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CHAPTER 1 

 

General Introduction 

 

“Understanding patterns in terms of the processes that produce them is the essence of science…” 

Levin (1992) 

 

“Community ecology is sometimes described as a discipline lacking in general rules or laws, 

although ecology in general is not lacking in useful generalizations (Lawton 1999)…the state of 

the discipline is so because of entangled abiotic and biotic factors at the scale of the community 

and beyond and ecology seems powerless to disentangle them…” He and Legendre (2002) 

 

“…conceptual experiments are focused on scientific generality and the testing of general 

models.” Englund and Cooper (2003) 

 

The ubiquitous presence of spatial structure in biological variables 

Organisms are not distributed randomly or uniformly in the natural environment. Rather, the 

observed distributions of organisms are structured across an environment according to the 

process or group of processes that are at play at the time of measurement (Legendre and 

Legendre 1998). This leads to the presence of spatial autocorrelation in the data (Legendre and 

Legendre 1998). Consequently, measurements of a variable that are taken at neighbouring sites 

are more similar to one another than expected by chance (positively autocorrelated) while more 

distant measurements of the same variable either show no autocorrelation or are negatively 

autocorrelated (less similar than expected by chance) (Legendre and Legendre 1998). Therefore, 

spatial structuring in biological variables is a fundamental component of ecosystems (Legendre 

and Legendre 1998). The mapping of, elucidating the causal mechanisms for, and predicting 

changes in, spatial variation in biological variables such as species richness, abundance, 

occupancy and body size have been longstanding foci of ecology. Indeed, the early works of 

Bergmann (1847), Raunkiaer (1934), Andrewartha and Birch (1954) and MacArthur and Wilson 

(1967) on distribution, abundance and body size patterns are the basis for many ecological 

investigations today (e.g. Hanski and Gilpin 1997, McGeoch and Gaston 2002, Frost et al. 2004, 

Blankenhorn and Demont 2004, Rohlfs and Hoffmeister 2004, Selmi and Boulinier 2004).  
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 In this thesis, empirical data on the fine scale spatial structuring in a Drosophilidae-

nectarine mesocosm (as measured by spatial autocorrelation) is used to investigate a number of 

theoretical questions (see below). How the presence of strong vs. weak autocorrelation in 

variables influences understanding the processes structuring variables is examined. Next, 

partitioning variation between structuring processes is explored and the ability of a recently 

developed model (He and Gaston 2000a) to predict abundance from occupancy is tested using 

the mesocosm data. Finally, spatial analyses are used to investigate the potential processes 

structuring body size in this Drosophilidae mesocosm. 

Spatial structuring in biological variables occurs at all scales. At broad spatial scales, 

such as across continents, latitudinal and altitudinal gradients in, for example, productivity and 

climate may render biological variables spatially structured (Currie 1991, Kerr and Packer 1997, 

H-Acevedo and Currie 2003, Ashton 2004). Within local habitat patches, spatial structuring in 

species richness, abundance and body size may reflect behavioural (Cappuccino 1988), dispersal 

(Bach 1981, Duelli 1990, French et al. 2001), predation and parasitism (Winder et al. 2001, 

Rohlfs and Hoffmeister 2004), resource quality (Bach 1981, Brown 1984, Peng and Brewer 

1994, Summerville and Crist 2001, Agnew et al. 2002), the presence and/or abundance of 

competitors (intra- and inter-specific) (Atkinson and Shorrocks 1981, Agnew et al. 2002), or 

microclimate (Levings 1983, Retana and Cerdá 2000) differences between patches. In addition, 

the role of these mechanisms in generating spatial structure may vary depending on the spatial 

and temporal framework examined, i.e. there is natural variation (sensu Elith et al. 2002) across 

individuals in the response to different mechanisms (Tobin and Pitts 2002, Papadopoulos et al. 

2003).  

 

Tools for the analysis of spatial structure 

A first step towards examining ecological patterns, in an attempt to understand the generating 

processes, is to provide quantitative maps of biological variables (Legendre and Legendre 1998). 

