind that should be acknowledged 

additional to sediment resuspension, is the change in lake levels (seiche 

effect or wind lash). A strong wind can drive the water before it to the 

leeward side. A rise of 4 to 5 feet for instance was observed on the 
tr 1\ 

eastern end of the lake during the Wahine storm. Rises of 2 to 3 feet were 

also recorded four times in the 1953-1962 period during other south

westerly storms (Dalmer, 1970). 

No such seiche-like effect was observed during the period of study but they 

could have occurred - lowering by 1 foot was commonly observed along the 

western side, especially by north westerly winds. 

Such effects of wind on the lake levels are reflected in the small 

fluctuations and some of the sharp 

lake levels at Taumutu presented 

Figure 3.7. The major falls in 

reflect a lake opening event, in 

major short level fluctuations 

governed by wind. 

fluctuations in the daily recording of 

for most of the calendar year 1984 in 

lake level occurring over several days 

contrast with the minor fluctuations and 

which are interpreted as principally 
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3.3.2 The lake openings 

This section presents first a brief 

analysis of the effects of openings 
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history of lake openings; then an 

on lake level fluctuations which in 

turn induce variations in depth and light available to plants, or exposure 

to desiccation; and finally an interpretation of the effects of lake 

opening on salinity fluctuations. 

A brief history of lake openings 

First published evidence of lake openings is given by Bray (1875) in a 

report to the Canterbury Provincial Government on the drainage of Lake 

Ellesmere in which he stated "The Maoris used to let the lake out every two 

or three years and since the arrival of the Canterbury colonists they are 

known to have let it out in the years 1852, 1854, 1856, 1861, 1863, 1865, 

and 1867. In 1868 it was let out by Chapman and since then it has been let 

out every year by white men." 

The Maori interest in lake openings was related to high lake levels 

threatening the Taumutu pa. Harris (1947) reported "According to legend 

when Lake Ellesmere was very high it was let out at the most westerly (sic) 

part of the lake by some hundreds of Maoris using flax sticks to scrape a 

narrow channel across the spit to the sea". Other digging tools (ko) than 

flax slicks (korari) would have also been used (Graham and Chapple, 1965). 

The control of lake openings was taken over from the Maoris by successive 

organised groups such as the Little River Road Board (in the 1870's) and 

then the Selwyn County Council. In those days, men used horse drawn scoops 

to remove the shingle and release the waters of the lake. 

From 1905, the lake was opened under the Ellesmere Lands Drainage Act. In 

1947 lake levels become more controlled and the controlling authority, the 

North Canterbury Catchment Board (N.C.C.B.), contracted with the Ellesmere 

Lands Drainage Board to open the lake when levels reached 1.05 m above mean 

sea level (m.s.l.) from September to April, and 1.13 m above m.s.l. from 

(vJay to August (Hughes et al., 1974). Openings are now achieved with the 
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use of bulldozers and draglines; closings occur naturally (Plates 3.1 and 

3.2). 

One of the only proposals for a permanent outlet which was successful is 

dated 1906. That year, Arthur Dudley Dobson designed a pipe culvert which 

was constructed (for 7200 pounds) but rapidly damaged by heavy seas. The 

culvert was rem~delled by the Ellesmere Drainage Board in 1908 and it is 

said to have given satisfactory service until its total destruction in 1925 

(Graham and Chapple, 1965). The structure was gradually destroyed by the 

action of the seas and by scour during lake opening (Dalmer, 1970). 

Many other proposals to keep the lake permanently opened have been made 

since, but for high cost or technical reasons, none was carried out (Dwyer, 

1980). 

Frequency and length of lake openings 

These data are summarized in Table 3.6 and presented as a sequence of 

individual events in Figure 3.8. 

Table 3.6 Some data on Lake Ellesmere openings 

Average number of openings per year 
Average length of an opening (days) 
Average opening level (in metres) 
Average closing level ( in metres) 

(updated from Hughes ~ al., 1974) 

1913/1947 

1.59 
42.5 

1.53 
0.46 

1947/1986 

3.46 
23 
1.18 
0.63 



Plate 3.1 Openings are achi e ved with the use of 
bulldozers and draglines 

Plate 3.2 Wave action can quickly close the cut in 
a southerly storm 
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It can been seen that since 1947 as a result of the new policy of control: 

the frequency of openings has increased; 

the average length of opening has decreased. 

Hughes et ale (1974) have commented "This has resulted in a shorter 

residence time for lake water and a greater stability of levels". Has the 

new opening regime really stabilized the lake levels? In order to answer 

that question we need to look at the lake level fluctuations. 

Lake level fluctuations 

Water levels in Lake Ellesmere fluctuate because of inflows, evaporation, 

and because of lake openings. As is indicated in the review of climatic 

elements, wind lash can also affect the level locally. 

Principal fluctuations (drawn from calm readings at Taumutu) for the period 

1970/1988 are indicated from Figure 3.9 which shows that water level 

. Increases in lake level are continually and irregularly change with time. 

the result of lake filling by inflows. 

related to periods of heavy rainfall 

catchment. These are most likely to 

Sharp increases are therefore 

and consequent floods in the 

occur in the winter although wet 

observed (see Figure 3.2). Such spring, summer or autumn months are also 

trends are reflected in the mean monthly lake levels calculated for 

1980-1987 (Figure 3.10). 

In Figure 3.9 the sharp declines in lake level are the results of lake 

openings. Dry summer months can contribute to lowering of the lake by a few 

centimetres when evaporation may exceed the low catchment inputs. 

(once the lake is opened, the level drops very suddenly. The higher the 

lake at the time of opening, the greater the scour at the outlet.' This 

apparently influences the level at which the lake is closed by southerly 

winds. Thus, not only is the lake level of opening lowered as a result of 

the new policy of opening started in 1947, as shown in Figure 3.11 but 

also, as summarized in Table 3.6, this lower level at artificial opening is 

accompanied by a higher level of natural closing. The range of levels is 

accordingly reduced. 
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Lake level duration curves can be of different types. Three main types have 

been identified, examples of which are shown for the period September

March of each of several different years on Figure 3.12, indicating that 

different hydrological regimes may follow an opening. The first type (type 

1) consists of long periods at low lake levels followed by rapid increase 

(e.g. 1970-1971), the second type (type 2) of periods of steady increase of 

the level with time (e.g. 1976-1977), and the third type (type 3) of rapid 

increase followed by long periods at medium or high levels (e.g. 

19i,)-197o). l'fedian water level varies accordingly, being low in the first 

case and intermediate or high in the other cases. 

It has been estimated that without man-made openings, the lake would rise 

to a level 2.7-3.6 m above m.s.l, before naturally overtopping the beach 

and forming an opening eN .C.C.B., pers. com.}. The outcome' of such an 

overtopping would b~ local scouring to a considerable depth, probably 

during a flood from the Selwyn. This natural regime would therefore have 

maximum amplitude. Under the regime reported of the Ngai Tahu Haori tribe 

where the lake was opened at intervals of two to five years, the amplitude 

of depth engendered may have been somewhat less. Under the Ellesmere Lands 

Drainage Board regime, amplitude of depth would have been further reduced. 

Under the present management regime, depth amplitude is at a minimum with 

the high frequency of opening and the difficulty of maintaining the lake 

permanently opened during storms. 

lie can now see tHat tl1e current policy of opening has reduced the amplitude 

of extreme low and high values. Relating tilis aspecc to increased stability 

as suggested by l1ughes et ale (1974), can be misleading nowever, unless it 

is remember~d from Gigon's (1963) parlance that the type of stability 

achieved is one in which there are substantial oscillations or fluctuations 

especially attributable to wind conditions. Furthermore, openings even 

though more frequent (see figure 3.8), can still be at a variety of levels. 

figure 3.9 also indicated that under a frequent opening regime, engendered 

by a policy of opening when a low threshold is reached, may itself generate 

marked fluctuations. Keddy and Ueznicek (19~6) have suggested that 

stabilizing water levels means reducing the amplitude and frequency of 

fluctuations. In Lake Ellesmere, only amplitude has been reduced and 

frequency of fluctuations of modest magnitude has been increased. 



1976 - 1977 

1970 - 1971 LL 
leml 

20 40 60 

LL 40 

40 

Type 

LAKE 

em above 

Figure 3.12 

60 80 100 100 

, 80 

60 

40 

l. Type 2. 
1975 - 1976 

LEVEL 20 40 60 80 100 
I I 

m.s.1 ) 

120 

100 

80 

60 

40 

Type 3. 

Different types of lake levels duration 
curve. 
The star indicates the median water level 
(N.C.C.B. data). 

63 

80 



64 

Salinity fluctuations 

Data on salinity levels in Lake Ellesmere 

from the period 1932/1972 are summarised 

are very sparse. Measurements 

in Hughes et al., (1974). More 

frequent measurements were taken by Lineham (1983) who also showed evidence 

of the gradient existing from the outlet at the western end of Kaitorete 

Spit to the northern areas of the lake (Figure 3.13). Salinity levels were 

also measured in the course of the present study with an YSI Model 33 

salinometer (Yellow Springs Instrument Co., Ohio, U.S.A), below the surface 

and near the bottom. Values recorded from all these sources during the 

period 1932/1987 are collated in Table 3.7. Fluctuations between sampling 

times recorded by Lineham (1983) and in the present study are shown in 

Figure 3.14. 

The levels of salinity depend on the volume of sea-water exchanging with 

lake water during lake openings and the counteracting volume of freshwater 

inflows. Sea-water also seeps across the Kaitorete Spit and storm waves 

can overtop the spit near the mouth through channels that are clearly 

apparent from the air (Plate 3.3). Such inflow has never been estimated 

but is probably low. It should not however be discounted especially during 

equinoctial tides. From Table 3.7, some tentative conclusions can be drawn 

in regard to salinity levels and to fluctuations in salinity over time: 

most of the values lie within the 5 

thousand) salinity range: 

10 p.p.t (parts per 

minimum values recorded are just below 3 p.p.t; 

openings lasting between 20 and 30 days raise the levels by 1.5 to 

4 p.p.t; 

openings of 30 days or more are likely to bring the salinity to 10 

p.p.t (or more), at least in the south western half of the lake; 

the levels are higher than 15 p.p.t throughout if the time of 

opening exceeds SO days. Locally they can rise to more than 20 

p.p.t; 

in such an event it may take from 3 up to 9 months for the levels 

to return to the normal range (5 10 p.p.t) depending on the 

levels of freshwater inflows; 
I ~ 
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Table 3.7 

DATE 

Jan. 1932 
Aug. 1932 
Aug. 1949 
Nov. 1949 
Scpo 1954 
Jun. 1955 
Nov. 1969 
Jan. 1970 
Jul. 1970 
Sep. 1970 
Jan.1972 
JW1. 1972 
Jul. 1972 
Aug. 1979 
Nov. 1979 
Feb. 1980 
Apr. 1980 
May. 1980 
Feb. 1985 
J uI. 1985 
Ocl. 1985 
Dec. 1985 
Apr. 1986 
May. 1986 
JuI. 1986 
Aug. 1986 
Sep.1986 
Ocl. 1986 
Nov. 1986 
Mar. 1987 
Apr. 1987 
Jul. 1987 
Aug. 1987 
Oct. 1987 
Nov. 1987 

Some salinity values recorded in Lake Ellesmere between 1932 and 1987. 

DURATION LAKE 
CLOSED 

(days) 

35 
270 

23 
82 

<27 
116><146 

120 
21 

159 
30 

135><166 
270 

7 
1 

35 
10 
70 

8 
I 

138 
18 
60 
16 
60 
16 
15 
1 

27 
1 

135 
1 

81 
21 
69 
16 

DURATION PREVIOUS 
OPENING 

(days) 

91 
91 

8 
12 
16 
58 
15 
38 
38 
10 
27 
27 
18 
48 
48 
75 
75 
11 
76 
76 
24 
24 
17 
17 
6 

19 
27 
27 
16 
16 
20 
20 
14 
14 
27 

SALINITY 

(parts per thousand) 

2004 
10.7 
6.3 
8.7 
7.4 
5.7 
2.8 

10.3 
6.2 
4.6 
7.6 
5.1 
8.2 
8-9 
4.0 

16.0 
12.0 
10.0 
20.8 
15.6 
9.0 
6.0 
8.0 
6.0 
6.0 
7.5 
9.0 
4.0 
3.0 
3.0 
7.0 
4.2 
5.5 
3.0 
6.0 

AUTHORITY 

Langbein (1932) 

Evans (1953) 
" 

Collins (1954) 
D.S.I.R. . 

Lineham (1983) 

N.C.C.B. 
(pers. comm.) 
Gerbeaux 
(present study) 

" 

" 

" 

_.. .---.--.-.. --~----
COMMENTS 

Average of 
several lake samples 
" 

Kaituna end 
Mid lake 

Average of 
several lake samples 
" 

Mid lake 

Garibaldi island 
area 



Plate 3.3 Seawater can overtop the spit near the 
outlet during storms. 
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conversely long periods without opening of 20 days or more may 

bring the levels below that normal range. 

Further observations have been made: 

measurements showed lower salinities near the mouth of creeks and 

rivers (Lineham, 1983); 

very high salinities were recorded south of Garibaldi islands near 

the bottom during openings (e.g. 7 p.p.t (surface) and 22 p.p.t 

(bottom) - 11/03/86, or 2.5 p.p.t (surface) and 20 p.p.t (bottom) 

- 28/10/86, indicating the possibility of stratification by calm 

conditions; 

increase in salinity may be associated with evaporation in the 

summer months (Gerbeaux, pers. obs.). 

Thus, it can be concluded that at least in the south-western part of the 

lake, lake openings significantly influence the salinity levels, especially 

by tidal water exchange, initially affecting the water at lake bottom. 

Significant increase can occur within 20-30 days after the lake has been 

opened. Surface salinity is likely to rise all throughout the lake when the 

length of opening exceeds 50 days. 

3.3.3 The bird popUlation 

The wildlife value of Lake Ellesmere has been recently emphasized by 

O'Donnell (1985) who listed a total of 161 bird species, representing 53% 

of New Zealand's 306 species of birds. 

Most species associated with Lake Ellesmere are dependent on the peripheral 

vegetation, saltmarsh, mudflats and shallow water margins. The quality of 

these habitats is directly related to the lake level fluctuations that have 
~.., ... Jo. ~e.C:SG

jusL been described. Only a few species such as black swansVand ducks 

(including mallards, grey teals, grey ducks, shovelers and scaups) graze on 

submerged plants. Ruppia spp. and Potamogeton pectinatus are among their 

favourite food (McAtee, 1939; MarUn and Uhler, 1939). Besides Ruppia spP. 

and P.pectinatus, ducks are known to feed on other species growing in Lake 

Ellesmer~ such as Zannichellia palustris, Lamprothamnium papulosum (McAtee, 

1939; MarLin and Uhler, 1939) and probably Lepilaena bilocularis. 
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As to utilization by wildfowl, seeds are universally taken, often in 

quantity. Vegetative parts (rootstocks, tubers) are much relished. Stems 

and foliage can be eaten. However, Berglund ~ ale (1963), described how 

mute swans while foraging pull up whole plants and often leave a great part 

of them uneaten. 

Black swans (Cygnus atratus) were introduced in Canterbury by the 

Acclimatisation Society between 1864 and 1868 and quickly became 

established as a game bird of lowland and coastal wetlands (Miers and 

Williams, 1969). The variety of original Australian habitats in which 

they have evolved (small or large 

and marine areas) gives to black 

have contributed to their rapid 

19:;8) • 

lakes, areas of fluctuating water levels 

swans an adaptability which is thought to 

colonization of New Zealand (Williams, 

The swans on Lake Ellesmere (Plate 3.4) reached a peak population 

estimated at 80,000 birds in the 1950s and then decreased in the 1960s as a 

result of some management 

hunting (Williams, 1979). 

practices 

Another 

resulted from the direct and 

such as egg collection or intensive 

subsequent and important decrease 

indirect effects of the "Wahine" storm. At 

least 5000 birds were killed and many others starved due to the loss of the 

"weedbeds" (Williams, 1979). An illustration of these declines is given 

by estimates of the population shown in Figure 3.15. Recent counts 

indicate that the population stabilized around 10,000 birds in the late 

1970s and further declined to reach a level of 2300 birds in summer 1985. 

A dramatic recovery occurred in 1986 and 1987 and this will be discussed in 

relation to the recovery of aquatic vegetation during that time (see 

Chapter 6). 

Until recently no attempt had been made to estimate total numbers of 

waterfowl using the lake annually, although Williams (1980a) observed that 

numbers of ducks using the lake annually would be measured in hundreds of 

thousands rather than tens of thousands. O'Donnell (1985) reports that from 

July to September 1981 there may have been between 15000 and 20000 mallards 

on the lake at one time. Late counts showed that the population of duck 

species in 19d6 and 1987 had fluctuated with the seasons, It reached 

almosL 20,OUU birds in March 1987 (Dept of Conservation, pers,com.). 



Plate 3.4 Black swans are an aesthetic feature of 
the lake. 
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·3.3.4 Sediment accretion 

The accretion of sediments in lake basins results from both allochthonous 

inputs and autochthonous production (Wetzel, 1975). In shallow lakes, 

internal mechanisms involving macrophytes 

important (Carpenter, 1981) as submerged 

have been shown to be very 

plants enrich the water with 

nutrients and organic matter above the normal resuspension of sediments. 

In Lake Ellesmere, these internal mechanisms have probably contributed to 

the fluctuations of macrophyte biomass in the past (Mason, 1951). However, 

inputs from the catchment also may be important. Inflows, especially 

during major floods sometimes carry a considerable amount of total 

suspended solids. Highest mean value obtained by Lineham (1983), for the 

Ellesmere inflows was about 60 g.m-3 • Deforestation, drainage works and 

the development of agriculture in the catchment may have accelerated the 

filling of the lake. Other management practices such as the removal of 

willow trees from the Selwyn banks between 1945 and 1947 may have 

contributed further to sediment accretion. Sediment accretion may 

therefore be seen as an anthropogenic disturbance. However, the likely 

situation is that most sediment accretion is associated with major 

hydrologic events in which human influence is minimal. 

Another aspecL related to silLation that should be taken into account in 

shallow lakes is the role of wind. Wind-driven water turbulence erodes the 

lake floor, silt is resuspended and transported by means of waterdrift 

(Weisser, 1978). In Lake Ellesmere prevailing winds (north-easterlies) and 

a long fetch associated with it are likely to be effective to favour 

siltation in the south-western area. This seems to be confirmed by the 

fact that the zero level of a gauge located near Taumutu and placed in the 

lake in the 1960s is now under 30 cm of silt. 

The change in the opening regime that took place in 1947 might have played 

a considerable role in such sediment accumulation. A lower level of 

opening means that the scour at the site of opening has been dramatically \ 

reduced, probably resulting in reduced quantities of suspended solids 

flushed out to the sea. No published data are however available on outflow 

waters, either from the period before or after 1947, inhibiting any 
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conclusive statement in this regard. 

The reduced depth and area of lake water as a consequence of land 

reclamation and current lake management regimes may themselves affect the 

turbidity of water caused by suspended sediments. For example, Weisser 

(1978) reported that average turbidity in Neusiedlersee in Austria 

decreased considerably with higher water levels. 

3.3.5 Nutrient loading 

Autochthonous productionJas 

the eutrophication of lakes 

reported in the previous section,accelerates 

(Carpenter, 1981) •• Land management practices 

involving more intensive use of fertilizers and increased livestock within 

the Lake Ellesmere catchment, along with the clearing of the swampy buffer 

zone that existed around the lake, may have also played important roles in 

the eutrophication process. Lineham (1983) stated that the trophic status 

as indicated by inorganic nitrogen, total phosphor' 'us and associated total 

cell volume shows the lake is in a highly eutrophic state most of the year. 

Phytoplankton contributes to an increase in the water turbidity but this 

contribution has not yet been estimated. This will be examined in the next 

chapter. As plant growth was luxuriant before the "Wahine" storm, this f: 

facLor is however not thought to have predominated among the reasons for 

pasL declines in macrophytes. 

3.4 The importance of environmental features in relation to past declines 

of macrophytes in Lake Ellesmere 

We have assumed that the environmental features of Lake Ellesmere 

described above had potential influences on the aquatic vegetation. In the 

light of Section 3.2 and Mason's (1946, 1951) reports, we can now discuss 

this assumption with respect to past declines as described in Chapter 1. 

In her report, Mason (1946) has reviewed several factors in order to 

explain the recession of the "weed beds" in the 1940's. They included wave 

action, disease or animal pest, lowering of lake level, fluctuations in 
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salinity, damage by wildfowl, siltation, growth of epiphytic algae, 

turbidity, currents, fishing nets and changes of temperature. 

Of these fac tors, emphasis wa~J)laced on the deposi tion of silt and change 

iii the- conditions -oithe lake floor." Mason (1946) hypothesised that within 

the "weed beds", products of decomposition 

sediment might have poisoned the soil 

growth. 

(from rotted weed) left in the 

of the lake bed preventing weed 

~~son (1951) further investigated this aspect and in several brackish pools 

of Washdyke lagoon (South Island) where plants were absent she noted: "the 

bottom below a certain depth was covered by two or three inches of black 

decaying material which when disturbed smelt strongly of sulphuretted 

hydrogen and methane ••• ". At Lake Onoke (North Island), Mason observed 

some Ruppia rotting away at the base in similar conditions. 

In Lake Ellesmere, tall dense widespread growth of aquatic plants reduced 

wave action and created stagnant conditions which, along with the 

brackishness of the water, could have led to anaerobic decay. Mason (1951) 

concluded "the products of such anaerobic decay would not only kill the 

base of the plants but for some little time prevent recolonisation ••• When 

rhizomes are killed over a large area, it would take a good time for Ruppia 

to recolonise by vegetative means even though it spreads fairly quickly in 

that manner. The removal of the finer bottom deposits by wave action after 

the desLruction of a weed bed, is likely to have a more lasting effect in 

preventing luxuriant regrowth than are the poisonous products of decay •.•• " 

Recent findings from the literature allow endorsement of Mason's 

explanation. Thus, in the Netherlands, Verhoeven (1986a) explained the 

absence of rhizophytes in central ditch areas by the presence of a thick 

layer of organic mud rich in hydrogen sulphide. But it is not until 

recently that Barko and Smart (1983) brought the best evidence forward to 

support such theory. Their experiments showed that sediment organic matter 

can greatly inhibit the growth of submerged plants and that a wide range of 

soluble organic compounds, some from the anaerobic decomposition of 

cellulose and lignin, are toxic to plants. Other potential phytotoxins in 

anaerobic sediments can produce a seemingly hostile environment for plants. 
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Several facts described in Section 3.3.4 also support Mason's hypothesis, 

the first one being the likely wind-induced accumulation of sediment on the 

south-western side of the lake, where the "weed beds" first started to 

decline (see Chapter 1). This part of the lake is also most exposed to 

salinity increases when the lake is 

encouraged anaerobic conditions to 

openings have indeed been recorded 

1940's (see Figure 3.8). 

open 

develop 

to the sea, and this could have 

in the plant substrate. Long 

the late 1930's and in the late in 

These long openings were undoubtedly accompanied by low lake levels which 

could have accelerated the rate of sediment accumulation and also increased 

turbidity. Mason (1946) also recognised the possible negative effect of 

low lake levels which, she suggested, could encourage damage to "weedbeds" 

by wildfowl. It is noticeable that during the period of luxuriant growth of 

the late 1950s and during the 1960s only one opening of more than 50 days 

occurred (see p.57), suggesting a possible beneficial effect of short 

openings on the aquatic macrophytes. The policy current since 1947 has 

certainly favoured such short openings. 

Events such as the heavy storm of July 1945 or the removal of willow trees 

from the Selwyn banks (see previous section) could have had underestimated 

effects (mechanical damage, increased turbidity) reducing macrophyte 

biomass in 1945-1946 at the time Mason first investigated the problem. 

Like low lake levels, high salinity or extreme high wind periods, they 

appeared to be infrequenL and unpredictable events that all are potential 

disLurbances (i.e causes of perturbation or stress in Rykiel's parlance) 

for the submerged plants. 

The Wahine SLorm was surely the major disturbance responsible for the late 

19bUs early 197Us decline. However, the role that birds played at that 

time remains uncertain. 

Uverseas studies have differed in the effects of waterfowl grazing. Some 

have shown that the percentage of macrophyte biomass consumed by waterfowl 

can be small (Berglund et al., 1963; Kiorboe, 19809, others significant 

(Anderson and Low, 1976; Jupp and Spence, 1977), or considerable 

(Reicholf, 1973). Webb's (1982) study in Lake Ellesmere did not show any 
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significant effect of grazing on regenerating Ruppia. It is also worth 

recalling that peak swan population accompanied the luxuriant weed growth 

of 1950s. However, a still high population (more than 15000 black swans) 

until 1973 along with low lake levels during the growing season (see Figure 

3.9, p.59) can be assumed to have put extra pressure on the remaining 

vegetation patches and on regenerating seedlings. Frequent low lake levels 

that followed until 1980, even with a lower populatio~may have worsened 

the situation. 

Whether the principal disturbance (perturbation or stress factor) for 

declines of aquatic macrophytes in Lake Ellesmere was grazing, wave action, 

high salinity or lake level fluctuations, remains open to speculation. 

Besides the frequency, predictability or magnitude of these factors, 

another aspect to be considered may be the timing of their occurence. Thus 

Kiorboe (1980b) observed that most grazing occurred during autumn when 

macrophytes were dying off, and little occurred during the growing season. 

Similarly, it can be suggested that a storm will not have the same effect 

on healthy "weed beds" that it would on senescing ones, the former being 

more resistant with rhizomes left to hold the sediment together, and the 

latter being more vulnerable with a floating bed of entangled stems and 

leaves. Thus if a storm occurs in a senescing phase, the plants are likely 

to be easily washed away. 

Regardless of the incidence of biomass-limiting or biomass-destroying 

facLors wiLh the seasonal life-hisLories of macrophytes, factors of non

regeneration are likely to be the ones affecting the early stages of plant 

life-hisLories. It is proposed now to look at the factors that could 

prevenL re-establishment of young propagules. 

3.5 Hypotheses for non-regeneration 

The major objective of the study is to assess the role of the environmental 

features outlined above in preventing the regeneration of aquatic 

vegetation in Lake Ellesmere. Understanding past declines is however a 

first step which has largely contributed to identify structural and 

functional characteristics of aquatic plants that make them sensitive to 
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have been discussed up to now in 
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It is such mature dense stands which 

this chapter. The situation with 

propagules trying to establish in denuded areas also needs to be addressed. 

Some effects described for mature stands might differ. For instance, 

sediment accretion will not occur at the same rate on bare soil as among 

dense beds. Increased turbidity due to lack of protection of sediments may 

become more important as a stress factor. Lake level fluctuations will 

affect the amount of light received by young seedlings. Internal loading 

through resuspension of bottom sediments might increase and higher nutrient 

levels in the water column may contribute to higher phytoplanktonic 

populations and higher organic turbidity. 

Light is the first factor that can be postulated as a primary factor 

limiLing regrowth of aquatic plants. Turbidity as a stress factor depends 

on the disturbance factors listed in Table 3.3 (p.44). The study of the 

underwater light climate of Lake Ellesmere appears very important so the 

next chapter will detail this aspect to provide some insights into its 

limnology. The role of the disturbance factors affecting light regimes 

will also be assessed. The field light conditions will be then reproduced 

in the glasshouse in order to examine the role of light reduction in 

controlling the juvenile growth of two important species present in the 

lake, ~ megacarpa and ~ polycarpa. 

The second factor postulated as influencing plant growth is salinity. 

Besides its potential role in encouraging anaerobic conditions in the 

sediment, salinity has been found to influence adversely the germination of 

~ megacarpa seeds in Australia (Brock, 1982a) and of other western Europe 

Ruppia seeds (van Vierssen et al., 1986). It was also shown to influence 

adversely growth of ~ pectinatus (Bourn, 1932) and germination of zygotes 

of Lamprothamnium sp. (Burne et al., 1980), the other main species growing 

in Lake Ellesmer~. The effect of salinities measured in the field (Section 

3.3) on plant growth will be assessed along with light, in glasshouse 

trials. ResulLs of these trials are presented in Chapter 5, along with a 

reconsLruction of the life-hisLories of these species (Chapter 6). 
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3.6 Concluding remarks 

Discussion of the strategies for regrowth of the aquatic plants of Lake 

Ellesmere is likely to involve reference to environmental features that 

interact with them. The compilation of historical, recent or even new data 

presented in this chapter has filled some information gaps and improved our 

knowledge of clillnges in environment that relate to macrophyte growth in the 

lake. 

These investigations into the surrounding environment of Lake Ellesmere are 

an important step in the recognition of causal factors associated with past 

changes in the submerged vegetation (Section 3.4). It is also postulated 

that among dominant features, turbidity and salinity fluctuations may 

control growth of juvenile plants (Section 3.5). These postulates need now 

to be tested. 

Insights into the underwater light environment may require a reductionistic 

approach so that fluctuations and causes of fluctuation can be better 

understood. Results are presented and discussed in the next chapter. Such 

knowledge will then enable assessment of how under light conditions may 

affect plant behaviour and, more particularly, Ruppia spp. behaviour. This, 

along with the effect of salinity, will be the object of Chapter 5. Such 

an approach, at the level of the species, will thus follow van der Valk's 

(190/) recrn~enda[ions on how to approach vegetation change. 
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CHAPTER 4 

TIlE UNDERWATER LIGHT ENVIRONMENT 

4.1 Introduction 

It was only when aquatic plants were viewed as an important component of 

the aquatic ecosystem that their distribution and zonation began to be 

studied in relation to environmental factors. 

Pearsall and Hewitt (1933) were among the first to infer that diminishing 

light penetration with depth in Lake \Vindermere (U.K.) was chiefly 

responsible for the shallow depth to which aquatic vegetation extended. 

Light and other factors controlling 

been reviewed by Spence (1982)0 

the zonation of freshwater plants have 

Kirk (1983) has written a thorough 

description of the key role of light in marine and freshwater ecosystems. 

Photosynthetically active radiation, or PAR, can be defined as the 

wavebands of solar radiation that can be used for photosynthesis by plants. 

Because these wavebands are more or less the same as visible light, this 

radiation is often loosely termed as "light". 

The quantity of light available to aquatic macrophytes fluctuates as lake 

water reflects, absorbs and scatters light, reducing its penetration to a 

degree. This reduction varies mainly with the components present within 

the water column but is also affected by the ambient lighting. Thus, solar 

irradiance varies with weather, with time of day and season through the 

course of a year. 

The major light-absorbing components of the aquatic system are (Kirk, 

1983): 

- the water itself 

the dissolved yellow pigments (humic substances formed in the course of 

organic decomposition) 
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- the photosynthetic biota (phytoplankton, epiphytes and also macrophytes) 

- the inanimate particulate matter 

1975), often further subdivided 

tripton. 

also referred to as tripton (Wetzel, 

into organic (detritus) and inorganic 

Phytoplankton, bacteria, dead cells or fragments of cells and mineral 

particles (from bottom sediments or adjacent lands) all scatter light. The 

attenuation of PAR resulting from absorption and scattering occurs 

approximately logarithmically with depth. Measurements of downwelling or 

upwelling irradiance are commonly made in the field by using sensors 

coupled with quantum meters (Spence, 1982; Kirk, 1983). From these 

measurements, the vertical attenuation coefficient of downwelling 

irradiance, Kd(m-l ) can be calculated. It is defined as 

Kd = - dLog E I dz = - liE • dE I dz 

where E is the irradiance at 

property, like Secchi depth, 

coefficients which are termed 

depth z(m). It is an apparent optical 

as opposed to absorbing and scattering 

inherent optical properties (Kirk, 1983). 

Figure 4.1 presents a conceptual framework for the understanding of the 

relationships between these 

determinants. 

various optical properties and clarity 

In Chapter 3, instances of macrophyte bed recessions have been attributed 

to a degradation of the transparency of the waters in which they were 

growing. It can therefore be hypothesized that the turbid waters of Lake 

Ellesmere and the underwater light climate associated with this turbidity, 

greatly influence plant re-establishment in the lake. 

