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Abstract 

The influence of regional processes, such as dispersal, on ecological communities 

has been the focal point of considerable ecological research. Evidence has shown that 

dispersal can impact community composition through interactions with predation, the 

introduction of keystone species, and maintenance of species lost due to competitive 

exclusion. Ecological communities can be characterized by several metrics including 

species richness, diversity, evenness, abundance and species co-occurrence patterns. 

Negative species co-occurrence patterns have historically been attributed to competitive 

interactions between species causing pairs of species to never co-occur. However, little 

attention has been paid to the contribution of dispersal on species co-occurrence patterns. 

I have experimentally investigated the influence of dispersal on species co-occurrence 

patterns in addition to local species richness, total species abundance, evenness, and 

Simpson’s diversity.   

Local species richness significantly increased with dispersal, with variation in 

total local richness being mainly attributed to differences in the rotifer community. Local 

diversity, total abundance, and evenness were not significantly influenced by changes in 

the level of dispersal. Species co-occurrence patterns were greatly affected by changes in 

dispersal, with negative species co-occurrence patterns peaking at intermediate levels of 

dispersal. The potential for dispersal to increase the number of rare species within a 

community suggested that the presence of rare species could be behind the changes in the 

co-occurrence patterns between dispersal treatments. The effect size of the co-occurrence 

tests increased with the removal of rare species in the intermediate dispersal treatment 
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and decreased in the remaining dispersal treatments. Likely, through mass effects, the 

presence of rare species, and the establishment of keystone predators changes in the level 

of dispersal strongly influenced species co-occurrence patterns. I conclude that external 

processes, like dispersal, can influence species co-occurrence patterns and that caution 

should be taken when interpreting the mechanisms driving species co-occurrence patterns 

across landscapes. 
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Chapter 1 

Introduction and Literature Review 

As the global loss of biodiversity accelerates and the negative effects of climate 

change on species distributions become more apparent it is imperative that we understand 

the factors that drive variation in community structure and ecosystem functioning. 

Species biodiversity is affected by changes in both biotic and abiotic factors, species 

interactions and environmental conditions for example (Loreau et al. 2001; Petchey et al. 

2004; Worm et al. 2006). To remedy some of the global changes that have occurred, it is 

crucial that we make the effort to explore the basic drivers that shape community 

structure and species interactions. Expanding our knowledge of how ecological 

communities, which comprise our ecosystems, function is a fundamental step towards the 

prevention of further biodiversity loss. 

MacArthur and Wilson (1963, 1967) drew attention to the importance of both 

local and regional processes, such as species interactions and dispersal respectively, in 

the shaping ecological communities. Since the publication of their theory of island 

biogeography (MacArthur and Wilson 1963, 1967), the development of the 

metapopulation concept (Levins 1969), the competition-colonization trade-off (Levins 

and Culver 1971), and neutral theory (Hubbell 2001) have further highlighted the 

importance of dispersal in shaping community structure. The exchange of individuals 

between communities continually changes the species dynamics affecting community 

structure. The development of these concepts and further empirical evidence (Kadmon 

and Pulliam 1995; Havel and Stelzleni-Schwent 2000; Vandvik and Goldberg 2006; 
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Drakou et al. 2009; Beaudrot and Marshall 2011) has secured the importance of the role 

of dispersal in the shaping of ecological communities.   

The consideration of regional processes in addition to the influence of local ones 

has advanced our understanding of ecological communities. This inclusion has allowed 

for a better understanding of the factors that control local biodiversity within these 

communities. Prior to MacArthur and Wilson (1963, 1967), competition was the 

predominant focus in driving community structure. Theoretical and empirical studies 

have suggested that only one species should exist for each limiting resource, or in other 

words, no two species should share the same niche (Gause 1934; Hardin 1960).  

However, the competitive exclusion principle is unable to explain the large amount of 

biodiversity observed in communities with relatively few available niches (Hutchinson 

1961).  The paradox of the plankton, also known as the biodiversity paradox (Clark et al. 

2007), was introduced by Hutchinson (1961), who observed the coexistence of a large 

number of phytoplankton species all competing for the same resources.  The 

competition–colonization trade-off (Levins and Culver 1971), neutral theory (Hubbell 

2001), and random individual and temporal effects (RITEs) (Clark et al. 2007) have been 

proposed as explanations for the biodiversity paradox. Biological trade-offs involving 

colonization ability and natural differences between species, including differences in 

dispersal ability, offer rationales for the observed coexistence of similar species. These 

rationales all incorporate elements of dispersal ability, further emphasizing the important 

role of regional processes in community development.  
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Diamond (1975) contributed to the understanding of ecological community 

development through his proposal of a series of community assembly rules (Table 1). For 

over a decade, Diamond studied bird populations on isolated islands in New Guinea and 

the Bismarck Archipelago, observing both positive and negative species co-occurrence 

patterns. From these data he developed his assembly rules describing broad patterns of 

species co-occurrences among natural communities (Diamond 1975).  Diamond (1975) 

suggested that inter-specific competition for resources was the main driving force behind 

these patterns, while also acknowledging the importance of differences in dispersal rates 

and over-exploitation strategies. Diamond’s acknowledgement of varying dispersal 

abilities among species furthers the importance of processes like dispersal in community 

structure.  

Regional Processes and the Importance of Dispersal 

Community structure is dependent on both local and regional processes including 

the exchange of species among communities (Mouquet and Loreau 2003; Cadotte 2007a). 

The ability to disperse and successfully colonize new habitats can be critical to a species’ 

survival but can also increase local community diversity and aid in the recovery of 

environmentally stressed areas (Debinski and Holt 2000; Shurin 2001; Mouquet and 

Loreau 2002, 2003; Havel and Shurin 2004; Kneitel and Chase 2004; Cadotte 2007a; Bell 

and Gonzalez 2009). The theory of island biogeography (MacArthur and Wilson 1963, 

1967) and the metacommunity concept (Levins 1969; Leibold et al. 2004) provide an 

additional perspective for exploring the structuring of ecological communities. 

Examining species communities within a designated habitat, aquatic or terrestrial, is 
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analogous to looking at the species composition of islands. Completely isolated 

communities represent islands farther away from the shore or each other, while 

communities with multiple connections to the regional pool represent islands closer to the 

source population, or two one another (Figure 1.2). Larger islands which are closer to the 

source population have a much greater chance of receiving colonizing species than 

smaller islands which are farther away (MacArthur and Wilson 1963, 1967).  Increasing 

the amount of dispersal (increasing island size or reducing distance from source 

population) should increase the species richness of the community until equilibrium is 

met where the number of incoming species is equal to that of the species going extinct 

due to negative interactions (Figure 3) (MacArthur and Wilson 1963, 1967; Nilsson and 

Nilsson 1978; Mouquet and Loreau 2003). Without a connection to the regional species 

pool, isolated communities may suffer a gradual decrease in species richness due to 

negative species interactions (Leibold and McPeek 2006). 

 Recognition of the potential for dispersal to increase local species richness had 

led to the assertion that dispersal was a limiting factor of species composition (Hubbell 

2001). However, dispersal has been shown to play both a major (Ozinga et al. 2005; 

McCauley 2006; Zalewski and Ulrich 2006; Drakou et al. 2009; Beaudrot and Marshall 

2011) and a minor (Shurin 2001; Michels et al. 2001; Havel and Shurin 2004) role in 

influencing community composition. The minor role that dispersal has been found to play 

in the shaping of some communities led to the suggestion that the overall impact of 

dispersal is linked to the degree of habitat connectivity (Leibold et al. 2004; Cadotte et al. 

2006a, 2006b). A community belonging to a larger metacommunity will inevitably 
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exchange more individuals than a community that is isolated or only connected to a few 

other communities (Figure 1.2) (Schoolmaster Jr. 2001; Leibold et al. 2004; Shurin et al. 

2009; Flinn et al. 2010). In a metacommunity environment, dispersal may have a greater 

influence on species composition through the movement of individuals between 

communities (Loreau et al. 2003a; Howeth and Leibold 2008; Pedruski 2008) and may 

help to reduce the number of species exclusions caused by competition and predation by 

continually bringing in individuals from less competitive communities (Shurin 2001; 

Mouquet and Loreau 2003; Leibold et al. 2004; Cadotte et al. 2006a; Östman and Chase 

2007).  

 Theoretical research has illustrated that dispersal can both increase and decrease 

species richness (Figure 1.3) (Mouquet and Loreau 2003). In the model presented by 

Mouquet and Loreau (2002, 2003) species richness has a normal bell-shaped relationship 

with dispersal, with species richness being maximized at intermediate levels of dispersal.  

Communities with low to zero dispersal, due to increased isolation or few connections to 

neighbouring communities, can exhibit reduced species richness due to negative 

interactions, such as predation and competition (Mouquet and Loreau 2002; Cadotte et al. 

2006a). In these communities, the top predators and competitors will gradually exclude 

other species (Gause 1934; Hardin 1960). Low levels of dispersal do not provide enough 

new individuals into a community to compensate for those lost due  to species 

interactions and over time species richness will decrease (Debinki and Holt 2000; Shurin 

2001; Kneitel and Chase 2004; North and Ovaskainen 2007). In their model, when the 

proportion of dispersal between communities increases to between 0.2 and 0.4, a greater 
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number of species are maintained at a level above that of extinctions caused by negative 

associations (Mouquet and Loreau 2002, 2003). As the level of dispersal increases, the 

regional richness is transferred to the individual communities, increasing local richness 

(Mouquet and Loreau 2003). Increasing the number of individuals entering the 

communities, allows for those species lost due to interactions to be replaced with new 

ones. In some communities local species richness may eventually reach a level where 

dispersal balances those lost to exclusion and species richness remains relatively constant 

(Figure 1.3) (Mouquet and Loreau 2002; North and Ovaskainen 2007).  The ability and 

success of dispersal of an individual is often a biological trade-off with the ability to 

compete for space and resources (Levins and Culver 1971). 

Competitive Coexistence and the Competition-Colonization Trade-off 

 The biodiversity paradox (Hutchinson 1961; Clark et al. 2007) noted the 

coexistence of a large number of species with similar biological attributes. Contradicting 

the competitive exclusion principle (Gause 1934), the notion of coexisting species has 

become a focus of considerable ecological research (Tokeshi 1999). From this research 

two main schools of thought have been proposed to explain the coexistence of species: 

the unified neutral theory (Hubbell 2001) which encompass biological trade-offs, such as 

the trade-off between competition and colonization (Tilman 1994), and ecological niche 

theory (Vandermeer 1972; Hannan and Freeman 1977), which involves the interaction 

between individuals and their environment, for example, niche partitioning (Connell 

1978; Cadotte et al. 2006b; Leibold and McPeek 2006; Cadotte 2007b; Sanderson et al. 

2009). 
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 The unified neutral theory extends the work of MacArthur and Wilson (1967) by 

incorporating relative species abundance with elements of the theory of island 

biogeography including dispersal assembly (Hubbell 2001). Dispersal assembly asserts 

that communities are continually changing assemblages of species driven by random 

dispersal, ecological drift and natural extinction (Hubbell 2001).  The theory takes the 

assumption of species neutrality and places it on the individual allowing for species to 

fluctuate in abundance through demographic stochasticity (Hubbell 2005). Neutrality 

means that all species are equal in terms of birth, death, dispersal and speciation rates 

(MacArther and Wilson 1967; Hubbell 2001). The incorporation of relative abundance 

allows for the acknowledgement of species interactions, such as competition, and further 

supports the importance of dispersal and dispersal-like processes on ecological 

communities (Bell 2005). Relative species abundance influence the time it takes for a 

species to go extinct due to ecological drift, with more abundant species remaining longer 

in the community, interacting with more species (Hubbell 2001). With all species 

ecologically equivalent differences in communities are guided by chance dispersal events 

and stochastic extinctions which further support the importance influence of dispersal on 

ecological communities (Hubbell 2001).  

 Competition is generally recognized as influencing community structure (Tilman 

1982; Connell 1983; Schoener 1983; Gurevitch et al. 1992). Theoretical and empirical 

observations suggest that interspecific competition for resources can lead to the exclusion 

of the species with lesser abilities to acquire resources, reducing local richness (Diamond 

1975; Tilman 1982). The exclusion of species within a community can lead to the 
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opening of ecological niches (Tilman 1994; Amarasekare et al. 2004). Sufficient 

dispersal or multiple connections within a metacommunity can help alleviate the 

exclusion of species due to competition (Mouquet and Loreau 2003; Leibold et al. 2004; 

Cadotte et al. 2006a). Dispersal of individuals among communities has the potential to 

bring new individuals to occupy these vacant niches, maintaining, and potentially 

increasing the local diversity (Tilman 1994; Cadotte et al. 2006b; Cadotte 2007b; 

Sanderson et al. 2009).   

 The development of open niches and the partitioning of niches within a 

community provide opportunities for species to coexist (MacArthur and Levins 1967; 

Loreau et al. 2003; Leibold and McPeek 2006). However, the partitioning of resources 

among coexisting species can limit both species abundance and richness, potentially 

through interspecific competition (Hubbell 2001). Reducing the amount of resources 

available in a community can limit the number of species able to coexist and can also 

limit their abundance as the number of available resources may not be able to support 

large populations. Reduced species abundance can influence the ability of a species to 

successfully compete as their time in the community may be reduced (Hubbell 2001).   

 The trade-off between the ability to compete for resources and the ability to 

successfully colonize new habitats may have strongly influence community composition. 

Competition can lead to the elimination of species, opening habitat patches, which are 

then colonized by new individuals, increasing the amount of species co-existence (Levins 

and Culver 1971). When evaluating such a trade-off it is important to consider the 

difference between dispersal and colonization. Not all individuals that have the ability to 
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disperse are able to successfully colonize new habitats, either due to local environmental 

conditions, reproductive strategies and/or local community interactions (Cadotte et al. 

2006b; Shurin et al. 2009). Research suggests that species that are good colonizers will 

often be poor competitors and vice versa (Levins and Culver 1971; Mouquet and Loreau 

2003; Leibold et al. 2004; Cadotte et al. 2006a; Cadotte 2007b). Species with both good 

colonizing and competitive abilities, will often exclude those species with poor abilities 

in both categories (Leibold et al. 2004; Cadotte et al. 2006b). The competition-

colonization highlights the importance of dispersal on communities while explaining 

species co-existence (Calcagno et al. 2006). 

 The importance of the competition-colonization trade-off, along with the 

influence of dispersal on community composition, suggests that dispersal should 

influence species patterns of co-occurrence. Species co-occurrence patterns are generally 

attributed to competitive interactions between species (Diamond 1975). The interactive 

effect that dispersal has with other species interaction, like predation (Shurin 2001; 

Shurin and Allen 2001) further suggests that dispersal could influence species co-

occurrence patterns. 

Species Co-occurrence and Diamond’s Assembly Rules 

Understanding the driving force behind the unique distribution of species across a 

landscape has been and continues to be a main goal in ecological research. Environmental 

conditions are well known to influence species distribution (MacArthur 1975; Tilman and 

Pacala 1993), but why is it that certain species do not coexist together when all habitat 

preferences are met? Pielou and Pielou (1968) investigated the occurrences of insect and 
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spider fauna among the sporophores of a bracket fungus and observed “checkerboard” 

patterns of species co-occurrence. Their study noted two kinds of species associations: 

non-segregative and segregative (Pielou and Pielou 1968). Non-segregative associations 

form when mutually independent species are drawn to fewer habitats than expected, 

based on their niche requirements, and segregative associations form when species 

respond in the same manner to differences in habitat or to one another (Pielou and Pielou 

1968). Segregative associations can be further broken down into positive and negative 

associations. Positive associations exist when species utilise the same habitat and are able 

to coexist, and negative associations form due to species interactions or when they are 

drawn to different habitats causing the species to not coexist (Pielou and Pielou 1968). To 

test whether or not their observed species patterns were due to the associations described 

above and, by which association, they introduced the number of species combinations as 

an index of community structure. Mostly weak non-segregative associations were found, 

with only a few segregative associations which were attributed to the frequent co-

occurrence of two particular species supporting the importance of potentially rare species 

on the community assembly (Pielou and Pielou 1968).  

Following Pielou and Pielou (1968), Diamond (1975) observed New Guinea bird 

populations which further addressed the question of species co-existence. Diamond 

(1975) frequently observed that very similar species, species A and species B for 

example, did not coexist on any of the islands together, despite occupying very 

comparable habitats (Diamond 1975).  Diamond’s decade long observations led to the 

conclusion that the distribution of bird species on these islands formed “checkerboard” 
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patterns of negative species co-occurrence (Diamond 1975). A checkerboard pattern 

refers to the distribution of species where species pairs are found to not co-occur together 

in two locations; the sum total of these instances can be thought as representing the 

degree to which a community can be defined by its checkerboardedness (Diamond 1975; 

Stone and Roberts 1990). 

From their research both Pielou and Pielou (1968) and Diamond (1975) created 

similar indices, the species combination index and the number of checkerboard species 

pairs. The species combination index assesses the number of potential species 

combinations in a community and in a competitively structured community there should 

be fewer species combinations than expected by chance. Complimentary, the number of 

checkerboard species pairs is the number of species pairs forming a perfect checkerboard 

pattern, and in a competitively structured community there should be more checkerboard 

species pairs than expected by chance (Pielou and Pielou 1968; Diamond 1975; Gotelli 

and Entsminger 1999).  Following Diamond (1975), Stone and Roberts (1990) developed 

the checkerboard score (C-score). All three indices measure instances of 

checkboardedness within a community. Checkerboardedness, a defining parameter of 

community structure at the regional level as it identifies a pattern across a landscape of 

communities, is defined by a distribution of species pairs which rarely co-occur, forming 

a checkerboard pattern (Gotelli and McCabe 2002; Stone and Roberts 1990).  A 

checkerboard pattern can be determined using a binary presence/absence matrix of 

species data (Figure 1.1a, b) (Stone and Roberts 1990). The C-score (Stone and Roberts 

1990) which is not quite as stringent as the indices created by Diamond (1975) or Pielou 
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and Pielou (1968) because it measures the average number of “checkerboard units” 

(Figure 1.1 a and b) between all possible species present in the matrix, should be higher 

than expected by chance if the distributions are controlled by interspecific competition or 

some other non-random factor like dispersal (Stone and Roberts 1990). A high degree of 

checkboardedness relates to a large amount of negative associations or a large number 

species pairs rarely co-existing together, while a low degree of checkerboardedness refers 

to more positive associations occurring or more species pairs co-existing than not (Figure 

1.1c, d). A major criticism of Diamond’s (1975) work centered on whether or not the 

assembly rules described patterns that would exist if the species were randomly 

distributed (Connor and Simberloff 1979) and how to adequately test whether 

checkerboard distributions observed were more checkerboarded than expected by chance 

(Gotelli and Graves 1996; Sanderson et al. 1998).  

The establishment of Diamond’s assembly rules has drawn much criticism as well 

as support in what may be considered one of the great debates among ecologists (Connor 

and Simberloff 1979; Diamond and Gilpin 1982; Gilpin and Diamond 1982; Sanderson et 

al. 2009). In 1979 Connor and Simberloff published a controversial paper criticizing 

Diamond’s assembly rules which began a 20-year debate (Diamond and Gilpin 1982; 

Gilpin and Diamond 1982; Connor and Simblerloff 1983, 1986; Sanderson et al. 2009). 

The first of two major points of contention was whether or not Diamond had a large 

enough data set to establish such broad rules. In the original study Diamond observed 147 

species over 50 islands and concluded that the observed assembly rules could be 

explained by interspecific competition, overexploitation strategies, differences among 
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species dispersal rates and low probabilities of permissible combinations (Diamond 1975; 

Connor and Simberloff 1979). Connor and Simberloff (1979) used a Monte Carlo null 

model to show that many of the patterns that Diamond (1975) attributed to interspecific 

competition could also arise in communities that were assembled randomly, instead of by 

competition.  

Connor and Simberloff (1979) argued that three of the seven assembly rules 

(Table 1, rules 2-4) were either trivial statements or not supported with enough evidence. 

For example, assembly rule 2 contains “permissible” and “forbidden” species pairs, those 

present in the archipelago and those not, respectively, assumes active resistance and little 

evidence was shown to support this (Connor and Simberloff 1979). Of the remaining four 

assembly rules three (Table 1, rules 1, 5 and 7) were examined against a null model, and 

rule six was found to not be testable, due to the lack of published data showing islands 

with only two species (Connor and Simberloff 1979). When testing assembly rules one 

and five, Connor and Simberloff (1979) found that for two of their three faunal groups, 

the observed species data differed significantly from expected (Connor and Simberloff 

1979; Gotelli and Graves 1996). Connor and Simberloff (1979), however, attributed these 

results to the chance that with numerous possible species combinations it is likely that 

some species pairs are not going to exist on any islands. In addition, the null model used 

by Connor and Simberloff (1979) used ten random distributions of the observed data for 

comparison against, while other researchers use up to 5000 null matrices (Diamond and 

Gilpin 1982; Gotelli and McCabe 2002; Ulrich 2004). Connor and Simberloff’s (1979) 

use of a weak null model and the lack of emphasis on their results, which showed that 
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two of their three faunal groups did display significantly more exclusive pairs than 

expected by chance, questions the validity of their criticisms (Gilpin and Diamond 1982). 

In addition further re-evaluations of Diamond’s (1975) New Guinea bird populations add 

more support for the observation that natural communities are likely assembled by non-

stochastic processes (Gilpin and Diamond 1982; Gotelli and Graves 1996; Gotelli and 

McCabe 2002; Ulrich 2004; Sanderson et al. 2009; Burns et al. 2010).  

