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Abstract 

This thesis is concerned with the role of submergence in the ecology of 
the perennial Ranunculus repens and the annual R. sceleratus, both of 
which are common in seasonally submerged habitats. Evidence is 
presented for genetic differentiation between R. repens populations with 
respect to tactical changes in allocation and growth form in response to 
submergence. R. repens plants maintain or increase their dry weight 
allocation to Ttolons in response to submergence independent of site of 
origin. A decrease in flowering in submerged R. repens plants was 
related to a change in the positive correlatio etween total dry weight 
and the probability of flowering in these plants. The dry weight per 
unit length of petioles decreased in response to submergence in plants 
from all sites but changes in the dry weight per unit length of stolons 
depended on the site of origin of the plants. Plants from all sites 
showed plasticity in growth form with respect to stolon internode 
lengths but the direction of change in response to submergence depended 
on site. 

At low nutrient levels R. sceleratus plants showed increased dry weight 
allocation to vegetative organs in response to submergence but unchanged 
or reduced allocation to sexual reproductive structures. However, all 
changes in allocation in response to submergence disappeared at higher 
nutrient levels. Reductions in the number of flowers per plant in 
response to submergence were independent of nutrient status but plants 
at high nutrient levels showed no change in the number of seeds per 
plant due to a larger number of seeds per seed head. This may be 
related to the association of this species with nutrient rich habitats. 
A demographic analysis of R. sceleratus showed that these plants can 
exhibit a wide range of life history tactics. There was a trend for a 
longer pre-flowering period to result in lower survivorship but greater 
seed output. Seed germination in this species is promoted by diurnally 
fluctuating temperatures in both the light and dark but the promotion iS 
greatest in the former. - 
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'Chapter 
1 

Ecological Strategies 

"The words 'strategy' and 'tactic' have become 

commonplace in ecological ... discourse, but their 

meanings and connotations as theoretical constructs 

are not clear. " 

(Istocky 1984: 161) 

1.1 What is meant by the term strategy in ecology? 

The word strategy is found, often without definition, throughout 

ecological literature. An idea of the breadth of its'usage can be seen 

from the following selected references: thermoregulation strategies 

(Stevenson, 1985), regeneration strategies (Grime, 1979), allocation 

strategies (Hickman, 1975)v 
__demographic 

strategies (Klemow and Raynall 

1983), nest-site choice strategies (Monaghan, 1982), colonisation 

strategies (MacArthur and Wilson, 1967)v seed germination strategies 

(Mayer and Poljakoff-Mayber, 1975)p life history strategies (Wilburp 

1976) and reproductive strategies (Bostock and Bentoný 1979). In many 

of the above references the word strategy was used without definition - 

so what exactly is meant by the term strategy? 

The Longman Dictionary of the English Language (1984) defines strategy 

as 'the art of devising or employing plans-towards achieving a goal'. 

If this use of the word'strategy is taken in ecological literature where 

it is undefined, this is clear evidence of teleology (Harperp 1982). 
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Howeverp Ghiselin 
. 
0974) points out that the word strategy is used in a 

past sense, that is, organisms have strategies that have been 

successful. Harper (1982) puts it neatly 'a strategy is a property that 

is by, with or from the past'. Harper (1982) goes on to say that in 

most ecological writing the 'goal-centred' use of strategy is implied. 

Some authors (Grimep 1979; Harpery 1982; Silventownp 1982v Waite and 

Hutchingsp 1982) do give definitions of their use of the term strategy. 

Grime (1979) defines it as 'groupings of similar or analogous genetic 

characteristics which recur widely among species or populations and 

cause them to exhibit similarities in ecology', whereas Harper (1982) 

refers to a strategy as 'the programmed biology, especially the life 

cycle, of an organism' and Silvertown (1982) as 'a set of correlated 

life history characters'. 

Waite and Hutchings (1982) define strategy as 'a collection of co- 

evolved traits, each of which has been subjected to selective forces 

which tend to maximise the fitness of the individual'. ConfusinglY the 

term 'tactics' (which will be discussed later) is used by Stearns (1976) 

to mean something very similar I ... a set of coadapted traits designedl 

by natural selection to solve particular ecological problems .. a 

complex adaptation', it is also clear from Stearns (1976; 1977), that his 

term tactics is synonymous with the term strategy (Istockp 1984). 

The latter two definitions imply increased fitness conferred on the 

organism by possession of a particular strategy but the term strategy is 

often used when no evidence of increased fitness is given or even 

assumed. No increase in fitness is stated or implied in theother four 

definitions. Four of the the above definitions suggest that the 

components of a strategy are either correlated, co-adaptedp similar or 
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analogous but again this criterion is rarely tested or even assumed. 

The author proposes a definition of strategy as tany set of traits, 

attributes or characteristics of an organism in a defined area of 

study', e. g. -allocation, growth formp demography, etc. This does not 

leave the term useless as it can still be used as shorthand for a set of 

characteristics and help their classification. ' What this definition 

does is to remove the assumed or implied increase in fitness conferred 

on an organism by the possession of a particular strategy and the 

assumed or implied correlation of the various traits. This latter 

definition will be implied when the term strategy is used unless stated 

otherwise. 

1.2 Strategy versus tactics 

Strategies are a function of the genotype of an organism (Harper and 

Ogdenp 1970; Hickman, 1975; Harperv 1977; Thompson and Stewart, 1981; 

Waite and Hutchingsp 1982). Plastic responses due to the environment 

are often called 'tactics, (Harperv 1977; Waite and Hutchings, 1982). 

Unless a distinction between environment and genotype effects has been 

clearly made, results are inadmissable for discussions of strategies. 

Genotype-environment effects are often separated by working within in a 

common environment (see for example, Douglasp 1981; Reinartzi 1984b) 

Thompson and Stewart (1981) sum up research on reproductive strategies 

where no attempts to separate genotype and environment effects have been 

made as follows '.. the results of those investigators who measured 

reproductive effort solely in the field ... add little to our 

understanding of reproductive strategies'. The need to separate these 

3 



effects is emphasised by several' studies where field differences have 

disappeared under common environments (Hickman, 1975; Abrahamson and 

Hersheyp 1977; Raynal, 1979). 

The strategyv set by the genotype, also defines the range of tactics 

shown (Harper and Ogdenp 1970; Harperp 1977). Tactical changes can be 

used to describe a strategy as long as strategy and tactics (genotype 

and environment) have been clearly separated (Grimep 1979; Thompson and 

Stewartj 1981; Waite and Hutchings, 1982). 

This research project is concerned with the strategies and tactics shown 

by plants growing in seasonally submerged environments. The research 

was centred on allocationg demographic and growth form strategiesy and 

tactical variations within them. 

1.3 Allocation theory 

Many authors (e. g. Harper and Ogdenq 1970; Thompson and Stewart, 1981; 

Waite and Hutchings, 1982) attribute the concept of allocation to Cody 

(1966). He considered organisms as having a limited amount of time or 

energy and that natural selection will operate on the allocation of 

these resources to maximise the contribution of the genotype to the 

following generations. 

He called this the "principle of allocation" and attributed it to an 

unpublished paper of Levins and MacArthur. This concept is implicit in 

the writings of MacArthur and Wilson (1967) (see Sarukhant 1976; 

Thompson and Stewart, 1981). Cody's concept of allocation is the 

foundation of the study of allocation strategies (Harper, 1977). 



Two different streams of research follow this original concept. 

Firstly, MacArthur and Wilson (1967) developed the so-called Ir-K 

selection' model of life history strategies. The crux of this is that 

organisms growing under conditions where density independent mortality 

operates will show a suite of traits which includes high allocation to 

(sexual) reproduction; they termed this r-selection. Whereas under 

conditions of density dependent mortality organisms will show a 

different suite of traits including low allocation to reproduction; this 

was termed K-selection. This was later modified by Pianka (1970) who 

introduced the idea of an r-K selection continuum. 

Later Gadgil and Solbrig (1972) introduced the terms r and K strategists 

for the two extremes. They go on to state that I ... the crucial evidence 

needed for r- and K- selection is whether an organism is allocating a 

greater proportion of its resources to reproductive activities (r- 

strategists) than another related one (K-strategist) under any and all 

D. D. (density dependent) and D. I. (density independent) mortality 

conditions'. 

This assessment criterion has been used by many researchers and numerous 

studies comparing the allocation of resources to reproduction within 

plant species have followed, e. g. Taraxacum (Gadgil and Solbrig, 1972; 

Solbrig and Simpson, 1974; 1977), Typha (McNaughtonj 1975)p Helianthus 

(Gaines et al, 1974), Solidago (Abrahamson and Gadgily 1973)j, Polygonum 

(Hickmanp 1975; 1977)p Rubus (Abrahamson, 1975a; 1975b), Allium (Kawano 

and Nagai, 1975). 

However, in several of these studies (Abrahamson and Gadgill 1973; 

Abrahamsonj 1975a; 1975b; 1979; Gaines et all 1974) plants were not 

grown in a common environment and so their results are of limited value 
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in a discussion of reproductive strategies (Thompson and Stewart, 1981; 

and see section 1.2). This was ably demonstrated by Hickman (1975) when 

field measurements of reproductive allocation in Polygonum cascadense 

gave results that fitted the r-K selection model but these differences 

disappeared When the plants were grown in common environments. 

Abrahamson and Hershey (1977), and Raynal (1979) also found that field 

differences in allocation disappeared under a cbmmon environment. 

Stearns (1977), in reviewing all the data on r-K selection for both 

animals and plantsy came to the conclusion that more work was required 

before the theory could be accepted or rejected. 

A second stream, independent of the work on r-K selectiong but also 

having its origins in the "principle of allocation" (Cody, 1966) is the 

study of strategic and tactical allocation in plants (with special 

reference to reproductive allocation) introduced in Harper (1967). The 

initial research was carried out by Harper and Ogden (1970: but see also 

Ogdeno 1968). 

This work was carried on by many researcher'sq e. g. Ginzo and Lovell 

(1973a)p Ogden (1974)p Sarukhan (1976), Andel and Vera (1977)9 Lovett 

Doust (1980)v Waite and Hutchings (1982) and Kawano and Miyake (1983). 

Evidence for the divergence of these two streams can be seen in the 

differences in terminology (see Chapter 2) evident in the key papers of 

Gadgil and Solbrig (1972), and Harper and Ogden (1970) noted by Thompson 

and Stewart (1981). 

1.4 qriticisms of Cody's allocation model 

Cody's model has two basic assumptions: that energy is limiting and that 
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vegetative and reproduction allocation are competing functions (Harpert 

1967; 1977; Abrahamson and Caswell, 1982). The first assumptionp that 

energy (which is usually expressed in terms of dry weight; see section 

2.1) is limiting, has been criticised because nutrients which may limit 

growth can show different allocation patterns to those for energy 

(Chapinp 1980; Lovett Doustv 1980; Abrahamson and Caswell, 1982). 

d 

Abrahamson and Caswell (1982) carried out a study on the allocation of 

various resources in Verbascum thapsus and Solidago spp. and concluded 

that '.. on the basis of the results ... we cannot identify a crucial 

resource.. ' and '.. it can .. be argued that biomass (= energy; see 

section 2.1) is a reasonable currency to, measure allocation patterns 

however, the crucial question remains of what parameters actually limit 

allocation.. ' 

Earlierv Harper (1977) stated that I ... the detailed patterns of 

allocation of resources are very difficult to follow in a plant ... and 

it is difficult to decide which resource is appropriate to follow. 

Partly because it is the easiest and partly 'following the example of 

Codyy the few comparisons of allocation have been made for energy or dry 

weight... '. Thompson and Stewart (1981) suggest that further research 

is required before conclusions about limiting factors can be reached. 

The second assumption, that vegetative and reproduction allocation are 

competing functions has also been criticised (Bazzaz and Carlson, 1979). 

Howeverv the presence of developing fruits has been shown to reduce or 

stop vegetative growth and increase leaf senescence (Chapiny 1980). 

Harper (1977) again summarises the available evidence '... physiological 

information generally supports the idea that there are limited resources 
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available to a growing plant that are allocated between seed products 

and other activities... '. Again more research is required before this 

assumption can be rejected (Thompson and Stewartp 1981). 

Much of the -initial work on allocation strategies in plants was carried 

out on dry weight (as estimates of energy) (Ogden, 1968; Harper and 

Ogden, 1970; Gadgil and Solbrig, 1972) and later workers have carried on 

this methodology (e. g. Bostock and Benton, 1979; Waite and Hutchingsp 

1982; Reinartzj 1984b; see. Chapter 2). 

It is clear from recent literature (e. g. Brock, 1983; Kawano and Miyaker 

1983; Reinartzq 1984b; Pitelka et al, 1985) that dry weight allocation 

patterns in plants are still considered to be of strategic and tactical 

importance. 

1.5 Demographic strategies 

Demography is principally concerned with the timing of births and 

deaths. Deevey (1947) proposed three basic patterns of mortality with 

time: Type I where there is little Juvenile mortality and adult 

mortality is confined to a short time period, Type II where mortality is 

spread throughout Juvenile and adult stages and Type III where mortality 

is concentrated in the Juvenile stage. 

Deevey's classification was a summary of earlier work on animal 

survivorship (Pearl and Minert 1935). However, work on plant 

survivorship did not take off until the early 1970's (Williamsy 1970; 

Sharitz and McCormick, 1973; Sarukhan and Harpery 1973) but dominates 

ecology in the early 1980's (at least in Britain). 
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The timing of flowering, and therefore of seed production, has also been 

of considerable interest (Harperp 1977). Recently there has been 

interest in the classification of plants by the timing of flowering and 

death, in particular the concept of the "biennial" has been reviewed 

(Reinartz, 1984a; Silvertown, 1984; Kellyp 1985). 

The pattern of survivorship can be related to flowering behaviour. 

Perennial plants often show patterns which lie between Deevey Types II 

and III (Harper, 1977; Silvertowny 1982). Annuals often show Deevey 

Type I survivorship patterns (Silvertown, 1982). Howevery Watkinson and 

Harper (1978), and Klemow and Raynal (1983) have suggested that annuals 

can be. divided into two groups based on their survivorship pattern, 

fecundity and survival of seed in the seed bank. Clearly, life history 

and demographic strategies are closely linked. 

1.6 Growth Form Strategies 

Over recent years there has been growing interest in plant growth form 

and 'adaptive architecture' (Bell and Tomlinsonj 1980)o Much of this 

work has centred on trees (Halle et alp 1978; Maillettet 1982a; 1982b) 

and clonal perennials (Bell, 1974; 1979; 1980; Lovett Doust, 1981a; 

Hartnett and Bazzaz2 1985a; 1985b; 1985c; Dickerman and Wetzel, 1985). 

The results suggest that plant growth form can be described in a series 

of "rules", such as branching angles inter-metamer (the basic structural 

unit: see Harperp 1977) distances, and the probabilities of metamer 

survival, growth, floweringp etc. (Bell et alp 1979). 

Lovett Doust (1981a) and Harper (1981) have introduced the terms phalanx 

and guerilla to describe the growth form of clonal perennials (but see 
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Clegg, 1978). The phalanx growth form is where the ramets (or 

'daughters'; the units of iteration of a clonal perennial) are densely 

packed and make little contact with other plants. The guerilla growth 

form describes loosely packed ramets making a large number of contacts 

with other plants. The terms are used relatively and clonal perennials 

can be placed on a phalanx-guerilla continuum (Bulow-Olsen et alp 1984). 

1.7'Seasonal Submergence 

As mentioned earlier this work is centred on the strategies and tactics 

shown by plants subject to seasonal submergence. Seasonal submergence 

results in plants having to survive and grow in both terrestrial and 

aquatic environments. 

Flooding of the soil results in both reduced soil oxygen levels and 

nutrient availability (Sanderson and Armstrong, 1980; Kozlowskip 1984a). 

Submergence includes soil floodingg but also involves the immersion of 

normally aerial parts which results in features such as decreased 

availability of gaseous carbon dioxide (Maberly and Spence, 1983). 

Much research has been carried out on soil flooding and plant growth. 

Some of this work has been carried out from the'point of view of the 

biochemistry of roots in flooded soils and mechanisms of flooding 

tolerance (e. g. Crawford, 1978; 1982; Smith and Rees, 1979; Keeleyt 

1979; Jackson et al, 1982). Other studies have concentrated on 

morphological aspects of plant growth in flooded soils (e. g. Wample and 

Reid, 1978; Drew et al', 1979; 1980). 

Work on the biochemistry of flooded roots has led Crawford and his co- 
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workers (see Crawford, 1978; 1982) to propose that the roots of flood 

tolerant plants have a modified root biochemistry. Crawford proposes 

that the avoidance of the build up of the. toxic products of anaerobic 

respiration, such as ethanolo results in flood tolerance. 

This system is challenged by Jackson et al (1982) because the levels of 

ethanol found in plants which die as a result of flooding are not, in 

themselvesp high enough to result in plant death. Other workers have 

challenged Crawford's hypothesis; Smith and Rees (1979) were unable to 

find end-products of anaerobic respirationo other than. ethanol in either 

tolerant or intolerant species and Keeley (1979) found that other end- 

products (e. g. malate) accumulated independently of ethanol. 

The work of Keeley (1979) on Nyssa sylvatica has shown that genetic 

differentiation can occur within a species in response to a flooding 

gradient. He found that plants from dryp upland sites showed little or 

no physiological modification to flooded soils, whereas plants from a 

site flooded most of the year showed marked changes in root physiology 

and plants from a seasonally flooded flood-plain showed changes in root 

physiology that were intermediate between these two extremes. 

The plants that show the above features would be classified by Levitt 

(1975) as stress tolerators because they-tolerate the low oxygen 

conditions resulting from the soil flooding. Stress avoiders (Levitt, 

1975)v howeverv prevent the hypoxic conditions from occurring. These 

plants include those that possess a root aeration system; this often 

involves an increase in the air-spaces in shoots and rootsp the 

aerenchyma tissue (Arberg 1920). There has been, and still isp 

considerable debate over the function of aerenchyma tissue (see for 

example Vallance and Coult, 1958; Williams and Barberp 1961; Hook et alp 
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1971; Armstrong, 1978; Dacey, 1981; Crawford, 1982) but it is probable 

that at least one of its functions is the delivery of oxygen to 

underground structures (e. g. Dacey, 1981). 

Other aeration systems include the development of adventitious roots 

just above the surface of the flooded soil (or water); these have been 

found in trees (Gill, 1970; * 1975; Clemens et alp 1978; Kozlowski, 

1984b), Zea mays (Drew et all 1979; Wenkert et al. 1981) and Epilobium 

hirsutum (Etheringtong 1983). Rice plants solve the problem of nutrient 

deficiency and toxicity resulting from hypoxic soil conditions (Gambrell 

and Patrick, 1978) by oxygenating their rhizospheres (Green and 

Etheringtony 1977). This has also been found in the roots of Nyssa 

aquatica (Hook and Scholtensy 1978) and proposed for Schoenoplectus 

lacustris rhizomes (Haldemann and Brandle, 1983). 

Submergence of the normally aerial parts means -that the whole plant will 

have reduced gaseous supply. This will be a particular problem for 

plants with an aerial oxygenation system, since (if submergence is 

complete) this will cease to operate. This can be seen from experiments 

reported in Haslam (1972) where Phragmites communis, yield reductions due 

to harvest the previous year were much greater when the stubble was 

submerged following harvest. 

Aquatic plants show many features which can be related to their 

submerged habit, such as increased aerenchyma tissue (see above), and 

modified photosynthesis (Keeleyp 1983). Another feature shown by'some 

aquatic plants is the so-called 'depth accommodation response' (Arberp 

1920; Sculthorpe, 1967)9 whereby aerial organs, such as petiolesy 

rachis, stems and flowering stemsp elongate in response to submergence 

(Ridge and Amarasinghel 1984). 
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The physiological basis of this response has been studied in several 

species and involves ethylene (Cookson and Osborne, 1978) which builds 

up in the submerged tissues due to reduced diffusion of the gas in water 

(Musgrave et alp 1972). Ethyleney under the right hormonal backgroundp 

stimulates either cell expansion and cell division or just cell 

expansion (Funke and Bartels, 1937; Musgrave et al, 1972; Musgrave and 

Waltersy 1974; Malone and Ridge, 1983; Cookson' and Osborne, 1978; Ridge, 

1985; Ridge and Amarasinghel 1984). 

This response to ethylene in aquatic species is different from that of 

many terrestrial species where ethylene is often a growth inhibitor (see 

for. example Wareing and Phillipst 1981). However, the depth 

accommodation response has been found in floating leaved aquatics (e. g 

Nymphaea alba; Gessner, 1959y Nymphoides peltata; Malone and Ridge, 

1983), mud colonisers (e. g. Ranunculus sceleratus; Cookson and Osborne, 

1978) and. damp pasture plants (e. g. Ranunculus repens; Ridgep 1985). 

Although all these species have been shown to respond to submergence by 

elongation, the amount and rate of response varies enormously. Ridge 

(unpublished) has classified the elongation responses of plants to 

submergence into three groups (four if neutral plants are included). 

Group one plants show a large response and no delay; group two plants 

show, a large to medium response but with some delay and group three 

plants show a small response with a marked delay. The rate and amount 

of response can be related to habitat (the probability of submergence 

and its duration) and life history. 
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1.8 Stress response strategies 

In general the term tstress' is used to mean any external factor that is 

considered to be sub-optimal for plant growth (e. g. Etherington, 1983). 

Physiologists have studied the response of plants to sub-optimal 

environmental factors for many years and much of this work is reviewed 

in Levitt (1975). Levitt (1975) considers stress to be any 

environmental factor capable of inducing a potentially injurious 

chemical or physical change in living organisms. Levitt (1975) defines 

injury as a specified level of damage; often death of 50% of the plant. 

This definition excludes external factors (such as light, carbon dioxide 

and nutrients) which when sub-optimal do not necessarily result in 

injury but are ecologically meaningful. Thereforep -it is not suprising 

that Grime (1979) when discussing stress from an ecological standpoint 

defines it to include such factors. He defines stress as 'external 

constraints which limit the rate of dry matter production of all or part 

of the vegetation'. 

Grime (1979) divides plants into three main types based on their 

response to stress; ruderalsl competitors and stress-tolerators. 

Ruderals respond to stress by rapid curtailment of vegetative growth and 

the diversion of resources into seed production. Ruderals tend to have 

relatively short life-cycles and many of them are annuals. 

Competitors respond to stress by large and rapid changes in morphology. 

Lif e-cycles of competitors vary from relatively short to relatively 

long; usually more than one year. Stress-tolerators respond to stress 

with small and slow changes in morphology; seed production is often 

terminated. The life-cycle of stress-tolerators tends to be relatively 
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long. 

Grime (1979) has attempted to relate this system to the r-K selection 

model of life-history strategies of MacArthur and Wilson (1967) (see 

section 1-3); He suggests that ruderals and stress-tolerators 

representp respectively, the r- and K-selected poles of the r-K 

continuum, with competitors falling in an intetmediate position. 

The work of Hickman (1975) with Polygonum cascadense highlights problems 

with this interpretation. Hickman (1975) found that Polygonum plants in 

the field increased their allocation to seed (see section 2.1) with 

increased stress (mainly drought and density) and appeared to be an 

example of an r-strategist. These differences disappeared under a 

common environment and so Hickman (rightly) concluded that this was not 

an example of an r-strategist. It isq however, an example of a ruderal- 

type response to stress. 

Grime's (1979) model is based on tactical changes in allocation whereas 

the r-K strategic model is based on genetically-fixed differences in 

allocation (Gadgil and Solbrigf 1972). Grime (1979: 46) sums this up 

'... a critical genetic (i. e. strategic] difference between competitivep 

stress-tolerant, and ruderal plants concerns the form and extent of 

phenotypic (i. e. tacticall response to stress ... '(bracketed words 

added). 

Differences or changes in allocation, demographic or growth form 

strategies and tactics in relation to seasonal submergence can be 

interpreted as part of an overall stress response strategY. 
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10'9 Aims of this project 

The overal aim of this project was to study the ecology in relation to 

submergence of an annual (Ranunculus sceleratus) and a perennial 

(R. repens) both of which are found in areas subjected to seasonal 

submegence. The more specific aims were: 

- to study tactical changes in dry weight allocation in relation to 

submergence in both the annual and the perennial. 

- to study genetic differentiation between populations of the perennial 

with respect to seasonal submergence. 

- to study the plasticity in the growth form of the perennial in 

relation to submergence. 

- to study the changes in flowering behaviour of the perennial in 

relation to submergence. 

- to study the changes in dry weight distributions in stolons and 

petioles in the perennial in relation to submergence. 

- to study the interaction of nutrient level and submergence in the 

annual. 

- to study the demography of the annual in a habitat subjected to 

seasonal submergence. 

- to study the seed germination of the annual, especially in relation to 

submergence. 

1.10 Summary 

1. The term "strategy" is ill-defined in ecological literature. 

2. Genetic and phenotypic components of a response must be distinguished 
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in discussions of strategy. 

Allocation theory is generally attributed to Cody (1966) and two main 

lines of research follow from this paper. 

Allocation theory can be criticised on fundamental grounds. 

Although there has been much research on the effects of soil flooding 

on plant growth little work has been carried out on submergence. 

It is possible that submergence can be regarded as a "stress" and the 

response of plants compared to other stress response strategies. 
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Chapter 2 

Methodology 

"Arbitrary decisions have to be made if plant 

populations are to become numerable and the 

arbitrariness of the decisions has often discouraged 

attempts to count plants" 

(Harper, 1967). 

2.1 Introduction 

From Chapter 1 it can be seen that the "principle of allocation" of Cody 

(1966) can be criticised on fundamental grounds but it also has complex 

methodological problems. The first is: how can energy allocation be 

easily measured? Gadgil and Solbrig (1972) assumed that dry weight 

allocation was similar to net energy ý allocation and so measured 

allocation in terms of dry weights. Harper and Ogden (1970) measured 

both net energy allocation (using a calorimeter) and dry weight 

allocation and concluded that the former was unnecessary and so most 

researchers have carried on the same way. Hickman and Pitelka (1975) 

showed that the allocation patterns for net energy and dry weight were 

similar for Polygonum cascadense, and this is often used to justify the 

use of dry weight allocation patterns as indicative of net energy 

allocation patterns (e. g Reinartzj 1984b). More recent work (Abrahamson 

and Caswellp 1942) has supported the findings of Hickman and Pitelka 

(1975). 
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Secondlyl what is meant by allocation to reproduction as opposed to 

vegetative allocation? Harper and Ogden (1970) take the dry weight of 

"seeds" (as is common in ecological literaturep e. g. Silvertown (198% 

Grime et al (1981), Salisbury (1942)ý the term seed refers to the 

dispersal unit of the plant which may technically be a fruit) to be 

reproductive allocation. However, Gadgil and Solbrig (1972) take 

reproductive allocation to be the dry weight of "all reproductive 

structures". Research following these papers has fallen into two sets - 

those who use reproductive allocation to mean seed allocation (e. g 

Ogden, 1974, Sarukhan, 1976) and those who use reproductive allocation 

to mean "all reproductive structures" (e. g. Waite and Hutchingst 1982). 

Thompson and Stewart (1981) contend that Gadgil and Solbrig (1972) were 

more in line with Cody's original concept by taking reproductive 

allocation to be "all reproductive structures". But there is a further 

problem; what constitutes a "reproductive structure"? Most authors who 

have used the term "all reproductive structures" have considered floral 

structures and have excluded flowering stems and other supporting organs 

(Thompson and Stewart, 1981). Howeverp some authors have included 

supporting structures, such as flowering stemsp e. g. Hawthorn and Cavers 

(1978) and Waite and Hutchings (1982). 

The overall problem is that "reproductive allocation" data are very 

difficult to compare because of wide differences in methodology. 

Clearly, the dividing line between vegetative and reproductive 

allocation is rather arbitrary and therefore researcher-dependent. 

One very interesting development was introduced by Bostock and Benton 

(1979) who defined levels of reproductive allocation. These were 

allocation to embryos ("primary reproductive allocation'99 allocation to 
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fruits sensu stricto ("secondary, reproductive allocation") and 

allocation to other "floral structures" such as peduncles, perianth etc. 

("tertiary reproductive allocation"). 

Another methodological problem is concerned with the variation in 

reproductive allocation with phenology. Generally reproductive 

allocation (within a season) increases with tiEle to a maximum and then 

falls (Harper and Ogden, 1970; Gadgil and Solbrig, 1972) and as most 

authors are concerned with this maximum, serial harvests have been 

conducted to find these maxima (Harper and Ogden,. 1970; Douglas, 1981). 

However, serial harvests are very time consuming and costly in terms of 

replication and so many authors harvest at an arbitrarily defined 

"maturity" (e. g. Gaines et al, 1974; Reinartz, 1984b). 

The results of allocation studies are usually presented as the dry 

weight (or calorific content) of a particular organ as a percentage of 

the total dry weight (or calorific content) of the plant. However, some 

studies have ignored underground material (e. g. Gaines et all 1974; 

Waite and Hutchings, 1982) and express results as a percentage of total 

aboveground dry weight (or calorific content). This difference must be 

borne in mind when comparing results. 

It is obvious from this section that allocation studies require 

several rather arbitrary decisions but so do demographic studies (Harper 

1967).. These decisions include, for example, the choice of sampling, 

interval. In general the shorter the sampling interval the more 

accurate the numeration of plants. The appropriate interval will vary 

with species and site, depending on the stability of the population and 

site. The sampling interval for a range of annuals varied from 2 to 6 

weeks (Keddy, 1982; Burdon et al, 1983; Klemow and Raynal, 1983; Mack 
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and Pykep 1983). 

Before the methods section (2.4), the species used in this study will be 

described along with reasons for their choice. 

2.2 Species studied 

The plant species studied were Ranunculus sceleratus L. (Celery-leaved 

Buttercup or Celery-leaved Crowfoot) and Ranunculus repens L. (Creeping 

Buttercup). 

2.2.1 Ranunculus sceler-atus 

Ranunculus sceleratus is a. short-lived (ephemeral, annual or "biennial") 

herbaceous plant commonly found on exposed, bare or disturbed mud on the 

margins of rivers, lakes and ponds (Toorn, 1980; Fittery 1978; Clapham 

et al, 1981; Salisbury, 1970). Many of these areas ar6 subject to 

seasonal submergence and it has been shown that the petioles and 

flowering stems show the depth accommodation response (Cookson and 

Osborne, 1978; Samarakoon and Horton, 1981). 

Vegetative growth is in the form of -a rosette of palmate leaves. A 

hollow, much-branched flowering stem is produced from the centre of this 

rosette. The small (c. 5mm), inconspicuous yellow flowers produce a 

mass of small achenes (c. 0.15mg). Floweringp which takes place from 

June-August (Clapham et al, 1981), has been shown to be under Long Day 

control in plants of Canadian origin (Samarakoon and Hortont 1981). 
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This plant is very plastic; literature values of flowering stem height 

vary from 5 cm to 120 em (Salisbury, 1970; Toornv 1980) and seed output 

per plant is also very variablev values of 15,000 - 500,000 have been 

reported in the literature (Salisburyp 1942; Toorný 1980). Seed 

germination-has been reported to be promoted by diurnal fluctuations in 

temperature (Mayer and Poljakoff-Mayber, 1975). Seedling emergence 

takes place in the spring and autumn (Whitehead, 1971; Toorn, 1980). 

2o'2.2 Ranunculus repens 

Ranunculus repens is a herbaceous clonal perennial which reproduces 

vegetatively by the production of daughter rosettes (or ramets) borne on 

stolons (Harperv 1957; Darlington and Brown, 1975; Lovett Doust? 1981a; 

Clapham et all 1981; Coles, 1977). It is common in damp pastures, 

marshes, woodland clearings and open waste-land but it is usually absent 

from dry grasslands (Harper, 1957). 

Conspicuous yellow flowers are borne on flowering stems produced either 

from the vegetative rosettes or from the daughter rosettes. Achenes are 

relatively large (c. 2-30mg) and, like R. sceleratusq germination is 

promoted by diurnal fluctuations in temperature (Thompson and Grimeq 

1983). Seedling emergence mainly takes place in the spring (Harperv 

1977). The petioles of this species have also been shown to exhibit the 

depth accommodation response (Ridge, 1984). 

A large amount of demographic data has been collected for this species 

(possibly more than any other plantO (Sarukhanj 1970; 1971; 1974; 

Sarukhan and Harper, 1973; Sarukhan and Gadgill 1974; Cleggy 1978; 

Lovett-Doustv 1981a; 1981b; 1981c; Soane and Watkinsony 1979); this will 
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be discussed later. 

The terminology used in discussions of clonal perennials, such as 

R. repens, is confusing and complex. The term 11ramet" (Harper, 1977) is 

used to refer to the vegetatively produced, genetically identical (or at 

least very, similar - see Lovett Doust, 1981c; Hunt, 1984) "daughters" 

that are borne-on stolons and/or rhizomes. If-ramets are attached 

directly to the "parent" then they are referred to as "tillers" (e. g. in 

grasses). 

Another term used in discussions of clonal perennials is I'metamer" 

(Harper, 1977). This can be used to refer to ramets but also includes 

the stolon (or stolon bud) associated with the "daughter" plant. This 

difference is high lighted by the use of the term metamer (Harperv 1977) 

for the iterative units of, for exampleý trees (leaf plus axillary bud) 

where the term ramet is inappropriate as the iterative units do not 

normally become independent of the "parent". A term which is synonymous 

with metamer is Hmodule". 

A collection of modules, metamers or ramets from the same "parent", 

whether attached or not, is termed a "genet" (Harper, 1977). The term 

"clone" has a similar meaning to genet but usually refers to attached 

modules, metamers or ramets. 

2.3 Why study these two species? 

1. Both species are commonly found in areas subject to seasonal 

submergence (Harpers 1957; Toorn, 1980; Salisburyp 1970)- 
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2. Petioles of both species are known to show the "depth accommodation 

response" (Cookson and Osborne, 1978; Ridge, 1985). R. sceleratus 

flowering stems also show this response (Samarakoon and Horton, 1981). 

They have contrasting life history strategies (annual /perennial), 

thus providing an opportunity for comparison. 

They have different reproductive strategies. R. repens reproduces by 

seed and ramets and R. sceleratus by seed alone. 

There is a substantial body of literature for both species which is 

invaluable in planning future research. 

Both species are easy to obtain locally and easily cultivated. 

2.4 Synopses and methodologies for 

2.4.1 Ranunculus repens experiments 

Synopsis of Experiment 1 

The initial R. repens experiment was started during November 1981 and 

involved the comparison of air-grown and submerged plants. This 

experiment was designed to study the changes in both allocation and 

phenology resulting from submergence. Locally collected R. repens 

plants were usedp not plants from a known submerged site. 
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Hethodology for Experiment 1 

Forty-two rosettes of Ranunculus repensl each with four mature leaves 

and a rosette diameter of 3 to 4cmt were collected from a single 

grassland site in Walton Hall, Milton Keynes on 4th November 1981. 

Two rosettes were transplanted into each of twenty-one trays (30 x 20 x 

5cm) containing Levingtons potting compost over a thin layer of washed 

pebbles. The plants were left to acclimatize in the greenhouse for two 

weeks. A 16hr photoperiod was maintained, daylight being supplemented 

by a bank of three Thorn PAR mercury vapour lamps. The temperature was 

maintained at 200C. These conditions were kept throughout the 

experiment. 

After two weeks six rosettes were harvested and treated as described 

below to act as time-zero controls. Twenty-four rosettes (twelve trays) 

were placed into four aquarium tanks (130"x 50 x 50cm)t six rosettes per 

tank. The tanks were then filled with water so' that there was 15cm 

depth of water above the soil surface in the trays; this was increased 

to 20cm after the first week because leaves' of many of the plants 

reached almost to the water surface. ' Two of these tanks were kept full 

of water for 13 weeks, the whole length of the experiment. The other 

two tanks were drained after 5 weeks*and the plants allowed to grow in 

air until the end of the experiment. Twelve rosettes (six trays) were 

regularly watered and left to drain freely throughout the experiment to 

act as controls. 

After 13 weeks all plants were harvested, the plants being divided into 

underground structures, leaves, petioles, stolons, and ramets. The 

plant material was then dried at 600C until constant weight (about 4 

days). Before drying 'the lengths of petioles were measured. 
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Synopsis of Experiment 2 

This experiment was similar to Experiment 1 but was set up outside 

during March 1982 to look at changes resulting from submergence under 

"field" conditions. The experiment lasted for 16 weeks and involved 

comparisons between 16 week air-grown controls, 12 week submerged/4 week 

air-grown and 4 week submerged/12 week air-grown plants. Again locally 

collected R. repens plants were used. Of particular interest was the 

demography of leaves and stolons, and the balance of asexual and sexual 

reproduction. 

Methodology for Experiment 2 

The number and arrangement of plants was as in Experiment 1, with 42 

plants placed in pairs into 21 trays. As in Experiment 1, twenty-four 

plants were placed into tanks and submerged to A depth of 20cm. After 

weeks twelve plants were drained and lef t to grow in air, and the 

remainder were left until after 12 weeks and then drained. Twelve 

plants were used as controls, and were regularly watered. Six plants 

were harvested as time-zero controls. 

At the start of the experiment all the petioles were marked by placing a 

5mm piece of plastic straw carefully around them. At weekly intervals 

new petioles were marked with different coloured pieces of plastic straw 

and the loss of earlier marked petioles was recorded. This system 

allowed for the monitoring of the petiole/leaf demography during the 

experiment under the different treatments; the monitoring was stopped 

after 12 weeks. Stolons were marked in a similar way. 

After 16 weeks the plants were harvested and weighed as in Experiment 1 
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and the lengths of stolons and petioles were measured. 

Synopsis of Experiment 

This experiment was designed to look at the influence of plant origin on 

response to submergence. Rosettes were collected from three sites, one 

regularly submergedl anotherv a few metres away, occasionally submerged 

and a third rarely submerged site some miles from the first two sites 

(see Appendix 1). This third site was the source of the material used 

in experiments 1 and 2. The experiment took place during 1983. The 

rosettes were submerged during February for four weeks, air controls 

being kept in moist soil during this time. The experiment finished 

during early August. 

Methodology for Experiment 

During the second week of January 1983, twenty rosettes of R. repe 

were collected from each of three sites (further details in Appendix 

The principles behind the criteria for selection of rosettes were that 

the rosettes collected within each site had to be as morphologically 

similar as possible (based on the number of leaves and rosette diameter) 

and the largest plants available. Plants from the different sites 

varied considerably in appearance and so different selection criteria 

were introduced in the different sites (Table 2.1). 

The sixty plants were individually potted into 15cm diameter pots 

containing John Innes no. 2 compost. The pots were then left outside to 

acclimatize for two weeks. After this time ten plants from each site 

were placed into tanks and submerged to a depth of 20cm whilst the other 

10 were left, as controls, in shallow trays which allowed the compost in 
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Table 2.1 

Criteria for collection of R repens rosettes from the three field sites "I* 
in January 1983 for experiment 3. 

Site Number of leaves/plant Rosette diameter (cm) 

---------------------------------------------------------------- 

Port Meadow 
submerged 2 6. o - 7.0 

Port Meadow 
non-submerged 3 . 2.0 - 4.0 

Open 
University 4 2.0 - 4.0 

----------------------------------------------------------------- 
** Rosette diameter based on sum of the lengths of both petioles. 
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the pots to be kept permanently moist. After 4 weeks the water level in 

the tanks was lowered and conditions as in the controls were imposed. 

During the first week in May the plants were carefully transplanted into 

27cm diameter plastic pots to allow for greater vegetative spread. 

During the second week of August the plants were harvested and weighed 

as in Experiment 1. Measurements of petiole lengths, stolon lengths and 

stolon internode lengths were also made. During the experiment the 

number of flowers/plant was also recorded. 

The choice of harvest time in allocation studies is to some extent 

arbitrary (see section 2.1). In this case it was chosen with two aims 

in mind. Firstly, to allow the plants to complete flowering and 

secondly, to be as close as 'possible to Peak Standing Crop (PSC) 

(maximum dry weight) as a measure of "maturity" (section 2.1). Sarukhan 

(1976) found PSC in. R. repens to be in early July and as flowering 

occurs from May to August (Clapham et al, 1981; Keble Martin, 1976) a 

compromise time of early August was chosen. 

Synopsis of field allocation studies 

This involved the collection of R. repens plants from three field sitesp 

used for the collection of plants in experiment 3P throughout 1983. 

Experiment 3 can be seen as a 'transplant garden experiment' (see 

Chapter 5) relative to the field collections, i. e. the results can be 

used to differentiate between genotypic and phenotypic differences in 

the responses to submergence (see Chapter 1). 
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Methodology for field allocation-studies 

During Febuary 1983 a 10m x 10m area was marked out in each of the three 

sites mentioned in Experiment 3 (see Appendix 1). From each of these 

areas plants were collected at monthly intervals from February 1983 

until June 1983 (a July 1983 collection was attempted but stolons were 

already disintegrating and so clones could no longer be identified). 

Initially twenty plants were collected from each site but this was 

reduced to ten during May and June to reduce collection time. Plants 

were sampled randomly (using random numbers as grid references) within 

the marked areas. Collected plants were harvested and weighed as in 

Experiment 1. 

2.4.2 Ranunculus sceleratus experiments 

Synopsis of Experiment 

This experiment was designed to study the effects of seedling 

submergence on future flowering and allocation patterns. The influence 

of nutrient level on the response to submergence was also investigated. 

Methodology for Experiment 

During Febuary 1983 seeds of R. sceleratus (the seeds were collected in 

August 1982 and stored at 50C) were sown onto John Innes no 1 compost 

and left to germinate in the greenhouse; the temperature was maintained 

above 50C by the use of a thermostatically controlled heater. 

Throughout the experiment a 16 hour photoperiod was maintained, natural 
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light being supplemented by a bank of three Thorn PAR mercury vapour 

lamps (this was to ensure that photoperiod was long enough to allow 

sceleratus plants to flower as some have been shown to be Long Day 

plants (Samarakoon and Hortonp 1981). 

Af ter 17 days 30 two-leaved seedlings (i. e. cotyledons only) were 

transplanted individually into 15cm plastic pots containing John Innes 

no. 11 2 or 3 compost (Table 2.2) to give ten seedlings per compost 

type. After 4 days five seedlings from each compost type were placed 

into a tank (80 x 40 x 30cm) and submerged with water to a depth of 8cm 

above the soil surface. The other five seedlings from each compost type 

were left as controls with soil moisture being maintained by a sand 

table. After 7 days the water level was lowered in the tanks and the 

submerged plants were placed on to the sand table with the control 

plants. The pots were then randomly placed within a6x5 grid to 

minimize differences in the micro-climate due to position. 

The dates of flowering stem elongation, first floweringp and seed 

production were recorded. During seed production, seed heads were 

counted and the seed collected. Maximum flowering stem height was also 

recorded. After seed production had finished the plants were harvested 

and divided into root, leaves, flowering stem, receptacles and seed. 

(Initially it was decided to separate the basal rosette leaves from the 

flowering stem leaves but differences in the morphology of submerged and 

control plants resulted in these categories being merged into one for 

all leaves). Weighing and drying details were as in experiment 1. 

The date of harvest was chosen to be at the end of seed production. The 

end of seed production was decided with the help of information from 

preliminary studies on the floral biology of R. sceleratus. These 

31 



Table 2.2 

'Available' nutrients and pH analyses" of John Innes composts used in 

experiment 4. 

John Innes compost N (mg/l*) P (mg/1) K (mg/1) pH 
----------------------------------------------------------- 

No. 1 138 42 131 6.5 

No. 2 245 40 142 6.5 

No. 3 300 54 142 6.6 

----------------------------------------------------------- 
Source: ADAS soil analysis. 

per litre of soil dried at 300C (N as nitrate and all lavaila, ble' 

forms of K and P). 
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studies showed that R. sceleratus'seed production rises gradually to a 

maximum and then falls off rapidly from this peak. Rapid senescence and 

death follows this peak so that most plants are dead two weeks after 

peak seed production. Plants were harvested one week after peak seed 

production. -It was also found that seedling submergence did not alter 

this pattern of seed production and senescence. 