This chapter aims at providing comprehensive information on the degree of 

light attenuation and its fluctuations with time, and then assesses the 

relative importance of the main water constituents that cause these 

fluctuations. It finally provides suggestions for future monitoring of 

light as an important productivity factor that requires attention in 

management regimes for submerged plants. 
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CLARITY DETERMINANTS 

Phytoplankton, B. 
Tripton (- S+ So) 

Inorganic suspensoids, S 
Non chlorophyllous organic suspensoids, 

So or D (detritus) 

Yellow substance. g440 

INHERENT OPTICAL PROPERTIES 
Absorption coefficient, a 
Scattering coefficient. b 

Beam attenuation coefficient. 
c '"' a + b 

APPARENT OPTICAL PROPERTIES 

Secchi depth, ZSD 

Kirk 
monograms 

Diffuse attenuation coefficient. Kd 
Reflectance coefficient, A 
Depth of zone colonized by 

macrophytes, Zc 

Specific attenuation 
Scattering or absorption 
coefficients 

(1981b) 

Figure 4.1: 	 Relationships between water clarity determinants 
and optical properties (after Vant and Davies Colley, 
1984). 



~4.2 Methodology 

The procedure related to sampling and 

under several constraints that operated 

winter 1985. These were: 
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field measurements had to be decided 

at the beginning of the study in 

- no power boat could be provided until the beginning of 1986; 

- no technical assistance in the field could be assured; 

- no funds for water analyses could be made available. 

4.2.1 Field measurements 

The choice of only one area of study which could offer suitable contrasts 

in term of stress and perturbation factors was partly dictated by these 

constraints. The western side of Lake Ellesmere, where luxuriant growth 

used to occur in the past, was appealing in that respect, with areas of 

varying salinity (due to the proximity to the mouth) and varying exposure 

(presence of islands). 

Three sampling sites were chosen around Lakeside Domain (see Figure 4.2) 

Station 1 was assumed to be influenced by the freshwater inflows of Harts 

Creek as opposed to Station 3 where lake openings could affect the salinity 

levels. Station 2 was located in a bay protected by Garibaldi Islands and 

was expected to provide a sheltered situation with better lake clarity. 

Intensive sampling was carried out in 

sampling frequency that would cover a 

The large fluctuations observed in 

suspended solids (Figure 4.3 a and b) 

November 1985 in order to decide the 

broad range of climatic situations. 

the levels of chlorophyll a and 

led to the adoption of a fortnightly 

strategy which was considered to be a minimum requirement to reflect the 

extent of variability in the shallow lake. 

\vater clarity may be measured in different ways. For example, it may be by 

the determination of the attenuation of PAR (calculation of Kd), and also 

by the use of Secchi disk (Hutchinson, 1975) or the measurement of 

turbidity (Kirk, 1983; 1985), which is also a useful index of suspended 
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solids as suspended solids and turbidity 

(Brown, 1984). However, the use of 

unsatisfactory in very turbid, exposed 

been shown for instance that Secchi depth 

chlorophyll ~ at concentrations higher 

1980). 
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are often shown to be correlated 

Secchi disk becomes completely 

and eutrophic lakes. It has also 

becomes insensitive to changes of 

than 30 mg.m-3 (Megard et al., 

The following measurements were taken at each site: 

(1) Light readings, using aLI-COR LI-185A quantum meter with LI-192S 

underwater quantum sensor or LI-COR LI-192SB quantum sensors and 

meter. (LI-COR Inc., Lincoln, Nebraska, USA). Profiles of downwelling 

and upwelling irradiance (Ed and Eu respectively) were obtained from 

the surface to the bottom. These data were used to calculate the 

attenuation coefficient which was assumed to be insensitive to the low 

solar altitude (at which measurements were taken) in the turbid and 

scattering waters of the lake (Kirk, 1977; 1984). On some dull days, 

because of the high turbidity, too few points could be obtained to draw 

the profiles, mostly in the case of upwelling irradiance. Moreover, 

rough conditions (choppy waves) made many measurements difficult. 

There are therefore some missing values. When these profiles could be 

measured, R, the reflectance coefficient, was calculated as R = Eu / 

Ed, at the 10% downwelling irradiance level. The value of p, the 

average cosine (defined as p = E / EO, where EO is the irradiance just 

below surface), and the ratio of the scattering coefficient (b) to 

absorption coefficient (a, with a = p.KE) were then derived using 

Kirk's (1981~ nomograms. 

(2) Secchi depths were recorded as an indicator of visual clarity, although 

typically they were too low (usually less than 25 cm) to be accurate in 

the frequently rough conditions. 

(3) Climatic data were obtained from Lincoln College meteorological station 

and from wind charts from the North Canterbury Catchment Board's 

Taumutu recording station (see Chapter 3). 
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4.2.2 Laboratory analysis 

- Analysis of chlorophyll ~ suspended solids and turbidity 

Water samples were taken for each station at the surface and at 60 cm depth 

hours after collection time to the Water and brought back within three 

QualiLY Laboratory (M.W.D.) in Christchurch. The water was filtered through 
(8) 

GF/C filters. Triplicates were filtered for chlorophyll ~ analysis~using 

ethanol extraction and spectrophotometric assay following Sartory's 

procedure (1982), in which values obtained are corrected for phaeophytin ~. 

Other samples were filtered through similar filters in duplicate for 

suspended solid analysis (SS) which were performed at Lincoln College. 

Volatile suspended solids (SO+B) were estimated as the loss of weight of 

the suspended solids after ignition for six hours at 4000 C following Vant 

and Davies-Colley's procedures (1984). 

Non-volatile suspended solids concentrations (or inorganic suspensoids, S) 

were then derived as S = SS-SO-B (see Figure 4.1 for symbols). 

Turbidity measurements were obtained from a HACH 2100a nephelometer. 

The absorbance (A) of water samples filtered on a Sartorius membrane 

(0.22 pm pore size) was measured on a few occasions, in a 10 mm 

spectrophotometer cuvette at 440 nm to provide an estimate of the yellow 

substance concentration calculated as g440 = 2.303A / 0.01 m-1• 

4.3 Results of field measurements 

4.3.1 The water clarity and its fluctuations 

4.3.1.2 Attenuation coefficient Kd 

As indicated in Section 4.2 and discussed in Gerbeaux and Ward (1989), 

difficulties were met in obtaining photosynthetically active radiation 

(PAR) profiles. Comparisons between Station 2 and Station 3 where 

measurements took place can only be tentative because of the different 
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pumber of observations. The mean attenuation coefficient (Kd) lies 

somewhere between 7 m-1 (Station 2) and 9 m-1 (Station 3) while the minimum 

and maximum were found to be 4.6 m-1 and 23 m-1 respectively, showing a 

great variability (see Table 4.1). These values can be regarded as high to 

very high. 

Some profiles have also been obtained in the bay at Taumutu (near the 

outlet). Kd values calculated from these profiles were always lower (e.g. 

1.55 m-1, 31/01/86; 4.75 m-1, 27/02/86; 2.3 m-1, 30/10/86). 

Table 4.1 Statistics of optical properties. 

N MEAN SE MIN MAX ( k~f) 

Tn at Station 1 (subsurface) 19 93.5 9.3 29.0 180.0 ( T..,: ~u ... b;J.J~ 

Tn at Station 1 (60cm depth) 18 100.0 10.8 35.0 180.0 
k"d =- o.Jh~ . .,v",-h·c'1. 

"002. ff; ",;'en t 
Kd at Station 2 12 7.3 0.74 4.6 12.4 A "- r.,:flecl-o .... <.c' 

<-oe ff.;.::. e.J:. 
Tn at Station 2 (subsurface) 19 103.5 14.1 33.0 250.0 

tL -::. o-\.sc,,"<, "'0"-
R at Station 2 6 0.14 0.03 0.08 0.25 C<>eI'F;c,;e .... ~ 

a at Station 2 6 3.3 0.69 1.7 5.3 6 ~ sc ..... l:l-er''''f 

b at Station 2 6 42.0 5.45 27.7 56.1 
C!.<;('.(F.\:..it'\. ) 

b/a Station 2 6 16.1 7.5 33.0 
Kd at Station 3 22 8.9 0.96 4.6 23.0 
Tn at Station 3 (subsurface) 19 110.1 11.8 28.0 210.0 
Tn at Station 3 (60cm depth) 18 109.9 13.0 28.0 235.0 
R at Station 3 9 0.16 0.01 0.10 0.22 
a at Station 3 <) 3.5 0.42 2.0 5.6 
b at StaLion 3 9 63.5 11.4 27 .9 117.4 
b/a Station 3 9 17.8 10.0 27 .5 

Associated with this variability, is the depth of the euphotic zone (1% PAR 

level), ze' and the maximum depth of the zone colonised by macrophytes, Zc 

Figure 4.4 for instance shows that ze I.as 0.45m on 8.04.86, about half the 

value (0.85m) on 20.11.85. 

Figure 4.5 shows that Zc (taken arbitrarily as the 5% PAR level as in 

Spence. 1982). at Station j , is clearly inversely related to turbidity 

levels. This value, zc' is of major interest to future macrophyte 

management. 
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As Kd values require difficult manipulations in the field, the use of 

another parameter that is simpler to measure, such as turbidity, appeals. 

4.3.1.2 Nephelometric turbidity (Tn) 

The values presented in Table 4.1 are from measurements taken during the 

second part of the study (from 3.07.86). Comparisons between stations 

showed no significant difference. Like the attenuation coefficient, the 

magnitude of the turbidity can be regarded as high to very high. 

4.3.1.3 Absorption and scattering coefficients 

The absorption coefficient and the scattering coefficient were obtained 

each time the difficulties (already reported) in obtaining upwelling and 

downwelling profiles could be overcome. 

A summary of statistics can be found in Table 4.1 (p.86) which shows high 

mean b values (> 40 m-1). High reflectance values (approximately 15%) 

indicate a high bla ratio in the water (see Kirk, 1981a). These values lie 

within the range reported by Kirk (1985) for similar water bodies in 

Australia. It can therefore be concluded that Lake Ellesmere is very turbid 

with a very compressed euphotic zone. 

ClariLy of the water is influenced by the water constituents, like chI ~, 

suspended solid~, and the yellow substance. It is now proposed to look at 

these factors. 

4.3.2 The cla~jLy determinants and their fluctuations 

4.3.2.1 Chlorophyll ~ (8) 

Table 4.2 summarises the statistics of the chlorophyll levels at all 

stations and depths. Figure 4.6 shows the fluctuations of chlorophyll ~ 

at Station 1, 2, 3. No significant difference exists between the surface 

samples (full line) and the 60 cm depth samples (dashed line). However on a 

few occasions (30.10.85, 20.11.85, 28.10.86, 8.12.86, 24.2.87, 7.4.87), 
~ .... " s~tf .... t .. v..Juc:s 

bottom sample values appeared to be relatively higherY Calm weather in the 
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4 hrs prior to sampling (with average wind values below or equal to 2.5 

m.s-l ) was usually associated with these high values, probably due to some 

natural settling out of non-mobile phytoplankton. This observation is valid 

to a lesser extent at Station 3. 

Table 4.2 

( rnc-c»su("J ... s cl.,,1 ~I 

Statistics of clarity determinants: B . in mg.m-3). 

N MEAN SE MIN MAX 

B at Station 1 (subsurface) 38 70.8 3.97 29.0 117.3 
B at Station 1 (60cm depth) 37 74.1 3.96 36.1 137.9 
B at Station 2 (subsurface) 40 72.3 3.39 29.3 108.9 
B at Station 3 (subsurface) 40 77 .9 3.43 31.1 127.7 
B at Station 3 (60cm depth) 39 77 .6 3.37 38.6 127.9 

Several points can also be noted from Figure 4.6: 

no seasonal trend seems to exist as maxima occurred both in winter (1986) 

and in late summer (1987); 

large fluctuations are observed between two successive samplings; 

- minima are of about 30 mg.m-3 and maxima of about 120 mg.m-3 • Means are 

between 70 and 78 mg.m-3 and are therefore relatively high; 

- the location of the stations does not influence the levels of 

chlorophyll ~; 

- levels of chlorophyll a were significantly different between the two 

summers (defined as the December-iebruary period). During summer 05-86, 

the level at station 3 was 52.2 mg.m-3 whereas it was 91. 7 mg.m-3 the 

next summer (P<O.OOl). This represents an increase of 75%. The 

occurrence in the second year of many winter high flows in the Selwyn 

river (and also probably in the other inflows), along with higher wind 

speeds over the second summer (see Fig~re 3.5, p.51), might constitute an 

explanation. It was shown 

phosphorus (P) in the Ellesmere 

indeed that the largest contribution of 

Catchment is from quickflow (see Chapter 

3). About half of all phosphorus transported to Lake Ellesmere actually 

comes from the quickflow contribution of the upper catchment (N.C.C.B., 

pers. com.). This phosphorus can be trapped in the sediment until its 

release through spring and summer wind resuspension (see Section 4.4). 

This explanation remains however tentative without any concurrent 
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phosphorus values available. Higher chlorophyll ~ values associated with 

higher P values would reflect a limitation by P which may occur in summer 

as reported previously by Lineham, 1983. 

4.3.2.2 Total and inorganic suspended solids (SS , S) 

Total suspended solids (SS) represent B + S + So (see Figure 4.1 for 

symbols). Figure 4.7 shows the variations over time of total suspended 

solids and some stastistics on both total and inorganic suspended solids 

are presented in Table 4.3. 

Table 4.3 Statistics of clarity determinants: SS and S (in g.m-3). 
s u "'pe"'l>Oi.J;1 ) ( To~o.I svs.pe ... d.ed $~;ds. c.. .... J '''Dr~ ..... ,:( 

N MEAN SE MIN MAX 

SS at Station 1 (subsurface) 38 185.3 14.4 47.4 440.3 
SS at Station 1 (60cm depth) 37 191.4 13.1 64.6 425.2 
SS at Station 2 (subsurface) 40 246.0 31.0 67.9 955.8 
SS at Station 3 (subsurface) 40 237.9 21.1 66.0 676.0 
SS at Station 3 (60cm depth) 39 240.5 21.6 83.0 648.9 

S at Station 1 (subsurface) 38 143.7 13.4 19.9 368.0 
S at Station 1 (60cm depth) 37 146.9 11.7 40.3 335.1 
S at Station 2 (subsurface) 40 203.0 29.8 45.8 864.9 
S at Station 3 (subsurface) 40 188.4 19.5 42.0 588.4 
S at StaLion 3 (6Ucm depth) 39 187.7 19.3 48.4 610.3 

It may be observed that: 

large fluctuations occur between different dates; 

the levels vary between stations, Station 2 offering the highest levels 

(possibly due to intense bird activity in the area) and Station 1 the 

lowest (probably due to its high degree of shelter against prevailing 

winds) ; 

The inorganic fraction of the suspended solids represents approximately 

80% of the total and are likely to play an important role in reducing 

light penetration. 
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-Because no significant differences in the values of the characteristics 

measured at different depths were found, the lake can be seen as "well 

mixed" and from now on averaged values of clarity determinant~ over depth 

for each site will be used. 

4.3.2.3 Yellow substance 

Estimates of the yellow substance were obtained from water samples taken at 

Station 3 only. Few observations (n=7) gave a mean of g440 = 0.68 m-1 , 

which is moderately high compared with some other New Zealand lakes (see 

Vant and Davies- Colley, 1984). The range of values obtained is comparable 

to those of other similar coastal lakes in Australia (see Hickman et a1., 

1984) and elsewhere (see Kirk, 1983, pp.57-59). 

Inflows are likely to contribute to the fluctuations in the yellow 

substance after rainfall events as most of the yellow substance is due to 

soluble humic substances leached from the soils in the catchment. But Vant 

and Davies-colley (1986) have also shown that in some New Zealand lakes a 

fraction was autochthonous. In Lake Ellesmere, much of the humic material 

may adsorb chemically onto the surface of inorganic particles present at 

high concentrations. 

The Halswell river was seen once to be strongly coloured ( Spring 1986). 

Indeed Lineham (1983) recorded the highest mean absorbance (0.168 Hazen 

units at 270 mm) of all inflows in the Halswell river. 

4.3.3 Relationships between inherent optical properties and clarity 

determinants 

Figure 4.1 shows that the link between the water composition and the 

inherent optical properties is established by the specific attenuation 

coefficients viz. the absorption and scattering per unit concentration of 

the water constituents. The inherent optical properties are, in turn, 

linked to the apparent optical properties by using Kirk's (1981b) 

nomograms. 
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Analysis of lake optics is now undertaken to relate water clarity to water 

composition. 

r-e$pec.Jive 
By definition, £,~, and b are the Vsums of the contributions to beam 

attenuation, absorption or scattering from phytoplankton (B) and inorganic 

suspensoids (S), but also from the other clarity determinants, i.e. 

detritus (D = SO), yellow substance (Y) and water itself (W) and they can 

be expressed as : 

.£. = £B + .£.S + .£.D + .£.Y + cW 

~ = iU3 + ~ + .® + ay + ~W 

l=.!lli +.Qs +jm +lY +liv 

Table 4.4 shows the result of multiple 

and b on B (in mg chI a .m-3 ) and 

linear regression analysis of £, ~ 

S (in g.m-3), at Station 3. The 

regression equations accounted for most of the variability in £, ~ or b 

(high r2 values). The scattering coefficient, l, contributed much more to 

the beam attenuation coefficient, £, than did the absorption coefficient as 

expected from the high b/a ratios reported earlier (see Table 4.1). 

It can also be seen that the specific attenuation, absorption and 

scattering coefficients for B (£8, ~, ~, respectively) were lower than 

those for S (.£.S, ~, Es, respectively). Thus, absorption or scattering was 

more dependent on tile inorganic suspensoid concentrations (S) than on the 

phytoplanKton biomass (8) as the result of very high S values and only 

moderate to high B values (see previous section). Variation in S eventually 

accounted for most of tile variability in .£ (7u%), l (6d%) and also a (l}4/~). 

When measurements from stations otner than Station 3 were included in the 

regressions, tlle different equations still accounted for most of the 

variability in £, ~ and l, with however lower r2 values. This can probably 

be related to differences between stations in the structure of suspended 

sediment (size, shape). It points out that to obtain best estimates of £B, 
.£.S and regression constant for use in the partitioning of £, not only 

should such equations should be lake specific (see Vant and Davies-Colley, 

l~oo), but they should also be site specific in that lake. 



Table 4.4 Results of multiple linear regression analyses of inherent optical properties on chlorophyll! (B) and 

inorganic suspensoid (S) concentrations. 

Equations are of the general form x = !B·B + !S.S + constant 

(where x = c, a or b, and c = a + b) 

n £B £S constant ?-
9 0.210 (0.397) 0.491 (0.14) -5.6 (35.74) 0.71 

n !n !!s constant ?-
9 0.00875 (0.0015) 0.0199 (0.0021) 0.564 (0.76) 0.91 

n QB !!s constant ?-
9 0.201 (0.399) 0.472 (0.141) -6.2 (35.9) 0.69 

N.B: standard errors of the coefficients are shown in brackets. 

o-.L.. So "r~:O'" c..oe r~:~e. .... t 
sc.o..~c.(; "~ Co€. ~:c..-e" l 

bc.o.J"'\ ~l+e\"\ua.J-:Cl"'\ ~()e. rrl-C.~e. ..... t 
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Several of the regression coefficients (.93, ~, EB) could only be 

imprecisely determined (because B was relatively lower and less variable 

than S, the latter accounting for most of the variability in each equation 

as reported above). Further the large standard errors for the regresssion 

constants meant that estimates of .£D + £Y + 3v, ~ + flY + a\v or En + ..Q.y +..Q.\v 

were imprecise. 

Figure 4.8 shows the values of c (uppermost curve) calculated using the 

regression equation for Station 3 (see Table 4.4), together with the 

measured values of c on several different sampling days. The lesser 

contribution to ~ from algae (non shaded area) than the contribution from 

inorganic suspensoids (shaded area), appears clearly on that figure. 

The ratios .93.B/£ and £5.S/£ provide estimates, of the relative importance 

of Band S as determinants of ~ on each occasion. For the whole period, 

estimates are obtained by measuring the areas below each curve (here 40% 

for Band 60% for S). These results should however be regarded as 

approximate, since the regression equations 
1\ 

portion of the variation in c in each case 

accounted for the major 

rather than for all of it. 

Furthermore, regression coefficients could not be precisely determined 

because of some colineariLy between Band S (see Section 4.3.6) as well as 

the imprecision of primary data of Band S. 
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Figure 4.8 Contribution of chlorophyll ~ (clear area) and 
inorganic susp.ensoids (shaded area) to predicted 
beam attenuation coefficient (£) during the 
period October 1985 - April 1987. (S~t~Oh 3.) 



4.3.4 Relationships between apparent optical properties and clarity 

determinants 
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As the depth colonised by aquatic macrophytes is dependent on the 

attenuation of PAR, relationships using the attenuation coefficient, Kd, 

are directly relevant to this study. It is commonly assumed that Kd (PAR) 

can be written as: 

Kd (PAR) = KW + Ky + KS + KD + KB (Kirk, 1983, p.214) 

where KW, Ky, KS, KD, KB are the partial attenuation coefficients for PAR 

due to waLer, gilvin (i.e, yellow substance), inorganic suspensoids, 

detriLus and phytoplankton, respectively. WhetQer this equation. can be 

used here or not is arguable since, as pointed tiut by Kirk (1983, p.236), 

it presupposes that absorption rather than scattering is the dominant 

contributor to each of the partial attenuation coefficients. We have shown 

that this was not quite so in Lake Ellesmere. It also relies on the 

assumption that relative rates of attenuation are proportional to the 

partial vertical attenuation coefficients. 

Results using this approach with KB = B.kB and KS = S.kS (where kB and kS 

are specific vertical attenuation coefficients per unit B concentration (in 

m2.mg-1 chI a) and unit S concentration (in m2.g-1 S), respectively), are 

presented in Table 4.5 for Station 3 only and for both Stations 2 and 3. 

This table gives values of kS within the range 0.034-0.038 m2.g-1 S, and 

values of kB within a larger range (0.038 - 0.091 m2 .mg-1 chI a). The level 

of significance attached to kB values in the multiple regression equations 

is high (p<O.Ol). These values (0.0472 and 0.0376 m2.mg-1 B, respectively), 

are much higher than values previously reported in the literature for lakes 

dominated by blue-green phytoplankton (0.016-U.022 m2.mg-1, Kirk 1983, 

p.2IG). This could be the result of shade adaptation of the photosynthetic 

apparaLus of the algae inducing an increase in the biliprotein phycocyanin 

levels (Kirk, 1983, p.217 and p.305), but it could also be due to an 

artefacL of this approximate approach. It should be realized that, although 

this procedure is stattstically defensible, it is inconsistent with optical 

theory as it will shown later. Kd does not depend linearly on Sand B (as 

assumed in the regression model). 



Table 4.5 

Station 3 

Station 2+3 

*** p<0.OO1 

** p<0.01 

* p<O.05 

Simple and multiple linear regression analyses of Kd on chlorophyll! and inorganic suspensoid 

concentrations . 

Simple regressions are of the general form Kd = kX.x + constant 

(where X = B or S). 

Multiple regression equations are of the general form Kd = kB.B + kS.S + c 

n kB kS constant 

22 0.0373*** 3.57 0.83 

22 0.0914* 2.14 0.24 

22 0.0472** 0.034*** 0.24 0.89 

34 0.0383*** 3.45 0.81 

34 0.0772*** 2.93 0.22 

34 0.0376** 0.0355*** 1.14 0.86 

...... 
o o 
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It is however interesting to use the estimations of the proportion of total 

"absorbed PAR captured by" (or rather "PAR attenuated by" ) phytoplankton 

for different Band S concentrations obtained by using the above method, 

with the values obtained previously ( Section 4.3.3). 

Table 4.6 

B 

(mg.m-3) 

50 
75 
100 

With a mean B 

Station 3, we 

attenuated by 

Proportion of total absorbed PAR captured by phytoplankton at 
different chlorophyll ~ (9) and inorganic suspensoid 
concentrations (5). 

S = 50 S = 100 S = 150 
(g.m-3) (g.m-3) (g.m-3) 

----.~--------- .. 

39.2 28.6 22.5 
49.2 37.5 30.4 
56.3 44.5 36.8 

value of 77.7 mg.m-3 B and a mean S value of 188 g.m-3 S at 

read from Table 4.6 an estimated value of 30% of PAR 

phytoplankton, which is somewhat different from the 40% 

estimate obtained in the previous section. An indication of how such 

proportion compares with those of some other shallow lakes can be obtained 

from Table 4.7. 

The effect of scattering on light attenuation of the whole photosynthetic 

waveband on different sampling occasions is presented in Table 4.8. The 

table compares the values of Kd (for PAR calculated from the total 

absorption spectrum of the water, assuming no scattering), with those 

actually measured in the field (see Kirk, 1983, p.130). The ratio of the 

observed to Lhe calculated value of Kd is a measure of the effects of light 

scatLering on the vertical aLtenuation coefficient and the increase in Kd 

(PAR) due to scaLLering ranged from S4% (1.0/'05/86) to a-bcul::" AEtO~b 
( I~ / /0/8G») ( StOv~\~'" J- ) " 

/ 
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Table 4.7 Proportion of total absorbed PA~ captured by phytoplankton in 
several productive lakes. 

Water body 

Lake Kinneret (Israel)* 
Lake Hinnetonka (U.S.A)* 

* Lough Neagh (Ireland) 
Lake George (Uganda)** 
Etang de Berre (France)*** 
Lake Ellesmere**** 

* in Kirk (19(53) 
*~ in Gani (1974) 

Chl a concentration 
(mg.m-3 ) 

5-100 
5-100 

26.5-92 
90-965 

<30 
29-138 

*~~ in Kim and Travers (19(53) 
';h.-,.-o.- present stully 

Total absorbed PAR captured 
by phytoplankton (%) 

4-60 
8-80 
20-50 
37-86 
10-17 
37-45 



Table 4.8 

Station 

2 

2 

2 

2 

2 

2 

3 

3 

3 

3 

3 

3 

3 

3 

3 

Effects oflight scattering on vertical attenuation coefficient (Kd) for irradiance of PAR (470-700nm). 

Kd values calculated from the measured absorption spectrum arecompared with those obtained in the 

field. 

Date Turbidity b/a Kd calculated Kdobserved ~obs. 

(NTU) (m- 1) (m-1) Kdcalc 

20/05/86 * 7.5 3.7 6.8 1.84 

25/08/86 57 8.4 4.1 8.3 2.02 

1/10/86 33 21.4 1.8 4.6 2.55 

13/10/86 40 33 1.S 5.55 3.08 

10/11/86 60 10 3.2 6.4 2.0 

24/02/87 92 10 5.3 10.6 2.0 

20/05/86 * 10.0 3.8 7.7 2.03 

25/08/86 77 13.7 4.0 9 2.25 

1/10/86 41.5 21.65 2.0 5.05 2.52 

13/10/86 28 13.3 2.1 4.6 2.19 

28/10/86 64.5 21.1 3.1 7.8 2.52 

10/11/86 64 16.4 3.3 7.7 2.33 

27/11/86 130 22.5 4.8 12.7 2.65 

24/02/87 100 27.5 4.3 12.2 2.84 

7/04/87 160 19.1 5.6 14.1 2.52 

....... 
o 
w 
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Thus it can be concluded that the scattering effect should be taken into 

account when attempting to estimate the role of clarity determinants in 

light attenuation. To estimate Kd, therefore, it seems desirable to seek 

another approach. 

In Lake Ellesmere, for any sampling date, it is possible to first partition 

~ and ~ (or £) as in Table 4.4, and then calculate an estimation from 

Kirk's (19d3, p.1jO) equation: 

Kd (zm) = a ( 1 + 0.256 b/a)1/2 

where zm is the mid-point of the euphotic zone (depth at which downward 

irradiance of PAR is reduced to 1U% of the value just below the surface). 

In Figure 4.9, data from experimental measurements in Lake Ellesmere (shown 

as dots) follow closely data obtained from calculated values using the 

above equation for vertical attenuation coefficients (Monte Carlo 

calculation; see Kirk, 19d1b). 

As suggested earlier, the value of Kd(z)i, and consequently the 

contribution of the ith component to Kd(z), is not a linear function of the 

concentration of that component, but rather, a curvilinear function. This 

point may well be illustrated in Figure 4.10 where the high concentrations 

of total suspended solids recorded in Lake Ellesmere have somewhat less 

effect on the attenuation coefficient than expected from the application of 

the regressions obtained from 25 New Zealand lakes by Vant and Davies

Colley (1<)04). Other explanations of such effects have been suggested, such 

as tne brackishness of the lake water (Gerbeaux and \vard, 1989). This can 

indeed have an effect on 

decreases as sulinity 

electrostatic repulsion between particles (which 

increases), promoting the aggregation and 

precipitation of colloidal clay minerals and thus reducing scattering 

cuefiicienc values (Kirk, lYoJ, p.do). however, it could also be because 

Lake ~llesrnere suspended solids are cuarser (in grain size) than those of 

lakes (of comparable ::)S concentratiuns) reported in Vant and Davies-Colley 

(1<;10'+). Campbell and Ivalker (1y/ts) have indeed described textures in the 

Lakeside area of Lake Ellesmere as sand or sandy loams (closest to the 

shore) and silts or silt loams (furthest from shore). 



Kd/a 

3 

2 

1 

calculated 

• measured 

oL----------5----------1To----------1r5---------2~O----------2T5---------:3~O~b~ 

Figure 4.9 Comparison of experimental measurements of Kd (Z. )/a in Lake Ellesmere, ~ 
with data from Monte Carlo calculation for verti~ally incident light. ~ 
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Suspended solids (9 m- 3 ) 

Effect of suspended solids on the attenuation 
coefficient: comparison between Lake Ellesmere 
and 25 New Zealand lakes. 
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4.3.5 Relationships between Tn' ~, band Kd 

Gerbeaux and Ivard's (1989) results suggest that because nephelometric 

turbidity (Tn) is, like the absorption and scattering coefficients (~ and 

1). strongly correlated with inorganic suspensoid levels, it is possible to 

estimate both a and b directly from Tn. Table 4.9 summarises the results of 

linear regression analysis of Kd, 

The management significance of 

Section 4.4. 

~ and 1 against nephelometric turbidity. 

such relationships will be discussed in 

Table 4.9 Results of linear regression analyses of vertical attenuation 
coefficient (Kd), absorption coefficient (a) and scattering 
coefficient (b) against turbidity, 

n r2 p 

Station 3 Kd = 2.67 + 0.0802 Tn 11 0.93 <0.001 
a = 1.35 + 0.0275 Tn 8 0.94 <0.001 
b = 16.5 + 0.672 Tn 8 0.78 <0.01 

Station 2+3 Kd = 2.61 + 0.0793 Tn 17 0.93 <0.001 
a = 1.2~ + 0.0303 Tn 13 0.79 <0.001 
b = 12.9 + 0.660 Tn 13 0.70 <0.002 

Gerbeaux and Ward (1989) have also reported on the ratio Tn:b which has 

been found to be relatively constant by several authors. Values of 0.91 

(Di Toro, 1978), 1.09 (Kirk, 1981b), 0.98 (Vant & Davies-Colley, 1984), 

0.99 (Weidemann & Bannister, 1986) have been mentioned. The ratio obtained 

for both Station 2 and Station 3 was 1.168 which approximates these values. 

4.3.6 Relationships between clarity determinants 

Chlorophyll ~ vs inorganic suspensoid concentrations are plotted in Figure 

4.11. The curve obtained shows that, up to a critical level, chlorophyll ~ 

levels increase with inorganic suspensoid levels. Above that critical level 

of suspended solids (about 150 g.m-3), chlorophyll ~ levels remain high. 

Vertical mixing allows periodic exposure of phytoplankton to surface light 

and this cuuld fulfill their light requirements, facilitating maintenance 
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of high biomass (Lineham, 19b3, clickman et ~., 19~4). Oertel & Dunstan 

(1901) have also suggested that in Georgia (USA) coastal waters, the 

endemic phytoplankton species were adapted, in the turbid zone, to rapid 

utilisation of available nutrients. 

However, one would expect chlorophyll 

inorganic suspensoid concentrations (and 

as the 'mixed depth' (see Appendix 1 

levels to be reduced under high 

therefore low light penetration) 

for definitions) often exceeds the 

'critical depth' in such situations. The contraction of the euphotic zone 

brought about by suspensoids should indeed reduce the overall productivity 

of lakes (Kirk, 1985). This has been acknowledged by Stephan et al. (1983) 

in their study of Lake ehicot, a highly turbid lake, and by Kim & Travers 

(1903) in the Etang de Berre. It appears to occur in Lake £llesmere. This 

could account for some of the low chlorophyll values recorded above 150 

g.m-3 concentrations of inorganic suspended solids. 

4.4 Some management implications 

The results will now be discussed with a management perspective, dealing 

with those that contribute to a better knowledge of the lake light 

environment and those which provide knowledge directly useful for 

predicting the fluctuations of the light climate and therefore affecting 

the distribution of macrophytes. 