Other authors have concluded that species interactions are the main force shaping 

community structure through both modeling (Tilman 1982; Tilman 1994; Strange and 

Foin 1999; Östman and Chase 2007) and empirical research (Connell 1983; Carney et al. 

1988; Vanni et al. 1997; Kneitel and Chase 2004) supporting Diamond’s (1975) 

conclusion that competition drives patterns of species co-occurrence. Additionally, an 

analysis of close to one hundred data sets revealed communities of birds, mammals, ants, 

and plant to have significant levels of negative co-occurrence patterns, while fishes, 

herpetofauna, and most invertebrates displayed co-occurrence patterns that were not 

significantly different than expected by chance, showing the importance of co-occurrence 

patterns in variety of natural communities (Gotelli and McCabe 2002). The development 

of the checkerboard (C-score) by Stone and Roberts (1990), in addition to the creation of 

statistical programs (Colwell 2009; Gotelli and Enstminger 2009) designed for 

adequately testing species co-occurrence patterns against those expected by chance, have 

increased the use of species co-occurrence analyses.  

Updated software programs and the improvement of statistical techniques in the 

1990s have increased the use of the checkerboard score as an index of community 
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structure. Programs like EcoSim (Gotelli and Entsminger 2009) and EstimateS (Colwell 

2009) use null models to test for non-randomness in presence/absence or abundance 

matrices of species data. Many studies that have implemented these statistical methods 

support Diamond’s (1975) assembly rules (Gilpin and Diamond 1982; Gotelli and Ellison 

2002; Heino 2009; Lester et al. 2009; Sanderson et al. 2009; Zhang et al. 2009; Kamilar 

and Ledogar 2011). Several studies that use species co-occurrence as an index of 

community structure do so using large survey data (Lester et al. 2009; Kamilar and 

Ledogar 2011; Meier et al. 2011; Rubridge et al. 2011) that can make it difficult to tease 

apart the effects of interspecific competition from other potentially influential factors, 

such as dispersal. Experimental studies offer the potential to tease apart some of the 

mechanisms driving co-occurrence patterns by allowing a single or multiple factors to be 

manipulated while holding other potential factors constant. In addition, the null models 

used to evaluate co-occurrence patterns compare whether or not the observed data are 

significantly different from what is expected when the implied mechanism, in most cases, 

competitive interactions, is not important. Methods for analyzing co-occurrence patterns 

are unable to control for all mechanisms that may be influencing community assembly. 

As well, Pielou and Pielou (1968) found mainly weak non-segregative or positive 

associations in their study, attributing their observations to differences in the habitat 

locations, indicating the importance of additional factors, other than competition in 

community assembly. Furthermore, other studies (Zaleswski and Ulrich 2006; Heino 

2009; Zhang et al. 2009; Lester et al. 2010) have also noted the importance of taking into 

account regional processes like dispersal in the understanding of species co-occurrence 



16 

 

patterns; however none have directly looked at the influence of regional processes, such 

as dispersal, on co-occurrence patterns.   

Dispersal, species co-occurrence and the importance of rare species 

The competition-colonization trade-off, neutral theory and experimental research 

(McCauley 2006; Zalewski and Ulrich 2006; Drakou et al. 2009) support the important 

roles dispersal has on the shaping of ecological communities. In addition to being linked 

to habitat connectivity, dispersal has been suggested to play a further role in community 

structure through interactions with other ecological factors such as predation (Shurin 

2001; Shurin and Allen 2001), disturbance (Forrest and Arnott 2007; North and 

Ovaskainen 2007), and nutrient enrichment (Cadotte et al. 2006a).  While many studies 

(Carney et al. 1988; Giller and Doube 1994; Dzialowski and O’Brien 2004; Best et al. 

2007; North and Ovaskainen 2007; Lester et al. 2009) have looked at the effect of species 

interactions on community structure, few studies have empirically evaluated the effect of 

dispersal on such interactions or patterns attributed to species interactions (species co-

occurrence for example). However, if dispersal can maintain species in a community that 

would otherwise be lost due to exclusion and can introduce rare species which can alter 

the community structure, dispersal should play an important role in the formation of 

species co-occurrence patterns. Previous studies on dispersal (Zalewski and Ulrich 2006) 

and species co-occurrence patterns (Connor and Simberloff 1984; Maly 1991; Fernández-

Palacois and Andersson 1993; Ulrich and Zalewski 2006; Kamilar and Ledogar 2011) 

have pointed out the importance of understanding the influence of dispersal on species 

co-occurrence patterns.  
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 In companion papers, Ulrich and Zalewski examined species co-occurrence 

patterns of core and satellite species of ground beetles (Ulrich and Zalewski 2006) and 

the influence of dispersal on the structuring of ground beetle communities (Zalewski and 

Ulrich 2006). Core species are defined as species with wide distribution and are often 

abundant within local communities, and satellite species are rare species, usually only 

occurring in a few communities (Ulrich and Zalewski 2006). Differences in the dispersal 

ability of core and satellite species affected the both the distribution and abundance of 

species, showing the importance of dispersal on the structuring of ground beetle 

communities (Zalewski and Ulrich 2006). Core species displayed strong negative co-

occurrence patterns; however, ground beetle communities are not generally known to be 

influenced by competition (Loreau 1990; Ulrich and Zalewski 2006). Although satellite 

species themselves did not produce significant co-occurrence patterns, they may 

influence total community co-occurrence patterns however this was not measured by 

Ulrich and Zalewski (2006). Therefore, it is worth further examining how dispersal 

influences satellite species distributions and how dispersal influences community co-

occurrence patterns. 

 The influence of dispersal on species co-occurrence may be in part due to the 

potential for dispersal to increase the abundance of common species as well as maintain 

rare species within the community (Azeria 2004; Burns et al. 2010; Ulrich and Zalewski 

2006).  It is more likely that higher levels of dispersal introduce more individuals and 

greater number of rare species into a community than lower levels as more individuals 

would be exchanged increasing the chance of including rare species (Azeria 2004). Rare 
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species are thought to occur in communities because they have poor competitive ability, 

have high predation risk, high dispersal ability, and habitat-specific requirements that are 

not perfectly matched to the local community (Hessen and Walseng 2008).  Rare species 

can sometimes influence community functioning and success (Levins and Culver 1971; 

Yong Cao et al. 1998; Lyons and Schwartz 2001). In addition, rare species present in a 

system have the potential to regulate the overall number of species present within the 

system, especially when the species is a keystone species, a strong competitor or 

predator, for example (Levins and Culver 1971; Petchy et al. 2004). While some studies 

have examined the co-occurrence patterns of satellite species (Ulrich and Zalewski 2006; 

Livingston and Philpott 2010) there has been little empirical research on the effect of 

dispersal and rare species on co-occurrence patterns. As well empirical studies directly 

looking at the influence of dispersal on co-occurrence patterns are rare (Maly 1991; 

Zalewski and Ulrich 2006).  

Thesis Objectives 

 With this thesis, I investigate the influence of dispersal on the community 

structure of a multi-trophic zooplankton community. Most zooplankton species are 

microscopic in size (Dodson and Frey 2001), have generally high abundances (although 

there are rare species) and short generation times (King 1967; Allan 1976), which make 

them well suited for research involving experimental manipulations (Vanni et al. 1997; 

Shurin et al. 2000; Forbes and Chase 2002; Forrest and Arnott 2006, 2007). More 

specifically, I aim to test whether (1) community structure parameters (a. richness, b. 

Simpson’s diversity, c. total species abundance, d. species composition, e. evenness) are 
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affected by changes in dispersal levels, (2) species co-occurrence patterns are affected by 

changes in dispersal levels, and (3) rare species influence co-occurrence results. I use a 

controlled mesocosm experiment with manipulated dispersal levels. Through a set-up of 

four distinct treatments of dispersal each composed of 15 replicated islands I tested the 

effects of dispersal on community structure and co-occurrence patterns. 
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Table 1.1: Assembly rules and what they mean (Diamond 1975) 

Assembly Rule General meaning 

1. “If one considers all the combinations 

that can be formed from a group of related 

species, only certain ones of these 

combinations exist in nature” 

 Not every species combination in nature 

is possible 

2. “Permissible combinations resist 

invaders that would transform them into 

forbidden combinations” 

Strong species combinations can prevent 

outside individuals from entering the 

community 

3. “A combination that is stable on a large 

or species rich island may be unstable on a 

small or species-poor island” 

Certain combinations are dependent on 

their environment for their success 

4. “On a small or species-poor island, a 

combination may resist invaders that 

would be incorporated on a larger or more 

species-rich island.” 

Small environments or tight species 

combinations resist invaders better than 

more larger environments with more 

niches 

5. “Some pairs of species never coexist, 

either by themselves or as a part of a larger 

combination” 

Due to interactions or reduced chance of 

encounters some species never co-exist 

6. “Some pairs of species that form and 

unstable combination by themselves may 

form part of a stable larger combination” 

With surrounding community support 

unstable species pairs can succeed 

7. “Conversely, some combinations that 

are composed entirely of stable 

subcombinations are themselves unstable” 

A large number of successful 

combinations in an area can lead to an 

unstable community 
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Figure 1.1: a and b: Checkerboard pattern, where two species A and B (top) and B and C 

(bottom) do not co-occur in sites 1-4. c: high degree of checkerboardedness, d: low 

degree of checkerboardedness. (Shaded squares indicate a checkerboard pattern) 

 

 

 

 

   
Figure 1.2: Exchange of individuals amongst a metacommunity (A) and to a more 

isolated community (B). 

 

 

 

 

 

 

 

 

B

A



22 

 

 

 

 

 

   

 

 

 

 

 

 

 

Figure 1.3: Relationship between species richness and degree of dispersal at the 

community level (Adapted from MacArthur and Wilson 1963, 1967 (solid line) and 

Mouquet and Loreau 2003 (dashed line). 
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Chapter 2 

The effect of dispersal on species co-occurrence patterns and general 

zooplankton community structure 

Abstract 

The functioning of ecological communities has been a focal point of ecological 

research for decades. There is evidence that both dispersal and biotic interactions are 

important in shaping communities, but there is little research on the influence of dispersal 

on species co-occurrence indices, which are often attributed to competition. I 

experimentally tested the effect of dispersal on species co-occurrence patterns and other 

measures of community structure using a controlled mesocosm experiment involving four 

levels of dispersal: 0.1, 1.3, 2.5 and 9.6% ambient zooplankton densities. Dispersers were 

collected from five lakes in the Killarney/Sudbury, Ontario region, thoroughly mixed, 

and distributed among 60 mesocosms (15 replicates/dispersal treatment) every 11 days 

for 12 weeks. Local species richness was significantly affected by the dispersal treatment, 

while species diversity, total abundance and evenness were not. Dispersal did influence 

species co-occurrence patterns, with negative species co-occurrence patterns peaking at 

intermediate levels of dispersal, indicating that co-occurrence patterns are influenced by 

more than just species interactions. 
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Introduction 

The influences of regional processes, such as dispersal, have been recognized as 

an important element in the shaping of ecological communities (Mouquet and Loreau 

2003; Cadotte 2007a). The ability to disperse and successfully colonize new habitats can 

be important for a species’ persistence, but can also increase local community richness 

and diversity, and aid in the recovery of environmentally stressed areas (Debinski and 

Holt 2000; Shurin 2001; Havel and Shurin 2004; Kneitel and Chase 2004; Downing et al. 

2008; Bell and Gonzalez 2009). The importance of dispersal on community structure can 

be viewed through the lenses of both the theory of island biogeography (MacArthur and 

Wilson 1963, 1967) and the metacommunity concept (Levins 1969).  

Increasing the dispersal of individuals between communities within a 

metacommunity can result in increases in the local species richness (Cadotte et al. 2006a; 

Richter-Boix et al. 2007).  However, dispersal, alone, does not control the functioning of 

ecological communities. Dispersal has been shown to play both a major (Ozinga et al. 

2005; McCauley 2006; Zalewski and Ulrich 2006; Beaudrot and Marshall 2011) and a 

minor role (Shurin 2001; Michels et al. 2001; Havel and Shurin 2004) in community 

composition. Increasing local species richness through dispersal has the potential to 

introduce rare species, which can alter local processes, such as species interactions 

(Levins and Culver 1971; Yong Cao et al. 1998).  

Introducing new individuals into a community can interfere with local negative 

species interactions, especially if the new individuals are either predators or strong 

competitors (Petchy et al. 2004; Kneitel and Chase 2004; Cadotte et al. 2006a). Theory 
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suggests a biological trade-off between the ability to compete and the ability to colonize 

new habitats (Tilman 1994; Leibold et al. 2004; Cadotte et al. 2006a; Cadotte 2007b). 

The competition-colonization trade-off suggests a balance between competition and 

colonization abilities, where species with both good colonizing and competing abilities 

will often exclude those with poor abilities in both categories (Mouquet and Loreau 2003; 

Leibold et al. 2004; Cadotte et al. 2006a, 2006b; Calcagno et al. 2006; Cadotte 2007b). 

The competition-colonization trade-off further highlights the importance of dispersal in 

community structure and the potential effect of dispersal on species co-occurrence 

patterns. Introducing highly influential species into a community has the potential to alter 

patterns of species co-occurrence within the community. 

Species co-occurrence patterns have often been attributed solely to competition 

(Diamond 1975; Connell 1980; Tilman 1982). Since the establishment of Diamond’s 

(1975) assembly rules, which placed competition at the heart of his observed species co-

occurrence patterns, additional studies have implicated competition as the main element 

shaping ecological communities (Wieglet and Jolliffe 2003; Östman and Chase 2007). 

Diamond (1975) described patterns of species co-occurrence as having a checkerboard 

distribution across the archipelago, where some species never co-existed on the same 

island. The checkerboard distribution, along with additional indices describing the 

“checkerboardedness” of a community is still used to assess whether or not a community 

is shaped by negative species interactions (Gotelli and Entsminger 2009).  

Checkerboardedness is defined by the distribution of species pairs which never co-occur, 

forming a checkerboard pattern, and one of the more commonly used indices to measure 
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such patterns is the checkerboard (C-score) (Stone and Roberts 1990; Gotelli and 

McCabe 2002).  

The C-score measures the degree of checkboardedness within a community, a 

high C-score (>1.96) indicates a significant amount of negative associations or a large 

number of species-pairs not co-existing, and a low C-score (< -1.96) indicates a 

significant level of positive associations between species (Stone and Roberts 1990). The 

detection of significant checkerboardedness in a community is determined using a null 

model, where the observed species data are compared against randomized matrices to 

establish whether or not the observed C-score is greater than expected by chance (Stone 

and Roberts 1990; Gotelli and Entsminger 2009). While many studies (Gotelli and 

Ellison 2002; Heino 2009; Lester et al. 2009; Sanderson et al. 2009; Zhang et al. 2009; 

Kamilar and Ledogar 2011) that have used null models to test for non-randomness among 

species co-occurrence patterns have shown support for Diamond’s (1975) observations, 

very few have considered the influence of dispersal.  

With dispersal possibly playing an important role in the structure of communities 

(Ozinga et al. 2005; McCauley 2006) and its contribution to the competition-colonization 

theory (Mouquet and Loreau 2003; Leibold et al. 2004; Calcagno et al. 2006), dispersal 

should strongly influence species co-occurrence patterns. In addition, multiple studies 

(Lester et al. 2009; Kamilar and Ledogar 2011; Meier et al. 2010; Rubridge et al. 2011) 

that use co-occurrence as an index of community structure do so using survey data sets, 

making it difficult to tease apart the effects of interspecific competition from other 

influential factors, like dispersal. While some research (Maly 1991; Zalewski and Ulrich 
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2006; Heino 2009; Zhang et al. 2009; Lester et al. 2010) has noted the importance of 

external influences in the explanation of species co-occurrence patterns, there has been 

little empirical research evaluating such effects.  

My study aims to evaluate the influence of dispersal on species co-occurrence 

patterns experimentally using zooplankton. Based on previous research on both dispersal 

and species co-occurrence patterns I expected that dispersal would influence specie co-

occurrence patterns through increasing richness and the potential introduction of rare 

species. Through a mesocosm experiment I established four levels of dispersal with 15 

replicates at each level to adequately assess the influence of dispersal on not only species 

co-occurrence patterns, but on community composition and structure. Zooplankton 

communities are ideal for ecological research because of their small body size (Dodson 

and Frey 2001), high abundances, and short generation times (King 1967; Allan 1976). In 

addition, zooplankton communities have been used in previous research involving 

experimental manipulations and have looked at the influence of species interactions and 

dispersal on community structure (Vanni et al. 1997; Shurin et al. 2000; Forbes and 

Chase 2002; Forrest and Arnott 2006, 2007). Through the manipulation of dispersal into 

replicated zooplankton communities I show the influence that dispersal can have on 

species co-occurrence patterns. 

Materials and Methods 

Experimental Design 

To evaluate the effects of dispersal on species co-occurrence patterns and 

zooplankton community structure, an artificial pond mesocosm experiment was 



28 

 

conducted in Killarney Provincial Park during the summer of 2010. In total, sixty ponds 

were set up, and divided into four treatments with fifteen replicates in each group. The 

four treatments differed in the density of dispersers, which were added to the system 

every 11 days (low, medium, high, very high levels of dispersal) from a large pool of 

colonists. Dispersers were added at this interval to provided adequate time for the 

individuals to establish within the community. 

Experimental Set-up 

Artificial pond mesocosms were established on May 14, 2010, using 378 L 

Rubbermaid stock tanks filled with 350 L of water from George Lake, Killarney 

Provincial Park, Killarney, Ontario, filtered through both 80 and 50 µm mesh. Nutrients 

in the form of NaNO3 and NaH2PO4 were added initially to each mesocosm to represent 

the average nutrient level of the five lakes used for the dispersal treatment and ensure 

food availability in the form of primary producers (Table 2.1) and each week thereafter to 

compensate for the loss of N and P from the water column to the formation of periphyton 

along the inner walls of the mesocosms (0.5359 g NaNO3 and 0.0174 g NaH2PO4 initial 

addition; 0.1876 g NaNO3 and 0.0059 g NaH2PO4 weekly additions) (Downing et al. 

2008). Each mesocosm was inoculated with ambient planktonic zooplankton populations 

from George Lake. On May 16 2010 initial zooplankton populations were collected from 

George Lake by forty-eight 5 m vertical hauls using a 35 cm diameter, 50 µm mesh net 

and mixed in a 120 L container with a spigot at the bottom. Each mesocosm was 

inoculated with a 1 L aliquot from the continuously-mixed George Lake zooplankton.  
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 Mesocosms were placed in a shaded area more than 300 m from the nearest body 

of water and covered with a 1 mm mesh to minimize exogenous colonization mediated by 

large insects and other animals during the experiment. The experiment ran for twelve 

weeks (88 days from inoculation). The duration of the experiment was chosen based on 

the results of previous research on plankton community stability (Downing et al. 2008) 

and community variability (Gonzalez and Descamps-Julien 2004; Beisner and Peres-Neto 

2009), on research with similar experimental designs (Shurin 2001; Pedruski 2008), and 

after community abundance had reached a plateau. 

Experimental Treatments 

The four dispersal treatments were distributed randomly across the tanks to 

minimize any effect of shade from the surrounding environment (Figure 2.1).  Dispersal 

levels were chosen to represent a range of possible dispersal levels. The low, medium and 

high dispersal treatments were based on the level of zooplankton dispersal measured 

between a series of interconnected ponds (Michels et al. 2001). The highest level of 

zooplankton dispersal was chosen based on the level of dispersal used in similar 

experimental systems (Forrest and Arnott 2007; Pedruski 2008). The low dispersal 

treatment represented 0.1 % of the ambient lake zooplankton density from each colonist 

lake, medium 1.3 %, high 2.5 % and very high 9.6 %. Dispersers for all treatments were 

combined from collections taken from five lakes in the Killarney and Sudbury area 

(Table 1). The lakes were chosen based on previous surveys of species presence and 

chemical characteristics and on accessibility (Shead 2007; Valois 2009). The lakes were 

selected to ensure enough diversity for species interactions to occur, a neutral level of pH 
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(all lakes were urban or recovered), and to avoid nitrogen or phosphorous limitation when 

using the average nutrient levels of the five lakes (Redfield 1958).  

Dispersers from each lake were collected by taking two 4 m vertical hauls with a 

35 cm diameter 50 µm mesh net. Each net haul was added to 2 L of lake water and 

transported to the mesocosm site in coolers. The dispersers from each lake were mixed in 

60 L of filtered George Lake water, for a total of an 80 L dispersing community. Aliquots 

from the mixed pool of dispersers were added to each mesocosm according to the 

assigned dispersal level as follows: 30 ml for 0.1 % dispersal, 485 ml for 1.3 %, 915 ml 

for 2.5 %, and 3.5 L for 9.6 % dispersal. Dispersers were collected and added using this 

protocol every eleven days following the initial sampling period on May 18
th

, 2010 for a 

total of eight dispersal events over the course of the experiment. A 2 L aliquot was 

removed from the disperser pool prior to a dispersal event, filtered through 50 µm mesh, 

anesthetized with Alka Seltzer and preserved with 70 % ethanol for later enumeration. 

Sampling Protocol 

Temperature, dissolved oxygen (DO), and pH were measured in each mesocosm 

on a weekly basis starting on May 17,
 
2010 using a YSI 550A Dissolved Oxygen probe 

(YSI Inc., Yellow Springs, OH, USA) and a HANNA pHep probe (HANNA instruments, 

Laval, QU, CAN) until June 10 2010, at which point a multiparameter probe was 

obtained. Following June 10 2010 weekly temperature, DO, pH and conductivity were all 

measured using a YSI 600R multiparameter probe (YSI Inc., Yellow Springs, OH, USA).  