Synopsis of Experiment 5 

This experiment led directly from experiment 4 and investigated the 

changes in dry weight allocation and structure of seedlings during 

short-term submergence. 

Methodology for Experiment 5 

Seedlings were obtained by the same method as in experiment 4 (using the 

same source of seeds) and the greenhouse conditions were also the same. 

Forty-five seedlings were transplanted individually into 9cm plastic 

pots containing either John Innes no 11 2 or 3 (see Table 2.2) to give 

fifteen seedlings per compost type. After 4 days five seedlings from 

each compost type were placed into tanks (as in experiment 4) and 

submerged with water to a depth of 8cm. Five seedlings were placed onto 

a sand table and the remaining five were harvested. Plants were 

harvested into root, petiole and hypocotyly and leaves. Petiole and 

hypocotyl lengths were also measured. 

Synopsis of Experiment 

This experiment led from the two previous experiments where no plant 

mortality had been recorded throughout the experiments. It was designed 
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to study seedling mortality during submergence with a much larger number 

of seedlings. 

Methodology for Experiment 6 

Again seedlings were obtained by the method given in experiment 4 and 

greenhouse conditions were the same. One hundred and eighty seedlings 

were transplanted into 9cm plastic pots containing John Innes 11 2 or 3 

to give sixty seedlings per compost type. After 4 days thirty seedlings 

from each compost type were submerged as in experiment 5, the remaining 

thirty from each compost type being placed onto the sand table. After 1 

week seedling mortality/survival was recorded. 

Synopsis of Experiment 

This experimentt unlikeýprevious experimentst investigated the response 

of R. sceleratus to long term submergence. Again plants were initially 

submerged as seedlings. 

Methodology for Experiment 

Seedlings were obtained by the usual method (experiment 4) and 

greenhouse condition were also the same. After three weeks seedlings 

with 3 or 4 leaves (including the cotyledons) were transferred into 15cm 

pots containing a 50: 50 mixture of John Innes no. 2 and Levingtons 

potting compost. 

Af ter three days three plants were then placed into a small tank (20 x 

45 x 25cm) and the plants submerged to a depth of 8cm above the soil 

surface. Another three plants were left on a sand table to act as 
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controls. 

The production of flowers and seed was monitored until all the plants 

died. Ripe seed heads were collected when necessary, but summed to give 

weekly totals. Flowering stem height was also measured. 

Synopsis of Experiment 8 

This experiment investigated the ability of R. sceleratus seeds to 

germinate underwater. 

Methodology for*Experiment 

Seeds of R. sceleratus were sown at. a depth of 3mm into seed trays (12 x 

7x 3cm) containing John Innes no. 2. (Unlike other experiments. the 

seeds were buried because surface sown seeds float;, a depth of 3mm was 

found to reduce loss of seed through flotation to acceptable levels). 

Fifty seeds were sown into each of eight trays on a 1cm x 1cm grid. 

Four trays were then placed into tanks (as experiment 4) and submerged 

with water to a depth of 8cm above the soil surface; the other four 

trays were placed onto a sand table to keep the compost moist. Seedling 

emergence was monitored on a daily basis for two months. 

Synopsis of Experiment 

This series of experiments was designed to study the effects of 

diurnally fluctuating temperatures on seed germination in R. sceleratuse 

The seeds used in this experient were collected fresh from the Port 

Meadow site during June 1983. For the second part of the experiment 

these seeds had been stored at 5*C for four weeks. 
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Hethodology for Experiment 

Seeds of R. sceleratus were placed onto strips of filter paper which 

were kept moist. This was achieved by placing both ends of each strip 

in a reservoir of water and supporting the central piece above the water 

using a glass platform. The whole arrangement was enclosed in a 5cm 

daimeter petri-dish. 

Fifty seeds were placed into each petri-dish and ten petri-dishes were 

used in each treatment. The treatments took place under a 12 hour 

photoperiod in a controlled environment chamber (Warren-Sherer) with 

light being provided by a mixture of fluorescent tubes and tungsten 

filament bulbs to give a mean irradiance of 60Wm-2. 

Two temperature treatments were used. Firstly seed germination at a 

constant 200C was tested and'secondly germination in a 250C (light)/15*C 

(dark) treatment. Seed germination (scored by possession of a visible 

radicle) was followed on a daily basis for 4 weeks. 

Synopsis of demogr-aphic studies on R. sceleratus 

In contrast to R. repens very little information about the demography of 

this species is available. The site for this study was a ditch on the 

edge of Port Meadow, Oxford (see Appendix 2). This study took place 

from November 1982 until August 1984. 

Methodology for demographic studies 

A detailed description of the Port Meadow ditch site is given in 

Appendix 2. During October 1982 three 5m transects, im apart, were set 
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up running down the bank perpendicular to the ditch. Each 5m transect 

was divided into ten 0.5m x 0.5m quadrats; giving a total of thirty 

0.25m2 quadrats. From right to left (facing the ditch) these transects 

will be referred to as A, B and C and the individual quadrats referred 

to as 1 to 10 numbering down the slope (i. e. Al is the uppermost quadrat 

of the right-hand transect). Quadrat positions were permanently marked 

by inserting vertically, at each cornerp a piece of PVC tube (3cm 

diameter and 15cm long) so as to leave 0.5cm of tubing above the 

surface. 

The positions of any R. sceleratus plants within the quadrats were 

mapped onto A pieces, of tracing paper using a pantograph (Telsar). 

pantograph was set on a small table (40cm x 40cm top and 22cm high). 

The mapping point of the pantograph was extended (downwards) to give 

about a 3cm clearance from the soil surface. Because the ground was 

uneven a small spirit level was 
-attached 

to the mapping arm of the 

pantograph; this enabled it to be kept in a level position during 

mapping. 

The 

Mapping was carried out at approximately 14 day intervals from the 3rd 

December 1982 until the 4th August 1984, amounting to 41 visits. At 

each visit the diameter (or diameter class) of each rosette or seedling 

was recorded and, if floweringy flowering stem height and the number of 

ripe seed heads were also recorded. Ripe seed heads were clipped off 

once counted; three heads from each flowering plant were retained and 

the--number of seeds per seed head recorded. 

At each visit the percentage plant cover of each, quadrat was visually 

estimated to the nearest 5%. Water level was recorded in terms of its 

position along each transect. The presence or absence of a seed bank 
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was assessed at five intervals during the study. This involved taking 

three soil samples (5cm x 5cm x 3cm) at each of three positions down the 

bank. These were on a level with quadrats 11 5 and 9 (on one occasion 

an additional sample was taken on a level with quadrat 10) and were a 

few metres to the right of the transects. These soil samples were 

transferred into trays and placed on a sand table in a greenhouse 

(conditions as experiment 4). The emergence of R. sceleratus seedlings 

was recorded during a sixty day period, the samples being turned after 

thirty days. 

The transects were surveyed during Spring 1983 (Appendix 2 for method). 

Maximum and minimum temperatures, and rainfall measurements were 

obtained for the area for the period of the study from the 

Meteorological station at Oxford (see Appendix 2). 

The results of this work and their discussion have been compiled into 

several chapters based on key topics and not divided by experiment. 

2.5 Statistical procedures 

Procedures for t-testj analysis of variance (anova) and, chi-squared test 

were used as given by Campbell (1974). - Where necessary the normality of 

the sample distribution was tested using the Bartlettfs and the 

Kolmogorov-Smirnov tests (Campbell, 1974: 200). Within-anova t-testst 

using pooled standard errors, were conducted using the procedure given 

by Mead and Curnow (1983). This latter procedure allows for a more 

reliable pair-wise comparison of means. 
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2.6 Allocation data 

It is the relative dry weights of plant components which are important 

when studying dry weight allocation. Differences in the total dry 

weights of plants must be taken into account before comparisons can 

begin (although the fact that some plants are larger than others is 

itself interesting). These dry weight differedces are usually accounted 

for by the use of fractions, where organ weight is expressed as a 

fraction of the total dry weight. These fractions are usually converted 

into percentages. 

Problems with this technique of allocation analysis were encountered 

when studying the dry weight data for R repens obtained from the field. A" 

Dry weight allocations expressed as percentages were very variablep for 

examplep with stolons (Figure 2-1). The data show an increase in 

percentage stolon dry weight with increased total dry weight (Figure 

2.1). Howeverp when the actual dry weights of stolons are plotted 

against total dry weights of the plant (clone of attached ramets) there 

is a very close relationship between stolon dry weight and total dry 

weight (Figure 2.2). The regression line explains 96% of the variance 

in the data. 

Why do the two models of stolon allocation differ so dramatically? It 

can be explained mathematically by considering the graph of stolon dry 

weight (y) plotted against total dry weight (x) (Figure 2.2). The 

straight line relationship of stolon dry weight with total dry weight 

can be expressed as: 

MX +C ------------- 1 
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Figure 2.1 Total dry weight (mg) 

Stolqn dry*wýeight as a percentage of total dry weight plotted against 
total dry weight for R. repens plants (plants from Port Meadow-June 1983). 
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Stolon dry weight plotted against total-dry weight for R. rppens plants 
(same plants as in Figure 2.1). 

40 



where y= stolon dry weight; x =* total dry weight; m= gradient of line 

and c= y-axis intercept. 

The gradient, m is constant which implies a constancy of dry weight 

allocation to stolons independent of total dry weight. This 'slope 

allocation' can be expressed by rearranging equation 1: 

Slope allocation =m= (y-c)/x ------------- 2 

The usual 'fractional allocation, calculation can be expressed as: 

Fractional allocation = y/x -------------- 3 

Equation 3 is equivalent to equation 2 when c =. O. In other words, the 

traditional method of calculating allocation has a built-in assumption 

that c=0. This is not the case for the results obtained with 

R. repens shown here (Figures 2.2 & 2-3) arid, in fact, in none of the 

relationships between organ dry weight and total dry weight for field 

and pot-grown plants was c=0. For large values of y and x the 

assumption that c=0 has a lesser effect. This is because the value of 

c in the term ly-c' becomes insignificant compared to y. This explains 

the increase, and subsequent levelling off, of fractional allocation 

with increasing total dry weight (Figure 2.1). 

The 'slope allocation' method of allocation analysis was found to be 

similarly effective for the transplant garden data (Figure 2-3) and will 

be the source of allocation data unless otherwise stated. 
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Figure 2.3 

Stolon dry weight plotted against total dry weight for pot grown R. repens 
plants in experiment 3 (see section 2.5). 
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Evidence for the applicability of the above findings to other plants has 

been found in data given in Reinartz (1984b) working with Verbascum 

thapsus He found a positive correlation between percentage dry weight 

allocation to seeds with total dry weight weight (Figure 2.4) similar to 

the one found with stolons in this study (Figure 2.1). However, he did 

not replot his data in terms of actual dry weights as was done in this 

study. When this is done the same result as with stolons in this study 

is found, that a straight line relationship between seed dry weight and 

total dry weight exists (Figure 2-5). 

This shows a constant slope allocation above a base-line dry weight. 

The regression explains 97.3% of variance in the datav compared with 

68.9% in the regression of the percentage data. The two models differ 

in their predictions of the seed weight of2 for examplev a plant with a 

total dry weight of 200g. The percentage model predicts a seed weight 

of 19.3g, whereas the slope allocation model predicts a seed weight of 

15-39. The greater the total dry weight the greater the discrepancy in 

the values predicted by the two models. 

Further work is required to judge the universal use of the slope 

allocation model. However, Waite and Hutchings (1982) working on 

Plantago coronopus found that perecentage allocation to seed increased 

with total dry weight and that there was a straight line relationship 

between seed dry weight and total dry weight (Figure 2.6). This 

presents a similar picture to the results in this study. 

Bradbury and Hofstra (1976) found that percentage allocation data, based 

on dry weights converted to calories, implied that the allocation 

patterns of two populations of Solidago canadensis were, in some 
I 

respects, significantly different. However, when the results were 
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Dry weight of seeds plotted against total dry weight for the Verbascum 
thapsus plants in Figure 2.4 (data from Reinartz, 1984b). 
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plotted as actual calorie content of the componen"it "part's against actual 

total calorie content of the plant on a log-log scale, these differences 

were no longer apparentp the two populations lying on the same (highly 

significant) regression lines. Bradbury and Hofstra (1976) conclude 

that '... this apparent anomaly is explicable in terms of plant size... 

In other words percentages did not account for plant size differences as 

they were intended to 'do. This is another example of the possible mis- 

interpretation of results from the use of percentages. 

2.7 Summary 

1. There are several difficult methodological problems relating to the 

"principle of allocation". 

2. Allocation results are very researcher..: dependent. 

Problems with the usual "percentage" allocation system resulted in a 

change to a novel "slope" allocation model. ' 
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Chapter 

Dry Weight Allocation and Submergence in Ranunculus repens 

1. Tactical allocation changes with submergence. 

".. most plant resource allocation studies have 

concentrated on the measure of dry weight 

distribution among tissues differing in life history 

function.. 11 

(Watson, 1984) 

3.1 Introduction 

This is the first in a series of three Chapters Op 4 and 5) devoted to 

the study of dry weight allocation strategies and 
; 
tactics in R. repens 

plants in relation to seasonal submergence. This first chapter is 

concerned with tactical changes in allocation associated with 

submergence whereas Chapter 4 is concerned with allocation patterns 

under seasonally submerged and non-submerged conditions in the field. 

The third chapter in this series (Chapter 5) is concerned with genetic 

differentiation with respect to dry weight allocation patterns between 

populations of R. repens which have in the past been subject to 

different levels of seasonal submergence. 

The experiments discussed in this chapter were designed, firstlYP to 

study how much of a 'stress' (sensu Grimej 1979) submergence is to 

R. repens plants; secondly2 to quantify tactical changes in dry weight 

allocation resulting from submergence and to outline a submergence 
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response strategy based on these allocation changes (see section 

and thirdly, to study any changes in phenology resulting from 

submergence. 

Submergence_of R. repens rosettes has been observed, under controlled 

and field conditionsp to result in the elongation of petioles (Ridge, 

1985; Smith pers. obser. )41 However, the plants also appear smaller 

(Smith pers. obser. ). The following questions are of immediate 

interest: 

1. Are submerged plants smaller in terms of dry weight? 

2. Do the observed changes in structure involve changes in dry weight 

allocation? 

Can any changes in flowering and/or stolon production be identified? 

-Can a 'stress response strategy' (see section 1.8) for submergence be 

outlined? 

3.2 Experimental Results 

3.2.1 Experiment 1 

Experiment 1 involved three treatments: 13 weeks air grown (controls); 5 

weeks submergence followed by 8 weeks air grown; and 13 weeks continuous 

submergence (details in section 2.4). Time-zero control plants were 

harvested at the start of the experiment. Plants from the Open 

University site were used in this experiment (see Appendix 1). 
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Plants in both submergence treatments had lower total dry weights than 

the control plants (Table 3-1) but the 13 week submerged plants show a 

much greater reduction. During the last two weeks of the experiment the 

leaves of one of the 13 week submerged plants Oplant V9 reached the 

surface of the water and achieved a dry weight twelve times that of the 

other submerged plants (Table 3.1). Plant V was excluded from the 

analysis of the 13 week submerged plants but where possible included 

solely for reference (Table 3.1). The total dry weights of the time- 

zero plants show that the 13 week submerged plants had a net loss of dry 

weight (Table 3.1). 

This loss of dry weight gives the 13 week submerged plants a negative 

relative growth rate (RGR; see Larcher, 1980) (Table 3.2). Plant V 

shows a virtually zero RGR (Table 3.2) but this is averaged over the 

whole 13 weeks, the RGR for the final two weeks would have been much 

greater. The RGR for the 5 weeks submerged plants is roughly half. that 

of the controls (Table 3.2). 

None of the 13 week submerged plants produedd stolons during the 

experiment but two of the 5 week submerged plants and seven of the 

control plant's did produce stolons (Table 3-3). Only plants in the 

control treatment produced any daughter ramets (Table 3-3). 

The dry weight of component parts was reduced by submergence (Table 3-4) 

and this reduction was greatest in the 13 week submerged plants. 

Allocation of dry weight to components (based on the graphical technique 

discussed in section 2.6) shows a more complex picture (Table 3-5). 

Overall there is a trend with submergence to increased allocation to 

underground structures and petioles, and decreased allocation to leaves, 

stolons and ramets (Table 3-5). 
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Table 3.1 

Total dry weights (mean and S. E. ) for R. repens plants grown in 
experiment 1. 

Treatment Total dry weights (mg) n 
----------------------------------------- 

Controls 1618.4 (161.9)a** 12 

5-week 
submerged 947.4 (95. o)b 12 

13-week 
submerged 10.2 (0.9)c 11 

"Plant VII 123.0 n/a 1 

Time-zero 
controls 
------------ 

122.1 
---------- 

(5.4)d 
------------- 

6 
------ 

** as in all tables different superscript indicates 
significantly different at P<0.05 (pair-wise t-test). 

Table 3.2 

Relative growth rates (RGRsj means) for R. repens plants grown in 
experiment 1. 

Treatment RGRs (mg/mg/week) 

----------------------------------- 

Controls 0.943 

5-week 
submerged 0.520 

13-week 
submerged -0-070 

"Plant VII 
-------------- 

0.001 
--------------------- 
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Table 3.3 

Number of R repens plants in experiment 1 producing stolons and ramets. all 

Treatment - 
------------- 

Stolons 
--------------- 

Ramets 

------------- 
n 

------- 

Controls 7 7 12 

5-week 
submerged 2 0 12 

13-week 
submerged 0 0 11 

"Plant VII 0 0 1 

Time-zero 
controls 
------------- 

0 
--------------- 

0 
------------- 

6 
------- 
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jabLe. 3.4 

Dry weights (mean and S. E. ) of component organs for R. repens plants in 
experiment 1 (n as Table 3.2). 

Treatment Dry weights (mg) 

Leaves Petioles Underground Stolons Ramets 
----------------------------------------------------------------------------------- 

Controls 488.9 (42.1)a 277-8 (26.0)a 740.7 (94.5)a 72.8 (21,5)a 38.3 (13-O)a 

5-week 
submerged 265.4 (27-5)b 161.6 (16.2)b 516.5 (59.9)b 4.0 (3.8)b Ob 

13-week 
submerged 1.1 (0.1)c 3.1 (0.2)c 5.9 (0.5)c 00 Ob 

"Plant VII 33.0 61.0 31.0 00 

Time-zero 
controls 30.5 (1.2)d 23.7 (1.9)d 68.0 (2-7)d 00 Ob 

Table 3.5 

Dry weight allocation (mean and S. E. ) to component organs based on the slope allocation 
method (section 2.6) in R. repens plants grown in experiment 1 (n as Table 3.2). 

Treatment Dry weight allocations 

Leaves Petioles Underground Stolons Ramets 

-------------------- ! -------------------------------------------- ------------------ 

Controls 0.251 (0.006)a 0.124 (0.009)a 0.555 (0.010)a 0.051 (0.011)a 0.019 (0.007)a 

5-week 
submerged 0.261 (0.009)a 0.146 (0-007)a 0.598 (0.008)b 0.004 (0.004)b Ob 

13-week 
submerged 0.138 (0-003)b 0.239 (0-003)b 0.623 (0.004)c Ob Ob 

Time-zero 
controls 0.218 (0.002)a 0.310 (0-036)b 0.472 (0-036)a Ob Ob 

------------------------------------------------------------------------------------ 
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However, the control and 5 week submerged plants do not differ 

significantly in their allocations to petioles or leaves. The 13 week 

submerged plants show a very different pattern of allocation compared to 

the other treatments (Table 3-5). The time-zero plants show a 

relatively high allocation to petioles (not significantly different from 

the 13 week submerged plants) but a relatively low allocation to 

underground structures (not significantly different from controls) and 

an intermediate level of allocation to leaves (Table 3-5). 

The emphasis on allocation of dry weight to petioles relative to leaves 

in the 13 week submerged plants can also be seen in the petioles: leaves 

dry weight allocation ratios (Table 3.6). The ratios for the controls 

and 5 week submerged plantst although similar, reflect a greater 

emphasis on leaves relative to petioles in the control plants compared 

to the 5 week submerged plants. However, the 13 week submerged plants 

show a considerable emphasis on allocation to petioles relative to 

leaves compared with both the other treatments (Table 3.6). The time- 

zero plants also show a large emphasis on petiole allocation relative to 

leaves compared to the control and 5 week submerged plants but not as 

great as the 13 week submerged plants (Table 3.6). 

The emphasis in submerged plants on allocation to underground structures 

can be seen in the below ground: above ground dry weight allocation 

ratios (= root: shoot ratio) (Table 3-7). However, unlike the 

petioles: leaves allocation ratio the 5 week submerged plants are clearly 

intermediate between the controls and the 13 week submerged plantsp 

reflecting increased emphasis on underground structures relative to 

above ground structures with increased submergence. The time-zero 

plants show an even greater emphasis on above ground allocation relative 

to below ground compared to the control plants (Table 3-7). 
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Table 3.6 

The ratio of dry weight allocation to petioles with dry weight 
allocation to leaves in R. repens plants grown in experiment 1. 

Treatment Ratio 

---------------------- 

Controls 0.494 

5-week 
submerged 0.559 

13-week 
submerged 1.732 

Time-zero 
controls 1.422 
---------------------- 

Table 3.7 

The ratio of dry weight allocation to underground structures with 
allocation to above ground structures in R. repens plants grown in 
experiment 1. 

Treatment Ratio 
---------------------- 

Controls 1.25 

5-week 
submerged 1.47 

13-week 
submerged 1.65 

Time-zero 
controls 0.89 
---------------------- 
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3.2.2 Experiment 2 

This experiment also involved Open University site plants (see Appendix 

1). Three treatments were set up: 12 weeks air grown (controls); 4 

weeks submergence followed by 8 weeks air grown; 8 weeks submergence 

followed by 4 weeks air grown (details in section 2.4). 

The 8 week submerged plants suffered substantial mortality (Table 3-8) 

but there was none in the 4 week submerged plants and only 1 plant in 

the control treatment died. All plants alive at harvest, independent of 

treatmenty produced stolons but only plants in the control treatment 

flowered (Table 3.8). 

The submerged plants showed reduced total dry weight at harvest compared 

to the controls, with the 8 week submerged plants having the greatest 

reduction' (Table 3-9). All treatments showed positive RGRIs (Table 

3.10) but the RGR for the 8 week submerged plants was very low. The RGR 

for the control plants was over three times the RGR for the 4 week 

submerged plants and nearly fifty-seven times greater than the 8 week 

submerged plants (Table 3.10). 

The dry weights of the individual component organs were also reduced by 

submergence (Table 3.11), with the 8 week submerged plants showing the 

greatest reductions relative to the controls. Although the dry weight 

of stolons fell dramatically in the submerged plants (Table 3.11) dry 

weight allocations (using the graphical technique discussed in section 

2-6) to stolons were unaffected by submergence (Table 3.12). 

Howeverp there is a trend for decreased allocation to leaves plus 

petioles with submergence. The allocation pattern shown by the 4 week 
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Table 3.8 

Survival, and the number of R. repens plants producing stolons and 
flowers in experiment 2. 

Treatment 
----------- 

Initial n 
--------------- 

Final n 
------------ 

Stolons 
------------ 

Flowers 
--------- 

Controls 12 11 11 6 

4-week 
submerged 12 12 12 .0 

8-week 
submerged 12 660 
----------------------------------------------------------- 

Table 3.9 

Total dry weights (per plant means and S. E. ), for R. repens plants grown 
in experiment 2. 

Treatment Total dry weight (g) n 
-------------------------------------------- 

Controls 
- 

10-39 (1-51)a 11 

4-week 
submerged 3.34 (0.26)b . 12 

8-week 
submerged 0.33 (0.07)c 6 

Time-zero 
controls 0.12 (0.01)d 6 
---------------------------- ; --------------- 

Table 3.10 

Relative growth rates (per plant mean) for R. repens plants grown in 
experiment 2 (n as Table 3.9). 

Treatment RGR (g/g/week) 

-------------------------------- 

Controls 6.90 

4-week 
submerged 2.16 

8-week 
submerged 0.14 
-------------------------------- 
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Table 3.11 

Dry weights of component organs (go per plantp mean and S. E. ): for 
R., repens plants grown in experiment 2 (n as Table 3-9). 

Treatment Petioles + Leaves Underground Stolons Ramets 
---------------------------------------------------------------------------- 

Controls 5.277 (0-832)a ' 2.147 (0-318)a 1.43-1 (O'. 276)a 1.532 (0.208)a 

4-week 
submerged 1.553 (0.111)b 0.711 (0.049)b 0.283 (0-050)b 0.797 (0-130)b 

8-week 
submerged 0.017 (0-008)c 0.178 (0-033)c 0.033 (0.011)c 0.105 (0.020)c 

time-zero 
controls 0.055 (0-003)d 0.069 (0.002)d Od Od 
---------------------------------------------------------------------------- 

Table 3.12 

Dry weight. allocation to component organs (per plantp mean and S. E. 
based on the graphical technique discussed in section 2.6) foi, R. repens 
plants grown in experiment 2 (n as Table 3-9). - 

Treatment Petioles + Leaves Underground Stolons Ramets 

------------------------------------------------------------- A ------------- 

Controls 0.543 (0.014)a - 0.204 (0-005)a "0.143 (0.011)a 0.119 (0-007)a 

4-week 
submerged 0.312 (0.027)b 0.137 (0.012)b 0.156 (0.010)a 0.395 (0.029)b 

8-week 
submerged 0.110 (0-005)c 0.455 (0-015)c 0.155 (o. oo6)a 0.280 (0-007)c 

time-zero 
controls 0.550 (0.014)a 0.450 (0.011)c Ob Od 
------------------------------------------------------------- 7 ------------- 
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submerged plants for ramets and underground structures is not 

intermediate between the other two treatments (Table 3.12) and so a 

trend is not evident. The 8 week submerged plants show much greater dry 

weight allocation to both these components compared to the controls. 

The below ground: above ground dry weight allocation ratios (= root: shoot 

ratio) show that the 8 week submerged plants have increased emphasis on 

underground structures relative to above ground compared to the other 

plants (Table 3.13). The 4 week submerged plants show* a greater 

emphasis on above ground allocation than the controls (Table 3.13). The 

time-zero plants show a greater emphasis on underground structures than 

the 8 week submerged plants; this is possibly related to the lack of 

stolons and ramets in these plants. 

The stolon: ramet dry weight allocation ratio shows an increased emphasis 

on allocation to ramets relative to stolon allocation with submergence 

(Table 3.14). However, it is the 4 week plants that show the greater 

emphasis on ramets relative to stolons (Table 3.14). 

3.3 Discussion 

From both experiments it is clear that submergence results in reduced 

total dry weights (Tables 3.1 & 3-9) and reduced RGRIs (Tables 3.2 & 

3.10) and that these effects are greater with increased submergence. 

Following the definition of stress as I ... external constraints which 

limit the rate of dry matter production ... I (Grime, 1979; see section 

1.8)t it is clear that R. repens plants were under stress conditions in 

the submergence treatments given. There is also evidence of a delay in 

stolon and ramet production (experiment 1: Table 3-3)p and flowering 
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, 
Table 3.13 

Below ground: above ground dry weight allocation ratios (per plantp 
mean) for R. repens plants grown in experiment 2 (n as Table 3-9). 

Treatment Ratio 
-------------------- 
Controls 0.256 

4-week 
submerged 0.159 

8-week - 
submerged 0.835 

time-zero 
controls 0.818 
-------------------- 

Table 3.14 

Stolons: ramets dry weight allocation ratios (per plant, mean) for 

. 
E. repens plants grown in experiment 2 (n as Table 3-9). 

Treatment Ratio 
-------------------- 

Controls 1.202 

4-week 
submerged 0.395 

8-week 
submerged 0.554 
-------------------- 
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(experiment 2: Table 3.8) and also an increase in plant mortality 

(experiment 2: Table 3-8). 

The greater total dry weight of 'plant VI (of experiment 1- the leaves 

of which reached the water surface during the last two weeks of the 

experiment) compared to the other 13 week submerged plants (Table 3-1) 

points to some of the reduced dry weight of submerged plants being due 

to the presence of-water around the leaves. 

Light is unlikely to be limiting in such cleart shallow water (Maberley 

and Spence, 1983). However, carbon dioxide is present in only very 

small amounts in freshwater (Maberley and Spence, 1983) and it is 

unlikely that R. repens is able to use bicarbonate (Allen and Spencey 

1981; Raven, 1970). This could be a limiting factor on dry weight gain. 

This does not rule out the role of soil hypoxia (or anoxia) in the 

reduction of dry weight through either the reduction of nutrient 

availability (Gambrell and Patrick, 1978) and/or the increased metabolic 

activity associated with the de-toxification of the products of 

anaerobic metabolism (see section 1-7). 

Increased emphasis on below ground structures in submerged plants is 

clear from the increased allocation to these structures and the 

increased Iroot: shoot' allocation ratios with increased submergence in 

experiment 1 (Tables 3.5 & 3-7). In experiment 2 this emphasis in 

allocation is shown by the 8 week submerged plants having a much greater 

allocation to underground structures than the controls but the 4 week 

plants do not show this pattern (Table 3.12). The Iroot: shoots ratios 

also show that the 4 week submerged plants are not intermediate between 

controls and 8 weeks submerged plants (Table 3.13). These results 

suggest that the submergence periods are not additive in their effects 
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on allocation. 

Increases in the Iroot: shoot' ratios of plants in 'stressful' 

environments are well documented (Fitter and Hay, 1981: 102; Waite and 

Hutchings, 1982). In this situation these could be considered to be 

associated with the need for increased nutrient absorption but Fitter 

and Hay (1981: 103) state I... the root: shoot ratio is ... a good guide 

to the stressfulness of the environment but bears little relation to 

nutrient absorption ... They base this statement on the frequent 

finding that increased root: shoot ratios in stressful environments are 

due to increased allocation to subterranean storage organs. 

Howeverg the R. repens plants in these experiments often showed a total 

absence of'storage organs (caudex and rhizome) after growing under 

submerged conditions (S. J. Smith pers. obser. ). Plants growing in the 

field under submerged conditions also showed reduced underground storage 

organs compared to non-submerged plants (S. J. Smithq pers.. obser. ). 

It may be that the increase in root: shoot in R. repens under submerged 

conditions is in response to nutrient deficiency as found by Bradshaw et 

al (1964) for several grasses. 

The dry weight allocation to leaves and petiolesy and the petioles 

: leaves dry weight allocation ratio of the plants in experiment 1 

(Tables 3.5 & 3.6) show an increased emphasis on petioles relative to 

leaves. This emphasis on petioles in submerged plants may be related 

not only to the depth accommodation response of petioles (see Chapter 1) 

but also to the inability of leaves to develop their full lamina 

underwater. Plant V shows that long petioles that enable leaves to 

reach the surface can result in considerable resource gain (Table 3-1). 
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The submerged plants in experiment 2 show an increased emphasis on 

ramets relative to stolons. This can be seen in the stolons: ramet dry 

weight allocation ratios (Table 3.14) and also in the dry weight 

allocation to ramets and stolons (Table 3.12). The constant allocation 

to stolons (in experiment 2) suggests a maintenance of allocation for 

vegetative spread but the increased allocation to ramets points towards 

greater investment in the survival of their daughter ramets; ramet 

mortality has been shown to be size related in many clonal perennials 

(Pitelkay et al, 1985). 

3.4 Summary 

The submergence treatments resulted in: 

1! reductions in dry weight gain. 

2. delay or reduction of flowering and in experiment 1a delay or 

reduction in stolon production. 

increased allocation to petioles and underground structures. 

increased emphasis on ramet relative to stolons. 
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Chapter 

Dry Weight Allocation and Submergence in Ranunculus repens. 

2. Dry weight allocation patterns in field populations. 

"Every plant is a measure of the conditions under 

which it grows. 11 

(Clements, 1920) 

4.1 Introduction 

In the previous chapter the dry weight allocation of R. repens plants 

grown in submerged and non-submerged treatments under controlled 

conditions was investigated.. Howeverl the plants used were from one 

particular site (see section 3.2) and the conditions were far from.; those 

in the field. 

This chapter reports the results of dry weight allocation studies 

carried out. upon R. repens plants under field conditions. Two of the 

chosen sites were on Port Meadowp Oxford. Although adjacent the two 

sites have very different histories of submergence. One of the sites 

(the "Port Meadow submerged site") is regularly submerged during the 

winter and spring, whilst the nearby site (the "Port Meadow non- 

submerged site") is only very rarely submerged because it is on a higher 

level. A third site (the "Open University site") is situated on the 

Open University campusq Milton Keynes and is about 40 miles from Port 

Meadow. This latter site is on heavy clay soil and is often waterlogged 

during the winter but submergence is rare (details of these sites are in 
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Appendix 1). 

, 
Three questions were of interest in this study: 

1. Do dry weight allocation patterns differ between submerged and non- 

submerged plants under field conditions? 

2. Are the allocation patterns of plants from the two distant non- 

submerged sites more alike than those of the two Port Meadow sites? 

How do these differences in allocation pattern (if any) compare with 

those found under controlled conditions (Chapter 3)? 

The field' dry'weight allocation results can not immediately be used in a 

discussion of strategies because the genetic component of the responsq 

to, for example, submergence has. not been assessed (see section 1.2). 

Several studies have shown adjacent populations of the same plant 

species to be genetically distinct (e. g. Antonoviesp 1972; Aston and 

Bradshaw, 1966; Turkington, 1979; Lovett Doust, 1981a; 1981b) whilst 

other studies have shown field differences in allocation patterns to 

disappear under a common environment (e. g. Hickman, 1975; Abrahamson and 

Hersheyp 1977; Holler and Abrahamson, 1977; Raynalp 1979). The 

environmental and genetic components of the response to submergence of 

the plants from the three sites will be investigated in Chapter 5. 
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4.2 Field Results 

There is a considerable range In total genet (this refers to a single 

rosette with its attached ramets) dry weight within the three sites 

(Table 4.1). - Plants from both Port Meadow sites show a trend of 

increasing mean total genet dry weight throughout the study period 

(Table 4.2). However, the Port Meadow non-subrderged site plants show a 

peak in May and June, whereas the Port Meadow submerged site plants show 

a peak in June (Table 4.2). With the exception of June the Port Meadow 

submerged site plants were significantly lighter than those of the Port 

Meadow non-submerged site (Table 4.2). 

Plants from both Port Meadow sites show no significant change in dry 

weight from February to March and about a 2.5 times increase from March 

to April (Table 4.2). However, from April to May the Port Meadow non- 

submerged site plants show a doubling of total genet-weight but the Port 

Meadow submerged plants showed no significant change in dry weight. The 

two sites also differ in the pattern of change from May to June with the 

Port Meadow submerged site plants showing a large increase in total dry 

weight and the Port Meadow non-submerged site plants showing no 

significant change (Table 4.2). 

The limited data from the Open University site plants means that a 

pattern for the whole study period can not be seen (Table 4.2). The 

February and March data show that the Open University genets were 

relatively large compared to the Port Meadow plants (Table 4.2). The 

June data, however, suggests that total dry weight has peaked in the 

preceding months. 

With the exception of the June results organ dry weights are usually 
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Table 4.1 

Range of total plant dry weights (mg) for R. repens plants collected 
from the three field sites February to June 1983. 

Month Site 
-------- ------------- 

Port Meadow 
--------------- 

Port Meadow 
------------ 

Open 

-------- 
submerged 

------------- 
non-submerged 

--------------- 

University 

------------ 

February 26-149 95-353 249-777 
March 50-278 51-576 174-888 
April 97-570 123-1199 n/a 
May 80-489 471-1842 n/a 
June 399-1766 102-1814 236-809 

n/a= no data collection. 

Table 4.2 

Total plant dry weights (mg, mean and S. E. $ per plant) for R. repens 
plants collected from the three field sites February to June 1983. 

Month Site 
---------------------------------------------------- 

Port Meadow Port Meadow Open 
submerged non-submerged University n 

---------------------------------------------------- 

February 84 (7)a** 204 (16)b 424 (36)de 20 
March 107 (13)a 189 (32)b 323 (50)cd 20 
April 286 (32)c 467 (61)de n/a 20 
May 246 (48)bc 912 (140)f n/a 10 
June 805 (121)f 594 (174)ef 489 (47)e 10 
------------- 
n/a= no data 

-------------- 
collection. 

--------- ------------- --- 

**. differ ent superscript means signi ficantly different at p<0.05 (t- 
test). 
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greater in the Port Meadow non-submerged site plants compared with the 

plants from the Port Meadow submerged site (Table 4-3). The February 

and March data for the Open University site plants show that these 

plants usually have greater organ dry weights than plants from both Port 

Meadow sites (Table 4.3). 

Dry weight allocation (based on the graphical technique discussed in 

section 2-6) to parent rosette underground structures shows a declining 

trend through the study period in plants from both Port Meadow sites 

(Table 4.4c). From February to April the Port Meadow submerged site 

plants had a greater allocation to underground structures compared with 

9 Port Meadow non-submerged site plants but the situation was reversed in 

June (Table 4.4c). The Open University site plants shows a tendency to 

increase underground allocationý but without the April and May data it 

is difficult to be certain; even so the allocation to these structures 

in- these plants in June is very high relative to the Port Meadow site 

plants (Table 4.4c). 

Allocation to parent rosette leaves in the Port Meadow non-submerged 

site plants peaked in April and then decreased to below the February 

levels (Table 4.4a). 
-The Port Meadow submerged site plants show a 

similar picture but the peak was a month later. Port Meadow non- 

submerged site plants often show greater allocation to parent rosette 

leaves compared to the Port Meadow submerged site plants (Table 4.4a). 

Open University plants often show greater allocation to these components 

compared to the other site plants. 

Allocation to parent rosette petioles does not show as clear a picture 

as the allocation to leaves (Table 4.4b). Plants from both Port Meadow 

sites show peaks in allocationp which correspond with the peaks in 
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Table 4.3 

Organ dry weights (mg, mean and S. E. p per plant) for R. repens plants 
collected from the three field sites February to June 1983 (n as Table 
4.2) 

(a) Parent rosette leaves 

Month Site 
--------------------- 

Port Meadow 
----- 

Port 
---------- 

Meadow 
---------------- 

Open 

submerged 
--------------------- 

non- 
----- 

submerged 
---------- 

University 
-------------- 

February 5 (1)a 50 (5)b 185 (17)c 
March 21 (3)a 45 (8)b 144 (19)c 
April 76 (10)a 188 (26)b n/a 
May 85 (19)a 285 (45)b n/a 
June 43 (jo)a 56 (18)a 31 Ma 

-------------------------- 
n/a= no data collection. 

---------- ---------------- 

** different superscr ipt means significantly different at p<0.05 (t- 
test) (rows only) 

(b) Parent rosette petioles 

Month Site 
--- ----- 

Port 
-------- 

Meadow 
----- 

Port 
---------- 

Meadow 
-------------- 

Open 

-------- 
submerged 

------------- 
non- 

----- 
submerged 
---------- 

University 
-------------- 

February 20 (2)a 45 (4)b 106 (9)0 
March 29 (3)a 41 (6)b 79 (12)c 
April 93 (10)a 107 (17)a n/a 
May 76 (16)a 188 (28)b n/a 
June 
--------- 

74 
---- 

(20)a, 
-------- 

43 
----- 

(15)a 
---------- 

44 (9)a 
-------------- 

(c) Parent rosette underground structures 

Month Site 
-------- ----- 

Port 
-------- 

Meadow 
----- 

Port 
---------- 

Meadow 
-------------- 

Open 

---- 
subm 

--- m- 
erged 
--- m ---- 

non-submerged 
--------------- 

University 
-------------- 

February 58 (5)a log (10)b 133 (12)b 
March 58 (g)a 103 (19)b 99 (19)b 
April 117 (15)a 172 (20)b n/a 
May 82 (16)a 314 (46)b n/a 
June 
--------- 

138 
-m -- 

(21)a 

-------- 
140 

------ 
(41)a 

--------- 
141 (21)a 

-------------- 
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Table 4.3 continued 

(d) Stolons 

Month Site 
-------------------------------------------------- 

Port Meadow Port Meadow Open 
'submerged non-submerged University 

-------------------------------------------------- 

May 13 (3)a 80 (16)bý n/a 
June 296 (47)a 220 (77)ab 174 (32)b 
-------------------------------------------------- 
(e) Ramet leaves 

Month Site 

-------------------------------------------------- 
Port Meadow Port Meadow Open 
submerged non-submerged University 

-------------------------------------------------- 

May 0a 23 (3)b n/a 
June 79 (15)a 52 (20)a 47 (5)a 
-------------------------------------------------- 

Ramet petioles 

Month Site 
--------------------- 

Port Meadow 
--------------- 

Port Meadow 
-------------- 

Open 
submerged 

--------------------- 
non-submerged 

--------------- 
University 

-------------- 

May 0a 16 (2)b n/a 
June 62 (13)a 

--------- m ----------- 

45 (15)ab 

--------------- 

26'(4)b 

------------ 

(g) Ramet underground structures 

Month Site 
-------------------------------------------------- 

Port Meadow Port Meadow Open 
submerged non-submerged University 

------------------------------------- m ----- m ------ 

June 32 (8)a 13 Mb 7 (3)b 
-------------------------------------------------- 

Floral structures 

Month Site 
--------------------- 

Port Meadow 
--------------- 
Port Meadow 

-------------- 
Open 

submerged 
--------------------- 

non-submerged 
--------------- 

University 
-------------- 

May 0a 41 (7)b n/a 
June 104 (17)a 
--------------------- 

51 (15)b 
--------------- 

21 (5)b 

-------------- 
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Table 4.4 

Dry weights allocation to organs (mean and S. E., 
graphical technique discussed in section 2.6) for 
collected from the three field sites February to 

(a) Parent rosette leaves 

Month Site 

per plant - based on 
R. repens plants 

June 1983. 

------------------------------- m ------------------- m ------ 
Port Meadow Port Meadow Open 
submerged non-submerged University 

---------- m -------------------------------------- m ------- 

February 0.032 (0.003)a** 0.245 (0.011)e 0.445 (0-011)1 
March 0.180 (0-007)d 0.239 (0.004)e 0.384 (0-005)h 
April 0.300 (0-005)f 0.428 (0.004)1 n/a 
May 0.378 (0.006)h 0.318 (0-005)9 n/a 
June 
------- 

0.074 
-- ---- 

(0-005)b 0-109 ý0-011)c 0.119 (0-005)c 

n/a= no 
--- ----------- 

data collection. 
------- ---------- -------------- 

** different superscript means significantly different at p<0.05 (t- 
test). 

(b) Parent rosette petioles 

Month Site 
--------- ------ 

Port 
---------- 
Meadow 

------ 
Port 

---------- 
Meadow 

--------------- 
Open 

--------- 
subme 

------ 
rged 
---------- 

non-s 
------ 

ubmerged 
---------- 

University 
--------------- 

February 0.294 (0.011)9 0.220 (0-007)d 0.244 (0.007)ef 
March o. 188 (0.007)c 0.187 (0-003)c 0.242 (0.004)e 
April 0.287 (0-007)9 0.260 (0.005)f n/a 
May 0.297 (0.014)9 0.197 (0.004)c n/a 
June 
--------- 

0.149 
------ 

(0.006)b 
---------- 

0.094 
------ 

(0.009)a 
---------- 

d. 146 (0-015)b 
--------------- 

(c) Parent rosette underground structures 

Month Site 
----------------------------------- 
Port Meadow Port Meadow Open 

--------- 
submerged non-submerged University 

----------------------------------------------- 

February 0.674 (0.011)j 0.536 (0.014)9 0.314 (0.010)c 
March 0.632 (0.012)1 0.575 (0.005)h 0.374 (0-007)d 
April 0.414 (0.009)e 0.312 (0.006)c n/a 
May 0.285 (0.017)c 0.316 (0.008)c n/a 
June 
--------- 

0.147 
------- 

(O. oog)a 
--------- 

0.220 
------- 

(O. oog)b 
--------- 

0.489 (0.045)r 

--------------- 
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Table 4.4 continued 

(d) Stolons 

Month Site 
-------------------------------------------------------- 

Port Meadow Port Meadow Open 

submerged non-submerged University 
-------------------------------------------------------- 

May 0.054 (0.002)a 0.107 (0.005)b n/a 
June 0.363 (0.011)c 0.434 (0.010)d 0.5-81 (0-032)e 
-------------------------------------------------------- 

(e) Ramet leaves 

Month Site 
-------------------------------------------------------- 

Port Meadow Port Meadow Open 
submerged non-submerged University 

-------------------------------------------------------- 

May Oa 0.027 (0.001)b n/a 
June 0.159 (0-017)d 0.105 (0.005)c 0.082 (0.005)b 

-------------------------------------------------------- 

Ramet petioles 

Month Site 
-------------------------------------------------------- 

Port Meadow Port Meadow Open 
submerged non-submerged University 

-------------------------------------------------------- 

May Oa 0.018 (0.001)b n/a 
June 0.100 (0-013)d 0.082 (0-005)d '0.072 (0-003)c 
-------------------------------------------------------- 

(g) Ramet underground structures 

Month Site 
-------------------------------------------------------- 

Port Meadow Port Meadow Open 
submerged non-submerged University 

-------------------------------------------------------- 

June 0.030 (0.004)a 0.007 (0.004)b 0.073 (0-003)5 
-------------------------------------------------------- 
(h) Floral structures 

Month Site 
-------------------------------------------------------- 

Port Meadow Port Meadow Open 
submerged non-submerged University 

-------------------------------------------------------- 

May 0a 0.074, (0.005)b n/a 
June 0.120 (0.006)c 0.074 (0.004)b 0.096 (0.010)bc 
-------------------------------------------------------- 
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allocation to parent rosette leaves but there are not clear increases in 

allocation to these peaks earlier in the season (Table 4.4b). In 

contrast with allocation to parent rosette leavesp allocation to parent 

rosette petioles was (with the exception of March) greater in Port 

Meadow submcrged site plants compared with Port Meadow non-submerged 

site plants. 