This usually entails the use of multiple spatial analytical procedures (Dale et al. 2002, Perry et al. 

2002). These procedures may then be used to generate hypotheses of the potential mechanisms 

affecting the observed patterns (Perry et al. 2002). Thus the identification of spatial pattern and 

determination of casual links to potential processes (mechanisms) are largely inseparable in 

spatial analyses (Liebhold and Gurevitch 2002, Perry et al. 2002, McGeoch and Price 2004). 

Indeed, considerable progress has been made in the field of spatial ecology (defined here as any 

study examining ecological patterns and processes across space) by mapping spatial patterns and 
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changes in patterns in an attempt to understand the processes governing their formation, i.e. the 

mechanistic basis of pattern generation (Liebhold and Gurevitch 2002, Perry et al. 2002, 

Parmesan and Yohe 2003, Blanckenhorn and Demont 2004, Wilson et al. 2004). 

No lack of spatial analytical tools exist for analysis of categorical data, continuous data, 

data sampled in transects, regular or irregular grids and temporal replicates of spatial samples 

(Dale et al. 2002, Dungan et al. 2002, Keitt et al. 2002, Legendre et al. 2002, Perry et al. 2002). 

Further progress in the understanding of spatial patterning and the processes correlating them 

hinges to a large extent on the successful development of spatial analytical tools, improved 

computing power and programs, as well as the design of efficient sampling programs for 

studying and analysing spatial pattern (Legendre et al. 2002, Liebhold and Gurevitch 2002, Perry 

et al. 2002, Rosenberg 2004, Tobin 2004).  

 

Issues requiring exploration  

Notwithstanding the progress made in the development of spatial analytical tools, some 

theoretical issues remain to be explored. Although simulated data may be adopted to examine 

theoretical issues, simulations are regularly criticised for not mimicking biological reality (Peck 

2004). By their nature, simulations are often simplistic and therefore exclude the numerous 

sources of natural variation present in biological systems. Empirical data is therefore required to 

validate the findings of simulation-based studies (Simberloff 2004). The inclusion of natural 

variation (sensu Elith 2002) in the responses of species to multiple mechanisms is likely to 

weaken, alter the shape, or amplify the observed spatial pattern in empirical studies (Benton et 

al. 2002, Einarsson et al. 2002, Didier and Porter 2003, Diniz-Filho et al. 2003, Suzuki et al. 

2003). Therefore, an assessment of the implications of the inclusion of natural variation for the 

interpretation of patterns in empirical data is required. These implications are, on the whole, 

unknown (but see Ives and Klopfer 1997).  

Another issue pertaining to the interpretation of the results of spatial analyses is 

improving the capacity of spatial analyses to generate hypotheses. The improvement and testing 

of enhanced hypothesis generating capacity of spatial techniques remains an active field of 

spatial research (Radeloff et al. 2000, Borcard and Legendre 2002, Perry et al. 2002, Borcard et 

al. 2004). Any advances in this field will further improve the understanding of the processes 

generating spatial patterns in biological variables, such as, the spatial distribution of individuals.  

Although increased understanding of the spatial distribution of individuals has led to the 

development of models to predict the abundance of a species from its occupancy, empirical tests 
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of these models are limited to a few, well-studied systems (Kunin 1998, He and Gaston 2000a,b, 

Kunin et al. 2000). Consequently, how well these models perform at predicting abundance from 

occupancy across taxa and scales remains a question open to debate. However, some models 

(e.g. He and Gaston 2000a,b) are considered to be appropriate across a wide range of biological 

situations and therefore their usefulness needs to be established empirically across multiple taxa.  

 

The use of micro- and mesocosms to generate empirical data 

As mentioned above, simulation-based studies may be used to examine theoretical issues. The 

simplicity and high investigative control of simulation models vs. empirical data to understand 

natural systems is certainly advantageous (see Peck 2004). However, simulation-based studies 

require validation through supporting empirical studies because the former are often criticised 

for their lack of biological realism (Peck 2004, Simberloff 2004). The use of empirical data 

overcomes this disadvantage associated with simulated data, but has its own disadvantages.  