Measurements were taken to ensure consistency of the chemical conditions across 

treatments and mesocosms. Measurements were taken from the center of each mesocosm.  
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Aquatic invertebrates were sampled every 11 days starting on May 18,
 
2010. 

Mesocosms were sampled in random numerical order within treatments starting with the 

lowest dispersal treatment and finishing with the highest dispersal treatment. Each 

mesocosm was gently homogenized with a canoe paddle after which the zooplankton 

communities were sampled with a 3 L tube sampler. The tube sampler was submerged to 

a pre-measured level of 3 L twice to sample a total of 6 L from each mesocosm. The 

water in the tube sampler was gently poured through a 50 µm mesh to capture the 

organisms. The zooplankton were anesthetized with Alka Seltzer and preserved with 70 

% ethanol for later enumeration. 

Water samples for chlorophyll ɑ  analysis were taken during the final invertebrate 

sampling period. Brown Nalgene bottles were submerged below the water surface of each 

mesocosm to collect 500 ml of water. Brown bottles were used to minimize light 

exposure to the samples. A known volume, 300 ml, of each water sample were passed 

through GF/C Whatman glass fiber filters, frozen, extracted in methanol for 24 hours, and 

analyzed using a TD 700 Fluorometer (Turner Designs, Sunnyvale, CA, USA). 

Chlorophyll a concentrations were analyzed in a method similar to that used by 

Welschmeyer (1994). 

Invertebrate Enumeration and Identification 

For the enumeration and identification of crustacean zooplankton, a counting 

protocol designed to ensure the detection of rare species was used. Each sample was 

concentrated to 50 ml and five or six subsamples ranging from 5 to 10 ml, depending on 

the density of the sample, were examined. On average 60% of each sample was counted 
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in full while the remainder was scanned for rare species. Samples were examined at 20-

25X magnification using a Leica MZ125 dissecting scope (Leica Microsystems (Canada) 

Inc., Richmond Hill, ON). When necessary for species-level identification, specimens 

were dissected and examined at higher magnification using a Leica DME compound 

microscope (Leica Microsystems (Canada) Inc., Richmond Hill, ON). All individuals in 

each subsample were counted. Once at least 50 individuals of a species had been counted, 

that species was no longer counted in the remaining subsamples. Samples were surveyed 

until at least 250 individuals in total, over all species, were identified. For species which 

reached 50 individuals or greater only 50 were counted toward the 250 total. Once 250 

individuals were identified, the remaining subsamples were scanned for species not yet 

identified in that sample. New species identified during the scanning process were 

continually counted throughout the remainder of the sample. Samples with fewer than 

250 individuals were counted completely. Cladoceran species were identified using 

relevant keys (Edmondson 1959, Witty 2004, Balcer et al. 1984). De Melo and Herbert 

(1994) was used to identify bosminids. Smith and Fernando (1978) and Hudson et al. 

(1998) were used for the identification of copepods.  

A Sedgewick-Rafter counting cell was used for the enumeration of Rotifera. 

Samples were concentrated to 30 ml and six successive 1 ml subsamples were examined 

in full at 200X magnification, using a Leitz BIOMED compound microscope (Leica 

Microsystems (Canada) Inc., Richmond Hill, ON). The number of subsamples surveyed 

was determined by creating a species accumulation curve based on the first four samples, 

one from each treatment, examined (Figure 2.2). The establishment of a plateau in the 
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number of identified genera in each subsample, of the first four samples surveyed, 

determined the number of subsamples to be surveyed in the remaining samples (Figure 

2.2).  Rotifers were identified to the genus level using Edmondson (1959) and 

Stemberger (1979). 

Crustacean and Rotifera zooplankton were counted and identified for each sample 

taken during the last sampling period, and for the disperser samples. To create a time 

series for community structure measures, crustacean zooplankton were enumerated for 

three mesocosms per treatment (a total of 12 samples) for each of the sampling periods.  

Statistical Analyses 

Community Structure  

To evaluate the effect of dispersal on community composition, redundancy 

analysis (RDA) was performed on species relative abundance data, transformed using the 

Hellinger transformation (Legendre and Gallagher 2001), using CANOCO version 4.5 

(ter Braak and Smilauer 2002). Species present in less than five percent of the 

mesocosms were excluded from the RDA. Analysis of variance (ANOVA) was used to 

assess differences among the dispersal treatments for species richness, total abundance, 

Simpson’s diversity, and species evenness (Evar), and for the water quality measurements. 

Local species richness is the total number of species and genera identified in each 

mesocosm. Total abundance is the total number of individuals per litre present in each 

mesocosm. Simpson’s diversity (Simpson 1949) was calculated as follows 
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where ni is the total number of organisms of a particular species and N is the total number 

of organisms of all species. Species evenness (Evar) was calculated using the following 

equation 

                           
      

 

 

   

 

 

  

 

   

  

where S is the number of species in the sample and xs is the abundance of the sth 

species (Smith and Wilson 1996). ANOVAs were run using R version 2.9.2 (R 

Development Core Team 2008) and assumptions of normality and variance were tested 

and met.  

To examine the change in community composition over time a principal 

component analysis (PCA) was performed on the average of a subset of three mesocosms 

per treatment of species data collected over time and the dispersing data. A subset of 

samples was chosen to monitor over time due to the time constraints of enumerating all 

samples at each sampling period. A total of nine sampling periods and eight dispersing 

periods were included in the PCA. PCA was run in R version 2.9.2 (R Development Core 

Team 2008). Repeated measures ANOVAs were performed on species richness, total 

abundance, Simpson’s diversity, and species evenness to determine changes between 

dispersal treatments over the nine sampling periods. The same subset of three mesocosms 

per treatment, as used in the PCA, was used for the repeated measures ANOVAs. 

Repeated measures ANOVAs were run in Statistica (StatSoft Inc. 2001).  
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Species Co-occurrence 

To evaluate the effect of species interactions on community structure a co-

occurrence null model was used to 1) calculate the checkerboard score (C-score) statistic 

for each treatment in relation to what is expected by chance, and 2) calculate the 

standardized effect size (SES) for each co-occurrence test for comparison among 

treatments. The C-score is defined “as the average number of checkerboard units per 

species-pair of the community”. A checkerboard unit per species-pair is when two 

species do not coexist together at two sites and is calculated as follows 

where ri and rj are the row totals for species i and j and S is the number of shared sites 

between species i and j. The C-score is then calculated as follows  

 

where Cij is the checkerboard unit between species i and species j and P is the total 

number of species pairs (Stone and Roberts 1990). Co-occurrence analyses were run in 

EcoSim Version 7.72 where the C-Score was measured in a site by species presence-

absence matrix (Stone and Roberts 1990; Gotelli and Entsminger 2009). Each dispersal 

treatment was analyzed separately and the standardized effect sizes compared (Gotelli 

and Entsminger 2009).  

Because co-occurrence tests produce a single value for each treatment, we tested 

the stability of the effect size of our tests for each treatment.  To accomplish this, co-

occurrence tests were run using all 15 mesocosms in each treatment, and then re-run 15 

CU =  ri  S (rj   S) 

C =    
Cij

P
<   j    i
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times per treatment, each time subtracting one mesocosm, for a total of 14 mesocosms in 

each co-occurrence test. This process allowed us to test whether the effect sizes observed 

for our treatments were strongly influenced by the inclusion of a particular mesocosm, 

and also allowed us to identify significantly influential mesocosms. The stability analysis 

produced 15 effect size values for each treatment.  This analysis was not done with the 

intention of excluding strongly influential mesocosms, but to examine how stable effect 

sizes are within treatments, informing our comparisons across treatments.   

Rare Species 

To assess the influence of rare species on species co-occurrence patterns in each 

dispersal treatment, rare species were removed from each treatment. Species were 

removed based on different levels of rarity which were derived from the average global 

abundance of each species for each treatment and the overall occurrence of each species 

in each treatment. Rare species were defined as those occurring in three or fewer 

mesocosms, those with less than 0.05% global treatment abundance, and those with less 

than 0.2% global treatment abundance. The rarity cut-offs were chosen to ensure that 

enough species still remained in the treatment matrix for the co-occurrence analyses. Co-

occurrence analyses were re-run for each degree of rarity minus the appropriate species. 

Results 

Environmental Variables 

Temperature, pH, dissolved oxygen and conductivity varied significantly over the 

course of the experiment (Table 2.2) (repeated measures ANOVA, time factor, p<0.001 

for all factors) but were not significantly different among dispersal treatments (repeated 
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measures ANOVA, time X dispersal, temperature, p=0.43; pH, p=0.75; dissolved 

oxygen, p=0.53; conductivity, p=0.43; Table 2.3).  Environmental variables showed no 

significant difference between dispersal treatments at the end of the experiment 

(ANOVA, temperature, p=0.81; pH, p=0.79; dissolved oxygen, p=0.77; conductivity, 

p=0.39; chlorophyll α, p=0.53; Table 2.4). 

Community Structure 

A total of 42 species of crustacean zooplankton and 20 genera of rotifer 

zooplankton were identified amongst the 60 mesocosms over the course of the 

experiment (Appendix A). 

Community structure indices (local species richness, total abundance, diversity 

(Simpson’s Index) and evenness (Evar)) varied significantly over the duration of the 

experiment (repeated measures ANOVA, time factor, p<0.001 for all parameters; Table 

2.3). None of the community structure indices differed between dispersal treatments 

(repeated measures ANOVA, dispersal factor, richness, p=0.66; diversity, p=0.75; 

evenness, p=0.15; abundance, p=0.47; Table 2.3) nor was there an interaction of dispersal 

and time (repeated measures ANOVA, time X dispersal, richness, p=0.82; diversity, 

p=0.66; evenness, p=0.48; abundance, p=0.35; Table 2.3). Species abundance, diversity, 

and species evenness did not differ between dispersal treatments at the end of the 

experiment (ANOVA, abundance, p=0.45; diversity, p=0.98; evenness, 0.77; Table 2.4; 

Figure 2.3), while local species richness was significantly influenced by the dispersal 

treatment (ANOVA, p=0.007) (Figure 2.3). Species richness differed significantly 
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between the 0.1% and 2.5% treatments (Tukey HSD, p=0.041), and between the 0.1% 

and 9.6% treatments (Tukey HSD, p=0.006). 

Community Composition 

Both zooplankton community composition and the dispersing population changed 

over time (Figure 2.4). PCA axis 1 is most positively correlated with Chydorus 

sphaericus, weakly positively correlated with Diaphanosoma birgei and Daphnia 

mendotae (Table 2.5). Bosmina sp., Daphnia mendotae, and Diaphanosoma birgei are 

weakly positively correlated to PCA axis 2, while Chydorus spaehericus is weakly 

negatively correlated to PCA axis 2 (Table 2.5). There was a shift from Bosmina sp. 

dominance to Chydorus sphaericus dominance around the fourth sampling period (June 

20
th

, 2010) in the low and medium dispersal treatments and the fifth sampling period 

(June 30
th

, 2010) in the high and very high dispersal treatments (Appendix B).  At around 

the same time Ceriodaphnia sp. and Acanthocyclops vernalis increased in abundance, 

while Daphnia retrocurva, Holopedium glacialis, and Diacyclops bicuspidatus thomas 

began to decline. In addition, the abundance of two predatory cladocerans, Leptodora 

kindtii and Polyphemus pediculus, increased near the end of the experiment.  

Dispersal explained 7 % of the variation in species composition at the end of the 

experiment (RDA results – all mesocosms included) (Figure 2.5). The species present in 

the RDA plot are those that contribute to at least 10 % of the variation. A few of the 

species represented, Leptodora kindtii, and Eurcercus lamellatus, were predominantly 

found in the highest dispersal treatment, while Eubosmina longispina was found in 

greater abundances in the low and medium dispersal treatments (Appendix C). 
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Species Co-occurrence  

Checkerboard scores (C-scores) varied across the four dispersal treatments. 

Observed C-scores were significantly greater than the expected (indicating negative co-

occurrence) in the 1.3 % dispersal (p<0.001), 2.5 % dispersal (p<0.001), and 9.6 % 

dispersal (p=0.005) treatments, while the observed C-score for the 0.1 % dispersal 

treatment was marginally insignificant (p=0.078). Significantly positive C-score values 

indicate that there are more species pairs not co-occurring than expected by chance.  

Standardized effect sizes (SES) produced from the co-occurrence analysis peaked 

at the 1.3 % dispersal treatment (Figure 2.6). Positive effect size values indicate more 

negative species associations than expected by chance and negative effect size values 

indicate more positive species associations than expected by chance. The medium level 

of dispersal resulted in the strongest negative associations of the four dispersal 

treatments.  

From the standardized effect size stability analysis, a single mesocosm in both the 

1.3 % and the 2.5 % dispersal treatments appeared to influence the standardized effect 

size values (outliers in Figure 2.7). To see the influence of these mesocosms (tank #1 in 

both treatment see Figure 2.1 for mesocosm arrangement) the stability analysis was re-

run with the complete removal of these two mesocosms (Figure 2.8). The removal of the 

influential mesocosms greatly changed the results of the co-occurrence analysis (Figure 

2.8).  

 The removal of rare species at different levels of rarity altered the results of the 

species co-occurrence analyses. Interestingly, the SES of the C-scores for the 1.3% 
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dispersal treatment increased with the removal of rare species, while the SES of the C-

scores for the 2.5% and 9.6% dispersal treatments decreased below the level of 

significance (Figure 2.9). The SES of the C-scores in the 0.1% dispersal treatment 

followed the same pattern found in the highest two levels of dispersal, however all SES 

values remained not significant. Despite the fact that the C-score is calculated based on 

presence/absence data, the removal of rare species based on both occurrence and 

abundances influences the SES value differently.  

Discussion 

Dispersal had a significant effect on zooplankton community structure, 

community composition and on species co-occurrence patterns (Figure 2.6).  The results 

of this experiment further highlight the important role that dispersal plays in shaping 

zooplankton communities particularly, species co-occurrence patterns.  

Community Structure 

The influence of dispersal on species richness has been widely recognized 

(Cadotte et al. 2006a; Zalewski and Ulrich 2006; Drakou et al. 2009) including some 

studies on zooplankton communities (Shurin 2001; Forrest and Arnott 2006; Strecker and 

Arnott 2010).  In agreement with previous research, the dispersal treatment in this 

experiment had a significant effect on the local species richness (Figure 2.3).  Local 

species richness was further separated into the two main taxonomic groups: crustaceans 

and rotifers to examine the species richness in greater detail. This breakdown illustrated 

that the increase in total zooplankton community richness with increasing dispersal was 

mainly driven by an increase in rotifer species (Figure 2.10; ANOVA, total richness 
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p=0.007, crustacean p=0.317, rotifer p=0.002). The observed relationship between 

species richness and dispersal is further supported by theory (MacArthur and Wilson 

1967; Nilsson and Nilsson 1978; Mouquet and Loreau 2003). The theoretical model 

developed by Mouquet and Loreau (2003) includes a decrease in local species richness 

with high levels of dispersal. The decrease in richness found in their model was due to 

the homogenization of the community followed by the exclusion of species from negative 

interactions. Contrary to the predictions of their model, local species richness did not 

decrease at the highest level of dispersal, which can likely be attributed to the mode of 

dispersal used and the frequency of disperser additions. Dispersers were added from 

outside the experimental region and at a regular interval minimizing the homogenization 

of the communities. As well, the highest level of dispersal used was based on that used in 

similar studies (Forrest and Arnott 2007; Pedruski 2008) and as a level that would exceed 

the average level of dispersal observed in a natural system (Michels et al. 2001).  

  Local species richness gradually increased, with the 1.3%, 2.5%, and 9.6% 

dispersal treatments experiencing moderate fluctuations over the course of the experiment 

and a slight decrease at the last sampling period (Figure 2.11).  Some fluctuations in 

species richness are likely due to both seasonal changes (Beisner and Peres-Neto 2009) in 

the source lakes and local changes in the temperature of the mesocosms (Gonzalez and 

Descamps-Julien 2004; Downing et al. 2008) (Figure 2.12). The changes in the 

temperature of the mesocosms reflect seasonal changes in weather (Figure 2.12). Slight 

changes in habitat characteristics can prevent or slow the success of colonization by new 

species, reducing species richness until the habitat is suitable again (Cottenie et al. 2001).  
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Despite the significant effect that dispersal had on the local species richness, and 

previous research that shows dispersal to have a strong positive relationship with 

diversity (Vandvik and Goldberg 2006; Thompson and Townsend 2006; Peay et al. 

2010), I found no significant effect of dispersal on Simpson’s diversity (Figure 2.13). 

With a theoretical model, Loreau et al. (2003b) found local species diversity to be highest 

at an intermediate dispersal rate, which they argue is high enough to prevent local 

competitive exclusion and low enough to prevent community homogenization. Loreau et 

al. (2003b) used dispersal proportions ranging from zero to 0.4. While dispersal did not 

have a significant effect on local species diversity in this experiment, the highest 

dispersal treatment (9.6%) maintained the most diverse community over the course of the 

experiment (Figure 2.13). As time progressed, all four treatments became slightly less 

diverse, which is probably due to the increase in the abundance of dominant species such 

as Chydorus sphaericus and Diaphanosoma birgei. Species richness was significantly 

affected by dispersal whereas Simpson’s diversity, total abundance, and evenness (Evar) 

were not affected by dispersal (Figure 2.13). The effect of dispersal on species richness 

and not on Simpson’s diversity may indicate the importance of individuals and 

potentially rare species on the community structure.  

Community Composition 

The dispersal treatment explained 7% of the community composition (Figure 2.5), 

and some species were found more predominantly in the mesocosms of the 2.5% and/or 

9.6% dispersal treatment. It is difficult to determine whether the maintenance of these 

particular species in only the higher dispersal treatments is due to biotic interactions or 
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due to continued dispersal. However, previous research has found that presence of 

satellite species, or those species only occurring at a limited number of sites, is mainly 

driven by dispersal (Bell 2005; Ulrich and Zalewski 2006).  Since dispersers were added 

to mesocosms at a regular interval it is possible that some of the rare species, such as 

Leptodora kindtii, which was found in the highest dispersal treatment throughout the 

course of the experiment (Appendix C), were maintained in the system through dispersal. 

The presence of more commonly occurring species, such as Chydorus sphaericus, 

Diaphanosoma birgei, Leptodiaptomus minutus, and Acanthocyclops vernalis, and the 

change in the presence of species, E.longispina for example, which was more abundant at 

the earlier sampling dates than the later ones, can be attributed to successful colonization 

ability, competitive ability (or lack of competitors), as well as habitat suitability. The 

abundance of these commonly found species especially that of Chydorus sphaericus and 

Diaphanosoma birgei presumably signifies that these species are both good colonizers 

and have fair competitive ability supporting their coexistence (Cadotte 2007b).  

The community composition changed greatly over the duration of the experiment 

(Figure 2.4). This change is likely due to seasonal changes in the source lakes, changes in 

the habitat characteristics of the mesocosms due to seasonal weather changes, and 

changes in the interactions between species as more individuals were added with the 

dispersal treatment. Only a small subset of the mesocosms was included in PCA to 

explore the degree of change in the communities over time. As well, of the mesocosms 

included in these subsets, the two mesocosms that were found to highly influence the co-

occurrence results were included, and hosted some of the more rare species found in the 



44 

 

experiment, which may also influence the results of the PCA. For example, mesocosm 

number one in the 2.5% dispersal treatment was the only mesocosm with Pleuroxus 

denticulatus and also developed a bloom of pond weed (personal observation). This 

mesocosm and the other highly influential mesocosm (number one in the 1.3% dispersal 

treatment) were also the only home to Pleuroxus procurvus (Appendix C). The inclusion 

of all the mesocosms may have resulted in a different observation; however, the focus of 

this experiment was the condition of mesocosms at the end of the experiment. The main 

objective was to examine the influence of dispersal on species co-occurrence patterns. All 

mesocosms samples were counted at the conclusion of the experiment to allow for 

enough time for individuals to establish and interact within the community. A principle 

component analysis on the entire experimental community upon the conclusion of the 

experiment revealed that within each dispersal treatment, mesocosms clumped together in 

groups of 6 to 9 mesocosms (Figure 2.14). Of the remaining mesocosms in each 

treatment some deviated from the average community composition. The deviation of the 

remaining mesocosms in each treatment from the main group is likely due to the 

stochastic nature of dispersal and elements of the experimental process (Hurlbert 1984).  

Animals were collected from approximately the same position in each source lake 

on each dispersing day; however, it is impossible to collect the same number of each 

species each time, especially over time as seasonal changes occur (Beisner and Peres-

Neto 2009). To minimize effects of the experimental procedure the animals from each 

source lake were thoroughly mixed and distributed in a random order. The nature of 

dispersal and the resulting individuality of each mesocosm resulted in a high amount of 
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variability within each dispersal treatment. High variability within similar mesocosms 

studies has been observed (Forrest and Arnott 2007; Beisner and Peres-Neto 2009). 

Negative species associations combined with seasonal or environmental changes have 

been attributed to cause high community variability (Gonzalez and Descamps-Julien 

2004; Kneitel and Chase 2004; Beisner and Peres-Neto 2009). In addition, the random  

distribution of predatory species, such as Leptodora kindtii, which has the potential to 

alter the community through predation on smaller cladoceran species (Herzig and Auer 

1990), has been documented in a similar study (Forrest and Arnott 2007). Whether the 

presence of predatory species, competitive interactions, or changes in the environment, 

variability is going to be present in a study of this kind, and is representative of the 

stochastic processes in nature.  