Allocation to stolons only occurred during two months of the studyp May 

and June. The Port Meadow non-submerged site plants always showed 

greater allocation to stolons than the Port Meadow submerged site plants 

(Table 4.4d). The Open University site plants showed very high stolon 

allocations compared to the other two sites. 

As with stolons, allocation to floral structures only occurred during 

May and June. Although flowering in the Port Meadow submerged site 

plants began later than in the other two sites the floral allocation in 

June was significantly greater (Table 4.4h). There was no change in 

allocation to floral structures in Port Meadow non-submerged site plants 

in May and June. Allocation to flowering in June in Open University 

site plants was in between the two Port Meadow site values. 

As with floral structuresp although allocation to ramet leaves started 

later in Port Meadow submerged site plants compared to the other two 

sitesp the allocation level in June was significantly greater (Table 

4.4e). Although allocation to ramet petioles started later in the Port 

Meadow submerged site plants there was no significant difference between 

the Port Meadow sites in June (Table 4.4f). With allocation to ramet 

underground structures the Open University site plants show a very large 

allocation compared with the other two sites (Table 4.4g). The Port 

Meadow non-submerged site plants show the least allocation to ramet 
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underground structures. 

The petioles: leaves dry weight allocation ratios show that the Port 

Meadow submerged site plants had a greater emphasis on petiole 

allocation relative to leaves throughout the study and especially early 

in the year (Table 4-5). Plants from both the Port Meadow sites show a 

similar pattern of change in the ratio, with an increase in allocation 

to leaves relative to petioles until May and then an increase in 

allocation to petioles relative to leaves in June (Table 4-5). 

From the available data the stolons: ramets dry weight allocation ratios 

for the Open University and Port Meadow non-submerged site plants are 

very similar (Table 4.6). However, the Port Meadow submerged site 

plants show a much greater emphasis on ramet, allocation relative to 

stolon allocation (Table 4.6). 

The floral structures: stolons dry weight allocation ratios also show the 

Port Meadow submerged site plants to be distinct from the other 

populations (Table 4-7). The Port Meadow submerged site plants show a 

much greater emphasis on floral allocation relative to stolons compared 

with plants from the other populations (Table 4-7). 

The below ground: above ground dry weight allocation ratios for February 

to April show that the Port Meadow submerged site plants have greater 

emphasis on below ground allocation Oroot') relative to above ground 

allocation ('shoot') compared to the other populations (Table 4-8). 

During February and March the Open University site plants show a much 

greater emphasis on above ground allocation relative to below ground 

allocation compared to the other plants (Table 4-8). During May and 

June the two Port Meadow populations change positions with the Port 
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Table 4.5 

Petioles: leaves dry weight allocation ratios (mean, per plant) for 
R. repens plants collected from the three field sites February to June 
1983 (n as Table 4.2). 

Month Site 
-------------------------------------------------- 

Port Meadow Port Meadow Open 
submerged non-submerged University 

-------------------------------------------------- 

February 9.188 0.898 
March 1.044 0.782 
April 0.957 0.607 
May 0.786 0.619 
June 2.014 0.862 

0.548 
0.630 
n/a 
n/a 
1.227 

---------------- 
n/a= no data collection. 

Table 4.6 

Stolon: ramet dry weight allocation ratios (mean, per plant) for 
R. repens plants collected from the three field sites February to June 
1983 (n as Table 4.2). 

Month Site 
-------------------------------------------------- 

Port Meadow Port Meadow Open 
submerged non-submerged University 

-------------------------------------------------- 

May 2.378 n/a 
June 1.256 2.214 2.559 
-------------------------------------------------- 
n/a= no data collection. 
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- Table 4.7 

Floral structures: stolons dry weight allocation ratios (mean, per plant) 
for R. repens plants collected from the three field sites. February to 
June 1983 (n as Table 4.2). 

Month Site 
-------------------------------------------------- 

Port Meadow Port Meadow Open 
submerged non-submerged University 

-------------------------------------------------- 

May 0.692 n/a 
June 0.331 0.171 0.165 
-------------------------------------------------- 
n/a= no data collection. 

Table 4.8 

Below ground: above ground dry weight allocation ratios (mean, per 
plant) for RO repens plants collected from the three field sites 
February to June 1983 (n as Table 4-2). 

Month Site 
-------- ------------- 

Port Meadow 
--------------- 

Port Meadow 
-------------- 

Open 

--------- 
submerged 
------------ 

non-submerged 
--------------- 

University 
-------------- 

February 2.067 1.155 0.453 
March 1.717 1.353 0.597 
April 0.706 0.453 n/a 
May 0.399 0.462 n/a 
June 0.215 0.297 1.283 
-------------------------------------------------- 
n/a= no data collection. 
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Meadow non-submerged site plants showing the greater emphasis on below 

ground allocation relative to above ground (Table 4.8). Plants from 

both Port Meadow sites show a trend of increased emphasis on above 

ground allocation 'relative to below ground throughout the study period 

(Table 4.8). 

0 

4.3 Discussion 

During submergence (February to April- see Appendix 1) the plants in the 

Port Meadow submerged site showed many of the characteristics of the 

submerged plants in experiments 1&2 (Chapter 3). These are a 

relatively high allocation to petioles and underground structures (Table 

4.4b & c), a delay in flowering and ramet production (Table 4.3e, f & h), 

and lower total dry weights (Table 4.2). 

These field results show an increase in sexual reproductive allocation 

and a decrease in vegetative reproduction allocation following 

submergence (Table 4.4). Submergence also appears to result in an 

increase in allocation to ramets relative to allocation to stolons 

(Table 4.6) and an increase In floral allocation relative to allocation 

to stolons (Table 4-7). 

The fall in total dry weight in June for the Port Meadow non-submerged 

site plants may be lihked to drought which was apparent at that site 

(Table 4-2). The Port Meadow submerged site was not droughted but the 

Open University site did appear to be which may explain the low June 

total dry weights at this site (Table 4.2). From the available data the 

Open University site plants appear very different from the Port Meadow 

plants. Howeverp in terms of relative allocation to parent rosette 
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leavesp petioles and underground'structures they resemble the Port 

Meadow non-submerged site plants. 

These results must be interpreted with caution because the populations 

may be genetically distinct (Turkingtong 1979) and they are growing 

under different, environmental conditions (see Appendix 1) even after 

submergence has been accounted for., Differences in allocation patterns 

of field populations have often been found, to disappear when plants are 

grown under a common environment, i. e. the differences in allocation 

were due to environmental differences, (e. g. Hickman, 1975; Abrahamson 

and Hershey, 1977; Holler and Abrahamson, 1977; Pitelka, 1977; Raynalf 

1979). 

Clearly, because of these findings field results alone can not be used 

in a discussion of strategy. However, several authors have used such 

data as the basis for -strategic analysis (e. g. Abrahamson and Gadgily 

1973; Abrahamson 1975a; 1975b; Gaines et all 1974; Smithp 1972). 

Returning to the questions asked in the intioduction: 

1. Do dry weight allocation patterns differ between submerged and non- 

submerged plants under field conditions? 

The dry weight allocation patterns for the Port Meadow site plants are 

clearly different and it is probable (taking the results of Chapter 3 

into consideration) that many of these differences are related to the 

submergence of one of the sites. However, other environmental factors 

and the possibility of genetic differences discussed above can not be 

ignored. This is investigated in Chapter 5. 
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2. Are the allocation patterns of plants from the two distant non- 

submerged sites more alike than those of the two Port Meadow sites? 

This is a difficult question to answer because of the lack of Open 

University site data, but the relative dry weight allocation suggests 

that the Port meadow non-submerged site plants are more like the Open 

University site plants than the Port Meadow submerged site plants. This 

is possibly related to the lack of submergence in both these sites. 

This will be investigated futher in Chapter 5. 

How do these differences in allocation pattern (if any) compare with 

those found under controlled conditions (Chapter 3)? 

The Port Meadow submerged site plants show the greater dry weight 

allocation to petioles and underground structures found in the submerged 

plants in Chapter 3. They also show a delay in stolon and flower 

production. The Port Meadow submerged plantsy however, show a greater 

final allocation to floral structures but a lower allocation to stolons. 

This will be studied further in Chapter 5. 

4.4 Summary 

1. The dry weight allocation patterns of R. repens plants were compared 

under submerged and non submerged conditions in the field. 

2. The results suggest that submergence influences dry weight allocation 

in the f ield. 

3. Common environment studies are required to validate the findings in 

terms of strategic analysis. 
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Chapter 5 

Dry Weight Allocation and Submergence in Hanunculus repens. 

Genetic differentiation between populations. 

"--examples of highly localized differentiation of 

plant populations over a few metres are common.. " 

(Turkingtony 1979) 

5.1 Introduction 

The theoretical basis for studies of dry weight allocation in plants has 

been discussed (Chapter 1). In Chapter 3 the tactical differences in 

dry weight allocation associated with submergence of plants from one 

particular R. repens Population were investigated. In Chapter 4 the 

differences in dry weight allocation in submerged and non-submerged 

field populations of R. repens were followed but the nature of these 

differences, whether strategic or tactical, is unknown. 

The correct interpretation of these field results depends on the 

separation of these effects (Stearns, 1976; Harper, 1977). This is 

often achieved by growing plants from different habitats in a common 

environment (e. g. Douglast 1981; Reinartzv 1984b)o These are often 

termed 'transplant gardens' (Chapin and Chapin, 1981). 

This chapter is concerned with the variations in strategy and tactics of 

dry weight allocation shown by L. repens populations from different 

sites (see Appendix 1) grown in a 'transplant garden'. The three 
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populations correspond with the populations studied in Chapter 

In contrast to earlier studies (e. g. Turesson, 1922) seeds were not used 

in this transplant experiment because of the uncertainty concerning how 

representative the traits shown by such plants are of the native 

population (Heslop-Harrison, 1964; Lovett Doustp 1981b). 

The transplant garden experiment was extended beyond the usual single 

common environment to include a submergence treatment which could be 

used to investigate tactical differences in allocation patterns. The 

experimental results can be used to look at differences in the 

allocation pattern on two levels: 

1. The allocation patterns of each population within each of the two 

treatments, strategic differences. 

2. The tactical differences in allocation between the two treatments 

based on each population. 

This approach is similar to that of Douglas (1981) who grew Mimulus 

primuloides at a range of densities under otherwise common environments 

and Mooney and Billings (1961) who grew Oxyria digyna in different 

photoperiods and temperatures under otherwise common environments. 

5.2 Experimental Results 

Rosettes of R repens were transplanted from the three study sites (see 
1! 10 

Appendix 1) and either subjected to a one month submergence period 

followed by about 5 months growing in air, or to growing in air for the 
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whole period (details in section 2.4 as experiment 3). 

Within each site-treatment group there was a large range of genet dry 

weights at harvest (Table 5-1). There is an overall significant effect 

of sitep and'of submergence and also an interaction between these 

factors on total dry weight (Table 5.1). Howevery only plants from the 

Port Meadow non-submerged site show significantly less total dry weight 

at harvest with submergence (Table 5.1). The Port Meadow non-submerged 

site plants under the control treatment (non-submerged) have 

significantly greater dry weights than all other site-treatment pairs 

(Table 5.1). 

Overall all organ dry weights show a significant submergence treatment 

effect (Table 5.2). The effect of site on organ dry weights is 

significant in all but stolons and floral structures. However, the 

pair-wise t-test analysis shows -that only plants from the Port Meadow 

non-submerged site show significantly different stolon dry weights 

(Table 5.2). Many organ dry weights show significant submergence 

treatment-site interactions 

In the submergence treatment most organ weights are lower than control 

treatment organ weights (Table 5-2). Port Meadow non-submerged site 

plants show significantly lower dry weights of all organs due to the 

submergence treatment. With the exception of parent rosette underground 

structures and stolons, organ dry weights in the Port Meadow submerged 

site plants are significantly less in the submergence treatment. 

However, in the Open University site plants only the dry weight of 

floral structures is significantly less due to submergence (Table 5.2). 

No organ weights are significantly greater in the submergence treatment 

compared to the controls. 
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Table 5.1 

Total dry weights (g, range and mean per plaht) for pot grown R. repens 
plants in experiment 3. Plants were collected from the three ld 
sites during January 1983 and subjected to submergence or control 
treatments and harvested in August 1983 (n= 10). 

Site Treatment 

Port Meadow 
submerged Control 

Port Meadow 
submerged 

Total dry weights (g) 
Range Mean 
----------------------- 

45.9-118.3 76. lb** 

Submergence 42.6-109.8 70.3ab 

Port Meadow 
non-submerged Control 76.5-119.2 105.1c 

Port Meadow 
non-submerged Submergence 36.4-78.2 57.1a 

Open 
University Control 49.5-90.5 

. 
64.6ab 

Open 
University Submergence 33.8-88.1 61.8ab 
---------------------------------------------------- 

Pooled S. E. = 6.3 
Anova: Site p<0.05; Treatment p<0.001; Interaction p<0.001- 
** different superscript means significantly different at p<0.05 using 
pooled S. E. in t-test (see Mead and Curnow, 1983). 
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Table 5.2 

Dry weights of organs (g, mean per plant) for pot grown R. repens planýs. Plants were 
collected from the three field sites during January 1983 and subjected to submergence or 
control treatments and then harvested in August 1983 (n= 10). 

Site 
--- --- 

Treatment 
---- --------- - - -------- - 

Organ dry 
; 

weights (g) 
------- --------- -- ---- - ------- 

Stolons 
- 

Ramet 
------- ------------- 
Hamet Ramet 

------ --- 
Parent Rosette Floral 

------------ -------------- --------- 
Petioles 

---------- 
Leaves Underground 

------------------- 
Underground 

---------------- 
Structures 
---------- 

Port Meadow 
submerged Control 23.8a** 13.0c 12.2b 23.5be 3.4c 0.23be 

Port Meadow 
submerged Submergence 22.7a 9.5ab 8.3a 26.3cd ý. 5c 0.07a 

Port Meadow 
non-submerge d Control 33.5b 16.8d 19.7c 32.7d 2.2b 0.330 

Port Meadow 
non-submerge d Submergence 22.0a 7.4a 9.0a 17.4ab ., a 0.11ab 

Open 
University Control 27.1ab 9.7ab 12.1b 12.4a ý. Oc 0.33' 

Open 
University 
------------ 

Submergence 
--------------- 

23.6a 
--------- 

10.8bc 
--------- 

10.1ab 
----------- 

14.2a 
--------- 

3.0c 
--------------- 

0.04a 
--------- 

Pooled S. E. 2.49 1.01 0.99 2.31 0.21 0.05 
Anova: Site n. s n. s. P<0.001 P<0.001 P<0.001 n. s. 

Treatment P<0.01 P<0.001 P<0.001 n. s. p<0.05 P<0.001 
Interaction n. s. p<O. OO1 P<0.001 P<0.001 p<0.05 n. s. 

different superscript mea ns signif icantly different at p<0.05 using pooled S. E . in t- 
test (see Mead and Curnow. 1983). 
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As detailed in the Introduction, dry weight allocation results can be 

studied on two levels. Firstly within each treatmentt comparing the 

different populations (strategic differences) and secondly, within each 

population comparing the two treatments (tactical differences). 

The within treatment results for the control treatment (Table 5-3) show 

that plants from the three populations have very different dry weight 

allocation patterns. Plants from the Open University site have the 

greatest dry weight allocations to stolons, parent rosette underground 

structures2 floral structures and ramet leaves but the lowest allocation 

to ramet underground structures and are intermediate for allocation to 

ramet leaves (Table 5.3). The Port Meadow non-submerged site plants in 

the control treatment, have the lowest dry weight allocations for all 

organs except ramet underground structures for which their allocation is 

the greatest (Table 5-3). The Port Meadow submerged site plants show an 

intermediate level of dry weight allocation for all organs except ramet 

petioles for which their allocation is the highest (Table 5-3). 

The allocation patterns under the submergence treatment are different 

from the above descriptions (Table 5-3). However, Open University site 

plants show the greatest (or equal highest) dry weight allocation to 

stolons, ramet petioles, ramet leaves and parent rosette underground 

structures (Table 5-3). There is no pattern of lower organ allocation 

levels in either Port Meadow site in the submergence treatment (Table 

5-3). 

overall, the open University site plants show relatively low allocations 

to ramet underground structures and relatively high allocation to 

stolonsy ramet leaves and parent rosette underground structures (Table 

5-3). 
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The different dry weight allocation patterns in the two treatments show 

that tactical differences in allocation do exist (Tables 5.3 & 5-4). 

However, in the Open University site only floral allocation shows a 

significant difference. Port Meadow non-submerged site plants show 

significantly greater allocation to stolonsq ramet petioles and floral 

structures but less allocation to ramet leaves, ramet underground 

structures and parent ramet underground structures (Tables 5.3 & 5.4). 

Port Meadow submerged site plants show significantly greater dry weight 

allocation to stolons and ramet underground structures and less 

allocation to floral structures, ramet leaves and ramet petioles but no 

difference in allocation to parent rosette underground structures 

(Tables 5.3 & 5.4). 

The overall pattern of tactical differences shows that only allocation 

to stolons is either greater or the same in the submergence treatment, 

whereas both ramet leaves and parent rosette underground structures show 

either less or the same allocation (Table 5.4). Allocation to floral 

structures, ramet underground structuresf and ramet petioles show 

variable differences due to submergence depending on the site of origin 

of the plants. 

The ramet petioles: ramet leaves dry weight allocation ratios (Table 5-5) 

show that plants from both the Port Meadow sites have greater emphasis 

on petioles, relative to leavesv with submergence. This increase is 

particularly large for the Port Meadow non-submerged site plants (Table 

5-5). Plants from the Open University site show no differences in this 

ratio. 

Plants from both Port Meadow sites show opposite differences in the 

below ground: above ground dry weight allocation ratios (equivalent to 
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Table 5.4 

Tactical differences in dry weight allocation to organs in pot-grown 
R. repens plants in experiment 3 resulting from the submergence 
treatment--(see Table 5.3). 

Organ Site 
----------------------------------- ------------------------- 

Port Meadow Port Meadow Open 

------------------ 
submerged 

-------------- 
non-submerged. 

--------------- 
University 

-------------- 

Stolons greater** greater no difference 
Ramet Petioles lesser greater no difference 
Ramet Leaves lesser lesser no difference 
Ramet Underground greater lesser no difference 
Parent Rosette 

Underground no difference lesser no difference 
Floral Structures 
------------------ 

lesser 
--------------- 

greater 
-------------- 

lesser 
-------------- 

** differences are significant at p<0.05 (t-test). 
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Table 5.5 

The ramet petioles: ramet leaves dry weight allocation ratios (see Table 
5.3) for pot-grown R. repens plants in experiment 3. Plants were 
collected from the ee field sites during January 1983 and subjected 
to submergence or control treatments and harvested in August 1983 (n= 
10). 

Treatment Site 
-------------------------------------------------------- 

Port Meadow Port Meadow Open 
submerged non-submerged. University 

-------------------------------------------------------- 

Control 1.04 o. 81 0.79 

Submergence 1.24 3.79 0.81 
-------------------------------------------------------- 

Table 5.6 

The below ground: above ground dry weight allocation ratios (see Table 
5-3) for pot-grown R. repens plants in experiment 3. Plants were 
collected from the ee field sites during January 1983 and subjected 
to submergence or control treatments and harvested in August 1983 (n= 
10). 

Treatment Site 
-------------------------------------------------------- 

Port Meadow Port eadow Open 

submerged non-submerged University 

-------------------------------------------------------- 

Control 0.553 1.426 0.191 

Submergence 0.808 0.468 0.192 
-------------------------------------------------------- 
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Iroot: shoot' ratios) with submergence (Table 5.6). The Port Meadow 

submerged site plants show greater allocation to below ground structures 

relative to above ground structures with the submergence treatment 

(Table 5-6). The Open University site plants show no difference in this 

ratio but overall have a relatively high emphasis on above ground 

allocation relative to below ground allocation compared to the other 

populations (Table 5.6). 

The stolons: ramets dry weight allocation ratios show that again the Open 

University site plants are distinct from the other two populations 

(Table 5-7). Plants from both the Port Meadow sites show greater 

allocation to stolons relative to ramets with the submergence treatment, 

with the Port Meadow non-submerged site plants showing the greater 

difference. In the control treatment the Open University site plants 

show a relatively high allocation to stolons compared to ramets (Table 

5.7).. 

Plants from both the Open University and Port Meadow submerged sites 

have lower floral structures: s tolons dry weight allocation ratio in the 

submergence treatment. This reveals decreased allocation to floral 

structures relative to stolons with submergence (Table 5.8). The Port 

Meadow non-submerged site plants have the opposite change with an 

increased emphasis on floral allocation relative to stolon allocation 

(Table 5.8). 
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Table 5.7 

The stolons: ramets dry weight allocation ratios (see Table 5.3) for the 
pot-grown R. repens plants in experiment 3. Plants were collected from 
the three ld sites during January 1983 and subjected to submergence 
or control treatments and harvested in August 1983 (n= 10). 

Treatment Site 
-------------------------------------------------------- 

Port Meadow Port Meadow Open 
submerged non-submerged University 

-------------------------------------------------------- 

Control 0.379 0.366 0.913 

Submergence 0.603 1.010 1.104 
-------------------------------------------------------- 

Table 5.8 

The floral structures: stolons (X10-2 ) dry weight allocation ratios (see 
Table'5.3) for the pot-grown R. repens plants in experiment 3. Plants 
were collected from the three field sites during January 1983 and 
subjected to submergence or control treatments and harvested in August 
1983 (n= 10). 

Treatment Site 
-------------------------------------------------------- 

Port Meadow Port Meadow Open 
submerged non-submerged University 

-------------------------------------------------------- 

Control 2.64 0.78 3.10 

Submergence 1.10 1.64 0.40 
-------------------------------------------------------- 
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5.3 Discussion 

5.3.1 Genetic Differentiation Between Populations 

Plants from the three populations show different dry weight allocation 

patterns in both transplant environments (submerged and non-submerged) 

and also different tactical differences in allocation associated with 

submergence (Table 5.4). These results show that the three populations 

are genetically distinct with respect to dry weight allocation 

strategies. This implies that the field dry weight allocation results 

can not be used to compare tactical allocation differences in submerged 

and non-submerged conditions. 

The research of Turesson (1922) and Clausen et alq (1940; 1948) showed 

that genetic differentiation occurs within a species. Further research 

has since shown this to be a widespread phenomenon (e. g. Antonovicsq 

1972; Rochow, 1970; Chapin and Chaping 1981; McNaughtont 1966; Douglas 

1981). Many of these studies involved populations that were far aparty 

for example, over a range of altitudes. However, the results of this 

experiment show that genetic differentiation between R. repens 

populations can occur on a small scale, as well as on a large scale. 

Plants in the two Port Meadow populations are only between 5 and 25 

metres apart. Other reports of small scale genetic differentiation 

within a species are in the literature (e. g Aston and Bradshaw, 1966; 

Antonovics, 1972; Wu and Antonovics, 1975; Lovett-Doustp 1981a; 1981b 

Turkington, 1979; McGraw and Antonovics, 1983). Turkington and Harper 

(1979) showed that Trifolium repens clones were locally specialised 

within a single field and this was dependent on neighbouring species. 
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It was Turesson (1922) who coined the word lecotypel to describe genetic 

differentiation within a single species. However, implicit in this term 

was that the genetic variation increased the 'fitness' (by some measure) 

of the plant (Chapin, and Chapiny 1981; Lovett-Dousty 1981b). Claimed 

demonstrations of this have been reported for a variety of species (e. g. 

Turessong 1922; Clausen et al, 1940; McMillan, 1959; Bradshaw et alq 

1964; McNaughtont 1966; Callaghan, 1974; Turkington and Harper, 1979; 

Chapin and Chapin, 1981). Howeverg Quinn (1978) points out that the 

term has come, by usaget to mean any degree of genetic differentiation 

within a species without any qualification. 

Although ecotypes have been associated with the frequency of submergence 

(Keeley2 1979) and drought (Ashenden et al*, 1975), more research is 

required to establish the existence of a submergence (or drought? ) 

ecotype (in the strict sense of Turesson (1922)) of R. repens at the 

Port Meadow submerged site. 

5.3.2 Tactical Allocation Differences 

5.3-2.1 The Maintenance of Stolon Allocation 

Stolons are the only organ in which allocation is the same (open 

University site plants) or greater (Port Meadow sites) in the 

submergence treatment (Tables 5.3 & 5.4). This supports the findings in 

experiment 2 (Chapter 3) that stolon allocation is maintained in Open 

University site plants in response to submergence. 

Ginzo and Lovell (1973a) found that (percentage) allocation to stolons 

in R. repens did not change in response to nitrogen stress. Increased 
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(percentage) allocation to vegetative reproduction has often been 

associated with decreased nutrient levels in rhizomatous clonal 

perennials (Andel and Vera, 1977; Ogden, 1974). However, vegetative 

reproduction is not always increased in stress conditions. Increased 

density has been shown to result in decreased vegetative reproductive 

allocation in rhizomatous and stoloniferous clonal perennials (Andel and 

Verap 1977; Ogdenj 1974; Holler and Abrahamson, 1977). Also Williams 

(1970) predicts decreased allocation to vegetative reproduction under 

density stress from a model of a clonal perennial. 

Perhaps dry weight allocation to stolons is unchangedt or greatert 

because of the importance of stolons (with their ramets) in the 

maintenance of population growth in R. repens (Sarukhan and Gadgill 

1974; Soane and Watkinsong 1979). This emphasis on vegetative 

allocation may be associated with the 'getting away' strategy proposed 

by Ginzo and Lovell (1973a; 1973b) for R. repens. The nitrogen 

deficient plants had fewer, longer stolons. They suggest that this 

increases the probability that ramets were placed further away from the 

parent in unfavourable conditions. A similar strategy has been 

suggested by Hartnett and Bazzaz (1983) for Solidago canadensis. They 

found that ramets on severed rhizomes produced fewer longer rhizomes and 

they suggest that this is related to nutrient depletion. 

This emphasis on stolon allocation can also be seen in the stolon: ramet 

dry weight allocation ratio) which can be considered as a crude measure 

of investment in spread (via stolons) against investment in vegetative 

offspring. The latter point is emphasized by the finding that ramet 

mortality is often size-relatedt the larger the ramet the lower the 

mortality risk (Pitelka et all 1985). Although plants from the three 

populations have different detailed allocation patterns in response to 
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submergence they all show increased investment into stolons relative to 

ramets with submergence (Table 5-7). 

5.3.2.2 Differences in Floral Allocation 

The Port Meadow non-submerged site plants stand apart from the other 

plants with respect to the greater floral allocation with submergence 

(Table 5-3). Howevery the low number of flowering plants in the 

submergence treatment meant that the slope allocation results for these 

plants were difficult to determine; therefore, these results should be 

interpreted with caution. 

This emphasis on floral allocation is also apparent in the floral 

structures: stolon dry weight allocation ratios (Table 5-8). This ratio 

can be considered as a measure of the relative emphasis on vegetative 

reproductive allocation against sexual reproductive allocation. This 

measure takes no account of the initial vegetative investment made by 

the plants into ramets but to include any ramet dry weight would 

introduce a much greater error due to the dry weight gained 

independently by the ramets. For this reason most authors leave out 

ramet allocation from considerations of vegetative reproduction (e. g. 

Smithp 1972; Pitelka et al, 1985). 

In general both nutrient and density stresses have been shown to result 

in maintained or reduced allocation (as percentages) to sexual 

reproduction (Harper and Ogden, 1970; Ogden, 1974; Thomas and Daley 

1974; Abrahamson, 1975a; Kawano and Nagai, 1975; Raynal and Bazzaz, 1975; 

Snell and Burch, 1975; Pemadasa, 1976; Abrahamson and Hersheyp 1977; 

Andel and Vera, 1977; Holler and Abrahamsong 1977; Amarasinghe and 
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Pemadasay 1982; Waite and Hutchingsp 1982; Steeny 1984). A few 

researchers have found increased sexual reproductive allocation with 

stress. Polygonum cascadense increases allocation with 'harsher' 

conditions (Hickmany 1975) and Helianthus annuus with decreased light 

intensity (Hiroi and Monsi, 1966). However, these are both annual 

plants and no research has shown an increase in reproductive allocation 

in a perennial plant with increased stress. The increase in floral 

allocation in the Open University plants needs further investigation 

before it can seriously be considered. 

5.3.2.3 Tactical Allocation Differences in Vegetative Organs 

Differences in the ramet petioles: ramet leaves allocation ratio with 

submergence show that, despite opposite tactical differences in ramet 

petiole allocation (Table 5.4), the Port Meadow site plants increase 

their emphasis on ramet petioles relative to ramet leaves (Table 5-5). 

An emphasis on allocation to petioles was found in the recently 

submerged plants in Chapter 3 and this was related to the role of 

petioles in getting leaves to the surface of the water. Howeverý the 

ramets in this experiment have never been submerged since they developed 

after submergence and so the same reasoning can not be used. Perhaps it 

is related to the possibility of submergence if submergence of the 

parent rosette has already occurred? 

The emphasis on underground structures relative to above ground, found 

in the recently submerged plants in Chapter 3 was only found in the Port 

Meadow non-submerged site plants (Table 5.6). The lack of this emphasis 

in the Port Meadow submerged site plants may be another part of the 

suggested 'getting away' strategy, with an emphasis on above ground 
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structures leading to getting the plant away from an unfavourable site 

and not 'riding out' stresses using stored underground reserves. 

5.3.3 Strategic Differences in Allocation 

Genetically-based increased emphasis on vegetative reproduction is often 

associated with the stresses imposed by increased altitude and latitude 

(e. g. Mooney and Billings, 1961; McNaughton, 1966; Harris2 1970). This 

is however2 not always the case. Douglas (1981) found that with 

increased altitude Mimulus primuloides plants showed a decreased 

emphasis on asexual reproduction which was genetically controlled. 

There is also some evidence of gene tically-based decreased emphasis on 

sexual reproduction with these 'stresses', i. e. fewer flowers (Rochowy 

1970; Mooney and Billings, 1961) and fewer seeds (Johnson and Cookq 

1968). 

The results here show that the Open University site plants have greater 

allocation to stolons and this may be related to the frequency of 

drought and/or mowing. Genetic differentiation has been shown to occur 

with drought and different cutting regime in Dactylis ELomerata (Norris 

and Thomas, 1982; Ashenden et al, 1975). Also, McNeilly (1981) has 

shown drought-related genetic differentiation in Poa annua. Harper 

(1957) points out that R. repens is not very drought tolerant and is 

usually excluded from droughted habitats in the presence of competition 

from other plants. This may explain the importance of drought in the 

Open University site. 
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5.3.4 Problems with 'Transplant Gardens' 

One of the main problems with the transplant garden results is that the 

plants can be completely different from those in the field (for example, 

mean total dry weights of less than 1g in the field compared with 57- 

105g in the transplant garden). This is often due to lack of 

competition in the transplant site. Douglas (T981) partially overcame 

this problem by growing plants under common environments but a range of 

densities. Lovett Doust (1981b) takes this approach to its logical 

conclusion by transplanting from site to site so as to take in all 

environment variables in two common environments. Some researchers have 

established transplant gardens at the site of each population so as to 

account for environment and edaphic variables but remove biotic factors 

(e. g. Harris, 1970; Chapin and Chaping 1981). 

Another criticism of transplant gardens is that if plant material (other 

than seed) is used, carry-over effects from the different environments 

may affect the results. However, McGraw and Antonovics (1983) suggest 

that growing the collected plants for one month prior to experimentation 

is sufficient to remove, or at least reduce the importanceg of this 

factor. 

5.4 Summary 

1. Differences in dry weight allocation under transplant garden 

conditions led to the conclusion that the three populations are 

genetically distinct. 

2. This is another example of localised genetic differentiation within a 
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single species. 

As in the short term experiments (Chapter 3) dry weight allocation to 

stolons is maintained (or increased) following submergence 
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Chapter 

Flowering and Submergence in Ranunculus repens 

"Carrots do not ponder differential reproductive 

success" 

(Ghiselin, 1974: 41) 

6.1 Introduction 

It is clear from the previous chapters that seasonal submergence has 

large effects on subsequent growth in R. repens and this includes 

flowering and reproductive allocation. However, unlike many plants 

flowering and seed production (i. e. sexual reproduction) in R repens 

represents only one of the possible means of colonisation and spreadv 

the other being the production of ramets borne on stolons (i. e. 

vegetative reproduction). 

Demographic studies on this species have shown that recruitment from 

seed is of minor importance in established populations (Sarukhan, 1971; 

1974; Sarukhan and Harpert 1973; Lovett Doust, 1981a). Sarukhan and 

Gadgil (1974) modelled the population growth of R. repens and found that 

it was very sensitive to changes in ramet production but changes in the 

establishment of seedlings have very little effect on population growth* 

However, Soane and Watkinson (1979) found that seedling recruited plants 

made a significant contribution to the overall genetic diversity of the 

population. Establishment from seedlings will be essential in the 

colonisation of areas away from existing populations. 
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Given this background one could predict a continuum of possible 

strategies for changes in sexual and asexual reproduction in response to 

seasonal submergence. From the total cessation of flowering and seed 

production and concentration on ramet production to an increase in 

flowering and seed production with increases possibility of colonising 

new perhaps more favourable areas away from the submerged area, with no 

ramet production. 

This chapter investigates the strategy or strategies shown by E. repens 

plants from the three study sites. 

6.2 Field Observations and Measurements 

Field observations on the Port Meadow sites (see Appendix 1) during 1982 

had suggested a delay in flowering on the submerged site compared to the 

non-submerged site. This was investigated in more detail in 1983y on 

the same sites and the Open University site (see Appendix 

The submerged site plants showed a delay in flowering (Table 6.1) 

compared with the plants in both non-submerged sites. However) the 

number of flowers per plant was recorded only until June (Table 6.2) 

(see section 2.4 for field methods). There was no significant 

difference between the two Port Meadow populations but the Open 

University site plants had significantly fewer flowers compared with 

Port Meadow submerged site plants. 

At Port Meadow submerged site plants were submerged until late May (May 

1983 was an exceptionally wet month) and this may have prevented flower 

development during Mayp for example, by changes in the light climate 
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Table 6.1 

The timing of flower production in the three field populations of 
R. repens (1983). 

Site Month 

--------------- 
February 

------------ 
March 

-------- 
April 
------ 

May 
----- 

June 
------ 

July 
------ 

Port Meadow 
submerged No** No No No Yes Yes 

Port Meadow 
non-submerged No No No Yes Yes Yes 

Open 
University No No No Yes Yes Yes 

** No = no plant flowering; Yes = some plants flowering. 

Table 6.2 

The number of flowers (per plant, mean and S. E. ) for R. repens plants in 
the three field sites in June 1983 (n= 10). 

Site Flowers/plant 
----------------------------- 

Port Meadow 
submerged 3.2 (0.5)a** 

Port Meadow 
non-submerged 2.2 (0.2)ab 

Open 
University 1.6 (0.4)b 

----------------------------- 

as in all tables different superscripts mean significantly different 
at P<0.05 (t-test). 
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affecting photoperiodic and photo morphogenic responses. The differences 

in the number of flowers per plant could be due to other site 

differencesy such as drought, and so controlled conditions are required 

before these differences can be interpreted as submergence-related. 

6.3 Experimental evidence I 

Further evidence for a delay in flowering comes from experiment 2 

(see section 2.4 and Chapter 3) where rosettes from the Open University 

site were submerged for varying lengths of time during Spring 1982. The 

plants were allowed to flower until the middle of June. None of the 

submerged plants flowered before the end of the experiment but half of 

the control (non-submerged) plants had flowers (Table 6-3). 

These results are for plants from the Open University site and as 

genetic differentiation has been shown to exist between the different 

site populations further evidence is required. This delay may or may 

not have resulted in a reduction in flowering. 

Experiment 3 (section 2.4 for methods) involved the submergence of 

plants collected from all three sites under controlled conditions. Some 

plants from each site were submerged for 4 weeks during February 1983 

while others were left as controls. 

The results for flowering are quite complex because a delay in flowering 

is confused by a reduction in the number of plants flowering (Table 

6.4a). If the results are expressed as a percentage of the plants which 

finally flowered then there is some delay in the plants from the open 

University and Port Meadow non-submerged site (Table 6.4b). Clearlyy 
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Table 6.3 

The number of R. repens plants flowering in experiment 2 by treatment. 

Treatment 

Controls 

4-week 
submerged 

8-week 
submerged 

n Number of flowering 
plants 

------------------------- 

11 6 

12 0 

60 

------------------------- 

Table 6.4a, 

The number of R. repens plants flowering with time in experiment 3. 
Plants were c cted from the three field sites during January 1983 and 
subjected to a submergence or control treatment (n= 10). 

Site Treatment Date (1983) 
13/5 27/5 15/6 28/6 

--------------------------------------------------- 

Port Meadow 
submerged Control 0 

Port Meadow 
submerged Submergence 0 1 2 2 

Port Meadow 
non-submerged Control 0 5 10 10 

Port Meadow 
non-submerged Submergence 0 3 3 5 

Open 
University Control 0 1 8 9 

Open 
University 
-------------- 

Submergence 
-------------- 

0 
----- 

0 
----- 

1 

------ 

2 
------- 
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the greatest effect is on the number of plants flowering rather than a 

I 

delay in flowering. 

Comparing the number of plants flowering in the control treatments from 

each site, only six out the possible ten Port Meadow submerged site 

plants flowered whereas in the other two sites nine and ten plants 

flowered out of the possible ten (Table 6.4a). I This suggests that Port 

Meadow submerged site plants are less likely to flower under non- 

submerged conditions. Howeverv when the reduction in the number of 

flowering plants due to the submergence treatment is studied 0 for the 

Port Meadow submerged sitep 5 for the Port Meadow non-submerged site and 

for the Open University site) then the other two sites show the 

greater loss. Chi-squared tests (see section 2-5) on the effect of 

submergence on the number of plants flowering within each 'site' showed 

that the reduction was significant in the Open University and Port 

Meadow non-submerged site plants (at P<0.05) but not in the Port Meadow 

submerged site plants (Chi-squared= 3.33; d. f. = 1). 

The average number of flowers per plant (Table 6.5) shows a substantial 

and significant reduction due to submergence in all three sites. 

Howevery if the zeros for the non-flowering plants are removed from the 

analysis (i. e. considering flowering plants only) (Table 6-6) only 

plants from the Port Meadow non-submerged and Open University sites 

still show a significant reduction in the number of flowers per plant in 

the submergence treatment. 
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Table 6.4b, 

The numbeiý of R. repens plants flowering with time as a, percentage of 
the total number of flowering plants within each treatment in experiment 
3. Plants were collected from the three field sites during January 1983 
and subjected to a submergence or control treatment (n as 28/6 column in 
Table 6.4a). 

Site Treatment Date (1983) 
13/5 27/5 15/6 28/6 

--------------------------------------------------- 

Port Meadow 
submerged Control 0 50 100 100 

Port Meadow 
submerged Submergence 0 50 100 100 

Port Meadow 
non-submerged Control 0 50 100 100 

Port Meadow 
non-submerged Submergence 0 60 60 100 

Open 
University Control 0 11 89 100 

Open 
University Submergence 00 50 100 
--------------------------------------------------- 

Table 6.5 

The number of flowers (mean per plant) for R. repens, plants-collected 
from the three field sites in January 1983 Tnd' subjected'to either a 
submergence or control treatment and'harvested in August 1983 
(experiment 3; n= 10). 

Treatment Site 
Port Meadow Port Meadow open 
submerged non-submerged University 

-------------------------------------------------- ; ------------ 

Control 3.2bc** 4.3c 4.5c 

Submergence 0.9ba 1.5ba 0.5a 
- ----------------------------------------------------------- 

Pooled S. E. 0.60 
Anova: Site n. s.; Treatment p<0.001; Interaction n. s. 

different superscript means significantly different at p<0.05 using 
pooled S. E. in t-test (see Mead and Curnow, 1983). 
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Table 6.6 

The number of flowers (mean and S. E. per plant) for flowering 2. repens, 
plants alone. Plants were collected from the three field sites in 
January 1983 and subjected to either a submergence or control treatment 
and harvested in August 1983 (experiment 3, n as 28/6 column inTable 
6.4a). 

Treatment Site 
Port Meadow Port Meadow Open 
submerged non-submerged University 

------------------------------------------------------------- 

Control 5.3 (0.7)a** 4.3 (0.1)a 5.0 (0.9)ac 

Submergence 4.5 (2-5)ab 3.0 (0-3)bc 2.5 (0-5)b 
----------------------------------------------------------- 

different superscript means significantly different at p<0.05 (t- 
test). 

11 
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6.4 The Control of flowering 

6.4.1 Total plant dry weight 

In Chapter 2 (section 6) it was shown that the dry weights of various 

organs are positively correlated with total dry weight. This was also 

the case for the dry weights of floral structuiýes. This raises the 

possibility of the existence of a minimum dry weight before flowering 

will occur. This idea was tested using the data collected in experiment 

for total dry weights and flowering behaviour. 

The mean total dry weight of all the non-submerged plants (controls) 

that flowered was significantly greater than for those non-submerged 

plants that did not flower (Table 6-7). This reflects the trend that 

the probability of flowering increases with increasing total dry weight 

(Figure 6.1). All plants above a total dry weight of 709 flowered but 

several plants below this level also flowered (the lightest being 

49-59). This implies that if dry weight does control flowering then it 

is a crude control rather than a precise one. The reason for this 

apparent crude 'control' may be because the 'decision' to flower was 

made before the end of June and based on total dry weight at that time2 

whereas the total dry weights are for the harvest in mid-August. 

The results for the submerged plants are similary with a significant 

difference between the mean total dry weight for flowering and non- 

flowering plants (Table 6.8) but the mean total dry weight of flowering 

plants is significantly lower than that for the control treatment 

flowering plants (Tables 6.7 & 6.8). The relationship between the 

probability of flowering and total dry weight in the submergence 

treatment plants is also more complex (Figure 6.2). 
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Table 6.7 

Total dry-weight (mean and S. E. ) of flowering and non-flowering 
R. repens plants (independent of site) in the control (non-submerged) 
treatment of experiment 1. The plants were collected from the field 
sites in January 1983 and harvested in August 1983. 