Inherent optical properties 

Although their value is sometimes regarded as theoretical with a limited 

ecological scope (Rorslett, lYd7c), inherent optical properties have 

contributed to tlle understanding of how light is attenuated within the 

water column. This can be critical in deciding upon management strategies 

to improve water clarity (Davies-Colley, 1987). 

The role of scattering in turbid \V'acers is dominant and the equations 

presented in Table 4.4 show that in Lake Ellesmere, inorganic suspensoids 

absvrb lignt more strongly than does the phytoplankton and the soluble 

fraction (see also Gerbeaux and \~ard , 19dY). Using Kirk's (l9b3) optical 

classification of natural waters, Lake Ellesmere belongs to waters of type 

1'. This is common for shallow, wind-exposed lakes with unconsolidated 
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sediments ( as opposed to those in which dense macrophyte stands stabilize 

water and sediment; e.g. Lake Whangape, North Island). 

The strong absorption from the tripton fraction does not however prevent 

high levels of chlorophyll ~ from occurring. This indicates either that the 

phytoplankton makes good use of restricted light energy within the shallow 

euphotic zone or that the circulating cells do not remain for too long 

under the illuminated layer. 

This high productivity of Lake Ellesmere associated with high inorganic 

turbidiLy is of major importance for future water quality management. It 

warrants further discussion. 

A regression between 

concentrations below 

chlorophyll a 

the suggested 

and inorganic suspensoid values for 

critical level (5 <150 g.m-3) 

demonstrates a significant correlation between the two parameters 

(r2=0.38, P<O.OOI). Besides the possibility of benthic algae being 

resuspended, especially at low lake levels or in shallow nearshore areas, 

one other plausible explanation might be that the increase in phytoplankton 

results from enrichment of the water column with bottom interstitial 

nutrients and/or adsorbed phosphate which is released during sediment 

resuspension. These transfers of nutrients between the water column and the 

sediment are very often mentioned for shallow waters (Golterman, 1977; 
Q,.t\J AcI.(.,,~~; 

ImevboreV 1977; Ryding and Forsberg, 1977; Walker, 1981; de Groot, 1981; 

OerLel and DunsLan, 1981; de Haan, 1982; Lennox, 1984; Lukatelich and 

NcComb, 1980a, 1986b; Demers and Therriault, 1987; Hamilton and Hitchell, 

19(8). 

From a certain threshold, nutrient availability may be maximum and highest 

chlorophyll ~ levels occur. No further increase is observed beyond these 

levels since light probably becomes the limiting factor. The plateau phase 

which was observed in Figure 4.11, may illustrate this and also the 

adaptation, as already mentioned earlier, of the phytoplankton to a 

compressed euphoLic zone • 

The role of water levels appears very important in that respect as the 

lower the lake in summer, the higher the availability of light (the 

crJtical depth becoming approximately equal to the mixing depth) and the 
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higher the availability of nutrients (through increased resuspension). High 

values of chI a were indeed recorded during the summer 1987-1988 (up to 200 

mg.m-3 ) while water levels were very low (Hamilton, pers.com.) 

This leads to the need for an explanation of how vertical mixing is 

maintained, and wind, naturally, is the main factor to be looked at to try 

to understand the dynamics of sediment resuspension. What follows will 

therefore be an analysis of wind data in relation to clarity determinants. 

The effect of wind ~ inorganic suspensoid levels 

We have seen the importance of suspended inorganic sediments as 

contributors to nutrient cycling and also because of their influence on 

lig~t penetration. We now consider functions of wind that can best 

describe the level of resllspension and, if possible, quantify that 

resuspension (see Appendix 1). 

Practically, it can take only a few minutes for the transparency of the 

water to be reduced in a shallow lake. For example, Entz (1980) witnessed 

rapid resllspension in Lake Balaton (Hungary). In Lake Ellesmere, choppy 

waves form and entrain sediment within a very short period after the wind 

has risen. It appears to take longer, however, for the suspended particles 

to settle out. Turbid water from the lake left in a transparent bottle in 

the laboratory took four days or more to clear. The largest particles 

settled out within a few hours. It thus confirmed approximately the texture 

obtained by Campbell and lifalker (197~) and reported earlier (Section 4.3.4) 

The observaLion is ther~fore in agre~ment with Bourn (1932) who says : "In 

the absence of boLtom cover (e.g. macrophytes), wind and wave action keep 

the finely divided particles of mud in an almost constant suspension." 

In order to get an indication of critical wind velocities, wave-mixed 

depths are reported in Table 4.10 at Station 3 for different wind 

velocities and directions (see Appendix 1 for explanation of calculation). 



Table 4.10 

Wind speed 
(m.s-1) 

1.0 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
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Wave-mixed depths (D) at Station 3 for different wind 

directions and velocities 

D (NE) D (SE) D (SW) D (NW) 
(m) (m) (m) (m) 

0.72 0.66 0.47 0.34 
1.03 0.94 0.67 0.5 
1.33 1.22 0.86 0.63 
1.61 1.47 1.05 0.78 
1.90 1. 73 1.22 0.91 
2.17 1.99 1.40 1.05 
2.47 2.23 1.58 1.18 
2.71 2.48 1. 75 1.29 
3.00 2.71 1.91 1.42 

It can be seen that, taking 1.20 m as the median level at Station 3, wind 

velocities as little as 2 m.s- l (N.E and S.E winds) will form waves with 

their base reaching the bottom. Prevailing winds have velocities higher 

than 3 m.s-1 in the Ellesmere district (see Chapter 3) and it is therefore 

not surprising that the lake, being less than 2 m deep in its western part 

(see Figure 4.12), is always turbid. 

Hamilton and Mitchell (1988) have found that average wind speeds over four 

hours prior to sampling related well to suspended solids. Such data have 

been presenled for Lake Ellesmere in Chapter 3. These authors used them in 

equation (c) (see Appendix 1) to calculate wave height, and they related 

the levels of suspended solids to the wave height squared, divided by the 

depth (H2/z ). This approach presenLs approximations when used for Lake 

Ellesmere. However, a linear relationship exists between inorganic 

suspensoid levels and H2/z , as shown in Figure 4.13. The equation of the 

regression is : 

S : lL2 + 743 H2/z r2 : 0.68, p <0.001, n 37 
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By excluding high point values that gives it a large influence, another 

regression can be obtained: 

S = 104 + 1153 H2/z r2 = 0.58, p <0.001, n = 34 

The constant gives a baseline level of 104 g.m-3 (SE = 12.2) which 

represents an average of the samples taken. Long periods of calm days 

would probably bring this level down. This illustrates well the state of 

almost constant suspension reported earlier and the presence of relatively 

fine suspended solids in the lake. 

Another method used to estimate resuspension is that of Gabrielson and 

Lukatelich (1985) who use a function of wind feW) such as 

where F = a fetch factor using the effective fetch (in m) 

w = wind velocity (in m.s-1) 

tw = hours of wind at velocity w during the collection period 

tT = total hours in collection period. 

They derived this equation from Kullenberg's (1976) work which shows that 

the energy (in wind) transferred to a water body is supplied at a rate 

proportional to the third power of wind velocity. A similar function for 

each wind direction that occurred during sampling was used for Lake 

Ellesmere. Table 4.11 shows that there is a relationship between w3 and 

inorganic suspensoid levels. The second equation represents the regression 

obtained after elimination of two high value points. The baseline level of 

suspensoids (114 g.m-3 , SE = 10.5) is comparable to that obtained when 

using the function of wave height and depth. 



Table 4.11 

Station 3 

* obtained 
influence 
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Relationship between inorganic suspensoid levels and a 
function of wind to the power three, including effective fetch 
(fx (w), where fx (w) = Fx.wx , with x = wind direction, Fx = 
effective fetch for that direction, and Wx = wind speed). 

S = 126 + 0.000053 f x3 (w) r2 = 0.70, n = 36 
S = 114 + 0.000084 f x3 (w) r2 = 0.64, n = 34* 

after elimination of two points that give the regression a large 

Simple regressions between inorganic suspensoid levels and wind velocity to 

the power three (without fetch factor) are also shown in Table 4.12 for 

each wind quadrant. 

Table 4.12 

Station 3 

,~ p(O.OOl 

Relationships between inorganic suspensoid levels and wind 
velocity for the four main quadrants, NW, SW, NE, SE, 

SNW = 108 + 0.222 W3 r2 = 0.20, n = 7 

SSW = 120 + 0.188 W3 r2 = 0.98, n = 8* 

SNE = 122 + 0.282 W3 r2 0.68, n = 14* 

SSE = 98.3 + 0.626 W3 r2 0.94, n = 9* 

The strong correlations obtained here lead to the conclusion that inorganic 

suspensoid concentrations can be accurately monitored once similar 

relationships to those developed at Station 3 have been established for 

other staLions. NorLhwesLerlies have litLle effect on S because of the 

close 10caLion of StaLion 3 to the western shore, and its consequent 

shelLer from such winds resulLing in little wave action. 

Similarly, StaLions 1 and 2 were locaLed too close to shorelines (Garibaldi 

islands) to give meaningful results. 
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CriLical levels of wind velocity for resuspension might be between 2 and 

3 m.s- l as shown in Table 4.10, but Figure 4.14 tends to indicate that 

average wind speeds beyond 5 m.s- l 4 hrs prior to sampling, will 

contribute to a large increase of suspended solids. This can be relatedro 

the threshold value of 3 m.s- l (averaged for the 24 hours prior to 

sampling) reported by Gerbeaux and Ward (1989). This observation coupled 

with the fact that these two thresholds were exceeded most of the time (see 

Chapter 3), suggests that one can predict the number of days per year that 

the levels of inorganic suspensoids are likely to strongly influence the 

light penetration. 

The choice of 5 m.s- l as a critical level of wind velocity (4 hrs prior to 

sampling) for significant resuspension of sediments can be supported by the 

fact that this level corresponds approximately to the point where 

concentrations of inorganic suspensoids (S) will remain higher than 150 

g.m-3 (see Figure 4.14). Having shown earlier the importance of that 

threshold value on the relationship between chlorophyll ~ and inorganic 

suspensoids concentrations, it becomes clear that above that level, the 

main clariLy determinant will be S. 

In summary, separation of the data according to the wind direction (NE, SE, 

SW, NW) at time of sampling and using a function of the wind speed to the 

power of three gives the best method of quantifying resuspension of 

inorganic suspensoids with high levels of significance. (This could also 

be done with turbidity measurements but insufficient data on nephelometric 

turbidity are available.) The next step is then to assess how this will 

affect light penetration. 

A simplified approach to estimate light availability in Lake Ellesmere. 

Modelling light penetration may often involve monitoring chlorophyll ~ and 

suspended solid concentrations (Stefan ~ al., 1983) and this provides 

a rigorous basis for the description and management of lake water clarity 

(Vant and Davies-Colley, 1984). 

The composiLe relationship for aLLenuation coefficient vs. inorganic 

suspenso ids presenled in Figure 4.15 indicates that below 150 g.m-3 S 

concenLraLions, differ~nL levels of chlorophyll ~ will have different 
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effecLs on light attenuation. Bearing in mind the approximations reported 

in Section 4.3.4, such a presentation confirms in a different way that for 

g.m-3 , the phytoplankton biomass B is values of S below or equal to 

better correlated to Kd (r2 = 
level (r2 = 0.02). Most of the 

150 

0.53, p<0.001) than for values above that 

variability in Kd at values of S > 150 g.m-3 

accounted for by variations in S itself. 

The relationship for Kd and S obtained for Station 2 and Station 3 

(K = 3.45 + 0.0383S as Table 4.5), has been plotted in Figure 4.15 • That 

curve follows the mean 75 mg.m-3 B level fairly closely but, as expected 

from the curvilinear effect observed in Figure 4.10, appears to 

overestimate Kd for high S concentrations and another regression equation 

is needed. 

Very few values of Kd, a or b could be calculated for these high S 

concentrations, as, because of wave action, measurements of PAR were very 

difficult to obtain. The high correlation between Kd and nephelometric 

turbidity allows us to include values of Kd calculated from the equation 

Kd = 2.61 + 0.0793 Tn (obtained for Station 2 and 3), to derive equation: 

Kd = 6.81 + 0.0262S (n = 21 r2 = , 0.80) where S > 150 g.m-3 • 

The strong correlations associated with nephelometric turbidity make 

eventually that parameter the most useful predictor of water clarity 

(Gerbeaux and Ward, 1989). Frequent turbidity measurements can provide data 

on the temporal and spatial variations in suspended solids concentrations 

(Brown, 19H4). It is unfortunate that measurements could not be obtained 

during the first half of this study as it appears that relationships such 

as the equations presented in Table 4.12, where inorganic suspensoids are i 

regressed against different wind situations, would also exist between 

turbidity and the same wind data. 

This is, however, of prime importance for future monitoring of the lake as 

turbidity measurements are cheap and much simpler to measure than PAR 

measurements. They can provide, on a long-term basis and along with wind 

data (which is permanently recorded at Taumutu), a reasonably accurate 

predicLion of water clarity changes over time and for different areas. 
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4.5 Conclusions 

This chapter on the fluctuations of the underwater light environment has 

shown, firstly, that these fluctuations could be very large and also very 

sudden. Secondly, to explain these fluctuations it was necessary to look 

at the effect of each clarity determinant. Turbidity caused by wind 

(i.e., resuspension of inorganic suspensoids) 

the fluctuations (through scattering and 

phytoplankton is comparatively less important. 

is responsible for most of 

also absorption) while 

The chlorophyll a levels might depend on the frequency of floods or 

nutrient flushes in the inflows (see Chapter 3). Nutrients carried with the 

inflows may indeed be accumulated in the lake sediments and then released 

through resuspension depending on wind speed and also probably on water 

levels. This should be further investigated but it should also be noted 

that a caveat on the relative importance of phytoplankton is given in the 

preceding paragraph. 

Lastly, these fluctuations could be adequately monitored with relationships 

(linear regressions) using wind, data, optical, properties and c~arity 

determinants. Such an approach using for instance, wind data and turbidity 

measurements, offers the advantage of being cheap and also predicts on a 

continuing basis, seasonal fluctuations of light attenuation that are 

indeed ilnportant for macrophyte management and also more generally, 

productiviLy management. Therefore, this study of the light climate 

provides new knowledge that will be used later in this thesis to 

investigate pOLential macrophyte reestablishment in Lake Ellesmere. 
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CHAPTER 5 

THE INFLUENCE OF SALINITY AND LIGIIT ON THE EARLY GROWTH OF RUPPIA SPECIES 

5.1 Introduction 

Among the factors likely to affect plant growth in Lake Ellesmere, 

salinity and light levels are directly or indirectly affected by lake 

openings. Any management plan will necessarily address the lake opening 

regime and it appears important therefore to understand how plants might 

react to a particular regime. Along with observations in the field, growth 

experiments under controlled conditions were seen as a reliable way to 

assess the influence of salinity and light on plant growth. 

The importance of looking at the phase 

survival) was suggested by the fact 

of early plant growth (seedling 

that in early field surveys no 

found in the lake. Only seedlings 

and Lepilaena bilocularis could be 

permanent stands of aquatic plants were 

of Ruppia megacarpa, Ruppia polycarpa 

seen, some washed up on the shores, 

waLers. Ruppia seeds were present 

considerable quantities, trapped in the 

some spreading rhizomes in shallow 

in some areas of the lake in 

clay of the lake floor. Through 

sediment disturbance (due to wave action), that seed bank appears very 

unstable and seeds were often observed at low lake levels floating near the 

shore line. Wave action sometimes rolls them on the bottom and the fruit 

stalks (podogynes) become entangled into large balls (Plate 5.1). 

These preliminary observations in the field pointed out the significance of 

Ruppia species in the lake. These species had also been reported by Mason 

(1946) as being "apparently the chief constituents of the weed beds" (see 

Chapter 1), They were therefore a very appealing choice for culture trials. 

The development of laboratory cultures of aquatic plants during the last 

decade has led to considerable new information on plant physiology and 

plant biology, The first section of this chapter refers to the knowledge 

that was gained from such information in order to decide upon the type of 



Plate 5.0 Vevetopment on R. megaeanpa ~eedting~ 

~n the lake. 

Plate 5.1 Balls of Ruppia seeds are sometimes found 
rolled up on the shore. 



experiments that could provide answers 

Ruppia megacarpa and Ruppia polycarpa 

discusses the methodology used, the 

results to the Ellesmere situation. 

5.2 Literature review 
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to questions still unanswered about 

species. The rest of the chapter 

results, and the relevance of these 

This literature review is of cultural studies with Ruppia spp. Two species 

of Ruppia occur in New Zealand (Mason, 1967): Ruppia megacarpa R. Mason, 

and Ruppia polycarpa R. Mason. They are both native in New Zealand and 

occur also in Australia. Also in Australia are two other species, Ruppia 

tuberosa Davis and Tomlinson, and Ruppia maritima L. (Jacobs and Brock, 

1982). 

In New Zealand, pollen diagrams have revealed the presence of Ruppia in 

Paranoa swamp (Northland) for as long as 17,000 to 12,900 years ago (Dodson 

et al., 1988). It was also found in sediment cores taken from Lake Maratota 

(near Hamilton, North Island) in a section dated 16,000 to 14,700 BP 

(McGlone, pers.com.). Cores taken from Lake Ellesmere near Garibaldi 

Islands did not reveal any pollen of Ruppia (McGlone, pers.com.). 

The habitat and ecology of R. megacarpa and R. polycarpa have been 

summarised by Brock (1982a, 1982b). ~ megacarpa from Eastern Australia 

and South Australia is described as a large robust perennial which occurs 

only in permanent waters up to 3m deep with salinities between 12 and 50 

parts per thousand (PPT) total dissolved solutes (TDS). R. polycarpa is 

described as a small delicate annual which occurs most commonly in 

temporary waters up to 0.4 m deep with salinity from 2 to 230 PPT TDS 

(Brock, 1982a). However, ephemeral annual behaviour of ~ megacarpa which 

has also been reported in Western Australia, is probably an adaptation of 

the species to a different climatic situation (Brock and Lane, 1983). 

Emergence from dormancy is an important step for plant seeds and the chance 

of survival of young seedlings depends on the timing of seed germination. 

Seasonal changes in environmental conditions are responsible for this 

timing. More information on the topic can be found in Villiers (1975). 

Brock (19~2a) has examined factors affecting dormancy breakage in Ruppia 

seeds and most significant effect proved to be salinity. Salinity has a 

I 
1-



negative effect on the 

salinities (0, 19 and 42 

germination 

PPT TDS) 
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of ~ megacarpa seeds. Only three 

were used in these trials. Brock also 

showed that shorter photoperiod had a positive effect but not as important 

as salinity. The necessity for an extended after-ripening period of the 

seeds was also suggested from her data. 

No germination studies were reported by Brock for ~ polycarpa, but for the 

other annual Australian species, ~ tuberosa, Brock (1982a) suggested that 

seed coat breakage by wetting and drying could have the most significant 

and positive effect on seed germination. 

A study on the effects of salinity and temperature on the germination of 

~ polycarpa from Australia has recently been carried out by Vollebergh and 

Congdon (1986). ~ polycarpa seeds showed higher percentage germination in 

freshwater than in 17.5, 35.5, 81.5 or 158 PPT TDS, under a broad range of 

temperatures (from 110 to 300 C). Follow up measurements were taken on 

seedlings. Shoot growth appeared to be best at 17.5 and 35.5 PPT TDS and at 

200 C and 250 C. No interaction between the two factors was investigated. 

In the same study, the rate of photosynthesis of mature shoots was shown to 

be higher in freshwater than in saline water. There was no significant 

difference between respiration rates at salinities from 0 to 35.5 PPT TDS, 

but rates decreased at higher salinities. 

Brock (1982b) had observed that perennial populations of ~ megacarpa in 

South Auslralia were actively 

new shoots from old stems and 

growing by November, both by production of 

new rhizomatous spread at the edge of old 

Ruppia clumps. She suggested that seasonal increases in temperature, light 

and water depth or decrease in salinity are factors that may stimulate 

these growth phases. 

Another study on ~ megacarpa found 

and ~lcComb (1979) in the Blackwood 

actually called simply Ruppia in that 

in the literature is that of Congdon 

River Estuary (W.A.). (The plant is 

study but Brock and Lane (1983) have 

since then referred to the plant described as ~ megacarpa • 
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These authors studied the effect of light reduction by putting shading 

enclosures of different light attenuation, 

increasing durations (from 61 days to 

measured at the end of each period. 

experiments on mature plants that, as 

higher light intensities were required to 

was also shown that a reduction of 40% 

reduction in yield and that below 20% 

yield is achieved. 

over dense beds, for periods of 

267 days). Standing crops were 

It was concluded from these 

duration of shading increased, 

sustain high standing crops. It 

in light intensity gives a 50% 

light illumination less than 20% 

While the information gathered above on the two species of Ruppia shared 

with New Zealand is of obvious interest for the present study, no 

conclusions on the optimum conditions for Ruppia re-establishment in Lake 

Ellesmere could be validly drawn from these results. We could only infer 

that high light intensities and low salinity concentrations will be 

beneficial to mature plants and seed germination respectively. It was 

apparent that we needed to examine the effect on seedling growth of various 

salinities within the range occurring in Lake Ellesmere. We also needed to 

know the minimum light intensity required to sustain growth. 

Further information on other species 

literature. Since Verhoeven's (1975, 

of 

1979, 

Ruppia is to be found in the 

1980a, 1980b) work on European 

species, more research has been 

(Harlin and Thorne-Miller, 1981; 

Vierssen et al., 1984; Thursby, 

1985). The effect of salinity on 

carried out in the northern hemisphere 

Harrison, 1982; Verhoeven, 1982; van 

1984; Husband and Hickman, 1985; Pulich, 

the growth of Ruppia maritima s.l., in 

parLicular, has been clarified by some of this research. 

Pioneer research by Setchell (1924), Bourn (1935), and later by McMillan 

(1976) and McRoy and McMillan (1977) led to the conclusion that the plant 

could be cultured in tap-water. The first author acknowledged the fact 

that R. maritima s.l. appeared to carry out its life cycle under a 

considerable range of salinity. Bourn (1935) found that the optimum 

concentration of sea-water for growth was 10% (i.e. 3.5 PPT) and 28 PPT 

was regarded by the other authors as a maximum value for flowering and seed 

production. McMillan and Moseley (1967) reported that growth was still 

possible in salinities as high as 70 PPT. Verhoeven (1979) obtained 
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flowering and fruiting in 34.5 PPT culture solutions but concluded that 

both ~ maritima and ~ cirrhosa showed a decreased growth rate at higher 

salinities. 

The presence of ~ maritima in low salinity regions of Ruppia habitat and 

its low salinity requirements for germination and seedling establishment 

have been reported several times (e.g. Nixon and Oviatt, 1973; Harrison, 

1982). However, a survey in the field of ~ occidentalis by Husband and 

Hickman (1985) suggested that plants from freshwater lakes showed signs of 

deficiency such as decreased growth rate or reproductive output, whereas 

plants from saline lakes exhibited higher growth rates in mediums of 2.4 

PPT to 6.2 PPT TDS than in freshwater. This performance is comparable to 

the most favourable salinity for Ruppia cultured by Verhoeven (1979) (6.6 

PPT). Van Vierssen et a1. (1984) found that the development of ~ maritima 

var. maritima seedlings (in laboratory cultures) was best at 7.5 PPT but 

with maximum germination in freshwater. 

There is therefore some general concurrence from these results on the 

optimum salinity range for growth of several Ruppia species. 

With regard to the minimum light intensity required to sustain growth, it 

is common to look for the light compensation point (i.e. the irradiance 

value at which photosynthetic oxygen liberation just equals respiratory 

oxygen consumption) as well as for the saturation point (i.e., where the 

maximum specific photosynthetic raLe occurs). However, saturation point 

and compensaLion point vary markedly from one species to another (Kirk, 

19d3). Moreover, the disparity that often exists between physiological 

eSLimates of the light compensation point and the light determined at the 

lower limiL of macrophyte depth has often been noted (e.g. Barko ~ al., 

19d2). Depth for compensation point may also vary with the age of the 

plant. Dennison (1987) for instance observed from his studies on Zostera 

that "the compensation depth where a seagrass meadow can persist year round 

due to light availability is less than the depth where seedlings can 

survive on a short-term basis". 

Apart from Congdon and McComb's (1979) study of the effect of shading on 

~ megacarpa in the field, Thursby (1984) showed with ~ maritima seedlings 

that the growth response with respect to photon flux density was linear 

over the range tested (i.e., 50-450 pE m-2. s-1, on a 16h:8h light/dark 
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cycle). After three weeks, total dry weight at the lowest level was little 

more than 10% of the total dry weight at the maximum level. Growth of 

epiphytes affected development of ~ maritima plants grown by Koch et al. 

(1974) above 100 pE m-2.s-1 and no comparison is therefore made possible 

here. 

5.3 Germination and growth of Ruppia megacarpa seedlings in New Zealand 

5.3.1 Germination 

It was conceived that germination requirements of Ruppia seeds are 

important since growth from seed could be the main path of regeneration of 

aquatic vegetation in Lake Ellesmere. Further work on germination was 

envisaged examining the salinity factor, using New Zealand material in the 

manner developed by Brock (1982a) and Vollebergh and Congdon (1986). 

However this project was not formally proceeded with because of the 

difficulty and costs of obtaining sufficient viable seeds. Some hundreds of 

fruit were collected to provide a set 

were sent to the Seed Testing Station 

of 50 "intact looking" fruit. These 

in Pa1merston North (North Island) 

for a test of viability but showed a percentage viability of only 4%. 

Another difficulty arose as only seven of the 50 fruit contained a 

developed seed. 

no embryo or food 

com.). 

The fruit cavity of the others had a full-sized testa but 

reserve tissue had developed within (K. Young, pers. 

Favourable conditions for germination seemed to be fulfilled at times in 

Lake Ellesmere. Preliminary surveys around the lake in 1985 and 1986 led to 

the observaLion of young seedlings (see Plate 5.2) floating near the shore 

after lake openings. Several speculative reasons can be given to explain 

the presence of these seedlings. Higher temperatures in shallow water and 

possibly mechanical breakage of seed coat (through wave action on the 

shore) are for instance factors that could have favoured seed germinatton. 

These seedlings could also have germinated on the lake floor under fairly 

dark conditions (due to the turbidity of the water) and been uprooted 

following exposure to turbulence after the lowering of the lake. 



Plate 5.2 A young seedling of ~ Megacarpa picked up 
on the shores of Lake Ellesmere. 

Plate 5.3 Experimental setting at Lincoln College. 
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5.3.2 Seedling growth 

The use of such seedlings for growth experiments was very appealing as they 

were relatively easy to collect and proved to keep well in water held in 

the refrigerator. It was then decided to set up a experiment that could 

assess the chance of growing these seedlings under controlled conditions of 

light and salinity. 

a) Objective 

This experiment primarily aimed at testing the hypothesis that salinity and 

light affect seedling growth, studying their individual and combined 

effect, and identifying the plant ihur~~krs likely 

to be mostly affected that could be measured as indicators. 

b) Materials and methods 

Although Thursby (1984) demonstrated that Ruppia maritima grew well without 

sediment in algal-free culture, one easier and more common way to grow 

submersed macrophytes is on natural sediments. These provide sufficient 

nutrition while minimizing growth of algae and epiphytes (Smart and Barko, 

1985). This latter option was chosen. Two different types of sediments 

were placed in plastic containers (8 cm deep with a surface area of 16 x 16 

sq cm). One was a fine-textured substrate (mud) from the lake and the 

other was a sandy substrate from an 

Lake Ellesmere. The containers were 

lake water, in a 

College. Several 

glasshouse of the 

days were allowed 

exposed shore of the western side of 

placed in a perspex tank filled with 

Horticultural Department at Lincoln 

for the sediment to settle before 

planting. Five seedlings of similar size were planted in each container. 

The plants grew well on both substrates. Although sand was generally 

assumed less fertile than mud, it offered the advantage of facilitating the 

recovery of intact underground material. It was eventually chosen for that 

reason. Additional perspex tanks were used to maintain viable cultures 

over long periods while plastic fish cases (65 cm x 35 cm x 20 cm) were 
.,."d ~e.!: 

used for seedling growth (Plate 5.3). Aeration was provided in all tanksVto 

enhance the air/water exchange of carbon dioxide (Smart and Barko, 1985). 
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Several combinations of light intensities and salinities were used. 

Seedlings of ~ megacarpa collected in April 1985 from the lake and kept 

refrigerated, were transplanted in late June 1985, into containers filled 

with sand and left in the pu.s.p<!..,;' ~.,.. ... It.$ filled with lake water. When signs of 

growth (new leaves) became apparent 35 days later, the c~~e, were 

positioned in four groups of three, with four levels of salinity and three 

levels of light intensity. Salinities of 0 PPT (tapwater), 6 PPT (lake 

water and tapwater), 13 PPT (lakewater), 18 PPT (lakewater and seasalt) 

were used. Light intensity (using shade cloth) provided 21%, 51% and 100% 

of the solar radiation penetrating the glasshouse. Plants were grown a 

further seven weeks to 1st harvest or 10 weeks to 2nd harvest. Water 

temperature over that period fluctuated between 12.50 C and 170 C (average 

temperature: 150 C). Apparently exchange with interstitial water from the 

sediments and concentration of salt due to evaporation affected salinities 

during the experiment. Salinities as measured with a salinometer (YSI, 

Model 33) 20 days after the beginning of the trial were 1.3, 6.8, 13.0, 18 

PPT S and increased up to 1.8%., 8.7%., 16.7%. and 21.4%. by the time of 

harvesting. Growth of epiphytes (filamentous algae) did not occur until 

the last two weeks. It was found that such growth could be controlled by 

siphoning water and creating a suction effect around the plants that were 

affected. This could be done without any damage to the leaves. 

At the end of the experiments, several parameters (number of shoots, leaf 

length, leaf width, rhizome length, root length) were measured. The plant 

material was then sorted into above-ground and below-ground parts, dried to 

constant weight at 1050 C and weighed. 

1'1ecv. cll"~ - ..ue.._l~ h were first examined for effects of each factor and 

interaction between the two using the unbalanced two-way analysis of 

variance performed in Minitab (1985). The general linear model procedure 

of the Statistical Analysis System (SAS Institute Inc., 1983) was also used 

and another two-way analysis of variance was followed by the application of 

Gabriel's mUltiple-comparison procedure on all main effect means. This 

tesC~ecommended for uneven sample sizes, was used to examine the effect of 

light on averaged salinity values and the effect of salinity on averaged 

values of light. 
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c) Results 

For both harvests, increase in salinity and reduction in light affect plant 

biomass negatively as shown in Figure 5.1 and Figure 5.2 for total dry 

weight to seven weeks and ten weeks respectively. 

The procedure using Hinitab is merely a double regression of the f9t-el J..c~~\,'Il~Jht

on the two factors and shows the negative effects of both light reduction 

and saliniLY. The r values and the levels of significance attached to each 

factor appear in Table 5.1. 

Table 5.1 Summary resulLs of statistical tests on the effect of light and 
salinity on total dry weight, by way of regression for 
~ megacarpa seedlings. 

Significance 
r Salinity Light Light x Salinity 

1st Harvest 0.74 <0.001 <0.001 <0.001 
2nd Harvest 0.37 <0.07 n.s. <0.4 

A significant pure error test (Minitab, 1985), F<O.l, revealed that 

salinity and light could interact, but the strong positive interaction 

observed in their regression equation for the first harvest (p<O.OOl) was 

not confirmed in the second one (weak and negative interaction, p<0.4). 

The non-significance aLLached to the light factor in the second regression 

equaL ion is probably accounted for by the growth of epiphytes that occurred 

in Lile cases exposed at the maximum light level. 

A peak related to the saliniLy level is observed for mid and low light 

levels at the 7-8 PPT salinity level at first harvest (Figure 5.1) and at 

10 weeks (Figure 5.2). Such an optimum level, if it exists, would be 

important for management of plant re-establishment and it appeared 

therefore important to follow up these investigations. Of the other 

f . .\·nlJ"e~e.r..s:VY\e(}"1':".red, the number of shoots, the length of rhizomes and the 

below-ground dry weight showed similar trends. 
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Figure 5.1 R. megacarpa resp:mse of total dry-weight for 
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Figure 5.2 R. megacarpa: response of total dry-weight for 

seedlings grown in 12.. canbinations of light and 

salinity for 10 weeks. 