Field-based empirical studies deal with data that are structured by numerous mechanisms 

making simple patterns unlikely (Simberloff 2004). In consequence, rendering an interpretation 

of field-based empirical patterns is more intricate than for simulation-based studies. Logistic 

constraints may also inhibit the amount of data that may be collected during a field study, 

especially at large spatial extents (Wiens 1989, Gaston et al. 2000, Tobin 2004). When field-

based empirical data collection are insufficient, the formulation of clear hypotheses on 

mechanistic spatial structure may be prevented. The understanding of the system may, thus, be 

incomplete (Tobin 2004, but see method of MacKenzie et al. 2004 for investigating co-

occurrence patterns when detection probability is low). Thus even when field patterns seem to 

reflect those found under simulated conditions, ascertaining the causal factor(s) underlying 

empirical biological variation (e.g. abundance, richness, occupancy and life history variations) 

remains problematic. Therefore, a compromise needs to be reached between the realism of 

empirical studies and the control of simulated studies. 

Laboratory and laboratory microcosm studies have by and large provided the link 

between pure simulated and field-based investigations into biological variation (Fig. 1.1). 

Because of the experimental nature of microcosms, the complexity present in the system to be 

studied may be limited by the experimenter instead of being naturally imposed (Lawton 1995, 

Drake et al. 1996, Fig. 1.1). A limited number of experimental habitat types (e.g. resource 

quality or quantity) that are adequately replicated may be used to gauge the influence of different 

variables on biotic variables such as abundance, species richness or community parameters such 
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as productivity and persistence (Holyoak and Lawler 1996, Kassen et al. 2000, Horner-Devine et 

al. 2003, Jessup et al. 2004, Srivastava et al. 2004).  

Notwithstanding their potential usefulness at formulating mechanistic hypotheses for 

community structure, competitive interactions, diversity patterns, population persistence and 

climate change (Connell 1961, Paine and Levin 1981, Holyoak and Lawler 1996, Davis et al. 

1998, Petchey et al. 1999, Horner-Devine et al. 2003, Cadotte and Fukami 2005), microcosms 

have been severely criticised for their potential lack of biological reality, lack of generality, 

simplicity and small spatial and temporal scale (see Jessup et al. 2004, Srivastava et al. 2004 for 

review, Fig. 1.1). Laboratory and laboratory microcosm studies therefore suffer from many of 

the same criticisms levelled at simulated studies, although empirical data are collected and used 

(see Jessup et al. 2004, Srivastava et al. 2004, Fig. 1.1). In consequence, several recent calls for 

investigations into the interactions between mechanisms likely to affect biological variables 

under controlled field conditions have been made (Jenkins and Hoffmann 2000, Pétavy et al. 

2001, Gibbs 2002, Rochette and Grand 2004).  

Such controlled field conditions are obtained using mesocosms under field conditions or 

through the use of natural microcosms (see Srivastava et al. 2004). Here, the control of simulated 

and/or laboratory studies are combined with more realistic field conditions (Warren and Gaston 

1997, Petersen and Hastings 2001, Relyea and Yurewicz 2002, Jessup et al. 2004, Srivastava et 

al. 2004, Fig. 1.1). Factors of interest can be intentionally manipulated in a controlled fashion 

whilst others remain a function of the “natural” mesocosm environment (Srivastava et al. 2004).  
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Fig. 1.1. Strengths and weaknesses of the continuum of data types that may be used to examine 

theoretical issues. Natural microcosms and field-based mesocosms form an essential link 

between theoretical laboratory studies and the validation of theoretical models in complex 

natural systems (see Englund and Cooper 2003, Jessup et al. 2004, Srivastava et al. 2004). 
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Much of the criticism leveled at “home-grown” assemblages is negated when using field-