Total dry weight (g/plant) n 
---------------------------------------- 

Flowering 87.7 (4.8)a 25 

Non-flowering 
---------------- 

52.8 
-------- 

(3.0)b 
------------ 

5 
-------- 

Table 6.8 

Total dry weight (mean and S. E. ) of flowering and non-flowering 
R. repens plants (independent of site) in the submergence treatment of 
experiment 3. The plants were collected from the field sites in January 
1983 and harvested in August 1983. 

Total dry weight (g/plant) n 
------------ : -------------------------------- 

Flowering 77.7 (6.4)a 9 

Non-flowering 56.8 (3.8)b 21 
-------------------------------------------- 
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Fraction 0.6 
f lowering 
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0 

Figure 6.1 

Fraction of R. repens plants flowering in each total dry weight 
class (n in brackets) For the control plants in experiment 3. 

Fraction 
f lowering 

1.0 

0.8 

0.6 

0.4 

0.2 

0 

(2) 

Figure 6.2 

Fraction of R. repens plants flowering in each dry weight class 
(n in brackets) for The submergence treatment plants in experiment 
3. 
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However, if the probability of flowering is plotted against total dry 

weight for each site group within the submerged treatment the pattern 

becomes much clearer (Figure 6-3). The Port Meadow non-submerged site 

plants show a similar pattern to the control plants except that all 

plants above 60g, not 70gy flowered. In the Port Meadow submerged site 

plants the cut-off is much higher with only plants with total dry 

weights above 100g flowering. The Open University site plants do not 

conform to any obvious pattern. Clearly the relationship between total 

dry weight and flowering has been altered for the plants from all three 

sites and in different ways. 

There is some field evidence of a positive correlation between flowering 

and total dry weight. Flowering and non-flowering genets were collected 

from the Port Meadow non-submerged site during May 1983 (section 2.4) 

and all the flowering genets had a total dry weight of above 0.8g 

(Figure 6.4); this is much less than the 70g 'threshold' found in 

experiment 3! 

6.4.2 Ramet Density 

Total dry weight is a fairly good predictor of flowering behaviour and 

the relationship is modified by submergence. However, it was noted that 

the Port Meadow submerged site plants that did not flower under the 

submergence treatment (experiment 3)) even though their total dry 

weights were well over 70g had very low ramet densities (number of 

ramets/pot). When ramet density and the probability of flowering are 

plotted for all plants in the submergence treatment, a definite pattern 

appears (Figure 6-5). The same is true for the non-submerged (control) 

plants (Figure 6.6) and the relationship is different. 
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(a) Port-Meadow submerged site plants. 
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Figure 6.3 

Fraction'-of .. R.. repens .p. lants flqKpr; ýtig, 
_in each dry weight class (n in 

brackets ) for'the submerg'ence treatment iIn. experiment 3, by site of 
origin of plants. 
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Figure 6.4 

F. raction of plants flowering in each total dry weight-class for 
R. repens collected. from the Port Meadow non-submerged site in 
May 1983 (n 10). 
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Figure 6.5 Ramet density class (per pot) 

Fraction of R. repens plants flowering in each ramet density class 
(n in brackets) for Fhe submerged plants in experiment 3. 
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Figure 6.6 Ramet. density class (per pot) 

Fraction of R. repens plants flowering in each ramet densitY. cla'ss 
(n in brackets) for Fhe control plants in experiment 3. 
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In the controls all plants with a ramet density above 200/pot flowered 

and so did several plants with lower densities but none with densities 

of less than 150 ramets (Figure 6.6). All plants above a ramet density 

of 170/pot flowered and only 1 with a density below this flowered. In 

the submerged plants the probability of flowering never reaches 1 and is 

always less than for control plants at the same density. Flowering and 

density are not as closely linked in the submergence treatment as in the 

control treatment. 

Ramet density is a good predictor of flowering behaviour and unlike 

total dry weight it is applicable independent of site in the submerged 

treatment. The reduction in flowering found in the submergence 

treatments of the Port Meadow non-submerged and Open University sites is 

not due to a reduction in ramet density (Table 6.9) but to the reduction 

in the probability of flowering at a particular ramet density (Figures 

6.5 & 6.6). The lower ramet density in the Port Meadow submerged site 

plants under the submergence treatment would also contribute to the 

reduced flowering in these plants (Table 6.9). 

6.5 The number of flowers per plant 

The above results are concerned with flowering or not flowering but some 

plants had two flowers while others had seven. The number of flowers 

per (flowering) plant is significantly reduced by submergence in both 

the Port Meadow non-submerged and the Open University site plants (Table 

6.6). Is the number of flowers per plant controlled by either total dry 

weight or ramet density or some other factor? 

There is a trend towards increased number of flowers per plant with 
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I Tabi 6.9 

Density of ramets (per pot means) at harvest for R. repens in experiment 
3. Plants were collected from the three sites in january 1983 and 
subjected to a submergence or control treatment and harvested in August 
1983 (n= 10). 

Treatment Site 
Port Meadow Port Meadow Open 
submerged non-submerged University 

----------------------------------------------------- 

Control 193b** 2780 238be 

Submergence 129a 242bc 231bc 
----------------------------------------------------- 

Pooled S. E. = 19.2 
Anova: Site p<0.001; Treatment p<0.05; Interaction n. s. 
** different superscript means significantly different-at p<0.05 using 
pooled S. E. in t-test (see Mead and Curnow, 1983). 
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increasing density in the control plants (Figure 6-7) but in the 

submerged plants the relationship is not clear (Figure 6.8); this is 

possibly due to few data points. 

In the control plants increased total dry weight up to 100g results in 

increased number of flowers per plant (Figure 6.9) but this relationship 

breaks down above this point. When the sites are studied individually 

(Table 6.10) the site-dependent nature of the response can be seen. 

Overall flower number per plant increases with increasing dry weight in 

the control plants; although this is not clearly seen in the Port Meadow 

non-submerged site plants. In the submergence treatment the 

relationship between these variables is different from the controls with 

generally fewer flowers/plant at the same total dry weight class (Figure 

6.1o) 

6.6. Discussion 

These results provide further evidence to support genetic 

differentiation between the three site populations (Chapter 

However, these results show the Port Meadow submerged site plants to be 

different from the plants from the other two sites. Under controlled 

conditions they show no delay in flowering and lower probability of 

flowering in non-submerged conditions. Although the probability of 

flowering is reduced in the submergence treatment the reduction is less 

then for the other sites and there is no significant reduction in the 

number of flowers per plant following submergence. 

Flowering in R. repens plants has been shown here to be related to total 

dry weight. Wernerý (1975) found that rosette diameter (as an index of 
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Figure 6.7 

The mean number of flowers per plant for the R. repens plants in the 
control treatment of experiment 3 plotted against ramet density class 
(class mid-points plotted). 

Flowers 

plant 

Figure 6.8 

The mean number of flowers per plant for R. repens plants in the 
submergence treatment of experiment 3 plotted against ramet density 
class (class mid-points plotted, n in brackets). 
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Figure 6.9 

The mean number of flowers per plant for the R. repens plants in the 

control treatment of'experiment 3 plotted against total dry weight 
class (class mid-points plotted, n in brackets). 
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Figure 6.10 

The mean number of flowers per plant for R. repens plants in the 
submergence treatment of experiment 3 plotted against total dry 

weight class (class mid-points plotted, n in brackets). 
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Table 6.10 

Number of flowers (mean and S. E. ) per R. repens plant by site and total 
dry weight for the control treatment iTexperiment 3. Plants were 
collected from the three sites during January 1983 and harvested during 
August 1983. 

Site 
Total dry Port Meadow Port Meadow Open 
weight (g) 
------------ 

submerged 
-------------- 

n 
--- 

non-submerged 
--------------- 

n 
--- 

University 
------------ 

n 
--- 

50-69 3.5 (0-5) 2 -- 0 3.0 (0-5) 5 

70-89 5.0 1 4.0 (0.0) 2 7.0 (0.6) 3 

90-109 6. o 1 4.0 (0.0) 3 9.0 1 

110-120 
------------ 

7.0 (0-0) 
-------------- 

2 
--- 

4.6 (0-3) L 
-------------- 

5 
-- 

J 
-------------- 

0 
--- 
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plant size) was a critical determinant of the flowering behaviour of the 

monocarpic perennial Dipsacus fullonum; plants with large diameters had 

a greater probability of flowering. Size-dependent flowering has been 

shown for several other monocarpic perennials (Baskin and Baskin, 1979; 

Reinartz, 1984a). Flowering in several clonal perennials has been found 

to be dependent on ramet size (Barkhamv 1980; Pitelka et alp 1985)p with 

larger ramets more likely to flower. I 

Ramet size is very often inversely proportional to ramet density 

(Hutchings, 1979; and see Chapter 6). This implies that ramet density 

and flowering would be expected to be related inversely. Howevery ramet 

density was strongly positively correlated with flowering. This 

difference can be explained by the fact that the ramets within a single 

plant in experiment 3 were all attached and therefore physiologically 

linked. The importance of this difference can be seen with density 

dependent mortality. This is found between clones but not found within 

the ramets of a single attached clone (Hutchingsp 1979; Kays and Harper, 

1974). 

Support for the results presented here comes from Williams (1975). His 

clonal perennial model predicts that increased ramet density within an 

attached clone will result in an increased emphasis on sexual 

reproduction. 

Going back to the initial question of a flowering strategy in response 

to seasonal submergence$ the above results suggest that submergence 

reduces the probability of R. repens plants flowering. Submergence 

apparently affects the relationship between density and flowering so as 

to reduce the probability of flowering at a particular density. The 

reason for this may be related to the 'resource costst of flowering. 
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Pitel. ka et al (1985) concluded that for the clonal perennial Clintonia 

borealis resource costs (based on percentage dry weight) for the 

production of a stolon were much less than those required to produce a 

peduncle and fruits. Cessation of flowering would then reduce the 

resource burden of a 'stressed' previously submerged plant. 

From the above discussion the situation in the 'field with unattached 

ramets will probably be very different from the results from clones made 

up of attached ramets. 

6.7 Summary 

1. There is evidence that submergence results in a delay in flowering 

in R. repens plants but this varies with site of origin. 

2. Submergence reduces the probability of flowering in R. repens 

The results suggest that flowering in R. repens is related to both 

ramet density and total dry weight. Increases in both increase the 

probability of flowering. 

The reduction in flowering in submerged plants is associated with a 

change in the relationship between flowering probability and total dry 

weightp and flowering probability and ramet density. 

The number of flowers/plant is also related to ramet density and 

total dry weight. The relationship between the number of flowers/plant 

and ramet density breaks down after a submergence treatment. 
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Chapter 

Growth Form and Submergence in Ranunculus repens 

".. genets behave like the prudent farmer and do not 

crowd their ramets to the point at which mortality 

prematurely reaps some of the harvest.. " 

(Silvertown, 1982: 134) 

7.1 Introduction 

In recent years there has been considerable interest in plant growth 

form (e. g. Harpert 1977; Halle et al, 1978; Harper and Bell, 1979; Bell, 

1974). Attempts have been made to describe the growth form of 

particular plants in terms of a few simple rules (e. g. Maillette, 1982a; 

1982b with Betula pendula). Much of this interest has been associated 

with the growth form strategies shown by clonal perennial plants (e. g. 

Bellp 1974; 1979; Bell et alp 1979; Bell and Tomlinson, 1980; Lovett 

Doust, 1981a; 1981b; Hartnett and Bazzaz, 1985b). 

Lovett Doust (1981a) and Harper (1981) have introduced the terms phalanx 

and guerilla to describe the patterns of growth form of clonal 

perennials (see also Cleggy 1978). The phalanx growth form describes a 

genet consisting of a dense mass of tightly packed ramets making little 

contact with other plants. The guerilla growth form produces a loosely 

packed genety making large numbers of contacts with other plants. The 

terms are used relatively and plants can be placed on a phalanx-guerilla 

growth form continuum (Bulow-Olsen et al, 1984) 
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Lovett Doust (1981a) suggests that the distances between ramets on a 

stolon (the stolon internode lengths) describe the relative position of 

a alone on this growth form continuum. The greater the stolon internode 

lengths the more guerilla-like in growth form is the alone. Lovett 

Doust, (1981a) related increases in allocation of dry weight to stolons 

with increases in stolon internode lengths in Ranunculus repens 

Genetically based differences with respect to stolon internode lengths 

have been shown between adjacent populations of the same species of 

clonal perennial (Lovett Doust, 1981a; Burdong 1980; Aston and Bradshaw, 

1966). Lovett Doust (1981a) has also shown that stolon internode 

lengths are site specific, environmentally plastic and that the degree 

of plasticity varies from population to population. 

This chapter concentrates on the growth form strategies of Ranunculus 

repens genets and any growth form changes that occur due to seasonal 

submergence. The following questions were asked: 
1: 

1. Does the growth form of R. repens respond to submergence in a 

tactical sense? 

2. Is there evidence for genetic differentiation between populations 

based on differences in growth form and the response of growth form to 

submergence? 

Can an overall growth form strategy in relation to submergence be put 

forward? 

The results in this chapter are based on the assumption that stolon 

internode lengths are an important descriptor of plant growth form in 
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R. repens, as postulated by Harper (1981) and Lovett Doust (1981a). 

This character was measured as opposed to other possible descriptors, 

such as branch angle (Bell and Tomlinsonj 1980)y the density of apices 

(Bulow-Olsen et al, 1984) and the demography of buds (Maillettep 1982a; 

1982b). Other growth form characteristics, such as stolon length were 

also studied. 

7.2 Field Results 

Stolon internode lengths were measured in plants from the three field 

sites during June 1983 (see Appendix 1 and section 2.4). Stolon 

internode lengths differed considerably between sites but very little 

within sites (Table 7-1). Plants from the Open University site have 

much shorter stolon internode lengths than plants from the Port Meadow 

sitesy with the submerged site plants having the longer (Table 7-1). 

There is evidence here to suggest that seasonal submergence has resulted 

in longer stolon internode lengths. This is either genetically or 

tactically based, or both, resulting in a more guerilla-like growth 

form. 

Plants from the three sites do not differ in terms of the number of 

stolons and ramets/genet (Table 7.2). It is therefore not suprising, 

following the stolon internode length differencesp that individual 

stolon lengths vary (Table 7.2). Howeverp plants from the Port Meadow 

sites do not differ significantly but these have stolons that are 

significantly longer than stolons of Open University site plants (Table 

7-1). 

The next step was to separate environmentally and genetically based 
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Table 7.1 

Lengths of stolon internodes (mean and S. E. ) and of individual stolons 
(mean and S. E. ) for R. repens plants collected in the three field sites 
in June 1983. 

Site Stolon Internode n Individual Stolon n 

- length/plant (cm) length (=) 

------------------------------------------------------------- 
Port Meadow 

submerged 11.4 (0-3)a** 31 292.6. (53.2)a 16 

Port Meadow 
non-submerged 9.8 (0-3)b 36 253.1 (68-5)a 16 

Open 
University 6.4 (o. l)c 21 151.9 (22.3)b 18 

--------------------------------------------------------- 

** as in all tables different superscript means significantly different 
at P<0.5 (t-test). - 

Table 7.2 

The number of stolons and ramets (per plant, mean and S. E. ) borne by 
R. repens plants collected from the three field sites in June 1983 (n= 

T6)'. 

Site 
-------------- 

Port-Meadow 
submerged 

Port Meadow 
non-submerged 

Stolons/plant Ramets/plant 

------------------------------ 

1.6 (0.2)a 

1.6 (0-3)a 

4.6 (0.6)a 

4.3 (0.4)a 

Open 
University 1.8 (0.2)a 4.3 (0.4)a 
---------------------------------------------- 
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differences in growth form using experimental data. 

7.3 Experimental results 

In the following experiment (details in section 2.4; experiment 3) 

rosettes-of R. repens, were collected from the three study sites 

(Appendix 1) and transplanted into a transplant garden. They were then 

grown under submerged or non-submerged (control) treatments. 

With stolon internode lengths the transplanted plants show significant 

effects of site of origin, submergence and an interaction between these 

factors (Table 7-3). Plants from both the Port Meadow sites show an 

increase, in stolon internode length with submergence, with the submerged 

site plants showing the greater increase. In contrast, the Open 

University site plants show a decrease in stolon internode length with 

submergence. 

In the control treatment the stolon internode lengths in the Port Meadow 

site plants are not significantly different but in the submergence 

treatment the submerged site plants have much longer stolon internode 

lengths (Table 7-3). Based on stolon internode lengths the relative 

position of the plants on the phalanx-guerilla growth form continuum is 

altered by the submergence treatment. 

Total length of stolon per genet was significantly affected by site of 

origin and by the-submergence treatment, which interacted with site of 

origin (Table 7.4). Howeverp only the Port Meadow submerged site plants 

show a significant change in total stolon length with submergence. 

125 



Table 7.3 

Stolon internode lengths (cm, mean/plant) at harvest for pot grown R. 
repens plants collected from the three field sites in January 1983 ý-nd 

subjected to a submergence or control treatment and harvested in August 
1983 (n= 10). 

Treatment Site 

Port Meadow Port Meadow Open 
submerged non-submerged University 

------------------------------------------------------------ 
Control 9.5a** 10.4a 12.1b 

Submergence 19.5c 12.9b 10 . 3a 
------------------------------------------------------ 

Pooled S. E. = 0.35. 
Anova: Site p<0.001; Treatment p<0.001; Interaction p<0.001. 
** different superscript means significantly different at p<0.05 using 
pooled S. E. in t-test (see Mead and Curnow, 1983). 

Table 7.4 

Total stolon length (m, mean/plant) at 
plants collected from the three field 
subjected to a submergence or control 
1983 (n= 10). 

harvest for pot grown R. repens 
sites in January 1983 and 
treatment and harvested in August 

Treatment Site 

Port Meadow Port Meadow Open 
submerged non-submerged University 

------------------------------------------------------------ 
Control 17.8a** 28.8be 28.3bc 

Submergence 24.8b 31-00 23.5b 

Pooled S. E. = 1.93 
Anova: Site p<0.001; Treatment n-s; Interaction P<0-05 
** different superscript means significantly different at p<0.05 using 
pooled S. E. in the t-test (see Mead and Curnow, 1983)- 
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In the control treatment the Port Meadow submerged site plants had much 

shorter total stolon lengths compared with the other two sites (Table 

7.4). Howeverp in the submergence treatment the Port Meadow submerged 

site plants and the Open University site plants are not significantly 

different and the Port Meadow non-submerged site plants have 

significantly longer total stolon lengths per genet (Table 7.4). 

Another variable to consider for clonal perennials is the total number 

of ramets per genet. In this casey as the plants were grown in 

identical potsp this is a measure of ramet density. The number of 

ramets per genet was quite variabley both within and between sites and 

treatmentsf with as much as a three fold variation within a single site- 

treatment group. 

overall there is a significant effect of site of origin and submergence 

treatment on the number of ramets/genet (Table 7-5). Howeverg only the 

Port Meadow submerged site plants show a significant change in the 

number of ramets/genet with the submergence treatment (Table 7-5). 

Within both treatments the Port Meadow submerged site plants have the 

lowesty or equal lowest, number of ramets/genet and the other two sites 

are not significantly different within both treatments (Table 7-5). 

Mean individual ramet dry weightq like all the previous variables shows 

a significant effect of site of origin (Table 7.6) and the submergence 

treatment effect interacts with the site of origin. Plants from both 

Port Meadow sites show significant changes in individual ramet dry 

weight (Table 7.6). Howeverg the changes are in opposite directions. 

Under the control treatment there is no significant difference between 

plants from the two Port Meadow sites but both are significantly greater 
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Table 7.5 

Number of ramets/plant (mean) at harvest for pot grown R. repens plants 
collected from the three field sites in January 1983 a ubjected to a 
submergence or control treatment and harvested in August 1983 (n= 10). 

Treatment Site 

Port Meadow Port Meadow Open 
submerged non-submerged University 

------------------------------------------------------------ 
Control 193b** 2780 238bc 

Submergence 129a 242bc 231be 

------------------------------------------------------------ 

Pooled S. E. = 19.2 
Anova: Site p<0.001; Treatment p<0.05; Interaction n. s. 
** different superscript means significantly different at p<0.05 using 
pooled S. E. in t-test (see Mead and C*Urnowv 1983). 

Table 7.6 

Dry weights of individual ramets/plant (g, mean) at harvest for pot 
grown R. repens plants collected from the three field sites in January 
1983 and -Subjected to a submergence or control treatment and harvested 
in August 1983 (n= 10). 

Treatment Site 

Port Meadow Port Meadow Open 
submerged non-submerged University 

--------------- 7 -------------------------------------------- 
Control 0.38c** 0.37c 0.26b 

Submergence 0.51d 0.23a 0.26b 

------------------------------------------------------------ 

Pooled S. E. = 0.0095 
Anova: Site p<0.001; Treatment n. s; Interaction p<0.001. 
** different superscript means significantly different at p<0.05 using 
pooled S. E. in t-test (see Mead and Curnow2 1983). 
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than the Open University site plants (Table 7.6). Under the submergence 

treatment individual ramet dry weights are much greater in the Port 

Meadow submerged site plants compared with the other two sites, which 

did differ significantly (Table 7.6). The submergence treatmentp againy 

changes the-relationship of the three sites based on a variable of 

clonal growth. 

Overall there is a highly significant negative correlation between the 

number of ramets/genet (Table 7-5) and individual ramet dry weight 

(Table 7.6) (r=-0.58; p<0.001). Stolon internode lengths (Table 7-2) 

are also significantly negatively correlated with the number of 

ramets/genet (r=-0.58; p<0.001). 

7.4 Discussion 

The transplant experiment shows genetic differences between the three 

site populations I with respect to stolon internode lengths (Table 7-2). 

This supports the findings of genetically based differences in stolon 

internode lengths in this species (Lovett Doust, 1981a) and in two other 

stoloniferous clonal perennials; Trifolium repens (Burdony 1980) and 

Agrostis stolonifera. (Aston and Bradshaw, 1966). These findings were 

all made between adjacent populations as at the Port Meadow sites. 

The populations can also be separated on their tactical changes in 

stolon internode lengths in response to submergence (Table 7.2). This 

was also found by Lovett Doust, (1981a) in adjacent woodland and 

grassland populations of R. repens Lovett Doust's (1981a) woodland 

population showed a more guerilla-like strategy (i. e. longer stolon 

internode lengths) relative to the grassland population and she suggests 
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that this might be related to an increased probability of sampling a 

sunfleck in the woodland. The Port Meadow site populations show a more 

guerilla-like growth form in response to submergence and this is also 

shown in the field results (Table 7-1). This is perhaps related to the 

increased probability of sampling more favourable non-submerged 

conditions. 

In Chapter 5 Ginzo and Lovell's (1973a; 1973b) proposed 'getting away' 

strategy for R. repens in response to decreasing nitrogen supply was 

discussed. Under these conditions R. repens produced fewery longer 

stolons with reduced dry weight/cm of stolon length (see Chapter 8). 

This increases the probability that a ramet will be placed away from the 

unfavourable parent site. The increase in total stolon length (Table 

7.4) in the Port Meadow submerged site plants may be part of this 

strategy, along with changes in the stolon internode lengths. 

Individual stolon lengths were not measured in experiment 3. The field 

results (Table 7-1) show the production of longer individual stolons in 

submerged conditions. In an earlier experiment (experiment 2- section 

2.4) plants from the Open University site under the 4-week submergence 

treatment produced fewer stolons which were not significantly different 

in individual length from those of control (non-submerged) plants (Table 

7-7). More research is needed to see if this is a part of a general 

strategy. 

Another example of this 'getting away' f rom an unfavourable site is 

suggested by Hartnett and Bazzaz (1983) who found that severing of the 

rhizomes connecting a young ramet of Solidago canadensis to its parent, 

resulted in the ramet producing fewer, longer rhizomes. They liken the 

result to intense competition depleting resources, but this is not in 
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Table 7.7 

The number of stolonsy individual stolon length and total stolon length 
(mean and S. E. ) for R. repehs plants at harvest grown in experiment 2. 

Treatment Stolons Individual stolon Total stolon 

----------- 

/plant 

-------------- 
length (cm) 

------------------- 
length/plant (cm) n 

----------------------- 

Controls 6.1 (0.8)a** 42.3 (9-3)a 257.7 (47-7)a 11 

4-week 
submerged 2.2 (0.2)b 34.4 (7.4)a 74.6 (14.6)b 12 

8-week 
submerged 1.5 (0.2)c 6.3 (1-5)b 9.5 (2.8)c 6 
------------------------------------------------------------------- 

** different superscript means significantly different at p<0.05 (t- 
test). 
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agreement with the results of Bradbury and Hofstra (1976) who found that 

Solidago canadensis plants growing in a closed site produced shorter 

rhizomes than those in an open site. 

This contradiction may be explicable in the differential response of 

clonal perennials to nutrient and competitive 'stress' (see section 

1.8). Decreasing nutrients generally results in an increase in emphasis 

on stolons or rhizomes (Ginzo and Lovell, 1973a; 1973b; Ogden, 1974; 

Andel and Vera, 1977) whereas increasing density results in decreased 

emphasis on stolons or rhizomes (Ogdenp 1974; Thomas and Dale, 1974; 

Holler and Abrahamsomp 1977). 

This appears counterintuitive and is certainly different from the 

results for sexual reproduction, which is decreased or unchanged by 

nutrient and competitive stress (e. g. Hiroi and Monsil 1966; Ogdeny 

1974; Snell and Burch, 1975; Raynal and Bazzazy 1975; Pemadasay 1976; 

Andel and Vera$ 1977; Lovett Doust, 1980; Steen, 1984). Howeverv 

Williams (1975) predicts from a cost-benefit model of clonal gro th that 

increased competitive stress will result in'a decreased emphasis on 

rhizomes or stolons. 

There is evidence that clonal perennials regulate their densities and 

therefore avoid density dependent mortality (Kays and Harper, 1974; 

Hutchings, 1979; Pitelkap 1984). Harper (1981) considers that this 

density control is brought about through regulation of inter-ramet 

distances. The results reported here support this hypothesisp as a 

significant negative relationship between stolon internode lengths and 

density was found. However? it is not suprising that stolon internode 

lengths do not explain perfectly variations in the ramet density because 

other factorsp such as branching angle and the rules of ramet production 

132 



will also influence spatial arrangement (Hutchings, 1979; Bell and 

Tomlinson, 1980) 

As with other studies individual ramet dry weight is negatively 

correlated with ramet density (Matthews and Westlake, 1969; Hutchings, 

1979). There is, however, much evidence to suggest that individual 

ramet weights and density do not follow the typical self-thinning 

relationship (Yoda et al, 1963; White, 1980) and therefore do not show 

density dependent mortality (Hutchings, 1979). Individual ramet weight 

has been found to be of critical importance in the survival and 

flowering of ramets (Pitelka et al, 1985; and see Chapter 5), and 

therefore the dynamics of clonal perennials. 

Clearly R. repens can make tactical changes in growth following 

submergence and there is evidence for genetic differentiation based on 

these changes. Plants from both the Port Meadow sites show evidence of 

a 'getting away' strategy similar to one that has been proposed for 

other clonal perennials (Ginzo and Lovell, 1973a 1973b; Hartnett and 

Bazzazj 1983). - Plants from the Open University site appear to show a 

different submergence strategy. Other workers have found evidence for 

differing strategies between populations of a single species (Reinartz, 

1984; Rochow, 1970; Mooney and Billings, 1961; Kingsbury et aly 1976; 

Douglasp 1981). 

7.5 Summary 

1. Field data show that R. repens plants from a submerged site have a 

more guerilla-like growth form in terms of stolon internode lengths than 

those from non-submerged sites. 
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2. The experimental results show this may be due to tactical changes 

and therefore not genetically fixed. 

In agreement with other researchy different populations of R. repens 

show differential plasticity with respect to stolen internode lengths. 

4. R. repens plants from different populations can also show 

contrasting changes in stolon internode lengths with submergence. 

The results for the two Port Meadow site populations can be 

interpreted as part of a strategy for 'getting away' from an 

unfavourable site. 
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. 
hapter 

'Changes 
in the Dry Weight Per Unit Length of Stolons and Petioles 

with Submergence in Ranunculus repens 

".. stolons confer upon R. repens a kind of trial-and- 

error policy in the exploration of the habitat.. " 

(Ginzo and Lovell, 1973b) 

8.1 Introduction 

Reductions in the dry weight per unit length in stolons of R. repens 

have been related to reductions in total dry weight resulting from a 

limited nitrogen supply (Ginzo, and Lovell, 1973a). Submerged plants of 

R. repens can have reduced resources compared to non-submerged plants 

(Chapter 3) and so it is of interest to see whether or not submergence 

stress influences dry weight per unit length as does nitrogen stress. 

Stolons play an important role in the maintenance of R. repens 

populations (Sarukhan and Gadgily 1973; Soane and Watkinson, 1979). 

However, stolons usually appear after submergence has taken place and so 

changes in dry weight distributions will not be as a result of 

submergence per Ee. Stolon length can be judged as important because it 

is a determinant of the extent of vegetative spread. 

Petioles were also included in this study because they are known to 

respond to submergence by elongation (see section 1.8)p and it is Of 

interest to see if this involves changes in the amount of dry matter per 
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unit length of petiole, especially considering the reduced total dry 

weight of submerged plants. Observations of the petioles of submerged 

plants suggest that these are thinner and less rigid than non-submerged 

counterparts (S. J. Smith pers. obs. ). Petiole length is of particular 

importance in terms of submergence in that it determines whether or not 

a petiole will reach the surface of the water and the importance of this 

was shown in experiment 1 (Chapter 3). 

Dry weight per unit length can be used as an index of the distribution 

of dry weight in these structures and can be considered as ecologically 

meaningful. 

Several detailed questions are of interest here: 

1. Does submergence result in differences in the distributions of the 

allocated material in petioles and stolons? 

2. If differences are presentp do they per. ýist after submergence and 

are they long term? 

Is there evidence for genetic differentiation between populations of 

R. repens with respect to dry weight distributions within stolons and 

petioles and the changes that occur following submergence? 

8.2 Experimental Results 

Straight line relationships between dry weight and length for both 

stolons and petioles were found under all the conditions studied and so 
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mean values of dry weight per unit length will be used throughout this 

chapter. 

8.2.1 Petioles and dry weight per unit length 

Experiment 1 involved three treatments. Air grown for 13 weeks; 

submerged for 5 weeks and then air grown for 8 weeks; 13 weeks submerged 

(for details see section 2.4). The results show that the distribution 

of dry weight per unit length in petioles is clearly affected by 

submergence (Table 8.1). The 13 week submerged rosettes have about 20% 

of the dry matter per cm relative to the air grown controls. The same 

weight of petiole in the submerged plants would be five times longer 

than the same weight of petioles from control plants. 

The 5 week submerged rosettes have a dry weight per mm which is close. to 

that of the control plants, containing about 3/4 of the material that 

the same length of control plant petiole has (Table 8.1). Clearly the 5 

week submergence treatment has had effects on dry matter distribution 

even after 8 weeks of growth in air (Table 8.1). 

Experiment 3 involved the submergence or the growing in air of rosettes 

transplanted from the three study sites (see Chapter 2). The results 

show that submergence results in reduced dry weight per mm of petiole 

independent of site of origin (Table 8.2). With the exception of the 

controls from the Port Meadow submerged sitep there is a remarkable 

consistency in dry weight per mm within each treatment (Table 8.2). The 

submergence treatment petioles show a 20 to 30% reduction in dry weight 

per mm which is reflected in 14 - 1j times the petiole length for the 

same weight of petioles as the control plants (Table 8.2). The higher 
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Table 8.1 

Dry weight per mm. of petiole length (mean and S. E. per plant) for 
R.. repens plants grown in experiment 1. 

Treatment Dry weight/mm of petiole 
length (mg/mm x10-3) n 

--------------------------------------------- 

Controls 29.0 (1-36)a** 12 

5-week 
submerged 21.6 (0.66)b 12 

13-week 
submerged 6.0 (0.84)c 12 
--------------------------------------------- 

** different superscript means significantly different at p<0.05 (t- 
test). 

Table 8.2 

Dry weight per mm of petiole length at harvest (mg/mmý per plant, means) 
for R. repens plant collected during January 1983 from the three study. 
sites and subjected to a submergence or control treatment and harvested 
during August 1983 (experiment 3, n= 10). 

Tron 1--mon f- Site 

Port Meadow Port Meadow Open 
submerged non-submerged University 

--------------------------------------------------------- 

Control 0.323a** 0.271b 0.274b 

Submergence 0.224c 0.215C 0.214c 
--------------------------------------------------------- 

Pooled S. E. = 0.012 
Anova: Site 0.05; Treatment p<0.001; Interaction n. s. 
** different superscript means significantly different at p<0.05 using 
pooled S. E. in t-test (see Mead and Curnow, 1983). 
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value of dry weight per mm of petiole length for the Port Meadow 

submerged site plants is more evidence for genetic differentiation 

between the populations. The submerged plants were submerged in 

February and harvested in August so submergence is having a long term 

effect on the dry weight per unit length of petioles. 

Field data, collected from the three study sites (see Chapter 2)9 shows 

an interesting picture for petiole dry weight per unit length (Table 

8-3). With the exception of June, the Port Meadow submerged site 

petioles showed lower dry weight per mm compared with the Port Meadow 

non-submerged site petioles (Table 8.3; Figure 8.1). In February the 

Open University site petioles showed a low dry weight per mm that was 

not significantly different from the Port Meadow submerged site 

petioles. However, in March the level had risen to be greater than both 

Port Meadow sites (Table 8.3). 

From February to April inclusive the Port Meadow non-submerged site 

petioles had about 1.5 times the dry matter per mm of the petioles of 

the Port Meadow submerged site (Table 8.3; Figure 8.1), whereas in May 

the Port Meadow non-submerged site petioles contained about 2.5 times 

the dry matter per mm of the Port Meadow submerged site petioles. In 

June the picture is the reverse of the earlier position with the Port 

Meadow submerged site petioles having about 1.5 times the dry matter in 

the Port Meadow non-submerged site petioles. 

During the study period the Port Meadow non-submerged site petioles show 

a larger range in dry weight per mm compared with the Port Meadow 

submerged site petioles (Figure 8.1). Howeverý a major difference 

between the two patterns of petiole dry weight distribution is the 

decrease in May at the Port Meadow submerged site which was followed by 
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Table 8.3 

Dry weight per mm of petiole length (mg/mm, per plant means and S. E. ) 
for R. repens plants collected from the three field sites from February 
to 1983 (n = 10 to 20). 

Month Site 
Port Meadow Port Meadow Open 
submerged non-submerged University 

------------------------------------------------------------- 

February 0.149 (o. oog)b** 0.223 (0.008)de 0.167 (0-005)b 

March 0.108 (0.006)a 0.176 (0.01g)bc 0.225 (0.019)de 

April 0.247 (0.018)e 0.360 (0.011)9 n/a 

May 0.186 (0.021)bcd 0.483 (0-032)h n/a 

June 0.306 (0.020)f 0.217 (0.022)cde n/a 
------------------------------------------------------------- 

different superscript means significantly different at p<0.05 (t- 
test). 
n/a = no data collected. 
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Figure 

The dry weight per mm of petiole length for p,. repen plants collected 
from the two sites from February to June 1983 (see Table 8.3). 
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ar, increase in June (Figure 8.1). 

It is interesting to note that the pattern of changes in dry weight per 

unit length in petioles in both Port Meadow sites plants (Figure 8.1) 

mirrors the changes in average dry weight per genet (Figure 8.2). 

8.2.2 Stolons and dry weight per unit length 

Experiment 2 involved three treatments. Twelve weeks air grown 

(controls)p four weeks submergence followed by eight weeks growing in 

air and eight weeks submergence followed by four weeks growing in air 

(full details in section 2.4). 

The results from experiment 2 show that stolons of the previously 

submerged rosettes have lower dry weight per mm than stolons from 

control rosettes (Table 8.4). Stolons from plants in the 8 week 

submergence treatment have about three quarters of the dry weight per mm 

of the stolons from control plants. Stolons from the 4 week submerged 

plants have about half of the dry weight per mm of control plant stolons 

(Table 8.4). However, the 4 week and 8 week submerged plants do not 

show significantly different levels of dry weight per mm for stolons. 

Clearly, submergence can have long term (eight weeks pos t-sub mergence) 

effects on the distribution of dry weight in stolons. 

The results from experiment 3 (see above and section 2.4 for details) 

for stolon dry weight distribution are quite complex. Plants collected 

from the Open University site do not show any reduction in dry weight 

per mm 5 months after submergence (Table 8.5). Howeverg both Port 

Meadow submerged site and Port Meadow non-submerged site plants show a 
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Table 8.4 

Dry weight per mm of stolon length (mean and S. E. per plant) for 
R.. repens plants grown in experiment 2. 

Treatment Dry weight/mm. stolon 
length (mg/mm) n 

--------------------------------------------- 
I 

Controls 5.4 (0-36)a 11 

4-week 
submerged 3.9 (0.23)b 12 

8-week 
submerged 3.0 (0-37)b 6 
--------------------------------------------- 
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Table 8.5 

Dry weight per mm, of stolon length (mean per plant) 
, 

for R. repens plants 
collected from the three field sites during January 1983 and subjected 
to either a submergence or control and harvested in August 1983 (n= 10). 

Treatment Site 
Port Meadow Port Meadow Open 
submerged non-submergbd University 

--------------------------------------------------------- 

Control 1.33a** 1.16b 0.95c 

Submergence 0.88d O-70e 0-99C 
--------------------------------------------------------- 

Pooled S. E. = 0.08 
Anova: Site p<0.001; Treatment p<0.001; Interaction p<0.001. 
** different superscript means significantly different at p<0.05 using 
pooled S. E. in t-test (see Mead and Curnowq 1983). 

Table 8.6 

Dry weight per mm, of stolon length (mean and S. E. per plant) for R. 
repens plants collected from the three field sites during June 1983 (n= 
10). 

Site Dry weight per mm. of 
stolon length (mg/mm) 

---------------------------------------- 

Port Meadow 
submerged 0.55 (0-03)a** 

Port Meadow 
non-submerged 

Open 
University 
------------------- 

0.38 (0.04)b 

0.60 (0-03)a 
------------------ 

** different superscript means significantly different at p<0.05 (t- 
test). 
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reduction in dry weight per mm in stolons following submergence (Table 

8-5). The Port Meadow submerged site plants show the lesser reduction 

with about a one-third reduction in dry weight per mm whereas the Port 

Meadow non-submerged site plants show about a two-fifths reduction in 

dry weight per mm (Table 8.5). Hence, not only can submergence affect 

the dry weight distribution in stolons five months or so after the event 

but this effect is also dependent on the site 
ýf origin of the plants. 

The field results (from the three study sites; see section 2.4 and 

Appendix 1) for stolon dry weight distributions for June show that 

stolons at the Port Meadow non-submerged site have less dry weight per 

mm than at the Open University and Port Meadow submerged sites (Table 

8.6). The dry weight per unit length for stolons of the latter two 

sites are not significantly different (Table 8.6). The Port Meadow non- 

submerged site stolons have about one-third less dry matter per mm than 

stolons of the other two sites (Table 8.6). 

These results do not agree with the results found under controlled 

conditions in experiment 3 (Table 8.5). The Port Meadow non-submerged 

site stolons would have been predicted to have a dry weight per mm 

greater than the other two sitesq rather than less (Table 8.6). 

Howeverp in May the dry weight per unit length for stolons at the Port 

Meadow non-submerged site was more than double that at the other two 

sites (1-29 mg/mm; S. E. = 0.05; n= 10). Clearly, there was a dramatic 

fall in stolon dry weight per mm from May to June. The dry weight per 

unit length of petioles also fell from May to June (Table 8-3) and this, 

as already mentionedy mirrors the fall in mean total genet dry weight 

between the two months (Figure 8.2). 
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Total dry weights for R. repens plants collected from the t1fo field 
sites from February to June 198 13 (see Table 4.2). 
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8.3 Discussion 

The results show that the dry weight per unit length of stolons and 

petioles can be reduced by submergence both in the short and long term. 

However, the overall picture for petioles appears to be less complex 

than that of stolons. For petioles a submergence treatment always 

resulted in a reduction in the dry weight per unit length (Tables 8.1 & 

8.2). The results for petioles from experiment 3 suggest that the Port 

Meadow submerged site plants are genetically distinct from the other two 

populations based on dry weight per mm in the control treatment (Table 

8.2). It is interesting to note that no genetic differentiation has 

been found between populations of R. repens2 from sites with different 

submergence histories, with respect to the depth accommodation response 

in petioles (Ridge2 per. comm. ). 

The field results for petioles (Table 8-3) can be explained in terms of 

the experimental results, the Port Meadow submerged site petioles 

showing lower dry weight per unit length than the other two sites 

under submergence. 

From the experimental results the dry weight per unit length for stolons 

can be reduced by submergence (Tables 8.4 & 8-5). However, there is 

clear genetic differentiation with respect to stolon dry weight 

distribution between the populations studied (Table 8-5). This means 

that the origins of all experimental material must be taken into account 

when interpreting results. The plants in experiment 2 were from the 

Open University site (Table 8.4) and the results must be used with 

caution when discussing plants from the other sites. It is interesting 

that stolons from the Open University site did not show a reduction in 

dry weight per unit length after c. five months in Experiment 3 but did 
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in the shorter term experiment 2 (Tables 8.4 & 8-5). 

Unlike the petioles the field results for stolon dry weight per unit 

length in June (Table 8.6) do not agree with experimental results (Table 

8.5). This disagreement in results may be related to the large fall in 

dry weight per cm of stolon from May to June in the Port Meadow non- 

submerged site (Table 8.6). Petioles also show- this fall from May to 

June in this site (Figure 8.1) and so does mean total dry weight per 

genet (Figure 8.2). This site suffered from drought during June and 

this may have caused the changes in dry weight per unit length and total 

genet dry weight. 

Ginzo and Lovell (1973a; 1973b) suggest that reduction of dry weight per 

unit length of stolons in R. repens in response to decreased nitrogen 

supply was part of a strategy to compensate for the reduction in 

assimilate, the overall result is that total stolon length (and 

vegetative spread) are maintained with less dry weight investment. They 

also found that low nitrogen resulted in fewer, longer stolons. They 

suggest that this is another part of the strategy whereby ramets, borne 

on stolons, are placed as far as possible away from the parent in an 

unfavourable situation. Alsop McIntyre (1965) found that the dry weight 

per unit lenth of Agropyron repens rhizomes decreased with decreasing 

nitrogen supply. 

Can a similar strategy concerning stolons be seen in response to 

submergence stress? Stolons from the Port Meadow sites do show 

reduction in dry weight per unit length. There is evidence for the 

maintenance of stolon length from field and experimental results (Tables 

8.7 & 8.8) in Port Meadow site plants. The Open University site plants 

do show short term changes in stolon dry weight per unit length 
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Table 8.7 

The number-of stolons, individual stolon length and total stolon length 
(mean and S. E. ) for R. repens plants at harvest, grown in experiment 2. 

Treatment Stolons Individual stolon Total'stolon 
/plant length (cm) length/plant (cm) n 

--------------------------------------------------------- ---------- 

Controls 6.1 (o. 8)a** 42.3 (9-3)a 257.7 (47-7). a 11 

4-week 
submerged 2.2 (0.2)b 34.4 (7.4)a 

8-week 
submerged 1.5 (0.2)c 6.3 (1-5)b 
-------------------------------------- 

74.6 (14.6). b 12 

9.5 (2.8)c 6 

-------------------------- 

** different superscript means significantly different at p<0.05 (t- 
test). 

I 

Table 8.8 

The number of stolons, total stolon length and individual stolon length 
(per plant, mean and and S. E. ) for R. repens plant collected from the 
three field sites during June 1983 (n= 10). 

Site Number of Total Length of 
stolons 

-------------------------- 
stolon length (mm) 

-------------------- 
individual 

----------- 
stolons (mm) 

-------------- 

Port Meadow 
submerged 1.6 (0.2)a 468 (48-7)a 292.6 (53.2)a 

Port Meadow 
non-submerged 1.6 (0.3)a 405 (99.9)ab 253.1 (68.5)a 

Open 
University 1.8 (0.2)a 273 (20.4)b 151.9 (22-3)b 

------------------------------------------------------------------- 
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and short term maintenance of stolon length (Table 8-7)t howevert 

because these are not true in the long term (Table 8-8) and considering 

the stolon internode length changes (Chapter 7) there is evidence that 

these plants show a different submergence strategy compared to the Port 

Meadow plants. 