N.B. all values in milligrams; letters denote the results of 
Gabriel's means ccmparison procedure with alpha set at 
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0.05. Capital letters are for comparisons between salinity 
levels and lower case letters for comparisons between light 
levels. Optlinum levels for growth are indicated by an asterisk 
for both light and salinity. (SQ.(.. ~~re. ... di)(. " ) 
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Correlations were examined between -pla."\-po.(Oometuf. -.. at the first harvest, 

when interference by epiphytes was minimal. Total dry weight and number of 

shoots were found to be highly correlated (Fig. 5.3). Thursby (1984) had 

made a similar observation on Ruppia maritima plants. 

High correlations were also found between rhizome length and below-ground 

biomass (r2 = 0.81) and between number of shoots and rhizome length (r2 = 
0.85). 

Average leaf width (0.45 mm) was found almost identical to that described 

by Brock (1982a) (0.48mm) regardless of the treatment. 

In the light of these preliminary results, it can be concluded that indeed 

salinity and light reduction are two factors infl uencing the growth of 

Ruppia megacarpa seedlings. The analysis of . pl~t r~~~.J-~- such as 
o-bc.ve-ic.v",c\ 

total dry weight or number of shootsv.and elow-ground dry weight or length 

of rhizomes satisfactorily describes this influence. 

5.4 The effects of salinity and light on growth rates of ~ megacarpa and 

~ polycarpa 

5.4.1 Objectives 

From the research carried out overseas and from these preliminary results, 

the existence of an optimum level of each factor for growth has become 

apparent. Such an optimum level is of importance for plant re-

establishment management. 

The first experiments in 1985 with single variables aimed at confirming the 

effects apparent from the preliminary interactive experiment. 

The objectives of the major interacLive experiment in 1986 were two fold: 

1) to examine growth rates in a restricted range of salinities (0-16 PPT)j 

2) to estimate minimum light level that could be related to a depth range 

in which seedlings could successfully re-establish in the lake. 
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5.4.2 Methods 

Experiments looking at each factor individually were carried out in Spring 

1985. Light reduction was studied under constant conditions of salinity. 

Freshwater (tapwater) was 

near optimum 

identical ion 

growth in 

chosen as it provided suitable conditions for 

the preliminary trial. Tap water also enabled 

concentrations to be obtained between cases and allowed 

replication at , . three levels 

other light levels were used (5.4 and 

(38, 18, 9% of PAR). Two 

2% of PAR). All levels were obtained 

by covering experimental tanks with a different number of layers of shading 

cloth. 

levels: 0, 4, 8, 12, 16, 20 and Effects of salinity were studied using the 

24 PPT, obtained by diluting different concentrations of sea-salt in tap 

The wisdom of using such solutions 

will be discussed later. Statistical 

performed using a one-way analysis of 

water under 38% of PAR light level. 

proved to be debatable and this 

analyses for these experiments were 

variance in Minitab (1985). 

:G.. l~~"/ 
the same overall design (as described earlier for the preliminary 

interactive experiment) was used except dilutions were prepared this time 

with sea-water and tap water to obtain levels corresponding to most common 

situations occurring in the lake itself (0, 4, 8, 12, 16, 20 PPT). The 

salinity was controlled at 2-3 day intervals and was not allowed to 

increase by more than one unit. It should be noted here that due to the 

pretreatment in 5 PPT, the so-called 0 PPT level was actually closer to 1 

PPT (through exchange with sediments). Levels up to 16 PPT were combined 

with three light levels (38, 18 and 9% of photosynthetically active 

radiation (PAR) as measured with an underwater quantum sensor). The 20 PPT 

level was only studied at the 38% PAR level as well as two control cases 

filled with lake water of different salinity. At the time the experiments 

were carried out (Spring 1986), water temperatures in the cases fluctuated 

between 170 C and 250 C with an average comparable to that described by 

Thursby (1984) for optimum growth of ~ maritima, i.e. 200 C. 

Growth of epiphytes was controlled using the siphon technique described in 

the earlier experiment. Four seedlings of ~ megacarpa Ct.ite.)", l:j gs ) 
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were planted per container with three containers per treatment in order to 

obtain several harvests after 5, 8 and 10 weeks. Relative growth rates 

(RGR) could be then calculated as in Hunt (1978). 

Growth of ~ polycarpa was also studied under the same controlled 

conditions. Four cuttings (of the same size) were planted in each 

container. Cuttings were used instead of seedlings since these were rarely 
fro"" el ...... ts !l(0'AI'\ 

found in the field. Attempts to harvest mature seedsV~n perspex tanks were 

successful but these seeds did not germinate in sufficient quantities to 

enable the use of seedlings. Statistical analyses were performed using the 

same procedures as in the preliminary trials. A summary of the dates and 

length of experiments along with sunshine hours recorded during these 

periods are reported in Table 5.2. 

Table 5.2 Dates and irradiance conditions during the different experiments 

Sunshine hours 
Salinity trial 
1st harvest 12/10 to 18/11/85 275.2 
2nd harvest 12/10 to 30/11/85 293.3 
3rd harvest 12/10 to 16/12/85 371.0 

Light trial 
1st harvest 18/10 to 22/11/85 253.6 
2nd harvest 18/10 to 6/12/85 283.5 
3rd harvest 18/10 to 19/12/85 376.9 

Salinity/light trial 
pre-treatment (5 ppt S) 6/11 to 11/11/86 
1st harvest 11/12 to 16/12/86 291.0 
2nd harvest 11/12/86 to 5/1/87 446.5 
3rd harvest 11/12/86 to 21/1/87 592.0 

Characterization of the chemistry of the different solutions is presented 

In Table 5.3. 
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Table 5.3 Characterization of chemistry for 
the experiments. (Ulo'\·.~~ 5/h'\~ / 

the different waters used in 
vc c.e ['-t 1"- ~ ) 

Tap Lake Sea Tap water* 
Water*** Water** Water* + sea-salt 

pH 
(t-o r" 1...5) 

8.4 7.9 
HC03- 6 7 13,0 
C032- 9.7 Nil 
N032- 0.65 0.63 (0.5 1.2 
S042- 1.3 285.3 2600 26 
Bf-- (0.05 63 6.5 
Cl- 12 3557 19000 19000 
Ca2+ 15.9 56.1 380 21 
~2+ 1.7 131.4 1200 9.3 
K+ 0.9 ""i; -' I:l,)- ,5 380 5.5 
Na+ 8 1105 10100 14000 
CaC03 1192 6000 91 

***Lincoln College (Soil Dept) water analysis 
**Mean values over 1978-1980, after Lineham, 1983 
*DSIR analysis 

5.4.3 Results 

5.4.3.1 Development of ~ megacarpa seedlings 

a) Response of total dry-weight to separate single treatments 

The results of the effect of salinity (as a single factor) on the growth of 

~ megacarpa seedlings are illustrated in Figure 5.4 for the solutions 

obtained by dilution of sea-salt with tap water. Biomass measured from 

other experiments at the same level of irradiance (38% of PAR) for 

solutions prepared with sea-water (dashed lines) are also reported on the 

figure for comparison. 
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As in the other experiments, optimum growth is observed at low salinities 

with a peak at 4 PPT occurring twice (with the first and third harvests) 

while above that value increasing salinities detrimentally affect plant 

biomass with no growth above 12 PPT. 

The results (expressed in total dry weight) on the effect of light as a 

single factor are shown in Figure 5.5. Standard errors are also indicated 

at light levels where two replicates existed. 

While increase in biomass occurs at the 9% of PAR level, growth appears 

seriously reduced at the lowest levels (5.6 and 2%). 

The F values and their level of significance using a one-way analysis of 

variance on total dry weight for the two separate treatments, are presented 

in Table 5.4 for each single treatment. 

Table 5.4 R. megacarpa: F values 
following a one-way analysis 

and 
of 

for separate single treatments. 

F(salinity) P 

After 5 weeks 19.39 <0.01 
After 7 weeks 3.74 <0.05 
After 9 weeks 27.0 <0.01 

their level of significance 
variance on total dry weight 

F(light) P 

6.52 <0.01 
15.76 <0.01 
5.22 (0.01 

The highly significant levels confirm that the growth (measured as total 

dry weight) of ~ megacarpa seedlings is indeed affected by salinity levels 

on one hand and by light reduction on the other hand. 

These results have so far confirmed and narrowed down those obtained during 

the preliminary experiment. 
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b) responses to combined treatments 

The responses of total 

below-ground dry weight 

dry weight, above-ground 

indicate that differences 
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material dry weight and 

in light level affect 

plant biomass more significantly than does salinity. After five weeks 

growth (Figure 5.6) light reduction has a strong negative effect on below

ground material biomass; above-ground material biomass is only affected at 

the minimum light level. 

For all t~if~~~~~rs, optimum salinity level, over the light range studied, 

varies between 4 and 8 PPT while minimum growth is repeatedly found at the 

highest level (16 PPT). Results for the other harvests differ only slightly 

from these trends (see Figures 5.7 and 5.8). After eight weeks, while 

total biomass is maximised near freshwater conditions, minimum values are 

still found in higher salinities with some significant level of difference. 

Maximum total biomass and maximum above-ground biomass were found at the 

intermediate light level after eight weeks and after 10 weeks. 

In the last harvest, optimum 

studied is at 4PPT and 

salinities above that value. 

salinity level averaged over the light range 

biomass constantly decreases with increasing 

As occured at the first harvest, peaks in 

total biomass for the two other harvests were found in medium salinities (8 

PPT) at the high light level and at low salinities (0-1 PPT) at the low 

light level. Growth measured as number of shoots also illustrates these 

resulls (Fig. 5.9) that can be summarized as follows: 

- maximum growth occurs at low salinity levels (0 or 4 PPT) and high light 

intensity (high or medium) 

- minimum growth results from high salinity levels and low light intensity. 

No interactive effects such as those observed in the preliminary trial were 

obtained with the Minitab procedure. Salinity and light reduction each 

adversely and independently affected plant biomass (see Table 5.5). 
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Figure 5. 7 Resp:mse of differenc variables for seedlings grown 

at 15 combinations of light and salinity for 8 weeks 

(see Figure 5.1 for legend) . 
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Table 5.5 ~ megacarpa: statistical analysis on the effect of light and 
salinity on total biomass by way of regression. 

r Level of Significance 
salinity light sal. x light 

after 5 weeks 0.67 <0.1 <0.001 n.s. 
after 8 weeks 0.47 <0.1 <0.02 n.s. 
after 10 weeks 0.25 <0.02 <0.4 n.s. 

c) Below-ground dry-weight/total dry-weight 

dry-weight ratios 

and below-ground/above-ground 

These ratios are presented in Tables 5.6 and 5.7. 

While decreasing light tends to reduce the ratios (Table 5.6), no trend 

related to the effect of salinity seems to exist (Table 5.7). 

Table 5.6 R. megacarpa: below-ground dry-weight/total dry-weight and 
below-ground/above-ground dry-weight ratios (values in brackets) 
at the three light levels studied. 

38% 18% 9% 

After 5 weeks 0.59(1.55) 0.52(1.52) 0.55(1.23) 
After 8 weeks 0.63(1.69) 0.49(0.95) 0.39(0.56) 
After 10 weeks O. 64( 1. 73) 0.52(1.11) 0.34(0.67) 

(values have been averaged over the whole range of salinities) 
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Table 5.7 R. megacarpa: below-ground dry-weight/total dry-weight and 
below-ground/above ground dry-weight ratios (values in 
brackets) at the five salinity levels studies. 

OPPT 4 8 12 16 

After 5 weeks 0.53(1.18) 0.61(1.54) 0.54(1.18) 0.59(1.46) 0.50(1.18) 
After 8 weeks 0.47(0.96) 0.55(1.12) 0.46(0.98) 0.50(1.04) 0.52( 1.15) 
After 10 weeks 0.47(1.04) 0.46(0.97) 0.52(1.32) 0.54(1.45) 0.54(1.32) 

(values have been averaged over the whole range of light intensity) 

More data is needed here to discern which parts of the plants are 

responsible for these variations. 

d) Rhizome, leaf and stem elongation. 

The length of rhizomes, leaves and stems were measured at different light 

intensities for seedling grown in freshwater (separate single treatment). 

The mean values are summarized in Table 5.8. 

Table 5.8 ~ megacarpa: effect of light 
length, and mean stem length 
freshwater). 

on mean rhizome length, mean leaf 
per plant (plants were grown in 

PAR level 38% 18% 9% 5.4% 
weeks 5 7 9 5 7 9 5 7 9 5 7 9 

Rhiz 19th (em) 2.0/9.2/13.3 1.0/2.3/3.8 0/ 0/ 0 0/ 0/ 0 
Leaf Igth (em) 12.7/11.9/14.8 9.3/9.8/13.3 13.7/11.9/14.8 9.3/9.8/13.3 
Stem 19th (em) 0/ 0/ 0.1 0/0.8/0.8 0/ 1.2/ 2.8 0/ 0/ 0 

An interesting observation is that at low light intensities; rhizome 

elongaLion is totally reduced while stem elongation is increased at 

intermediate light levels. 
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These observations were repeated in the experiments using combined 

treaLmenLS with the rhizome elongation being consistently reduced and leaf 

length increased at the 9% PAR level. 

Stem elongation occured mainly under medium and low light intensity regimes 

at all salinities (see Table 5.9). It is also interesting to note the 

presence of flowers and developing fruit after eight week growth. Although 

this may affect ratios of below-ground biomass/total biomass (and below

ground biomass/above-ground biomass), the low values reported earlier under 

low light intensities are more likely to result from decreased below-ground 

biomass (i.e. reduced rhizome elongation). The role of flowering parts and 

fruiting parts in influencing such ratios becomes irrelevant at low light 

intensity (9% PAR) as no such parts were reported at this level. 

Table 5.9 b. me8acaq~a: effect of combined treatments on mean stem length 

and occurence of reproductive output. (rer r le. ... l ) 

Salinity Light Stem length (CJW\ ") Flowers Fruit 

5 8 10 5 8 10 5 8 10 

o PPT high 0 0 .6 * * * 
medium 0 15.2 7.9 * * 
low 0 2.6 31.5 

4 PPT high 0 0 4.8 * 
medium 0 14.3 25.4 

low 0 9.2 20.8 

8 PPT high 0 0 2.2 

medium 0 27 .1 12.7 * 
.... ... 

low 0 16.3 23.7 

12 PPT high 0 0 0 

medium 0 10 9.6 * '" '" * ... ... 
low 0 17 38.1 

16 PPT high 0 0 0 

medium 0 12.5 22.7 

low 0 13.5 19.7 

(prL'sencC' of flowers/fruiL were only recorded on the plant harvested at 

each harvesL) 
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A last observation is that at the low light level, the colour of the leaves 

was always darker. 

e) Relative growth rates. 

Some measure of growth is needed now which takes account of time factor. The 

concept of relative growth rate (RGR) documented in Hunt (1978, 1982) can be 

used here. In the choice of a response variable, it is argued that, with a 

management perspective, it is appropriate to apply RGR to the number of 

shoots. In the early stages of seedling establishment, an increase in shoot 

number might indeed be more vital than, for instance, an increase in 

biomass, for each Ruppia shoot is associated to a new root and increases the 

chance of anchoring in the sediment. In a turbulent environment, this may be 

important. Another reason to choose shoot number as a variable, relates to 

the high correlation reported earlier between shoot number and biomass. 

However, it should be born in mind that such correlation was established at 

7 weeks. 

Mean values of RGR (R) for the various harvest intervals can be calculated 

from the equation: 

where N1 and N2 are numbers of shoots at times T1' T2 respectively (in 

weeks). 

On a plot of the natural logarithms of the mean number of shoots per plant 

against time, R for each harvest 

that interval (Hunt, 1978, p.10). 

experiments carried out in Spring 

interval is represented by the slope over 

Figure 5.10 shows these plots for the 

1986 at each salinity/light combination. 
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These plots indicate that during the first five weeks at each salinity level 

the more the light is reduced the more the rates decrease. The high light 

level (38% PAR) is optimum for Rand R is at maximum during the five first 

weeks for all salinities. Later the rates decrease to become equal or close 

to zero during the last two weeks. At the intermediate level (18% 

PAR). R is also optimum during the first weeks (except at 16 PPT) where 

optimum occurs during the second interval). 

At the low light level (9% PAR), plants grow slowly during the first weeks 

and then increase at close logarithmic growth from 8 PPT and above. 

The overall effect of salinity on averaged values of light also appears 'n 

Figure 5.10 (last diagram). The diagram illustrates the decrease of R 

toward high salinities, especially during the five first weeks. 

RGR values obtained from the light experiments 

treatment trial can be read from Figure 5.11. 

carried out in the single 

The 5.4% PAR level values 

plotted on that figure confirm an extreme reduced rate under very low light 

intensities. 

5.4.3.2 Development of ~ polycarpa cuttings 

a) Biomass responses to combined treatments 

After five weeks, as observed previously for ~ megacarpa seedlings, the ~ 

polycarpa cuttings responded more significantly to the decrease in light 

intensity than to the increase in salinity (Figure 5.12 ). Above

ground dry-weight, below-ground dry-weight and total dry-weight all showed 

uptimum growth at low salinity levels (0 or 4 PPT). The negative effect of 

light decrease was also more pronounced on below-ground material growth 

than on above-ground parts. 

The results obtained for total dry-weight after the two other harvests are 

reported on Figure 5.12. Because of the difficulty of separating 

individual plants which became inter-mingled after the last two harvests, 

mean values are from one total value (tdw/container divided by 4). 

Differences between mean values could not be statistically tested. 
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However, it appears that the low light level and high salinity levels 

negatively affect the growth of R. polycarpa cuttings. This negative 

effect was confirmed after the first harvest for both salinity and light 

factors, by way of regression (Table 5.10). Optimum salinity level varies 

between 0 and 4 PPT. 

Table 5.10 ~ polycarpa: statistical analysis on the effect of light and 
salinity on total dry-weight after five weeks growth by way of 
regression. 

Levels of significance 
r salinity light salinity x light 

0.68 (0.02 (0.001 n.s 

b) Relative growth rates 

Results are presented as for ~ megacarpa using the natural logarithm plots 

of the mean number of shoots per plant, and appear in Figure 5.13. 

It can be seen that at all salinity levels, optimum growth rates occur 

during the five first weeks regardless of the level of light intensity. 

Rates are higher at low 

during the following 

salinities (0 and 4 PPT). These rates decrease 

five weeks 

maintained at all salinity levels, the 

PPT and the minimum at 16 PPT. 

but overall exponential growth is 

maximum rate being then found at 8 

The delayed growth observed for ~ megacarpa at the low light level is not 

observed on these plots and in spite of reduced rates with decreasing light 

intensities, the ~ polycarpa rates are always greater than those recorded 

for ~ megacarpa. 
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c) Responses to other variables 

Measurements of rhizome length and leaf length were made after the first 

harvest. Reproductive parts were recorded on all the plants measured. The 

results are presented in Table 5.11: 

Table 5.11 ~ polycarpa Mean rhizome and leaf length per plant and 
occurence of reproductive organs. 

Salinity Light Rhizome Leaf Flowers Fruit 
length length 5 8 10 5 8 10 
(cm) (cm) 

o Pff high lj 4.9 * 
,< ,. >< 

medium 9.9 7.5 
low 5 11.7 

4 P.i!f high U.4 4.1 * -h!. * 
medium 7.7 10.1 * * * 
low 6.8 9.1 

8 PP'l' high 6.3 4.9 * * ;'i-

medium 6.5 9.4 * * * 
low 2.85 9.5 

12 PPT high 11.45 4.2 -J:- -;} 

medium 8.45 5.9 * * -l:-

low 4.25 d.5 
16 PP'f high 13.8 5.0 * 

medium 3.25 7.0 -J:-

low 2.85 b.O 

.,'l- presence 

Like for Ruppia megacarpa, light reduction inhibits rhizome growth. It also 

increases leaf length. Leaves grown at tile low light level I.ere darker as 

observed for R. megacarpa. flol.ers and fruit developed at all salinity 

levels but never at tne low light level. ihe number of fruit produced was 

always higher than thac observed for ~ megacarpa. 
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5.5 Discussion 

In these experiments on the early growth of ~ megacarpa seedlings and 

~ polycarpa cuttings, salinity and light are shown to have major 

influences on plant growth. Results show trends similar to those observed 

elsewhere for other species of the same genus. They confirm in particular 

the existence of an optimum salinity level for growth during the first 

weeks of the development as already shown in culture experiments on 

R. maritima by Bourn (1935), Verhoeven (1979), Van Vierssen et al.,(1984) 

and Thursby (1984), and on R. cirrhosa by Verhoeven (1979). This optimum 

for R. maritima varied between the different authors from approximately 3.5 

to 10 PPT. The response variables they used were total dry weight (Bourn, 

Verhoeven), length of seedlings (Van Vierssen) or number of shoots 

(Thursby). 

Comparable values were obtained (6.2 PPT TDS) from growth measurements in 

the field on ~ occidentalis by Husband and Hickman (1985). In the present 

study, the optimum level found for ~ megacarpa (as total dry weight and 

averaged over the 9%-38% light range studied) varied in the different 

experiments within the 1-8 PPT range. It was often found at the lowest 

salinity level (0-1 PPT) for ~ polycarpa. Besides the existence of an 

optimum salinity level for growth, some evidence is found from these 

results of an overall decrease in total dry-weight with increasing 

salinities beyond that optimum, especially for ~ megacarpa. Differences 

between low salinity and high salinity levels were often significant over 

the light range studied (9- 3810 PAR). Such overall decrease was confirmed 

when using indices of relative growth rates, especially during the initial 

weeks of growth (first five weeks). 

!. polycarpa cut Lings showed higher rates overall than ~ megacarpa 
re.I ..... I-;vc 

seedlings, and were less affected by increasing salinities. Highervgrowth 

rates of the cut Lings during the first five weeks could result from high 

food reserves present in the rhizome fragments used. Brock (1982a) has 

suggested that seeds may differ from vegetative fragments in requirements 

for growth. Some differences between our results and those obtained on 

~ polycarpa seedlings by Vollebergh and Congdon (1986) can be noticed) 

for instance, under 5.8% of full sunlight (10h day/14h night), seedlings 

i·· 
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measured by these authors 14 days after germination were longer in 50% and 

100% dilutions of sea water (approx. 17.5 and 35 PPT respectively) than in 

freshwater. 

Total dry weight for both species was always significantly lower over the 

whole range of salinity (0-16 PPT) at the lowest light level than at any of 

the two other light levels. Light reduction from medium to low light 

resulted in reduced growth rates of ~ megacarpa seedlings during the first 

five weeks followed by an increase in growth rate during the following two .. --------- -- --~---- ~ 

weeks. In contrast, in high light, the most rapid growth was always in the 

first five weeks at all salinities. 

Overall growth reduction under low light intensities was the result of 

reduced rhizome elongation (refer by way of explanation to Table 5.8), but 

the absence of flowering or fruiLing at the lowest light level was also 

noticeable for both species. Husband and Hickman (1985) have also recorded 

the restriction of floral production for ~ occidentalis in the field at 

low light levels and suggested that an important consequence would be that 

a Ruppia population growing under such conditions may comprise clones of 

just a few genotypes. 

Increased stem elongation (in ~ megacarpa) and leaf elongation (in 

~ polycarpa and ~ megacarpa) were other responses of the plants to low 

irradiances. Mason (1967) reported this in the field and other experiments 

on different macrophytes have showed similar behaviour (Barko et al., 1982; 

Spencer, 1986a). 

These resulLs indicate therefore that different growth strategies to 

susLain growth are likely to result from high vs low light intensities : 

high light leads to horizontal propagation and low light leads to vertical 

growth. 

Verhoeven (1979) has summarized the life-cycle of ~ cirrhosa with six 

stages: quiescence, budding, horizontal propagation, vertical propagation, 

flowering, fruitifying and secondary horizontal propagation. 
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Under low light intensities, 

horizontal propagation and flowering (and fructifying), will be suppressed. 

This has been shown for Myriophyllum varifolium by Brock (1989). Such 

dramatic changes in the plant life-cycle become more meaningful in a 

turbulent environment as the less the rhizomes develop, the more chance the 

plant has to be uprooted. 

Salinity could also play a role in controlling vertical propagation. Thus, 

results from Kiorboe (1980a) on ~ cirrhosa and from Husband and Hickman 

(1985) on ~ occidentalis showed that little vertical extension was 

observed in low salinity waters. No such evidence was found in the present 

study as stem elongation occured at the lowest salinity. level for 

~ megacarpa. However, growth rates obtained between 8 and 10 weeks for 

that species were higher at high salinities than at low salinities, under 

medium and low light levels. This could mean that after an initial phase 

of shoot production encouraged by low salinities, seedling growth is then 

sustained by more saline waters. No such trends in the growth rates of the 

cut Lings (in relation to light or salinity) between the 8th and 10th weeks 

were found for ~ polycarpa. 

Husband and Hickman (1985) have stated :"saline conditions are required by 

Ruppia and not merely tolerated for maximum growth and reproduction". They 

have also added that the absence of Ruppia from many freshwater lakes is 

due most likely to chemical constraints on survival or on the competitive 

ability of Ruppia." 

In the light of some of the results from the present study, aspects related 

to the water chemistry of Lake Ellesmere can be further developed. 

DifferenL solutions were used during the different experiments and it is 

relevant to note that highly increased total biomass between the separate 

treatmenLS related to saliniLy (Spring 1985) and the combined treatment 

light/salinity (Spring 1986) appears to be the result of different ionic 
l.s.ec \ •. .1.,\, s. ~) 

composiLion of the solutions.V Bourn (1935) first reported the inhibiting 

effect of sodium chloride upon the growth of 1h. maritima that he attributed 

to iLS toxicity rather than to any osmotic factor. Verhoeven (1979) 

reported however that the osmotic effect of MgS04 equals (for an equivalent 
I ' concentraLibn) half that of NaCl. As in the lakes studied by Husband and 

Hickman (1985) sulphates associated with magnesium were the most variable 
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in the present study, between the two solutions. A control which was 

filled with lake water in Spring 1986 gave biomass values which were 

intermediate_ This might indicate the primary influence of sulphate 

concentrations on the growth of Ruppia. Potassium, however, is another 

factor that can influence the growth of submersed macrophytes (Barko and 

Smart, 1981a). Here also it varied appreciably between the different 

solutions. Symptoms of nutrient deficiency were not apparent in the 

combined treatment as beyond eight weeks ~ polycarpa cuttings maintained 

growth at the same rate as during the three previous weeks. 

Differences in behaviour between 

observed during this study. 

the two 

Production 

species have 

of shoots 

therefore been 

was higher for 

~ polycarpa than for ~ megacarpa at all salinities, and relatively less 

affected by increasing salinities or decreasing light intensities for the 

former species. Shoot production 

affected after 8 weeks but not in 

explained only in part by the 

Further experiments on ~ polycarpa 

in ~ megacarpa was also negatively 

~ polycarpa. These differences can be 

use of cuttings instead of seedlings. 

comparing the material from Volle berg 

and Congdon's experiments with that from Lake Ellesmere for instance, under 

similar experimental design, would be valuable. It could actually confirm 

the remarkable ability of Ruppia species and especially ~ polycarpa to 

adapt to different environmental conditions. The material used in 

Australia by Volleberg and Congdon (1986) was indeed obtained from 

ephemeral habitats where salinity increases rapidly to maintain prevalent 

high levels over the growing season, while material from Lake Ellesmere was 

obtained from an area permanently inundated with low salinities (Taumutu 

Bay). The adaptability of each material to the environmental conditions of 

the original habitat could explain the different behaviour (better growth 

in high salinities in Australia as opposed to optimum growth at low 

salinity levels with the material from the present study). 

Such features also contribute to understand why ~ polycarpa, with its 

abiliLy to grow quicker under varied light or salinity conditions, is more 

widely distributed in New Zealand than ~ megacarpa. 
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Such adaptability has been already reported by Brock and Lane (1983) and 

Brock (1986) for ~ megacarpa, which behaves as a perennial in permanent 

habitats of Eastern Australia 

and as an annual in some ephemeral habitats of Western 

Australia. Ruppia megacarpa is regarded in New Zealand as a perennial 

(Brock and Lane, 1983). The rapid development of seedlings and the rapid 

formation of fruit recorded in the present study during the combined 

treatment (Spring 1986), demonstrates the ability of this species to 

respond as an annual. Such plasticity of the life-cycle pattern was 

mentioned above in relation to light. It is also often due to other 

environmental fluctuations (like salinity or water levels) occurring in 

Ruppia habitats (Brock, 1986). But in relation to differences like those 

existing between Western and Eastern Australia, temperature may also be 

more important in encouraging rapid fruiting. This is also suggested from 

the present study by the fact that no such development was observed during 

the preliminary experiments or during the separate single treatment 

experiments (~inter, Spring 19d5). These took place under lower mean 

temperatures than the combined treatment experiment (Spring 1986). Spencer 

(1980) has shown that temperature was as important as light in influencing 

growtn of Potamogeton pectinatus. Other authors (Barko and Smart, 1981b; 

Barko et al., 19dL) have also reported on the importance of 

light/temperature interactions in controlling growth of some freshwater 

macrophytes, with total biomass production increasing with both increasing 

light and increasing temperatures. Verhoeven (1979) has equally emphasized 

the role of temperature on ~ cirrhosa in Europe by comparing the period of 

quiescence between plants of a northern habitat (Texel, the Netherlands) 

and those of a soutrlern habitat (Camargue, France). The 5-6 month period 

of quiescence in Texel as opposed to 1-2.5 month period in the Camargue was 

seen as a strong indication of the relation between temperature and the 

length of this quiescent period. 

5.6 Conclusions 

Light and salinity have been proved to 

1<uppia, important stress factors tuat 

plants and tileir morphology. Sucn 

be, for both species of New Zealand 

CJn affect the life-cycle of the 

results are important for aquatic 

vegetation management. 

of occuring if salinity 

~egeneration for instance will have a better chance 

is close to freshwater conditions in Spring (to 
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enable germination). Seedlings will then be encouraged to grow if salinity 

levels are maintained within a range that does not exceed a level which, in 

indoor experiments, was found to be somewhere around 8-9 PPT. 

Low light levels associated with high turbidities reduce seedling growth 

and more particularly, rhizome elongation. It thus prevents solid 

anchoring in the sediment. Such anchoring will be therefore encouraged by 

increasing light penetration on the lake bed. Such increase may be obtained 

by lowering the lake level in Spring. 
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CHAPTER 6 

THE NATURAL HACROPHYTE RE-ESTABLISHMENT PROCESS 

"The initial step in a management program will be to determine the types 

and quantities of macrophytes present, whether the macrophyte populations 

are expanding or declining, and the relationship(s) between the vegetation 

and the lake use(s)." ( Johnstone, 1986b) 

While the last point has already been touched upon in the opening chapter, 

some qualitative and quantitative work on the present distribution of 

submerged macrophytes is now presented in order to assess the natural 

potential for plant re-establishment. 

Such observations from the field will 

the life-cycle of the main species 

plant strategies in relation to 

also enable us to further understand 

present and 

the disturbance 

to discuss the range of 

factors, taking into 

account the scientific results obtained in the previous chapters. This will 

finally lead to some suggestions for macrophyte management in Lake 

Ellesmere. 

6.1 Present distribution of aquatic macrophytes 

A map of the distribution of aquatic weed in Lake Ellesmere in 1960 appears 

in Miers and Williams (1969) who gave no detail about how this map (Figure 

6.1) was obtained. Vegetated areas seem to correspond to the mud flats 

exposed at low lake levels. The map does not indicate the different 

species present and there could be some inaccuracies on the western side, 

especially as the 'weed beds' have always been described as being rather 

off-shore than along the shoreline. The map however is regarded as a 

reference document and provides us with some useful indications on where 

More recent work by Webb (1982) on the aquatic plants were seen growing. 

the eastern side of the lake indicated the presence of plant material in 

the lake in the early 1980s but preliminary visits to the lake near the 



LAKE ELLESMERE 

Marshall Is 

KAITORETE SPIT 

PACIFIC OCEAN 

o 
Scale (metres) L 

~
~ 
.:.::. Weed-beds 
.:.....";.!.. 

3000 

Figure 6.1 Location of weed beds in 1960 (after Miers and, Williams, 1969) 

t 
N 



164 

Halswel1 and the Selwyn mouths in winter and spring 1984 failed to find any 

sign of macrophyte growth. 

Further observations around the Garibaldi Islands during summer 1984-85 

finally identified rooted Ruppia and Lepilaena seedlings (see Chapter 5). 