based mesocosm vs. laboratory microcosm studies (but see Davis et al. (1998) for a realistic 

laboratory-based mesocosm using three species of Drosophila and a parasitoid). For example, 

the spatial dimensions of mesocosms are larger than microcosms. More complex eukaryotic 

organisms are allowed to colonise the habitat naturally instead of, for example, microorganisms 

that are selected a priori to interact. In addition, mesocosms generate assemblages that are 

biologically realistic in terms of species number and composition (i.e. they are unaffected by 

species identity effects; see Benedetti-Cecchi (2004) on experimental design modifications to 

separate these and other effects). The organisms inhabiting field-based mesocosms may be 

manipulated to reduce the complexity present in natural systems. Field-based mesocosms 

therefore display many of the advantages of natural microcosms that have been suggested to be 

(more) useful than laboratory-based microcosms at understanding the processes generating 

ecological patterns (see Srivastava et al. 2004, Fig. 1.1). Finally, abundance and species richness 

can be accurately measured and no factors beyond the extent of the mesocosm study arena are 

likely to be structuring the observed patterns (bar historical effects in the natural landscape in 

which the mesocosm is situated, and shared evolutionary history, Srivastava et al. 2004).  

Although the spatial dimensions of mesocosms are larger than those of microcosms, the 

spatial and temporal scales of most micro- and mesocosm studies are short and small 

respectively in terms of natural systems. However, this is usually not a problem in the context of 

theoretical examinations, i.e. conceptual experiments (Englund and Cooper 2003, Jessup et al. 

2004, Srivastava et al. 2004). Here, the processes of interest need to be reproduced rather than 

creating an exact replica of a particular system (Englund and Cooper 2003). Model systems, such 

as microbes in jars (see Jessup et al. 2004), the Ecotron facility (Lawton 1996) and natural 

microcosms (e.g. aquatic communities in pitcher plants, Srivastava et al. 2004), can be used to 

test general models in which the process of interest is captured. Therefore, as for natural 

microcosms, field-based mesocosms may be considered “model systems”, i.e. conceptual 

experiments, for testing theoretical questions using empirical data (Srivastava et al. 2004). 

On the other hand, system-specific experiments are meant to mimic a particular natural 

system (Englund and Cooper 2003). Processes and environmental conditions need to be realistic 

to extrapolate the results to field situations (Englund and Cooper 2003). Some field-based 

mesocosms are inherently able to double-up as both conceptual and system-specific experiments. 

For example, field-based Dipteran communities inhabiting necrotic resources such as 

mushrooms, fruit and carrion (Beaver 1977, Atkinson and Shorrocks 1984, Worthen et al. 
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1994,Worthen and Haney 1999) are able to test theoretical questions while limited or no scaling 

up is required to understand the community level processes that may be at work.  

 

A Drosophilidae mesocosm as a model system 

The family Drosophilidae is a diverse taxon comprising approximately 3000 species worldwide 

(Remsen and O’Grady 2002, de Medeiros and Klaczko 2004). Hawaii is particularly diverse with 

an amazing sixth of all described drosophilid species found on the archipelago (Remsen and 

O’Grady 2002). The taxonomic diversity of drosophilids stems, at least in part, from their ability 

to occupy a wide variety of ecological habitats and niches. Most drosophilids breed and feed on 

decaying plant matter (mainly fruits) and some utilise mushrooms and slime fluxes exclusively 

(Shorrocks 1982, Ashburner 1989).  

It is therefore not surprising that drosophilids have a long history of use as model study 

organisms in evolutionary, genetic and physiological studies (Srivastava et al. 2004). Much is 

known, mainly from laboratory studies, about the phylogenies, life histories and physiological 

constraints likely to limit the species in the family (Remsen and O’Grady 2002, Hoffmann et al. 

2003, David et al. 2004, Gibert et al. 2004). Indeed, drosophilids may yet be the most well 

studied group of organisms in the world. For example, one of the first genomes ever to be 

mapped was of a drosophilid, Drosophila melanogaster Meigen (Remsen and O’Grady 2002, 

Celniker and Rubin 2003). 