Do petioles show a similar length/number strategy to stolons in response 

to submergence? The results for petiole length and numbers from 

experiment 1 (Table 8.9) show that 13 week submerged rosettes sacrifice 

petiole number for individual petiole length. Howeverp the 5 week 

submerged plants have maintained petiole number at the expense of 

individual petiole length. 

Field results for the number of petioles per plant, total petiole length 

and individual petiole length (Table 8.10a-c) show that the Port Meadow 

submerged site plants have reduced petiole numbers and greater 

iipdividual petiole length (Table 8.10a & c). 

This strategy increases the probability of a few, long petioles reaching 

the water surface and the dramatic increase in dry weight gain that this 

achieves (see Chapter 3). The switch in the 5 week submerged rosettes 

to maintain petiole number is perhaps related to leaf area being a major 

determinant of photosynthetic capacityy rather than petiole length (this 

is important because of shading, hence the difference in petiole length 

in these plants is relatively small). 

Overall many elements of the strategy for stoloniferous growth proposed 

by Ginzo and Lovell (1973a; 1973b) for nitrogen stress conditions can be 

seen in the response of R. repens stolons to submergence in the Port 

Meadow plants. A similar strategy can be proposed for petioles (with 
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Table 8.9 

The number of petiolesq total petiole length and individual petiole 
length (per plant2 mean and S. E. ) for R. repens plants grown in 
experiment 1. 

Treatment Number of Total Length of 
petioles petiole length (cm) individual petioles (cm) 

------------------------------------------------------------------------ 

Controls 8.6 (0-5)a 100.5 (6.0)a 11.7 (1.0)a (n= 12) 

5-week 
submerged 8.2 (0-5)a 78.4 (6.0)b 9.6 (1.2)a (n= 12) 

13-week 
submerged 2.2 (0.4)b 38.2 (12-7)c 17.4 (2.6)b (n= 11) 
------------------------------------------------------------------------ 

150 



Table 8.10a, 

Number of petioles per rosette (mean and S. E. ) for R. repens plants collected 
from the three field sites February to June 1983 (n7lb to 20). 

Site Month 
February March April May June 

--------------------------------------------------------------------------- 
Port Meadow 
submerged 2.4 (0.2)b** 4.7 (0.2)c 5.7 (0-3)de 5.0 (0-5)cd 2.0 (0.4)ab 

Port Meadow 
non-submerged 5.1 (0.2)cd 6.3 (0.4)ef 8.9 (0-8)9 7.4 (O. 6)f9 1.8 (0.4)ab 

Open 
University 12.5 (0-7)h 9.1 (0.9)g n/a n/a 1.1 (0-3)a 

--------------------------------------------------------------------------- 

** different superscript means significantly different at p<0.05 (t-test). 

n/a = no data collected. 

Table 8.10b 

Total petiole length per rosette (mean and S. E., cm) for R. repens plants 
collected from the three field sites from February to June 1983 (n= 10 tO 20). 

Site Month 
February March April May June 

------------------------------------------------------------------------------ 
Port Meadow 
submerged 13.2 (1.4)a 24.1 (1.9)cd 35.2 (2.0)e 37.8 (4.1)e 30.1 (5.2)e 

Port Meadow 
non-submerged 16.8 (1-5)b 19.9 (1-7)bc 28.8 (3.4)de 37.2 (3.2)e 19.0 (4-3)abc 

Open 
University 59.1 (6-9)r 31.4 (4-5)e n/a n/a n/a 
------------------------------------------------------------------------------ 

Table 8.10c 

Length of individual petioles (mean and S. E., mm) for R. repens plants collected 
from the three field sites from February to June 1983 Tn-= 10 to 20). 

Site Month 
February March April May June 

----------------------------------------------------------------------------- 
Port Meadow 
submerged 54.8 (3.4)b 52.4 (3-8)b 61.7 (4.2)bc 74.8 (9.4)c 150.6 (13.0)d 

Port Meadow 
non-su6merged 33.1 (2. o)a 31.4 (2.4)a 32.3 (2-5)a 50.3 (3-5)b 79.5 (12.6)c 

Open 
UniverSity 46.3 (4-7)b 30.0 (3. o)a n/a n/a n/a 
----------------------------------------------------------------------------- 
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their leaves). 

8.4 Summary 

1. Petioles of R. repens plants show reductions in dry weight per mm 

of length with submergence independent of plant site of origin. 

2. Stolons of R. repens plants can also show reductions in the dry 

weight per mm of length with submergence but this is dependent on site 

of origin. 

These differences, along with differences in number and individual 

length of stolons, have been interpreted as part of a 'getting away' 

strategy. 
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Chapter 

Leaf Demography and Submergence in Ranunculus repens 

".. the assimilate fixed in leaves is not used solely 

to increase the number of leaves, but -also to 

synthesize other structures.. " 

(Lovett Dousty 1981b) 

9.1 Introduction 

Initiallyl observations on Ranunculus repens rosettes when first 

submerged suggested that, apart from the increase in petiole length 

through the depth accommodation response (see section 1-8)ý there was a 

reduction in the number of leaves in the submerged rosettes compared to 

the controls (S. J. Smith pers. obs. ). This reduction in the number of 

leaves in submerged rosettes has been interpreted as part of a strategy 

in which resources are concentrated into fewer younger leaves with 

longer petioles (see Chapter 8). This is somewhat similar to the 

strategy suggested for R. repens stolons in response to low nitrogen 

levels by Ginzo and Lovell (1973a; 1973b). 

The reduction in the number of leaves in submerged rosettes was thought 

to have resulted from an increase in the rate of mortality Of the oldest 

leaves. To test this hypothesis the mortality rate of freshly submerged 

leaves needs to be studied in detail and so the demography of leaves was 

followed during the first few weeks of submergence. Stolon demography 

was also followed during the leaf demography study in order to determine 
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any influence of submergence on the number of stolons. 

9.2 Experimental results 

9.2.1 Leaf demography 

The leaf demography of rosettes of R. repens was followed under three 

different treatments: air grown for 8 weeks (control)y submerged for 

weeks and then air grown for 4 weeks, and submerged for 8 weeks (full 

details under experiment 2 in section 2.4). Petioles were marked at 

weekly intervals with different coloured plastic straws. 

Rosettes from all treatments show an initial (after the first week) fall 

in the number of leaves/rosette (Figure 9.1). Differences between 

treatments in the number of leaves/rosette started to show after four 

weeks when the number of leaves/rosette in the control treatment ceased 

to fall. In the following weeks the number of leaves/rosette in the 

control treatment rose at a nearly constant' rate of about two leaves per 

week (Figure 9.1). 

However, rosettes in the 4 week submergence treatment continued to Show 

a reduction in the number of leaves/rosette until after the sixth week 

(Figure 9.1). In the seventh and eighth weeks the decline ceased and 

there was a tendency to increase. The 8 week submerged rosettes show a 

decrease in the number of leaves/rosette throughout the eight weeks 

(Figure 9.1). 

The number of leaves/rosette is dependent on the "birth" rate 

(production of new leaves) and "death" rate of leaves. During the first 
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Figure 9.1 

The number of leaves (mean per plant) for R. repens plants in 
experiment 2 (n= 12). 
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four weeks the birth rate of* leaves is more than halved by submergence 

(Table 9-1). Transfer to air (in the 4 week submerged plants) doubled 

the birth rate of leaves during the second four weeks, to the level of 

the birth rate of the leaves in the control treatment during the first 

four weeks of the experiment (Table 9.1). However, during the same 

period (weeks five to eight) the control rosettes dramatically increased 

the rate of leaf production to nearly four times the initial rate (Table 

9.1). The rate of production of new leaves in the 8 week submerged 

rosettes did not significantly change during weeks five to eight from 

the first four weeks (Table 9.1). 

During the first four weeks leaf death rates were very similar for all 

treatments (Table 9.2). However, for weeks five to eight the control 

rosettes had much lower leaf death rates compared with the submergence 

treatment rosettes (Table 9.2). During the same period rosettes from 

both submergence treatments had, very similar death rates even though the 

4 week submerged rosettes spent the whole of this period in air (Table 

9.2). 

Leaf birth and death rates can be considered together by calculating 

, leaf turnover'. This is leaf birth rate minus leaf death rate, and is 

expressed on a daily basis (see Lovett Doust, 1981b). Leaf turnover is 

a measure of the growth rate of the leaf population. 

There is negative growth (i. e. a reduction) in the leaf population in 

all treatments for the first four weeks but the reduction is much 

greater in the submerged rosettes (Table 9.3). In weeks five to eight 

the leaf population in the control rosettes is increasing whereas in the 

submergence treatments the leaf populations are still decreasing but the 

reduction is greater in 8 week submerged rosettes compared to 4 week 
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Table 9.1 

The number of leaves produced (per plant, mean and S. E. ) by R. repens 
plants during weeks 1 to 4 and weeks 5 to 8 of experiment 2 (n= 12). 

Treatment weeks 1-4 weeks 5-8 
--------------------------------------- 

Controls 2.5 (0-3)a** 9.9 (1-3)b 

4-week 
submerged 1.0 (0-3)c 2.2 (0.4)a 

8-week 
submerged 1.2 (0-3)c 0.5 (0.2)c 
--------------------------------------- 

** as in all tables different superscript means significantly different 
at p<0.5 (t-test). 

Table 9.2 

Mortality of leaves (per plants, mean and S. E. ) for R. repens plant 
during weeks 1 to 4 and 5 to 8 of experiment 2 (n= 1ý-)- 

Treatment 

----------- 
weeks 1-4 

------------- 
weeks 

------ 

5-8 

------ 

Controls 4.8 (0.6)a 1.2 (0.2)b 

4-week 
submerged 4.6 (0.3)a 3.3 (0-3)' 

8-week 
submerged 4.7 (0.1)a 3.6 (0.4)c 
------------------------------------ 

Table 9.3 

Turnover of leaves (mean daily rate/plant) in R. repens plants during 
weeks 1 to 4 and 5 to 8 of experiment 2 (n= 12). 

Treatment weeks 1-4 weeks 5-8 

------------------------ ; -------- 

Controls -0.082 +0-311 

4-week 
submerged -0.129 -0-039 

8-week 
submerged -0.125 -0.111 
-------------------------------- 
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submerged rosettes (Table 9-3). 

By separating leaves into age classes (or cohorts) leaf survival (or 

death) can be studied according to leaf age. The survivorship (strictly 

depletion; Flarperp 1977) of leaves present at the start of the 

experiment (of mixed age and therefore not a cohort) shows no marked 

differences between the treatments until the sixth week of the 

experiment (Figure 9-2). However, during the following two weeks 

rosettes from both the submergence treatments lost all their initial- 

leaves. The 8 week submerged rosettes lost all the initial leaves one 

week earlier than the 4 week submerged ones (Figure 9.2). The control 

rosettes still had about 18% of their initial leaves after eight weeks. 

Differences between treatments in the survivorship of the first cohort 

of new leaves (produced during the first two weeks of the experiment) 

appeared in the sixth week (Figure 9-3). The 4 week submerged rosettes 

showed a delay in senescence compared to the 8 week submerged rosettes 

(Figure 9-3). However, in both submergence treatments all cohort 1 

leaves died by week eight compared to twelve percent death of cohort 1 

leaves in the control rosettes (Figure 9-3). 

There was a delay of four weeks for differences between treatments to 

appear in the survival of the second cohort of new leaves (produced 

during weeks three and four) (Figure 9.4). Survival of these leaves in 

the 4 week submerged rosettes was very much better than those of the 8 

week submerged rosettes, and almost as high as the control rosettes 

(Figure 9.4). 

The third cohort of new leaves show differences between treatments two 

weeks later (in week eight) (Figure 9.5). Survivorship of these leaves 
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Figure 9.2 

Depletion curves for the original leaves of the R. repens plants 
in experiment 2. 
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Survivorship curves for first cohorts of leaves in the R. repens plants 
in experiment 2. 
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in the control and 4 week submergence treatment are very similar whereas 

the 8 week submergence treatment rosettes show rapid loss of these 

leaves. 

9.2.2 Stolon Demography 

The stolons produced during the leaf demography study were marked in the 

same way as leaves and their demography followed. There were no 

significant differences between treatments in the numbers of stolons 

produced during either the first four weeks or weeks five to eight 

(Table 9.4). Stolon death was minimal and this was restricted to the 

week submerged rosettes and occurred only in week eight. One-fifth of 

the fifteen stolons produced by these rosettes died in that week. The 

number of stolons/rosette at harvest (four weeks after week eight) shows 

that there was much less production of new stolons during the four weeks 

before harvest in the submerged treatments (all growing in air during 

this period) compared to the control treatment rosettes (Table 9-5). 

9.3 Discussion 

Clearly submergence has an effect on the number of leaves/rosette 

although differences did not appear until 4 weeks after submergence 

(Figure 9.1). This is in contrast to earlier observations which 

suggested differences within a week. The reason for this discrepancy is 

probably related to temperature. Earlier experiments were conducted in 

the greenhouse at around 20OCy whereas this experiment was conducted at 

ambient temperatures during March to May. 
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Table 9.4 

The number of stolons (per plantv means and S. E. ) produced by R. repens 
plants during weeks 1 to 4 and 5 to 8 of experiment 2 (n= 12). 

Treatment weeks 1-4 weeks 5-8 
----------------------------------- 

Controls 0.7 (o. 1)a 0.2 (0.1)b 

4-week 
submerged 0.9 (0.1)a 0.2 (0.1)b 

8-week 
submerged 1.0 (0.1)a 0.3 (0.1)b 
----------------------------------- 

Table 9.5 

The number of stolons per plant (mean and S. E. ) of R. repens at week 12 
of experiment 2 (at harvest). 

Treatment Stolons/plant n 
-------------------------------- 

Controls 6.1 (M)a 

4-week 
submerged 2.2 (0.2)b 12 

8-week 
submerged 1.5 (0.2)c 6 
-------------------------------- 
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Differences in the number of leaves/rosette between the control and 

submerged treatments in the first four weeks are due to differences in 

leaf birth rate (Table 9.1)p whereasq during weeks five to eight 

differences in the number of leaves/rosette are due to both a decreased 

death rate and an increased birth rate in the controls (Tables 9.1 & 

9.2). Differences in the number of leaves/rosette between the two 

submergence treatments were solely due to an inýrease in leaf birth rate 

in the 4 week submerged plants during their period in air (Tables 9.1 & 

9.2). 

Leaves of both cohorts 1 and 2 show a delay of about four weeks before 

submergence affects survival (Figures 9.3 & 9.4). The greater delay 

(six weeks) for submergence to affect survival in the initial leaves 

(Figure 9.2) shows that older leaves are either less affected2 or take 

longer to be affected, by submergence than younger leaves. The leaves 

of cohort 3 are affected more rapidly (two weeks) than other leaves 

(Figure 9.5). 

Can these findings be explained? Possibly the lack of resources after 

six weeks submergence results in the production of 'sub-standard' leaves 

that can not tolerate submergence, or perhaps the toxic products of 

anaerobic respiration (see section 1.8) build up with time and so have a 

greater effect. The latter hypothesis is supported by the fact that the 

rapid loss of cohort-3 leaves (in week ei ght) coincides with the loss of 

all older leaves (Figures 9.11 9.21 9.31 9.4 & 9-5) in the 8 week 

submerged rosettes. 

The greater survival of leaves following transfer to air after four 

weeks submergence is evident in all cohorts of leaves, and the initial 

leaves (Figures 9.2y 9.3y 9.4 & 9-5). There is also increased leaf 
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survival with increased time in air. This result is contrary to 

observations on submerged leaves of Ranunculus sceleratus which when 

exposed to air rapidly desiccate and die (see Chapter 11). This is 

possibly related to the greater commitment made by R. sceleratus 

petioles during submergence, e. g. L. sceleratus has a larger and faster 

depth accommodation response (Ridgef unpublished) 

In contrast to leaf production, stolon production was not affected by 

submergence during the eight weeks of demographic study (Table 9.4). 

However, the number Of stolons/rosette at harvest (four weeks later) 

(Table 9-5) shows that submergence does eventually affect the number of 

stolons /rosette. With this criterion the 4 week submerged rosettes show 

only a very slight 'recovery' from submergence (Table 9-5). 

Turnover rates for the leaf populations (Table 9-3) are much lower for 

the time of year than quoted by Lovett Doust (1981b) for 
-R* 

repens She 

gives values of 0.20 to 0.60 for March and April. The turnover rate for 

weeks five to eight in the control rosettes is within the range but all 

other rates are much lower. Lovett Doust 0981b) gives negative values 

for leaf turnover from May to October and suggests that this is because 

assimilate is going elsewhere (rootst stolons, etc. ). The negative leaf 

turnover shown by the control rosettes in this study may be related to a 

diversion of resourcesy e. g. to rootsp possibly due to transplant shock. 

From earlier observations made on submerged rosettes it was predicted 

that differences in the number of leaves/rosette were due to submergence 

increasing the death rate of older leaves. Howeverp initial differences 

in leaf number are due to changes in the birth rate of leaves alone. 

Laterp changes in birth and death rate are responsible for differences. 

Differences in leaf number between the two submergence treatments are 

165 



also based on changes in birth rate alone. 

How do these findings relate to the ecology of this species? Firstly 

the loss of leaf production during (and after) submergence could be the 

result of tactical re-allocation of limited resources. This could be 

to existing leaves (or primordia) (Lovett Doustp 1981b), increasing the 

chance of the elongating petioles reaching the-surface (see Chapter 7), 

or to roots to aid nutrient capture and avoidance of the toxic products 

of submergence (see section 1.8). 

The lesser effects of submergence on stolon production point to the role 

of stolons in a strategy for the avoidance of unfavourable conditions 

(Ginzo and Love112 1973a; 1973b; Lovett Doust2 1981b; and see Chapters 7 

& 8). 

9.4 Summary 

1. The observed decrease in the number of leaves/rosette in submerged 

plants was thought to be related to an increase in the mortality rate of 

the older leaves. 

2. This demographic study showed that this was not the case. Initially, 

differences in leaf number were solely due to differences in leaf birth 

rate. Later, however, differences in both leaf birth and leaf death 

rates are involved. 

The later during submergence that leaves were producedy the sooner 

they died (i. e. submergence increased mortality). 
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Transfer of submerged leaves to air increased their survivorship. 

This is opposite to observations on R. sceleratus leaves after transfer 

to air. 

During the demographic study submergence did not influence stolon 

production and only at the end of the study was stolon death rate 

increased by submergence. 
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Chapter 10 

Seedling Submergence in Ranunculus sceleratus ;. L 

".. the only real strategists .. are evolutionary 

theorists.. " 

(Ghiseling 1974: 41) 

10.1 Introduction 

The annual Ranunculus sceleratus (Celery-leaved Buttercup) is found on 

wet, bare mud by the sides of ponds, lakes and rivers (see section 2.3). 

The majority of seedling germination occurs in the autumn and spring 

(see Chapter 12). The over-winteringy autumn germinated seedlings are 

likely to be submerged in autumn, winter and spring, while the spring 

germinated seedlings are susceptible to spring submergence (see Chapter 

12). 

The influence of submergence of seedlings on the ecology of this species 

was studied. In this chapter the following questions were asked: 

Does submergence as seedlings affect the adult plant? In part- 

icular do changes in dry weight allocationi especially to reproductive 

structures, occur? 

2. Can an overall strategy for tactical allocation changes and 

differences in response to submergence be put forward? 

168 



Another dimension was added to this work by looking at the influence of 

nutrient level and its interaction with submergence. This is relevant 

to this species because of its association with nutrient rich conditions 

(Toorn, 1980; Fitterg 1978; Salisburyv 1970). 

10.2 Experimental Results 

This experiment involved seedlings of R. sceleratus being grown with or 

without a one week submergence treatment and in one of three John Innes 

composts (see experiment 4 section 2.4). 

10.2.1 Phenology 

Elongation of the flowering stem, flowering and seed production were not . 

affected by nutrient level in either submergence or control treatments 

but these were all delayed in the submergence treatment plants by 

between 11 and 16 days (Table 10.1). The delay between the submerged 

and control plants appears to be shortening with time. 

10.2.2 Dry Weights 

Total dry weights (Table 10.2) were not significantly affected by the 

submergence treatment but there was a highly significant effect of John 

Innes "level". The John Innes No. 3 W13) plants have significantly 

greater total dry weights than the JI1 and J12 *plants. In the 

submergence treatment there is a significant reduction in total dry 

weight from JI1 to J12 (Table 10.2). 
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Table 10.1 

The timing of flowering stem elongationp flowering and seed production 
(mean and S. E. ) in R. sceleratus plants of experiment 4 (n= 15). 

Treatment 
Controls Submerged 

----------------------------------------------- 

Daysil to flowering 
stem elongation 38.5 (1.2)a** 54.9 (1-3)b 

Days to flowering 50.2 (0.9)a 63.8 (0-7 )b 

Days to ripe seed 
production 66.7 (0.9)a 78.3 (0.9)b 

------------------------------------------------ 

p days from seedling transplantation (2/2/83) 
** as in all tables different superscript means significantly different 
at p<0.05 (t-test). 

Table 10.2 

Total dry weights (g, mean per plant) for R. sceleratus plants in 
experiment 4 (n= 5). 

Treatment John Innes number 
123 

--------------------------------------------- 

Control 5.87b** 5.37ab 7.48c 

Submergence 6.07b 4.83a 7-35c 
--------------------------------------------- 

Pooled S. E. = 0.26 
Anova: Treatment n. s.; John Innes no. p<0.001; Interaction n. s. 
** different superscript means significantly different at p<0.05 using 
Pooled S. E. in t-test (see Mead and Curnow, 1983). 
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With the exception of the dry weight of receptacles all individual 

organs showed a significant submergence treatment effect (Table 10-3). 

Howevery overall submergence resulted in an increase in the dry weight 

of roots and leaves but a decrease in the dry weight of flowering stem 

and seeds (Table 10-3). John Innes level had a significant effect on 

all organsy involving an overall increase in dry weight from JI1 to J13. 

In generall organ dry weights either remained unchanged, or fell from JI1 

to J12 and then increased in the J13 plants to a level above that of JI1 

plants. An exception to this pattern was the dry weight of the 

flowering stem which showed no significant change with JI level in the 

control treatment (Table 10-3). The J13 control and submerged plants 

show no effect of submergence with organ dry weights whereas an effect 

is often present in JI1 and J12 plants (Table 10-3). With the dry 

weight of seeds the submergence effect is only seen in the JI1 plants. 

A significant interaction between submergence and JI level was found 

with the dry weights of flowering stems and roots. 

10.2.3 Dry Weight Allocation 

Dry weight allocation was analysed using percentages and not the 

graphical technique used elsewhere (see section 2.6). This was because 

the spread in total dry weights was too small to allow for an accurate 

assessment of allocation 'slopes'. 

All organs showed a significant submergence effect on the allocation of 

dry weight (Table 10.4). The pattern of response was similar to the dry 

weightsp with leaves and roots showing increased allocation with 

submergence and flowering stemy receptacles and seeds showing reduced 
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Table 10 -3 

Organ dry weights (g, mean per plant) for R. sceleratus plants in 
experiment 4 (n= 5). 

(a) Roots 

Treatment John Innes number 
23 

--------------------------------------------- 

Control 0.78b** 0.43a 1.42d 

Submergence 1-35d 0.68b 1.29d 
--------------------------------------------- 

Pooled S. E. = 0.062 
Anova: Treatment p<0.001; John Innes no. p<0.001; Interaction p<0.001. 
** different superscript means significantly different at p<0.05 using 
pooled S. E. in t-test (see Mead and Curnow. '1983). 

(b) Leaves 

Treatment John Innes number 
23 

--------------------------------------------- 

Control 0.69ab** 0.65a 1.161 

Submergence 0.90b 0.85ba 1.20C 
--------------------------------------------- 

Pooled S. E. = 0.069 
Anova: Treatment p<0.001; John Innes no. p<0.001; Interaction n-s- 

(c) Flowering stem 

Treatment. John Innes number 
123 

--------------------------------------------- 

Control 2.590** 2.56c 2.73'3 

Submergence , 2.19b 1-77a 2.760 
--------------------------------------------- 

Pooled S. E. = 0.082 
Anova: Treatment p<0.001; John Innes no. p<o. 001; Interaction P<0-001- 
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Table 10.3 continued' 

(d) Receptacles 

Treatment John Innes number 
23 

--------------------------------------------- 

Control 0.650b** 0.592ab 0.678 b 

Submergence 0.634b 0-512a o-654b 
--------------------------------------------- 

Pooled S. E. = 0.036 
Anova: Treatment n. s.; John Innes no. p<0.025; Interaction n. s. 

(e) Seeds 

Treatment John Innes n=ber 
123 

---------------------------------------- 

Control 1.16b** 1.14ab 1.49c 

Submergence 1.00a 1.03ab 1.45c 
----------------------------------------- 

Pooled S. E. = 0.046 
Anova: Treatment p<0.01; John Innes no. p<0.001; Interaction n. s. 
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Table 10.4 

Percentage dry weight allocation to organs (mean per plant) for 
R. sceleratus plants in experiment 4 (n= 5). 

(a) Roots 

Treatment John Innes number 
123 

--------------------------------------------- 

Control 13.3b** 7.9a 19.00 

Submergence 22.2a 13.9b 19.5c 
--------------------------------------------- 

Pooled S. E. = 0.52 
Anova: Treatment p<0.001; John Innes no. p<0.001; Interaction p<0.001. 
** different superscript means significantly different at p<0.05 using 
pooled S. E. in t-test (see Mead and Curnowý 1983). 

(b) Leaves 

Treatment John Innes number 
123 

--------------------------------------------- 

Control 11.7a** 11.9a 15.5b 

Submergence 14.7b 17.4c 16-3bC 
--------------------------------------------- 

Pooled S. E. = 0.65 
Anova: Treatment p<0.001; John Innes no. p<0.01; Interaction p<0.01. 

(c) Flowerina stem 

Treatment John Innes number 
123 

--------------------------------------------- 
Control 44.3b** 47.90 36.5a 

Submergence 36.2a 36.7a 37.6a 
--------------------------------------------- 

Pooled S-E-'= 0.83 
Anova: Treatment p<0.001; John Innes no. p<0.001; Interaction p<0.001- 
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Table 10.4 continued 

(d) Receptacles 

Treatment John Innes number 
12 *3 

----------------------------------------- 

Control 11.0b** 11.0b 9.1a 

Submergence 10.4b 10.5b 8.9a 

----------------------------------------- 

Pooled S. E. = 0.25 
Anova: Treatment P<0.05; John Innes no. p<0.01; Interaction n. s. 

(e)' Seeds 

Treatment John Innes number 
123 

---------------------------------------- 

Control 19.7b** 21.3c 20.0bc 

Submergence 16.6a 21.40 19.7b 

---------------------------------------- 

Pooled S. E. = 0.51 
Anova: Treatment p<0.025; John Innes no. p<0.001; Interaction p<0.01. 
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allocation (Table 10.4). 

JI level also had a significant effect on allocation in all organs. 

Unlike the dry weight results, increased JI level reduced allocation to 

flowering stems and receptacles and increased allocation to seedst 

leaves and roots (Table 10.4). With the exception of allocation to 

receptaclest allocation to all organs showed an interaction between 

submergence and JI level (Table 10.4). The J13 plants again show the 

lack of a submergence effect often found in JI1 and 2 plants (Table 

lo. 4). 

10.2.4 Floral Structure 

Submergence had a significant affect on several floral charactersy 

including the number of seed heads/plant, the number of seeds/plant, the 

number of seeds/seed head and the dry weight/cm of flowering stem height 

(Table 10.5). Mean seed weight and flowering stem height were not 

significantly affected by submergence (Tabl: e 10-5). of the characters 

affected by submergence only the number of seeds/seed head showed an 

increase with submergence. 

JI level affected all characters except mean seed weight and only the 

height of the flowering stem showed a reduction from JI1 to J13 (Table 

10-5). The JI1 and J12 plants are usually not significantly different 

within either control or submergence treatments, the exception being dry 

weight/cm of-'flowering stem height which also has the only significant 

interaction term between submergence and JI level within the floral 

characters (Table 10-5). 
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Table 10.5 

Floral characteristics (mean per plant) for R. sceleratus plants in 
experiment 4 (n= 5). 

Height of flowering stem (cm) 

Treatment John Innes number 
123 

--------------------------------------------- 

Control 60.2b** 59.6b 56.0a 

Submergence 61.0b 58.8b 58.8b 

------------------------------------------ 

Pooled S. E. = 0.69 
Anova: Treatment n. s.; John Innes no. p<0.001; Interaction n-s- 
** different superscript means significantly different at p<0.05 using 
pooled S. E. in t-test (see Mead and Curnow, 1983). 

(b) Mean seed weight (mg) 

Treatment John Innes number 
123 

--------------------------------------------- 
Control 0.23a** 0.22a 0.23a 

Submergence 0.23a 0.23a 0.23a 
--------------------------------------------- 

Pooled S. E. = 0.003 
Anova: Treatment n. s.; John Innes no. n. s.; Interaction n-s- 

(c) Seeds/plant 

Treatment John Innes number 
123 

--------------------------------------------- 

Control 5070bc** 5270C 6600d 

Submergence 4430a 453oab 6210d 
--------------------------------------------- 

Pooled S. E. = 195 
Anova: Treatment p<0.01; John Innes no. p<0.001; Interaction n-s- 
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Table 10.5 continued 

(d) Seed heads/plant 

Treatment John Innes number 
12 '3 

----------------------------------------- 

Control 190.6b** 195.2b 242.2c 

Submergence 150.0a 143.6a 183.4b 

----------------------------------------- 

Pooled S. E. = 5.72 
Anova: Treatment p<0.001; John Innes no. p<0.001; Interaction n-s- 

(e) Seeds/seed head 

Treatment John Innes number 
123 

---------------------------------------- 
Control 26.5a** 27.0a 27.3ab 

Submergence 29.6bc 31. qcd 34.0d 

---------------------------------------- 

Pooled S. E. = 0.84 
Anova: Treatment p<0.001; John Innes no. p<0.05; Interaction n. s. 

Dry weight per cm 2-f flowering stem height (mg/cm) 

Treatment John Innes number 
123 

---------------------------------------- 

Control 43.0c** 43.0c 48.6d 

Submergence 35.9b 30.0a 47.0d 
---------------------------------------- 

Pooled S. E. = 0.98 
Anova: Treatment p<0.001; John Innes no. p<0.001; Interaction p<0.001 
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Unlike dry weight and dry weight allocation submergence has significant 

effects on the J13 plants. These effects were on the number of seed 

heads/plantp the number of seeds/seed head and flowering stem height 

(Table 10.5). 

10.3 Discussion 

10-3.1 Phenology 

The delay in flowering in the submerged plants (Table 10.1) could have 

been a size effect; the rosettes of the submerged plants appeared 

smaller throughout the experiment. The lack of a submergence effect on 

total dry weight at harvest (Table 10.2) could in some part be due to 

the later harvesting of these plants but also to the fact that the 

differences between the submerged and control plants lessen with time 

(Table 10.1). This can be seen in the shortening of the time delay 

shown by submerged plants between stem elongation and seed production 

(Table 10.1). 

Many monocarpic perennial plants have been shown to possess size- 

dependent flowering (Wernerp 1975; Baskin and Baskiny 1979; Reinartzy 

1984a). Salisbury (1970) suggests that R. sceleratus can behave as a 

monocarpic perennial under some conditions. However, Samarakoon and 

Horton (1981) found R. sceleratus (in Canada) to be a Long Day plant. 

It may be that size-dependent and Long Day control of flowering are 

found in this plant (see Chapter 12). 

Whether or not the 10 day delay in seed production is ecologically 

meaningful is debatable. If conditions are such that seeds enter the 
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seed bank at the time of seed Pall then it is 'probably not. If howeverp, 

seed germination takes place at seed fall, ' then the early germinating 

seeds could have an advantage over the later germinating ones (Cook, 

1980; see also Chapter 12). 

10.3.2 Dry weights and dry weight allocation - 

The lack of a submergence effect on total dry weight hides considerable 

effects of submergence on the component organs (Tables 10.2 & 10-3). 

The submergence treatment affected most dry weights ý(except receptacle) 

and all dry weight allocations. The response of the various organs to 

the submergence treatment was different for reproductive (seedso 

flowering stem and receptacles) and non-reproductive organs (leaves and 

roots). The reproductive organs showed decreased, or no change in, dry 

weight and allocation whereas non-reproductive organs'shoyed an overall 

increase with submergence (Tables 10.3 & 10.4). 

With the exception of allocation to flowering stem and receptacles, all 

other allocations (and all organ dry weights) increased from JI1 to JJ3 

(Tables 10.3 & 10.4). The response of "reproductive 'allocation" in.. 

annuals to reduced nutrients has been studied-and some general 

conclusions 'can be -drawn. 

There areg . *howeveri, two problems. with -a. review'of these'. results. 

Firstly2- a -terminological, onei). sinco what is regarded ab . "reproductive 

allocation" vdries"from auth6r: -to author (see section 2-1) and secondlyp 

the nutrient levels and plant species used varied between studies. 

Generallyp 'authors used'the, term "reproductive allocation" in two., ways. 

There are those who'use it to refento only-seed-allodation,: a . nd, those 
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who include allocation to other ieproductive structures (henceforth 

"floral" allocation). 

Lowering nutrient levels often results in no change in "reproductive 

allocation" 4both seed and floral allocation) (see Andel and Vera, 1977; 

Harper and Ogden, 1970; Raynal and Bazzazj 1975; Steenp 1984; Waite and' 

Hutchings, 1982). Only one study (Snell 'and Burchp 1975) has found a 

decrease in "floral" allocation with a lowering of nutrient level. 

Other stresses have different effects, on reproductive' allocation. 

Increased density results in decreased percentage "floral" allocation 

(Hiroi and Monsi, 1966; Pemadasay 1976; Snell and Burch, 1975; Waite and 

Hutchings, 1982) and no change in seed allocation (Raynal and Bazzazj 

1975; Waite and Hutchingsý 1982). 

Other stresses have been little studied but drought stress resulted in 

no change in seed or floral allocation (Abrahamson, and Hersheyv 1977). 

However, Hickman (1975) found that seed allocation in Polygonum 

cascadense increased along a gradient of a '.. broad-range of physical 

stresses -. 1 (mainly increasing drought and density' stress)* 'Hiroi and 

Monsi (1966) found that floral allocation in sunflower plants increased 

with low light-intensity at, high densities but showe'd no change'under 

the same conditions at low density. 

An explanation for the decreased. reprodtictive-"allocation'. 'with-inorLiased 

density has been put forward -by -Hickman (1975)*' He suggests that 'the" 

additional" Vegetative* allocation increases --the ý: competitive ýabilitY Of 

the individual. Also Fitter and Hay (1981) 'review'evidence that 

drought, nutrientp low temperature and'oxygen -stress generally result, in",.,., 

increased root allocation. 
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The reduction in seed allocationvith submergence agrees with many of 

the reports mentioned above for other stresses. An explanation similar. 

to the Hickman (1975) explanation for the same result with density 

stress could be put forward. 

The submerged plants were much smaller in the early stages of the 

experiment (S. J. Smith pers. obser. ) and so an increased allocation, to, 

root and leaves would result in a greater resource capture. This may 

also explain the delay in flowering that was synonymous with a delay in 

leaf senescence which occurs rapidly after'the first seeds ripen. This 

has been observed in the field as well, as in the greenhouse (S. J. Smith 

pers. obser. ). Increasing resource capture with time may also explain 

the decreasing delay between submerged and control plants from flowering 

stem elongation to seed production. 

Another part of this strategy may be the change in dry weight/cm. of 

flowering stem height. This results iný the., maintenance of flowering 

stem height with less resources. Although flowering stem, height over a 

large range (5cm to 55cm) has been shown to-be related to seed output 

(see chapter 12)p the range of heights, -in this experiment (55cm to 63cm) 

does not reflect this. This is probably due to the . -small range of 

heights in- question. - 
At these heights the, number of -seeds/plant is 

affected only slightly by changes , in height (see Chapter 12). Height 

maintenance may be related to dispersion of seeds rather than seed 

number (Harper,, -. 1977)., 
. 

The-., J13-plants'showed no significant--submergence., effects-with dry*weight 

allocation, however, the control J13, plants are significantly different 

from the submerged ones with respect to several floral characteristics-' 
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10.3.3 Floral structure 

The reduction in the seed heads/plant (Table 10-5) can to som6 extent be 

, attributed'to the change in the structure. of the flowering stem. This 

has already-bpen mentioned regarding the distinction between rosette and 

flowering stem leaves (see section 2.4). The flowering stems of the 

submerged plants were less branchedl with fewer side branches *and these, 

were also less branched. As flowers are mainly borne at the ends of 

branches this resulted in fewer sites for flowers and hence seed heads. 

The reduction in seeds/plant (Table 10-5) was not as great as the 

reduction in the seed heads/plant because submerged plants showed an 

increase in the number of seeds/seed head. This can be explained as a 

means of maintaining, as far as possible, the seed output of this annual 

plant when flowering sites are reduced. 

However, mean seed weight was unaffected bý'submergence (Table -10.5). 

R. sceleratus has shown -a relatively largd. 'ran'ge of possible mean seed 

weights (0.08mg to 0.25mg have been rec6rded*4 : Smith, unpublished; Grime') 

. 1970), Mean seed weight is 1979; Grime et al, 1981; Salisbury, -1942; 

one of the least plastic of plant characteristics- (Harper) 1977) -and 

several studies' have 'shown mean seed: weight-, 'td -, Ve*'closely- related" to the, 

ecology ! of * a'species (Salisbury, -'l 942; _- I 974-; _ 1972 ". -'Silvertowhy 

1981). " -The'results here suggest that'aith6ugli this-ý`specidd has ; variable 

mean seed weight'' this* -character genera; ly'does not, vary within plants 

grown under similar conditions. 
.1 1" - 
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10.4 Why do J13 plants show a limited response to submergence? 

Plants grown on the highest nutrient treatment W13) showed no 

differences in organ dry weights or dry weight allocation with 

submergence-but 'they did show differences in several floral 

characteristics. The loss of a submergence effect on dry weight 

allocations at high nutrient levels may explain the association of this 

species with fertile soils (Salisbury, 1970; Toorn, 1980; Fitter, 1978)o 

What are the reasons for this -lack of a submergence effect? Three 

answers to this question are possible: 

1. Higher nutrient levels during the submergence treatment prevented, -or. 

compensated fory any allocation differences that occurred at lower 

nutrient levels. 

2. Higher nutrient levels after the submergence -treatment enabled plants 

to compensate for allocation differences during: submergence. 

A combination of both the above. 

To answer this question the above exgeriment-ý was, repeated,: but this -time 

it was stopped immediately, after the -submergence"treatment- in -order to-: _*. *. 

assess the effects -. of submergence and its -possible interaction *with 

level. 
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10.5 Dry weight allocation of seedlings following submergence 

10-5.1 Experimental results 

This experiment involved the harvesting of seedlings that had been grown 

under control, or a one week submergence treatment at three nutrient 

levels (see section 2.4 under experiment 5). 

Hypocotyl lengths did not change. from their time-zero Values and there. 

were no obvious macro-structural changes (Table : 10.6), 
- 

Submergence did 

not affect the length of cotyledon-petioles but there was a significant 

increase in length from the time-zero controls (Table 10.6). Nutrient 

level had no significant effects on cotyledon-pptioles and hypocotyl 

lengths (Table 10.6). 

The petioles of the first true-leaves were not significantly different 

in length (Table 10.6) but those of the submerged i -seedlings appeared 

much thinner in diameter and were not as rigid, as. those of the control 

seedlings. This. was also true of the petioles of the second true- 

leaves. 

The petioles of the second true-leaves in the-submerged seedlings were 

significantly longer than those of the control seedlings (Table,,, 10.6). 

The submerged seedlingsp howeverp lacked the. Ahird true-leaves -and -. their -C 

petioles found -in, all: the control-: seedlings: -(Table. -. 10,6)., 

Total leaf area was much smaller in the submerged seedlings compared 

with control seedlingsp although it had increased from time-zero (Table 

Again nutrient. level had no significant effect. 
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Table 10.6 

Lengths of hypocotylsp cotyledon petioles and petioles of the first, 
second and third true leaves (mm, per plant mean and S. E. ) for R. 
sceleratus plants in experiment 57(n= 5). 

(a) Hypocotyl lengths 

Treatment John Innes number 
123 

------------------------------------------------ 

Time-7zero 
control 12 (0.9)a** 12 (0-5)a 12 (0.5)a 

Submergence 12 (0.5)a 12 (0.5)a 12 (0-5)a 

Control 11 (0.9)a 11 (0.9)a 11 (0.9)a 

------------------------------------------------ 

** different superscript means significantly different at p<0.05 (t- 
test). 

(b) Lengths of cotyledon petioles 

Treatment John Innes number 
123 

------------------------------------------------ 

Time-zero 
control 2 (0-5)b** 2 (0-5)b 2 (0-5)b 

Submergence 5 (0-5)a 4 (0.5)a 4 (0-5)a 

Control 5 (0-5)a 5 (0-5)a 5 (0-5)a 

------------------------------------------------ 

(c) Lengths of petioles of first true leaves 

Treatment John Innes number 
123 

------------------------------------------------ 

Time-zero 
control 2 (0-5)b** 2 (0-5)b 2 (0-5)b 

Submergence 16 (1.4)a 16 (1.8)a 17 (0. 9)a 

Control 
------------- 

17 
---- 

(1.4)a 
-------- 

17 
---- 

(2.3)a 
------- 

17 
---- 

(1. 
--- 

4)a 
----- 
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Table 10.6 continued 

(d) Lengths of petioles of second true leaves 

Treatment John Innes number 
123 

------------------------------------ A ------------- 

Time-zero 
control Oa** Oa Oa 

Submergence 53 (4-5)b 53 (4-5)b 54 (5.0)b 

Control 18 (0.9)c 19 (3.2)c 19 (1.4)c 

(e) Lengths of petioles of third true leaves 

Treatment John Innes number 
123 

------------------------------------------------ 

Time-zero 
control 0 

a** Oa Oa 

Submergence Oa Oa Oa 

Control 6 (1.8)b 7 (3.2)b 8 (1.8)b 
----------------------------- ------------------- 
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Table 10.7 

Leaf areas (both surfaces) for R. sceleratus plants (mm', mean and S. E. 

per plant) in experiment 5 (n= T). - 

Treatment John Innes number 
123 

------------------------------------------------ 

Time-zero 
control 94 (4)a** 92 (10)a 90 Ma 

Submergence 119 (14)b 123 Mb 126 (8)b 

Control 203 (18)c 208 (35)c 199 (22)c 

------------------------------------------------ 

** different superscript means significantly different at p<0.05 (t- 
test) 

Table 
. 
10.8 

Total dry weights (mg, mean and S. E. per plant) for R. sceleratus plants 
experiment 5 (n= 5). 

Treatment John Innes number 
23 

--------------------------------------------------------- 

Time-zero 
control 0.86 (0.10)a** 0.85 (0.13)a 0.80 (0.10)a 

Submergence 1955bA* 1.79bA 1.88bA 

Control 5.70bB 6.42bB 6.68bB 

--------------------------------------------------------- 

Pooled S. E. = 0.68 (excluding time-zero controls) 
Anova: treatment P<0.001; John Innes n. s.; Interaction n. s. (ex. time- 
zero controls). 
** different lower case superscript means significantly different at 
P<0-05 (t-test) from the time-zero controls alone. 
* different upper case superscript means significantly different at 
p<0.05 using pooled S. E. in t-test (see Mead and Curnowy 1983) (ex. 
time-zero controls). 
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The submerged seedlings had lower total dry weights than the control 

seedlings, and were between 1/3 and 1/4 of the dry weight of control 

seedlings and roughly twice the time-zero dry weights (Table 10.8). 

Nutrient level had no significant effect on total dry weights in the 

time-zero, control and submerged seedlings. 