These seedlings appeared severely exposed to 

lake levels (related to a long lake opening). 

of botanical desert (Plate 6.1) with only 

desiccation due to very low 

The littoral zone was a kind 

the algae Enteromorpha sP. 

present on shingle shores. Nothing 

During the following summers (1985/86 

appeared to grow in deeper water. 

and 1986/87) lake levels were higher 

and, in December, leaves of Potamogeton pectinatus reached the surface in 

several areas around Lakeside Domain (Plate 6.2). 

Water in the bay located near 

parts of the lake. Some 

bilocularis was observed at the 

stands of Ruppia megacarpa at 

reported by local fishermen 

Taumutu was always clearer than in other 

growth of Ruppia polycarpa and Lepilaena 

western end of the bay as well as dense 

the eastern entrance. This situation was 

as an unusual event. It was considered 

therefore that the opportunity should be taken to obtain qualitative and 

quantitative data related to this new situation. 

6.1.1 Qualitative survey of aquatic vegetation 

Considering both the very turbid water (making any observation difficult) 

and the very large surface area of Lake Ellesmere, mapping the present 

vegetaL ion of the whole lake was practically impossible within the 

timeframe. Moreover, iL did not appear necessary in order to understand 

vegetation dynamics. The choice of a small area instead was thought to be 

more appropriate in that respect (see Section 6.1.2). 

However, iL was important to obtain information on potential areas of 

regeneration all around the lake. A rapid survey of the shoreline was thus 

carried out in January 1986 from a boat and with the use of a rake. 

Aquatic plants were found in four main areas: 

- the Marshall islands - Garibaldi islands area 

- the Selwyn mouth - Halswel1 mouth area 

- the Kaituna lagoon area 



Plate 6.1 Overton's Bay in January 1985 

(photo K Nicolle Ag.Eng. Dept. Lincoln College) 

Plate 6.2 Overton's Bay in February 1986, showing 
growth of macrBphytes 

(photo K Nicolle Ag.Eng. Dept. Lincoln College) 
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- in the bay near the outlet (Taumutu). 

In all areas, maximum water depth at 

was repeatedly found at around 0.9 m • 

existing at the time. 

which macrophytes could be recorded 

Such depth relates to the lake level 

Lamprothamnium papulosum (a charophyceae) and Lepilaena bilocularis were 

the species most frequently observed with sparse Ruppia plants (~ 

megacarpa and R. polycarpa). In very shallow water, Lamprothamnium 

papulosum was often found mixed with Lilaeopsissp. and Mimulus repens. 

The only luxuriant stands found were R. megacarpa, !. polycarpa and 

L. bilocularis at Taumutu and P. pectinatus around Lakeside, as reported 

above (Plate 6.3). 

Other species such as Zannichelliasp., Ranunculus fluitans, Myriophyllum 

triphyllum and the algae Enteromorpha sp. have occasionally been observed. 

This plant list is in agreement with that of Mason (1951). 

6.1.2 Quantitative surveys in Overton's ~ and at Taumutu 

6.1.2.1 Methodology 

The choice of Overton's bay as a main area of study of the vegetation 

resulLed from a desire to relate environmental fluctuations to plant 

growth. Along wiLh the data obtained on the light climate (see Chapter 4), 

it appeared therefore useful to develop some biomass investigations in that 

area as well. Birds were also counted. 

The bay at Taumutu was used as an area of comparison as it was there that 

the only dense growth of R. megacarpa and !. polycarpa was found. 

A transect was set up in Overton's bay in January 1986 with a number of 

sampling stations covering the range of depth in which plants occurred 

(Figure 6.2). At each sampling station, a pole was sunk in the substrate 

and four samples around it were taken using an iron cutter (24 em x 14 em x 

10 em deep) and a spade (see Ranwell et al., 1974). Plants were washed 



Plate 6.3 Growth of P pectinatus in Overton's Bay 
February 1986 

Plate 6.4 Ruppia megacarpa clumps during low lake levels 
in Taumutu's Bay. winter 1987 



• 
• 

• • 

Figure 6.2 Location of sampling 
stations in Overton's 
Bay. ( Sc.o.le. '0 1/ 5000 ) 
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clean of sediment, sorted and dried to constant weight (at 1050 C, 24 hrs). 

Plants were collected during the peak biomass period (early February) in 

19do (all stations) and 19d7 (stations deeper than 50 cm) from Overton's 

bay. 

Samples were also taken at Taumutu in 1986 on a small transect across the 

R. polycarpa/1. bilocularis stand on the western side of the bay. Two 

random samples were also taken from homogeneous R. megacarpa clumps(~eoA- ~J 
0'\.\--""",,:, cJ ~~(, 1-:"'1)· 

6.1.2.2 Standing crops in Overton's bay and at Taumutu 

Profiles of standing crop in Overton's bay appear in Figure 6.3 for each 

species and for total biomass, in 1986 and 1987. Standing crops at Taumutu 

are shown on Figure 6.4 for the R. polycarpa/L. bilocularis stand. 

The results indicate first that significantly higher biomass was found at 

Taumutu. Thus the average standing crop at Taumutu was 189 g.m-2 against 

67 g.m-2 and 64 g.m-2 for Overton's bay in 1986 and 1987 respectively. 

Secondly, while f. pectinatus clearly constituted the highest proportion of 

the total biomass in Overton's bay, K. polycarpa, L. bilocularis and 

Enteromorpha sp. were equally important on the transect in Taumutu bay, as 

shown on Table 6.1. 

assemblage. 

L. papulosum was another important component of each 

Lastly, in both areas maximum biomass was found within a 0.5 - 0.9 m depth 

range. 

Values of 27~ g.m-2 ( 2) and \500 g.m~, were obtained for two random samples 

taken inmonospecific R. megacarpa clumps at Taumutu, at depths of 0.75 m 

and L)respectivelY~ 
'------" 
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Table 6.1 Proportion of the species present on two transects in Overton's 
bay and Taumutu bay. 

Potamogeton pectinatus 
Lepilaena bilocularis 
Ruppia po1ycarpa 
Lilaeopsis ~ 
Mimu1us repens 
Lamprothamnium papu10sum 
Chara globu1aris 
Enteromorpha ~ 
Others (Myriophyllum, Zanniche11ia, Ranunculus) 

(all values in %) 

6.1.2.3 Discussion 

Overton 
1986 1987 

47.0 46.0 
15.9 19.7 
3.6 12.4 
2.2 
1.4 1.0 

23.0 11.0 
6.8 

0.9 3.1 

Taumutu 
1986 

30.0 
32.2 

11.5 

26.3 

Differences in biomass were observed between the two bays. Possible causes 

of differences are: light, salinity, shelter. 

Light conditions were considerably more favourable in Taumutu bay than in 

Overton's bay since water clarity was significantly higher (Kd was always 

less than 5 m-1 ; see Chapter 4, p.86). However, the development of 

~. megacarpa clumps may be related to other favourable conditions in this 

area. 

Wide saliniLY fluctuations were observed there due to the proximity of the 

lake outlet and also due to the inflow of freshwater coming from the 

western side of the bay. A gradient with decreasing salinities westward 

was also recorded. Freshwater conditions may have prevailed at the right 

time and favoured the germination and development of seedlings. Moreover, 

this bay is well sheltered and therefore optimum conditions for growth are 

likely to have existed in spring 1985 at Taumutu. The clumps persisted 

until winter 1987. Repeated openings during that winter is one possible 

explanation for their disappearance (Plate 6.4). 
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The growth of P. pectinatus around Lakeside Domain, in the bay but also on 

exposed shores showed the ability of this species to develop in turbid and 

turbulent waters. 

Like R. megacarpa, f. pectinatus develops tall branches growing close 

together which contribute to a higher standing crop in deeper waters. The 

importance of depth to plant biomass has been reported several times for 

these species (Robel, 1961, 1962; Brock, 1982b). Such life forms will also 

confer to both plants a high competitive ability which explains their 

dominance in the areas where they grow. 

Standing crops of these two species are comparable to most of those 

reported in other similar ecosystems (Anderson and Low, 1976; Congdon and 

McComb, 1979; Brock, 1982b). However, higher values (above 1000 g/m2 ) have 

also been found (Howard-Williams and Liptrot, 1980; Lukatelic~ et al., 

1987). 

!. polycarpa, L. bilocularis and L. papulosum are the other important 

contributors to aquatic vegetation biomass on the transects studied, and 

also all around the lake (see Section 6.1.1). Biomass of turf species 

(Lilaeopsis ,sp. and Mimulus repens) was negligible (See Table 6.1). During 

the second year of the study, the growth of other species such as 

Myriophyllum triphyllum, Ranunculus fluitans, Zannichellia SP. and Chara 

globularis (see Table 6.1) can possibly be related to the lower salinities 

present. 

All plants were seen flowering and fruiting in 

indicating that they were able to complete their 

exisLing conditions. 

both growing seasons, 

life-cycle under the 

It should be noted that the growth that occured during the two summers of 

the study was regarded by all fishermen as unusual and exceptional. It was 

interestingly associated to a dramatic increase in the bird population (see 

Chapter 3). Whether this was a direct consequence of plant growth can be 

argued. In Overton's Bay, up to 400 birds (mainly swans and ducks) were 

indeed seen grazing in the fall of both summers. 
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6.2 Life-cycle and reproductive patterns of the main species 

6.2.1 Ruppia species 

From our own observations (in vitro and in situ) and from the literature 

(Mason, 1946, 1951, 1967; Congdon and McComb, 1979; Brock, 1982b, 1983, 

1986, 1989; Vollebergh and Congdon, 1986), the different life-cycle stages 

of !. megacarpa and !. polycarpa are now well understood. Details of life

cycle patterns of other Ruppia species can be found in Bourn (1935), 

Verhoeven (1979), Harrison (1982), van Vierssen et a1., (1984), Husband and 

Hickman (1985) and Bigley and Harrison (1986). 

The life-cycle of R. megacarpa was shown to be dependent on the continuity 

of the habicat in which it grows, as the plant behaves as an annual in some 

ephemeral ecosystems in Western Australia (Brock and Lane, 1983) while in 

most situations, and in New Zealand in particular, it is reported as a 

perennial (Mason, 1967). The clumps found at Taumutu certainly persisted 

over more than a year, maintaining vegetative growth but also producing 

seeds which however were not seen germinating in that area. The indoor 

trials (see Chapter 5) showed that seeds of!. megacarpa could be formed 

within 8 to 10 weeks once a seedling was anchored in the sediment, 

However, the general pattern that can be expected in Lake Ellesmere is 

first, a period of quiescence (April-September) during which!. megacarpa 

can hibernate in a vegetative state or as seeds. The length of that 

quiescent period depends probably on the temperature, light, water depth or 

salinity regimes existing in the habitat (Brock, 1982b). These factors 

also regulate the growth phases that follow the end of quiescence. Under 

favourable condiLions, the quiescent state is replaced by fast vegetative 

growth and horizonlal propagalion from either one single seedling or from 

rhizomatous spread at the edge of old clumps (October-November). Then 

fol.lows a period of verlical growth of the shoots produced (December), 

which will lead to flowering and to the production of seeds in January

February. Then, the plants will enter a new period of quiescence during 

which senescence and decay of the old parts of the plants may occur. 
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For !. polycarpa, the cycle may vary from one area to another. For 

instance, this species was seen flowering and fruiting twice in the shallow 

areas of Overton's bay during the growing season 1985-1986, the first time 

in November, the second time in April, a few weeks after the lowering and 

consecutive refilling of the lake. R. polycarpa as a typical annual, will 

not persist over winter. As shown earlier (Chapter 5), it will develop 

many more shoots in the initial phase of horizontal elongation (September

November) and will not necessarily have the phase of vertical growth before 

flowering and fruiting. 

Such vertical growth is likely 

encouraging stem elongation). 

another cycle may be completed. 

Reproductive patterns of Ruppia 

(1983) through the principle of 

to depend on light conditions (poor light 

If conditions are favourable in autumn" 

species have been interpreted by Brock 

strategic allocation (Harper, 1977) which 

states "that organisms under natural selection optimize the partitioning of 

the limited time and energy in a way that maximizes fitness". Thus, 

~ polycarpa, which, in Australia, 

habitats each year depends on a high 

recolonizes fluctuating ephemeral 

fecundity (high number of seeds) to 

maximize the chance of leaving descendents, whereas in its usually more 

stable habitat R. megacarpa maximizes fitness by vegetative vigour. 

6.2.2 Potamogeton pectinatus 

Considerable attention has been given to P. pectinatus in the literature 

(Yeo, 1965; Robel, 1961, 1962; Anderson and Low, 1976, Anderson, 1978; 

Howard-Williams, 1981; van Wijk, 1983, 1986; Spencer, 1986a,b: Kautsky, 

1981) • 

P. pectinatus offers a variety of propagative mechanisms including seeds, 

tubers, rhizomes and auxilIary buds, but vegetative growth (over-wintering 

tubers) appeared dominant in Lake Ellesmere over the two growing seasons 

sLudied. Seed germination and budding of tubers is known to be temperature 

dependenl. Thus in September-October young shoots emerge from the 

sedimenLs and form horizontal and verLical runners at the same time. Once 

they reach the water surface (December), branching begins from the axils of 

leaves in the upper part of the shoots developing a forest-like structure 



with a dense canopy at the surface. 

January-February. Fruits are often 

broken by wave action or 

follows in March-April. 

grazing and 

It is also 
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Flowering and fruiting will occur in 

dispersed with parts of the plant 

washed up on the shore. Dying-off 

at the end of the summer that new 

tubers are formed underground. These tubers are therefore perennating 

organs that will bud the next growing season. 

Kautsky (1987) also used the principle of strategic allocation (Harper, 

1977) to interpret different reproductive patterns found in P. pectinatus 

populations exposed at different degrees of wave action. The analysis 

showed that plants in sheltered areas put relatively more effort into 

vegetative shoots than in exposed areas and that the proportion of below

sediment parts (roots, rhizomes and tubers) increased with increasing 

exposure. 

6.2.3 Lepilaena bilocularis 

Lepilaena species are endemic to Australia 

received very little attention from aquatic 

b. bilocularis in Lake Ellesmere appeared, 

comparable to that of R. polycarpa. 

and New Zealand. They have 

botanists. The life-cycle of 

from field observations, to be 

L. cylindrocarpa in Australia was described by Vo11ebergh and Condgon 

(1986) as a "winter annual", as seeds germinate in autumn. In Lake 

Ellesmere, seeds of b. bi10cularis were seen germinating in autumn but most 

of the germination occurred in spring. There was also development of 

rhizomes but vertical growth was restricted. 

6.1.~ Lamprothamnium papu10sum 

b. papu10sum has been studied by several authors including Olsen (1944), 

Corillion (1957) and Wood and Mason (1977). 

This species hibernates as zygotes (or oospores) and as bu1bi1s from which 

adventive shooLs can form. Shoots develop in spring time, flowering and 

fruiUng occurring in summer (December-February). Some shoots were 

observed persis Ling over autumn and winter but biomass appeared strongly 

reduced then. 
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6.3 Hacrophyte strategies in Lake Ellesmere 

6.3.1 Strategies in the established phase 

While past declines that occurred in Lake Ellesmere have already been 

discussed in relation to some environmental features (Chapter 3) some 

further insights may also be gained from plant life-histories, reproductive 

patterns and plant strategies. 

Of the environmental factors affecting Lake Ellesmere, stress factors 

(turbidity especially but also brackishness of the water) can be assumed to 

prevail over competition or disturbance (as defined by Grime, 1979). 

* A classification of plant strategies in Lake Ellesmere 

All plant life-his Lory characteristics are likely to be a compromise 

between those of stress-tolerators and those of competitors or ruderals. 

These characteristics appear in Table 6.2. 

From our knowledge of life-cycles (Section 6.2), that of R. megacarpa can 

be classified as a stress-tolerant competitor, and those of !. polycarpa, 

~ papulosum and L. bilocularis as stress-tolerant ruderals. P. pectinatus 

appears more as a C-S-R strategist (i.e., a competitive, stress-tolerant 

ruderal; see Grime, 1979) in the Ellesmere situation as its longevity is 

that of an annual but flowering is late. 

Each plant is capable of morphological plasticity depending on 

environmental conditions. This was shown in the field for !. megacarpa 

(Brock and Lane, 1983; Brock, 1986) which, by using Grime's classification, 

can be more like a competitor (South Australia) or a ruderal (Western 

Australia). 

StraLegies are sets of genetically defined characteristics that determine 

the success of populations in their natural habitats. Hence the life

strategy of a population consists of the total of genetic adapt ions brought 

about by naturaL selection (Verhoeven et al., 1982). 
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Table 6.2 A classification of major species· growing in Lake Ellesmere 
based on plant life-history characteristics (adapted from Grime, 
1979). 

Life history 

Longevity of established 
phase 

Longevity of leaves and 
roots 

Leaf phenology 

Phenology of flowering 

Frequency of flowering 

Proportion of annual produc
tion devoted to seeds 

Perennation 

Physiology 

Stress-tolerant 
competitors 

long 

relatively long 
(one year or more) 

evergreen with a marked 
decline in shoot biomass 
during the winter and a 
peak (formation of a 
canopy) in summer 

flowers produced after 
periods of maximum 
potential production 

usually each year 

small 

dormant buds and seeds + 
stress-tolerant leaves 
and roots 

Potential relative growth rate rapid/slow 

Response to stress rapid/slow morphogenetic 
responses. Tendency to 
maximize vegetative 
growth into flowering 

Stress-tolerant 
ruderals 

short 

short 

short phase of 
production 

flowers produced 
early in the 
life history 

high (several 
times a year) 

large 

dormant seeds 

rapid 

rapid entailment 
of vegetative 
growth, diversion 
of resources 
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As suggesLed by Grime (1979), the evolution from one strategy to the other 

may be related to the intensity of stress and to the intensity of 

disLurbance ( see Chapter 2 for Grime's definition of these concepts). 

In fluctuating environments, stress and disturbance vary in intensity with 

time. In Stearns's (1976) classification of fluctuating environments, Lake 

Ellesmere's type of variability under the present regime belongs to the 

third type, i.e. random in time with conditions during the habitable period 

either predictably favourable (e.g. low lake level at the beginning of the 

growing season followed by slowly increasing level), predictably 

unfavourable (high lake level in spring followed by low lake level in 

summer) or unpredictable (periods of calm winds, storms). 

It is important perhaps to acknowledge both the random and deterministic 

nature of a plant population. Any kind of prediction may consequently 

appear as impossible or unnecessary. But this should not lead the manager 

who has to manage the aquatic vegetation of a lake, to adopt a "leave 

alone" attitude. Johnstone (1986b) has indeed shown that a stochastic 

approach (i.e. where random effects over time are regarded as non

independent) could prove to be useful in the management of aquatic plants. 

In such an approach, the causes of decline are system-dependent. 

Thus dense stands of mature plants, as we saw earlier (Chapter 3) may , 
create favourable conditions for accumulation of sediment and toxic 

substances (products of decay) in the sediment. Other system-dependent 

factors can be hypothesised such the potential C02 depletion within 

canopies (Harper, 1977; van Wijk, 1986; Kvet, 1987) or the prevention of 

seedling establishment through light reduction under the canopy. 

* Flowering as an alternative to plant growth 

Johnstone (1982) has also suggested that some surface-flowering species had 

little vegetative growth once the plant's stems had reached the water's 

surface. He observed for instance that species like Elodea canadensis, 

Myriophyllum spicatum or Lagarosiphon major decline in abundance 

approximately a decade after invading a lake. This author hypothesised 

that a switch in resource allocation from vegetative growth to sexual 

reproduction, along wiLh the limited ability of the mature stand to replace 

iLself, ulLirnately causes these species to decline in abundance. His 
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experiments indicated that flowering stems spent little energy on 

vegetative growth and that growing stems spent little energy on flowering. 

Harper (1977) also discussed flowering as an alternative to vegetative 

growth and noticed that "perennial polycarpic (iteroparous) plants often 

show an inverse correlation between vegetative growth and the production of 

fruit and seeds". 

A considerable variation in seed production was 

years for populations of f.pectinatus (Kautsky, 

production could thus slow down vegetative growth. 

found existing between 

1987). Years of high 

Kautsky's study shows 

that considerable care must be given to the interpretation of reproductive 

efforts observed. For instance, although plants at sheltered localities 

allocated fewer resources to sexual reproduction, the probability of a 

successful seeding was higher, due to calm water surface and better 

rollination. Similar effects can be assumed from the buffering effect of a 

dense macrophyte stand against wave action. 

Another explanation to high seed production has been suggested with the 

"mast" year phenomenon (Le., years of high seed production) described for 

forest trees. This phenomenon is best known in Quercus, Fagus and in 

conifers such as Pinus, Pseudotsuga, Abies and Picea (Harper, 1977). Some 

atLempts have been made to correlate the mast years with climatic variables 

such as mean temperature and mean precipitation in early summer of the 

previous year on spring droughts etc. (see Harper, 1977, p.698), but no 

single correlate emerges that adequately explains the phenomenon. 

Congdon and McComb (1979) have suggested from field observations that 

flowering may be stimulated by increasing salinity for R. megacarpa. If 

this was true,periods of high salinity during the growing season would 

affect, through that shift in resource allocation, vegetative growth of 

mature stands in Lake Ellesmere. Delroy (1974) noted that in some southern 

Australian lakes, vegetative growth of R. spiralis and ~ papulosum was 

stunted with increasing salinities. 

Besides salinity, the heavy populations of black swans that existed at the 

time of luxuriant growth in Lake Ellesmere could have conversely encouraged 

vegetaLive growth through grazing on reproductive parts. This brings more 
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evidence to Johnstone's (1982) hypothesis that renewed growth of mature 

surface-flowering macrophyte stands occur when part or all of the canopy is 

destroyed. Johnstone notes, for instance, that stands of Hydrilla 

verticillata are maintained in Lake Tutira (New Zealand) through this 

process. 

Vegetative growth of P. pectinatus can be affected above a salinity level 

of about lOPff(Verhoeven ~ al., 1982) but seed production in relation to 

salinity has not been studied. Seeds are produced in most populations (van 

Wijk, 1986) but their major function is probably limited to the dispersal 

and the long-term survival of the species. P. pectinatus populations in 

Lake Ellesmere have an annual life-cycle and maintenance will be discussed 

in the regenerative phase (Section 6.3.2). 

* An application to the theory of ecological complexity 

Another approach that may contribute to a better understanding of past 

declines can be obtained from the theory of ecological complexity presented 

earlier (Chapter 2). Indeed, in addition to isolating levels from each 

other, differences in rates help explain how one system responds to 

environmental fluctuations (O'Neill et al., 1986, p.78) as characteristic 

rates of a level determine the frequencies of environmental fluctuations 

that can be attenuated (i.e. frequencies over which responses can, to some 

extent, be controlled). We can now address the relevance of this to the 

problem of vegetation decline. 

First, a system that has lost a 

viewed in several ways. We could 

point of view, the system has 

species following a perturbation can be 

say for instance, that from a structural 

responded unstably. But if some other 

species expands to take over the functional role of the lost species, we 

can have a stable response. This points out the dual organisation of the 

system, with its structural constraints that operate on organisms and 

functional constraints that operate. on processes. 

Another description of what happens is 

p.171) and is presented in Figure 6.5. 

initial set of constraints disappears. 

to a new organisation which shows 

given by O'Neill et al., (1986, 

Here, instability starts where the 

The degeneration phase corresponds 

only relatively high frequency 
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components. 

The importance of such theory had been suggested earlier (Section 2.2.2, 

Chapter 2) when we said that disturbances at any given level were not 

necessarily disturbances at higher or lower levels of organisation. Figure 

6.6 (after O'Neill ~ a1., 1986, p.173) illustrates this further and shows 

that a regenerated system with its slow components can dampen out 

environmental fluctuations over a broad range of frequencies. In the 

degenerated system, fluctuations of lower frequencies than its (fast) 

components cannot be attenuated any more, leaving the new organisation 

exposed to a wide range of perturbations. 

This perspective suggests therefore that vegetation decline can be 

characterised by the relationship between the process rate of the 

disturbance agent and the process rate of system behaviour. 

Some evidence of this is given by Rors1ett (1984) who discussed the 

qualitative aquatic vegetation response in some regulated Norwegian lakes. 

Thus, in these lakes, r-sl<.le,c,~e.J.., species (like NiteUa) gained in relative 

importance compared to the K-sel~~t~~~ species (like Isoetes) in response to 

increasing extent of regulation (see definitions of K- and r- sd"d;;'cwl.

p. 28). 

In New Zealand, Johnstone (1986b) noted that under New Zealand conditions a 

high standing crop could reflect minimal biomass loss rather than maximal 

growth in a unit time. 

In Lake Ellesmere, the large beds of K. megacarpa may have maintained 

themselves thanks to a slow growth rate which enabled them to dampen short-

term and rapid oscillations in the 

the"Wahine"storm in 1968 appears 

environment. An unusual event such as 

to 

in the environment of Lake Ellesmere 

have presented a type of oscillation 

that had a frequency slower than the 

characteristic frequency of the macrophyte population, resulting in the 

disruption of the organization from a K-strategy to an r-strategy, 

explaining thus the present dominance of annual species in the lake. This 

can also be presented as a shift towards ruderals. Like in Norway, this 

tendency could have been encouraged prior to the"Wahine" storm due to the 

change in the lake opening regime. 
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It may be argued that all the above suggestions are only pure speculation. 

It supports in any case the need for long-term studies where such 

speculations could be more quantitatively tested. 

6.3.2 Generative strategies 

The understanding of generative strategies is essential in Lake Ellesmere 

as they are presently, due to the quasi absence of established stands, the 

sole available strategies for macrophyte establishment. 

As stated by Harper (1977) "the presence or absence and the density of a 

seedling population depends not only on the availability of seed but on the 

frequency of 'safe sites' that provide the precise conditions required by a 

particular seed". There are therefore two conditions necessary for 

seedling establishment that need to be assessed in the case of Lake 

Ellesmere: the availability of seeds and the existence of safe sites. 

6.3.2.1 The availability of seeds in Lake Ellesmere 

Is the number of seeds or dormant propagules sufficient to enable 

regeneration in Lake Ellesmere? 

The high number of seeds produced by the stress-tolerant ruderals such as 

R. polycarpa, ~. bilocularis, L. papulosum confers to these species an 

obvious advantage for survival. Observations of seedlings all around the 

lake showed that they were indeed present in the lake sediment in high 

quanLiLies. 

As explained in the previous section, the production of seeds of 

~ megacarpa may have varied with time, but the numerous seeds observed 

along the shoreline in some areas (Lakeside domain, Halswell mouth in 

particular) suggest they are an important component of the seed bank. The 

morphology of these seeds, with a long and solid stalk, provides them with 

a good anchoring system. However it can also become a nuisance if wave 

action reaches the bottom and rolls them. They can then become all 

entangled into large balls (see Chapter 5). Such packs of seeds were 

sometimes found off-shore buried into the substrate or rolled up onto the 

shore. Nany of the seeds found appeared to have germinated and, as 
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reported in Chapter 5, very few of the other ones were viable, some having 

developed no embryo. 

Requirements for seed maturation are not known. They may depend on whether 

the seed is still attached to the adult plant or on environmental 

conditions (such as salinity). Such requirements should be studied in the 

future. 

Seeds of ~ pectinatus probably exist 

observed. A majority are dispe~sed by 

still aLtached to the plants (van Wijk, 

growth observed during the period 

in the sediment but were never 

the wind and by wave action, mostly 

1983). It is uncertain whether the 

of study around Lakeside domain 

originated from seeds or from tubers. No plants had been previously 

observed in that area (Gould, pers. com.). The role of tubers is usually 

more important in generative reproduction of annual forms of that species 

(van Wijk, 1986). Tubers can grow to a depth of 18 inches (Yeo, 1965) and 

some could have survived in the areas of growth until conditions were 

favourable for germination. 

Future attempts to understand seed bank dynamics should look at parameters 

such as the number of seeds present, the number of seeds produced per 

germinated seedling and its probability, the fraction of the total seeds 

present in the bank that germinate in each year and the fraction that 

decays each year (Cohen, 1966). 

6.3.2.2 Do "safe sites" exisL in Lake Ellesmere? 

This second quesLion related to the feasibility of plant re-establishment 

is direct.Ly associated wiLh the dependence of many species upon local and 

potentially favourable sites for seedling establishment (Grubb, 1977). 

Harper's (1977) concept of "safe siLes" appeals here and its usefulness has 

already been demonstrated in the analysis of plant invasions (see 

Johnstone, 1986a). A "safe site" is envisaged by Harper "as that zone in 

which a seed may find itself which provides (a) the stimuli required for 

breakage of seed dormancy, (b) the conditions required for the germination 

processes to proceed and (c) the resources (water and oxygen) which are 

consumed in the course of germination. In addition a 'safe site' is one 
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from which specific hazards are absent - such as predators, competitors, 

toxic soil constituents and pre-emergency pathogens". Harper further 

emphasizes that "at the scale of size of a seed the physical environment is 

exceedingly heterogeneous". This should be born in mind. 

* Seed germination requirements 

Salinity is a major factor controlling the germination of brackish aquatic 

macrophytes. From L. papulosum (Dubois, 1968), R. megacarpa (Brock, 1982a), 

!. maritima var. maritima (van Vierssen et al., 1984), P. pectinatus (van 

Wijk, 1986), Lepilaena cylindrocarpa (Vollebergh and Congdon, 1986), to 

Hydrilla verticillata (Carter ~ al., 1987) or even Zostera marina and 

Z. noltii (Hootsmans et al., 1987), there is a striking general agreement 

on low salinity germination requirements 

often providing optimum conditions. 

for all these species, freshwater 

Seed coat breakage by wetting and 

drying was suggested to play an important 

1982a). 

role in R. polycarpa (Brock, 

Temperature is also a very important environmental parameter in the 

germination of P. pectinatus tubers. Thus, tubers need a stratification 

period (at cold temperatures) which would prevent germination under 

unfavourable conditions in autumn (van Wijk, 1983, 1986). High 

temperatures (above 200 C) are most favourable for germination in spring but 

tubers may germinate from temperatures as low as 5.50 C (van Wijk, 1983). 

Similar patterns were obtained by van Vierssen et ale (1984) for the 

germination of R. maritima var. maritima seeds in Europe. Moreover, these 

authors found that low sediment redox-potentials inhibited germination. 

* Seedling eSLablishment requirements 

The present study has shown that R. megacarpa and !. polycarpa have 

specific requiremenLs with regard to salinity and light (see Chapter 5). 

Optimum growth was obtained for both species below 8 PPT salinity. 

Different strategies also resulted from high vs low light intensities, 

hori.zontal growth being encouraged in high light intensity while vertical 
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growth was favoured under low light conditions. Spread of rhizomes is a 

very important requisite in a turbulent environment such as Lake Ellesmere 

(see further) and optimum light intensities at the time of germination can 

only but encourage establishment of Ruppia seedlings. 

Light requirements are not so strong for growth of P. pectinatus because as 

seedlings emerge from tubers, they form horizontal and vertical runners at 

the same time under varying light conditions (Verhoeven ~ al., 1982; van 

\lijk, 1986). 

Spencer (1986a) showed that during the early growth period, temperature may 

be as important as irradiance in influenCing growth of f. pectinatus, low 

growth rates being exhibited at temperatures less than 170 C. From other 

studies on the effect of temperature on macrophyte growth (Barko and Smart, 

1981b), it can be said that temperature is an important factor, optimum 

conditions of growth existing for most species at around 200 C. 

Among other factors important for seedling establishment, turbulence can be 

assumed to be as important as salinity, light and temperature. 

P. pectinatus, with its tubers and a well developed firm rooting system 

presents two important characteristics required in turbulent environments 

(Haslam, 1978; van Wijk, 1986). Big tubers provide better growth (Spencer, 

1986b). Ruppia species with only one root at each node will be less 

resistant to wave action. 

Another factor important for the seedling development to proceed will be 

the sediment. Highly organic sediments may contain compounds which along 

wiLh low redox-potential can inhibit plant growth (Barko and Smart, 1983). 

LasLly, exposure of the seedlings to air has been shown to affect growth of 

R. maritima on a sandflat (Bigley and Harrison, 1986) and our observations 

during summer 1984-85 (see Section 6.2) tend to confirm this, not only for 

Ruppia species but 

Exposure (as well 

birds. 

also for others like L. bilocularis or b. papulosum. 

as low lake levels) will also facilitate grazing by 
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* "Safe sites" of Lake Ellesmere 

Harper defined "safe sites" in terms of potential hazards and Johnstone 

(1986a) has viewed these hazards, or barriers to invasion, as being 

botanical or non-botanical and species-selective or not. This gave rise to 

four types of safe-sites (or invasion windows) (Johnstone, 1986a), which 

classified by time are: 

- a default window (when invasion may not occur) 

- a temporary window (when invasion may occur on a first arrival basis 

after the window opens) 

a stable window (when invasion is permanently possible once the specific 

barrier is removed) 

- a future window (when the invader waits until disturbance destroys the 

competitors or until senility of the existing vegetation occurs;. 