Species Co-occurrence 

Species co-occurrence patterns differed among dispersal treatments (Figure 2.6).  

Only the lowest dispersal treatment did not produce evidence of significant patterns of 

negative co-occurrence. The three remaining treatments (intermediate, high, and very 

high) all resulted in significant patterns of negative species co-occurrence, with the 

standardized effect size (SES) peaking at the intermediate dispersal treatment. Patterns of 

negative species co-occurrence have been attributed to competitive interactions (Pielou 

and Pielou 1968; Diamond 1975; Connell 1980; Tilman 1982; Wieher and Keddy 1999; 

Östman and Chase 2007).  The reason for this logical connection is that competition 

between similar species usually leads to the exclusion of one or more species, producing 

patterns of negative species co-occurrence (Pielou and Pielou 1968; Diamond 1975; 
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Wieher and Keddy 1999). However, the influences of regional processes, such as 

dispersal, which are important in the shaping of ecological communities, have rarely been 

taken into consideration when examining the results of co-occurrence analyses.  

Increasing the level of dispersal is thought to rescue species from competitive 

exclusion (Mouquet and Loreau 2002; North and Ovaskainen 2007).  It is likely that in 

this experiment, the continued dispersal did help slow the exclusion of some species, 

which is why we see a decrease in negative co-occurrence patterns at the highest levels of 

dispersal. Additionally, dispersal may have influenced species co-occurrence patterns 

through the addition of rare species and/or through the maintenance of species in the 

community. Dispersal has potential to introduce rare species into the community, which 

can greatly influence species dynamics (Pielou and Pielou 1968; Petchy et al. 2004; 

Hubbell 2005). The influence of rare species on species co-occurrence patterns is seen in 

the change of the SES with the removal of rare species (Figure 2.9). In addition, the 

removal of two influential mesocosms which contained some of the rarest species in the 

experiment greatly changed the co-occurrence results (Figure 2.8). The continued 

addition of dispersers has the potential to maintain species in the community that on their 

own would not remain in the community, due to environmental unsuitability or species 

interactions. Maintaining such species can produce co-occurrence patterns which are not 

truly representative of the community. The potential maintenance of species within the 

communities of this experiment may contribute to affect of dispersal on species co-

occurrence patterns.  
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The two mesocosms found to greatly influence the co-occurrence results were 

home to some of the very rare species in the experiment. The mesocosm from the 2.5% 

treatment was the only mesocosm in the entire experiment to contain Pleuroxus 

denticulatus, and was the only one in the treatment to have both Pleuroxus procurvus and 

Simocephalus serrulatus, both of which are only found in one other mesocosm. 

Pleuroxus procurvus was also found in the outlier mesocosm from the 1.3% treatments, 

and Simocephalus serrulatus was found in another mesocosm of the same treatment, 

however this mesocosm was not found to be influential on the co-occurrence results. 

These species were not identified in their respective mesocosms until a later sampling 

period indicating their addition from the dispersal treatment. The observation that a few 

very rare species may have a large influence on the species co-occurrence results further 

supports the notion that rare species can have large effects on community composition 

(Yong Cao et al. 1998; Lyons and Schwartz 2001). This observation also supports the 

influence of dispersal on rare species (Ulrich and Zalewski 2006) and in turn species co-

occurrence patterns. The presence of a single individual at a single site alters the 

presence/absence matrix representing the community. Rare species can contribute to the 

misrepresentation of species co-occurrence results especially if the occurrence of a single 

species is rare. 

Further support for the influence of dispersal and rare species on species co-

occurrence patterns was seen with the removal of rare species at various degrees of rarity 

(Figure 2.9). The removal of rare species at two levels of rarity based on the global 

abundance of each species within each treatment and one level based on occurrence 
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within the treatment altered both the values of species richness of each treatment and the 

species co-occurrence results (Figure 2.9, Figure 2.15). The co-occurrence results of the 

lowest dispersal treatment showed no major difference with the removal of rare species at 

all levels of rarity. Although the local species richness of this treatment changed with the 

removal rare species, these species do not appear to play a large role in the effect-size of 

co-occurrence tests. The commonly occurring species in this treatment also had some of 

the highest abundances in the entire experiment. Species with such large abundances 

represented a large proportion of individuals found in that treatment, which may reduce 

the influence of rare species on the co-occurrence results, as many of the rare species 

found in the treatment had both low occurrences and low abundances (Appendix D, Table 

D1).  

Values of the co-occurrence results of the intermediate level of dispersal 

drastically increased with the removal of rare species (Figure 2.9). The presence of rare 

species within this treatment was potentially masking some of the interactions between 

the more commonly occurring species. Of the top 20 species pairs contributing to the co-

occurrence results (those with the greatest number of checkerboard units), only half 

involved a rare species, and of the top 10 pairs only 4 included a rare species (Appendix 

D, Table D2). The two highest levels of dispersal showed similar co-occurrence results 

with the removal of rare species. In both treatments the removal of rare species caused a 

decrease in the SES of the co-occurrence analyses to the point of no longer being a 

significant result (Figure 2.9). This relationship is more prominent in the very high 

dispersal treatment than in the high dispersal treatment. Of the top 20 species pairs 
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contributing to the co-occurrence results of this treatment, only 9 involved rare species, 

however, of the top 10 pairs 7 included a rare species (Appendix D, Table D3). The 

removal of these rare species reduced the number of checkerboard units influencing the 

co-occurrence results. The top 20 species pairs in the very high dispersal treatment 

included 13 involving a rare species and of the top 10 pairs 7 included a rare species 

(Appendix D, Table D4). As well, of these 20 species pairs 7 included Leptodora kindtii 

which has already been shown to influence the community composition. The increase in 

dispersal increased the number of species pairs, of the top 20 pairs contributing to the co-

occurrence patterns, containing rare species. These results support the influence of 

dispersal on both rare species and species co-occurrence patterns.  

The results of this experiment also support prior studies that recognized the 

important influence that dispersal could have on species co-occurrence patterns (Zalewski 

and Ulrich 2006; Ulrich and Zalewski 2006; Kamilar and Ledogar 2011).  Looking at the 

influence of dispersal on the community structure of ground beetles, Zalewski and Ulrich 

(2006) used C-scores and another co-occurrence index, the number of species 

combinations, to evaluate patterns of species co-occurrences. The results of their study 

were consistent with other studies that have looked at the importance of dispersal on 

community structure (Ozinga et al. 2005; McCauley 2006) while also recognizing the 

important role on species co-occurrence patterns (Zalewski and Ulrich 2006). Similar to 

other co-occurrence studies, the data used in their research were derived from surveys 

making it difficult to tease out the effects from external influences (Zalewski and Ulrich 

2006; Lester et al. 2009; Livingston and Philpott 2010; Kamilar and Ledogar 2011). In 
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addition, the rate of dispersal between the communities was measured as a degree of 

isolation, making it difficult to fully evaluate the effect of dispersal on co-occurrence 

patterns (Zaleswki and Ulrich 2006). The influence of dispersal on co-occurrence patterns 

was attributed to the differences in the results of the co-occurrence analyses between 

morphologically different species of ground beetles with varying dispersal abilities 

(Gutiérrez 1997; Zalewski and Ulrich 2006). However, their research did support the 

influence of dispersal on rare species, which has implications for the results of my study 

(Ulrich and Zalewski 2006). Ulrich and Zalewski (2006) concluded that their satellite 

species were structured by dispersal due to the low frequency of species with 

morphological adaptations for high dispersal.  The results of this experiment do extend 

their work as the first direct effect of dispersal on co-occurrence patterns.  

Previous research (Bell 2005; Ulrich and Zalewski 2006), in addition to the 

degree of variability between treatments, dispersal influenced the amount of rare species 

distributed throughout the experiment, which influenced co-occurrence patterns. The 

change in richness with the removal of the rarest species (those with 0.05 % global 

treatment abundance) supports the expectation that more rare species would exist in the 

highest dispersal treatment, and that the removal of these species would decrease the SES 

of the co-occurrence test (Figure 2.15 and Figure 2.9). However, the change in the 

number of rare species at the other levels of rarity (0.2 % global treatment abundance and 

those in less than three mesocosms) does not support the expectation that the number of 

rare species would increase with dispersal indicating that more research into the influence 

of rare species on species co-occurrence patterns is needed. In conclusion, dispersal 
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significantly influenced various aspects of community structure. Of the community 

structure parameters measures, dispersal had a significant effect on local species richness 

and species co-occurrence. Dispersal influenced the presence of rare species in an 

unexpected way which in turn influenced the species co-occurrence patterns. Both local 

species richness and species co-occurrence patterns were driven by the inclusion and 

presence of rotifers.  The influence of both dispersal and rare species on species co-

occurrence patterns suggest that such metrics be used with caution in that the results 

obtained can influences by more than just species interactions.   

 

 

 

 

 

 

 

 

 

 

 

Table 2.1: Chemical and physical data for the five source lakes for dispersers (Valois 

2009). 

 

Lake 

 

Category 
Latitude Longitude 

DOC 

mg/L 

Total 

Nitrogen 

µg/L 

AVG 

TP 

µg/L 

Secchi 

M 

Area 

ha 

Max Depth 

m 

Bell Recovered 461249 812054 5 270 5.3 3.45 335.51 24.5 

Laurentian Urban 464496 809545 7.1 531 29.4 1.25 157 4.5 

Ramsey Urban 464842 809643 3.5 50 7.3 7 792.2 21.5 

Richard Urban 464380 809410 2.9 274 11.8 3.5 83.6 8.5 

George Recovered 460150 812401 1.5 136 2.9 9.25 188.53 39.7 

 Average   4.0 252.2 11.3 4.89 311.37 19.74 
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Table 2.2: Mean minimum and maximum recorded values for temperature (°C), pH, dissolved oxygen (%), and conductivity (µS/cm) 

standardized to 25 °C for each week of the experiment. Chlorophyll a was only measured on the final week of sampling. (Missing 

values under conductivity are due to equipment use). 

 Temperature (°C) pH DO (%) Conductivity (µS/cm) Chlorophyll a 

Week Mean Min Max Mean Min Max Mean Min Max Mean Min Max Mean Min Max 

1 14.6 12.4 16.6 6.5 6.1 7.2 96.5 92.2 101.3 - - - - - - 

2 20.4 19.2 22.0 6.6 6.5 7.1 98.2 91.8 100.9 - - - - - - 

3 18.1 13.3 18.8 6.7 6.6 7.0 94.5 75.0 100.2 - - - - - - 

4 14.5 13.7 15.5 6.8 6.4 7.3 104.8 95.5 111.1 21.1 20 24 - - - 

5 14.6 13.8 15.6 6.9 6.4 7.8 109.8 99.0 120.4 20.4 19 24 - - - 

6 15.4 14.4 16.1 7.2 6.8 7.4 92.3 66.8 126.1 - - - - - - 

7 22.6 21.6 24.0 6.8 6.4 7.4 103.1 88.1 113.3 25.5 23 40 - - - 

8 22.9 21.4 24.4 7.3 6.8 8.4 133.3 118.7 148.9 26.7 23 36 - - - 

9 21.7 20.3 22.5 7.3 6.8 8.8 101.6 88.4 114.3 26.4 21 38 - - - 

10 23.1 21.8 24.3 7.5 6.6 9.0 102.9 86.5 117.2 28.5 25 38 - - - 

11 21.2 20.5 22.5 7.2 6.5 8.7 102.1 75.4 117.8 27.5 24 39 - - - 

12 22.1 21.2 23.0 7.4 6.5 8.9 104.9 70.9 124.0 28.1 25 41 8.5 1.2 82.3 
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Table 2.3: Repeated measures analysis of variance for local species richness, total 

abundance, Simpson’s diversity, evenness (Evar), temperature (°C), pH, dissolved oxygen, 

and conductivity (µS/cm). pH and conductivity do not included values for each week due 

to equipment malfunction. Bold p-values indicate p < 0.05. 
 DF F p 

Local species 

richness 

Time 8 15.522 0.000 

Dispersal 3 0.552 0.66 

Time X Dispersal 24 0.717 0.82 

Total abundance Time 8 9.436 0.000 

Dispersal 3 0.927 0.47 

Time X Dispersal 24 1.119 0.35 

Simpson’s diversity Time 8 6.631 0.000 

Dispersal 3 0.407 0.75 

Time X Dispersal 24 0.850 0.66 

Evenness (Evar) Time 8 8.378 0.000 

Dispersal 3 2.383 0.15 

Time X Dispersal 24 0.998 0.48 

Temperature (°C) Time 11 3906.3 0.000 

Dispersal 3 1.9 0.14 

Time X Dispersal 33 1.0 0.43 

pH Time 10 68.1 0.000 

Dispersal 3 0.3 0.80 

Time X Dispersal 30 0.8 0.75 

Dissolved oxygen Time 11 160.19 0.000 

Dispersal 3 0.11 0.96 

Time X Dispersal 22 0.96 0.53 

Conductivity 

(µS/cm) 

Time 7 216.448 0.000 

Dispersal 3 1.422 0.25 

Time X Dispersal 21 1.023 0.43 
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Table 2.4: Analysis of variance on local species richness, total abundance, Simpson’s 

diversity, evenness, temperature (°C), pH, conductivity (µS/cm), dissolved oxygen, and 

chlorophyll a. Bold p-values indicate p<0.05. 

 DF F P 

Local species 

richness 3 4.529 0.007 

Total abundance 

(ind·L
-1

) 3 0.901 0.45 

Simpson’s 

diversity 3 0.063 0.98 

Evenness (Evar) 
3 0.378 0.77 

Temperature (°C) 
3 0.319 0.81 

pH 
3 0.338 0.80 

Conductivity 

(µS/cm) 3 1.032 0.39 

Dissolved oxygen 
3 0.370 0.77 

Chlorophyll ɑ 3 0.736 0.53 
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Table 2.5: PCA axis 1 and 2 loadings for species with loadings >0.1 or <-0.1. 

Species PCA axis 1 PCA axis 2 

Bosmina freyi -0.198 0.275 

Bosmina leideri -0.220 0.153 

Chydorus sphaericus 0.801 -0.256 

Daphnia mendotae 0.037 0.242 

Daphnia retrocurva -0.077 0.157 

Diaphanosoma birgei 0.132 0.336 

Holopedium glacialis -0.234 0.135 

 

 

 

Figure 2.1: Schematic showing the arrangement of the dispersal treatments amongst the 

artificial pond mesocosms. Numbers distinguish between the mesocosms within each 

treatment. 
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Figure 2.2: Cumulative richness of identified Rotifera by subsamples for the first four 

mesocosms counted, one from each dispersal treatment. 
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Figure 2.3: Boxplots showing the mean and range of local species richness, total 

abundance, Simpson’s diversity and species evenness for each dispersal treatment. 

Letters above plots indicate significant difference (p<0.05) by Tukey HSD tests. Points 

on the graph indicate outliers. 
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Figure 2.4: PCA plot of the average of a subset of the mesocosms per dispersal treatment 

and dispersing populations over the course of the experiment. (PCA axis 1 and axis 2 

explain 73.5 % of the variation)(numbers represent sampling and dispersing dates). 
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Figure 2.5: RDA plot with species explaining greater than 10 % of the 7 % variation 

explained by the dispersal treatment (low, medium, high and very high (vhigh).  
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Figure 2.6: Standardized effect sizes for the co-occurrence analyses of the total 

zooplankton community data. Effect size values greater than 1.96 or less than -1.96 are 

significant with a probability of less than 0.05 (Gotelli and Entsminger 2009). 

Statistically significant (p< 0.05) effect sizes are marked with an asterisk. 
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Figure 2.7: Boxplots showing the stability of the standardized effect size values for each 

dispersal treatment. Values above the line at 1.96 are considered significant with p-value 

< 0.05 (Note: two far lying outliers in the two intermediate levels of dispersal). 
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Figure 2.8: Mean standardized effect sizes with for the co-occurrence analyses of each 

treatment minus two influential mesocosms: one in the 1.3 % and one in the 2.5 % 

dispersal treatment.Line indicates significance with p < 0.05. Values above the line (1.96) 

are considered to be significant. 
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Figure 2.9: Change in co-occurrence analysis standardized effect size with removal of 

rare species at different levels (gta = global treatment abundance). Values above 1.96 are 

significant with a probability of less than 0.05 (Gotelli and Entsminger 2009). 
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Figure 2.10: Boxplots showing the mean and range of local species richness for each 

dispersal treatment for rotifer, crustacean, and total (rotifer + crustacean) species richness 

(bottom to top). Points above or below the boxplots indicate outlying samples. 
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Figure 2.11: Average local species richness of a subset of mesocosms from each 

dispersal treatment over the course of the experiment.  
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Figure 2.12: Average temperature (°C) across all mesocosms, taken weekly over the 

duration of the experiment (bottom), and mean daily temperature (°C) for the duration of 

the experiment (Environment Canada 2010). 
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Figure 2.13: Average abundance, diversity and evenness of a subset of mesocosms over 

the duration of the experiment.  
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Figure 2.14: PCA plot of the mesocosms at the conclusion of the experiment per 

dispersal treatment (PCA axis 1 and axis 2 explain 36% of the variation). 
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Figure 2.15: Boxplots showing the change in local species richness with removal of rare 

species at three different levels of rarity.. The removal of rare species is as follows: 

0.05% = those species with less than 0.05% global treatment abundance, 0.20% = those 

species with less than 0.20% global treatment abundance, 3 tanks = those species present 

in 3 or less mesocosm.Points above or below the boxplots indicate outlying samples. 
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Chapter 3 

General Conclusions and Future Directions 

Through a mesocosm experiment, I evaluated the effect of different levels of 

dispersal on species co-occurrence patterns.  I found a strong relationship between 

changes in dispersal and species co-occurrence patterns. Species co-occurrence patterns 

peaked at intermediate levels of dispersal supporting both the potential for dispersal to 

slow the process of exclusion and introduce rare species into the community. At the 

lower levels of dispersal it is likely there was an insufficient influx of new individuals to 

compensate for those lost to species interactions (e.g., predation, competition). However 

at the highest level of dispersal there were likely enough new individuals entering the 

mesocosms to reduce the number of species excluded causing a decrease in negative 

species co-occurrence patterns. The removal of rare species at various levels of rarity did 

produce a visible change in the species co-occurrence patterns, indicating that rare 

species are an important element in the production of these patterns. As well, rare species 

removed at the highest level of dispersal caused for the observed co-occurrence patterns 

to be no longer significant further supporting their importance. 

 The dispersal treatment also had a significant effect on local species richness. In 

agreement with previous research, increased dispersal enhanced the local species 

richness. Dispersal treatment, however, did not produce a significant change on 

Simpson’s diversity, overall species abundance, or evenness. The lack of change on 

diversity further highlights the importance role that individual species, and not 

necessarily the abundance of species, may have on species co-occurrence patterns.   
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 The results of my experiment show the importance of dispersal for species co-

occurrence patterns, mainly through the addition of rare species. Additionally, the results 

support the influence of dispersal on general zooplankton community structure.  

Future Directions 

 My research provides the basis for some recognizable extensions: 

Effect of Rare Species on Species Co-occurrence Patterns 

While I showed that differences in the level of dispersal affect species co-

occurrence patterns, I cannot describe the mechanisms behind this observation in detail. I 

suggested that rare species play an important role in the alteration of co-occurrence 

patterns. Previous research that has shown that rare species display random patterns of 

co-occurrence (Ulrich and Zalewski 2006; Livingston and Philpott 2010), does not 

exclude the idea that they can play such a large role in the formation of these patterns. 

This is especially true since species co-occurrence patterns are attributed to species 

interactions (Diamond 1975; Giller and Doube 1994; Heino 2009; Lester et al. 2009) and 

rare species can drastically alter the trophic web within a community (Yong Cao et al. 

1998; Petchy et al. 2004). In a controlled experimental setting, species could be added to 

the community in low abundances and reduced occurrence, allowing future research to 

better describe the influence of rare species on species co-occurrence patterns.  

Effect of Dispersal on Species Co-occurrence Patterns of Larger Taxa 

 I have shown the ability of dispersal to affect the species co-occurrence patterns 

of a freshwater zooplankton community. Maly (1991) attributed the difference of co-

occurrence patterns of between surveyed Australian zooplankton communities to 

dispersal, and Zalewski and Urich (2006) found dispersal to be a major contributor in the 
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structuring of ground beetle communities. Further empirical research examining the 

influence of dispersal on the species co-occurrence patterns of other taxa, such as plants 

or other insects, would add more support to the results of this experiment, and previous 

research (Maly 1991; Zalewski and Ulrich 2006; Ulrich and Zalewski 2006).  
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Summary 

1) Dispersal influenced species co-occurrence patterns, with negative species co-

occurrence peaking at intermediate levels of dispersal.  

2) Dispersal significantly affected local species richness, but had no effect on 

Simpson’s diversity, overall abundance, or evenness.  

3) In accordance with previous research, dispersal treatment also influenced species 

composition, explaining 7% of the community variation.  

4) The removal of rare species at various levels of rarity appeared to greatly 

influence species co-occurrence patterns. Removing rare species increased the 

significance of the negative species co-occurrence patterns at the intermediate 

level of dispersal and decreased the significance of these patterns at the highest 

level of dispersal.  
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Appendix A: Trophic category for each taxa identified. Superscript numerals indicate 

references for each trait. Brackets indicate a trait generalized from similar taxa. 