Relative growth rates (RGRs) (see Larcherf 1980: 135) based on the mean 

total dry weights (Table 10-9) show that the control seedlings grew on 

average between 2.3 and 3.2 times faster than submerged seedlings (Table 

10.9). 

Leaf area differences can be taken into account using the net assimi- 

lation rates (NARs) (see Larcher, 1980: 134). The NAR results show an 

even greater difference between control and submerged seedlingsp with 

control NARs being on average between 4.1 and 5.1 times greater than 

those for the submerged seedlings (Table 10.10). 

The dry weights of roots) petioles and leaves are all reduced by 

submergence but the reduction is not uniform (Table 10.11). Leaf dry 

weights on average show about a 2/3 reduction in dry weight (Table 

10-11). Petiole dry weights show a lower reduction of between 1/2 and 

2/3 (Table 10.11). Root weights show the greatest reduction being 

between 5/6 and 13/14 (Table 10.11). 

Root dry weights show little increase from the time-zero values; the J12 

grown submerged plants show no significant differences in root dry 

weight (Table 10-11). Root weights show a significant nutrient level- 

submergence interaction. JI1 root weights are significantly lower than 

the J13 plants in control treatment. 
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Table 10.9 

Relative growth rates (mg/mg/day, mean per plant) for 
-R. -sceleratus plants in experiment 5 (n= 5). 

Treatment John Innes number 

---------------- 
1 

------- 
2 

------------ 
3 

---------------------- 
Submergence (S) 0.59 0.75 0.85 

Control (C) 1.89 2.02 2.12 

C/S 
----------------- 

3.2 
------ 

2.5 
------------ 

2.3 
---------------------- 

Table 10.10 

Net assimilation rates (mg (dry weight) /MM2 (leaf area)/week, mean per 
plant) for R. sceleratus plants in experiment 5 (n= 5). 

Treatment John Innes number 
123 

--------------------------------------------------------- 

Submergence (S) 

Control (C) 

-; C/s 

0.89 1.20 

4.54 5.19 

5.1 4.3 

------------------- 

1.37 

5.68 

4.1 
------------------ 

I 
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Table 10.11 

Organ dry weights (mg, mean and S. E. per plant) for R., sceleratus plants 
in experiment 5 (n= 5). 

(a) Leaves and cotyledons 

Treatment 

----------- 
Time-zero 
control 

Submergence 

John Innes number 
2 

---------------------------- 

52 (9)a** 

gobA* 

49 (lo)a. 

logbA 

3 
----------- 

48 Ma 

113bA 

Control 336bB 347bB -337bB 
--------------------------------------------------------- 

Pooled S. E. = 34.7 (excluding time-zero controls). T 
Anova: treatment p<0.001; John Innes n. s.; Interaction n. si (ex. time- 
zero controls). 
** different lower case superscript means significantly different at 
P<0.05 (t-test) from the time-zero controls alone. 
* different upper case superscript means significantly different at 
p<0.05 using pooled S. E. in t-test (see Mead and Curnow, 1983) (ex. 
time-zero controls). 

(b) Petioles and hypocotyl 

Treatment John Innes number 
23 

----------------------------------------------------- Time-zero 
control 23 (2)a** 24 Wa 22 Ma 

Submergence 47bA* 56bA . 59 bA 

Control 128bB 144bB 126bB 
--------------------------------------------------------- 

Pooled S. E. = 17.3 (excluding time-zero controls). 
Anova: treatment p<0.001; John Innes n. s.; Interaction n-so (ex. time- 
zero controls). 

(C) Roots 

Treatment John Innes number 
123 

--------------------------------------------------------- 
Time-zero 
control 11 (2)a** 12 (2)a 10 (1)a 

Submergence 18aA* 13aA 14aA 

Control 106bB 151bC 205bC 
------------------------------------------------------- 

Pooled S. E. = 19.9 (excluding time-zero controls) 
Anova: treatment p<0.001; John Innes no. n. s.; Interaction'p<0.05 (ex. 
time-zero controls). 
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Percentage dry weight allocation to leaves is not significantly affected 

by submergence or nutrient level (Table 10.12). Petiole allocation is 

significantly lower in the control seedlings compared with the submerged 

ones (Table 10.12). Root allocation is lowered by submergence and is 

significantly affected by nutrient level and an interaction effect 

between submergence and JI level (Table 10.12). 

Seedlings show a large difference in the dry weight/mm of petiole (and 

hypocotyl) length (Table 10-13). Submerged seedlings Can have between 

three and four times the total petiole length of the control plants for 

the same petiole dry weight. This effect was independent of nutrient 

level. Interestingly, the dry weight/mm of petioles in the submerged 

plants is less than their time-zero level. 

10-5.2 Discussion 

RGRs of control seedlings show that R. sceleratus plants are at the top 

of the range quoted by Grime and Hunt (1975) for ruderal plants (sensu 

Grime, 1979) of 1.3 to 2.1 mg/mg/day. The reduced RGRs of 0.6 to 0.9 

mg/mg/day under submerged condition shows that even under "stress" 

conditions seedlings of R. sceleratus can have RGRs equal to barley and 

maize seedlings (Grime and Hunty 1975). 

In contrast to RGRsj the NAR values are at the bottom of the range 

quoted by Grime and Hunt (1975) of 6.0 to 17.7 Mg/MM2/week for ruderals. 

Howeverv the quoted values were maximum seedling NARs. The NARs are 

mid-range compared with average growing season values (for C3 

dicotyledons) given by Larcher (1980) of 3.5 to 7.0 mg/mm2/week; these 

values are not for seedlings. 
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Table 10.12 

Percentage dry weight. allocation to organs (mean and S. E. per plant) 
for R. sceleratus plants in experiment 5 (n= 5). 

(a) Leaves and cotyledons 

Treatment John Innes number 

------------- 
Time-zero 
control 

12 

----------------------------------------- 

58.9 (3.4)a** 55.7 (5.2)a' 59.8 (3.0)a 

Submergence 60. OaAB* 61.2aB 58.6aAB 

Control 59.2aAB 55.5aAB 50.8bA 
------------------------------------------------------ 

Pooled S. E. = 3.1 (excluding time-zero controls) 
Anova: treatment n. s; John Innes n. s.; Interaction n. s. (ex. time-zero 
controls). 
** different lower case superscript means significantly different at 
P<0.05 (t-test) from the time-zero controls alone. 
* different upper case superscript means significantly different at 
P<0-05 using pooled S. E. in t-test (see Mead and Curnow, 1983) (ex. 
time-zero controls). 

(b) Petioles and hypocotyl 

Treatment John Innes number 
123 

----------- I ------------------------------------------- 
Time-zero 
control 27.8 (3-5)a** 28.8 (4.2)a 27.1 (2.9)a 

Submergence 28.8aBC* 31-5aC 31-5aC 

Control 22.3aAB 22. OaAB 18.8bA 
--------------------------------------------------------- 

Pooled S. E. = 2.6 (excluding time-zero controls). 
Anova: treatment p<0.001; John Innes n. s.; Interaction n. s4 (ex. time- 
zero controls). 

(C) Roots 

Treatment John Innes number 
23 

------------------- ; ------------------------------- Time-zero 
control 13.4 (1.6)a** 15.5 (3-3)a 13.1 (1.9)a 

Submergence 11.3aA* 7-3bB 7-7bB 

Control 18.6bB 22-5bB 30-54bC 
--------------------------------------------------------- 

Pooled S. E. = 1.8 (excluding time-zero controls). 
Anova: treatment p<0.001; John Innes no. p<0.025; Interaction p<0-001 
(ex. time-zero controls). 
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Table 10.13 

Dry weight per mm of petiole length (mg/mm, mean and S. E. per plant) for 
R. sceleratus plants in experiment 5 (n= 5). 

Treatment John Innes number 
23 

--------------------------------------------------------- 

Time-zero 
control 1.28 (0.09)a** 1.17 (o. 16)a 1.28 (0.19)a 

Submergence 0.51 (0.11)b 0.63 (0.05)b 0.66 (0.06)b 

Control 2.05 (0-13)c 2.15 (0.22)c 1.92 (0.17)c 
--------------------------------------------------------- 

** different lower case superscript means significantly different at 
p<0.05 (t-test) from the time-zero controls alone. 

I 

194' 



Root dry weights and dry weight allocation to roots were the only 

factors to show an overall significant effect of nutrient level. The 

nutrient effect interacts with submergence for root dry weights but with 

root allocation there is both an interaction with submergence and an 

independent-effect of nutrient level. 

In Chapter 8a strategy involving the following tactical changes in 

response to submergence in R. repens was put forward: increased petiole 

length, reduced petiole numberp reduced dry weight/unit length for 

petioles and increased allocation to petioles. All the elements of 

this strategy can be seen in R. sceleratus seedlings following 

submergence. 

10.6 Overall Discussion 

Going back to the question at the end of section 10-5: Why do J13 plants 

show no submergence treatment effects on allocation? 

Taking the original answers in order: 

1. Higher nutrient levels during the submergence treatment preventl or 

compensate for, any allocation differences that occur at lower nutrient 

levels. 

Nutrient level affected the dry weight of roots and root allocation but 

these effects are complicated by an interaction with submergence. 

Within the submergence treatment there are no significant differences 

between the three nutrient levels. This hypothesis is not supported by 

the results of this experiment. 

195 



2. Higher nutrient levels after submergence treatment enable plants to 

compensate for dry weight changes during submergence. 

Higher nutrient levels from submergence until harvest must explain the 

disappearance of the submergence effects in the J13 plants. 

R. sceleratus plants are often associated with 'nutrient rich conditions 

and areas likely to be seasonally submerged (Fitter, 1978). It may be 

that submergence limits the distribution of this species to nutrient 

rich areas. 

The above discussion is concerned with the lack of allocation changes in 

J13 plants following submergence. However, several floral characters 

did show significant changes in the J13 plants following submergence. 

This may be related to the structural changes in the flowering stem that 

resulted from submergence. In non-submerged plants the basal rosette of 

leaves was easily distinguished from the leaves of the flowering stem 

but in the submerged plants this distinction was not present. 

The reason for this may be related to the elongation of the lower stem 

internodes between the rosette leaves in the submerged plants. 

Samarakoon and Horton (1981) submerged well developed rosettes of 

R. sceleratus and found that these lower stem internodes elongated 

following submergence. The submergence of seedlings may affect the 

later development of these stem internodes. 

Another structural difference between submerged and control flowering 

stems was the reduction in branching in the submerged plants. This was 

probably the reason for the reduction in seed heads/plant. Again there 

is evidence for seedling submergence affecting later development. 
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10.7 Summary 

1. Submergence of R. sceleratus as seedlings results in a delay in 

both flowering and seed production. 

2. In the JI1 and 2 treatments submergence resulted in significant 

differences in dry weights and dry weight allo6ations to organs. This 

was not the case however for J13 plants. 

3. The J13 plants did show significant effects of submergence with 

floral characteristicsp as did the JI1 and 2 plants. 

All submerged plants showed an increase in the number of seeds/seed 

head. This to some extent compensates for the reduction in seed 

heads/plant. 

5. The loss of a submergence effect on dry weights and dry weight 

allocations in J13 plants is probably related to the increased nutrient 

levels influencing growth af ter submergence. This may be related to the 

fact that R. sceleratus is associated with nutrient rich areas. 
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Chapter 11 

Seed Production and Submergence in Hanunculus sceleratus 

"Common in and by slow streams$ ditches and shallow 
j 

ponds of mineral-rich water with a muddy bottom" 

(Clapham et alp 1962: 76) of R. sceleratus. 

11.1 Introduction 

Clapham et al (1962) state that Ranunculus sceleratus plants can be 

found growing in water. R. sceleratus plants have been observed growing 

in water for much of the year in a ditch at Port Meadowl Oxford 

(S-J-ýmithj pers. obser). Howeverp observations on these long term 

submerged plants suggested that these rarely survived to flowering (see 

Chapter 12). R. sceleratus seeds will, however, germinate underwater 

(see Chapter 13) and seedlings will survival considerable periods of 

submergence (see Chapter 12). 

The following question was of interest in this experiment: 

Can R. sceleratus flower after long term submergence and, if it caný 

what effect does this have on the timing of flowering and seed output? 

Unlike all other experiments in this thesis the submergence treatment 

was not short term but for most of the experiment. This was designed to 

represent the extreme condition of plants growing in water. 
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11.2 Experimental Results 

Young seedlings of R. sceleratus were either grown in air or submerged 

for the whole of the experiment (see section 2.4 under experiment 7). 

As a result of petiole extension the leaves of the submerged plants 

reached the surface of the water 5 days after submergence. The leaves 

produced floated on the surface and were never lifted above it) even 

though the petioles developed considerable "slack". The petioles 

produced underwater did not carry fully expanded leaves until they 

reached the water surface. The leaves produced by the submerged 

rosettes were never of the normal "crowfoot-type" produced by the 

control rosettes, but remained the "heart shaped-type" of the first true 

leaves. 

The control plants produced flowering stems on average 26 days after the 

start of the experiment, whereas the submerged plants produced their 

flowering stems on average 18 days later (after 44days). The flowering 

stems produced by the submerged plants were much shorter than the 

control plants and were not branched; the stems of the controls were 

highly branched. The flowering stems of the submerged plants bore their 

flowers (with the peduncle attached directly to the main stem) and also 

a few aerial "crow foo t-typell leaves just above the water surface 

Flowers were produced on average 35 days af ter the start of the 

experiment by the control plants whereas the submerged plants on average 

produced flowers after 49 days (14 days later). Seed production was 

also delayed in the submerged plants (Figure 11.1). The number of seed 

heads/plant, the number of seeds/plant and the number of seeds/seed head 

produced by the submerged plants was much less than for control plants 
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(Table 11-1). Howeverv mean seed weights were not significantly 

different between the two treatments (0.12mg for both). 

11.3 Discussion 

Samarakoon and Horton (1981) submerged 16 week 61d plants of 

R. sceleratus and found that the flowering stem elongated to leave the 

flowers just above the water surface. They made no measurements of 

flower or seed production, but did note the unbranched form of the 

flowering stem in the submergence treatment. This reduction in 

branching very probably resulted in a reduction in the number of flowers 

/plant (see Chapter 10). 

Samarakoon and Horton (1981) suggest that the rapid elongation response 

of the stem precludes the development of laterally inserted flowers and 

that stem growth is. limited to the three basal internodes, which results 

in a less branched flowering stem. This implies a direct "cost" of the 

submergence response by flowering stems in the number of flowers (and 

therefore probably seeds) per plant. 

As in the one week submerged plantsp submergence resulted in a delay in 

flowering. The time delay was of the same order in both cases. The 

submerged plants were also smaller throughout the experiment. The delay 

in flowering may be size relatedp as suggested in Chapter 10 for the one 

week submerged plants. 

Although submergence did not affect mean seed weight, it did howeverp 

result in large reductions in the number of seeds/seed head. This is in 

marked contrast to the one week submerged plants (Chapter 10) which 
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Table 11 .1 

The number of seed heads, total seed weight, the number of seedsp seeds 
per seed head and mean seed weight (mean and S. E. per plant) for 
R., sceleratus plants grown in experiment 7 (n = 3). 

f 

----------------- 
Control 

------------------ 
Submergence 

------------- 

Seed heads 190.0 (15.4)a** 4.7 (3-3)b 

Total weight of 
seed (g) 2.37 (0.6)a 0.30 (0.2)b 

Number of seeds 19700 (4700)a 250 (170)b 

Seeds/seed head 102 (16.3)a 54 (1.1)b 

Mean seed 
weight (mg) 0.12 (0.01)a 0.12 (0.01)a 

------------------------------------ m ----------- 

** different superscript means significantly different at p<0.05 (t- 
test). 
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showed an increase in the number of seeds/seed head. 

This experiment shows that R. sceleratus plants will flower even after 

long term submergence but fecundity is severely reduced. 

11.4 Summary 0 

1. Long term submergence of R. sceleratus plants greatly affects 

flowering and seed production. 

2. Submerged plants show delayed flowering and considerable reductions 

in the number of seed heads/plant and the number of seeds/plant. 

Mean seed weight, however, was unaffected by submergence. 
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Chapter 12 

The Demography of Ranunculus sceleratus with Special Reference to 

Submergence 

"The annual plant's life history is unique because 

the actively growing fraction of the population must 

be derived each year from the seed bank" 

(Kiemow and lRaynall 1983) 

12.1 Introduction 

Ranunculus sceleratus is a species of unpredictable habitats being 

common on disturbed wet ground or mud on the margins of lakes, rivers 

and ponds and therefore subject to submergence and drought. According 

to Toorn (1980) R. sceleratus can act as a summer or winter annualp but 

Salisbury (1970) indicates that it may also- be a "biennial". Bakker et 

al, (1966)p howeverp consider R. sceleratus an ephemeral species with no 

true seed dormancy, seeds over-wintering because of low temperatures. 

The lack of seed dormancy recorded by Bakker et al (1966) is in contrast 

to many reports of seed dormancy in this species (Toorn and Hove, ' 1982; 

Salisbury, 1970; Mayer and Poljakoff-Mayber, 1975). There is virtually 

no information concerning survivorship (Toorn (1980) states that 0.01% 

of seeds reached the flowering stage) and none for the pattern of 

survivorship within the year. 

A study of the demography of this species was carried out. with the 
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following questions in mind: 

1. Are there any patterns in emergence? 

2. What are-the patterns of survivorship? 

Do survivorship and emergence patterns* affect fecundity? 

How does submergence influence survival and fecundity? 

5. Can an overall demographic strategy be outlined? 

12.2 Demographic Results 

sceleratus plants were mapped from 3 December 1982 until the 4 August 

1984 at approximately 14 day intervals (see section 2.4 under 

demographic study). The study site was a drainage ditch on the edge of 

Port Meadow, Oxford (see Appendix 2). Mapping was conducted along three 

transects running down the bank of the ditch perpendicular to the 

water's edge (these transects are termed A, B and C). Each transect was 

divided into ten quadrats numbered from 1 to 10 from the top of the bank 

(Figure 12.1). 

12.2.1 Initial Mapping 

The initial mapping took place on the 3 December 1982. The three 

quadrat 10s were not mapped because they were under water. The rosettes 

mapped were of a mixedy unknown age composition but they were divided 
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Figure 12.1 

The layout of quadrats at the Port Meadow ditch site, for the 
R. sceleratus demographic study. 
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into five size classes (Table 12.1). 

The rosette diameter classes form two distinct groupsp those rosettes 

above 5cm diameter and those below 2cm diameter. The distribution of 

these plants- along the transects was not even; for examplet no 

R. sceleratus plants were found above quadrat 4 (Figure 12.2). Apart 

from one rosette in quadrat 6, all rosettes above 5 cm in diameter were 

found in quadrats 8 and 9. Ten of the thirteen extra large rosettes 

were in quadrat 9 (Figure 12.2). Small rosettes were fairly evenly 

scatteredy as were seedlings apart from a very high number in quadrat 6 

(Figure 12.2). The possible origins of these plants will be discussed 

later. The quadrat 10s, which were not mapped, contained several large 

rosettes. 

12-2.2 Seedling Emergence 

There are seasonal trends for periods of peak seedling emergence; peaks 

occur in autumn (September - December) and ýpring (April - May) (Figure 

12-3). The autumnal peak is clearly the period of maximum emergencey 

with four to five times the number of seedlings emerging during this 

period relative to the spring peak. 

However, emergence is not confined to the peaks but continues for much 

of the year (Figure 12-3). The lack of emergence during summer 1983 and 

1984 was probably due to a lack of soil water due to low rainfall (see 

Appendix 2) and high insolation. The absence of emergence in 

January/February 1984 was due to mapping not being possible because of 

deep water over the site. Observations suggested that little? if anyl 

emergence took place underwater at this time (but see Chapter 13). 
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Table 12.1 

The number of R. sceleratus rosettesp based on rosette diameter at 
3/12/82 at theý-Port Meadow ditch site. 

Diameter (cm) n Description 
------------------------------------------- 

<1 184 Seedlings 

1-2 18 Small rosettes 

2-5 0 Medium rosettes 

5-10 24 Large rosettes 

>10 13 Extra large rosettes 
------------------------------------------- 

f 
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Lar2e rosettes 
Small rosettes 

Seedl. ings 

Figure 12.2 

The distribution of the original rosettes (3.12.82) bY quadrat group 
at the Port Meadow ditch site. 
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The pattern of emergence for each of the quadrat regions (cumulative for 

the three transects) is similar to the overall pattern but with some 

interesting differences (quadrats 1 to 3 are excluded because no 

emergence took place in these quadrats) (Figure 12.4). The timing of 

emergence peaks is very similar apart from a later autumn peak in 

quadrat regions 6 and 7 and no obvious spring 1984 peak in quadrat 

region 7. One over-riding feature of these emergence patterns is the 

increase in the number of seedlings emerging from quadrat regions 4 to 

10y i. e. from the top of the bank down to the water's 'edge (Figure 

12.4). 

This may be related to a lack of soil moisture in the upper quadrats but 

also to percentage plant cover which decreases from the top of the bank 

to the bottom (Figure 12.5). The differences in percentage cover may be 

due to the wetter ground at the bottom of the transect suffering greater 

disturbance from livestock (horses and cattle) trampling than does the 

drier, upper ground. Submergence may also reduce the growth of grasses 

which are the main covering plants. The combined action of these 

factors on percentage plant cover can be seen in early 1984 during/after 

submergence (Figure 12-5). 

Another factor affecting seedling emergence may be the seed bank. At 

this site emergence of R. sceleratus seedlings from the seed bank 

appears to be concentrated in the middle to lower bank region but the 

middle region sample consistently had a greater number of seedlings 

emerging (Table 12.2). R. sceleratus at this site has a persistent seed 

bank in the middle to lower quadrat regions (Table 12-3). Differences 

in the size of the seed bank may not be translated into differences in 

seedling emergence because the increased disturbance through livestock 

trampling experienced by the wetterp lower quadrats will result in 
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Table 12.2 

Estimated number of germinable R. sceleratus seeds (mean and S. E. ) in 
the soil at the Port Meadow ditch site 11/11/82 and 28/4/83 (based on 
three 5x5x3cm soil samples; see section 2-5). 

Quadrat Seedlings/soil sample 
level 11/11/82 28/4/83 
---------------------------------------- 

10 (0) 0.7 (0-3) 

5 2.0 (0.6) 7.3 (0-3) 

9 1.3 (0-3) 1.0 (0.6) 
---------------------------------------- 

Table 12.3 

The presence of germinable R. sceleratus seeds in the seed bank with 
time at the Port Meadow ditch site, Nov 1982 to July 1983 (method as 
Table 12.2). 

Quadrat Date 
level 11/82 4/83 9/83 2/84 7/84 
------------------------------------------------ 

10+000 

5yyyyy 

9yyyyy 

10 y 
------------------------------------------------ 

0= no seedlings in sample 
+= only 1 seedling in sample 
Y= >1 seedling in sample 
-= no soil collection 
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increased seed mobility and affect emergence in this area. 

The autumn 1983 seedling emergence results were used to investigate some 

of these factors. Quadrats with percentage total plant cover above 65% 

had very low seedling emergence (<20), whereas quadrats with below 50% 

cover had moderate to very high seedling emergence (25-256) (Figure 

12.6). The variations in seedling emergence in, the quadrats with plant 

cover below 50% can to some extent be accounted for by variations in the 

seed input to the quadrats during June/July 1983 (Figure 12.6). 

The relatively high seedling emergence in quadrat B9 may be because seed 

from two flowering plants from quadrat B8 fell into this quadrat in 

summer 1983. That there is limited seed dispersal is supported by the 

close correlation of seed input and emergence in the low cover quadrats. 

Interestingly, the seedling emergence in quadrats of above 65% cover is 

independent of seed inputp for example B4 and B5 compared to C4 and C6. 

It appears that above 65% cover seedling emergence is mainly "gap" 

limited whereas below 50% cover seedling emergence is seed limited. 

There are no data for the band between 50% and 65% cover so the limiting 

factors in this band are not known. 

The role of a seed bank, other than recently added seed2 can be seen in 

the quadrats below 55% cover which had no seed input from the last 

flowering period (June/July 1983). Three quadrats (C8, C7 and AV had 

26 or 27 seedlings emerging. The similarity in the numbers emerging may 

reflect a similar seed bank in each of the three quadrats. 
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Emegence of R. sceleratus seedlings during Autumn 1983 against 
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12.2.3 Survivorship 

The over-wintering survivorship (until 24 March 1983) of the initial 

rosettes (on 3 December 1982) appears to increase with rosette diameter 

(Table 12.4). One of the reasons for this differential winter survival 

based on rosette size is related to the root system of the smaller 

rosettes being poorly developed allowing them to be prone to frost heave 

(S. J. Smith pers. obser. ). The older rosettes have a well developed 

fibrous root systemy preventing the plant being pushed out by frost 

heave (see Regehr and Bazzaz, 1979). 

The extra large and large rosettes show a much greater loss during the 

post-wintering period (until flowering: 20 June 1983) (Table 12.4). The 

reason for this may be related to the submergence that occurred during 

May; the larger rosettes were all found in the submerged area. The 

increased loss during May can be seen in the depletion curves (Harper, 

1977) (Figure 12-7). The curves for the larger rosettes are very 

similar, whereas the small difference in rosette size between the small 

rosettes and seedlings gives very large differences in survivorship. 

Submergence may result in plant mortality because petioles respond to 

submergence by elongation; the petioles produced are less rigid and 

susceptible to desiccation. When the water level falls these petioles 

and their leaves suffer desiccation and many, if not all, are lost. 

This loss of petioles and leaves could increase mortality. 

With survivorship from flowering to seed set (6 July 1983) there was 

only loss of the extra large and large rosettes (Table 12.4). This 

differential mortality can be seen in the depletion curves (Figure 

12-7). The reason for this mortality may again be related to the 
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Table 12.4 

Survivorship (fractional) of initial R. sceleratus rosettes at the Port 
Meadow ditch sitep based on rosette diameter class on 3/12/87. (see Table 
12.1). 

Rosette diameter Survivorship 
(cm) (at 3/12/83) 

------------------ 
Over-wintering 

----------------- 
To flowering 

-------------- 

To seed set 
------------- 

n 
----- 

<1 0.12 0.07 0.07 184 

1-2 0.33 0.22 0.22 18 

5-10 0.63 0.25 0.13 24 

>10 

------------------- 
0.54 

---------------- 
0.23 

-------------- 
0.15 

------------- 

13 
----- 
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desiccation and loss of the previously submerged petioles. 

Howevert much of the loss resulted from flowering stems being broken by 

livestock (S. J. Smith pers. obser. ). The tall, hollow flowering stems 

are very easily snapped off at the base by the animals brushing them. 

There was no evidence of grazing damage, which is consistent with 

reports that this plant contains large amounts-of acrid, probably toxic 

chemicals (Misra and Dixit, 1980), as do three other members of the 

genus Ranunculus which results in grazer avoidance (Harper, 1977). 

The survivorship curves for cohorts emerging between December 1982 and 

August 1983 (Figure 12.8) have very similar patterns and a shape roughly 

corresponding to Deevey Type II (Deevey 1949) reflecting a near constant 

mortality rate throughout the life cycle. However, there is a trend 

towards a Deevey Type III survivorship patterný that is, adults have a 

lower mortality risk. 

The survivorship curves for cohorts emerging between September 1983 and 

August 1984 (Figure 12.9) show two patterns'of survivorship. The curves 

for autumn/winter cohorts have a shape roughly corresponding to Deevey 

Type III curve (Deevey 1949), reflecting a decrease in mortality risk 

with age whereas the curves for the spring/summer cohorts have a shape 

roughly corresponding to a Deevey Type II curve (Figure 12.9). 

overall cohorts of R. sceleratus in this study showed survivorship 

curves of the Deevey Type II or III shape. There is a trend for autumn 

emerging seedlings to show the Deevey Type III shape and a trend for 

summer emerging seedlings to show a Deevey Type II shape. 
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Survivorship curves for the 1982-1983 cohorts (nos. 1 to 13; 12.82-7.83) 
of R. sceleratus at the Port Meadow ditch site (the depletion curve 
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12.2.4 Flowering and Fecundity 

Flowering was observed to occur in most rosettes by 20 June 1983 (Table 

12-5). There was a short delay (1 visit) in flowering shown by the May 

cohorts (11 & 12). The minimum vegetative period was measured as 5 

weeks (in the late May cohort). However, the June and July cohorts (12 

& 13) did not flower even though they were alive for 8 and 6 weeks 

respectively, which implies that some factor prevented flowering. 

Very few plants survived to flowering in 1984 possibly because of the 

prolonged submergence period and early drought of that year. Flowering 

was limited to the plants of the first five cohorts (Table 12.6). 

Plants in the quadrat 10 region flowered in 1984 (in contrast to 1983) 

but these were not mapped and so their origins were unknown. A delay in 

flowering (1 visit) was shown by plants in the older cohorts (Table 

12.6). 

The first plýnts to flower in 1984 flowered approximately 1 month (2 

visits) earlier than plants in 1983 (Tables 12.5 & 12.6). The 

submergence period that occurred in May 1983 may have delayed flowering. 

This is supported by the appearance of a crown of raisedp central leaves 

in several rosettes, indicative of imminent flowering stem elongationp 

during late April 1983. 

The height of the flowering stem produced by I. sceleratus plants is 

related to plant size and plant age. The extra large7 large and small 

rosettes present at the initial mapping in December 1982 produced the 

tallest flowering stems (40 cm to 53 cm) (Figure 12.10). The seedlings 

present at the initial mapping produced shorter flowering stems and 

showed a large range of heights (10cm to 35 cm) (Figure 12.10). 
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Table 12.5 

Flowering date of initial R. sceleratus rosettes and subsequent cohorts 
in 1983 at the Port Meadow ditch site. 

Initial rosette Date first Flowering 
class or cohort marked date 

-------------------------------------------- 

Extra large 
rosettes 3/12/82 20/6/83 
Large rosettes 3/12/82 20/6/83 
Small rosettes 3/12/82 20/6/83 
Seedli ngs 3/12/82 20/6/83 
Cohort 1 20/12/83 n/s 
Cohort 2 12/1/83 n/s 
Cohort 3 27/1/83 n/s 
Cohort 4 15/2/83 20/6/83 
Cohort 5 3/3/83 20/6/83 
Cohort 6 15/3/83 20/6/83 
Cohort 7 24/3/83 20/6/83 
Cohort 8 13/4/83 n/s 
Cohort 9 28/4/83 20/6/83 
Cohort 10 17/5/83 6/7/83 
Cohort 11 31/5/83 6/7/83 
Cohort 12 20/6/83 n/s 
Cohort 
------- 

13 
---------- 

6/7/83 

--------------- 
n/s 

------------ 

n/s= no plants survived to flowering. 

Table 12.6 

Flowering date of R. sceleratus cohorts emerging from autumn 1983 to 
summer 1984 at the Port Meadow ditch site. 

Cohort Date first Flowering 
marked date 

--------------------------------------------- 

1 17/9/83 
2 30/9/83 
3 12/10/83 
4 3/11/83 
5 22/11/83 
6 to 1(0 8/12/83 to73/6/84 
-------------------------------- 

n/s= no plants survived to flowering. 

24/5/84 
24/5/84 
9/6/84 
9/6/84 
9/6/84 
n/s 

224 



0 

60 

50 
Height of 
f lowering 
stem (cm) 

. 40 

jo 

20 

10 

0 

Figure 12.10 

EL: Extra large 
L: Large 

SR: Small 
S: Seedling 

Height of flowering stem for the-original R. sceleratus rosettes 
(3.12.82) by rosette diameter class at the Port itch site. 

225 

EL L SR S 
Rosette diameter class (12/82) 



With the exception of the late May cohort (11)9 plants from the 1983 

cohorts had similar flowering stem heights (10 cm to 21 cm) (Figure 

12.11). The late May cohort (11) plants2 the final cohort to flower in 

19832 produced flowering stems of between 5 cm and 7 cm high (Figure 

12.11). The 1984 results also suggest that age is an important factor 

in the height of the flowering stem (Figure 12-12). These results 

suggest a trend of younger rosettes producing shorter flowering stems. 

There was a poor relationship between pre-flowering rosette diameter and 

flowering stem height in 1983 (Figure 12.13) but there was a trend 

towards the rosettes of larger diameter producing taller flowering 

stems. The 1984 results also show a poor correlation between rosette 

diameter and flowering stem height (Figure 12.14) but the same trend of 

greater flowering stem height with greater pre-flowering rosette 

diameter. 

Shorter flowering stems have fewer branches, and as flowersy and 

therefore seeds, are mainly borne terminally on these branches it is not 

suprising that seed output/plant increases with increasing flowering 

stem height (Figure 12.15). However, seed output is not simply a 

function of the height of the flowering stem because the younger 

rosettes which produced shorter flowering stems also had fewer 

seeds/seed head (Table 12-7). 

The initial rosettes made a relatively large contribution to the total 

1983 seed ouput compared with the later emerging cohorts (Figure 12.16). 

In 1984 the total seed output was due solely to plants of the initial 

five autumn cohorts (Figure 12.17). These results show the importancey 

in terms of seed production, of plants that emerge in the year before 

they flower; they contributed 92% and 100% of the total seed output in 
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Height of flowering stem for the 1982-83 cohorts (nos. 1-13; 12.82- 
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Figure 12.12 

Height of flowering stem for the 1983-84 cohorts (nos. 1-5; 9.83- 
11.83) of R. sceleratus at the Port Meadow ditch site. 
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Table 12.7 

The number of seeds/seed head (mean and S. E. v per plant) for 
R. sceleratus initial rosettes and later 1983 flowering cohorts at the 
Port Meadow ditch'site. 

cc 
u 
rj) 

bc 
0 

It 

Plants n Seeds/seed head 
------------------------------------ 

Initial 
rosettes 26 117 (2)a** 

Later 
cohorts 17 78 (1)b 

------------------------------------ 

different superscript means significantly different at P<0-05 (t- 
test). 

1001000 s 

101000 

1pooo 

1.00 

10 

a a 
I 

a. 
a 

0. - 1983 
0 1984 

]I* damaged plants 

I :"C. : 50, 0,10 , 20 a 40 
Height of-floweripg Atem (c. m) 

Figure 12.1ý, 

The number of seeds per plant (log scale) plotted against height of 
flowering stem for all R. sceleratus plants flowering at the Port 
Meadow ditch site. 
(Line fitted by eye and excludes damaged plants). 
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the two years of this study. 

The distributions of flowering plants in the two study periods with 

respect to quadrat region are very different (Figure 12.18a & b). Not 

only were there flowering plants in quadrat 10s only in 1984 but there 
I 

were only flowering plants in the quadrats 1-8 in 1983. One of the 

reasons for the lack of flowering plants in the upper quadrats was that 

plants were lost because of the early drought in April/May 1984p the 

drought was more severe further up the transect (S. J. Smith pers. 

obser. ). 

Although quadrat 10 plants were not mapped (see section 12.2.1) 

observations were made on plants in these quadrats, the most submerged 

plants of the transect. No rosettes in quadrat 10s survived to 

flowering during 1982-1983 season but several did survive to flowering 

in the 1983-84 season. This may have been due to the water level 

falling earlier in the year in 1984 (April in 1984 c. f. July in 1983). 

12.2.5 Submergence and Mortality 

Survivorship by quadrat region during the prolonged submergence period 

of the winter 1983-1984 (Table 12-8) shows that the plants subject to 

the most prolonged submergence had the greatest survivorship. A 

possible explanation of this result is that the submerged rosettes were 

protected from frost by the covering water. 

An alternative explanation is that these results (Table 12-8) confound 

differences in mortality with submergence based on age and/or size. 

Survivorship based on age during this submergence period (Table 12.9) 
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Table 12.8 

Survivorship of autumn/winter 1983 R. sceleratus cohorts (1-5) during a 
spring submergence period by quadraý region. 

Qradrat region n Pre-submergence Submergence Post-submergence 
-------------------------------------------------------------------- 

5 24 0.04 0.00 0.00 
6 62 0.18 0.00 0.00 
7 143 0.11 0.01 0.00 
8 335 0.05 0.01 0.00 
9 

---------- 
549 

---------- 
0.03 

------------- 
0.03 

--------------- 
0.01 

-------------------- 

Table 12.9 

Survivorship of R. sceleratus cohorts germinating before May 1983 during 
a spring submergence period based on cohort age. 

Cohort 

--------- 
n 

--------- 

Survivorship 

---------------- 

1 12 0.75 
2 10 0.60 
3 10 0.30 
4 7 0.57 
5 14 0.36 
6 20 0.00 
7 

--------- 
14 

--------- 
0.00 

---------------- 
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shows increased mortality of very young rosettes but no correlation 

between age and survivorship in the older cohorts. However, there is a 

strong correlation between pre-submergence rosette diameter and 

submergence survivorship (Table 12.10), with increased survival with 

increased diameter. 

In May 1983 the study site could be divided int ,oa submerged zone 

(quadrat 7s and lower) and non-submerged zone (quadrat 6s and higher). 

Survivorship during May 1983 within these two zones based on age (Table 

12.11) shows that within each there is a trend towards increased 

survivorship with increased age. There is also a trend for increased 

mortality in the submerged zone but the cohort 5-7 plants do not conform 

to this pattern. 

The same data analysed in terms of pre-submergence rosette diameter 

show a much stronger correlation between mortality and submergence 

(Table 12.12). Within each zone there is a trend for increased.. 

survivorship with increased diameter but the large rosettes do not 

conform to this pattern. The use of narrower size classes in 1984 may 

explain why the correlation between size and survivorship is better in 

1984 compared to 1983. 

These results shows the importance of rosette diameter for survival 

during submergence; the larger the rosette diameter the greater the 

probability of submergence survival. 
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Table 12.10 

Survivorship of R. sceleratus cohorts germinating before the spring 
1984 submergence period based on pre-submergence rosette diameter. 

Rosette diameter n Survivorship 
(cm) 

----------------------------------------- 

<1 43 0.00 
1-2 18 o. 44 
2-3 27 0.52 
3-4 
------------ 

5 
--------------- 

o. 80 
-------------- 

Table 12.11 

Survivorship of R. sceleratus plants during the May 1983 submergence 
period based on age. 

Age group Survivorship 
Non-submerged zone n Submerged zone n 

-------------------------------------------------------- 

Initial 
rosettes 1.00 7 V63 34 
Cohorts 1-3 0.00 3- 0 
Cohorts 4-6 0.33 6 0.50 16 
Cohorts 7-9 
--------------- 

0.25 
------------- 

16 0.00 
-------------------- 

go 
-------- 
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12.3 Discussion 

12-3.1 The Initial Rosettes 

Based on rosette size it is likely that the initial large and extra 

large rosettes emerged before the autumn peak of 1982 probably during 

summer 1982. This may also explain why they ate concentrated in 

quadrats 8 and 9; these quadrats would be more likely to have sufficient 

soil moisture to allow for emergence and survival during summer. 

The initial small rosettes were probably from the peak autumn emergence 

period of 1982, based on rosette diameter and flowering stem height. 

The initial seedlings are probably late autumn peak and post autumn 

peak. It is interesting that the small difference in rosette diameter 

between small rosettes and seedlings in December 1982 should make such 

differences in survival and fecundity (Table 12.13). Many authors 

report size dependent mortality and fecundity in a wide range of plant 

species (Cook, 1980; Wernerv 1975). 

12-3.2 Seedling emergence pattern 

Several authors (Mayer and Poljokoff-Mayber, 1975; Salisburyp 1970; 

Whiteheadt 1971) have stated that germination in R. sceleratus is 

promoted by diurnal fluctuations in temperature. However, diurnal 

fluctuations in temperature for Oxford (Figure 12-19 and see Appendix 2) 

and the emergence pattern (Figure 12-3) do not correspond. This may be 

due to the air temperatures not reflecting the temperature regime 

experienced by the seeds buried in the soil. Alternativelyj the lack of 

rainfall in the summer months (see Appendix 2) may have prevented 

236 



Table 12.12 

Survivorship of R. sceleratus plants during the May 1983 submergence 
period based on pre-submergence size. 

Size class Survivorshi p 
(cm) 

------------ 
Non-submerged 

--------------- 
zone n 

----------- 
Submerged 
--------- 

zone n 
--------- 

<1 0.17 18 0.00 85 
1-2 0.86 7 0.43 21 
2-5 0.71 7 0.60 25 
5-10 

------------ 
- 

--------------- 

0 

----------- 

0.33 

---------- 

9 

-------- 

Table 12.13 

Survivorship and fecundity of the initial (3/12/82) R. sceleratus small 
rosettes and seedlings at the Port Meadow ditch site. 

Size class Survivorship Seed output 
(at 3/12/82) to flowering (per plant range) 
----------------------------------------------------- 

Seedlings 0.07 300-6000 

Small rosettes 0.22 10000-17000 
----------------------------------------------------- 
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emergence when the temperature regime would otherwise have promoted 

germination. 

The influence of rainfall, and therefore soil moisture levels, on 

seedling emergence can be seen at the onset of emergence in Autumn 1983 

(Figure 12.20). Throughout August and September 1983 there were large 

diurnal fluctuations in temperature but emergence did not begin until 

there had been several consecutive days with rainfall (Figures 12.19 & 

12.20). 

Koller (1955) points out that seeds which respond to alternating 

temperatures usually show two emergence peaks in each year. This is the 

case for R. sceleratus at this site, although the spring emergence 

period is secondary (in terms of numbers) to the autumn emergence 

period. 

The spread of emergence throughout the year suggests that R. sceleratus 

seed is polymorphic with regard to germination requirements. 

R. sceleratus has been shown to have polymorphic germination 

requirements with respect to diurnal flucuations in temperature (see 

Chapter 13). 

Polymorphic germination is often associated with colonising species and 

it has been suggested that it prevents extinction through catastrophe 

(Harper 1965). Thompson and Cox (1978) found that the autumn and spring 

emergence peak in Hyacinthoides non-scripta were due to different 

temperature requirements of the seeds and they suggested that the spring 

germinators act as insurance against loss of the over-wintering 

seedlings. There is no evidence for distinct seed morphs with respect 

to germination requirements in R. sceleratus (see Chapter 13) but the 

239 



M 

4) -0 
cu 
U) 

M 

41 

,a 

Co .0ý 
1ý 

. %0 C%j 0 
r- 

(WW) IlejuTea XITUG 

240 

rn 
00 
(31% 

.C E 
0 
41 
ci 

G) 
vý 

OCI 

tio 
w 
0) 

Tj 
(o 

1.1% 
C14 

X 
-, 4 

0) 
a) 
U) 

0 

U) 

1; 
(U z 
10 p 
0 

0 

V 
0 
p 

t44 

(Y) 
00 
C'N 

0 
4-1 $4 

4) 

41 

41 bo 
U) 

0 10 
14 

44 fn 
:j 
4j 

,4 (o 

, 
C) co p 

cl 44 

C%j "4 4) 
u 

W 

r-4 iaý 
&DI -, 4 
r4 

w 34 
. 14 Cd 444 

A0 



role of the spring germinating seedlings may be the same (see section 

12-3.6). 

12-3.3 SurVivorship patterns 

R. sceleratus shows a survivorship pattern of sbmewhere between Deevey 

Type 11 and Type 111. In terms of mortality this is somewhere between 

constant mortality with age and a decrease in risk of mortality with 

age. The Deevey Type 111 pattern appears to be typical of over- 

wintering cohorts whereas the Type 11 pattern is typical of later 

(Spring/Summer) cohorts. 

This pattern is' in marked contrast to the published survivorship 

patterns of many other annual plants. Survivorship curves for Vulpia 

membranacea (Watkinson, 1978a; 1978b; Watkinson and Harpery - 1978)p 

Cerastium atrovirens (Mack, 1976) and Phlox drummondii (Leverich and 

Levin, 1979) show a negatively skewed Deevey Type I survivorship curve, 

whereas annuals such as Lactuca serriola (Marks and Prince, 1981)2 

S2ergula vernalis (Symonides, 1977), Minuartia uniflora and Sedum 

smallii (Sharitz and McCormick, 1973), Salicornia europaea (Jefferies et 

alp 1981) show Deevey Type II or III survivorship patterns. 