On the basis that there are presently no established stands of aquatic 

vegetation in Lake Ellesmere, safe sites for plant regeneration are only 

dependent upon the removal of non-botanical barriers. From what has been 

said above about seed germination and seedling establishment requirements 

of the main species, these barriers are likely to be salinity, light, 

temperature, turbulence and exposition to air. 

The brackishness and turbidity of Lake Ellesmere on one hand, and the lake 

level fluctuations and turbulence on the other hand are permanent features 

of the lake. The former have been classified earlier as stress factors, 

and the later as perturbation factors and their effects on established 

plants have also been discussed (see Chapter 3). All these factors can be 
I 

regarded as non-selective barriers which vary with time. A safe site then 

appears to be a zone where at the beginning of the growing season there are 

reasonably low salinities, high light intensities, and high temperatures 

but also calm conditions and avoidance to risk of air exposure.,';," 

\oJith a low lake level providing increased ltght intensity and favouring 

also higher temperatures on sunny days on the lake bottom, along with low 

salinities as well as daily wind velocitj,es below average (with associated 

reduced turbulence or decreased turbidiLY), it appears that regeneration 

windows wer~ opened during spring 1985 in Lake Ellesmere on several 
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potenLial safe siLes around the lake (see Section 6.2). The low population 

of black swans at that time has also certainly added to the other 

favourable conditions that naturally created a habitat adequate for 

seedling establishment. 

6.4 Concluding Remarks 

The path of aquatic vegetation succession observed during the period of 

study in the stressed and disturbed Lake Ellesmere has shown a tendency to 

evolve from stress-tolerant ruderals (like L. papu10sum, L. bilocularis, 

~ polycarpa) to C-S-R strategsts (like P. pectinatus) when the intensity 

of perturbation has decreased (less lake-level fluctuations during plant 

life and less turbulence), and follows thus Grime's (1979) model. A 

further decrease in intensity of perturbation such as the very calm 

conditions met in the very sheltered Taumutu's bay also led, in agreement 

with Grime's model, to an expected development of the stress-tolerant 

competitor that is R. megacarpa.' 

Although generative strategies have been treated in the present existing 

situation, i.e. in a habitat deprived of any perman~nt stands of 

perennials, their importance compared with the vegetative growth of the 

established phase such as it existed before therrWahine~storm (1960's) may 

have been underestimated in Lake Ellesmere. Potential remaining safe sites 

during that time may have been invaded through generative development under 

favourable conditions of low salinities, providing a genotypic variety and 

thus a margin of safety against environmental hazards. This margin of 

safety can be assumed to have been reduced in the 1940's because repeated 

long openings closed the invasion windows. Such considerations might be 

very important in the formulation of a macrophyte management policy. 

1/ 
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CHAPTER 7 

MACROPHYTE MANAGEMENT AND ITS INTEGRATION IN THE 

OVERALL MANAGEMENT OF LAKE .ELLESMERE 

7.1 Introduction 

We need now to evaluate the management significance of the results presented 

in the previous chapters. A first approach might be to refer back to the 

classification of Table 3.3 (p.44). 

In the light of the present 

disturbance factors affecting 

study, the important stress, perturbation and 

aquatic vegetation in Lake Ellesmere can 

especially the effect of brackishness and indeed be 

turbidity 

indirectly 

better 

(stress 

linked 

discerned, 

factors). As we saw earlier, these factors are directly or 

to lake level fluctuations and turbulence (perturbation 

factors). It can be appreciated from the same table that whereas 

perturbation and stress factors are disturbances at the plant system level, 

the initial cause (i.e disturbance factors) often occurs at the lake system 

level. This is in fact where management can often take place. One might 

control the number of herbivorous birds, or the lake openings, or nutrient 

loading. Other disturbance factors such as wind or river inflows appear 

less amenable. to incorporation in management policy as they are natural 

features of the environment often impossible to handle. One particular case 

of disturbance is the sediment accretion that is actually caused by 

macrophytes themselves. Development of large mature stands of submerged "'. 

vegetation may therefore need to be prevented. 

In this chapter, some recent developments in the field of macrophyte 

management are reviewed and their relevance to the Lake Ellesmere situation 

discussed. To be adequate, macrophyte re-establishment strategies must 

necessarily address the causes of stress and perturbation. These are 

outlined and followed by a discussion of how such strategies might be 

integrated in the overall management of Lake Ellesmere and how they should 

be monitored. 
I 
I , 
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7.2 Aquatic plant management : a review 

Among recent publications related to macrophyte management, Johnstone's 

C1986b) review stands out for it represents a thorough attempt to look at a 

concept of aquatic plant management that integrates both positive and 

negative aspects of vegetation in both lakes and rivers. Thus, his 

integrated approach addresses macrophyte ("weed") control, which has often 
I 

been until now the only aspect of management reported in the literature. 

Johnstone's approach also covers macrophyte enhancement. It includes 

identification and resolution of the conflicts created by mUltiple use of a 

waterbody. In Johnstone's view, both technical and social procedures are 

required to solve problems associated with the macrophyte status of 

mUltipurpose waterbodies. 

Technical aspects that can contribute to enhancement include "out-lake" 

management (control of non-point nutrient run-off, control of sewage 

discharge and other methods of eutrophication control) and "in-lake" 

management ( for example transplanting, phytoplankton control by algal 

herbivores, use of baffles to dampen wave action and therefore sediment 

resuspension, among other methods). But Johnstone points out that an 

enhancement programme must initially address the reason(s) for a 

macrophyte's apparent decline or absence. 

Social procedures (for example conflict resolution and cost-benefit 

analyses) can be illustrated by two examples cited by Johnstone, that merit 

further development here. The first example acknowledges the conflicts 

created by the use of different aquatic resources in Chesapeake Bay (U.S.A.) 

and looks at possible methodologies to resolve these conflicts (see Boynton 

et al., 1981). Boynton et ale saw as major generic problems: (1) 

understanding cause/effect relationships between specific human activities 

and ecosystem responses, (2) evaluating quantitatively the impact of 

observed ecological changes on overall functioning of the estuary and (3) 

estimating the loss of value resulting from any such changes in ecosystem 

functions as major generic problems. Particular attention was paid to the 

last point with the development of an analytical modeling scheme (see Figure 

7.1), that was tested for a particular watershed of the estuary. The 

analysis coupled the suite of these simulation models with the concepts of 
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embodied energy (Odum, 1971) and economic surplus to estimate cost/benefit 

ratios for several watershed management scenarios. These scenarios 

represented different agricultural practices in the catchment. In this 

approach, the aggregated aquatic vegetation ecosystem model is one necessary 

aspect of a suite that leads to management options. Preliminary results 

suggested that energetic and economic evaluations of the losses associated 

with macrophyte decline tended to converge. The important effect that the 

loss of aquatic plants can have on aquatic ecosystems is illustrated with 

curves such as that in Figure 7.2.- The surplus value (or "utility") that 

can be lost by consumers of commercially-caught fish, following a decline in 

submerged vegetation, appears in Figure 7.3. Other similar models have been 

recently developed. For instance, preliminary fits of the yield equation for 

largemouth bass (Micropterus salmoides) gave an optimal macrophyte standing 

crop of 52 grams dry-weight/m3 for small ponds in Central Illinois dominated 

by Potamogeton crispus and Najas f1exi1is (Wiley et al.,1984). 

A second example of socially oriented procedures is that of Tyndall ~ 

a1.(1982). Their aim has been to develop an integrated aquatic weed 

management (lAWN) strategy in the United States. They have based their 

approach on the principles elaborated for integrated pest management (IPM). 

Two definitions of IPM that were presented by Axtell (1979) outline this 

philosophy: 

(1) "The selection, integration and implementation of pest control action 
on the basis of predicted economic, ecological and sociological 
consequences" 

(2) "A system approach that encompasses not only the immediate objective 
of preventing pest losses but also consideration of long-term 
objectives with regards to economics, society and the environment". 

From the initial problem which was to control Ipes~1 (an anthropocentric 

concept) in order to protect agricultural production and human health, the 

integration of other issues such as aesthetics, recreation or resource 

management has progressively developed. As proposed by Tyndall et ale 

(1982), this evolution can be seen in a series of terms where each level 

suggests a broader perspective and a more ecological awareness (Figure 7.4). 
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~he principles of integrated aquatic weed management developed by Tyndall et 

al. , along with those of integrated pest management, are outlined in ,---
Table 7.1. The need for integrated practices in aquatic plant management has 

been further emphasized recently by Mitchell (1986) and Robson (1986). They 

each concluded that improvements were dependent on the application of sound 

ecological theory in management programs and a systematic approach that 

tests the theory on the basis of experience (see Section 7.4.1). 

Mitchell (1980) had actually anticipated Tyndall et al.'s (1982) ideas and 

had suggested that the national formulation of management programs for 

aquatic plants in Australia, whether short-term or long-term, should take 

account of the purposes for which the water body is used, and be 

sufficiently flexible to allow for the application of new knowledge and 

techniques, or for changes in water uses. He also added: "the program 

should be monitored so that unforeseen adverse effects can be detected at an 

early stage". In New Zealand, such approach has been supported by Harper 

(1985), Johnstone (1986b) and Coffey (1988). 

As a concrete application of the above management philosophy, the 

ecologically-oriented study carried out in the Peel Harvey estuarine system 

(Western Australia) by an interdisciplinary group of managers, engineers and 

scientists (see Hodgkin et a1., 1985) deserves mention. The issue there was 

to solve a macroalgal weed infestation problem, following phytoplankton 

blooms, in a recreational and retirement area. Proposals for management 

were all focussed on one objective, which was "to reduce the algal nuisance 

to acceptable levels". Eight years of an active cooperation between 

research organisations were necessary to analyse the nature and cause of the 

problems and then to carry out research related to management. The larger 

community including neighbouring farmers, fishermen and many others, 

contributed to making what people in Western Australia called "a most 

rewarding and successful study". It led to concrete management options and 

the implementation of control and preventative measures. 

As a conclusion to this review, it may be noted that Lake (1980) defined 

conservation as "the management of natural, man-influenced or man-made 

components of the environment such that essential features are not 

degraded". In the context of the present New Zealand environmental policy 

with the creation in 1987 of a new Ministry and a new Department of 



Table 7.1: Principles o[ illtegrated pest management (lPM) and principles of integrated aquatic 
weed management (LAWM) (after Tyndall et a1., 1982). 

IAWM 

* Tactics (biological, chemical, mechanical, and 
physical), must be integrated into IAWfistrategies 

* The cause of an unacceptable aquatic weed 
infestation must be understood before the problem 
can be addressed adequately 

* Ecosystems must be managed according to economic 
and environmental thresholds 

* Monitoring ecosystem changes after the implem
entation of a strategy is important 

* Developing and maintaining interdisciplinary 
coordination (between managing agencies and the 
scientific community) improves information 
transfer and IAWM program implementation 

* Different portions of water bodies have different 
characteristics, are used differently and there
fore necessitate different IAWM strategies. 
Hence, ecosystems should be managed by management 
units and uses 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

I PM 

Pest should be managed, not controlled 

The ecosystem should be considered as the 
management unit 

All known tactics should be considered 

Maximum use should be made of natural 
control agents 

An interdisciplinary systems approach ~s 
essential 

Adverse effect on environment and public 
health must be minimised 

Economic/aesthetic thresholds must be 
determined 

A multi-pest approach is preferred 

A monitoring system must be established 

The decision-making process must be 
defined 
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Conservation, the relationship of conservation and management cannot be 

ignored (see Chapter 8). A "nature conservation" element is also involved. 

Aquatic plants growing in Lake Ellesmere are native plants. Along with the 

role they play at the lake ecosystem level (see Chapter 1), their own status 

as indigenous vegetation needs to be taken into account in any management 

policy that poses the case for conservation of the Lake Ellesmere waters. 

7.3 Integrated aquatic plant management in Lake Ellesmere. 

7.3.1 Management objective 

To provide suitable habitat 

populations, submerged aquatic 

and food supply 

plants need to 

for wildlife and fish 

be re-established in Lake 

Ellesmere; ~;s o\,JI',c,\;;ve IS ii'\~enJeJ, to be', O.thMV\C-J:~ wd-l.,cvt- ,-v""H;<.-1-' w,H .. 

lake uses, 

7.3.2 Some management principles 

Some principles issuing from the IAWM philosophy (see Section 7.2) could be 

proposed for (1) management of native submerged macrophytes of Lake 

Ellesmere and beyond this (2) for management of the lake environment. 

We need first to detail a little further the principles of the approach, and 

how a manager can develop and initiate a management strategy. Thus, a 

manager should: 

define the magnitude and extent of the problem; 

delineate management units for the water body; 

determine management unit uses for each unit; 

design of strategy (including economic thresholds); 

monitor strategy results and environmental parameters; 

document all aspects of strategy development, and 

review and modify strategy annually. 

(Tyndall et al., 1982, p.29) 
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The present work has looked at the magnitude and the extent of the decline 

that has occurred in Lake Ellesmere using both historical and updated 

analyses of the distribution, biomass growth and composition of submerged 

aquatic plant communities. Biological and ecological aspects important to 

the proper understanding and management of these communities have also been 

reported through results of experimental work related to these aspects on 

the main species (Ruppia spp.). Further insight was gained from a 

comprehensive review of the scientific literature concerning these species 

and other species. 

Two principles related to the development of a management strategy must be 

considered: 

(1) as suggested when we introduced this chapter, a strategy for management 

must address the cause of the problem and lead to management options and 

measures; 

2) follow-up monitoring and economic requirements ("economic threshold") 

should be included. 

Some criteria that could be used for assessing management measures will be 

suggested later (Section 7.4 ). 

7.3.3 Management units in Lake Ellesmere 

Management units can be distingu~shed in Lake Ellesmere by different 

natural features such as the nature of substrate, the size, shape, or 

uniformity of shorelines, by ecological features such as wildlife habitats, 

and by different levels of potential user conflict. r~nagement units and 

uses are presented in Figure 7.5 and Figure 7.6 and are briefly described 

below. These units are almost identical with the six sectors identified by 

Palmer (1965) during a Crown Land investigation. Two extra units have been 

isolated below: Taumutu for the potential conflict between openings and 

uses, and Selwyn mouth for its independence as a large river mouth unit. 

User access is an important factor affecting potential conflict. A map 

showing legal public access around the lake edge is reproduced from Palmer 

(1982) in Figure 7.7. In a fluctuating environment like in Lake Ellesmere, 

it may be wise to allow boundaries to be flexible. The problem of actually 

defining the lake boundary under such conditions will be discussed in 
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* Lake Ellesmere 

+ Taumutu 

,+ 
I I 

Lakeside 

I i 

I 
Il 

Harts Creek
Doyleston
Irwell 

I I , I 
/ I 
i I 

/1 
~I 
V 

• Selwyn 

\ 

\ 
\ 

'\ 
.~ 

• 

Yarr's Flat! 
Greenpark 

Ralswell/ 
Kaituna 

Kaitorete 

Open lake 

Maori cultural activities (H) 
Picnics (L) 
Whitebaiting (M) 
Gamebird shooting (M) 
Commercial fIshing (H) 
Livestock grazing (L) 
Natural Conservation (M) 
Science (M) 

Picnics (II) 
Water sports (H) 
Angling, Floundering (M) 
Gamebird shooting (M) 
Contemplative recreation (M) 
Livestock grazing (M) 
Commercial fIshing (II) 

Picnics (L) 
Angling(M) 
Gamebird shooting (M) 
Contemplative recreation (M) 
Livestockgrazing (MIH) 
Commercial fIshing (H) 
Conservation (M) 

Picnics (II) 
Water sports (II) 
Gamebird shooting (M) 
Angling (II) 
Contemplative recreation (L) 

Picnics (M) 
Gamebird shooting (II) 

·Contemplative recreation (II) 
Livestock grazing (M!H) 
Commercial ftshing (M) 
Conservation (II) 
Science (II) 

Picnics (M) 
Canoeing (M) 
Recreational ftshing (M) 
Gamebird shooting (M) 
Contemplative recreation (II) 
Livestock grazing (M) 
Commercial ftshing (H) 
Conservation (H) 

Maori cultural activities (H) 
Gamebird shooting (M) 
Contemplative recreation (H) 
Conservation (H) 
Science (II) 

Watersports (H) 
Commercial fIShing (H) 

Ire 7.6 Uses in management units, (H = high, f.1 = medium, L = low). 
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Chapter 8. The term "sector" used by Palmer is convenient. It only defines 

boundaries perpendicular to the shoreline. Shore areas that may be exposed 

to occasional flooding should be included I believe. More detailed 

descriptions of the value of each of these sectors (delineated as : Taumutu, 

Lakeside, Harts-Irwell, Selwyn, Greenpark, Kaituna, Kaitorete, Lake 

Ellesmere central) are found in Palmer (1985). 

Management unit 1: Taumutu (Plate 7.1) 

This unit is characterised by a narrow bay expanding westwards to the site 

of openings. The lake edge consists of a fairly straight shoreline with a 

steep shingle bank. This is above all the main historic area associated 

with Maori cultural values. A passage to the sea for migrating eels and a 

convenient site for lake openings, this unit has important management 

aspects. Road access exists to the end of Kaitorete spit and to Taumutu. The 

lake edge Crown land is bare of water only at low lake levels and when winds 

are off-shore, pedestrian access along the Crown land being just possible at 

these times (Palmer, 1985). 

Management unit 2: Lakeside (Plate 7.1) 

This unit is geographically distinguished by the presence of islands and 

small bays exposed at low lake levels (see plate). It also comprises a large 

area of unrestricted access intensively used by many different groups 

(Lakeside Domain). 

Management unit 3: Harts-Doyleston-Irwell (Plate 7.2) 

Characterized by a fairly steep depth gradient and a very jagged shoreline, 

this unit is adjacent to an intensively farmed area, from which several 

drains and creeks run into the lake, the most important being the Irwell 

River. Several wetland areas of high botanical interest exist along the 

shoreline. It is also the area where the weed beds used to be most 

luxuriant prior to the Wahine storm. Several roads give access to the lake 

edge. However, like around Taumutu, pedestrian access along the lake is just 

possible at low lake levels. 

Management unit 4: Selwyn (Plate 7.3) 

The main feature of this unit is certainly the presence of the largest river 

flowing into the lake, the Selwyn River. Like Lakeside, this is another 

place of intense and diverse use due to the existence of a residential area 
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(Selwyn Huts) nearby and easy access. 

Management unit 5: Yarr's Flat/Greenpark (Plate 7.3 and 7.4) 

This unit (along with unit 6) has important wildlife values, especially for 

waders, due to the shallowness of the Greenpark sands and their invaluable 

associated plant communities, an essentially undisturbed combination of 

halophyte and freshwater species. These communities are regarded as being of 

national importance. This vast area, unlike the rest of the lake, was 

retained as Crown land and is probably the major area of conflicts: conflict 

between farming and biological values, farming and recreational values, 

recreational and biological values, and between recreational values. 

Management unit 6: Halswell/Iaituna (Plate 7.5) 

This area constitutes the largest embayment of the lake but would appear to 

be the least exposed due to shelter from prevailing winds and reduced wave 

action. It receives inflows from Banks Peninsula and other farmed areas. A 

high population of waterfowl birds persists all throughout the year in this 

area. The potential use of the old railway embankment as a walking route for 

scenic, wildlife, wetlands, geologic and historic appreciation, reflects 

potential for greater recreational use. 

Management unit 7: Iaitorete (Plate 7.6) 

This area is characterised by a long straight shoreline where a native 

lagoon edge vegetation is more continuous than elsewhere. No conflicts are 

reported in this unit and currently recognised values are for wildlife and 

recreation. Kaitorete Spit as a whole is of very significant cultural value 

to Naori people. 

Management unit 8: Open vater (Plate 7.7) 

One cannot ignore this section of the lake for the landscape feature it 

represents. Uses co-exist without significant conflict. This " ~~~r~ 

"weed beds" used to grow. Waterfowl0J6 often present. 

7.3.4 Uses and conflicts in Lake Ellesmere. 

The different lake uses can be conveniently grouped into four categories 

(Nakowski and Ward, 19d8): 



Plate 7.1 Aerial view of the Taumutu area 
(background) and Lakeside (foreground) 
area. . 

Plate 7.2 Aerial view of the Harts~Doyleston~ 
Irwell area. 



Plate 7.3 Aerial view of Se l wyn mouth area. 

Plate 7.4 Aerial view of Greenpark sands area. 



Plate 7.5 Aerial view of Lake Ellesmere with the Halswell 
Kaituna area (foreground). 

Plate 7.6 Aerial view of Kaitorete Spit. 



Plate 7.7 Open water of Lake Ellesmere with Banks 
Peninsula in the background. 
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behavioural: Maori cultural activities (MCA) like eeling, social 

activities like picnics (P), "consumptive" recreational activities like 

water sports (wS; e.g. boating, wet-biking, canoeing, wind surfing, 

swimming), gamebird shooting (GS), recreational fishing (RS); 

aesthetic: contemplative recreation (CR) including walking, 

birdwatching and painting; 

commercial or utilitarian: livestock grazing (LG), commercial fishing 

(CF); 

ecological: nature conservation (C), natural history and science (NHS). 

Uses and conflicts in Lake Ellesmere have been reported by Taylor (1974) and 

Palmer (1982, 1985). The influences of each use on each other use are 

summarized in Table 7.2. This represents a personal view, somewhat 

optimistic, and also very general. Conflict may occur between water sports 

(e.g. wet-bikes vs windsurfing), between water sports and picnics (noise 

nuisance for the picni~rs). In the table, we have looked at the influences 

for the whole lake area which we assumed to be large enough for conflicts to 

be avoided in theory. Problems may become more significant when one looks at 

each unit individually. The degree of conflict obviously varies depending on 

user-group's opinions and open-mindedness. The importance of some 

conflicting issues may vary with time. Lake opening has been the focus of 

controversies for a long time. tile recognition of Naori cultural 

activities and their potential conflict with other uses is more recent. 

A classification of positive and negative aspects of the submerged aquatic 

vegetation in relation to different uses appears in Table 7.3. 

Different aquatic plant management strategies may be required for each 

management unit. However, it is suggested that priority should be given to 

plant re-establisment as there is presently no need for weed control. Such 

re-establishment should first be encouraged in all areas. Once it has 

occurred, maintenance should only be encouraged in units where the positive 

role of macrophytes is not counterbalanced by any negative aspect. 

If it is considered that the fish habitat aspect prevails over the nuisance 
(~~~6, '/ l ' aspect (fouled propellors) for fishing, four management unitsvwhere aquatic 
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Table 7.3 Potential positive and negati,ve aspects of aquatic plants in Lake Ellesmere 
, 

Uses Positive aspects Negative aspects 

Maori cultural Use of decaying plants 
activities for staining. 

Fish habitat. 

Water sports Hindered access. 
Sight and smell of 
decaying plants on 
foreshore 
Fouled propellers 

Gamebird shooting Food for gamebirds 

Recreational and Fish habitat Nets entangled in weed 
commercial ftshing Fouled propellers 

Flies caught in weed 

Contemplative Food attracting birds 
recreation 

Nature conservation Preservation of 
native species o.",J, h",,\;,~coXs 
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Rlants would not have negative effects with uses ~an be 

identified. These units correspond approximately to where submerged 

vegetation formerly used to grow in the lake. 

We must now assess the feasibility of plants growing in these areas again. 

7.3.5 Management of the Lake Ellesmere environment the preferred strategy 

7.3.5.1 Management options and measures for plant re-establisment 

From the scientific results reported in Chapter 4 and Chapter 5 and from the 

ecological analysis of the re-establishment process described in Chapter 6, 

the causes of stress and perturbation on the aquatic plants of Lake 

Ellesmere are identified. It is now possible to evaluate their management 

significance. Table 7.4 presents management options and measures related to 

each possible cause. 

In relation to the re-establishment problem, the combination of measures to 

be chosen as preferred strategy may consist of: 

a short lake opening in early spring (September/October); 

prevent lower water-levels from falling below 0.5 m; 

no subsequent opening until February-March; 

control of black swan population especially if low lake levels occur 

over the plant growing season. 

7.3.5.2 Assessment of options and measures 

Assessment of management options indicate no single practicable measure 

which can achieve the management objective. This is especially true for the 

phase of re-establishment where the necessity to control the bird popUlation 

may be as important as setting an adequate lake level fluctuation and 

opening regime. 

Table 7.5 details variations of some parameters attached to lake level 

fluctuation for the period 1970-1988. These may be of particular relevance 

to plant growth. The types of duration curves refer to the classification 

adopted in Chapter 3 (p.63). The choice of O.Sm as a minimum lake level is a 

suggestion. It would aim at preventing exposure of potential areas for 



Table 7.4 Management options and measures for macrophyte re-establishment in Lake Ellesmere. 

N.B. Preferred strategies and measures are underlined. 

Causes of stress/perturbation 

High salinity 

High turbidity 
organic origin 

inorganic origin 

Turbulence 

Grazing 

Sediment accretion 

Lake-level fluctuations 

Management options 

Reduce lake water salinity in spring. 
Replanting effort in areas of low salinity. 

Reduce phytoplankton growth 
in the water column. 

Reduce inorganic suspensoid levels. 
Replanting effort in areas of low turbidity. 
Low water level in early spring. 

Reduce wave action in designated units 
for re-establishment. 
Replanting effort in non-exposed areas. 

Suppress grazing by black swans. 
Maintain high lake levels in peak periods. 

A void development of large beds of aquatic 
plants. 
Prevent wind-currents. 

Maintain growth areas permanently 
submerged over growing season. 

Management measures 

Short lake openings or increased freshwater inflow. 
Transplanting. 

Control of waterfowl population. 
Reduction of non-point nutrient run-off. 
Reduction of sewage discharge. 
Reduction of turbulence (see below). 

Reduction of turbulence (see below). 
Transplanting. 
Spring lake opening. 

Baffles and high water levels over 
growing season. 
Transplanting. 

Control of black swan population at low water levels. 
No opening between September and April. 

Weed harvesting or increase bird population. 
Baffles (islands) in the open lake water. 

Closing of the lake once O.5m water level reached. 
Prevent late spring and summer openings. 

N o 
0'\ 



Table 7.5 Data on some lake level parameters over the September-March period (1970-1987). 

Growing season starting in 70 71 72 73 74 75 76 77 78 

Type of duration curve 3 1 3 2 3 2 3 2 

Lake level< O.5m (% time) 70 0 3 0 15 5 38 7 12 

Minimum level (cm abo msl) 32 62 49 58 35 30 25 19 38 

Median level (cm abo ms) 45 82 55 78 70 91 64 83 67 

ab.msl = above mean sea level 

79 80 81 82 83 

2 3 3 3 3 

30 10 15 0 2 

16 36 25 63 31 

63 77 67 79 90 
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regrowth. The percentage of time water spends below this level may be the 

most important criteria governing seedling survival. Types of duration curve 

and median levels depend on its value. Under the current strategy of 

opening, involving digging of a channel, long periods at low lake levels 

could only be prevented by artificial closings once the 0.5 m level is 

reached. This is technically feasible (N.C.C.B, pers. com.). 

Suitable conditions for plant re-establisment as they existed in 1985-1986 

and 19d6-19b7 could be: (1) a duration curve of type 1, (2) a percentage of 

time the lake level is below 0.5 m less than 5%, (3) a minimum lake level 

not less than 0.4 m, and (4) a median level of approximately 0.9 m. 

Beyond the re-establishment aspect, maintenance of established plants should 

also be the object of assessment. Several factors may have to be optimized 

to ensure vegetation maintenance. Low salinity levels, low turbidity levels, 

along with high grazing pressure (that could have encouraged vegetative 

growth in established plants) may have created ideal conditions for 

luxuriant growth in the 1960s. Such conditions may be required for future 

maintenance. 

7.3.5.3 Discussion of recommended strategy 

The above recommended strategy is based on the scientific findings and ideas 

developed in the present work and in the literature, and also from four 

years of almost continuous observation in the field, which included the 

suuuen re-apVearance of 

(19bJ/~u and 190u/~7). 

submerged 

It was tne 

plants during two consecutive summers 

first significant growth recorded by 

All s~ 3~ ItS te:"t measures, al though fishermen since tile"\vahine" storm. 

unintentional, were in place during that time. 

The dearth of plants during summer 1987-8d may have resulted from a long 

period at low water level. 

have been under high grazing 

black swan popUlation. clence 

The limited regenerating plant material would 

pressure due to the presence of an increased 

the suggested measure to control the black 

swan population in the re-establisment phase. 

With respect to management goals such as maintenance or improvement of water 

quality, wildlife habitat, fishing conditions, and acceptable recreational 
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grounds, our preferred strategy has important implications: 

Low salinity levels may reduce the risks of Nodularia blooms. High 

summer water levels are likely to reduce nutrient resuspension from the 

sediment, thus reducing phytoplankton growth and organic turbidity (see 

Chapter 4) 

The fluctuating water level regime proposed would produce the range of 

water characteristics required to maintain microhabitat diversity and 

bird populations (of both waterfowl and waders) 

The timing of lak~·openings proposed enables spring inward fish 

migration and prevents outward migration increasing fishery value of the 

lake 

Recreational uses, especially involving boating would also benefit from 

relatively high summer water levels 

The strategy takes cognizance of Maori grievances, especially through 

retaining the lake at its optimum level for eel fishing and controlling 

the population of introduced black swan. 

With respect to farming, the implications of the strategy depend on climatic 

conditions during the September-March period. High rainfall over that period 

may contribute to rapid water-level increase which could flood adjacent 

farmlands. Two situations that could conflict with the suggested management 

might be envisagedi 

(a) the water-level target for opening is reached several months before 

March 

(b) the water-level target for opening is reached shortly before March 

In the first instance (a), a water-level of 1.OSm reached during the 

November-December period might be maintained at around that level due to 

evaporation, but it may also 

the catchment, leading to a 

Selwyn huts feel also at 

increase suddenly if heavy rainfall occurs in 

serious flood risk on farmland. Residents of 

risk under such circumstances as they are 

protected from the Selwyn river only by a stopbank. A permanent outlet 

structure appears in that case the best solution to these problems as it 

would allow control of water-levels. 
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No published study on the effects of flood on farmland adjacent to Lake 

Ellesmere has been found in the literature. Some questions may be formulated 

with respect to the preferred strategy 

1) could the low salinity levels recommended in the strategy reduce salt 

damage to pastures ? 

2) could such pastures benefit from flooding with Lake Ellesmere nutrient

rich waters ? 

In the second instance (6), where the 1.0Sm level is reached in February, 

flexibility could be applied to the present policy by delaying the opening 

in order to protect the fishery value of the lake. An opening at that time 

results indeed in a loss as eels can then escape to sea. Here again, 

climatic conditions of the moment will rule the timing of opening. 

The costs (extra-openings or closings) and environmental impacts (land 

exposure to floods) associated with such a strategy are likely to vary from 

one year to another and should be weighed against economic returns. These 

returns should include both market (e.g :fisheries) and non-market (e.g : 

recreation) values. This could be taken into account within a sound 

monitoring strategy (see Section 7.4). 

7.3.6 Management of lake environment supplementary measures 

There are several further management options (see Table 7.4) that may be 

useful as supplementary measures: 

replanting effort 

construction of baffles to dampen wave action 

reduction of phytoplankton growth, through treatment of point sources of 

nutrients (sewage_ ) and reduction of non point nutrient runoff (changes 

in agricultural practices, reforestation in upper catchment, development 

of buffer zones around farm lands) 

reduction of sediment accretion in the western part of the lake through 

creation of islands in the open lake 

weed harvesting in recreational areas 
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Replanting effort may be one of the most important supplementary measures to 

be considered. This technique is increasingly used in the restoration and 

management of seagrass systems. Planting will be successful only on 

suitable sites (see Fonseca et al., 1988). The best management approach 

remains to provide for optimum environmental conditions in potential or 

existing plant habitats. 

If planting is to be attempted, the Halswell- Kaituna management unit with 

low salinity levels and relative shelter from prevailing winds, appears to 

be the best prospect. 