 Despite this plethora of information on the species in this family, far fewer studies of any 

of these species have been undertaken in the field to investigate ecological patterns and 

processes (e.g. Atkinson and Shorrocks 1984, Atkinson 1985, Nunney 1990, Worthen et al. 

1994, Worthen and Haney 1999, Mitsui and Kimura 2000). This is particularly surprising given 

a) their diversity, b) that many of these species (e.g. D. melanogaster and D. simulans 

Sturtevant) are cosmopolitan in their distributions making study site establishment effortless and 

c) that the species are located in habitats with defined boundaries (e.g. fruit, mushrooms) 

facilitating easy sampling and adequate replication (Atkinson and Shorrocks 1984, Finn 2001). 

On the whole, the use of drosophilid systems as models for both conceptual and system-specific 

ecological experiments (Englund and Cooper 2003) remains untapped.  

The advantages of systems used by Drosophilidae to investigate certain conceptual 

(theoretical) issues are also evident. First, drosophilid assemblages are known to be spatially 

structured (e.g. Shorrocks and Rosewell 1987). These assemblages therefore provide empirical 

data for investigations into the ability of spatial analytical procedures to detect and quantify 
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spatial pattern and for testing alternative methods to improve hypothesis-generating capacity. 

Rosewell et al. (1990) found that the negative binomial distribution (NBD) adequately described 

the distribution of Drosophila assemblages, and the NBD is not unusual for invertebrate 

assemblages (Sevenster 1996). Using empirical data collected from such an assemblage is 

therefore an excellent test of the ability of the He-Gaston model (He and Gaston 2000a) to 

predict the abundance of invertebrate assemblages from occupancy measures as it uses the NBD 

during parameter estimation. Moreover, Drosophilidae have an extensive history of use in 

laboratory and correlative field investigations into life history variables (e.g. Sevenster and Van 

Alphen 1993, Partridge et al. 1994, Nunney 1996, Jenkins and Hoffmann 2000, Pétavy et al. 

2001, Gibbs 2002). Recently, a call has been issued for controlled field-based studies of the 

variation in life history and physiological parameters under field conditions because field and 

laboratory results may differ (Jenkins and Hoffmann 2000, Pétavy et al. 2001, Gibbs 2002). 

Comparison of field-based results with laboratory studies, where all (or most) factors are 

controlled, are required to affirm the validity of the conclusions drawn from laboratory studies 

with respect to natural systems. The use of a controlled field-based Drosophilidae-nectarine 

mesocosm is therefore able to shed light on questions pertaining to life history variation in a 

spatially structured environment. 

 

The field-based drosophilid mesocosm 

This study uses all of the above advantages associated with drosophilid systems and field-based 

mesocosms to provide empirical data from a model system to investigate theoretical questions. 

In particular, the study had the following objectives: 

• First, the ability of spatial analytical procedures to detect spatial pattern, given the high 

levels of natural variability present in biological systems that is likely to weaken, amplify 

or obscure spatial pattern (autocorrelation), was examined (Chapter 2). The rare and 

common species in the assemblage were expected to respond similarly to the imposed 

treatment. However, the response of the rare species, per capita, was expected to be 

weaker than the common species (see Chapter 2 for rational). A comparison is therefore 

made between rare and common species to assess the ability of spatial analyses to 

distinguish spatial randomness (zero autocorrelation) from biologically meaningful, but 

weak, spatial pattern (autocorrelation) (Chapter 2). An appraisal of published Moran’s I 

autocorrelation values are used to confirm the validity of the assumption that biological 

spatial pattern (autocorrelation) should, in general, be weak (Chapter 2).  
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• The next step in the development of spatial tools is the enhancement of hypothesis-

generating capacity of spatial analytical procedures. In Chapter 3, a variation partitioning 

technique is developed to maximise the hypothesis-generating capacity of spatial 

procedures. Both graphical and statistical approaches are used in an attempt to enhance 

the understanding of the mechanistic basis of the observed spatial patterns (Chapter 3). 