It has been suggested (Watkinson and Harpero 1978; Klemow and Raynaly 

1983) that two groups of annuals can be recognised on survivorship 

pattern, fecundity and the survival of seed in the seed bank. one group 

has a Deevey Type I survivorship patterno low fecundity and low survival 

of seed in the seed bank. The other group has a Deevey Type II or III 

survivorship pattern high fecundity and high seed survival in the seed 

bank. 
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Watkinson and Harper (1978) suggest that these characteristics are 

related to the predictability of the habitat. Plants in stable, 

predictable habitats are of the Deevey Type 1 group and plants from 

unstable, unpredictable habitats are of the Deevey Type 11/111 group. 

This study showed yearly seed production figures for R. sceleratus of 

between 73 and 16,950 per plant; these are higý relative to many annuals 

(palisbury, 1942). Toorn (1980) records that 1m tall individuals of 

R. sceleratus can yield 500,000 seeds. This is many times the maximum' 

for this species recorded by Salisbury (1942) of c. 30,000. This may be 

due to the loptimalt conditions experienced by these plants growing on 

the newly drained Polders in the Netherlands. 

With regard to seed survival in the seed bank, Toorn (1980) found that 

seeds were still viable after five years in the soil. As in this study, . 

Thompson and Grime (1979) found that R. sceleratus has a seed bank and 

this was described as a '.. fairly substantial persistent seed bank.. ' 

(K. Thompson pers. comm. ). 

On the basis of this study R. sceleratus would be placed in the Deevey 

Type II/III group as it shows all the features (Type II or III 

survivorship pattern, high fecundity and high seed survival in the soil) 

relevant to this group. It is also found in unpredictable habitats and 

sot following the suggestion of Watkinson 'and Harper (1978), this 

species would be expected to be in this group. 

Cohen (1966) suggests that plants in unpr6dictable habitats should show*''"' ", 

good seed bank survival, high fecundity and a low percentage emergence 

of seeds from the seed bank. Regarding seed bank emergence, an 

estimated 80gooo seeds were produced during the 1983 season but only 
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about lj500 seeds emerged before'the start of the next seed production 

period. It is clear that a large number of these seeds would have been. 

added to the seed bank. 

12-3.4 Timing of Flowering 

The general synchrony of flowering in both years supports the finding of 

Samarakoon and Horton (1981) that flowering is under photoperiodic 

control. They found that R. sceleratus was a Long Day plant requiring a 

16 hour photoperiod for 5 days to obtain 100% flowering. There is, 

however, a trend towards later flowering of the later cohorts in both 

years and no flowering in very late cohorts (Tables 12.5 and 12.6). 

Size (based on rosette diameter) could be a secondary controlling factor 

but some rosettes of all sizes (including those of <1 cm) flowered on 

the 20 June 1983. It has been suggested that the delay in flowering 

reported in Chapters 10 and 11 was related to size. 

The short delay (1 visit) in the flowering of May 1983 emerging cohorts 

may reflect some age dependence and a minimum vegetative period of 5 

weeks. This age dependence was also found in the later cohorts of 1984. 

Bakker et al (1966) found that autumn and spring emerging-plants 

flowered in June but June emerging plants did not flower until Augusty 

suggesting a4 to 8 week minimum vegetative period. 

Howeverl the June/July 1983 cohorts survived up to, 8 weeks, but. did not 

flower (Table 12.5). This lack of flowering may be related to drought.. 

More research is required to understand the control of flowering in this 

species. 
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12-3.5 Submergence 

This study shows that submergence influences plant survival (Tables 

12.91 12.10,12.11 tind 12.12). Generally submergence results in 

increased m6rtality. Rosette diameter was found to be more strongly 

correlated with survival than rosette age. Survival was found to 

increase with increasing rosette diameter (Tables 12.10 and 12.12). 

The exception to this was the 'large rosettes' in the submergence period 

of 1983 which showed increased mortality compared to medium and small 

rosettes (Table 12.12). Rosettes of the size of the large rosettes 

to 10cm) were not present in the submergence period of 1984 (maximum 

rosette diameter of 4cm). Whether or not this is a general rule will 

require further study. It is interesting to note that no mortality of 

seedlings was recorded during the one-week submergence treatments in the 

greenhouse (experiments 41 5 and 6- see section 2.4). Again further 

research is needed to understand the reasons for this difference between 

greenhouse and field results. 

12-3.6 Life history tactics 

In this study the main life history tactic (see Chapter 1) Of 

R. sceleratus was that of a winter annual (i. e. emergence in autumn and 

flowering in late May/early June-of the following I year) (Harper, 1977). 

This is not the only tactic shown by these plants; a secondary one of a 

summer annual (emergence in April/May and flowering "in June of the same 

year) is also shown at this site. 

The major differences between the two main tactics (winter/summer 
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annuals) are in survival and fecundity. Overall the winter annuals had 

low survival but very high fecundity compared with the summer annuals 

which had relatively high survival but low fecundity (Table 12.14). 

These two taýctics can be compared using the measure of relative 

'fitness' of survivorship x fecundity (Silvertowny 1982). These give 70 

to 340 for autumn cohorts and 9 to 252 for spring cohorts. The 

interesting point here is that the improved survivorship in the spring 

cohorts almost compensates for the decreased fecundity. 

This pattern of late germination (i. e. spring) favouring survival and 

early germination (i. e. autumn) favouring fecundity has been found in 

the annuals L. serriola (Marks and Prince, 1981) and V. membranacea 

(Watkinson, 1978a; 1978b; Watkinson and Harper, 1978). Law et al 0977Y 

studying Poa annua found that delayed reproduction favoured increased 

fecundity due to increased growth. 

R. sceleratus also shows a range of tactics from autumn to spring annual 

due to emergence between the two peaks. The initial large rosettes 

found in December 1982t as already discussedv would have germinated 

during the summer of 1982 and could be classed as "biennial" (or 

monocarpic perennial) (Table 12-15). This is supported by Salisbury 

(1970) who records R. sceleratus as showing either a' "biennial" or an 

annual life history. 

Bakker et - al - (1966) ioonsider R. sceleratus t6 be an ephemeral 'plant (a 

life-cycle of. ' less --than 4 months). This'is a rather limited 

classification for this multiple tactician and clearly not the case for 

many of the plants in this study. The ephemeral tactic not found in 

this studyp but recorded by Bakker et al (1966) and Toorn (1980) is that 
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Table 12.14 

The main life history tactics shown by R. sceleratus plants at the Port 
Meadow ditch site during 3/12/82 to 4/8/84. 

Emergence Flowering Survivorship Fecundity "Tactic" 
date date to flowering (per plant range) 

---------- ---------------------------------------------------------- 

Autumn May/June 0.01-0.02 

Spring June/July 0.03-0-14 
----------------------------------- 

Table 12.15" 

7000-17000 winter annual 

300-1800 summer annual 
------------------------------ 

-The range of life history tactics shown by R. sceleratus plants based on 
the Port Meadow results and other named sources. 

Emergýnce Flowering Survivorship Fecundity "Tactics" 
date date to flowering 

--------------------------------------------------------------------- 

Late summer 
Autumn 
Early winter 
Early spring 
Spring 
Early summer 
------------ 

May/June 
May/June 

June 
June 

June/July 
August 

low high bienniall 
low high winter annual 
low? high? winter annual 
high low summer annual 
high low summer annual 
low? 

------------ 
low? - 

-------------- 
ephemeral2 

----------------- 

1= see Salisbury (1970). 
2= see Bakker et al (1966) and Toorn (1980). 
?= uncertain 
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of seedlings emerging in June and flowering in August (Table 12-15). 

The June/July emerging plants all died in this study. Bakker' et al 

(1966) consider these plants as arising from freshly dropped seed. 

12.4 -Summary 
a 

1.1 sceleratus shows emergence peaks in autumn and springl with the 

autumn the more important in terms of numbers. 

2. Survivorship is between Deevey Type II and Deevey Type III in 

pattern. There is a tendency for earlier cohorts (autumn/winter) to 

show Deevey Type III and later cohorts (spring) to show the Deevey Type 

II pattern. 

3. R. sceleratus plants show many of the features associated in other 

plants with these survivorship patternýSj such as high. fecundity and a 

seed bank* 

4. Early cohorts (autumn) can show lower survival to flowering than 

later (spring) emerging cohorts. The seed output/plant of these earlier_ 

plants isy however, much greater. This is related to the large 

flowering stem produced by these well established plants. 

Survival during submergence has been shown to be sizep rather than 

age, dependent. Smaller plants haVe a greater risk of mortalitY. 
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Chapter 13 

Germination of Ranunculus sceleratus Seeds 

"Seed polymorphism .. enables a proportion of the 

population to avoid major hazards.. " - 

(Harper, 1965: 257) 

13.1 Introduction 

Many authors have commented upon the promotion of germination in 

Ranunculus sceleratus with diurnal fluctuating temperatures (e. g. 

Salisbury, 1942; Stilesf 1950; Koller, 1955; Mayer and Poljakoff-Mayberj 

1975). Mayer and Poljakoff7. Mayber (1975) state that promotion of 

germination in this species only occurs in the light. However, 

Salisbury (1942) comments upon a promotion of germination in the dark by 

diurnal fluctuating temperatures. 

These results are the more confusing because they have the same original 

source, that of Gassner (1915)p even though this is not cited by Mayer 

and Poljakoff-Mayber (1975). They cite Stiles (1950) (who cites Gassner 

(1915)) and Koller (1955) (who cites Stiles, 19501). These conflicting 

results were dealt with by referring to the original source. 

13.2 Case Study 1: Gassner (1915) 

Gassner (1915) conducted several hundred separate germination 
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experimentsy usually using 3 lots of 100 seeds in each case. His 

results represent work upon nearly 100vOOO seedsp the largest work on 

R. sceleratus seeds known. The seeds were subjected to various 

treatments, such a6 constant or fluctuating temperatures. However) he 

made little'attempt to systematise or summarise his data. His results 

are presented in tables with the means of each set of 3 seed lots and 

duplicate experiments are listed in different tables. The following is 

an attempt to systemise and summarise Gassner's results. 

Gassner's experiments on alternating temperatures are complicated by the 

fact that two different alternating temperature regimes are mixed 

throughout his results. The basic pattern was a period of 4 hours at 

one temperature followed by a period of 20 hours at another. However, 

an experiment involving a single pair of fluctuating temperatures was 

performed in two ways, either a4 hour period at the'higher temperature 

followed by 20 hours at the lower one ("High-Low") or 4 hours at the 

lower one followed by 20 hours at the higher one ("Low-High"). 

When these experiments were conducted in the darkp only the relative 

lengths of the high and low temperature periods were being altered. 

However, when he conducted the experiments in the light, the light 

period was always given along with the high temperature period. In the 

latter experiments two variables were changed, that of the relative 

lengths of the high and low temperature periods and the length of the 

light period (Table 13-1). 

Various pairs of alternating temperatures were usedv although four 

predominatep these were: 

12-28"C; 19-28OC; 6-19"C; 12-1911C. 
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Table 13.1 

The environmental conditions used by Gassner (1915) for experiments on 
the germination of R. sceleratus seeds. 

Temperature regime Photoperiod 
-------------------------------------- 

(a) 4 hours high 4 hours** 
+ 20 hours low 

(b) 4 hours low 20 hours** 
+ 20 hours high 

hours high none 
+ 20 hours low 

(d) 4 hours low none 
+ 20 hours high 
-------------------------------------- 

** with high temperature 
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Experiments were also conducted at constant temperatures in the light 

and dark with very little germination in either case. Germination never 

exceeded 1% and this result was independent of the temperature usedp 

whether 330C9 280C, 24oc, 19oc, 120C or 60C. The photoperiod used in 

these experiments in the light is not given and so either they were 

conducted under constant light or a combination of the 20 hours/4 hours 

used in the other experiments. The photoperiod is stated for all other 

experiments. 

In order to look closely at the response of R. sceleratus to diurnal 

alternations of temperature, percentage germination will be plotted 

against the temperature fluctuation (i. e. high temperature minus low 

temperature). This method was used by Thompson and Grime (1983) for a 

similar study. 

The High-Low treatment in the light-(Figure 13-1) shows: 

1. Promotion of germination by alternating temperatures in the lightý 

2. Increased fluctuations in temperature increase promotionp 

The amount of promotion is independent of the upper temperature. 

The Low-High treatment in the light (Figure 13-1) shows a similar result 

but the promotion of germination is less. Gassner suggests that the 

reduced promotion in this treatment is due to the long period at high 

temperature inhibiting germination. There is some evidence that the 

absolute temperatures are affecting germination as one point does not 

fit in the general pattern. 
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Figure 13.1 

Percentage germination of R. sceleratus seeds in the light-against 
diurnal fluctuation in temperature (see text for treatments; data 
from Gassner, 1915). 
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The High-Low treatment in the dark (Figure 13.2) also shows promotion of 

germination and increased promotion with increased temperature 

fluctuations but not as great as with a light period. The Low-High 

treatment in the dark (Figure 13.2) shows virtually no change in 

germination -from constant temperatures with little or no germination 

(never exceeding 4%). 

The overall conclusions from Gassner's work are: 

There was virtually no germination at constant temperatures in the 

light or dark, independent of absolute temperature. 

2. Diurnal fluctuations in temperature promote germination in the light 

or dark, but the promotion is greater in the light. The greater the 

fluctuation the greater the promotion in germination. 

Long periods at high temperature (or short periods at low 

temperature) inhibit (to some extent) this promotion of germination in 

both the light and dark. 

This finding of germination promotion by alternating temperatures in the 

dark is suprising since Stiles (1950)y cited later by Koller (1955) and 

Mayer and Poljakoff-Mayber (1975)p states that this was not the case - 

based on Cassner's workI The complex and confusing nature of Gassnerts 

results and the fact that it was written in German may have lead to this 

error. 
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Figure 13.2 

Percentage germination of R. sceleratus seeds in the dark against 
diurnal fluctuations in temperature (see text for treatments; data 
from Gassner, 1915). 
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13.3 Case Study 2: Toorn and Hove (1976; 1982) 

Toorn and Hove (1976; 1982) carried out germination experiments on 

sceleratus on a-much smaller scale than Gassner (1915). The pairs of 

diurnal fluctuating temperatures used all had a lower temperature of 

50C. The following pairs of temperatures were used: 

5-5 (constant)OC; 5-10OC; 5-15OC; 5-20OC; 5-25OC; 5-30*C. 

The percentage germination obtained is plotted against the temperature 

fluctuation (Figure 13-3). It can be argued that the graph shows 

promotion of germination by alternating temperaturesp but the fall off 

in germination for the 5-10*C fluctuations may be due to the absolute 

temperatures being sub-optimal for germination. Mayer and Poljakoff- 

Mayber (1975) in a review of this subject suggest that the absolute 

temperatures are of secondary importance provided they are in a range in 

which the seeds can germinate and viability is not affected. 

Grime et al (1981) found that a 50C fluctuation using absolute 

temperatures of 15 and 200C gave 83% germination in R. sceleratus. 

However, these seeds were not freshly collected and Toorn and Hove went 

on to show that with soil storage at ambient temperature or dry storage 

at 50C seeds would eventually germinate very well at 5-100C fluctuations 

and even at a constant 50C (Figure 13-3). Toorn and Hove consider this 

as an example of stratification (a low-temperature requirement for 

germination (see Mayer and Poljakoff-Mayberp 1975) but although the seeds 

did not germinate well at 5-100C they did at 5-150C. Therefore this is 

not an example of stratification. 

There are two possible explanations for the increased germination at 5- 
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50C and 5-10*C following storage. Firstlyp that the fresh seeds are 

unable to germinate because of the low temperatures but germination is 

possible after storage due to internal changes in the seed. A second 

explanation is that there was insufficient temperature fluctuation to 

promote germination but later germination was possible due to loss of 

the requirement of alternating temperatures to germinate. The latter 

effect of a gradual loss of the need for temperature fluctuation 

requirement for germination has been found by Thompson and Grime (1983) 

with seeds of Carex otrubae and Sieglingia decumbens. 

The gradual loss of temperature fluctuation requirement is also evident 

in the results of Gassner (1915) working with R. sceleratus (Figure 

13.4) and Whitehead (1971) refers to unpublished research that found the 

need for fluctuating temperatures in R. sceleratus gradually declined 

until after 6 or 7 years the requirement had been totally lost 

(unfortunately the data from these experiments have not been traced).. 

Hence the latter explanation is very plausible. 
1: 

13.4 Other germination results 

Lehmann (1911) conducted some germination experiments under uncontrolled 

conditions and so his results are of little value. He obtained between 

37 and 52% germination in the light and no germination in the dark. 

Grime et al (19812) as already quotedy found 83% germination with 151C 

(dark)-200C (light) in the light (18 hour photoperiod) but under the 

same temperature conditions in the dark no germination occurred. 

Whitehead (1971) refers to unpublished work where 97% germination 

occurred with diurnal fluctuations of 8-100C. He goes on to state that 

maximum germination was achieved with a night minimum temperature of 
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Figure 13.4 

Percentage germination of R. sceleratus seed with time'under dark 

conditions and 16% diurnal fluctuations in temperature (4 hours at 
12% and 20 hours at 280C; data from Gassner, 1915). 
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50C. These results are similar to those of Toorn and Hove (1976; 1982) 

(Figure 13-3). 

13.5 Experimental results 

Germination trials were carried out on the seeds of R. sceleratus at 20- 

20*C and 150C (dark)-25*C (light) in the light (18 hour photoperiod) 

(see section 2.4 under experiment 9). The constant temperature 

treatment gave 18% germination whereas the 100C diurnal fluctuation gave 

61% germination. The high germination for the constant temperature 

probably resulted because the seeds were three months old and had been 

in dry storage at about 51C (see Figure 13-3). There is a clear 

promotion of germination with fluctuating temperatures in the light. 

The ability of R. sceleratus seeds to germinate underwater was studied 

in a greenhouse experiment (see section 2.4 under experiment 

Germination of seeds under 8cm of water was 32% compared to a control 

germination in air of 89%. The submerged seeds experienced reduced 

temperature fluctuations compared to controls. The average diurnal 

fluctuation of air temperature for controls was 24-1*C whereas the water 

temperature showed an average diurnal fluctuation of 11.40C. Although 

the amount of germination differed considerably, patterns of germination 

(Figure 13-5) were very similar, the main difference being a six day 

delay in the submerged seeds. 

13.6 Discussion 

The above results show that germination of R. sceleratus seeds can be 
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promoted by diurnal fluctuating temperatures both in the light and darkq 

and the promotion is less in the light. Absolute temperatures, the 

period of exposure to these temperatures and seed age have a 

considerable effect on germination. 

The promotion of germination in the light by alternating temperatures is 

a common feature of many wetland plants (Thompson et alp 1977; Thompson 

and Grimey 1983). It has been suggested that this has evolved because 

it enables the seeds to germinate when the fall in water level occurs in 

spring (Thompson and Crime, 1983). This also coincides with the 

beginning of the period most favourable for growth. 

However, germination in this species also occurs in the Autumn which is 

preceded by a period of unfavourable conditions. The greater fecundity 

of the surviving autumn plants (see Chapter 12) suggests that this is an 

alternative strategy from Spring germination which favours survival 

rather than fecundity (see Chapter 12). 

Another feature common to wetland plants is'the lack of dark 

germination. It has been suggested to have evolved because of the low 

survival probability of seedlings germinating in deep water (Mayer and 

Poljakoff-Mayber, 1975). It will also prevent germination below a plant 

canopyl an important point considering that many mud colonisers (like 

R. sceleratus) are poor competitors (Salisburyt 1970). Dark germination 

in response to large temperature fluctuations will result in germination 

of slightly buried seeds after the water level has gone down or covering 

vegetation has been removed by disturbance. 

Thompson and Grime (1983) found that the requirement of temperature 

fluctuations to stimulate germination in the dark is a common feature of 
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many wetland plant seeds. They found that in general a greater 

fluctuation in temperature was required to bring about 50% germination 

in the dark than in the light. This is consis'tent with the findings of 

Gassner (1915) reported here. 

The evolution of germination responses that match changes in the 

environment are not suprising when germination'date and fecundity are 

considered (Cook, 1980; Baskin and Baskin, 1972). These results show 

that small differences in germination date can result in major 

differences in reproductive output. The work of Thompson (1975) 

reflects the matching of enviýonment with germination in populations of 

Silene dioica. Toorn and Hove (1976) state that R. sceleratus seed sown 

(and emerging) after June failed to produce seed. The importance of 

emergence date and seed production in this species is clear from the 

field data collected in this study (Chapter 12). 

Clearly the seeds of R. sceleratus can germinate underwater. This 

ability is shown by other wetiand plants, e. g. ': Typha latifolia (Weller, 

1975); Phragmites communis (Spencep 1983) and Nasturtium, officinale 

(Morinagap 1926a). Howeverp M orinaga (1926a; : 1926b) found that many 

non-wetland plants can germinate underwater and concluded that in 

general small seeds are able to germinate underwaterp independent of 

phylogeny. 

Salisbury (1942; 1974) has shown a link between seed size and habitat 

(smaller seeds are found in specýes`of disturbed or open areas) and so 

ý', there is perhaps a link b6tween habitat and the ability to germinate 

underwater. Morinaga (1926a) also found that boiling the water used in 

the experiments often reduced, -underwater germination. He concluded that 

oxygen levels are important in the control of underwater germination. 
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In generall reduction in oxygen ýrom atmospheric levels results in 

reduced germination (Mayer and Po1jakoff-Mayberp 1975). Howeverl -- 

Morinaga (1926c) and Sifton (1959) found that Typha latifolia seeds 

germinate better under reduced oxygen levels and this specieý'germinates 

better underwater than in air (Morinagal 1926b; Wellerp 1975). This 

suggests that the germination of seeds underwater can be related to the 

response of seeds to oxygen levels. 0 

The reduction of germination in R. sceleratus underwater could be 

related to reduced oxygen levels. Temperature fluctuations were also 

reduced and this may also have resulted in a reduction in germination-., 

This is not likely to be the full explanation as temperature 

fluctuations of around 110C wouldy based on the literature cited, have* 

given much greater germination. 

From the above discussion it can be seen that seeds of R. sceleratus are 

polymorphic with respect to fluctuating temperature requirements: A 

small proportion show either no innate dormancy or innate dormqncy'thatý 

is quickly lost, whereas the remaining seeas require differing diurnal 

fluctuations in temperature to break innate dormancy. Harper (1965) 

points out that germination polymorphism allows a proportion of, -the 

population to avoid a major hazard. Considering the, low survival 

probability of young seedlings when submerged (Chapter 12)j it is not 

suprising that R. sceleratus has evolved germination polymorphism. 

The polymorphic germination of R. 
_-. 

sceleratus. results in a, small-., 

"background" germination. taking. place whenever moisture-is available: and 

temperatures are high enough, and peaks in germination whenever, 

fluctuating temperatures occur. There may also be peaks following 

disturbance and a fall in water level, depending on time of year. -_ This. 
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allows R. seeleratus to spread germination throughout the year, but with 

a concentration at the times most favourable to growth and/or fecundity, 

13.7 

1. R. sceleratus seeds show promotion of germinhtion in the light and 

dark with diurnal fluctuations in temperature. The promotion is greater 

in the light. 

2. R. sceleratus seeds are able to emerge underwater but the percentage 

is lower than for emergence in air. 

3. The polymorphic nature of germination in R. sceleratus can be related, 

to the unpredictability of its habitat. 
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Chapter 14 

Future Work and Conclusions 

"Ecological patternst about which we construct 

theories, are only interesting if they are repeated" 

(MacArthur, 1968) 

14.1 Future work 

With hindsightp it is clear that fewer topics should have been studied 

so that each topic could have been studied in greater depth. Because a 

large range of topics were investigated many of these deserve further 

research. For example, the promotion of germination in IR. sceleratus 

seeds with fluctuating temperatures could be investigated using a 

thermo-gradient bar which allows a large range of. temperature-pairs to 

be investigated at once (Grime and Thompson-j 1976; Thompson and Crime, 

1983). Also the relationship between the two Port Meadow site 

populations could be investigated further with inter-site ramet 

transplants. The following are topics with scope for future study. 

14.1.1 Novel methodology for dry weight allocation studies 

In section 2.6 a graphical technique for the measurement of dry weight. 

allocation was proposed. - However, this thesis has shed some light on 

the problems as well as benefits of the methodology. The benefits were 

discussed in section 2.6 and were mainly associated with the'removal of 
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plant size effects without the introduction of error duo to the y-axis 

intercept. Two major problems have arisen. Firstlyl with the 

R. sceleratus data the range of total dry weights was such that a 'slope 

allocation' could not be properly assessed (Chapter, 10). Secondlyl the 

lack of flowering R. repens plants in the transplant garden (Chapter 5) 

again made the 'slope allocation' difficult to measure accurately. 

These problems are probably least likely to hamper field, allocation 

studies and most likely to hamper experiments under controlled 

conditions. This may be a very useful tool in the comparative study of 

different field populations in terms of allocation pattern. Further 

research is required to see how generally the methodology can be 

applied. 

14.1.2 Classification of clonal perennial strategies 

Several authors have recognised differing clonal perennial'strategies 

and some have proposed classifications. Most of these are based on 

growth form but one is based on demography, -growth rates and allocation 

(Schmid, '1984). Hartnett and Bazzaz (1985b) used a classification based 

on "territorial" strategies similar to the "phalanx-guerilla" strategies 

proposed bý Lovett - Doust (1981a) and Harper (1981). '", The latter' is used. 

widely in the literature (e. g. Bulow-Olsen et all 1983; Dickerman and 

Wetzel, 1985; Schmid and Harper, 1985). 

A traditional-description*of clonalperennials as stoloniferous or 

rhizomatous'(e. g. 'Clapham et hl,. 1962) [or,, both' (Douglast"1981)] 

classifies according to gross morphology. Discussions of 'clonal, 

perennials often compaie these different types without reference--to the' 

morphological differences between'them (es'g- Hartnbtt and Bazzazy 
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1985b). It may be that they can'be considered as above ground and below 

ground solutions of a similar problem or that fundamental differences 

arise due the different nature of stolons and rhizomes. This could 

prove an interesting study for future work. A particularly interesting 

study would-be' the balance between allocation to stolons and rhizomes in 

plants that produced both structures (e. g. Mimulus primuloides; Douglas, 

1981). This study might shed light on functional and strategic 

differences between-the two structures. 

14.1.3 Seed ecology of R. sceleratus 

R. sceleratus plants have been shown to be very plastic in terms of mean 

seed weight (0.08-0.25mg)p height of flowering stem (5-120cm)p seed 

output/plant (30-500#000 seeds) and the number of seeds/seed head (25- 

335 seeds) (Chapters 10 to 13). These findings raise interesting 

questions about the seed ecology of this, species that would be of' 

interest for future work. 

For example; 

- the effects of seed size on germination, establishment and seed, 

output. 

- the control of the number of seed s/sedd'head which is extremely 

variable in this species. 

- the influence, of 'the height of flowering: *stem 'on seed disp&sal 'and 

seed -output. 

t �� 
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14.2 Conclusions 

14.2.1 lRanunculus repens 

One of the alms of this project was to study the tactical changes in dry 

weight allocation in relation to submergence in the perennial R. repens. 

The submegence experiments (Chapter 3) showed that there was an increase 

in dry weight allocation in the short term to underground structures in 

the submerged plants compared to the. controls, both in absolute terms 

and relative to above ground allocation, (i. e. - increased root: shoot 

ratios). - These findings are consistent with other research upon plants. 

in 'stressful' environments (Fitter and Hayp 1981) but in this case it 

did not involve an increase in allocation to subterranean storage 

organs. It is suggested that the increased emphasis on underground 

allocation. may be related to nutrient deficiency (Bradshaw et alp 1964). 

In the longer i term, experiment (Chapter 5) the tactical changes- in 

allocation-. to underground . -structures varied, with the-site -of origin of 

the plants. -The Port Meadow submerged site'plants showed an increase in 

Iroot: shoot', ratio with the submergence treatment -whereas the Port 

Meadow non-submerged site plants, showed a'. AecreýLse and the- Open, 

University, plants showed no, change. - Ihis'. result- ýsuggests that the 

three. R. repens site populations are genetically 'distinct. This'-' 

conclusion. -is' supported by other differences, in, tactical- allocation --'-.., 

pattern. - (Chapter - 5) in growth form (Chapter, 7)! ýand dry veightý. per unit, 

length of. 'stolons (Chapter 

TI 

However, despite the differences in tact. ial, allocation pattern in both 

the short term and the long term submergence experiments dry weight 

allocation to stolons was always: maintained or increased. and this: was 
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independent of site of origin (Table 14.1). This emphasis on stolon 

allocation is probably a reflection of the importance of stolons in the - 

maintenance of population growth and colonisation in this species 

(Sarukhan and Gadgill 1974). 

One of the aims of this project was to look for genetic differeniation 

between populations of R. repens growing, under %lifferent submergence 

regimes. There is considerable evidence for differentiation between the 

three populations studied but this is not nepessarily related to 

s. ubmergence. 
. 
The two Port Meadow populations have similarities in their 

patterns of tactical differences with. respect, to vegetative reproduction 

(Table 14.1). The similarity of the two populations is not suprising 

considering that it is probable that the Port Meadow non-submerged site 

plants originated from the Port Meadow submerged site plants (see 

Appendix 1). 

The Open University site plants show a very. different pattern of 

tactical differences between the submerged. and control treatments 

compared to the Port Meadow plants. (e. g. Table 
. 
14.1). A major 

distinction is the difference in stolon internode lengths between. 

submerged and control treatments (Table 7-3). As. discussed in Chapter 7 

Lovett Doust (1981a) and Harper (1981) consider these'to be important 

descriptors of clonal plant growth form.. 
. 
All three. popu 

. 
lati 

. 
ons can be 

separated on the absolute changest Put. only the Open University. site 

plants had shorter stolon internode. lengths in the submerged treatment, 

relative to the control. Thus this research has not only shown, that 

R. repens plants have considerable plasticity in growth form but also 

that this plasticity varies from population to population. 

Lovett Doust (1981a) considered that the more guerilla-like strategy 
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Table 14.1 

A review of the tactical differences in some'vegetative reproductive 
traits resulting from a submergence treatment in R. repens. Short term 
differences are over 0.3 months and long term over c. 6'months (further 
details in Chapters 3,5P 7 and 8). 

Trait 
-- 

Term Site 
--------------- ------ ------ ------------ 

Port Meadow 
-------------- 
Port Meadow 

-------------- 
Open 

---------- 
submerged non-submerged University 

-------- ------- 
Stolon ------ ------ ------------ -------------- ------ 

allocation short term n/a n/a no difference 
long term greater** greater no difference 

Total stolon 
length short term n/a n/a lesser 

long term greater no difference no difference 
Stolon inter- 
node length short term n/a n/a n/a 

long term greater greater lesser 
Dry weight/mm 
stolon length short term n/a " n/a lesser 

long term lesser lesser no difference 
Stolon: ramet 
allocation ratio short term n/a n/a lesser 

----------------- 
long 

------ 
term 
------ 

greater 
------------- 

greater 
-------------- 

no difference 
------------- 

** all differences are significant at p<0.05. 
n/a = no information available. 
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shown by the R. repens plants in a woodland was related to the increased 

probability of a plant sampling a sunfleck, that isp it increases the 

probability of a more favourable light climate. This is similar to the 

argument of Ginzo and Lovell (1973a; 1973b) for the so-called 'getting 

away' strategy of tactical differences between R. repens plants on high 

and low nitrogen levels. They suggest that the production of fewerý 

longer stolons, containing less dry weight per'cm of stolon lengthl 

would result in an increased probability of ramets being placed away 

from the unfavourable (low nitrogen) parent rosette. 

It can be argued that Ginzo and Lovell's 'getting away' strategy is 

another description of a more guerilla-like growth form strategy. This 

increases habitat surveillance and increases the probability of a 

ramet's placement in a favourable site. Hartnett and Bazzaz (1983) 

explain the production of fewer, longer rhizomes by Solidago canadensis 

ramets once severed from their parents in similar terms; that isp the 

placement of future ramets away from the unfavourable parent site. 

In contrast, however, the Open University site plants showed a more 

phalanx-like growth form in the submerged treatment than in control 

treatment in the transplant garden (Table 14.1). How can this be 

explained in the light of the previous discussion? The phalanx strategy 

is one of consolidation and slow radial spread. Perhaps this strategy 

has developed in response to the regular mowing of this site? Norris 

and Thomas (1983) have shown with Dactylis glomerata that different 

cutting regimes can result in genetic differentiation of populations. 

The changes in dry weight per unit length of stolons were interpreted as 

being part of the tgetting away' strategy but these changes raise an 

interesting question. Why do the control treatment plants invest more 
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dry weight into stolons than the submergence treatment plants? It is 

likely that there are 'costs' to the reduction in dry weight per unit 

length of stolons that balance the 'benefits'. Further research into 

the functional significance of reduced dry weight per unit length is 

required. 

Another aim of this project was to study the flowering behaviour of 

R. repens in relation to submergence. The results show that submergence 

results in both a reduction in the probability of a plant flowering and 

a reduction in number of flowers per flowering plant. These reductions 

are related to changes in the relationship between the probability of 

flowering and the number of flowers per flowering plant with total dry 

weight and ramet density in the submergence treatment plants. 

14.2.2 R. sceleratus 

The results for R. sceleratus show that this species has an 

opportunistic life history strategy (Harper', 1977) (Chapters 10 to 13). 

The demography resultso together with the work of Bakker et al (1966) 

and Salisbury (1970), show that this species can exhibit the whole 

spectrum of life history tactics from ephemeral to "biennial", depending 

on germination date. The need for this spread of germination and 

tactics was clearly demonstrated by the Port Meadow populationy which 

although showing the main tactic of winter annual, were dependent on 

summer annual plants as insurance against complete loss of the 

overwintering population. 

Salisbury (1970) considers this species to be a specialist mud 

coloniser. He suggests that the ability of "seeds" to float for long 
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0 

periodsp the reduced germination in the dark compared to in the lightp 

the involvement of alternating temperature in germinationp the very high 

seed output and its extremely plastic form to be indicative of this 

specialism. 

This study has (perhaps) revealed another part of this specialism. The 

submerged plants grown on the higher nutrient ýohn Innes No. 3 (J13) 

compost lacked the dry weight and dry weight allocation differences with 

submergence that were found with those grown in the JI1 and J12 grown 

plants (Chapter 10). This may explain the association of this species 

with habitats subject to submergence and nutrient rich conditions 

(Fitterl 1978). Further research is needed to understand more fully 

this response to nutrients and submergence. 

Although dry weight allocation differences were lost with higher 

nutrient levelsp 'floral' (e. g. height of flowering stem, number of seed 

heads) differences were not lost (Chapter 10). This can be explained in 

terms of structural changes in the flowering stemp resulting from 

submergence, that took place before the higher nutrient level affected_ 

growth. These structural changes involved (or resulted in) a reduction 

in the branching of the flowering stem and ledg because flowers tend to 

be borne terminallyt to a reduction in number of seed heads/plant. 

This plasticity of form may be another specialism for this opportunistic 

primary colonist which may experience droughty submergence and other 

extremes. For example Salisbury (1970) reports full grown individuals 

with 5cm tall flowering stems growing on river ballast. This plasticity 

in form was apparent with the variation in height of the flowering stem 

in the Port Meadow population which allowed recently germinated plants 

to produce a small quantity of seed. 
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A further level of 'floral' plasticity is the ability to alter the 

number of seeds/seed head. This allowed the submerged plants in 

experiment 4 (Chapter 10) to show less reduction in seeds/plants than 

seed heads/plant. Cook (1976) has shown that another primary colonist 

Chenopodium rubrum, also shows plasticity in the number of seeds/seed 

head. R. sceleratus plants also show considerable plasticity in 

individual seed weight but this variability appears not to be within a 

plantf population or between treatments grown at the same time but 

between different populations and treatments grown at different times. 

Further research is needed to understand this phenomenon (see section 

14.1-3). Bradshaw (1965) suggests that phenotypic plasticity in growth 

may be a critical life history trait for plant persistence in temporally 

variable habitats. 

14-2.3 Comparisons between the two Ranunculus species 

The two species show contrasting effects of seasonal submergence on 

flowering. Submergence of R. repens plants. tended to decrease the 

probability of flowering and the number of flowersy and reduce fecundity 

(Chapter 6)v whereas R. sceleratus plants show no change in the 

probability of flowering (under greenhouse conditions), some reduction 

in the number of flowers but some compensation of this by an increase in 

the number of seeds/seed head (Chapter 10). 

To compare sexual reproductive allocation on the same basis the 

R. repens results need to be converted to percentages (Table 14.2). 

Plants from all three populations show less percentage allocation to 

sexual reproductive structures with submergence. To compare this with 

R. sceleratus the allocation to receptacles needs to be added to the 
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Table 14.2 

Dry weight of floral structures as a percentage of total dry weight (%J 

mean per plant) in pot grown R. repens plants. Plants were collected 
from the three field sites i nuary 1983 and subject to a submergence 
or control treatment and then harvested in August 1983 (n= 10; 
experiment 3). 

Treatment- Site 
---------------------------------------------------- 

Port Meadow Port Meadow Open 
submerged non-submerged University 

-------------------------------------------- r ------- 

Controls 0.2510** 0-318d 0.478e 

Submergence 0.064a 0.166b 0-053a 

Pooled S. E. = 0.052. 
Anova: Site n. s.; Treatment p<0.001; Interaction p<0.025. 
** different superscript means significantly different at p<0.05 using 
pooled S. E. in t-test (see Mead and Curnow, 1983). 

Table 14.3 

The dry weight of seeds plus receptacles as a percentage of total dry 
weight in R. sceleratus plants in experiment 4 (n= 5). 

Treatment John Innes number 
----------------------------------- 

123 

------------------------------------- 
Control 30.70** 32-30 29.1b 

Submergence 26.9a 32. Oc 28.6b 

Pooled S. E. = 0.456; 
Anova: Treatment p<0.001; John Innes no. P<0.001; Interaction P<0-01- 
** different superscript means significantly different at p<0.05 using 
pooled S. E. in t-test (see Mead and Curnow, 1983). 

Table 14.4 

The dry weight of seeds plus receptacles plus flowering stems as a 
percentage of total dry weight in R. sceleratus plants in experiment 
(n= 5). 

Treatment John Innes number 
------------------------------------ 

123 
-------------- m- ------------------ Control 75.0d** 80.1e 65.5ab 

Submergence 63-ja 68.7c 66.2 bc 

Pooled S. E. = 0.966. 
Anova: Treatment p<0.001; John Innes no. P<0.001; Interaction p<0.001. 
** different superscript means significantly different at p<0.05 using 
pooled S. E. in t-test (see Mead and Curnowt 1983). 
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allocation to seeds (Table 14-3). Theoretically the dry weight 

allocation to flowering stem could also considered as sexual 

reproductive allocation (Thompson and Stewart, 1981). This iso however) 

not common practice (see Chapter 2) but some studies have included 

flowering stems in assessments of sexual reproductive allocation (Waite 

and Hutchings, 1982; Hawthorn and Cavers, 1978) (Table 14.4). Although 

submergence can result in reduced sexual reproductive allocation, for 

example, with JI1 grown R. sceleratus plants (Tables 14.3 & 14.4)f the 

reduction in not as dramatic as with the R. repens (Table 14.2). 

There is a very large difference in the comparative dry weight 

allocation to sexual reproduction allocation. The R. sceleratus, plants 

have about 30% of their dry weight devoted to sexual reproduction 

excluding allocation to flowering stem and 60-80% including allocation 

to flowering stem. This compares with an dry weight allocation to 

sexual reproduction of 0% for R. repens plants. This difference 

reflects the relative importance of sexual reproduction for survival in 

annual and perennial plants. Sarukhan and Gadgil (1973) found that the 

modelled population growth of R. repens was'not very sensitive to 

changes in sexual reproductive success but very sensitive to changes in 

ramet production, whereas failure of an annual to produce seed can 

result in population extinction (Cohen, 1966). 

The dry weight allocation to "seeds" shown by these two species is 

within the boundaries for their respective reproductive strategies 

proposed by Ogden (1968) (Figure 14.1). The comparative dry weight 

allocations to sexual reproduction also show correlations with the r-K 

theory (see section 1-3)y with the short, annual life history associated 

with high sexual reproductive allocation and the longery perennial life 

history associated with low allocation to sexual reproduction. 
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The overall aim of this project was to study the ecology of 

R., sceleratus and R. repens, in relation to seasonal submergence. This 

project has shown that submergence plays an important role in the 

ecology of both these species in habitats subjected to seasonal 

submergence. - 

278 



References 

AbrahamsonoW. G. (1975a) Reproduction of Rubus hispidus L. in different 

habitats, Am. Midl. Natt, 93,471-8. 

AbrahamsonpW. G. (1975b) Reproductive strategies in dewberriesp Ecologyt 

56t721-26. 

Abrahamson, W. G. (1979) Patterns of resource allocation in wildflowers of 

fields and wOodst Am. J. Bot-jL6j71-9- 

AbrahamsonqW. G. and Caswell, H. (1982) On the comparative allocation of 

biomassv energy and nutrients in plantsp Ecologyp63p982-91. 

AbrahamsonyW. G. and Gadgil, M. (1973) Gro. wth form and reproductive effort 

in golden-rodst Am. 
_Nat. plO79651-61. 

Abrahamson, W. G. and HersheyýB-J- (1977) Resource allocation and growth 

of Impatiens capensis (Balsminaceae) in two habitatsv Bull. TorM 

Bot. Club9104,160-4. 

AllenjE. D. and SpencevD. H. N. (1981) The differential ability of aquatic 

plants to utilize the inorganic carbon source in freshwatersy New 

Ph. ytol., 87,269-83. 

Amarasinghe, L. and Pemadasa, M. A. (1982) The ecology of a montane 

grassland in Sri Lanka IV, J. Ecol., 70,721-30. 

279 



Andel, J. van and Vera, J. (1977) Reproductive allocation in Senecio 

sylvaticus and Chamaenerion angustifolia in relation to mineral 

nutrition, L. Ecol. 65,747-58. 

Antonovics; J. (1972) Population dynamics of the grass Anthoxanthum 

odoratum on a zinc minev J. Ecol. 60P351-65. 

ArberpA. (1920) Water plants: a study Rf aquatic angiospermsp Cambridge 

University Press, Cambridge. 

Armstrong, W. (1978) Root aeration in the wetland conditiony in Plant 

life in anaerobic environments, Eds. D. D. Hook and R. M. M. Crawfordp 

Ann Arbor Science2 Michigan. 

Ashenden, T. W. 9 StewartW. S. and Williams, W. (1975) Growth responses of 

sand dune populations of Dactylis glomerata L. to different levels of , 

water stressl ! L. Ecol. p63p97. 

AstonqJ-L. and Bradshaw, A. D. (1966) Evolution in closely adjacent plant 

populations II. Agrostis stolonifera in maritime habitatsy 

Heredityg2l t649-64. 

Baker, H. (1937) Alluvial meadows: a comparative study of grazed and mown 

meadows, J. Ecol., 25,408-20. 

Baker, H. G. (1972) Seed weight in relation to environmental conditions in 

Californiap Ecology, 53,997-1010- 

BakkerýD. q Borg, S. J. ter and OtzenoD. (1966) On life forms of hapaxants 

in the Dutch floraq Wentia, 15,13-24. 

280 Z. "-. ý ": 



BarkhampJ. P. (1980) Population dynamics of the wild daffodil Iq J. 

Ecol., 68,607-33. 

Baskin)J. M. and BaskinpC. C. (1972) Influence of germination date on 

survival and seed production in a natural poulation of Leavenworthia 

stylosal Am. Midl. Nat. 9889318-23. 

Baskin, J. M. and Baskin, C. C. (1979) Studies on the autecology and 

population biology of the weedy monocarpic perennial Pastinaca, 

sativa, J. Ecol. 67,601-10. 

Bazzaz, F. A. and CarlsonpR. W. (1979) Photosynthetic contribution of 

flowers and seeds to reproductive effort of an annual colonizer, New 

Phytol. lL2,223-32. 

Bell, A. D. (1974) Rhi . zome organisation in relation to vegetative spread 

in Medeola virginianap J. Arnold Arboretum, 55 v 458-68. 