Planting techniques can be obtained from Martin and Uhler (1939), McAtee 

(1939) and from the recent review on restoration of seagrass by Fonseca et 

ale (1988). The plant~ng should be carried out in areas unexposed to 

desiccation, to a depth where light is sufficient to sustain growth. Useful 

information about light requirements can be found in Chapter 4, while some 

indication of plant distribution and plant biomass in relation to depth is 

provided in Chapter 6. Information on sediment can also be obtained from 

Campbell and Walker (l978). Potamogeton pectinatus with its tubers easy to 

collect, its rapid horizontal and vertical growth under low light and 
~ e>- co..",..l;<{o.t:<. ~or rc. f\oJo1";~ 

turbulent conditions, is very appealing) It is found in the nearby Lake 

Forsyth. This species and other species (including guppia spp., Lepilaena 

bilocularis and Lamprothamnium papulosum) could be cultured and stored by 

management agencies in ponds or tanks. 

Planting could be accompanied by the use of baffles in more exposed areas 

where re-establishment appeared desirable. The same type of baffle as the 

one used in Lyttleton Harbour (Plate 7.8) could be envisaged at low cost 

(use of old tyres). 

Other measures such as the reduction of phytoplankton growth might rely on 

the development and outcome of models such as those presented in Figure 7.1. 

Supplementary measures can therefore be seen as complementary measures. 

Like the main measures, they could be assessed through the implementation of 

a monitoring programme of which we propose now to outline the main 

directions. 



Plate 7.8 A type of baffle using tyres in 
Lyttelton Harbour. 
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7.4 Role of monitoring in integrated management 

7.4.1 The philosophy of experimental management 

The next principle of our management approach relates to the necessity of 

monitoring environmental parameters and strategy performance. 

Fox (1974), reported in Weisser and Howard Williams (1982), identified three 

stages in the history of lake management in the United States: 

(1) the optimization approach in which it was assumed that the role of the 

resource manager was to identify and carry out the best management plan 

(2) the alternatives approach which succeeded it, arising from the 

realization that since values associated with water resources could only 

be determined subjectively, the task of the planner-manager was not to 

determine what was best. The task was seen to specify the consequences 

of alternative courses of action in physical, biological, economic and 

social terms, so that the public and its representatives could make an 

intelligent choice about the management plan that best serves the public 

interest (Fox, 1974) 

(3) the creative ~earning approach developed later because it was soon 

recognised that predicting with complete assurance the consequences of 

alternative courses of action was impossible. Fox states: "The 

planner must have the humility to accept the obligation to inform others 

that his alternative plans and his estimates of their consequences are, 

in fact, alternative hypotheses and that whatever alternative is 

adopted, will be in the nature of an experiment rather than being a 

programme tilac will acnieve a predetermined result. ,de must be prepared 

to make changes as experience is gained with the experiment. II 

Such creative learning appears essential for the future management of Lake! 

Ellesmere. If tne proposed strategy were to be implemented, in the form of 

experimental management, creative learning could ensue. Three important 

aspects attached to the notion of such experimental management are the role 

of information, 

skills. 

tile ne~ for a coordinated research, and communication 

I 
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7.4.1.1 The role of information 

Much information on physical, chemical, biological, ecological, economic and 

sociological aspects of the lake has been obtained during the last fifteen 

years, but only within the frame of the "status quo" strategy. Although of 

scientific value, that information has not necessarily increased the 

understanding of the problem. It may actually have only served to confuse 

the issues. Thus, when one examines the proceedings of the Lake Ellesmere 

Symposium held in 1980 in Christchurch, one perceives contributors talking 

past each other. On one side were scientists interested in water quality 

aspects. On the other side, users and managers concerned about how lake 

level control affect values in the system. If the problem had not been 

defined adequately, the information collected could not be expected to be 

focussed on the resolution of any clearly defined issue. 

It is only recently (probably 

environmental attitudes) that some 

negative effects of the "status 

in relation to changing social and 

information has clearly documented the 

quo" strategy on some natural and 

recreational values of Lake Ellesmere (e.g. O'Donnell, 1985). It was 

therefore desirable to further investigate the effects of the existing 

management strategy. The present study, with a clearer definition of the 

problem and the objectives, indicates that there is greater need for 

knowledge of the causal mechanisms than there is for more data as such. 

Understanding of the mechanisms affecting plant growth was facilitated, to 

some extent, by the fact that environmental conditions such as those 

suggested in the preferred strategy occurred during the course of study, 

providing a unique opportunity to apply ecosystem theories to our practical 

problem. 

What we can already suggest therefore, is that such conditions should be 

more often the result of a temporarily controlled situation, so that 

scientists in hydrology and zoology as well as botany and limnology, can 

concurrently gather experimental data related to such a situation. It will 

be recognized from the later discussion of a monitoring programme that 

information obtained concurrently in different phases of what is essentially 

an uncontrolled experiment can serve to give some credibility to the results 

and inferences. 
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7.4.1.2 The need for long-term coordinated research and the character of 

its approach 

Because of the long periods (and high associated costs) required in 

experimental management, along with the lack of readily available controls 

for demonstrating cause and effect in a complete ecosystem, little effort 

has been devoted to evaluating management techniques and programmes (Weller, 

1978). 

Odum (1986) identified three further reasons why "applied" scientists have 

been so slow to apply ecological theories to practical problems: 

1. The "quick fix" works very well in the short-run of political and 
economic worlds. But "when numbers of small 'quick-fixes' are made 
independently, the central problem is not properly addressed; decisions 
at a higher hierarchical level, that would benefit the whole, are 
accordingly not made". 

2. "Although the philosophy 
sense of attempting to 
actual trend of science 
more reductionist." 

of science 
understand 

in the past 

has always been holistic, in the 
the whole of the situation, the 

few decades has become more and 

3. The last reason is linked to the persistent scepticism of many 
scientists towards the theory held for a long time by some ecologists, 
and also philosophers, that, at levels of organization above the 
organism, the whole is more than the sum of the parts. 

Scientists may be categorised as reductionists and holists. These 

categories correspond to different intellectual preferences resulting from 

personal biases that can lead to different perceptions of a particular 

problem. One scientist may be at one time holist, at another time 

reductionist. Such differences in perception are important when one 

attempts to develop modelling procedures. For instance, the trade-off 

between complexity and simplicity in the choice of a model is one of the 

most difficult modelling problems (Jorgensen,1986). Many ecologists have 

indeed questioned the need for studies of the whole ecosystem and focussed 

their attention on carefully chosen sets of subsystems. In the present 

study, some alternation has been practised between the two extreme 

approaches. As well as reductionistic relationships that tell us about what 

change in one observed quantity corresponds to change in another quantity 

(e.g: Chapter 4 and Chapter 5), we have also used general system principles 

to supplement empirical information by indicating its limits or by pointing 
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to causal mechanisms that may need to be considered as well (Chapter 3, 

Chapter 6 and this chapter). We note the value of stochastic models in the 

understanding of plant dynamics. In such models, predicted values depend on 

probability distribution in opposition to deterministic models where 

predicted values are computed exactly. Thus, On one hand we have models 

that can be used as research tools (reductionistic, deterministic) with 

high degrees of accuracy. On the other hand, we may have models that better 

suit the need of managers and decision makers for only relative accuracy. 

These strong differences in scientific approach can have powerful 

influences on the use of research and information. Miller (1985) looked at 

the psychosocial origins of conflict over pest control in North America. He 

used two dimensions in order to depict intellectual styles : the objective

subjective and separation-integration dimensions. These are illustrated in 

a figure reproduced on Figure 7.8. It helps one understand that conflicts 

between scientists may even go 

once people start being guided 

feelings become the source of 

beyond the reductionist/ho1ist difference 

by subjective views in which emotions and 

information. In the Ellesmere situation, 

management in the past has been influenced 

particular, an obvious farming-orientated 

Today, too much emphasis on conservation 

by subjective views with, in 

single management strategy. 

issues presents the risk of 

maintaining in place similarly subjective views in the future management. 

It is clear that each intellectual style leads only to a partial perception 

of the problem. It is therefore desirable that all four perspectives be 

integrated. 

To achieve such a difficult task may call for both interdisciplinary 

approach and multidisciplinary elements. Recently, Adams and Farmer (1987) 

pointed out how physiological ecology, population biology, community 

ecology and ecological theory all contributed to understanding submersed 

macrophyte vegetation. Such disciplines interact to provide an 

interdisciplinary approach which has implications for both basic botanical 

science and management strategies, as demonstrated in the present study. 

We have thus been able to address more precisely some central management 

aspects of Lake Ellesmere such as the timing of the openings and optimum 

water-levels. 
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~,he need for a mu~tidisciplinary approach results from the inability of 

individual disciplines to address a problem satisfactorily. Stewart (1987) 

has looke~ at the usefulness and limitation of different perspectives such 

as ethics, ecology, economics and humanism in the identification, 

characterization and evaluation of wild nature resources. His analysis 

highlights the increased understanding gained from incorporating the 

strengths of each discipline into a coordinated approach. If co-ordination 

of enquiry and management is to be sustained among the different fields of 

enquiry then development of . communication skills is paramount. 

7.4.1.3 Communication skills 

c 
One view hold by McCorm~ (1978) can be endorsed with respect to this 

aspect : 

" Scientists who seek to preserve the wetland system must strive to expedite 
the transfer of their expanding knowledge to the applicators who regulate 
wetlands and to the public who, through our political system, regulates the 
regulators. In turn, the applicators must recognize the gaps in the vital 
knowledge of the resources they control, must alert the scientists to their 
needs, and assist the scientist to obtain the time and money to collect and 
analyse new information ••• Communication is the most important aspect of all 
transactions between human beings. It is the most difficult, but the most 
influential tool available in the politics of ecology ••• The scientist must 
therefore communicate in simple English or he will be frustrated by the lack 
of acceptance of his ideas." 

A constant effort of con~unication with other scientists, managers or users 

of Lake Ellesmere has prevailed throughout the study, with several seminars 

or conference papers, plus numerous informal conversations with 

representants of each user-group, including farmers, fishermen, Maori 

people, recreating people, and also representatives of management agencies 

(Department of Conservation, North Canterbury Catchment Board). This process 

has helped first in the definition of the problem and then in developing 

appropriate research that could provide adaptive answers for the managers 

and decision· makers. It is vital that such communication be designed to 

foster a climate for the creative learning approach. If it promises 

definitive answers it is fatal to all. The importance of communication 

between scientists, between scientists and managers, and more generally 

between all people involved in a decision making process, has for some time 

been emphasized (see Eckenfelder, 1973; Glaser et al., 1983; Boulding, 

19133). One aspect that we see important is the communication with the 
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general public. Pamphlets or small illustrated reports explaining basic 

hydrological, biological or ecological processes in Lake Ellesmere may help 

communicate scientific results and their implications upon management to the 

users. The role of such public communication is as vital as that outlined in 

the previous paragraph. False expectations must not be encouraged. 

Uncertainty remains the central condition of all analysis. Continuing 

research will be always needed to investigate the complexity of the system 

and to improve management adaptations. Public understanding may become then 

the key to support a monitoring programme based on what is here 'creative 

learning'. 

7.4.2 Monitoring programme 

An error that has been made in the past, perhaps, was to consider shallow 

lakes like deep lakes. The realization of differences in behaviour. between 

these two extreme categories of lake is only recent and has drawn more 
Clo.~~o'" M<\ 

specific attention in New Zealand only recently (see~erbeaux, 1987). Among 

such differences, one aspect affects the monitoring of environmental 

parameters. It is clear from the results of the present study that lake 

openings (through salinity and water level fluctuations)and wind affect the 

ecosystem considerably. These influences vary irregularly throughout the 

year. A sampling strategy should therefore focus on these variations more 

than on seasonal variations as it is commonly done for deep lakes. Clearly, 

samples and measurements taken before and after a lake opening or during 

different wind conditions will bring much more information than monthly 

random samples on a seasonal or annual basis. Among some parameters of 

particular importance with respect to 

turbidity, water levels and salinity. 

the role that these parameters play 

chemical and biological conditions of 

macrophyte growth are wind speed, 

Recent publications have highlighted 

in controlling the overall physico-

Weller, 1978; 

a!., 1988). 

follow. 

Williams, 1981b; Carper 

shallow lakes (see for instance 

and Bachmann, 1984; Hamilton et 

Some suggestions on how these parameters could be monitored 

Wind speed 

Wind charts obtained from the Taumutu station have proved to be very useful 

for evaluating sediment resuspension (see Chapter 4). Similar information 

could be obtained for the other management units by setting up temporary 
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meteorological stations which would enable relationships between each of 

them and the nearby Lincoln meteorological station to be established. Such 

relationships have been established for Taumutu on a daily and monthly basis 

and have been presented as regression equations in Table 3.5 (p.49). They 

showed high correlation coefficients and could be obtained on a 4 hrs basis 

as well. This could help monitoring of the long term light conditions in 

the water column for each area by using equations similar to those presented 

in Chapter 4 (see Table 4.12). 

Turbidity 

As just suggested, this parameter can be related to wind speed in order to 

evaluate the variations of light intensity in the water column (see Chapter 

4). This is an easy and cheap parameter to measure and it consists of a 

simply prescribed water sample. Daily samples taken by a fisherman for 

instance would constitute an ideal data base to assess not only the effect 

of wind but also the effect of water-level fluctuations on turbidity and 

consequently on variations in light intensity in the water column. 

Salinity 

Salinity could also be measured daily in 

importance is really connected to lake 

analysis presented in Table 3.6 should 

order to detail further the effect of 

samples taken by a fisherman; its 

openings. It is felt that the 

be more thoroughly investigated in 

length of openings/closings. The 

effect of such alterations on the biota (invertebrates, fish and bird 

especially) is not known for Lake Ellesmere and should be studied. 

Water-level fluctuations 

The efiect of tnis factor on tile biota requires more attention. It is 

indicated in the present work as a very important factor affecting the 

growtn of submerged aquatic 

equally important. It also 

plants. Its 

influences 

role 

fish 

on emergent vegetation is 

and bird populations. Lake 

level duration curves reflect different hydrological regimes and may provide 

useful information. Its monitoring can continue with installations such as 

at Taumutu and further bathymetry can assist its local interpretation. 
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Nacrophyte growth 

Continuous estimates of plant biomass should be taken in the management 

units where aquatic plant growth was identified as desirable so it can be 

monitored with a view to relating estimates to environmental factors and 

animal production. 

The necessity and the feasibility of implementing such programmes may be now 

evaluated in regard to present orientations taken by management authorities. 

7.5 The Lake Ellesmere Conservation Order and the Lake Ellesmere Management 

plan 

During the course of study, important developments about the future 

management of Lake Ellesmere have taken place. In particular, the Minister 

of Internal Affairs has applied for a National Water Conservation Order in 

view of the outstanding wildlife habitat values of this wetland. The North 

Canterbury Catchment Board has made considerable progress towards the 

completion of a resource management plan. Two meetings related to these two 

exercises, one held at the N.C.C.B. offices in June 1987 and the other as a 

public hearing organised in early 1988 by the National Water and Soil 

Conservation Authority to consider submissions 

application, have given the opportunity to 

and objections to the N.C.O. 

all user-groups to represent 

their views and to discuss major issues concerning the lake. These meetings 

allowed further insight into present lake-user's requirements. They also 

allowed some assessment of whether the measures presented in the previous 

chapter were compatible with these requirements. 

7.5.1 The National Conservation Order 

An application for a Ivater Conservation Order in respect of Lake Ellesmere 

was lodged by the Minister of Internal Affairs on the 27th of June 1986. The 

application sought to protect 

wetland which were identified by 

the outstanding wildlife values of this 

O'Donnell (19d5) as being of international 

importance. ~hile it accepted the existing lake opening criteria set by the 

N.C.C.B. to protect surrounding farmland from flooding, the application 
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sought to modify other aspects of lake level management to meet bird habitat 

requirements. It also asked for no new water rights to be granted within a 

defined area of the lake, except for non consumptive uses related to fishing 

interests, wildlife management and maintenance of drains and river mouths. 

From the announcement of the application, different people expressed concern 

lest seeking a Conservation Order might limit the proper assessment of the 

balanced use of the resource. Such concerns were expressed at the North 

Canterbury Catchment Board and were reported in the local press at the time 

(see Appendix 2). 

In a submission on the application (see Appendix 3), I wrote: " I see the 

Conservation Order as a first step towards balancing conflicts. However, it 

does not address all the issues related to the resource, such as those of 

fisheries, water quality and recrea"tion." A similar perspective was 

suggested by Judge Jefferies in the High Court decision on the Rakaia River 

(South Island) Nationa] Conservation Order application, when he said: "an 

application for a N.C.O is best treated as a triggering mechanism to set in 

train a full investigation to achieve a worthwhile national water 

conservation order rather than to concentrate simply on a request made by an 

application" (cited in N.C.C.B.'s submissions on the Ellesmere application). 

This argument is further developed by the N.C.C.B. in its submissions: 

"Possibly with the exception of information on wildlife, the board does not 

believe that at this time the necessary full investigations have been 

undertaken or completed, and reported on, e.g on Maori values, value of farm 

production, recreation requirements, fisheries requirements, lake openings 

effect on salinity." 

It should be acknowledged that values related to Lake Ellesmere have 

dramatically and rapidly changed in recent years as a result of new social 

and economic attitudes in New Zealand. ihis may have considerably confused 

the definition of problems. \vhile farming v"alue has dominated during the 

past decades, recreational values and conservation values seem to play now a 

preponderant role in tile management of such resources. Furthermore the 

traditional Maori values of the wetland and the lake itself have been the 

suoject of an enunciated claim to the Waitangi Tribunal. Several submissions 

have perceived a heavy bias on value for wildlife in the N.C.O. application. 

This may be considered fair comment. Kecently, daltby (l9dd) has warned 



222 

wetland scientists against relying on such bias: "Wetlands are rare or 

uniquely important and require complete protection for nature conservation 

reasons. However this is not an effective argument to use in preventing loss 

or degradation of the remaining wetlands of the world. The future of these 

areas lies in their sustainable utilization and demonstration of their 

values as wetland ecosystems versus competitive land uses." 

In the opinion of some parties, the application for a conservation order is 

defective in its definition of lake and wetlands. The question "where does 

the land start when fluctuating water levels occur?" is a source of 

confusion which only helps to exacerbate conflicts between lake conservation 

order applicants and land owners. A clear definition of what shallow lakes 

are may be required in the future in order to provide an answer to this 

question. This matter is considered in Chapter 8. 

The management measures presented in this work are in general agreement with 

the criteria proposed in the N.C.O. application. The usefulness of these 

measures with respect to other values of the lake such as fisheries, water 

quality and recreation has been highlighted in order to ensure a balanced 

consideration of other uses than wildlife. However, these measures do not 

address the question of land uses in the catchment and are therefore 

regarded as only one aspect of the lake-catchment system management. The 

lake management plan in preparation appears to be the best tool to provide a 

broader perspective on this. 

7.5.2 The Lake Ellesmere Resource Nanagement Plan 

'When setting priorities for developing a management plan for Lake Ellesmere, 

the North Canterbury Catchment Board had to choose between a reactive 

planning approach (i.e aimed at resolving 

pre-emptive planning approach (i.e. aimed at 

resources). Accordingly, the board had to 

perceived lake problems) and a 

ensuring wise use of the lake 

decide how much of its own 

resources it could allocate to each approach. With the development of a 

broad study of tIle lake and its catchment, the board seems to have favoured 

essentially the second approach which is often regarded as" the ideal 

approach given that it is usually cheaper in the long run to avoid problems 

tnan to have to solve tnem ,,\ (t'JcColl and Fisher, 1987). 
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The difficulty in such approach is that it involves an immense task where 

investigations are often long and costly while sometimes providing only 

vague answers to the existing problems. This arises in this approach, 

because the problems are not generally clearly defined and do not need to be 

for the perspective of the pre-emptive plan to be achieved. 

It is too early to assess the outcomes of the Lake Ellesmere management plan 

for it has not yet been completed. It has already filled some important 

information gaps about the catchment (e.g. ground water, surface nutrient 

flows). With respect to understanding of the lake ecosystem functioning, 

the progress may have been more limited. 

In the present study, a problem-oriented approach was decided. Once the 

problem defined (the disappearance of macrophytes from the lake and its 

potential effect on other ecosystem values), a reductionistic scientific 

approach and-a holistic management approach have led to the identification 

of concrete and applicable measures. 

: Thus, aquatic plant management should be an integral part of future 

management with plant re-establisment a major goal. Pursuing such a goal may 

imply participation of several specialist agencies that could assess more 

precisely the role of macrophytes in their respective fields. This is 

especially true for wildlife, fisheries and water quality. Catchment 

authorities have a leading role in coordinating effort by these agencies to 

implement lake management plans. As suggested by McColl and Fisher (1987), 
1/ 
because existing legislation does 

probably depend on the vigour with 

goals". 

not require this, successful action will 

which a lead agency pursues management 



CHAPTER d 

SOME PERSPECTIVES FOR SHALLOW LAKE MANAbEMENT IN NEw ZEALAND 

d.l Introduction 

Limnological Society held in iVlay 

shallow lake management problems 

At tne annual meeting of the New Zealand 

19d1 at Lincoln College, a workshop on 

allowed tne main issues faced by shallow 

identified (see Clayton and Gerbeaux, 

features described for Lake Ellesmere (e.g. 

lake managers in New Zealand to be 

1~87). It was realised that the 

macrophyte decline, lake level 

fluctuations or eutrophication) are also major issues in many other shallow 

lakes. In toe light of tne Ellesmere experience, this chapter aims at 

higliligncing some perspectives for future management of such ecosystems. 

0.2 Attitudes to lake management 

d.L.l General attiLudes to lake management 

In tne previous chapter, three pnases in United States lake management 

history were identified from iox (1~7q): optimization approach, alternatives 

approach and creative learning. The two approaches identified in New Zealand 

lake resource planning, "reactive planning" and "pre-emptive" planning 

(McColl and Fisher, lYd7), may be described as a choice considered as 

precursor to the optimisation approach and its successors. More generally, a 

spectrum of attitudes can be recognised as underlying our resource management 

or planning approaches. Among tne attitudes in such a spectrum are the 

following: 

(i) proLection/preservation: protection measures aim at preventing 

degradation of specific components of an ecosystem; 

(ii) cunservation: less absolute tHan protection measures, aim at wise and 

maximum use of the resource for a maximum of users and for as long as 

possible; 

(iii) amelioration: measures include introduction of desired species or 

elimination of unwanted ones. Development of cultures (aquaculture, 

etc.) is included here; 
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(iv) restoration: measures aim at restoring the original state; 

(v) rehabilitation: often used in management of mUltipurpose resources, it 

compromises the goals of each of the above attitudes; 

(vi) attenuaLion/palliative: measures which reduce the detrimental effects 

of sometning of which tne cause is ignored. This the "l/uick-fix" 

option; 

(vii) "leave it alone" or "status-quo": no measures. 

Some of tnese attitudes can be recognised in the Ellesmere situation. It may 

be noted that most of these historical attitudes have been displayed towards 

the surrounds, not the lake proper. Until recently in European history in New 

Zealand, tne lake body was left to look after itself so long as it did not 

flood tne land. Chronologically, amelioration was in the mind of those who 

wanted to develop agriculture around the lake margins and the lake opening 

policy resulted from this attitude. A "status-quo" attitude to the lake 

itself has existed for decades and in regard to the lake opening regime, 

exists since 1~4i. The conservation order application and the purchase of 

land around tne lake by tne Department of Conservation can be perceived as 

protection measures. ~egrowtn of macrophytes would be seen as restoration and 

conservation measures. Another potential amelioration measure could be the 

development of aquaculLure in tne lake. The management plan aims at lake 

rehabilitation. 

~.2.2 A traditional approach to lake management 

Une particular associated witn most New Zealand shallow lakes is their 

traditional Maori use. Many of the lakes, in coastal areas especially, have 

thus been managed for a long time both for eel fishing and other functions as 

mahingakai, and also flood protection. The fluctuating water levels that 

resulted froITl such uses (as described ior Lake Ellesmere) became semi-natural 

features of these lakes, whiCH maintained adjacent flax swamps and their bird 

snaring reserves or timber reserves, also important for other Haori uses. but 

such economic usages of these wetlands were generally disregarded by European 

settlers. The attitude of tnese latter was to lead to such long-standing 

dispute~ as for instance that between 

(.wr ttl Island) who wished to retain tue 

eel iishing, and the farmers who wished 

provide more farm land (ilallara, l~dO). 

tile lVlaori owners of Lake Wairarapa 

lake at its optimum level for their 

to drain it to a lower level to 
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The wairarapa example and the w'aihora or Ellesmere case show that 11aoris have 

for a long time sought recognition of their rights and inputs to lake 

management. They are now seeking recognition of their rights to such 

treasured resources under the Treaty of w'aitangi. The Ngai Tahu people have 

lodged a claim for the lake with the w'aitangi Tribunal as one of their 

representatives is reported to have said at the North Canterbury Catchment 

Board: "we are not very anxious to have anyone tell us how to run what we 

consider to be our food basket". 

Jr 
A draft cnapter of the World Conservation Strategy von the contribution of the 

indigeneous peoples to sustainable development identifies this contemporary 

approach:" indigeneous peoples have only two options for the future: either 

to return to their ancient way of life or to abandon subsistence altogether 

and become assimilated into the dominant society. Indigeneous peoples should 

have a tnird option: to modify their subsistence way of life, combining the 

old and tne new ways that maintain and enhance their identity while allowing 

their society and economy to evolve" ( Anon. Tradition, conservation and 

development, l~oo). 

Associated notions of stewardship or of oneness with nature that are ascribed 

to indigeneous people may not properly 

tneir economy. vlhat is now more and 

represent either their cosmology or 

more recognised is that they might 

represent a crucial step for developing an equitable partnership between 

indigeneous peoples and government authorities of dominant cultures. In New 

Zealand it seems important to nave Maori people articulate their own values 

and traditions. 

As part of Maori tradition, the appointment of guardians to protect lakes and 

their resources was respected by all tribespeople. Morris te Whiti Love can 

be quoted here witn respect to Waihora: "Tuterakiwhanoa was a protective 

taniwha who preserved the lake as a source of food and any breach of respect 

by any of the tribes occupying land around the lake was fatal" (The Press, 

April Id, l~dci). Today, tne Naori view of Lake Ellesmere's management 

involves opening of tne lake to enhance the fishery, promotion of the 

regeneration of aquatic weed beds and any action improving water quality, 

incluliing tile control of birds, tne control of the use of lake margins and 

tIle control of tile inflow streCims (The Press, April 10, 198b). 
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Nowadays, shallow lakes are noc managed simply for lvlaori eel fishing or flood 

protection only. 'fhey are also managed for wildlife, for commercial 

fisneries, for recreation and for scientific purposes. Thus, they have 

progressively become of interest to 

cunflicts have inevitably increased. 

several categories of user-groups, and 

One common factor seems to remain 

however tue suurce of arguments 

lake level fluctuacions. 

the definition of a lake in the face of 

8.3 What is a shallow lake? Some legal implications 

It has been suggested in the previous chapter that a clear definition of 

shallow lakes would be desirable. When it comes down to legal aspects, as in 

the case of conservation orders, the boundaries of these low gradient systems 

wher~ ~ater levels fluctuate by I or 2 meters with substantial areal 

implications are indeed very difficult to define. 

A lake consists of two distinct parts, the basin and the water body, and the 

latter cannot exist without the former. The surface area of the lake basin 

which LJecomes "land" at low lake levels 

approximately in Lake Ellesmere). when 

elaborated, different definitions are often 

can be very large (e.g. 4000 ha 

lake management policies are 

used; e.g. Lake Tuakitoto, Lake 

Wairarapa and Lake Ellesmere. Eacil had a different definition when Water 

Conservation Orders were sought. 

For Lake Tuakituto, Riddell (19d7) argued that only a hydrological 

definition could take into account tile dynamic nature of this lake ecosystem. 

She defined then the lake as being the water body and the basin (lake bed and 

beach area) between the "naturally" occurring maximum and minimum water 

levels under the present hydrological regime. Although not clearly stated, 

this definition implies tne choice of a time scale in order to validate the 

"natural" character of the lake dynamics. 

In the case of Lake Wairarapa, another shallow lake in the North Island, the 

outer limit of the lake was defined as the point wher~ vegetation changes 

from aquatic to terrestrial. Different definitions might appeal depending on 

whether you are an hydrologist or a biologist. Although both are arbitrary, 

the former of the two definitions appears to show more consistency. It will 

result in one single contour for the whole lake basin. The second definition 
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apvears too vague as depending on tHe conditions of soil saturation around 

tne lake, a cnange from aquatic to terrestrial vegetation may occur at a 

different level from one shore to tue other. It is also likely to be affected 

by marginal vegetation of incoming streams. 

In the Cdse of Lake Ellesmere, the lake was defined in the cl.C.U. application 

with a boundary at two contour heights. As pointed out by one objector, it 

is, as a matter of logic, impossible to have. 

Such confusion is probably one of the reasons why Water Conservation Orders 

become lengthy and costly processes in New Zealand. As reported by Cowie (in: 

Harper, 1967): "The result of 12 applications over 4 years? - only 2 fully 

resol ved" • ··Cowie further concluded that because of these legal 

technicalities, the Water Conservation Order process needed simplification. 

-He also pointed out that few means were actually available to protect the 

land-water interface in general. Conservation orders cannot cover wetlands. 

The Town and Country Planning Act is also deficient in this area. 

,. 
A definition of wetlands has been found for New Zealand. "Wetlands are areas 

of marsh, fen, peatland or water, whether natural or artificial, permanent or 

temporary, witn water tuat is static, or flowing, fresh, brackish or salt, 

including areB,s of marine water, tue depth of which at low tide does not 

exceed six meters" (Article raj, Appendix 1, Extract from Conservation on 

Wetlands, Department of Lands and Survey, Nelson, l~ol). using that 

definition, most shallow lakes can therefore be perceived as wetlands. As 

yet, however, no firm legal grounds have been properly established in New 

Zealand for wetland proLection as such. In that respect, the North American 

experience (see ~itsch and Gosselink, 1966) might be valuable, although it 

was concluded there that no answer to "what is a wetland?" should be expected 

either. It is rather suggested that just as important as the precision of the 

definition of a wetland is the 

to this and in the light of 

the w"ater Conservation Order, 

appears totally fallible. 

consistency with which it is used. In regard 

the above examples using different definitions, 

at least as it applies to lakes, process 
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8.4 What are we managing shallow lakes for? 

Defining shallow lakes as wetlands may offer several advantages, the main one 

being perhaps that it brings a new perspective on how to study these 

ecosystems. It has already Deen said that shallow lakes should not be looked 

at Dy scien~ists as deep lakes. The fluctuations in time and space occur 

indeed at a different scale and this should inevitably influence the approach 

to sampling or monitoring for instance. 

Our literature search has imperceptibly directed us to the wetland literature 

where most answers to our scientific and management problems such as those 

related to lake level fluctuations were found. 

Priorities for investigators in shallow lake resources are set in relation to 

major uses and major management problems. 

Zealand by Clayton and Gerbeaux (1987). 

These have been reported for New 

They may vary from one lake to 

another. Management decisions will therefore only be local decisions. But 

major management goals are likely to be found amongst those listed by Stearns 

(l97d) , i.e.: 

1. Maintain water quality 
2. Reduce erosion 
3. Protect frum floods 
4. Provide a natural system tu process airborne pollutants 
5. Provide a buffer between urban, residential and industrial segments to 

ameliorate climate and physical impact such as noise 
o. f1aintain a gene pool or marsh plants and provide examples of complete 

natural communities 
7. Provide aesthetic and psychological support for human beings 
d. Produce wildlife 
~. Control insect populations 

lu. Provide habitats for fish spawning and other food organisms 
11. Produce food, fibre and fodder 
lL. Expediate scientific inquiry. 

This long list highlights the many roles that shallow lakes can play and 

gives us an interesting perspective on what shallow lakes can be managed 

for. This perspective is comprehensive and broader than simply aiming at 

managing these lakes for eel-fishing or agriculture. It is therefore 

strongly appealing for future management. It also helped to look at those 
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ecosystems as something else than dirty and muddy areas not worthy of 

attention. 

The contributions of aquatic plants towards some of these goals may be 

essential and it is now time to summarise within the above perspective, the 

main conclusiuns tnat come out of tile present work. 

8.5 Potential contributions of aquatic vegetation in shallow lake management 

~.5.1 Contributions to uses 

SUDmerged and emergent aquatic vegetation provides an important food supply 

and a good habitat for both bird and fish populations. It benefits therefore 

wildlife including migratory bird species, recreation (game shooting, bird 

watching, fishing), and fisheries (Naori, commercial). 

Naintenance of native wetland species also contributes to reduce encroachment 

of introduced weed species. Shallow lake margins often contain a number of 

interesting and uncommon species which may be vulnerable to further 

agricultural development. These are particularly important to scientists. 