That is, by partitioning the spatial structure into different categories of structuring 

mechanisms, a better understanding of the relative importance of these mechanism 

categories towards generating observed autocorrelation may be gained. 

• In Chapter 4 the accuracy of the He-Gaston model (He and Gaston 2000a) to predict 

abundance from occupancy for this drosophilid mesocosm is examined. The potential 

explanations behind the failure of the He-Gaston model to accurately predict the 

abundances of the species inhabiting this mesocosm are elucidated.  

• Chapter 5 investigates spatial pattern in a measure of body size (thorax length). Simple 

and interactive mechanistic hypotheses for explaining body size variation are proposed 

and tested by examining spatial pattern in thorax length.  

Each chapter is presented as a research paper and consequently some of the methods and 

references overlap. 

A field-based experimental mesocosm was established at the University of Pretoria’s 

Experimental Farm in Pretoria, South Africa (25º45.178”S, 28º15.293”E; Fig. 1.2) in November 

1998. The mesocosm was divided into six equal plots. Three of the plots in alternate rows of the 

two columns were artificially shaded with 80 % shade netting (Fig. 1.3). The imposed treatment 

introduced heterogeneity in microclimate to the mesocosm. This reflected a level of complexity 

likely to be found in natural systems and provided a basis for capturing the natural processes in 

the system, thereby establishing the mesocosm’s utility as both a conceptual and system-specific 

experiment.  

Drosophilids naturally occurring in the urbanised area were allowed to colonise an 

abundant necrotic fruit resource (Prunus persicae Miller variety nectarina). Twenty-three species 

have been identified utilising resources in urban areas in Pretoria and Johannesburg, South 

Africa (McEvey et al. 1988). Because many drosophilids are resource specialists and a single 

food type was used, species richness in the mesocosm was expected to be low. In this study at 

least six species were identified but specimens belonging to the genus Zaprionus could not be 

identified to species level. The identified species were: Drosophila simulans Sturtevant, D. 

melanogaster Meigen, D. busckii Coquillett, D. buzzatii Patterson and Wheeler, Zaprionus 
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morphospecies group 1 (Zaprionus msg 1) (may include both Z. tuberculatus Malloch and Z. 

sepsoides Duda) and Zaprionus morphospecies group 2 (Zaprionus msg 2) (may include both Z. 

vittiger Coquillett and Z. indianus Gupta) (McEvey et al. 1988). The number of identified 

species meets the expectation for the number of drosophilids comprising a guild (Shorrocks and 

Rosewell 1987).  

D. simulans was numerically dominant on all of the sampling occasions in November 

1998 (Fig. 1.4). The abundances of the remaining species varied substantially between species 

(Fig. 1.4). Many fruit yielded no flies. Therefore, the Drosophilidae assemblage structure was 

very similar to the structure that has been found for other dipteran assemblages associated with 

ephemeral resources (e.g. Atkinson and Shorrocks 1984, Sevenster and Van Alphen 1993). The 

high variability in relative abundance between species and in occupancy of resources across 

species appears typical of such assemblages (Beaver 1977, Atkinson 1985, Shorrocks and 

Rosewell 1987).  

Therefore, the drosophilid-nectarine mesocosm used here reflected natural drosophilid 

assemblages in terms of species richness, abundance and occupancy. In addition, the imposed 

microclimatic treatment introduced heterogeneity into the field-based mesocosm system while 

reducing the complexity that is present in field-based studies. Drosophilidae systems may 

therefore be viewed as “natural microcosms” (see Srivastava et al. 2004) that are able to capture 

essential components of both conceptual and system-specific experiments (Englund and Cooper 

2003). 
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Fig. 1.2. Covered experimental mesocosm that was established on the University of Pretoria’s 