Taxon Trophic Level 

Cladocera Alona guttata Sars Herbivore
1 

 Alona affinis Leydig Herbivore
2 

 Alona quadrangularis 

Müller 

Herbivore
1 

 Alonella exigua 

Lilljeborg 

Herbivore
3 

 Bosmina coregoni 

Baird 

Herbivore
2 

 Bosmina freyi De 

Melo & Herbert 

Herbivore
(2) 

 Bosmina liederi De 

Melo & Herbert 

Herbivore
(2) 

 Bosmina tubicen 

Brehm 

Herbivore
(2) 

 Camptocercus 

rectirostris Schödler 

Herbivore
3 

 Ceriodaphnia 

lacustris Müller 

Herbivore
2 

 Ceriodaphnia 

megalops  

Herbivore
(2) 

 Ceriodaphnia 

pulchella/quadrangula 

Sars/Müller 

Herbivore
(2) 

 Ceriodaphnia 

reticulate Jurine 

Herbivore
2 

 Chydorus sphaericus 

Müller 

Herbivore
2 

 Daphnia ambigua 

Coker 

Herbivore
2 

 Daphnia longiremis 

Sars 

Herbivore
(2) 

 Daphnia mendotae 

Birge 

Herbivore
1,2 

 Daphnia parvula 

Fordyce 

Herbivore
(2) 
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 Daphnia pulicaria 

Forbed 

Herbivore
2 

 Daphnia retrocurva 

Forbes 

Herbivore
(2) 

 Diaphanosoma birgei 

Korinek 

Herbivore
(2) 

 Eubosmina longispina 

Leydig 

Herbivore
2 

 Eurycerys lamellatus 

Müller 

Herbivore
1 

 Holopedium glacialis 

Rowe, Adamowicz & 

Herbert 

Herbivore
(2) 

 Leptodora kindtii 

Focke 

Carnivore
4 

 Ophryoxus gracilis 

Sars 

Herbivore
5 

 Pleuroxus 

denticulatus Birge 

Herbivore
1 

 Pleuroxus hamulatus 

Birge 

Herbivore
(1) 

 Pleuroxus procurvus 

Birge 

Herbivore
1 

 Polyphemus pediculus 

Linnee 

Carnivore
2 

 Simocephalus 

serrulatus Koch 

Herbivore
1 

Copepoda   

Calanoida Aglaodiaptomus 

leptopus Forbes 

Omnivore
(6) 

 Epischura lacustris 

Forbes 

Herbivore
2 

 Leptodiaptomus 

minutus Lilljeborg 

Herbivore
2 

 Skistodiaptomus 

reighardi Marsh 

Omnivore
2 

 Skistodiaptomus 

oregonensis Lilljeborg 

Omnivore
2 
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Cyclopodia Acanthocyclops 

vernalis Fischer 

Omnivore
2 

 Cyclops scutifer Sars Omnivore
2 

 Diacyclops 

bicuspidatus thomas 

Forbes 

Omnivore/Carnivore
2 

 Mesocyclops edax 

Forbes 

Omnivore/Carnivore
2 

 Microcyclops rubellus 

Lilljebord 

Omnivore/Herbivore
1 

 Tropocyclops extensus 

Kiefer 

Omnivore/Herbivore
1 

Rotifera   

Monogononta Ascomorpha Perty Herbivore
(7) 

 Asplanchna Gosse Omnivore/Carnivore
7 

 Cephalodella Bory de 

St. Vincent 

Ominvore
(8) 

 Collotheca Harring Omnivore
9 

 Conochilus Ehrenberg Omnivore
(7) 

 Encentrum Ehrenberg Herbivore/Omnivore
7 

 Euchlanis Ehrenberg Herbivore
1 

 Gastropus Imhof Herbivore
(7) 

 Kellicottia Ahlstrom Herbivore
1 

 Keratella Bory de St. 

Vincent 

Herbivore
1 

 Lecane Nitzsch Herbivore
1 

 Lepadella Bory de St. 

Vincent 

Herbivore
1 

 Monostyla Ehrenberg Herbivore
1 

 Ploesoma Herrick Omnivore
1 

 Polyartha Ehrenberg Herbivore
1 

 Proales Gosse Omnivore/Herbivore
9 

 Synchaeta Ehrenberg Herbivore
1 

 Testudinella Bory de 

St. Vincent 

Herbivore
1 
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 Trichocerca Lamarck Herbivore
1 

 Trichotria Bory de 

St.Vincent 

Herbivore
1 

1
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5
Sergeev 1970 

6
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7
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8
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9
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Appendix B: Raw species data (individuals/L) for the subset of mesocosms followed 

over the duration of the experiment. Sample IDs are as follows: letters correspond to 

dispersal treatment: G = 9.6%, P = 2.5%, O = 1.3% and Y = 0.1%, middle number 

corresponds to sampling period (1,2,3…etc.), followed by the sampling date. 

 

Sample Alo_gut Alo_aff Alo_qua Alo_exi Bos_cor Bos_fre Bos_lei Bos_tub 

Y1-1-05/18 - - - - - 0.50 - - 

Y1-2-05/29 - - - - - 3.67 3.50 - 

Y1-3-06/09 - - - - - 14.33 6.50 - 

Y1-4-06/20 - - - - - 4.67 4.33 - 

Y1-5-06/30 - - - - 0.33 1.33 2.50 0.33 

Y1-6-07/11 - - - - - 0.67 0.83 0.33 

Y1-7-07/22 - - - - - 0.50 0.67 - 

Y1-8-08/02 - - - - - 0.33 - - 

Y1-9-08/13 - - - - - 0.83 1.67 - 

Y6-1-05/18 - - - - - - - - 

Y6-2/05/19 - - - - - 1.33 2.17 - 

Y6-3-06/09 - - - - - 1.00 6.33 - 

Y6-4-06/20 - - - - - 3.00 7.83 - 

Y6-5-06/30 - - - - - 1.67 0.83 - 

Y6-6-07/11 - - - - - 1.67 2.17 - 

Y6-7-06/22 - - - - - 4.25 1.25 - 

Y6-8-08/02 - - - - - 2.45 2.67 0.45 

Y6-9-08/13 - - - - - 2.08 2.08 - 

Y15-1-05/18 - - - - - - 0.33 - 

Y15-2-05/29 - - - - - 1.33 5.00 - 

Y15-3-06/09 - - - - - 2.00 6.17 - 

Y15-4-06/20 - - - - - 5.83 42.67 - 

Y15-5-06/30 - - - - - 6.33 4.50 - 

Y15-6-07/11 - - - - 0.17 5.50 6.67 - 

Y15-7-07/22 - - - - - 17.75 9.00 - 

Y15-8-08/02 - - - - - 0.33 - - 

Y15-9-08/13 - - - - - 0.56 0.56 - 

O1-1-05/18 - - - - - - - - 

O1-2-05/29 - - - - - 3.17 1.83 - 

O1-3-06/09 - - - - - 12.00 15.00 - 

O1-4-06/20 - - - - - 9.00 20.28 - 

O1-5-06/30 - - - - - 1.67 2.17 - 

O1-6/07/11 - - - - - 1.83 2.00 - 

O1-7-07/22 - - - - 0.33 3.33 3.50 - 

O1-8-08/02 - - - - - 2.17 0.17 - 

O1-9-08/13 - - - - - 0.83 1.33 - 
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Sample Alo_gut Alo_aff Alo_qua Alo_exi Bos_cor Bos_fre Bos_lei Bos_tub 

O6-1-05/18 - - - - - - 0.17 - 

O6-2-05/29 - - - - - 2.17 2.17 - 

O6-3-06/09 - - - - - 1.83 7.33 - 

O6-4-06/20 - - - - - 1.00 5.17 - 

O6-5-06/30 - - - - - 9.83 17.67 - 

O6-6-07/11 - - - - - 16.00 53.00 - 

O6-7-07/22 - - - - - 2.22 1.33 - 

O6-8-08/02 - - - - - 0.17 - - 

O6-9-08/13 - - - - - - 0.17 - 

O15-1-05/18 - - - - - - - - 

O15-2-06/09 - - - - - 3.00 1.17 - 

O15-3-06/09 - - - - - 2.00 5.50 - 

O15-4-06/20 - - - - - 2.83 7.83 - 

O15-5-06/30 - - - - - 5.17 9.67 - 

O15-6-07/11 - - - - - 4.17 4.17 - 

O15-7-07/22 - - - - - 6.33 3.33 0.33 

O15-8-08/02 - - - - - - 0.83 - 

O15-9-08/13 - - - - - - - - 

P1-1-05/18 - - - - - 0.33 - - 

P1-2-05/29 - - - - - 12.33 5.00 - 

P1-3-06/09 - - - - - 18.67 11.67 - 

P1-4-06/20 - - - 0.17 - 7.50 4.83 0.17 

P1-5-06/30 - - - - - 6.17 3.33 0.17 

P1-6-07/11 - - - - - 2.50 3.33 - 

P1-7-07/22 0.17 - - - - 2.83 5.00 - 

P1-8-08/02 - - - - - 1.33 2.33 - 

P1-9-08/13 - - 0.83 - - 0.33 1.00 - 

P6-1-06/18 - - - - - - - - 

P6-2-05/29 - - - - - 1.17 0.67 - 

P6-3-06/09 - - - - - 7.67 13.67 - 

P6-4-06/20 - - - - - 36.00 84.67 - 

P6-5-06/30 - - - - - 51.33 69.33 - 

P6-6-07/11 - - - - - 37.08 29.58 - 

P6-7-07/22 - - 0.33 - - 0.33 0.17 - 

P6-8-08/02 - - - - - 0.17 0.33 - 

P6-9-08/13 - - 0.17 - - - 0.17 - 
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Sample Alo_gut Alo_aff Alo_qua Alo_exi Bos_cor Bos_fre Bos_lei Bos_tub 

P15-1-05/18 - - - - - - 0.50 - 

P15-2-05/29 - - - - - - - - 

P15-3-06/09 - - - - - 0.33 - - 

P15-4-06/20 - - - - - 0.17 1.33 - 

P15-5-06/30 - - - - - 8.83 7.17 - 

P15-6-07/11 - - - - - 23.33 56.67 0.50 

P15-7-07/22 - - - - - 3.33 3.33 - 

P15-8-08/02 - - - - - 0.17 0.17 - 

P15-9-08/13 - - - - - - - - 

G1-1-05/18 - - - - - 0.17 - - 

G1-2-05/29 - - - - - 2.17 1.17 - 

G1-3-06/09 - - - - - 5.50 3.00 - 

G1-4-06/20 - - - - - 4.00 4.33 - 

G1-5-06/30 - - - - - 2.17 2.67 0.17 

G1-6-07/11 0.67 - - - - 1.17 1.50 - 

G1-7-07/22 1.17 - - - - 6.83 6.17 5.83 

G1-8-08/02 1.83 0.33 - - 0.17 17.22 15.83 0.17 

G1-9-08/13 2.00 - 0.33 - - - - - 

G6-1-05/18 - - - - - - 0.50 - 

G6-2-05/29 - - - - - 9.83 9.83 - 

G6-3-06/09 - - - - - 4.50 6.67 - 

G6-4-06/20 - - - - - 8.67 12.17 - 

G6-5-06/30 - - - - - 7.00 2.50 - 

G6-6-07/11 - - - - - 7.75 5.50 - 

G6-7-07/22 - - - - - 2.33 2.00 - 

G6-8-08/02 - - - - - - 0.33 - 

G6-9-08/13 - - - - - - - - 

G15-1-05/18 - - - - - - 1.00 - 

G15-2-05/29 - - - - - 3.83 4.67 - 

G15-3-06/09 - - - - - 1.33 5.00 - 

G15-4-06/20 - - - - - 5.00 6.67 - 

G15-5-06/30 - - - - - 3.50 5.00 0.17 

G15-6-07/11 - - - - 0.17 4.83 4.33 - 

G15-7-07/22 - - - - - 0.17 0.17 - 

G15-8-08/02 - - - - - 1.00 0.83 - 

G15-9-08/13 - - - - - - - - 
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Sample Cam_rec Chy_sph Eub_lon Eur_lam Ple_ham Ple_pro Ple_den Cer_lac 

Y1-1-05/18 - - 1.17 - - - - - 

Y1-2-05/29 - - 10.83 - - - - - 

Y1-3-06/09 - - 67.33 - - - - - 

Y1-4-06/20 - - 102.08 - - - - - 

Y1-5-06/30 - 2.00 67.50 - - - - - 

Y1-6-07/11 - 27.50 95.83 - - - - - 

Y1-7-07/22 - 144.17 34.58 - - - - - 

Y1-8-08/02 - 421.67 128.33 - - - - - 

Y1-9-08/13 - 448.33 45.83 -  - - - 

Y6-1-05/18 - - 0.83 - - - - - 

Y6-2/05/19 - - 20.67 - - - - - 

Y6-3-06/09 - 0.33 86.67 - - - - - 

Y6-4-06/20 - 0.17 76.67 - - - - - 

Y6-5-06/30 - 8.50 22.33 - - - - - 

Y6-6-07/11 - 91.00 54.00 - - - - - 

Y6-7-06/22 - 34.00 86.00 - - - - - 

Y6-8-08/02 - 149.33 44.67 - - - - - 

Y6-9-08/13 - 196.67 28.75 -  - - - 

Y15-1-05/18 - - 3.00 - - - - - 

Y15-2-05/29 - 0.33 28.00 - - - - - 

Y15-3-06/09 - 1.67 90.00 - - - - - 

Y15-4-06/20 - 0.17 146.00 - - - - - 

Y15-5-06/30 - 3.33 64.00 - - - - - 

Y15-6-07/11 - 18.33 116.67 - - - - - 

Y15-7-07/22 - 31.50 58.00 - - - - - 

Y15-8-08/02 - 342.00 4.33 - - - - - 

Y15-9-08/13 - 83.33 29.58 -  - - - 

O1-1-05/18 - - 0.50 - - - - - 

O1-2-05/29 - - 4.00 - - - - - 

O1-3-06/09 - - 46.17 - - - - - 

O1-4-06/20 - 0.17 113.33 - - - - - 

O1-5-06/30 - 0.67 55.00 - - - - - 

O1-6/07/11 - 3.50 19.44 - - - - - 

O1-7-07/22 - 21.25 36.67 - - - - 0.17 

O1-8-08/02 - 300.00 8.50 - - - - 0.50 

O1-9-08/13 - 76.67 8.67 -  0.33 - 1.00 
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Sample Cam_rec Chy_sph Eub_lon Eur_lam Ple_ham Ple_pro Ple_den Cer_lac 

O6-1-05/18 - - 3.33 - - - - - 

O6-2-05/29 - - 29.50 - - - - - 

O6-3-06/09 - - 81.67 - - - - - 

O6-4-06/20 - - 72.33 - - - - - 

O6-5-06/30 - 6.17 102.00 - - - - - 

O6-6-07/11 - 70.00 204.00 - - - - - 

O6-7-07/22 - 282.67 22.67 - - - - - 

O6-8-08/02 - 16.67 - - - - - - 

O6-9-08/13 - 73.33 6.50 -  - - - 

O15-1-05/18 - - 2.50 - - - - - 

O15-2-06/09 - - 36.33 - - - - - 

O15-3-06/09 - - 67.67 - - - - - 

O15-4-06/20 - - 142.00 - - - - - 

O15-5-06/30 - 0.67 68.67 - - - - - 

O15-6-07/11 - 4.33 53.00 - - - - - 

O15-7-07/22 - 10.00 76.00 - - - - - 

O15-8-08/02 0.33 77.33 5.00 - - - - 0.17 

O15-9-08/13 - 390.00 5.56 -  - - - 

P1-1-05/18 - - 2.67 - - - - - 

P1-2-05/29 - - 5.33 - - - - - 

P1-3-06/09 - - 24.67 - - - - - 

P1-4-06/20 - - 84.50 - - - - - 

P1-5-06/30 - 0.83 53.33 - - 0.17 2.83 - 

P1-6-07/11 - 2.50 23.75 - - 0.83 5.00 - 

P1-7-07/22 - 11.25 3.17 - 1.17 2.83 15.56 1.17 

P1-8-08/02 - 15.56 1.83 - - 1.17 3.00 0.67 

P1-9-08/13 0.17 41.67 3.83 -  1.17 2.00 0.83 

P6-1-06/18 - - 3.00 - - - - - 

P6-2-05/29 - 0.17 1.83 - - - - - 

P6-3-06/09 - 0.33 14.33 - - - - 0.33 

P6-4-06/20 - 0.17 42.67 - - - - - 

P6-5-06/30 - 2.50 56.67 - - - - 0.17 

P6-6-07/11 - 47.50 111.67 - - - - - 

P6-7-07/22 - 317.00 3.00 - - - - - 

P6-8-08/02 - 89.00 0.33 - - - - 0.17 

P6-9-08/13 - 37.50 1.17 -  - - - 
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Sample Cam_rec Chy_sph Eub_lon Eur_lam Ple_ham Ple_pro Ple_den Cer_lac 

P15-1-05/18 - - 1.83 - - - - - 

P15-2-05/29 - - 1.67 - - - - - 

P15-3-06/09 - - 0.17 - - - - - 

P15-4-06/20 - - 17.33 - - - - - 

P15-5-06/30 - 0.50 5.17 - - - - - 

P15-6-07/11 - 86.67 25.00 - - - - - 

P15-7-07/22 - 274.67 3.33 - - - - - 

P15-8-08/02 - 52.00 1.17 - - - - - 

P15-9-08/13 - 281.67 1.33 0.17  - - 0.17 

G1-1-05/18 - - 0.50 - - - - - 

G1-2-05/29 - - 2.67 - - - - - 

G1-3-06/09 - - 4.67 - - - - - 

G1-4-06/20 - - 15.28 - - - - - 

G1-5-06/30 - 0.50 20.83 - - - - - 

G1-6-07/11 - 9.33 18.61 - - - - - 

G1-7-07/22 - 68.33 135.83 - - - - - 

G1-8-08/02 - 273.33 49.17 - - - - - 

G1-9-08/13 - 276.67 0.17 0.83  - - - 

G6-1-05/18 - - 3.00 - - - - - 

G6-2-05/29 - - 52.33 - - - - - 

G6-3-06/09 - 0.67 49.00 - - - - 0.17 

G6-4-06/20 - - 74.67 - - - - - 

G6-5-06/30 - 3.83 96.00 - - - - - 

G6-6-07/11 - 231.00 76.00 - - - - - 

G6-7-07/22 - 256.00 2.00 - - - - - 

G6-8-08/02 - 249.00 0.17 - - - - - 

G6-9-08/13 - 306.67 - -  - - - 

G15-1-05/18 - - 3.00 - - - - - 

G15-2-05/29 - - 44.33 - - - - - 

G15-3-06/09 - - 39.67 - - - - - 

G15-4-06/20 - 0.17 54.00 - - - - - 

G15-5-06/30 - 5.00 90.67 - - - - - 

G15-6-07/11 - 13.50 37.50 - - - - - 

G15-7-07/22 - 87.00 4.67 - - - - 0.50 

G15-8-08/02 - 116.00 0.50 2.67 - - - 0.67 

G15-9-08/13 1.17 203.33 - 0.83  - - - 
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Sample Cer_meg Cer_pul Cer_ret Dap_amb Dap_lon Dap_men Dap_par Dap_pul 

 Y1-1-05/18            -              -              -           0.17            -           0.33         0.33            -    

 Y1-2-05/29            -              -              -           2.83         0.17         2.17         0.67         0.33  

 Y1-3-06/09            -              -              -           9.83            -           2.67            -           0.17  

 Y1-4-06/20            -              -              -         16.96            -           6.67         0.33         0.83  

 Y1-5-06/30            -              -              -         17.78            -           1.83         0.33         0.33  

 Y1-6-07/11            -              -              -         15.28            -           4.00         0.17            -    

 Y1-7-07/22            -              -              -           6.33            -           1.83            -           0.33  

 Y1-8-08/02            -              -              -         66.67            -         10.83         0.50            -    

 Y1-9-08/13            -              -              -         60.83            -         11.38            -              -    

 Y6-1-05/18            -              -              -           0.67            -              -              -              -    

 Y6-2/05/19            -              -              -           2.83            -           2.17            -              -    

 Y6-3-06/09            -              -              -         12.17            -           0.33            -              -    

 Y6-4-06/20            -              -              -         41.33            -           2.00            -              -    

 Y6-5-06/30            -           0.17            -         21.00            -           9.00            -              -    

 Y6-6-07/11            -              -              -         25.00            -           1.50            -              -    

 Y6-7-06/22            -              -              -         19.00            -           1.75            -              -    

 Y6-8-08/02            -           1.33            -         21.00            -           1.11            -              -    

 Y6-9-08/13            -           2.08            -         27.50            -           1.88            -              -    

 Y15-1-05/18            -              -              -           1.00            -           0.17            -              -    

 Y15-2-05/29            -              -              -           7.33            -           0.67            -              -    

 Y15-3-06/09            -              -              -         10.00            -           1.17            -              -    

 Y15-4-06/20            -              -              -         44.67            -           4.67            -              -    

 Y15-5-06/30            -              -              -         11.17            -           6.17            -              -    

 Y15-6-07/11            -              -              -           6.50            -           3.00            -              -    

 Y15-7-07/22            -              -              -         17.50            -           4.25            -              -    

 Y15-8-08/02            -              -              -           0.17            -           2.33            -              -    

 Y15-9-08/13            -              -              -           1.11            -           6.39            -              -    

 O1-1-05/18            -              -              -              -              -              -              -              -    

 O1-2-05/29            -              -              -           3.33            -           0.33         0.33         0.33  

 O1-3-06/09            -              -              -           6.50            -           4.17         0.67         0.17  

 O1-4-06/20            -              -              -           5.83            -           2.00            -           1.00  