Bell, A-D. (1976) Computerised vegetative mobility in rhizomatous plantsv 

In Automata, languages and development, Eds. A. Lindemayer and G. 

Rosenbergp North Hollandq Amsterdam. 

BellyA. D. (1979) The hexagonal branching pattern of Aplinia speciosa L. 

(Zingiberaceae)o Ann. Bot. p43,209-23. 

BelljA. D. v Roberts, D. and Smith, A. (1979) Branching patterns: the 

simulation of plant architechture, J. Theo. Biol-281051-75- 

BellIA. D. and TomlinsonpP. B. (1980) Adaptive architecture in rhizomatous 

plants, Bot. J. Linn. Soo. 80,125-60. 

281 



BostockOS. J. and Benton, R. A. (1979) The reproductive strategies of five 

perennial compositae, -J. Ecol. 67P91-107. 

Bradbury, I. K. and Hofstra, G. (1976) The partitioning of net energy 

resources in two populations of Solidago canadensis during a single 

development cycle in South Ontario, Can. J. Bot. l54p2449-2456. 

BradshawyA. D. (1965) Evolutionary significance of phenotypic plasticity 

in plants, Adv. Genet. 913,115-55. 

Bradshaw, A. D. 9 Chadwick, M. J. l Jowett, D. and SnaydonjR. W. (1964) 

Experimental investigations into the mineral nutrition of several 

grass species, J. Ecol. 152p665-76. 

BrockgM. A. (1983) Reproductive allocation in annual and perennial 

species of the submerged aquatic halophyte Ruppiap J. Ecol-p719811-8. 

Bulow-Olsen, A. 9 Sackville HamiltonlN. R. and liutchingspM. J. (1984) A 

study of growth form in genets of Trifolium repens L. as affected by 

intra- and interplant contacts, Oecologia, 61,383-7. 

BurdonvJ. J. (1980) Intra-specific diversity in a natural population of 

Trifolium repens, J. Ecol. 68,717-36. 

BurdonvJ. J., Marshall D. R. and Brown, A-H. D. (1983) Demographic and 

genetic changes in populations of Echium plantagineump J. Eco 

71,667-80. 

282 



CallaghanpT. V. (1974) Intraspecific variation in Phleum alpinum, L. with 

specific reference to polar populations, Artie and Alpine Res-969361- 

401. 

CampbellýR. C. (1974) Statistics for biologists Und edition)p Cambridge 

University Press, Cambridge. 

ChapinjF. S. 111 (1980) The mineral nutrition of wild plants, An. Rey. 

Ecol. Sys. I. L1,233-60. 

ChapinvF. S. III and Chapin, M. C. (1981) Ecotypic differentiation of 

growth processes in Carex, aquatilis along latitudinal and local 

gradientsy Ecology, 62,1000-1009. 

ClaphampA. R. p Tutin, T. G. and WarburgoE. F. (1962) Flora of the British 

Isles, Cambridge University Pressv Cambridge. 

Clapham, A. R., TutinsT. G. and Warburg, E. F. (1981) Excursion Flora of the 

British Isles Und edition), Cambridge UniversitY Pressy Cambridge. 

Clausen, J., KeckjD. D. and Heisey, W. M. (1940) Experimental studies on the 

nature of species Iv Carnegie Institute Washington Publication, 520. 

Clausen, J., KeckýD. D. and HeiseypW. M. (1948) Experimental studies on the 

nature of species My Carnegie Institute Washington Publication#ý81. 

Clegg, L. (1978) The morphology of clonal growth and its relevance to the 

population dynamics of perennial, plantsq Ph. D. thesist University of 

Wales. 

283 



Clemens, J., KirkjA. and Mills, P. D. (1978) The resistance to waterlogging 

of three Eucalyptus speciest Oecologia9349125-31. 

ClementslF. E. (1920) Plant indicators, Carnegie Institutep Washington. 

Cody, M. L. (1966) A general theory of clutch sizey EvolutionvLOp174-84- 

CohenqD. (1966) Optimising reproduction in a randomly varying 

environment, J. Theo. Biol., 12,119-29. 

ColesyS. M. (1977) Ranunculus repens L. in Europe, Watsonia9ll9353-66. 

Cook, R. E. (1976) Photoperiod and the determination of potential seed 

n=ber in Chenopodium rubrum, Ann. Bot-1400985-99. 

Cook, R. E. (1980) Germination and size-dependent mortalitY in Viola 

blanda, Oecologia, 47,115-17. 

CooksonvC. and Osborne, D. J. (1978) The stimulation of cell extension by 

ethylene and auxin in aquatic plantsl Planta, 144o39-47. 

CrawfordpR. M. M. (1978) Metabolic adaptations to anoxia, in Plant life in 

anaerobic environmentsp Eds. D. D. Hook and R. M. M. Crawfordy Ann Arbor 

Science, Michigan. 

CrawfordoR. M. M. (1982) Physiological responses to floodingv in 

Encyclopedia of plant physiology Inew series) vol. 12B. Physiological 

plant ecology II: water relations and carbon assimilationt Eds. O. L. 

Langep P. S. Nobel, C. B. Osmond and H. Zieglerg Springer-Verlag, 

Berlin. 

284 



Dacey, J. W. H. (1981) Pressurized ventilation in the yellow waterlily, 

Ecology, 62,1137-47. 

DarlingtonvA. and Brown, A. L. (1975) One approach to ecologyp Longman, 

London. 

Deevey, E. S. (1947) Life tables for natural poýulations of animals, 

Quart. Rev. Biol., 22,283-314. 

DickermanqJ. A. and WetzelpR. G. (1985) Clonal growth in Typha latifolia: 

population dynamics and demography of the rametso ! L. Ecol. 73,535-52. 

Douglas, D. A. (1981) The balance between vegetative and sexual 

reproduction of Mimulus primuloides (ScroPhulariaceae) at different 

altitudes in Californiap J. Ecol., 6gp295-310. 

DrewpM. C. 2 Jackson, M. B. and Gifford, S.., (1979) Ethylene-promoted 

adventitious rooting and development of cortical air spaces 

(aerenchyma) may be adaptive responses to flooding in zea mays (L. ), 

Planta, 147,83-8. 

DrewpM. C. t Chamel, A., GarrecfJ. and FourcypA. (1980) Cortical air spaces 

(aerenchyma) in roots of corn subjected to oxygen stressy Plant 

Physiol. 659506-11. 

Etherington, J. R. (1975) Environment and pla ecologyp John Wiley and 

Sonsq London. 

Etherington, J. R. (1983) Wetland ecology, Studies in 13iology no. 154P 

Institute of Biologyp Edward Arnold, London. 

285 



FitteryA. (1978) An atlas of the wild flowers of Britain and Northern 

Europel Collinst London. 

FitterpR. t FitterIA. and Blamey, M. (1974) The wild flowers of Britain 

and Northern Europe, Collins, London. 

I 
FittergA. H. and Hay, R. K. M. (1981) Environmental physiology Rf plants, 

Academic Pressp London. 

Funke, G. L. and Bartels, P. M. (1937) Observations on the growth of water 

plants, Biol. Jaarb. 4,316-44. 

CadgilvM. and Solbrig, O. T. (1972) The concept of r and K selection: the 

evidence from wild flowers and some theoretical considerations, Am. 

Nat., 106,14-31. 

GainesqM. S., VogtpK., HamrickjJ. and Caldwbll, J. (1974) Reproductive 

strategies and growth patterns in sunflowersp jm. Nat., 2ou. 889-94. 

Gambrell, R. P. and Patrick, W. H. Jr. (1978) Chemical and microbiological 

properties of anaerobic soils and sedimentsp in Plant life in 

anaerobic environments, Eds. D. D. Hook and R. M. M. Crawfordp Ann Arbor 

Sciencep Michigan. 

GassnerjG. (1915) Uber die keimungsauslosende wirkung der stickstoff- 

salze auf lichtempfindliche sameng Jahrb. r. wiss. BotanikpL59259- 

342. 

Gessner, F. (1959) Hydrobotanik 119 stoffhansaltt VEB Deutscher Verlag 

der Wissenschafteng Berlin. 

286 



Ghiselin, M. T. (1974) The economy 2f nature and the evolution of sexq 

University of California Press) Berkeley. 

GilljC-J- (1970) The flooding tolerance of woody species -a reviewp 

For. Ab6tr. 931,671-88. 

GilljC. J. (1975) The ecological significance df adventitious rooting as 

a response to flooding in woody species, with special reference to 

Alnus glutinosa (L. ) Gaertnj Floral 164,85-97. 

GinzopH. D. and Lovell, P. H. (1973a) Aspects of the comparative PhYsiologY 

of Ranunculus species I, Ann. Bot. l37,753-64. 

Ginzo, H. D. and LovellpP. H. (1973b) Aspects of the comparative physiology 

of Ranunculus species II, Ann. Bot., 37,765-76. 

Green, M. S. and EtheringtonpJ. R. (1977) Oxidatiqn of ferrous iron by rice 

(Oryza sativa L. ) roots: a mechanism for waterlogging tolerance? J. 

Exp. Ilot., 28,678-90. 

GrimepJ. P. (1979) Plant strategies and vegetation processest John Wiley 

and Sons, Chichester. 

GrimepJ. P. and HuntjR. (1975) Relative growth rate: its range and 

adaptive significance in a local floral J. Eco_ 63,393-422. 

Grime, J. P., Mason, G., CurtisjA-V-v RodmanpJ-, BandvS. R., Mowforth, 

M. A. G., Neal, A. M. and ShawlS. (1981) A comparative study of 

germination characteristics in a local florav J. Ecol. 69y1017-60. 

287 f 



GrimejJ. P. and ThompsonqK. (1976) An apparatus for measurement of the 

effect of amplitude of temperature fluctuation upon the germination 

of seeds, Ann. Bot. 40,795-99. 

Haldemann, C. and BrandlejR. (1983) Avoidence of oxygen deficit stress 

and release of oxygen by stalked rhizomes of Schoenoplectus 

lacustrisp PhXsiol. Veg., 21009-13- 

HallepF. p OldemanjR. A. A. and TomlinsonpP. B. (1978) Tropical trees and 

forests: an architectural analysisp Springerl Berlin. 

Harper, J. L. (1957) Biological flora of the British Isles. Ranunculus 

acris L., Ranunculus repens L., Ranunculus bulbosus L., L. Ecol. 

L5p289-342. 

HarperpJ. L. (1965) Establishment, aggression and cohabitation in weedy 

species, in The genetics of colonising species, Ed. H. G. Baker and 

G. L. Stebbinsp Academic Pressl New York. 

Harper, J. L. (1967) A Darwinian approach to plant ecologyp ! L. Ecol. 

559242-70. 

HarperpJ. L. (1977) Population biology of plantsy Academic Pressp London. 

HarperyJ. L. (1981) The concept of population in modular organisms, in 

Theoretical Ecologyp Ed. R. M. May, Blackwell, oxford. 

HarpervJ. L. (1982) After Description, in The plant community as 

working mechanismg Ed. E. I. Newmanv Blackwell Scientific 

Publications, Oxford. 

288 



Harper, J. L. and Bell, A. D. (1979) The population dynamics of growth form 

in organisms of modular construction, in Population dynamicsp Eds. 

R. M. Anderson, B. D. Turner and L. R. Taylorp Blackwellp Oxford. 

HarperpJ. L. and Ogden, J. (1970) The reproductive strategy of higher 

plants I) J. Ecol. 58,681-98. 

HarrisýW. (1970) Yield and habit of New Zealand populations of Rumex 

acetosella at three altitudesp N. Z. J. Bot-p8,114-31- 

HartnettpD. C. and BazzazvF. A. (1983) Physiological integration among 

intra-clonal ramets in Solidago canadensis L., EcologYt64j779-88- 

Hartnett, D. C. and BazzazpF. A. (1985a) The genet and ramet population 

dynamics of Solidago canadensis in an abandoned field, J. Ecol. 73p 

407-414. 

Hartnett, D. C. and BazzazpF. A. (1985b) The integration of neighbourhood 

effects by clonal genets of Solidago danadensis, : 1. Ecol. 73015- 

428. 

HartnettqD. C. and Bazzaz, F. A. (1985c) The regulation of leafo ramet and 

genet densities in experimental populations of the rhizomatous 

perennial Solidago canadensisp J. Ecol 73,429-444. 

HaslampS. M. (1972) The Reedt Norfolk Reed Growers Associationp Norwich. 

HawthornpW. and CaversqP. B. (1976) Population dynamics of the perennial 

herbs Plantago major L. and Plantago rugelii Decneq ! L. Ecoltp64v5ll- 

27. 

289 



Heslop-Harrison, J. (1964) Forty years of genecology, Ady. Ecol. Res-9 

2,159-247. 

Hickman, J. C. (1975) Environmental unpredictability and plastic energy 

allocation strategies in the annual Polygonum cascadense 

(Polygonaceae), J. Ecol., 63,689-701. 

Hickman, J. C. (1977) Energy allocation and niche differentiation in four 

coexisting annual species of Polygonum in western North America, 

J. Ecol. 965317-26. 

HickmanjJ. C. and Pitelka, L. F. (1975) Dry weight indicates energy 

allocation in ecological strategy analysis of plantsy Oecologiap 

219117-21. 

Hiroij. and Monsi, M. (1966) Dry matter economy of Helianthus annuus 

communities grown at varying densities and light int. ensities, J. Fac. 

Sci. Tokyo Univ., III-9p241-85. 

Holler, and Abrahamson, W. G. (1977) Seed and vegetative reproduction in 

relation to density in Fragariap Am. J. Bot-164,1003-7 

Hook, D. D., Brown, C. L. and KoramnikvP. P. (1971) Inductive flood tolerance 

in swamp tupelo (Nyssa sylvatica var. biflora (Walt. ) Sarg. ), L. ExP- 

Bot.. 22t78-89. 

HookpD. D. and ScholtenslJ. R. (1978) Adaptations and flood tolerance in 

tree speciesv in Plant life in anaerobic enviroments, Eds. D. D. Hook 

and R. M. M. Crawford, Ann Arbor Sciencep Michigan. 

290 



HubbardpC. E. (1984) Grasses Ord edition), Penguin Books, Middlesex, 

England. 

Hunt, R. (1984) Relative growth rates of cohorts of ramets cloned from a 

single genet, J. Ecol., 72,299-306. 

Hutchings, M. J. (1979) Weight density relations hips in ramet populations 

of clonal perennial herbs, with special reference to the -3/2 power 

law, J. Ecol- 67,21-33. 

Istock, C. A. (1984) Boundaries to life history variation and evolutionp 

in A new ecology: novel approaches to interactive systems, Eds. P. W. 

Price, C. N. Slobodchikoff and W. S. Gaud, John Wiley and Sons, New 

York. 

JacksonlM. B., Herman, B. and GoodenoughvA. (1982) An examination of the 

importance of ethanol in causing injury to flooded plantsp Plant, 

Cell and Environment v 51163-72. 

Jefferies, R. L. p Davey, A. J. and Rudmik, T. (1981) Population biologY Of 

the salt marsh annual Salicornia europaea agg., L. Ecol-IL9,17-31. 

Johnson, M. P. and CookS. A. (1968) 'Clutch size' in buttercups, A-m- 

Nat., 102,405-11. 

Kawano, S. and MiyakeyS. (1983) The productive and reproductive biology 

of flowering plants X, Oecologiay57,6-13. 

KawanolS. and NagaiyY. (1975) The productive and reproductive biology of 

flowering plants It Rot. Mag. Tokyop88ý281-318- 

291 



KaysjS. and Harperp J. L. (1974) The regulation of plant and tiller 

density in a grass sward, JqEcol. j%97-105- 

Keble MartinjW. (1976) The concise British flora in colour, Ebury Press 

and Michael Joseph, London. 

KeddyvP. A. (1982) Population ecology on an environmental gradient: 

Cakile edentula on a sand dune, oecologiap52p348-55. 

Keeley, J. E. (1979) Population differentiation along a flood frequency 

gradient: physiological adaptations to flooding in Nyssa sylvaticap 

Ecol. Monogr., 49,89-108. 

KeeleyjJ. E- (1983) Crassulacean acid metabolism in the seasonallY 

submerged aquatic Isoetes howellii, OecologiaPL8,57-62. 

KellypD. (1985) On strict and facultative biennialsp OecologiatL7,292-7. 

Kingsbury, R. W., RadlowpA. p Mudie, P. Jp Rutherfordli. and RadlowpR. 

(1976) Salt stress responses in Lasthenia glabrata, a winter annual 

composite endemic to saline soils, Can. J. Bot-954tl377-85. 

KlemowoK. M. and Raynal, D. J. (1983) Population biology of an annual plant 

in a temporally variable habitat, J. Ecol-ILit691-704. 

Koller, D. (1955) The regulation of germination in seeds, Bull. Res. 

Coun. Israel 5D, 85-108. 

KozlowskilT. T. (1984a) Plant responses to flooding of sOilv 

BioScience, 24,162-7. 

292 



Kozlowski, T. T. (1984b) Extentj causesy and impacts of floodingg in 

Flooding and plant growthp Ed. T. T. Kozlowskip Academic Pressp New 

York. 

LarchervW. -(1980) Physiological plant ecologYp Springer-Verlag, Berlin. 

Law, R. p Bradshaw, A. D. and PutwainoP. D. (1977) Life history variation in 

Poa annuag Evolution 9 319 233-46. 

LehmanngE. (1911) Temperatur und temperaturwechsel in ihrer wirkung auf 

die kiemung lichtemfindlicher sameng Ber. ±. Deutsch. Bot. Ges. 9 

29,584. 

Leverich, W. J. and Levin, D. A. (1979) Age specific survivorship and 

reproduction in Phlox drummondiiq Am. Nat. 9113v881-903- 

Levitt, J. (1975) Responses of plants to environmental stressy 

Academic Pressl New York. 

Longman Dictionary of Lhe English Language (1984) Longman, Halow, Essex. 

Lovett Doust, J. (1980) Experimental manipulation of patterns of resource 

allocation in the growth cycle and reproduction of Smyrnium olusatrum 

L., Biol. J. Linn. Soc. j131155-66. 

Lovett DoustpL. (1981a) Population dynamics and local specialization in 

a clonal perennial (Ranunculus repens) Iv 1. Ecol-969p743-56. 

Lovett Doust, L. (1981b) Population dynamics and local specialization in 

a clonal perennial (Ranunculus repens) IIý ! Z. Ecol-tL99757-68. 

293 



1. 

Lovett Doust, L. (1981c) Intraclonal variation and competition in 

Ranunculus repens, New EhyLol. 1890495-502. 

Maberly, S. C. and SpencelD. H. N. (1983) Photosynthetic inorganic carbon 

use by fresh water plantsp J. Ecol., 7lt705-24. 

MacArthur, R. H. (1968) The theory of nichev in 4 Pop lation biology and 

evolutiong Ed. R. C. Lewontinp Syracuse University Pressp New York. 

MacArthur, R. H. and WilsonjE. O. (1967) The theory of island biogeographyy 

Princetown University Pressp Princetownp New Jersey. 

Mack, R. N. (1976) Survivorship of Cerastium atrovirens at Aberffraw 

Anglesey, 1. Ecol. p64009-12. 

MacktR. N. and Pyke, D. A. (1983) The demography of Bromus tectorum: 

variation in time and spacep J. Ecol. 71,69-93. 

Maillette, L. (1982a) Structural dynamics of silver birch It 

Ecol., 19,203-18. 

Maillette, L. (1982b) Structural dynamics of silver birch Mo L. Appl. 

Ecol., 19,219-38. 

MalonelM. and Ridgej. (1983) Ethylene-induced growth and proton 

excretion in the aquatic plant Nymphoides pelta 9 Plantavl57971-3. 

MarksyM. K. and PrincevS. D. (1981) Influence of germination date on 

survival and fecundity in wild lettuce, oikosvl6p326-30. 

294 



s 

Matthews, C. P. and Westlake, D. F. (1969) Estimation of production by 

populations of higher plants subject to high mortalityp Oikosy. ZOp156- 

6o. 

Mayer, A. M. 'and Poljakoff-MaybergA. (1975) The germination of seedsp 

Pergamon Press, Oxford. 

McGraw, J. B. and Antonovics, J. (1983) ExPerimental ecology of Dryas 

octopetala ecotypes I. Ecotypic differentiation and life-cycle stages 

of selection, ! L. Ecol. 71,879-97. 

McIntyreqG. I. (1965) Some effects of the nitrogen supply on the growth 

and developement of Agropyron repens L. Beauv-j Weed Res..,. ý91-12. 

McMillanjC. (1959) The role of ecotypic variation in the distribution of 

the central -grassland of North Americaq Ecol. Monogr. 290285-308. 

MeNaughtontS. J. (1966) Ecotypic function in the Typha, community-typey 

Ecol. Monogr. 36,297-325. 

MeNaughton, S. J. (1975) r and K selection in Typhap Am. Nat. 91099251-61. 

McNeilly, T. (1981) Ecotypic differentiation in Poa annua: 

interpopulation differences in response to competition and cutting, 

New Phytol. 88,539-47. 

MeadjR. and Curnow, R. N. (1983) Statistical methods in agriculture and 

experimental biologYp Chapman and Hallp London. 

295 . V, -, 



Misra, S. B. and Dixit, S. N. (1980) Antifungal principle of Ranunculus 

sceleratus, Econ. Bot-04,362-7. 

MonaghanvP. (1982) The breeding ecology of urban nesting gulls, in Urban 

ecologyP Eds. R. Bornkamm, J. A. Lee and M. R. D. Seaward, Blackwellp 

Oxford. 

Mooney, H. A. and Billings, W. D. (1961) Comparative physiological ecology 

of arctic-alpine populations of Oxyria digynat Ecol. Monogr., 3111-29. 

p 
MorinagavT. (1926a) Germination of seeds underwaterp Am. J. Bot. 9139126- 

4o. 

Morinaga, T. (1926b) Effect of alternating temperatures on the germination 

of seeds, Am. J. Bot., 13,141-58. 

MorinagaT. (1926c) The favorable effect of reduced oxygen supply upon 

the germination of certain seedsp Am. J. Bot. pl3,159-166. 

Musgrave, A. p Jackson, M. B. and LinglE. (1972) Callitriche stem elongation 

is controlled by ethylene and gibberellinp Nature (New Biol. )PL38p93- 

6. 

Musgrave, A. and WaltersjJ. (1974) Ethylene and bouyancy control rachis 

elongation of the semi-aquatic fern Regnellidium diphyllump 

Planta, 121951-6. 

NorrispI. B. and ThomaspH. (1982) The effect of droughting on varieties 

and ecotypes of Loliump Dactylis and Festuca, j. Appl. Ecol 19,881- 
.- -a-&- 

go. 

296 



Ogden, J. (1968) studies on reproductive strategy with particular 

reference to selected compositesp Ph. D. thesis, University of Wales. 

OgdenjJ. (1974) The reproductive strategies of higher plants IIf J. 

Ecol., %291-324. 

Pearl, R. and Miner, J. R. (1935) Experimental seudies on the duration of 

life XIVp Quart. Rev. Biol. plo, 60-79. 

Pemadasa, M. A. (1976) Interference in populations of three weed speciesv 

! L. Appl. Ecol. 13,899-913. 

PiankajE. R. (1970) r and K selection, Am. Nat. 9104p592-97- 

Pitelka, L. F. (1984) Application of the -3/2 power law to clonal herbsq 

A2. Nat., 123,442-49. 

PitelkaqL. F. ý Hansen2S. B. and Ashmun2J. W. (1985) population biologY 

of Clintonia borealis I. Ramet, and patch dynamicst L. Ecol. 73069- 

183. 

QuinnpJ. A. (1978) Plant ecotypes: ecological or evolutionary units? p 

Bull. Torr. Bot., 105158-64. 

Raven, J. A. (1970) Exogenous inorganic carbon sources in plant 

photosynthesisp Biol. Rev., 45,167-221. 

Raynal, D. J. (1979) Population ecology of Hieracium florentinum 

(Compositae) in a central New York limestone quarryp ! L- APPI- 

Ecol., 16,287-98. 

297 



RaynalpD. J. and Bazzaz, F. A. (1975) Interference of winter annuals with 

Ambrosia artemisiifolial Ecologyt56,35-49. 

RegehrlD. F. and Bazzaz, F. A. (1979) The population dynamics of Erigeron 

canadensisp a sucessional winter annualf J. Ecol 67,923-33. 

Reinartz, J. A. (1984a) Life history variation of the common mullein 

(Verbascum thapsus) Ip J. Ecol. 72,897-912. 

ReinartzfJ. A. (1984b) Life history variation of the common mullein 

(Verbascum thapsus) II, J. Ecol. 72,913-26. 

Reinartz, J. A. (1984c) Life history variation of the common mullein 

(Verbascum thapsus) IIIp J. Ecol. 72,927-36. 

RidgepI. (unpublished) The range of elongation responses and the role of 

ethylene during submergence of shootsl Biology Departmentq Open 

Universityq Milton Keynes. 

Ridgej. (1985) Ethylene and petiole development in amphibious plants, 

in Ethylene and plant developmenty Eds. G. Tucker and J. Robertsy 

Butterworthst London. 

RidgetI. and Amarasinghej. (1984) Ethylene and growth control in the 

fringed waterlily (Nymphoides peltata): Stimulation of cell division 

and interaction with bouyant tension in petioles, Plant Growth 

Regulation92l235-49. 

298 



RochowIT. F. (1970) Ecological investigations of Thlaspi alpestre 

along an elevational gradient in the central Rocky Mountainss 

Ecology, 51f649-56. 

Salisbury, E. J. (1942) The reproductive capacity 2f plants, Bellp London. 

SalisburylE. J. (1970) The pioneer vegetation of exposed mud, Phil. 

Trans. R.. Soc. B, 259,207-35. 

Salisbury, E. J. (1974) Seed mass in relation to environmentp Proceedings 

of the Royal Society of London Series B9186t83-8. 

SamarakoonqA. B. and Horton, R. F. (1981) Flowering and stem growth in the 

celery-leaved buttercup Ranunculus sceleratus L-i Can- J- BOt-9 

59,1386-92 

SandersonlP. L. and Armstrong, W. (1980) The responses of conifers to some 

of the adverse factors associated with waterlogged soils, New 

Phytol., 85,351-62. 

Sarukhan, J. (1970) A study of the population dynamics of three 

Ranunculus species, in Proceedings of the 10th British weed control 

conference, Ed. H. Martinv British Crop Protection Councilo London. 

Sarukhan, J. (1971) Studies on plant demographyp Ph. D. thesis, University 

of Wales 

Sarukhan, J. (1974) Studies on plant demography: Ranunculus repens L. ) 

R. bulbosus L. and R. acris L. III L. Ecol. 62pl5l-77. 

299 



SarukhanpJ. (1976) On the selective pressures and energy allocation in 

populations of Ranunculus repens L., bulbosus L., and R. acris L-p 

Annals of Missouri Botanical Gardens t639290-308. 

Sarukhan, J. -and Gadgil, M. (1974) Studies on plant demography: Ranunculus 

repens L., R. bulbosus L. and R. acris L- IIIi J. Ecol. pL29921-63- 

Sarukhan, J. and HarperjJ. L. (1973) Studies on plant demography: 

Ranunculus repens L-p L. bulbosus L. and R. acris'L. I, J. Ecol- 

61,675-716. 

Schmid, B. (1984) Life histories in clonal plants of the Carex flava 

groupy ! L. Ecol. 972,93-114. 

Schmid, B. and HarperyJ. L. (1985) Clonal growth in grassland perennials 

Il J. Ecol., 73,793-808. 

SculthorpepC. D. (1967) The biology 2f aquatic vascular plantsp Edward 

Arnold, London. 

SharitzjR. R. and McCormickpJ. F. (1973) Population dynamics of two 

competing annual specieso EcologXt54,723-4o. 

Sifton, H. B. (1959) The germination and occurrence of light-sensitive 

seed of Typha latifoliap Can. J. Bot-937P719-39- 

SilvertownpJ. W. (1981) Seed size, life span and germination date as 

coadapted features of plant life historyp Lm. Nat. p]181860-4. 

300 



Silvertown, J. W. (1982) Introduction to plant population ecologyp 

Longmang London. 

Silvertown, J. W. (1984) Death of the elusive bienniall Nature, 3109271. 

SmithIA. M. and ReespT. ap (1979) Pathways of carbohydrate fermentation 

in the roots of marsh plants, Planta, 146P327-34. 

Smith, C. C. (1972) The distribution of energy into sexual and asexual 

reproduction in wild strawberry, Proc. 3rd Midwest Praire Conf. 

Sept. 1972, Kansas State University, Manhattan. 

Snell, T. W. and BurchD. G. (1975) The effects of densitY on resource 
I 

partitioning in Chamaesyce, hirta (Euphorbiaceae), Ecology, L6P742-6. 

Soanej. and WatkinsonfA. R. (1979) Clonal variation in populations of 

Ranunculus repens, New Phytol. 821557-73- 

Solbrig, O. T. and Simpson, B. B. (1974) Components of regulation of a 

population of dandelions in Michigany J. Ecol. 62,473-86. 

SolbrigjO. T. and SimpsonpB. B. (1977) A garden experiment on competition 

between biotypes of the common dandelion (Taraxacum officinale)v J. 

Ecol. 965,427-30. 

Southwood T. R. E. (1981) Bionomic strategies and population parameters, 

in Theoretical Ecologyp Ed. R. M. Mayp Blackwellp oxford. 

Spence, D. H. N. (1982) The zonation of plants in freshwater lakesp Adv. 

EcOl. Res., 12,37-125. 

301 



41 

StearnsyS. C. (1976) Life history tactics: A review of ideasp Quarterly 

Review of Biology, 51,3-47. 

StearnspS. C. (1977) The evolution of life history traitsp An. Rev. Ecol. 

Sys., 8,145-71. 

a SteenjE. (1984) Root and shoot growth of Atriplex litoralis in relation 

to nitrogen supply, Oikos, 42P74-81. 

StevensonpR. D. (1985) Body size and limits to the daily range of body 

temperature in terrestrial ectothermst Am. Nat, 125pl02-17. 

Stiles, W. (1950) An Introduction to the principles of plant physiology, 

Methuen, London. 

SymonidesvE. * (1977)' Mortality of seedlings of natural psammophyte 

populations, Ekol. Pol. 25,635-51. 

ThomaspA. G. and DalefH. M. (1974) The role of seed reproduction in the 

dynamics of established populations of Hieracium vilosella and a 

comparison with that of vegetative reproductiont Can. J. B2t-jý3v 

3022-31. 

Thompson, K. and Grime, J. P. (1979) Seasonal variation in herbaceous seed 

banks, J. Ecol-P67j893-921. 

Thompson, K. and Grime, J. P. (1983) A comparative study of germination 

responses to diurnally-fluctuating temperaturesp ! L. Appl. 
_ 

Ecol. 200 

141-156. 

302 



ThompsonpK. p GrimepJ. P. and Mason, G. (1977) Seed germination in response 

to diurnal fluctuations of temperaturep Nature f267 9147-9. 

ThompsonfK. and Stewart, A. J. A. (1981) The measurement and meaning of 

reproductive effort in plants, Am. Nat. v1170205-11. 

ThompsonfP. A. (1975) Characterization of the germination responses of 

Silene dioica (L. ) Clairv. populations from Europe, Ann. Bot-939ol- 

19. 

Thompson, P. A. and Cox, S. A. (1978) Germination of the bluebellp Ann. 

Bot-v42j5l-62. 

ToornIJ. van der (1980) On the ecology of Cotula coronopifolia L. and 

Ranuneulus seeleratus L. I, Acta. Bot. Neerl. 299385-96. 

ToornjJ. van der and HoveiH. J. ten (1976) Germination experiments with 

Cotula coronopifolia L. and Ranunculus sceleratus L. v Verh. Kon. Ned. 

Akad. Wetensch. Afd. Natuurk. 2e Reeks P 679126-130. 

ToornqJ. van der and HovejH-J- ten (1982) On the ecologY Of Cotula 

coronopifolia L. and Ranunculus sceleratus L. II, Acta. oecologiea 

Oecol. Plant. 31409-18. 

Turesson, G. (1922) The genotypical response of the plant species to the 

habitat, Hereditas93p2ll-350. 

Turkington, R. (1979) Neighbourhood' relationships in grass-legume 

communities IV, Can. J. Bot. 157,2711-6. 

303 



TurkingtonOR. (1983) Leaf and flower demography of Trifolium revens, Now 

PhYtol., 93,599-616. 

TurkingtonjR. and HarperlJ. L. (1979) The growth, distribution and 

neighbourhood relationships in a permanent pasture It J. Ecol. 67t 

201-18. 

VallancevK. B. and Coult, D. A. (1958) Observations on the gaseous 

exchanges which take place between Menyanthes trifoliata L. and its 

environment Il J. Exp. Bot., 11,212-22. 

Waite, S. and Hutchings, M. J. (1982) Plastic energy allocation patterns in 

Plantago coronopus, Oikos9389333-42. 

Wample, R. L. and ReidD. M. (1978) Control of adventitious root production 

and hypocotyl hypertrophy of sunflower (Helianthus annuus) in 

response to floodingg Physiol. Plant. 44j351-8. 

Wareing, P. F. and Phillips, I. D. J. (1981) Growth and differentiation in 

plants, Pergamon Pressp Oxford. 

Watkinson, A. R. (1978a) The demography of of a sand dune annual Vulpia, 

fasiculata IIf L. Ecol. 66,35-44. 

Watkinson, A. R. (1978b) The demography of of a sand dune annual Vulpia 

fasiculata IIIv J. Ecol., 66,483-98. 

WatkinsongA. R. and Harper, J. L. (1978) The demography of a sand dune 

annual, Vulpia fasiculata Iq L. Ecol 6605-33. 

304 



WatsonpM. A. (1984) Developmental constraints: errect on population 

growth and patterns of resource allocation in a clonal planty Am. 

Nat., 123,411-26. 

WellerqM. W. (1975) Studies of cattail in relation to management for 

marsh wildlife, Iowa State J. Res., 49,383. 

Wenkert, W. 9 FauseyjN. R. and Walters, H. D. (1981) Flooding response in Zea 

mays, Plant and Soil, 62,351-66. 

Werner. P. A. (1975) Prediction of fate from rosette size in teaselp 

Oecologia, 20p197-201. 

WhiteýJ. (1980) Demographic factors in populations of plantsp In 

Demography and evolution of plant populations, Ed. O. T. Solbrig, 

Blackwell, Oxford. 

Whitehead, F. H. (1971) Comparative autecology as a guide to plant 

distributiony in The scientific management of animal and plant 

communities for conservationp Eds. E. Duffey and A. S. Watty 

Blackwellq Oxford. 

Wilbur, H. M. (1976) Life history evolution in seven milkweeds of the 

genus Asclepiasq IL. Ecol. p642223-40. 

WilliamsIG. C. (1975) Sex and evolutiony Princetown University Press, 

Princetown, New Jersey. 

Williams, O. B. (1970) Population dynamics of two perennial grasses in 

Australian semi-arid grasslandp L. Ecol. 58,869-75- 

305 



WilliamspW. T. and BarberD. A. (1961) The functional significance of 

aerenchyma in plants, Symp. Soc. Exp. Biol. 15,132-44. 

Wu, L. and AntonovicsJ. (1975) Experimental ecological genetics in 

Plantago Iq New Phytol. 75p277-82. 

YodaqK. j KiraT., Ogawa, H. and HozumiK. (196i) Self-thinning in 

overcrowded pure stands under cultivated and natural conditionsy J. 

Biol. Osaka City Univ. 14,107-29. 

306 



Appendix 1 

Ranunculus repens Study Sites 

"The communities in which R. repens plays an 

important part are .. disturbed soils .. grassland 

semi-aquatic communities .. and open patches .. in 

woodlands. " 

(Harpery 1957: 316) 

AM Introduction 

The three R., repens populations studied in Chapters 3 to 9 are from 

three different sites. Two of these sites are on Port Meadow, Oxford. 

The third is on the Open University campus at Milton Keynes. The 

following is a general description of the vegetation and environment at 

the three sites. 

A1.2 Port Meadow Submerged Site 

This site (Figure A1.1) is regularly submerged during winter and spring. 

This has taken place for many, probably hundreds ofy years (Alison 

MacDonald, pers. comm; Baker, 1937; Harper, 1977). The vegetation is 

composed of a mixture of damp ground and semi-aquatic plants including: 

Agrostis stolonifera (d) (Cover of vegetation given on the DAFOR scale, 

i. e., d= dominant; a= abundant; f= frequent; o= occasional; r= 

rare; and 1= locally)v Ranunculus flammula (a), Api nodiflorum My 
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I 

Figute A1.1 

Plan of the Oxford area showing Port Meadow. The 
R. repens and R. sceleratus study sites are marked. 
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Trifolium fragiferum (la), Myosotis scorpioides (f)p Rumex conglomeratus 

(la)p Glyceria fluitans (f)p Ranunculus repens (a), Mentha aquatica (a)p 

The site is grazed, and trampledv by cattle and horses when not 

submerged. Poaching by these animals can be quite severe, especially at 

the water's edge in late spring/early summer, as the water level falls. 

The plants at this site are rarely subjected to'drought. In the long, 

hot summer of 1976 the vegetation was still green at this site (A. 

MacDonald, pers. comm. ). Rainfall, and maximum and minimum temperatures 

for the Oxford area during 1982-1984, along with 30 year averagesp are 

given in Appendix 2 (Figures A2.4 and A2.5). During 1983 this site was 

submerged from January to April. 

A1.3 Port Headow non-submerged site 

This site (marked on Figure A1.1) is on a bank which rises from the Port 

Meadow submerged site. The earth which forms the bank was placed in its 

present position during the second world war, raising the level of the 

meadow in this area to prevent submergence (A. MacDonald) pers. Comm. ). 

The land was used for allotments during this war period. 

The vegetation is that of a disturbed grassland; Lolium perenne (a), 

Cynosurus cristatus (a), Poa trivialis (a), Bellis Rýjýnniýs (a), 

Ranunculus repens (f), Ranunculus bulbosus My Ranunculus acris (r), 

Prunella vulgaris (o), Taraxacum officinale agg. (o), Cirsium arvense 

My Agrostis stolonifera Mp Trifolium repens (o)p Urtica dioica (o), 

Trifolium repens (o)p Plantago major (o), joa annua (o). 

The site is grazedy and trampled, by cattle and horses for much of the 
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year. Port Meadow (as a whole) is considered by many to be overgrazed 

(A. MacDonald, pers. comm. ). The soil at this site appeared to be very 

dry from late June onwards in 1982 and 1983. In July 1983 the soil 

moisture level was 20-40% w/w compared to the submerged site (not 

submerged at the time) of 60-70% W/w. Rainfallp and maximum and minimum 

temperatures for the Oxford area during 1982-19849 along with 30-year 

averages, are given in Appendix 2. 

A1.4 Open University site 

This site is on the Open University campus in Milton Keynes, some 40 

miles from Port Meadow (see Figure A1.2). The vegetation is typical of 

a disturbed grassland; Lolium perenne (a), Poa annua (a), Ranunculus 

bulbosus (o), Ranunculus repens My Plantago major My Plantago 

lanceolata (o)y Bellis perennis (o), Holcus lanatus (f), Agrostis 

stolonifera (o)p Festuca rubra (o). 

The site has been subjected to considerable disturbance during the last 

ten years due to nearby construction work. The site is regularly mown 

(roughly 2 and 4 week intervals during the growing season) and never 

grazed. The site is often waterlogged in winter and dry in mid-summer. 

Rainfall, maximum and minimum temperatures recorded by the 

Meteorological station at Lathbury, about five miles north of the Open 

University site, for 1983 are given in Figures A1.3 and A1.4 along with 

30-year averages. 
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Plan of the Milton Keynes area showing the Open University campus 
at Walton Hall. The position of the R. repens study site i, s marked. 
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Appendix 2 

Ranunculus secieratus Dcmographic Study Site 

".. Port Meadow .. has been grazed by cattle, horses 

and geese (no sheep) for nearly 900 ýears.. " 

(Harper, 1977: 437) 

A2.1 Description of Site 

The demographic study of Ranunculus sceleratus was carried out in a 

drainage ditch on the eastern edge of Port Meadow, Oxford. The ditch is 

marked on the map shown in Figure A1.11 with the research site marked 

with an arrow. A cross-section of the ditch at this point is shown in 

Figure A2.1. Along the top of the ditch bank_runs a trackq this track 

being about 6m from the water's edge. 

The trackp apart from wheel rutsp consists of almost continuous 

vegetation. The dominant species are Festuca rubra, Lolium perenney Poa 

annua, Poa pratensis, Ranunculus acrisy Trifolium repenst and Trifolium 

pratense The upper part of the bank, below the track$ consists of 

similar nearly closed vegetation. At about 3m down the bank from the 

track the vegetation begins to open and other species are found. These 

are Rumex crispus, Rumex obtusifolial Agrostis stolonifera7 Ranunculus 

repens, Bellis perennis and Cirsium arvense. 

Further down the bank the vegetation opens further until the upper 

vegetation disappears completely leaving a very open community of 
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]Ranunculus sceleratus, Ranunculus repensg Agrostis stoloniferay 

Cardamine flexuosag Veronic a catenatap Apium nodiflorump Scrophularia 

aquatical Chenopodium rubrum and Ment-ha aquatica. Below the usual water 

level, about 6m from the track is a mixture of Glyceria declinata, 

Nasturtium officinale, Apium nodiflorum, Callitriche spp. and Lemna 

minor. 

On the far bankp which is steeply sloping, is a line of Salix fragilis 

and Crataegus monogyna. Below this on the water's edge is a thin belt 

of emergents consisting of Typha latifolia and Carex riparia. The bank 

is covered with abundant Solanum dulcamara. The water level in the 

ditch changed with the seasons2 the upper part of the bank being only 

rarely submerged and the bank below the normal water level rarely 

exposed to the air. 

A2.2 Site Survey 

The site was surveyed during Spring 1983 using two ranging poles, string 

and a line-level. This was achieved by tying the string at equal heights 

on the two poles and in situ re-levelling using a line level. The 

distance between the previous level position and the new level position 

on the ranging pole was equivalent to the change in height of the land 

between the two ranging poles. The levelling was carried out at 0.5m 

intervals down the three transects. 

The results of the survey are shown in Figure A2.2 and show little 

difference between the threý transects until quadrat 10 where transect A 

is lower than B which in turn is lower than C. 
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A2.3 Water levels 

The water level data shown in Figure A2.3 are based on the position of 

the water's edge with respect to quadrats and not depth, although this 

data can be converted into depths using the survey data. Figure A2.3 

can be used to see instantly how often a quadrat was submerged and for 

what period. It can be seen that the top of quadrat 10 (bottom of 

can be considered as the usual water level, i. e. the ditch water level 

when there is neither drought nor flood. 

One of the most striking features of Figure A2.3 is the unpredictability 

of both submergence and drought periods, both in terms of timing and 

length. This can clearly be seen by the fact that in May 1983 the study 

area was submerged, whereas in May 1984 it was droughted. 

Overall it can be seen that the upper bank (quadrats 1-2) was submerged 

very little, the middle bank (quadrats 3-6) was submerged slightly more, 

whereas the lower bank (quadrats 7-9) was submerged for much longer. 

The quadrat 10s are below the 'usual' water level and were submerged for 

most of the study. Some idea of the amount of submergence experienced 

by each quadrat group can be gained from Table A2.11 which is based on 

Figure A2.3, and shows the percentage of time that each quadrat group 

was submerged during the whole study period. 

A2.4 Temperature and rainfall data 

Maximum and minimum temperatures (Figure A2.4)p and rainfall 

measurements (Figure A2.5) for the area for the period of the study and 

the 30-year averages were obtained from the Meteorological station at 

Oxford, which is about one mile from Port Meadow. 
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Table A2.1 

The percentage of the study period (12/82 to 8/84) that each quadrat 
level at the Port Meadow ditch site was underwater. 

Quadrat zone % study period 
underwater 

----------------------------- 

1 0 

2 3 
3 5 
4 5 
5 7 
6 7 
7 10 
8 15 
9 23 
10 
--------- 

62 

-------------------- 
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