Experimental Farm (see text for details). 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1.3. Experimental plot depicting the layout of decaying fruit. Dark blocks represent 

plots that were shaded with 80 % shade netting. Each plot contained 36 nectarines spaced 

20 cm apart in a regular grid as on the right hand side of the figure. 
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Fig. 1.4. Abundances of the six recorded species (or morphospecies groups) during November 

1998 (Dsim= Drosophila simulans, Dmel = D. melanogaster, Dbusck = D. busckii, Dbuzz = D. 

buzzatii, Zap1 = Zaprionus morphospecies group 1, Zap2 = Zaprionus morphospecies group 2). 
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GENERAL CONCLUSION 

 

“…the objectives of the modelling process are to generate questions, test theoretical predictions 

about the nature of a system, understand causal mechanisms, and integrate the conceptual 

pieces…” Drake et al. (1996)  

 

Although micro- and mesocosms have been severely criticised for their lack of generality, lack 

of realism, and short temporal and fine spatial scales (see Jessup et al. 2004, Srivastava et al. 

2004), these systems remain useful as conceptual experiments to examine theoretical questions 

(Drake et al. 1996, Englund and Cooper 2003, Srivastava et al. 2004). The field-based mesocosm 

used here was particularly suited to examining theoretical questions relating to the effect of a 

spatially structured environment on the responses of individuals and the realised spatial 

distributions of species (see General Introduction).  

This thesis addressed the following theoretical questions through the use of 

experimentally derived mesocosm data: i) the influence of the inclusion of natural variation on 

empirical spatial pattern and its effect on hypothesis generation; ii) the potential for enhancing 

the hypothesis generating capacity of spatial analytical procedures; iii) the ability of a model (He 

and Gaston 2000a) to predict the abundances of species from occupancy measures; and iv) the 

effect of spatial variation in temperature and abundance to determining body size variations 

under a controlled field situation.  

Although natural variation weakened the spatial output, Chapter 2 demonstrated that this 

did not affect hypothesis generation. Furthermore, hypothesis generation may be enhanced 

through the use of a sensitivity analysis method developed in Chapter 3. The method partitioned 

the potential structuring mechanisms into three categories representing extrinsic mechanisms, 

intrinsic mechanisms and natural variation. Chapter 4 revealed that the He-Gaston model (He 

and Gaston 2000a) did not predict the abundances of the species inhabiting the nectarines 

particularly well. Finally, the complex analyses performed in Chapter 5 demonstrated that 

interactive effects of spatial variation in temperature and larval density were determining the 

final body size attained by Drosophila simulans Sturtevant. Although some progress was made 

here towards answering spatially related theoretical questions using experimentally derived 

empirical data, some theoretical and empirical issues remain to be explored.  

First, empirical tests of models to predict the abundance of species from their occupancy, 

or their failure to do so, remain in the minority (for examples see Kunin 1998, He and Gaston 
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2000a,b, Kunin et al. 2000, Chapter 4).  Additional tests of such models are required on a wider 

range of taxa and across multiple spatial scales to establish the broad utility of these models and 

the conditions under which they are likely to fail at accurate prediction. The failure of a model to 

accurately predict abundance may reflect its failure at being sufficiently general to be applicable 

across taxa, hence reducing its usefulness. This is unlikely to be the case for the He-Gaston 

model given the previous successes of the model at abundance prediction at local and regional 

scales using different taxa (He and Gaston 2000a,b, Kunin et al. 2000). Notwithstanding these 

previous successes, Chapter 4 demonstrated that the model did not perform as well as may be 

expected when the species under examination were highly aggregated within the finest mapping 

unit. Consequently, a refinement of the model is required under circumstances of high 

aggregation within mapping units. As mentioned in Chapter 4, one potential avenue of 

investigation for refining model estimates might be to include spatially explicit information (see 

approaches by Perry 1998, Perry et al. 1999). Hartley et al. (2004) have made some progress in 

attempting to understand the reasons behind the failure of some abundance-prediction models. 