 O1-5-06/30            -              -              -           4.67            -           2.33            -              -    

 O1-6/07/11            -              -              -           5.33            -           3.50         0.17         0.33  

 O1-7-07/22            -              -              -           0.67            -           1.33            -              -    

 O1-8-08/02            -           0.33            -           1.83            -         11.46         0.33            -    

 O1-9-08/13            -           0.67            -           6.50            -         24.58            -              -    
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Sample Cer_meg Cer_pul Cer_ret Dap_amb Dap_lon Dap_men Dap_par Dap_pul 

 O6-1-05/18            -              -              -           1.00            -              -              -              -    

 O6-2-05/29            -              -              -           4.33            -           2.00            -              -    

 O6-3-06/09            -              -              -         12.00            -           2.33            -              -    

 O6-4-06/20            -              -              -         16.00            -           4.50            -              -    

 O6-5-06/30            -              -              -           5.67            -           8.17            -              -    

 O6-6-07/11            -              -              -           3.00            -           5.50            -              -    

 O6-7-07/22            -              -              -           2.22            -           5.78            -              -    

 O6-8-08/02            -              -              -           0.83            -         11.83            -              -    

 O6-9-08/13            -              -              -           4.17            -         13.89            -              -    

 O15-1-05/18            -              -              -           0.83            -              -              -              -    

 O15-2-06/09            -              -              -           5.17            -           2.33            -              -    

 O15-3-06/09            -              -              -         11.17            -           2.17            -              -    

 O15-4-06/20            -              -              -           7.00            -           2.33            -              -    

 O15-5-06/30            -              -              -           7.33            -           5.50            -              -    

 O15-6-07/11            -              -              -           8.50            -           4.83            -              -    

 O15-7-07/22            -              -              -         15.67            -         14.67            -              -    

 O15-8-08/02            -              -              -           0.67            -           5.83            -              -    

 O15-9-08/13            -           0.28            -           1.11            -           9.17            -              -    

 P1-1-05/18            -              -              -           0.17            -              -              -              -    

 P1-2-05/29            -              -              -           2.50         0.17         1.33         0.17            -    

 P1-3-06/09            -              -              -           5.50            -           2.17         0.33         1.00  

 P1-4-06/20            -              -              -           5.17            -           3.67         0.17         0.17  

 P1-5-06/30            -              -              -           5.67            -           2.17         1.00         0.83  

 P1-6-07/11            -              -              -           0.67            -           7.00            -              -    

 P1-7-07/22         1.33            -              -           3.17            -           2.17         0.33            -    

 P1-8-08/02         2.17         1.83            -           2.00            -           0.50            -              -    

 P1-9-08/13         2.33         2.00            -           0.33            -           0.17            -              -    

 P6-1-06/18            -              -              -           0.33            -              -              -              -    

 P6-2-05/29            -              -              -              -              -           0.33            -              -    

 P6-3-06/09            -              -              -           1.00            -           1.67            -              -    

 P6-4-06/20            -              -              -           2.50            -         10.83            -              -    

 P6-5-06/30            -           0.67            -           0.33            -           3.00            -              -    

 P6-6-07/11            -              -              -           0.67            -         15.56            -              -    

 P6-7-07/22            -              -              -           0.50            -           6.17            -              -    

 P6-8-08/02            -              -              -           0.17            -         13.75            -              -    

 P6-9-08/13            -              -              -              -              -           2.83            -              -    
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Sample Cer_meg Cer_pul Cer_ret Dap_amb Dap_lon Dap_men Dap_par Dap_pul 

 P15-1-05/18            -              -              -           0.17            -              -              -              -    

 P15-2-05/29            -              -              -              -              -              -              -              -    

 P15-3-06/09            -              -              -              -              -           0.50            -              -    

 P15-4-06/20            -              -              -           1.50            -           7.50            -              -    

 P15-5-06/30            -              -              -           0.50            -           6.83            -              -    

 P15-6-07/11            -              -              -           1.00            -        249.17            -              -    

 P15-7-07/22            -              -              -              -              -         45.33            -              -    

 P15-8-08/02            -              -              -              -              -         34.67            -              -    

 P15-9-08/13            -              -              -           0.17            -         31.25            -              -    

 G1-1-05/18            -              -              -           0.17            -              -              -              -    

 G1-2-05/29            -              -              -              -           0.17         0.50            -           0.17  

 G1-3-06/09            -              -              -           0.50            -           0.67         0.17            -    

 G1-4-06/20            -              -              -           0.33            -           0.50            -           0.17  

 G1-5-06/30            -              -              -           0.17            -           1.00            -              -    

 G1-6-07/11            -              -              -              -              -           1.50            -              -    

 G1-7-07/22            -              -              -           0.67            -           0.50            -              -    

 G1-8-08/02            -              -              -         22.92            -         25.42         0.33            -    

 G1-9-08/13            -              -              -         22.08            -           3.00            -              -    

 G6-1-05/18            -              -              -           1.00            -           0.33            -              -    

 G6-2-05/29            -              -              -           5.00            -           3.83            -              -    

 G6-3-06/09            -              -              -           5.83            -           1.00            -              -    

 G6-4-06/20            -              -              -           4.00            -           1.50            -              -    

 G6-5-06/30            -           0.17            -           3.00            -           2.00            -              -    

 G6-6-07/11            -              -              -           0.75            -           3.25            -              -    

 G6-7-07/22            -              -              -           1.67            -         13.00            -              -    

 G6-8-08/02            -              -              -           0.17            -           3.50            -              -    

 G6-9-08/13            -              -              -              -              -           2.83            -              -    

 G15-1-05/18            -              -              -           1.17            -              -              -              -    

 G15-2-05/29            -              -              -           4.83            -           2.33            -              -    

 G15-3-06/09            -              -              -           3.83            -           1.00            -              -    

 G15-4-06/20            -              -              -           6.50            -           2.33            -              -    

 G15-5-06/30            -              -              -           4.33            -           2.83            -              -    

 G15-6-07/11            -              -              -           8.00            -           3.33            -              -    

 G15-7-07/22            -              -              -         18.75            -           4.67            -              -    

 G15-8-08/02            -              -              -           1.17            -           3.00            -              -    

 G15-9-08/13            -              -              -              -              -           0.67            -              -    
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Sample Dap_ret Dia_bir Hol_gib Lep_kin Oph_gra Pol_ped Sim_ser Aca_ver 

Y1-1-05/18 0.33 - 2.50 - - - - - 

Y1-2-05/29 0.50 - 5.83 - - - - - 

Y1-3-06/09 0.17 0.17 0.50 - - - - - 

Y1-4-06/20 - - - - - - - - 

Y1-5-06/30 0.17 - - - - - - - 

Y1-6-07/11 - - - - - - - - 

Y1-7-07/22 - 0.67 - - - - - 2.83 

Y1-8-08/02 - 0.50 - - - - - 3.00 

Y1-9-08/13 - 0.83 - - - - - 8.61 

Y6-1-05/18 - - 1.50 - - - - - 

Y6-2/05/19 - - 4.50 - - - - - 

Y6-3-06/09 - 0.17 2.67 - - - - - 

Y6-4-06/20 - 0.50 1.00 - - - - - 

Y6-5-06/30 - 0.33 - - - - - 0.67 

Y6-6-07/11 - - - - - - - 2.67 

Y6-7-06/22 - 1.75 - - - - - 0.75 

Y6-8-08/02 - 9.11 - - - - - 1.33 

Y6-9-08/13 - 15.56 - - - - - 1.46 

Y15-1-05/18 - - 2.50 - - - - - 

Y15-2-05/29 - - 6.33 - - - - - 

Y15-3-06/09 - - 4.00 - - - - - 

Y15-4-06/20 - - - - - - - - 

Y15-5-06/30 - 0.50 - - - - - - 

Y15-6-07/11 - 0.83 - - - - - 0.33 

Y15-7-07/22 - 0.50 - - - - - 0.75 

Y15-8-08/02 - 2.00 - - - - - 0.50 

Y15-9-08/13 - 21.39 - - - - - 3.06 

O1-1-05/18 0.17 - 1.17 - - - - - 

O1-2-05/29 1.00 0.17 2.17 - - - - - 

O1-3-06/09 0.33 - 1.83 - - - - - 

O1-4-06/20 0.17 - 0.17 - - - - - 

O1-5-06/30 - - - - - - - - 

O1-6/07/11 - 0.17 - - - - - - 

O1-7-07/22 - 2.00 - - - - - 2.17 

O1-8-08/02 - 3.17 - - 0.17 - - 3.83 

O1-9-08/13 - 15.83 - - - - - 4.50 
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Sample Dap_ret Dia_bir Hol_gib Lep_kin Oph_gra Pol_ped Sim_ser Aca_ver 

O6-1-05/18 - - 1.33 - - - - - 

O6-2-05/29 0.17 - 7.50 - - - - - 

O6-3-06/09 0.17 0.17 1.17 - - - - - 

O6-4-06/20 0.17 - 0.83 - - - - - 

O6-5-06/30 - - - - - - - - 

O6-6-07/11 - - - - - - - 0.50 

O6-7-07/22 - 0.22 - - - - - 7.78 

O6-8-08/02 - 1.50 - - - - - 1.17 

O6-9-08/13 - 2.83 - - - - - 2.33 

O15-1-05/18 - 0.17 2.00 - - - - - 

O15-2-06/09 - - 5.83 - - - - - 

O15-3-06/09 - - 0.33 - - - - - 

O15-4-06/20 - - 0.33 - - - - - 

O15-5-06/30 1.17 - 0.17 - - - - 0.17 

O15-6-07/11 - - - - - - - 0.50 

O15-7-07/22 - 2.67 - - - - - 1.00 

O15-8-08/02 - 2.50 - - - - - 0.67 

O15-9-08/13 - 14.45 - - - - - 5.83 

P1-1-05/18 0.17 - 1.00 - - - - - 

P1-2-05/29 0.50 - 7.83 - - - - - 

P1-3-06/09 0.50 0.17 0.17 - - - - - 

P1-4-06/20 0.50 - - - - - - - 

P1-5-06/30 0.17 0.33 - - - - - - 

P1-6-07/11 - 0.50 - - - - - - 

P1-7-07/22 0.17 2.67 - - - - - 0.67 

P1-8-08/02 - 7.00 - - - - - 1.33 

P1-9-08/13 - 31.97 - - - 2.17 3.83 3.83 

P6-1-06/18 - - 0.83 - - - - - 

P6-2-05/29 1.00 - 1.17 - - - - - 

P6-3-06/09 5.33 - 4.00 - - - - - 

P6-4-06/20 2.17 - 0.33 - - - - - 

P6-5-06/30 - - 0.50 - - - - 0.17 

P6-6-07/11 - - - - - - - 0.50 

P6-7-07/22 - 0.17 - - - - - 1.17 

P6-8-08/02 - 2.00 - - - - - 0.50 

P6-9-08/13 - 2.67 - - - - - 0.50 
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Sample Dap_ret Dia_bir Hol_gib Lep_kin Oph_gra Pol_ped Sim_ser Aca_ver 

 

P15-1-05/18 - - 0.67 - - - - - 

P15b-2-05/29 - - - - - - - - 

P15-3-06/09 - - 0.33 - - - - - 

P15-4-06/20 - - 0.17 - - - - - 

P15-5-06/30 - - - - - - - - 

P15-6-07/11 0.33 0.17 - - - - - - 

P15-7-07/22 - 1.33 - - - - - 0.22 

P15-8-08/02 - 0.17 - - - - - 0.50 

P15-9-08/13 - 2.50 - - - - - 1.00 

G1-1-05/18 - - 0.83 0.17 - - - - 

G1-2-05/29 0.50 0.17 3.50 - - - - - 

G1-3-06/09 0.17 - 2.83 - - - - - 

G1-4-06/20 - - 0.17 - - - - - 

G1-5-06/30 - - - - - - - - 

G1-6-07/11 - 0.17 - - 0.83 - - - 

G1-7-07/22 - 1.00 - 0.17 3.67 - - 5.00 

G1-8-08/02 - 0.50 - 0.33 21.67 - - 6.17 

G1-9-08/13 0.17 0.67 - 1.67 1.83 - - 4.00 

G6-1-05/18 - - 0.33 - - - - - 

G6-2-05/29 2.33 0.50 5.50 - - - - - 

G6-3-06/09 0.83 0.17 0.83 - - - - 0.17 

G6-4-06/20 - 0.33 0.33 - - - - - 

G6-5-06/30 - 0.33 - - - - - 0.50 

G6-6-07/11 - 3.25 - - - - - 0.50 

G6-7-07/22 - 40.00 - 0.67 - - - 0.33 

G6-8-08/02 - 14.75 - 2.17 - - - 0.50 

G6-9-08/13 - 53.33 - 0.17 - - - 0.83 

G15-1-05/18 - - 2.67 - - - - - 

G15-2-05/29 0.83 - 9.67 - - - - - 

G15-3-06/09 - - 1.00 - - - - 0.33 

G15-4-06/20 - - 0.33 - - - - - 

G15-5-06/30 0.17 0.17 0.33 - - - - - 

G15-6-07/11 - 0.67 0.17 - - - - 0.17 

G15-7-07/22 - 10.17 - 0.17 - - - 0.50 

G15-8-08/02 - 26.00 - - - - 0.17 - 

G15-9-08/13 - 15.83 - 0.83 - - - 0.67 
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Sample Cyc_scu Dia_tho Epi_lac Lep_min Mic_rub Mes_edax Ski_rei Ski_ore 

Y1-1-05/18 - 0.67 - 0.67 - 0.17 - - 

Y1-2-05/29 0.17 1.00 - 4.33 - 0.33 - - 

Y1-3-06/09 - 2.67 - 7.17 - 0.17 - - 

Y1-4-06/20 - 5.33 - 1.00 - - - - 

Y1-5-06/30 0.33 3.67 - 3.50 - 0.50 - - 

Y1-6-07/11 - 4.83 - 8.33 - 1.83 - - 

Y1-7-07/22 - 2.67 - 1.83 3.33 2.33 - 0.50 

Y1-8-08/02 - 4.50 - 7.33 1.17 1.33 - 0.83 

Y1-9-08/13 - 6.67 - 6.67 1.94 3.89 - 0.42 

Y6-1-05/18 - 0.50 - 1.83 - 0.17 - - 

Y6-2/05/19 - 1.33 0.17 5.50 - - - - 

Y6-3-06/09 - 2.00 - 4.67 - 0.17 - - 

Y6-4-06/20 - 2.50 - 33.33 - 0.50 - 0.33 

Y6-5-06/30 - 4.17 0.33 6.00 - 0.33 - - 

Y6-6-07/11 - 4.17 - 6.33 - 1.33 2.33 - 

Y6-7-06/22 - 3.25 - 9.75 - 2.25 1.00 - 

Y6-8-08/02 - - - 5.83 0.45 - - - 

Y6-9-08/13 - - 0.21 1.67 - - - - 

Y15-1-05/18 - 1.33 - 1.17 - - - - 

Y15-2-05/29 - 1.67 - 4.50 - - - 0.33 

Y15-3-06/09 - 2.67 - 5.33 - 0.67 0.17 - 

Y15-4-06/20 - 2.67 - 3.67 - 0.17 - - 

Y15-5-06/30 - 4.17 0.50 6.00 - 0.33 - - 

Y15-6-07/11 - 2.50 - 2.83 - 0.50 - - 

Y15-7-07/22 - 0.50 0.50 5.25 - 1.75 - - 

Y15-8-08/02 - 0.83 - 14.00 - 1.17 0.33 - 

Y15-9-08/13 - 2.78 - 11.95 - 1.11 1.67 - 

O1-1-05/18 - 0.83 0.17 1.50 - 0.50 - - 

O1-2-05/29 - 1.83 0.17 5.17 - 0.50 - 0.67 

O1-3-06/09 0.17 1.33 - 5.17 - 0.33 - - 

O1-4-06/20 - 0.67 - 1.33 - - - - 

O1-5-06/30 - 3.50 - 5.00 - - - 0.50 

O1-6/07/11 0.17 3.33 - 7.17 - 1.00 - 0.17 

O1-7-07/22 0.17 6.00 - 4.17 - 2.50 - - 

O1-8-08/02 - 3.17 - 7.17 - 4.50 - 1.50 

O1-9-08/13 - 2.83 - 6.17 - 4.17 - 0.17 
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Sample Cyc_scu Dia_tho Epi_lac Lep_min Mic_rub Mes_edax Ski_rei Ski_ore 

O6-1-05/18 - 2.17 - 2.33 - 0.50 - - 

O6-2-05/29 - 3.83 - 5.00 - 0.17 - - 

O6-3-06/09 - 3.33 - 6.83 - 1.00 - - 

O6-4-06/20 - 1.00 - 18.00 - 0.17 - - 

O6-5-06/30 - 7.17 0.83 9.50 - 1.67 - 0.17 

O6-6-07/11 - 1.50 0.50 21.67 - 1.00 0.33 - 

O6-7-07/22 - 3.33 - 17.33 - 1.11 0.45 0.22 

O6-8-08/02 - 0.67 - 3.50 - 0.33 0.50 - 

O6-9-08/13 - 1.50 - 3.50 - 0.83 0.50 0.17 

O15-1-05/18 - 0.83 - 1.50 - 0.17 - - 

O15-2-06/09 - 4.00 - 5.00 - 0.33 - - 

O15-3-06/09 - 4.50 0.17 7.83 - 0.67 - 0.33 

O15-4-06/20 - 3.67 - 5.00 - - 0.17 0.17 

O15-5-06/30 - 2.83 0.33 4.67 - 0.50 - - 

O15-6-07/11 - 2.17 - 5.83 - 1.00 0.33 - 

O15-7-07/22 - 3.67 - 12.00 - 2.00 0.33 0.67 

O15-8-08/02 - 0.83 - 4.00 - 1.00 1.00 0.17 

O15-9-08/13 - 1.95 0.28 11.67 - 6.95 3.33 0.56 

P1-1-05/18 - 0.33 - 1.50 - 0.33 - - 

P1-2-05/29 0.33 0.67 0.17 3.83 - 0.67 - 2.50 

P1-3-06/09 0.17 3.17 - 4.67 - 0.50 - 0.17 

P1-4-06/20 - 1.00 - 1.17 - - - - 

P1-5-06/30 - 3.67 - 4.33 - 0.33 - 0.17 

P1-6-07/11 0.50 1.67 0.17 11.25 - 1.67 - - 

P1-7-07/22 - 0.17 - 0.50 - - - - 

P1-8-08/02 - - - 0.33 - 0.67 - 0.33 

P1-9-08/13 - 0.17 - - - 1.17 - 0.33 

P6-1-06/18 - 1.33 - 1.17 - - - 0.17 

P6-2-05/29 - 1.17 0.17 4.67 - 0.17 - 0.17 

P6-3-06/09 - 4.00 0.33 6.67 - 0.67 - - 

P6-4-06/20 - 7.33 - 2.67 - 0.50 - - 

P6-5-06/30 - 1.50 0.50 9.67 - 0.67 - - 

P6-6-07/11 0.17 7.83 - 14.72 - 2.50 - 0.83 

P6-7-07/22 - 2.50 0.17 9.50 - 1.33 0.33 0.50 

P6-8-08/02 - 1.33 - 12.75 - 1.50 0.33 0.17 

P6-9-8/13 - - - 4.00 - 0.33 0.33 - 
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Sample Cyc_scu Dia_tho Epi_lac Lep_min Mic_rub Mes_edax Ski_rei Ski_ore 

P15-1-05/18 - 0.50 0.17 2.50 - 0.17 - 0.17 

P15-2-05/29 - 0.50 - 6.00 - 0.50 - - 

P15-3-06/09 - 0.50 0.50 13.67 - 0.17 - 0.33 

P15-4-06/20 - 1.00 0.17 20.33 - 0.17 - - 

P15-5-06/30 - 1.33 - 13.17 - 0.50 - 0.17 

P15-6-07/11 0.67 4.17 - 23.33 - 3.00 - 0.67 

P15-7-07/22 - 5.56 - 21.33 - 4.67 - 1.11 

P15-8-08/02 - 1.00 - 22.67 - 1.17 - 0.50 

P15-9-08/13 - 0.17 0.17 5.17 - 0.67 0.17 0.50 

G1-1-05/18 - 0.33 0.67 1.50 - 0.67 - - 

G1-2-05/29 - 1.17 0.67 9.67 - 0.33 - 4.17 

G1-3-06/09 - 1.33 0.50 9.50 - 0.50 - 1.67 

G1-4-06/20 - 1.00 - 2.67 - 0.17 - - 

G1-5-06/30 - 3.67 0.50 9.67 - 0.67 - 0.67 

G1-6-07/11 2.33 1.33 1.00 5.17 - 2.00 - 0.33 

G1-7-07/22 - 1.33 0.33 0.83 - 4.67 - 1.17 

G1-8-08/02 0.33 2.67 0.50 0.33 - 8.33 - 6.33 

G1-9-08/13 - 1.17 - 0.83 - 5.17 - 2.50 

G6-1-05/18 - 1.50 - 0.83 - 0.50 - - 

G6-2-05/29 - 4.67 - 5.83 - 1.33 0.33 - 

G6-3-06/09 - 3.33 0.17 6.67 - 1.33 - 0.33 

G6-4-06/20 - 0.83 - 0.67 - - - - 

G6-5-06/30 - 2.33 0.17 5.67 - 1.00 - 1.33 

G6-6-07/11 - 1.75 0.25 11.25 - 5.00 0.25 2.00 

G6-7-07/22 - 2.67 - 16.00 - 5.33 - 4.67 

G6-8-08/02 - 0.83 - 9.00 - 3.33 0.33 1.50 

G6-9-08/13 - 0.33 - 2.83 - - - - 

G15-1-05/18 - 0.33 - 1.00 - 0.17 - - 

G15-2-05/29 - 5.00 0.33 9.00 - - - - 

G15-3-06/09 - 2.50 0.17 5.67 0.67 0.33 - 0.17 

G15-4-06/20 - 1.50 - 3.00 - 0.50 - 0.17 

G15-5-06/30 - 3.50 0.17 2.50 - 1.83 0.33 - 

G15-6-07/11 - 2.17 - 2.67 - 1.50 0.17 - 

G15-7-07/22 - 1.00 - 1.33 - 2.17 0.33 0.67 

G15-8-08/02 - 0.67 - 2.50 - 1.67 0.17 0.17 

G15-9-08/13 - - 0.50 2.33 - 1.50 0.83 1.33 
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Sample Tro_ext Agl_lep #/L 