The negative contributions of submerged macrophytes to water sports including 

power-ooating, water-skiing or wind-surfing should also be recognised. It 

means for inscance that restoration (as defined in Section 8.1) of the "weed 

beds" in Lake Ellesmere may not oe desirable: rehabilitation of aquatic 

plants seems more appropriate. In large lakes, the definition of management 

units accompanied by a description of tneir uses, may help to separate areas 

where macropnyte growtn is desirable from tnose where it is not. 

This helps us formulate a first conclusion: 

aquatic vegetation through its important contribution to uses needs to be 

rehabilitated in Lake Ellesmere and other shallow lakes where its decline has 

reduced such contribution. 
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8.3.2 Aquatic vegetation rehabilitation and shallow lake management 

The present 

rehabilitation. 

study has focussed 

In Lake Ellesmere, 

on submerged 

the analysis of 

aquatic vegetation 

causal factors of 

macrophyte decline has highlighted the role of natural disturbances like 

wind, and the role of anthropogenic disturbances like lake openings. Thus, 

lake openings through lake level fluctuations and inflow of sea water were 

shown to have an important influence on two major growth-regulating factors: 

light and salinity. Under contro~ed conditions, native Ruppia species, which 

are also found in other shallo./r"coastal lakes, tolerated better in their 

early stage of development a combination of high light intensity and low 

salinity. Evidence from tne field supported this and showed that when these 

requirements were met through adequate management of lake opening (i.e. 

adequate timing and length), plants could grow well. Visits to other similar 

habitats (in tlawkes Bay and South Canterbury) and discussions with their 

managers support these findings. This leads us to a second conclusion: 

macrophyte rehabilitation in shallow lakes is dependent upon appropriate 

management of lake level control. 

Appropriate lake level management for aquatic vegetation consists of low lake 

levels in early spring to encourage germination and development of seedlings, 

followed by slowly increasing water levels with no further sudden drawdowns 

over tne growing season. Such a regime offers the advantage of meeting all 

user-group requirements. Another conclusion results from this: 

macrophyte rehabilitation in shallow lakes may lead to new lake management 

strategies that can contribute to conflict resolution between users over lake 

level control. 

Regeneration of aquatic plants in shallow lakes may also contribute to 

improve water quality, bird and fish habitat and reduce at the same time the 

number of management strategies that may be needed to address these points 

individually. Thus: 

due to the stochastic nature of shallow lake ecosystems, macrophyte 

rehabilitation may result in widespread and lasting benefits beyond the 

species or community level, at the system level. 
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Such benefits will remain, however, uncertain until macrophyte rehabilitation 

has taken place. An advantage of the suggested rehabilitation strategy is its 

potential for rapid implementation. 

8.6 Conclusion 

The value of aquatic plants 

suggested in tne literature, 

improvement of water quality 

in lake ecosystems is more and more often 

especially with respect to maintenance or 

and as fish and wildlife habitats. This 

dissertation was tnerefore based on a first assumption that it is desirable 

to re-establish aquatic plants in habitats from where they have disappeared, 

as in Lake Ellesmere. 

The existing management strategy in Lake Ellesmere has not enabled aquatic 

plant re-establishment after tneir disappearance. Conflicts between users 

remain. A second assumption was implicit, that such an existing strategy was 

inadequate and that a new strategy that encourages plant growth in the lake 

may exist. Such new strategies might be sought for coastal lakes of similar 

shallow character addressing the problems of controlling flood regimes, 

facilitating reduction of conflict between uses and pursuing goals associated 

with the values or macrophytes. 
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APPENDIX 1 

Recently, several authors have contributed to a better understanding of 

wind resuspension (Carper and Baclunann, 1984; Gabrielson and Lukatelich, 

1985; Demers and Therriault, 1987). All of them attempt to define when 

dependence on wave energy, 

wind velocity. Carper and 

U.S. Army Coastal Engineering 

resuspension takes place and acknowledge its 

looking therefore for a level of critical 

Bachmann (1984) refer to the work· by the 

Research Centre (1977) in their study of a prairie lake of Iowa. Their 

calculations rely on two equations that are also described in Smith (1979). 

The first one relates the wavelength (L in metres) of a deepwater wave to 

its period (T, in seconds): 

(a) L = gT2/2TT (with g = acceleration due to gravity) 

The second equation is: 

(b) gT/w = 0.46 [gF/w2]0.2d 

where w is the wind velocity (in m/s) and F the effective fetch (in 

metres), which is a weighted mean fetch that takes into account effects of 

islands or irregular shorelines. Wave energy is often related to the square 

of wave height which is a function of three main parameters: wind velocity, 

wind duration and fetch (U.S. Army Coastal Engineering Center, 1977). \vave 

height (H, in meters) can be obtained from the equation: 

(c) gH/w2 = 0.0026 [gF/w2]O.47 

Keddy (1982) mentions that "water depth places overall limits on wave 

height irrespective of fetch, 

Janson (1983) stated: "Waves 

wind speed and duration." Hakanson and 

in 

generated in deep waters because 

shallow waters are smaller than waves 

of energy losses due to bottom friction, 

sediment motion and percolation." Keddy (1982) also assumed that in small 

lakes, waves might be insensitive to wind duration. In spite of these 

specific features related to shallow lakes, equations (a), (b) and (c) that 

have been developed for deep lakes, are also used for shallow waters. From 
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(a) and (b), Carper and Bachmann (1984) calculated for two sites the wind 

velocities required to produce waves with a base reaching the lake bottom. 

They found for two different water depths of 1.2 m and 1.5 m, values of 5.6 

m.s-1 and 7.1 m.s-1 , respectively. The two stations had different 

effective fet::h. The depth at which the wave could feel the bottom, in 

other words, the "wave-mixed depth" (Smith, 1979), was taken to be equal to 

half tile wave length. A similar approach can only be tentative in Lake 

Ellesmere as the fluctuations of the lake level added to the lack of 

bathymetric map make any calculation using fetch and/or depth very 

approximate. The wind lash also affects the fetch and the depth. The 

effective fetch was calculated as the mean of several effective fetches 

within each quarter (NE, SE, SW, NW) 

(e.g.) FNE = xFOO + yFls0 + zF300 

x + y + z 



~llesmere conservation 
A national water con

servation order may be 
placed over Ihe waters of 
Lake Ellesmere It an ap
plication by the Minister 
of Inlernal Affairs, Mr 
Tap!lell, Is successful. 

Mr Tapsell said yester
day that he Inlended 10 
apply for the order soon. 

"I feel II Is vllally Im
portant to protecl the oul
standing wildlife habitat 
values of this Internallon~ 
ally Important wetland," 
he said. "I have consid
ered the findings and re
commendations made In a 
recently publiShed Wild
life Service fauna survey 
report." 

Tilled "Lake Ellesmere: 
A Wildlife Habitat of 
International Import
ance," Mr Tapsell said It 
eslabllshed the values of 
the wetland and Ihe need 
for Its protecllon In the 
nollonal Interest. 

Mr Tapsell said that, 

afler consullatlons wllh 
Inleresled public and priv
ate sector groups a formal 
appllcntlon would be 
lodged with the Minister 
ot Works and develop
ment. 

There would also be 
further opporlunltles for 
public submissions during 
the procedural steps for 
the application, he said. 

The chief executive of 
the North Canterbury 
Catchmenl Board, Mr Ray 
Woods, said lasl evening 
Ihat the board was work
Ing on a Lake Ellesmere 
resource report. 

"II Is deSigned lowards 
developing a manogemenl 
plan for Lake Ellesmere. 
We are not moving to
wards any conservation 
order," he said. "We aim 
to make provision to meet 
all the demands on the 
lak~f from wildlife and 
recreational demand~ to 
those of the farmers 

round Lake Ellesmere." 
Tbe president of North 

Canterbury Federated 
Formers, Mr Michael 
Murchison, said lasl even
Ing that any conservation 
order should reflecl New 
Zealand limitations and 
conditions and not be 
solely based on Inter
national principles. 

"The lake has Inter
national value but It also 
requires a disciplined use 
that relfects the New Zea
land situation," he said. "I 
would Itke to knDw the 
degree ot this proposed 
order. II may be that my 
fears are unfounded." 

The member of Parlia
ment of Selwyn, Miss 
Ruth Richardson, said 
that Mr Tapsell was effec
tively casting a vote of nD
confidence In the North 
CanterbUry Catchment 
BDard. I 

"The bDard Is right In 
the throes Df a prDper 

resource review fDr the 
whole Df Lake Elles
mere," she said. "Whal Is 
to come of the exercise 
by the Lancls and Survey 
Departmenl thai Is asking 
fDr submlsslDns on the 
future of Lake Elles
mere?" 

Miss Richardson ques
tlDned the use of Crown 
"might" to seek a con
servatiDn order when It 
pre-empted the board's 
resDurce review Df Lake 
Ellesmere. 

"We knDw that In the 
woke of the Planning 
Tribunal's determlnallDn 
Dn the Rakala River con
servallon order that If 
thot ruling slands, the 
dice are IDaded hopelessly 
In 'avour Df a Single In
terest prevailing. Tbe 
multiple-use principle Is 
excluded by that tribunal 
declslDn In favour of con
servatlDn values. 

"It Is premature for Mr 

Lake discussions encouraged 
The North Canterbury Lake Eltesmere resource Mr L M.· Kenworthy . 

Calchmenl Board Is likely study. said thai Mr Tapsell 
10 encourage discussions "Just how It will be should not rush Into a 
with Ihe Mlnlsler of Inler- possible to bring together conservallon order wlth-
001 Affairs, Mr Tapsell, the sort of acllon Mr out taking all the Informa-
over his recenlly pro- Tapsell Is seeking against lion an~ legal complexl-
posed conservation order the background of a full lies of the mailer Into 
application for Lake lake Investigation, I'm not account. 
Etlesmere walers. sure," said Mr Wood. 

AI Thursday's resources II was unfortunale that 
committee meeting board Mr Tapsell did nol an-

Tapsell tD propose a con· 
servatlDn order for Lakr 
Ellesmere when the Inler· 
pretallon of the trlbunnl'~ 
decision Is to CDme before 
tbe court. Most people 
would like tD be assureD 
Df some Integrity In deter· 
mining the balanced use 
Df a resDurce." 

Welcoming the Minis· 
ter's prDpDsal. tbe dlrec· 
tor of the RDyal Foresl 
and Bird Socelty, Mr 
Gerry McSweeney, sold. 
"ConservallDn orders gen· 
erally set water levels and 
exercise a greater conlrol 
Dver a' water resource 
than before. 

"Lake Ellesmere hos n 
tremendDus range 0 r 
waterfowl and wading 
birds. 1\ Is Dne of the 
three most ImpDrtant wei· 
lands In the SDuth Island 
aIDns-!cle Farewell Spl! 
and Waltuna LaIlDDn In 
Southland." 

members agreed Ihal a ROunce the. results of a 
letter to the Minister Wlldtlfe Service report on 
should be drafled for the lake and then seek 
board approval on Friday, consultations aboul the 
May 2. lake's future, Mr Wood 

Catchment Bd opposes 
The board chairman, said. 

Mr R. B. Johnson, said Mr P. D. Dunbar said 
that he was not alarmed Mr Tapsell appeared to 
about Mr Tapsell's pro· have reacled on the basiS 
posed application In splle of wildlife loformatlon 
of the board's present In- about Lake Ellesmere In a 
vestlgallon Into future Similar way to his all
managemenl of tbe lake. proach towards Lake 

"This kind of thing wll\ Walrarapa. 
keep cropping up and I Tbe resources commlt
am glad to see that tbe tee chairman, Mr O. J. 
Mlnlsler seeks to have Osborne, said he viewed 
consultations about his the application with a de
proposal," Mr Johnson gree of "alarm and frus
said. "Everyone needs to trallon. 
understand the full Impll- "Deliberations on a par
cations of whal Is sought tlcular resource thai are 
wllh this consetvallon not based on accurate In-
order application. formation musl Inevllably 

"I think this Is Jusl the lead to comments thai are 
beginning of many sub- nol factual," he said. "I 
missions tbat wll\ be would like the board to 
taken regarding the lake's requesl Mr Tapsell to 
future," he said. withhold his application 

Mr Johnson said the until we have completed 

I 
appllcallon was likely to our Investigation of Lake 
have a big bearing on Ihe Ellesmere." 

I land thai bordered the ~;;;;.;;;,;,;,;,;;.;.;;;,...-----

l illie. 
The board's chief 

execullve, Mr Ray Wood, 
said thai Mr Tapsell had, 
In a frtendlY way, "fired I 
sbol across the board's 
bows, . 

"tbe Minister .. essen
tially indicating tbat In 
spite of the board's COD
cerns tbere 'Is a wlldUfe 
priority bere," be said. "I 
thlDk It would be appro
priate to convey to Mr 
Tapsell the details of our 

Lake Ellesmere move 
The application by the 

Minister of Internal Af
fairs, Mr Tapsell, for a 
Water ConservatlDn Order 
fDr Lake Ellesmere Is pre
mature and lII-cDnceived. 
according to the NDrth 
Canterbury Catchment 
BDard. 

In Its submlssiDn to the 
NatlDnal Water and SDII 
ConservatiDn AuthOrity Dn 
the apl'lIcatiDn, the board 
said It did not believe the 
necessary tull Investlga
tiDn had been made Dr 
completed. 

II said areas that han 
nDt been fully considered 
Included MaDri values, the 
value of farm productlDn, 
recreatiDnal require· 
ments, fisheries require
ments, and .Iake-openlng 
effects on salinity. 

The bDard acknow-
ledged that the Minister 
hod Identified natiDnally 
Important v.'lIdlife values 
deserving some fDrm of 
protection, but sold the 
appllcatlDn cDnsidered a 
narrow part of the lake's 
value and shDuld have a 
broader bose. 

"The applicallon Is defi
cient In that It dDes nDt 

IDOk at the whDle Issue 
and centres only on wlld
IlIe." said Mr Trevor 
Inch, B bDard member. 

A representative of the 
Ngai Trust Board. Mr 
TrevDr Howse. said the 
Ngai Tahu people fully 
supported the bDard's sub
mlsslDn. He said. how
ever, that the\' had lodged 
a claim fDr the lake with 
the Waitangi Tribunal, 
which is hearing Maori 
land clRtms. 

"We are nDt very anxi· 
ous to have anYDne tell us 
how to run what we CDn
sider to be our food 
basket," said Mr Howse. 

In its submisslDn, the 
bDard said the integration 
Df MaDri and EurDpean 
values In the management 
Df the lake needed to be 
cDnsldered, as did re
quirements for cultural, 
cDmmerclal, and recrea
tlDnal fisheries. 

The liming. level and 
durallon of lake openings 
and their effect Dn agri
cultural productivity and 
lake salinity needed 
greater examlnatiDn. 

Other Issues that 
needed further investlga-
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tion Included lake lev( 
managemenl for reere", 
tlon, effec\s Df allerinl 
management on aqunlic 
macrophytes and lal:' 
edge botany. 

The submlssiDn clalme. 
that the definition Df Lal" 
Ellesmere was unacee\>! 
able because the legish 
tion applied only to wut~r 
Rnd did nol Includ~ iii' 
land which Is sometimC' 
expDsed when the lak' 
level drops. It ai, 
claimed that the applic" 
lIon's prDtectiDn for we' 
lands was mode under?, 
inappropriale sectiDn an' 
therefDre Il'gall' 
v;rong. 

It sold R provision I 
open the lake dUring Ser· 
tember ond October if 
was abDut .75m mean sr. 
level was tOD cosily, an 
said the minimum lev, 
fDr' opening successfu II 
wos O.9m. 

Further studies, Inclut 
Ing groundwater Investlg; 
lions and the Lake Eiie' 
mere Management Pial 
to be completed by Apri 
1989, WDuld provide mue 
of the necessary Inform' 
lion. 
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The present submission comments on section l(c) of the application by the 

~1inister of Internal Affairs for the making of a national conservation 

order on Lake Ellesmere. 

The Ph.D. research I am doing on the aquatic plants of Lake Ellesmere 

ecosystem has already shown some significant features related to the 

management of the lake level and how it probably affects the regeneration 

of what used to be called "the ,,,eed beds". I believe that these features 

should be born in mind not only within the scope of the conservation order 

but also in any futu_~r management plan. 

After a brief description of the ecology of the submerged plants growing in 

Lake Ellesmere, I will explain why the proposed lake opening regime can 

only favour the reappearance of large feeding areas and valuable habitat 

for wildlife. Lastly, management issues other than wildlife will be 

addressed. 

• 
1. ECOLOGY OF AQUATIC PLANTS AND THEIR VALUE FOR HILDLIFE 

1.1. Composition of submerged plant communities. 

While the plant species, Ruppia spp. and Potamogeton pectinatus were major 

constituents of the luxuriant beds that existed prior to the Wahine storm, 

other species such as Lepilaena bilocularis, Zannichellia palustris and the 

charophytes Chara globularis and Lamprothamnjum papulosum were also 

reported (Mason, 1951). 

The same species have been observed in recent surveys (since 1985) as well 
--

as ot.her species such as Hyriophyllum triphyllum, Ranunculus fluitans or 

the alga Enteromorpha sp. Ruppia spp. have been identified as being Ruppia 

meO,acarpa and Ruppia polycarpa (Nason, 1967). ~Jost of these plants are 

typical of brackish environments in New Zealand. 



1.2. Life cycle patterns 
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The main way of reproduction for Ruppia species in Lake Ellesmere is 

generative (by seeds) as for most plants observed, it is possible to see 

the seed still attached to the rhizomes. Dense clumps of Ruppia megacarpa, 

once established, certainly also provide by vegetative growth. 

Potamogeton pectinatus offers a variety of propagative mechanisms including 

seeds, tubers, rhizomes and axillary buds, but vegetative growth 

(overwintering tubers) is dominant in Lake Ellesmere. 

Ruppia megacarpa and Potamogeton pectinatus have a continuous life-cycle 

throughout the year with growth activation (seed germination or tuber 

growth) occurring in spring, flowering and fruiting over the summer, and 

decaying from March. Ruppia polvcarpa can produce seeds within two months 

and has therefore a better ability to survive dessication. ( 

1.3. Potential distribution: quantitative results. 

A first series of observations that took place during summer 1984-1985 

recorded only a few specimens of Ruppia spp., Lepilaena bilocularis and 
'. i 

Lamprothamnium papulosum on mud flat areas exposed to dessication due to 

low lake levels. The mudflats were almost a botanical desert with only the 

alga Enteromorpha sp. present on shingle shores. 

During the two following years (1985-1987), these mud flats located on the 

east (Kaituna lagoon), north (Selwyn - Greenpark area) and west (Lakeside 

domain, Harshall islands area) sides of the lake remained covered with 
• water throughout the summer due to higher lake levels. During this time 

aquatic plants gre\" and spread in these areas. Dense stands of former 

luxuriant species Ruppia megacarpa, Ruppia polycarpa and Potamogeton 

pectinatus ,,,ere observed in Taumutu bay and Overton's bay. This was 

reported by local fishermen as an unusual event. These tHO si tes were 

surveyed in February 1986 in order to quantify the growth. The 1987 

standing crop figure was also obtained from Overton's bay to enable 

comparison with the previous year. 

The average standing crop was found to be higher in Taumutu bay (l89g/m2) 

than in Overton's bay (67 and 64 g/m2 in 1986 and 1987 respectively). 

Better light conditions (due to fresh,,'ater inflow and less exposure to 

wind) probably explain the higher biomass of total plant matter at Taumutu. 
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A1t~ough no quantitative survey was made in the other potential areas of 

regrowth in the lake, qualitative observations indicate that similar growth 

to that found in Overton's bay occurred among Ruppia - Lepi1aena -

Characean communities existing in these areas. Potamogeton pectinatus was 

not only recorded in Overton's bay but also on more exposed shores around 

Lakeside domain. 

These results highlight the possibility for submerged plants to reestablish 

significantly on the mud flats located around the lake where reproductive 

material (seeds and tubers) now exist. However, for this growth to occur 

it appears necessary that these flats remain inundated over the growing 

season (October-March) so that seeds can germinate and seedlings develop 

into mature plants that will be able to produce more fruits and tubers for 

the next season. 

1.4 Factors affecting the growth. 

The main factors that can affect aquatic plant distribution in Lake 

Ellesmere are fluctuations in lake level and salinity. These factors have 

been reviewed by Ger .. ~iaux and \~ard (1986) and are summarized below. 

Lake level fluctuations affect the ability of submerged plants to grow and 

reproduce. The absence of growth during the summer 1984-1985 when the lake 

was very low, gives a good illustration of the effect of a long summer 

opening. Areas of potential regrowth become exposed to dessication. This 

phenomena can be aggravated by strong winds .... ·hich push the water to one 

side of the lake and enlarge the area exposed to drying. 

Salinity fluctuations are linked to the lake opening regime. Although all 

the plant species are adapted to brackish ,.,rater, the degree of tolerance 

varies from one species to another. This is confirmed by the appearance in 

1987 of Myriophyllum triphyllum and Chara globularis in Overton's bay. 

These two species occur more frequently in freshwater and the low salinity 

levels observed in 1987 have probably encouraged their growth. Little is 

knO\.,rn about Lepilaena and Lamprothamnium requirements. Optimum growth for 

Potamop,eton pectinatus is generally observed at a salinity of less than 

10%. (about 30% of sea-water). Recent experiments on Ruppia megacarpa and 

Ruppin po1ycarpa have been carried out as part of my research. The results 

show that salinity levels above a range of 4-8%. adversely affects the 

growth of seedlings. Beyond a range of 12-16%., plant production might be 

greatly reduced, depending on other parameters such as nutrient and light 
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availability. Germination of most plants is favoured by low salinities. 

Other factors such as light and turbulence affect plant growth. Lake level 

fluctuations can influence these factors but they depend more on climatic 

conditions (especially wind) than on lake level management. 

1.5 Value of plants for wildlife. 

McAtee (1939) points out the importance of Potamogeton pectinatus and 

Ruppia species as wildfowl food plants. \-,lith plant recovery in Overton's 

bay the birds (black swans and ducks in particular) have indeed increased 

in numbers (from none during summer 1984-1985 up to 500 in 1986-1987). 

Aquatic plant beds must also be seen as useful to fish populations for the 

cover and habitat they provide. 

2. THE EFFECTS OF PRESENT AND PROPOSED LAKE OPENING REGIME ON THE 

SUB~ffiRGED PLANTS. 

2.1 The present regime. 

The lake opening regime is essentially based on agricultural requirements. 

Low levels meet the~~ requirements and consequently the policy adopted is 

to open the lake as soon as predetermined critical levels are reached. 

Depending on the success of the opening (i.e. its duration), the lake can 

become tidal. 

The effect of lake openings on plant growth is shown in figure 1. From the 

discussion in section 1, it is clear that lake openings are directly 

responsible for reduced growth through increased salinity and decreased 
• 

water level (leading to dessication). 

A study of the times that the lake was opened to the sea made by the North 

Canterbury Catchment Board and Regional Water Board. was rep0rted by B.P. 

Dwyer at the Lake Ellesmere Symposium (1980). Figure 2 summarises these 

data and updates them. From my observations and measurements, two important 

points should be noted: 

periods of opening exceeding 20 days are likely to affect the salinity 

significantly. The salinity will definitely be high (higher than 15%.) 

if the lake is opened for more than 50 days. 

Drying out of the mud flats is likely to occur if the lake is opened 

during the November-March period. 
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Figure 2 could explain why the 'weed beds' were reported regressing in the 

late 1940s. Long and frequent openings occurred then and can only have had 

a detrimental effect on aquatic plant growth. 

However, favourable. conditions after the \oJahine storm (which scoured out 

the weed beds in 1968) should have encouraged growth. It is believed that 

at that time, the plants might have been overgrazed by a still high 

population of black swans (of about 20,000 birds). From 1974, the number 

of openings increased again (including several in summer) and it is not 

until 1981 that plants started to reestablish (Webb, 1982). Swan numbers 

at this time were low (about 4,000). This trend probably continued between 

1981 and 1984 due to very few openings and the build up of large quantities 

of generative material (seeds and tubers). The long opening of the summer 

1984-1985 might have slowed down the process but constant low salinities 

(under 10%) since spring 1985 along with high summer lake levels enabled 

the seeds of the main species to germinate, establish and increase their 

population in the areas described in section 1. 

'" . 
2.2 The proposed regime. 

The new regime proposed in section l(c) of the conservation order offers 

two aspects which will be of considerable advantage to the plants. 

it will prevent the openings being too long over the growing season and 

thus avoid high salinity levels and exposure to dessication. 

it will bring optimum light conditions through 10', lake levels in early 

spring. 

3. hTHERE THE CONSERVATION ORDER HEETS THE NEED FOR A NEH APPROACH TO THE 

~1ANAGE\mNT OF THE LAKE RESOURCE. 

The conservation order is a logical consequence of changing social and 

environmental values. The status quo policy adopted so far has never been 

able to resolve difficulties that exist in this particular multiple use 

resource. 

As a result of this long-term policy, advantage has been given to the 

farming community without attempting to balance interests and solve 

conflicts between user groups. Recent research projects on Lake Ellesmere 

(Lineham, 1983; O'Donnell, 1985; Gerbeaux, 1985; Prendergast and Ward, 
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1986) provide new information that could be transferred to a new management 

approach. As pointed out by De Ronde (1986), such an approach should 

acknowledge the fallability of all policies and be based on the facts that 

values associated with the lake resource are constrained by time; / 

the search for environmental quality and social welfare is uncertain. 

Conservation is a wider issue than. maintaining or increasing animal or 

plant production and it concerns all user groups. 

I see the conservation order as a first step towards balancing conflicts. 

However, it does not address all the issues related to the resource, such 

as those of fisheries, water quality and recreation. It certainly does not 

intend to do so. Without upsetting the lake opening status quo, it still 

provides refinement to the present policy and highlights the need in future 

for short-term policies that would take into account any new constraint 

linked to time or uncertainty. 

CONCLUSION 

The proposed 

conservation 

C' • 

lake opening regime 

order application 

presented in Section 

appears likely to 

1(c) 

favour 

of the 

plant 

reestablishment, an issue of great importance as it is not only related to 

bird requirements but also to the quality of fish habitat. \<lith these 

minor alterations to the present lake management policy, the conservation 

order application might show that a concensus bet,.,reen all user-groups of 

Lake Ellesmere is possible • 
• 

Any further management plan could probably use a similar approach where 

conservation based on basic ecological understanding contributes to 

balancing conflicting interests. 
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Glasshouse experiments : methodology 

1) Preliminary experiments (pp.128-132) 

a) Experimental design 

Once a substrate (sand) had been chosen, an experimental 

design was set up to test the effect of light and salinity 

on seedl ing growth. 

groups of three (4 

Fish cases were positioned into four 

salinity levels 3 light levels). 

Seedlings of !L... megacarpa kept refrigerated since April 

1985 were replanted in plastic square containers (16cm 

)( 16cm ~ 8cm) the following June. Each seedling had the seed 

still attached, one root and 2 or 3 green leaves not longer 

than 4 cm. In this preliminary trial, 5 seedlings were 

planted in each container. containers were initially kept 

in perspex tanks filled with lake water (13 PPT Salinity) 

without shading. Once signs of growth became apparent, two 

planted containers were transferred to each fish case. One 

container of each such pair was harvested after 7 weeks 

and the other after 10 weeks. 

Salinity levels were initially achieved either by diluting 

lake water with tap water or by adding sea salt to lake 

water. Thus, the first group of cases was filled with tap 

water 0 PPT, as measured with a salinometer YSI Model 

33), the second group with lake water and tap water ( 6 

PPT) , the third group with lake water ( 13 PPT) , and the 

last group with lake water and sea salt (18 PPT). 

The three light levels were obtained for each salinity 

level by leaving one case without shading and covering the 

2 others with 1 and 2 layers of shade cloth, providing 

respectively 100%, 51% and 21% of the solar radiation 

penetrating the glasshouse (as measured with a light 

meter). At the time of harvesting, salinities had increased 

in the different cases (see p. 129), indicating that 

control would be necessary in future experiments in order 



to maintain constant salinity levels. This would be true 

especially in Spring when evaporation is likely to increase 

in response to increasing temperatures. 

The growth of epiphytes was seen as another potential 

problem that should also be controlled. Because of the 

fragility of Ruppia leaves and because of the risk of 

breaking them by cleaning them manually, another technique 

had to be found. During siphoning water from a tank with a 

rubber pipe, it was observed once that filamentous algae 

were easily separated from the leaves by putting the pipe a 

few centimeters away from the plant. The suction produced 

through siphoning acted as a "vacuum cleaner". To 

facilitate the siphoning of water, cases were elevated (see 

Plate 5.3). 

Seedlings did not always grow but survival rate was 

satisfactory i.e. at least 3 seedlings per container). 

At harvest, plants were gently washed clean of sediment and 

then sorted into below-ground parts (rhizomes, roots) and 

above-ground parts (leaves, stems, flowers, fruit). A cut 

was made at each node, immediately at the basis of roots or 

leaves on the rhizome. The different parts were then 

measured and dried to constant weight (see p.l29). 

b) analysis of results 

Al though no statistical work was intended for these 

preliminary experiments variation observed in mean dry

weight was subj ect to regression analysis using Minitab 

(1985). A two-way analysis of variance followed by the 

Gabriel's (1978) multiple comparison procedure on the main 

effects was done using SAS (1983). The failure to develop 

of some seedl ings resulted in uneven sample sizes. 

Gabriel's test is recommended in such situations. Plants 

harvested in each container were considered as replicates 

for each treatment. Replicates therefore were grown under 

uniform conditions, with regard to ionic composition of the 

solution in particular. 



In Figures 5.1 and 5.2 (p.131), salinity levels and light 

levels are compared 2 by 2. Results of Gabriel's test of 

significance can be visualised by looking at capital 

letters (for salinity) or lower case letters (for light). 

The level marked with an asterisk corresponds to the level 

where dry-weight (taken as the mean per plant over all 

light levels or all salinity levels) was maximum. A level 

marked with B (or b) is significantly different (at the 5% 

level) from a level marked with A (or a). C (or c) is 

significantly from B (or b) and A (or a). A level marked 

wi th AB (or ab) indicates no significant difference with 

either A (or a) or B (or b). 

2) The effect of light and salinity on the growth of lL.. 

megacarpa and lL.. polvcarpa (pp.132-155) 

a) Experimental design 

The same overall procedure as the one used in the 

preliminary experiment was used with four changes as noted 

here. Firstly, 4 seedlings only were used instead of 5 in 

an attempt to give each seedling the equal chance of 

occupying space in a four angle container. 

Secondly, because the roof of the glasshouse was shaded in 

early spring 1985 and 1986, three different light levels 

were used: 38% PAR (as measured in the cases with an 

underwater quantum sensor), 18% and 9%. Two extra levels 

(5.4% and 2%) were used for the experiment on the effect of 

light as a single factor in 1985 (p.136). In this same 

experiment, 2 cases per treatment were used (all were 

filled with tap water, thereby assuring identical ionic 

composition between cases). The mean dry-weight values 

could be then compared at each level between the 2 cases. 

Thirdly, 3 containers per case were used in all experiments 

in order to allow for 3 successive harvests. 

Fourthly, more salinity levels were studied (0, 4, 8, 12, 

16 PPT). Other higher levels (20, 24 PPT) were also 

included in 1985 for the single factor experiment but no 



growth occurred. Dilutions were prepared in 1985 with sea 

salt and tap water. In 1986 for the combined factor 

experiment, dilutions were prepared with sea water and tap 

water. Salinity was controlled every 2 days by adding tap 

water or sea water as necessary. Growth of epiphytes was 

also controlled using the siphoning method described above. 

b) analysis of results 

statistical analyses were performed using the same 

procedures as in the preliminary trial, i. e regression 

analysis using Minitab (1985) or a two-way analysis of 

variance followed by the Gabriel's (1978) multiple 

comparison procedure on the main effects using SAS (1983). 

References: 
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Mini tab 1985. Reference Manual. Mini tab Inc. Second 

Edition. state College, 232p. 

SAS Institute Inc. 1983. SAS User's Guide: statistics. 1983 

Edition, SAS Institute Inc. Cary, NC, 584pp. 



APPENDIX 5 

A definition of wetlands 

"A collective term for permanent or intermittently wet 

land, shallow water and land water margins. Wetlands may be 

fresh, brackish or saline, and are characterised in their 

natural state by plants or animals that are adapted to 

living in wet conditions." 

(Commission for the Environment, 1986. New Zealand Wetlands 

Management Policy. Wellington. 8p.) 
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