They found that accurate predictions break down when the mechanisms generating self-

similarity (used in their model to predict abundance) change across spatial scales (Hartley et al. 

2004). Therefore, an examination of changes in mechanisms with scale and the concomitant 

changes in abundance and occupancy may also prove to be a fruitful avenue of investigation for 

the refinement of models predicting abundance. 

Second, the findings of laboratory studies may well be incompatible with the situation in 

the field. In Chapter 5 it was shown that the factors determining body size patterns in the field-

collected mesocosm data were not as straightforward as those found under laboratory conditions. 

Indeed, the interactive and non-lethal effects of temperature and crowding on body size appeared 

to be just as important as the direct temperature effects that have been established theoretically 

and in empirical laboratory studies to contribute to body size variations (Chapter 5, Delcour and 

Lints 1966, Partridge et al. 1994, Roff 2002, Kozłowski et al. 2004). As suggested in Chapter 5, 

the evolution of body size requires further empirical consideration under field conditions where 

multiple factors may be interacting in their contribution to body size variation. 

On a system-specific level (sensu Englund and Cooper 2003), an in depth understanding 

of the potential mechanisms structuring the Drosophila spp. abundance and occupancy patterns 

examined here was obtained. These mechanisms varied across spatial scales (mapping units). At 

the finest mapping unit, within fruit, abundance patterns were likely to result from ovipositing 

females laying their eggs in clutches, and/or, multiple oviposition events in certain fruit (see 
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Chapters 2, 3). Abundance patterns in slightly larger mapping units, across neighbouring fruit, 

are likely to be caused by female oviposition behaviour across fruit, i.e. females are more likely 

to lay eggs in neighbouring fruit (Chapters 2, 3). At much larger mapping unit sizes of 6 x 6 fruit, 

avoidance of oviposition in sun vs. shade fruit and higher mortality of eggs and larvae in sun 

fruit are the likely abundance-structuring mechanisms (Chapters 2, 3). 

In conclusion, scientific theory needs to be developed hand-in-hand with empirical data 

gained from both laboratory and field-based studies. Although empirical data collected from 

field studies at broad spatial and temporal scales are essential for understanding ecosystem level 

patterns and processes, the collection of such data is difficult. Experimentally derived empirical 

data from micro- and mesocosm studies remains one means to overcome the difficulties 

associated with collecting field data while still providing substantial information on pattern and 

process at multiple scales (see also Englund and Cooper 2003, Simberloff 2004, Srivastava et al. 

2004). Indeed, as this thesis has also shown, the potential mechanistic basis of the generated 

drosophilid abundance and occupancy patterns were identified and shown to vary across 

mapping units (see Chapter 2, 3). Notwithstanding the system-specific information obtained 

from this experiment, the mesocosm approach also contributed to the development of theory-

based objectives that are applicable at broader spatial scales. For example, this fine scale study 

has revealed that natural variation is unlikely to obscure the detection of spatial pattern and thus 

the generation of hypotheses relating to the potential mechanisms structuring biological 

variables, such as, abundance and species richness. This means that spatial methods, such as 

autocorrelation functions, are likely to detect pattern at broader scales even with ‘noise’ (natural 

variation) in the system. The sensitivity analysis approach of Chapter 3 will facilitate in 

understanding how mechanisms structuring, for example, abundance change with spatial scale 

and the relative strength of these mechanisms in different taxonomic groups. The use, and 

development, of spatial analysis (Chapter 2) and the enhanced ability to generate mechanistic 

hypotheses (Chapter 3) may provide a key to refining abundance-prediction models (Chapter 4, 

see also Hartley et al. 2004). The use of spatial analysis aided in the understanding of body size 

variations in the field by facilitating the separation of simple and interactive effects during 

hypothesis generation (Chapter 5). As a result, while the approach followed is that of traditional 

ecological research and, at first glance, appears to be “local, experimental and reductionist” 

(Simberloff 2004), significant theoretical advances, applicable to broader scale issues, may be 

achieved when using such an approach. 
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