Y1-1-05/18 0.33 - 7.166667 

Y1-2-05/29 0.67 - 37 

Y1-3-06/09 1.00 - 112.6667 

Y1-4-06/20 - - 142.2143 

Y1-5-06/30 0.33 - 102.7778 

Y1-6-07/11 1.83 - 161.4445 

Y1-7-07/22 4.83 - 207.4167 

Y1-8-08/02 2.67 - 649.6667 

Y1-9-08/13 1.94 - 599.8557 

Y6-1-05/18 - - 5.5 

Y6-2/05/19 0.17 - 40.83333 

Y6-3-06/09 - - 116.5 

Y6-4-06/20 - - 169.1667 

Y6-5-06/30 - - 75.33333 

Y6-6-07/11 0.17 - 192.3333 

Y6-7-06/22 0.50 - 165.5 

Y6-8-08/02 0.45 - 240.17 

Y6-9-08/13 0.63 - 280.555 

Y15-1-05/18 - - 9.5 

Y15-2-05/29 - - 55.5 

Y15-3-06/09 - - 123.8333 

Y15-4-06/20 - - 250.5 

Y15-5-06/30 - - 107 

Y15-6-07/11 - - 163.8333 

Y15-7-07/22 0.25 - 147.5 

Y15-8-08/02 - - 368 

Y15-9-08/13 0.83 - 164.305 

O1-1-05/18 - - 4.833333 

O1-2-05/29 0.17 - 25.16667 

O1-3-06/09 - - 93.83333 

O1-4-06/20 - - 153.945 

O1-5-06/30 0.17 - 75.66667 

O1-6/07/11 0.83 - 48.9445 

O1-7-07/22 0.33 - 84.58333 

O1-8-08/02 1.67 - 350.4583 

O1-9-08/13 1.00 - 155.25 
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Sample Tro_ext Agl_lep #/L 

O6-1-05/18 - - 10.83333 

O6-2-05/29 0.17 - 57 

O6-3-06/09 - - 117.8333 

O6-4-06/20 0.17 - 119.3333 

O6-5-06/30 - - 168.8333 

O6-6-07/11 2.00 - 379 

O6-7-07/22 0.17 - 347.5 

O6-8-08/02 0.17 - 37.33333 

O6-9-08/13 1.00 - 110.7217 

O15-1-05/18 - - 8 

O15-2-06/09 - - 63.16667 

O15-3-06/09 - - 102.3333 

O15-4-06/20 - - 171.3333 

O15-5-06/30 0.67 - 107.5 

O15-6-07/11 0.33 - 89.16667 

O15-7-07/22 1.33 - 150 

O15-8-08/02 2.00 - 102.3333 

O15-9-08/13 5.28 - 456.3917 

P1-1-05/18 - - 6.5 

P1-2-05/29 0.17 - 43.5 

P1-3-06/09 - - 73.5 

P1-4-06/20 0.17 - 109.1667 

P1-5-06/30 1.00 - 86.5 

P1-6-07/11 1.17 - 62.5 

P1-7-07/22 2.17 - 56.47217 

P1-8-08/02 1.83 - 43.88883 

P1-9-08/13 0.83 - 100.9667 

P6-1-06/18 - - 6.833333 

P6-2-05/29 - - 12.66667 

P6-3-06/09 - - 60 

P6-4-06/20 - - 189.8333 

P6-5-06/30 - - 197 

P6-6-07/11 - - 268.611 

P6-7-07/22 0.50 - 343.6667 

P6-8-08/02 1.33 - 123.8333 

P6-9-08/13 0.83 - 50.5 
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Sample Tro_ext Agl_lep #/L 

P15-1-05/18 - - 6.666667 

P15b-2-05/29 - - 8.666667 

P15-3-06/09 - - 16.5 

P15-4-06/20 - - 49.66667 

P15-5-06/30 - - 44.16667 

P15-6-07/11 0.17 - 474.8333 

P15-7-07/22 0.67 - 364.8883 

P15-8-08/02 1.00 - 115.1667 

P15-9-08/13 1.00 - 326.0833 

G1-1-05/18 - - 5 

G1-2-05/29 - - 27 

G1-3-06/09 - 0.17 31.16667 

G1-4-06/20 - - 28.61117 

G1-5-06/30 0.83 - 43.5 

G1-6-07/11 0.83 - 46.77783 

G1-7-07/22 2.00 - 245.5 

G1-8-08/02 4.00 - 457.8888 

G1-9-08/13 3.17 - 326.25 

G6-1-05/18 - - 8 

G6-2-05/29 - - 101.3333 

G6-3-06/09 - - 81.66667 

G6-4-06/20 0.50 - 103.6667 

G6-5-06/30 0.17 - 126 

G6-6-07/11 1.25 - 349.75 

G6-7-07/22 - - 346.6667 

G6-8-08/02 1.83 - 287.4167 

G6-9-08/13 1.50 - 368.5 

G15-1-05/18 - - 9.333333 

G15-2-05/29 0.17 - 85 

G15-3-06/09 - - 61.66667 

G15-4-06/20 - - 80.16667 

G15-5-06/30 0.33 - 120.8333 

G15-6-07/11 0.67 - 79.83333 

G15-7-07/22 0.83 - 133.0833 

G15-8-08/02 2.67 - 159.8333 

G15-9-08/13 2.67 - 232.5 
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Appendix C: Raw species data (individuals/L) for each mesocosm at the conclusion of 

the experiment. Sample IDs are as follows: letters correspond to dispersal treatment: G = 

9.6%, P = 2.5%, O = 1.3% and Y = 0.1%, middle number corresponds to sampling period 

(9 = the last sampling period), followed by the sampling date. 

 

Sample Alo_gut Alo_aff Alo_qua Bos_cor Bos_fre Bos_lei Bos_tub Cam_rec 

G1-9-08/13 2.00 - 0.33 - - - - - 

G2-9-08/13 - - - - - 0.17 - - 

G3-9-08/13 - - 0.42 - - 0.63 - - 

G4-9-08/13 0.17 - - - - - - - 

G5-9-08/13 0.28 - - - 1.11 0.28 - 1.95 

G6-9-08/13 - - - - - - - - 

G7-9-08/13 - - - - - - - - 

G8-9-08/13 - - - - 0.17 - - - 

G9-9-08/13 0.83 - - - 1.46 0.83 - - 

G10-9-08/13 - - - - 25.83 22.92 - - 

G11-9-08/13 - - 0.21 - - - - - 

G12-9-08/13 2.50 - - - 10.83 15.83 - - 

G13-9-08/13 - - - - - - - - 

G14-9-08/13 - - 0.28 - 0.83 0.28 - - 

G15-9-08/13 - - - - - - - 1.17 

P1-9-08/13 - - 0.83 - 0.33 1.00 - 0.17 

P2-9-08/13 - - - - 8.75 17.50 - 0.17 

P3-9-08/13 - - - - 0.17 0.50 - - 

P4-0-08/13 - - - - 0.21 - - 4.58 

P5-9-08/13 0.67 - - - 0.33 0.17 - - 

P6-9-08/13 - - 0.17 - - 0.17 - - 

P7-9-08/13 - - - - 1.67 0.67 - - 

P8-9-08/13 - - 0.17 - - 0.17 - - 

P9-9-08/13 - - 0.17 - 1.17 0.67 - - 

P10-9-08/13 - - - - 0.67 0.17 - - 

P11-9-08/13 - - - - 0.56 1.67 - - 

P12-9-08/13 6.95 - - - 4.72 1.67 - - 

P13-9-08/13 - - - - 0.17 - - - 

P14-9-08/13 - - - - 17.08 9.17 - - 

P15-9-08/13 - - - - - - - - 
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Sample Alo_gut Alo_aff Alo_qua Bos_cor Bos_fre Bos_lei Bos_tub Cam_rec 

O1-9-08/13 - - - - 0.83 1.33 - - 

O2-9-08/13 - - - - 0.17 - - 0.17 

O3-9-08/13 - - - - 10.83 18.75 - - 

O4-9-08/13 - - - 0.28 1.39 2.78 - - 

O5-9-08/13 - - - - - 0.33 - - 

O6-9-08/13 - - - - - 0.17 - - 

O7-9-08/13 - - - - - - - - 

O8-9-08/13 - - - - - - - - 

O9-9-08/13 - - - - - - - 0.17 

O10-9-08/13 - - - - 2.08 1.67 - - 

O11-9-08/13 - - 0.21 - 0.83 1.46 - 9.38 

O12-9-08/13 - - - - 0.28 1.39 - - 

O13-9-08/13 - - - - - - - 0.83 

O14-9-08/13 - - - - 0.42 - - - 

O15-9-08/13 - - - - - - - - 

Y1-9-08.13 - - - - 0.83 1.67 - - 

Y2-9-08/13 - - - 0.17 0.50 0.33 0.17 - 

Y3-9-08/13 - - - - 0.56 1.11 - 0.28 

Y4-9-08/13 - - - - - 0.33 - - 

Y5-9-08/13 - - - - - - - - 

Y6-9-08/13 - - - - 2.08 2.08 - - 

Y7-9-08/13 - - - - - 0.28 - - 

Y8-9-08/13 - - - - 4.17 10.00 - - 

Y9-9-08/13 - - - - 6.67 18.33 - 30.56 

Y10-9-08/13 - - - - 0.21 0.83 - - 

Y11-9-08/13 - - - - 0.33 0.17 - - 

Y12-9-08/13 - - - - 0.56 - - - 

Y13-9-08/13 - 3.33 5.83 - 0.56 - - - 

Y14-9-08/13 - - - - 0.50 17.92 - 0.33 

Y15-9-08/13 - - - - 0.56 0.56 - - 
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Sample Chy_sph Eub_lon Eur lam Ple_pro Ple_den Cer_lac Cer_meg Cer_pul 

G1-9-08/13 276.67 0.17 0.83 - - - - - 

G2-9-08/13 271.67 - 23.75 - - - - 0.50 

G3-9-08/13 92.50 0.63 1.46 - - - - 1.25 

G4-9-08/13 101.67 0.33 6.00 - - - - - 

G5-9-08/13 209.17 1.95 8.06 - - 0.28 - - 

G6-9-08/13 306.67 - - - - - - - 

G7-9-08/13 154.17 0.67 - - - 0.17 - - 

G8-9-08/13 14.17 0.33 - - - 1.50 - 0.83 

G9-9-08/13 186.67 1.88 - - - 0.17 - - 

G10-9-08/13 45.00 0.83 - - - 5.00 - 19.58 

G11-9-08/13 271.67 6.21 0.63 - - - - - 

G12-9-08/13 171.67 32.50 55.00 - - 0.33 - 0.17 

G13-9-08/13 196.67 0.17 - - - - - - 

G14-9-08/13 90.83 0.28 0.28 - - 18.61 - 10.56 

G15-9-08/13 203.33 - 0.83 - - - - - 

P1-9-08/13 41.67 3.83 - 1.17 2.00 0.83 2.33 2.00 

P2-9-08/13 306.67 88.33 - - - 1.67 - - 

P3-9-08/13 114.17 1.33 - - - 0.83 - 0.17 

P4-0-08/13 170.00 0.83 - - - 0.42 - 0.83 

P5-9-08/13 85.83 0.17 - - - - - - 

P6-9-08/13 37.50 1.17 - - - - - - 

P7-9-08/13 168.33 - - - - 2.33 - 2.33 

P8-9-08/13 90.00 1.00 - - - 0.17 - 0.17 

P9-9-08/13 201.67 1.83 - - - - - - 

P10-9-08/13 278.33 0.17 - - - 4.00 0.33 0.83 

P11-9-08/13 566.67 6.67 - - - 0.83 - - 

P12-9-08/13 27.92 0.17 - - - 0.33 - 1.11 

P13-9-08/13 328.33 2.17 0.17 - - 3.67 - 0.17 

P14-9-08/13 203.33 33.33 - - - 6.25 - 1.25 

P15-9-08/13 281.67 1.33 0.17 - - 0.17 - - 
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Sample Chy_sph Eub_lon Eur_lam Ple_pro Ple_den Cer_lac Cer_meg Cer_pul 

O1-9-08/13 76.67 8.67 - 0.33 - 1.00 - 0.67 

O2-9-08/13 103.33 - - - - - - - 

O3-9-08/13 126.67 5.00 - - - 2.08 - 1.25 

O4-9-08/13 162.50 1.67 - - - - - - 

O5-9-08/13 254.17 0.33 - - - - 0.67 - 

O6-9-08/13 73.33 6.50 - - - - - - 

O7-9-08/13 601.67 1.67 - - - 0.83 - - 

O8-9-08/13 65.00 - - - - - 0.28 - 

O9-9-08/13 226.67 0.33 - - - 0.33 - 0.17 

O10-9-08/13 276.67 0.83 - - - 0.42 - - 

O11-9-08/13 190.00 1.67 - - - 0.63 - - 

O12-9-08/13 141.67 12.50 - - - - - - 

O13-9-08/13 106.67 0.21 - - - 0.21 - - 

O14-9-08/13 238.33 8.75 - - - 0.33 - - 

O15-9-08/13 390.00 5.56 - - - - - 0.28 

Y1-9-08.13 448.33 45.83 - - - - - - 

Y2-9-08/13 120.00 18.33 - - - - - - 

Y3-9-08/13 590.00 9.45 - - - 0.28 - - 

Y4-9-08/13 14.45 3.67 - - - - - - 

Y5-9-08/13 120.00 0.21 - - - - - - 

Y6-9-08/13 196.67 28.75 - - - - - 2.08 

Y7-9-08/13 653.33 0.28 - - - - - - 

Y8-9-08/13 26.67 74.17 - - - - - - 

Y9-9-08/13 336.67 12.22 - - - - - - 

Y10-9-08/13 238.33 3.13 - - - - - - 

Y11-9-08/13 9.67 3.00 - - - - - - 

Y12-9-08/13 106.67 1.95 - - - 0.28 - 0.28 

Y13-9-08/13 311.67 1.11 - - - - - - 

Y14-9-08/13 9.17 96.67 - - - - - - 

Y15-9-08/13 83.33 29.58 - - - - - - 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



108 

 

Sample Cer_ret Dap_amb Dap_men Dap_par Dap_ret Dia _bir Hol_gib Lep _kin 

G1-9-08/13 - 22.08 3.00 - 0.17 0.67 - 1.67 

G2-9-08/13 - - 5.00 - - 57.50 - 0.42 

G3-9-08/13 - - 3.33 - - 21.39 - - 

G4-9-08/13 - 0.67 3.17 - - 14.79 - - 

G5-9-08/13 - 2.22 6.67 - - 23.33 - - 

G6-9-08/13 - - 2.83 - - 53.33 - 0.17 

G7-9-08/13 - - 4.50 - - 24.41 - - 

G8-9-08/13 - 0.17 1.67 - - 29.17 - - 

G9-9-08/13 - 0.63 7.29 - - 49.17 - - 

G10-9-08/13 - 0.50 0.17 - - 24.58 - - 

G11-9-08/13 - 8.13 11.25 - - 4.79 - 0.21 

G12-9-08/13 - 12.50 39.33 - - 25.00 - - 

G13-9-08/13 - - 4.33 - - 2.00 - - 

G14-9-08/13 - 1.11 0.56 - - 56.67 - - 

G15-9-08/13 - - 0.67 - - 15.83 - 0.83 

P1-9-08/13 - 0.33 0.17 - - 31.97 - - 

P2-9-08/13 - 5.00 5.42 - - 123.33 - - 

P3-9-08/13 - 0.67 15.00 - 0.33 39.17 - - 

P4-0-08/13 0.42 - 3.54 - - 24.17 - - 

P5-9-08/13 - - 10.63 - - 33.33 - - 

P6-9-08/13 - - 2.83 - - 2.67 - - 

P7-9-08/13 - - 1.50 - - 7.50 - - 

P8-9-08/13 - 3.67 1.83 - - 30.42 - - 

P9-9-08/13 - 0.17 2.67 - - 28.75 - - 

P10-9-08/13 - 21.67 8.50 - - 60.00 - - 

P11-9-08/13 - - 21.39 - - 59.17 0.28 - 

P12-9-08/13 - 5.28 49.17 - - 9.72 - - 

P13-9-08/13 - 0.67 7.83 - - 19.17 - - 

P14-9-08/13 - 3.75 13.33 - - 14.17 - - 

P15-9-08/13 - 0.17 31.25 - - 2.50 - - 
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Sample Cer_ret Dap_amb Dap_men Dap_par Dap_ret Dia _bir Hol_gib Lep _kin 

O1-9-08/13 - 6.50 24.58 - - 15.83 - - 

O2-9-08/13 - 0.67 11.46 - - 2.50 - - 

O3-9-08/13 - 1.25 0.83 - - 28.33 - - 

O4-9-08/13 - 40.00 7.50 - - 27.08 - - 

O5-9-08/13 - 1.17 30.42 - - 0.50 - - 

O6-9-08/13 - 4.17 13.89 - - 2.83 - - 

O7-9-08/13 - 23.33 17.50 - - 101.67 - - 

O8-9-08/13 - 43.33 13.33 - - 3.89 - - 

O9-9-08/13 - 0.17 3.83 - - 6.83 - - 

O10-9-08/13 - 3.33 20.83 - - 50.83 - 0.42 

O11-9-08/13 - 45.83 8.54 - - 4.17 - - 

O12-9-08/13 - 46.67 2.22 - - 1.95 - - 

O13-9-08/13 - 11.67 26.67 - - 4.17 - - 

O14-9-08/13 - 22.50 6.25 - - 47.50 - - 

O15-9-08/13 - 1.11 9.17 - - 14.45 - - 

Y1-9-08.13 - 60.83 11.38 - - 0.83 - - 

Y2-9-08/13 - 24.58 1.83 - - 5.83 - - 

Y3-9-08/13 - 1.95 20.83 - - 0.28 - - 

Y4-9-08/13 - 1.17 0.17 - - 13.54 - - 

Y5-9-08/13 - 19.17 2.29 - - 9.38 - - 

Y6-9-08/13 - 27.50 1.88 - - 15.56 - - 

Y7-9-08/13 - 66.67 98.33 - - 11.39 - - 

Y8-9-08/13 - 23.33 12.50 - - 7.92 - - 

Y9-9-08/13 - 93.33 7.78 - - 21.11 - - 

Y10-9-08/13 - 31.67 5.21 0.21 - 2.92 - - 

Y11-9-08/13 - 0.33 6.33 - - - - - 

Y12-9-08/13 - 80.00 5.83 - - 7.22 - - 

Y13-9-08/13 - 1.67 16.67 - - 14.45 - - 

Y14-9-08/13 - 21.67 0.83 - - 23.75 - - 

Y15-9-08/13 - 1.11 6.39 - - 21.39 - - 
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Sample Oph_gra Pol_ped Sim_ser Aca_ver Dia_tho Epi_lac Lep_min Mic_rub 

G1-9-08/13 1.83 - - 4.00 1.17 - 0.83 - 

G2-9-08/13 - - - 9.58 2.92 0.42 10.00 - 

G3-9-08/13 - 2.92 - 2.50 0.83 0.21 13.75 0.21 

G4-9-08/13 - - - 1.33 0.83 - 6.83 - 

G5-9-08/13 - - - 0.83 0.28 - 14.72 - 

G6-9-08/13 - - - 0.83 0.33 - 2.83 - 

G7-9-08/13 - - - 0.83 1.00 0.33 10.17 - 

G8-9-08/13 - - - 4.83 1.67 - 4.50 0.33 

G9-9-08/13 0.21 - - 0.83 0.63 - 9.38 - 

G10-9-08/13 - - - 0.83 - - 5.42 - 

G11-9-08/13 - 0.21 - 1.67 0.63 0.21 7.29 - 

G12-9-08/13 - - - 3.33 1.67 0.17 5.83 - 

G13-9-08/13 - - - 2.17 0.17 - 2.33 - 

G14-9-08/13 - - - 0.56 0.17 - 5.56 - 

G15-9-08/13 - - - 0.67 - 0.50 2.33 - 

P1-9-08/13 - 2.17 3.83 3.83 0.17 - - - 

P2-9-08/13 - - - 1.67 0.42 - 2.08 - 

P3-9-08/13 - - - 9.33 1.00 - 2.33 - 

P4-0-08/13 - - - 3.75 1.46 - 21.67 - 

P5-9-08/13 - - - 0.50 - - 3.67 - 

P6-9-08/13 - - - 0.50 - - 4.00 - 

P7-9-08/13 - - - 0.50 - - 2.00 - 

P8-9-08/13 - - - 2.17 0.17 - 4.17 - 

P9-9-08/13 - 0.33 - 2.67 0.33 0.33 29.17 - 

P10-9-08/13 - - - 0.50 - - 2.00 - 

P11-9-08/13 0.17 - - 3.06 1.39 - 16.11 - 

P12-9-08/13 - - - 1.95 1.95 - 7.50 - 

P13-9-08/13 - - - 1.00 0.33 - 3.17 - 

P14-9-08/13 - 0.17 - 12.92 3.75 - 10.83 - 

P15-9-08/13 - - - 1.00 0.17 0.17 5.17 - 
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Sample Oph_gra Pol_ped Sim_ser Aca_ver Dia_tho Epi_lac Lep_min Mic_rub 

O1-9-08/13 - - - 4.50 2.83 - 6.17 - 

O2-9-08/13 - - - 9.67 1.67 - 7.33 - 

O3-9-08/13 - - - 0.33 0.17 - 15.83 - 

O4-9-08/13 - - - 1.95 1.11 - 11.67 - 

O5-9-08/13 - - - 1.17 1.33 - 12.08 - 

O6-9-08/13 - - - 2.33 1.50 - 3.50 - 

O7-9-08/13 - - - 4.58 2.50 - 11.25 - 

O8-9-08/13 - - - 4.17 1.11 - 13.89 - 

O9-9-08/13 - - - 1.83 0.67 - 4.83 0.50 

O10-9-08/13 - 1.67 - 2.92 2.50 - 23.33 - 

O11-9-08/13 - - - 1.25 1.67 - 5.42 - 

O12-9-08/13 - - 16.95 4.45 3.33 - 9.17 - 

O13-9-08/13 - - - 6.46 1.25 - 11.46 - 

O14-9-08/13 - - - 19.17 2.50 0.42 15.42 - 

O15-9-08/13 - - - 5.83 1.95 0.28 11.67 - 

Y1-9-08.13 - - - 8.61 6.67 - 6.67 1.94 

Y2-9-08/13 - 0.17 - 0.67 0.17 0.33 2.83 - 

Y3-9-08/13 13.06 - - 10.56 0.83 - 11.39 - 

Y4-9-08/13 - - - 0.33 1.33 0.17 1.50 - 

Y5-9-08/13 0.42 - - 6.04 0.42 - 11.25 - 

Y6-9-08/13 - - - 1.46 - 0.21 1.67 - 

Y7-9-08/13 0.28 - - 4.72 2.22 - 27.50 - 

Y8-9-08/13 - - - 6.25 0.42 0.42 15.00 - 

Y9-9-08/13 - - - 4.45 4.45 - 9.45 - 

Y10-9-08/13 - - - 6.46 3.75 - 6.67 - 

Y11-9-08/13 0.33 - - 2.33 2.67 - 3.33 - 

Y12-9-08/13 - - - 7.50 2.78 0.28 16.95 - 

Y13-9-08/13 - - - 4.72 1.11 - 10.28 - 

Y14-9-08/13 - - - 0.42 4.17 0.17 19.17 - 

Y15-9-08/13 - - - 3.06 2.78 - 11.95 - 
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Sample Mes_edax Ski_rei Ski_ore Tro_ext Asc Asp Cep Col 

G1-9-08/13 5.17 - 2.50 3.17 - - - 7.50 

G2-9-08/13 7.92 - 2.92 3.33 7.50 - - 1,340.00 

G3-9-08/13 2.71 - 6.67 1.88 9.17 - - - 

G4-9-08/13 2.83 - 2.50 1.50 - - - 325.00 

G5-9-08/13 8.06 0.83 2.50 3.33 - - - 2.50 

G6-9-08/13 - - - 1.50 - 2.50 - 195.00 

G7-9-08/13 2.50 0.17 1.33 0.83 - - - - 

G8-9-08/13 1.00 0.17 1.00 1.17 - - - 23.33 

G9-9-08/13 3.54 0.21 2.50 2.29 1.67 - - - 

G10-9-08/13 0.50 0.42 0.42 46.67 - - - - 

G11-9-08/13 3.33 0.21 1.46 1.67 - - - - 

G12-9-08/13 5.00 0.33 1.67 0.83 - - - 3.33 

G13-9-08/13 2.33 0.17 1.33 0.50 - - - - 

G14-9-08/13 0.28 1.67 3.61 6.39 - - 3.33 - 

G15-9-08/13 1.50 0.83 1.33 2.67 - - - 126.67 

P1-9-08/13 1.17 - 0.33 0.83 4.17 - - 1.67 

P2-9-08/13 - - 0.83 0.50 - - - 40.83 

P3-9-08/13 - - 0.50 0.50 8.33 - - 1.67 

P4-0-08/13 4.79 - 1.67 1.25 1.67 - - 2.50 

P5-9-08/13 0.17 - - 1.50 2.50 - - - 

P6-9-08/13 0.33 0.33 - 0.83 - 7.50 - - 

P7-9-08/13 - 0.83 1.00 2.00 - - - 15.83 

P8-9-08/13 1.83 - 0.67 2.50 - - - 2.50 

P9-9-08/13 2.83 1.50 1.50 1.83 - - - 15.83 

P10-9-08/13 - - - 1.33 - - - 26.67 

P11-9-08/13 2.50 1.95 1.95 3.33 - - - - 

P12-9-08/13 3.33 0.83 4.17 2.78 - - - - 

P13-9-08/13 - 0.67 0.50 2.00 - - - - 

P14-9-08/13 5.00 0.83 2.08 0.83 - - - - 

P15-9-08/13 0.67 0.17 0.50 1.00 - - - - 
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Sample Mes_edax Ski_rei Ski_ore Tro_ext Asc Asp Cep Col 

O1-9-08/13 4.17 - 0.17 1.00 0.83 4.17 - 19.17 

O2-9-08/13 5.33 - 1.67 0.17 10.83 - - 10.00 

O3-9-08/13 0.33 1.83 7.08 2.50 23.33 3.33 - 217.50 

O4-9-08/13 3.33 0.56 2.50 5.00 - - - 2.50 

O5-9-08/13 1.50 0.50 - 1.83 - 7.50 - - 

O6-9-08/13 0.83 0.50 0.17 1.00 - 5.83 - - 

O7-9-08/13 2.92 0.83 - 0.83 - - - - 

O8-9-08/13 1.67 1.11 0.28 3.06 - - - - 

O9-9-08/13 2.17 0.67 0.83 0.50 - - - 12.50 

O10-9-08/13 2.08 0.83 0.83 1.25 - - - 2.50 

O11-9-08/13 2.08 0.21 1.04 0.63 - - - - 

O12-9-08/13 0.28 1.67 0.56 0.17 - - - - 

O13-9-08/13 1.46 0.21 0.21 1.25 - - - - 

O14-9-08/13 2.08 0.83 - 0.33 - 0.83 - - 

O15-9-08/13 6.95 3.33 0.56 5.28 - - - - 

Y1-9-08.13 3.89 - 0.42 1.94 4.17 - - - 

Y2-9-08/13 0.83 - - 0.67 - - - 5.00 

Y3-9-08/13 - 0.28 - - - 8.33 - 1.67 

Y4-9-08/13 1.00 0.33 0.33 0.17 - - - - 

Y5-9-08/13 1.04 0.63 0.63 0.83 - - - - 

Y6-9-08/13 - - - 0.63 - - - - 

Y7-9-08/13 0.56 0.56 0.28 0.83 - - - - 

Y8-9-08/13 1.25 - - 0.83 - - - - 

Y9-9-08/13 1.67 1.11 - 1.11 - - - - 

Y10-9-08/13 2.29 0.83 - 0.21 - - - - 

Y11-9-08/13 1.67 0.33 - - - - 25.83 - 

Y12-9-08/13 2.50 1.67 - 0.83 - - - - 

Y13-9-08/13 1.67 0.83 - - - - - - 

Y14-9-08/13 2.50 1.25 - - - - 3.33 - 

Y15-9-08/13 1.11 1.67 - 0.83 - - - - 
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Sample Con Ece Euc Gas Kel Ker Lec Lep 

G1-9-08/13 8.33 - 4.17 - 4.17 52.00 3.33 - 

G2-9-08/13 13.33 - - - 2.50 43.33 1.67 - 

G3-9-08/13 - - - - 1.67 24.17 13.33 - 

G4-9-08/13 175.00 - - - 3.33 37.50 - 3.33 

G5-9-08/13 11.67 - 10.83 - 4.17 70.00 19.17 1.67 

G6-9-08/13 300.00 - - - - 390.00 2.50 11.67 

G7-9-08/13 8.33 0.83 - - 4.17 46.67 3.33 8.33 

G8-9-08/13 196.67 7.50 - - 14.17 108.33 12.50 120.00 

G9-9-08/13 123.33 3.33 - - 14.17 90.00 - 7.50 

G10-9-08/13 152.50 1.67 - - 1.67 630.00 - 8.33 

G11-9-08/13 40.00 0.83 - - 3.33 15.83 2.50 2.50 

G12-9-08/13 9.17 - - - - 27.50 5.00 1.67 

G13-9-08/13 2.50 1.67 6.67 - 5.83 32.50 - 9.17 

G14-9-08/13 5.00 - - - 7.50 175.00 - 72.50 

G15-9-08/13 320.00 1.67 - - - 62.50 3.33 2.50 

P1-9-08/13 32.50 - 10.00 - - 9.17 3.33 - 

P2-9-08/13 2.50 - - - 0.83 77.50 - - 

P3-9-08/13 4.17 - - - 1.67 62.50 5.83 - 

P4-0-08/13 32.50 - - - 8.33 222.50 10.83 - 

P5-9-08/13 31.67 - - - 1.67 51.00 - 3.33 

P6-9-08/13 152.50 - - - 3.33 13.33 53.00 5.83 

P7-9-08/13 192.50 0.83 - - - 495.00 3.33 5.00 

P8-9-08/13 8.33 0.83 - - 3.33 61.00 - 12.50 

P9-9-08/13 51.00 1.67 - - 2.50 33.33 - - 

P10-9-08/13 180.00 5.00 0.83 - 0.83 405.00 3.33 - 

P11-9-08/13 4.17 3.33 - - 5.83 38.33 0.83 6.67 

P12-9-08/13 5.83 - - - 0.83 455.00 0.83 7.50 

P13-9-08/13 40.83 - - - 5.83 152.50 - 34.17 

P14-9-08/13 5.83 - - - 9.17 69.00 7.50 62.00 

P15-9-08/13 140.00 25.83 - - 9.17 12.50 52.00 120.00 
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Sample Con Ece Euc Gas Kel Ker Lec Lep 

O1-9-08/13 - - - 1.67 7.50 95.00 - - 

O2-9-08/13 40.83 - - - - 6.67 9.17 - 

O3-9-08/13 440.00 - - - 0.83 420.00 7.50 - 

O4-9-08/13 162.50 - 0.83 - 0.83 70.00 10.83 2.50 

O5-9-08/13 30.00 8.33 - - 1.67 63.75 8.33 16.67 

O6-9-08/13 315.00 2.50 - 2.50 30.00 - - 10.00 

O7-9-08/13 5.00 3.33 - - 9.17 85.00 - 13.33 

O8-9-08/13 10.83 5.83 - - 5.83 66.25 9.17 78.75 

O9-9-08/13 35.00 3.33 - - 4.17 70.00 1.67 35.00 

O10-9-08/13 5.83 - - - - 20.00 - 4.17 

O11-9-08/13 31.67 2.50 - - - 57.00 0.83 1.67 

O12-9-08/13 1.67 - - - 2.50 34.17 91.67 19.00 

O13-9-08/13 2.50 8.33 - - 12.50 62.50 19.17 20.83 

O14-9-08/13 5.83 - - - 2.50 36.67 6.67 61.00 

O15-9-08/13 91.67 8.33 - - 10.00 44.17 10.83 15.00 

Y1-9-08.13 - - - - 2.50 13.33 0.83 - 

Y2-9-08/13 95.00 - - - 3.33 - 4.17 - 

Y3-9-08/13 7.50 - - - 1.67 12.50 6.67 - 

Y4-9-08/13 33.33 - 0.83 - 3.33 17.50 0.83 4.17 

Y5-9-08/13 62.00 6.67 - - 3.33 29.17 - - 

Y6-9-08/13 77.50 0.83 3.33 - 0.83 197.50 14.17 10.83 

Y7-9-08/13 8.33 20.00 - - - 50.83 28.33 43.33 

Y8-9-08/13 16.67 2.50 - - 2.50 10.00 71.25 - 

Y9-9-08/13 147.50 1.67 - - 0.83 73.75 33.33 23.33 

Y10-9-08/13 15.83 2.50 - - 5.00 37.50 70.00 15.83 

Y11-9-08/13 5.00 - - - 0.83 9.17 52.50 10.00 

Y12-9-08/13 - - - - 4.17 25.83 - 1.67 

Y13-9-08/13 - 3.33 - - 19.17 88.33 20.83 217.50 

Y14-9-08/13 20.83 5.83 - - - 16.67 305.00 21.67 

Y15-9-08/13 - 0.83 - - 4.17 66.25 1.67 5.00 
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Sample Mon Plo Pol Pro Syn Tes Tri #/L 

G1-9-08/13 6.67 - 7.50 22.50 39.17 - - 481.5833 

G2-9-08/13 1.67 - - 15.83 9.17 - - 1831.083 

G3-9-08/13 9.17 - - 5.00 4.17 12.50 4.17 236.5967 

G4-9-08/13 2.50 - - 5.83 10.00 - 5.83 710.9583 

G5-9-08/13 4.17 - 12.50 4.17 3.33 4.17 8.33 442.5017 

G6-9-08/13 90.00 1.67 2.50 - - 5.83 137.50 1507.667 

G7-9-08/13 7.50 0.83 0.83 25.83 31.67 7.50 - 346.9117 

G8-9-08/13 86.67 - - 5.00 - - 5.83 642.6667 

G9-9-08/13 27.50 - - - 12.50 5.00 - 553.5 

G10-9-08/13 17.50 - 140.00 9.17 17.50 5.83 50.00 1232.833 

G11-9-08/13 6.67 - - 50.00 - - - 441.4167 

G12-9-08/13 0.83 - - 0.83 - 0.83 5.00 438.6667 

G13-9-08/13 10.00 - - 3.33 - 38.33 - 322.1667 

G14-9-08/13 28.33 - 3.33 12.50 - 12.50 17.50 536.0017 

G15-9-08/13 5.83 - 1.67 14.17 - 0.83 5.83 777.5 

P1-9-08/13 - - 6.67 5.00 15.83 110.00 15.83 315.1333 

P2-9-08/13 5.83 - 1.67 6.67 2.50 19.17 5.83 725.6667 

P3-9-08/13 10.00 - - 4.17 2.50 1.67 - 288.5 

P4-0-08/13 5.00 - 1.67 - 2.50 455.00 3.33 985.4167 

P5-9-08/13 4.17 - 3.33 3.33 - 3.33 - 241.2917 

P6-9-08/13 6.67 - - - 7.50 - - 300.1667 

P7-9-08/13 38.33 - 30.00 9.17 15.83 33.33 - 1029.833 

P8-9-08/13 1.67 - 0.83 1.67 - 0.83 0.83 233.4167 

P9-9-08/13 4.17 - - 1.67 - 7.50 0.83 396.0833 

P10-9-08/13 55.00 - 5.00 - - - 29.17 1089.333 

P11-9-08/13 8.33 - - 6.67 - - 20.83 782.6667 

P12-9-08/13 1.67 - - - - 1.67 - 602.8633 

P13-9-08/13 1.67 - 2.50 - - 1.67 1.67 610.8333 

P14-9-08/13 8.33 - 18.33 - - 0.83 2.50 521.5833 

P15-9-08/13 132.50 - - - - - 1.67 819.75 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



117 

 

Sample Mon Plo Pol Pro Syn Tes Tri #/L 

O1-9-08/13 - - 3.33 - 4.17 - 2.50 293.5833 

O2-9-08/13 12.50 - 4.17 38.33 5.83 3.33 - 285.7917 

O3-9-08/13 23.33 - 5.00 11.67 5.00 - 4.17 1384.75 

O4-9-08/13 6.67 - - - - 9.17 - 535.14 

O5-9-08/13 14.17 - - 9.17 - - - 465.5833 

O6-9-08/13 45.83 - - - 5.00 - - 527.3883 

O7-9-08/13 28.33 - - 11.67 - - 23.33 948.75 

O8-9-08/13 20.83 - - 10.00 - - 10.83 369.445 

O9-9-08/13 20.00 - - - - - 1.67 433.8333 

O10-9-08/13 6.67 - - 1.67 - - 8.33 441.6667 

O11-9-08/13 1.33 - 1.67 6.67 - 1.67 - 380 

O12-9-08/13 3.33 - - 2.50 - - - 398.0567 

O13-9-08/13 10.00 - - 10.00 - - - 318.5417 

O14-9-08/13 4.17 - 2.50 5.00 - - 1.67 491.6667 

O15-9-08/13 28.33 - 3.33 3.33 - - 5.00 676.3917 

Y1-9-08.13 0.83 - 2.50 - - - - 624.0223 

Y2-9-08/13 3.33 - 1.67 2.50 29.17 - - 321.5833 

Y3-9-08/13 - - 1.67 7.50 0.83 - - 709.1678 

Y4-9-08/13 1.67 - - - 6.67 - - 106.82 

Y5-9-08/13 45.00 - 1.67 10.00 3.33 2.50 - 335.9583 

Y6-9-08/13 1.67 4.17 0.83 - - - - 592.2217 

Y7-9-08/13 56.00 - 0.83 10.00 - - 1.67 1086.555 

Y8-9-08/13 23.33 - 1.67 5.00 - - - 315.8333 

Y9-9-08/13 6.67 - - 0.83 - - - 836.8083 

Y10-9-08/13 270.00 - - 9.17 - - 9.17 737.7083 

Y11-9-08/13 8.33 - - 1.67 - - 0.83 144.6667 

Y12-9-08/13 10.00 - 5.83 6.67 - - 0.83 290.28 

Y13-9-08/13 52.00 - - 8.33 - - - 783.39 

Y14-9-08/13 29.17 - 1.67 - - - - 602.6667 

Y15-9-08/13 5.00 - 1.67 2.50 - - - 251.3883 
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Appendix D: Top 20 species pairs contributing to the co-occurrence C-score. Species A 

and B are those in the pair, # of tanks is the number of mesocosms (out of 15) each 

species, A and B, were present in. CU = number of checkerboard units. Letters under the 

3 rarity columns indicate whether or not species A or B or both were removed. 

 

Table D1: 0.1% dispersal treatment 

Species pair Rarity  

A # tanks B # tanks <3 tanks 0.05% 0.2% # of CU 

S. reighardi 11 B. freyi 12   A 33 

Synchaeta 4 Lepadella 10    27 

Polyartha 10 Lepadella 10    25 

E.lacustris 6 O. gracilis 4  A A/B 24 

S. reighardi 11 E. lacustris 6  B B 24 

Proales 11 E. lacustris 6  B B 24 

Synchaeta 4 Ecentrum 9    24 

Proales 11 Euchlanis 2 B   22 

Cephalodella 2 T. exstensus 11 A   22 

T. extensus 11 C. rectirostris 3 B   20 

Lepadella 10 Collotheca 2 B   20 

Polyartha 10 S. reighardi 11   B 20 

Synchaeta 4 B. freyi 12    20 

Proales 11 S. oregonensis 14  B B 18 

Ecentrum 9 Collotheca 2 B   18 

Ecentrum 9 E. lacustris 6  A A 18 

Ecentrum 9 C. lacustris 2 B A A 18 

T.extensus 15 O. gracilis 4   B 18 

T.extensus 15 S. reighardi 10   B 16 

Lepadella 10 O. gracilis 4   B 16 
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Table D2: 1.3% dispersal treatment. 

Species pair Rarity  

A # tanks B # tanks <3 tanks 0.05% 0.2% # of CU 

Ecentrum 8 B. freyi 8    49 

Lepadella 12 Ascomorpha 3 B   36 

Ecentrum 8 Collotheca 6    35 

Lepadella 12 Collotheca 6    27 

Polyartha 6 Lepadella 12    27 

Trichocerca 8 Testudinella 3 B   24 

Proales 11 Collotheca 6    24 

Polyartha 6 Ecentrum 8    24 

Ecentrum 8 Ascomorpha 3 B   24 

Ascomorpha 3 S. reighardi 13 A  B 24 

Testudinella 3 Kellicottia 12 A   22 

Synchaeta 4 S. reighardi 13   B 22 

Proales 11 Gastropus 2 B  B 22 

Lecane 11 Gastropus 2 B  B 22 

Trichocerca 8 C. rectirostris 4   B 21 

Synchaeta 4 Ecentrum 8    21 

Lepadella 12 B. freyi 8    21 

Kellicottia 12 B. freyi 8    21 

Lepadella 12 C. pulchella 4  B B 20 

Asplanchna 5 C. rectirostris 4   B 20 
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Table D3: 2.5% dispersal treatment 

Species pair Rarity  

A # tanks B # tanks <3 tanks 0.05% 0.2% # of CU 

Lepadella 9 Collotheca 8    42 

Collotheca 8 S. reighardi 8   B 36 

Ascomorpha 4 S. reighardi 8   B 32 

Polyartha 9 S. reighardi 8   B 30 

Synchaeta 6 Lepadella 9    28 

Lepadella 9 C. rectirostris 3 B  B 27 

Proales 8 S. reighardi 8   B 25 

Synchaeta 6 Ecentrum 6    25 

E. lamellatus 2 B. liederi 12 A A A 24 

S. reighardi 8 C. rectirostris 3 B  A/B 24 

Collotheca 8 M. edax 10    24 

Proales 8 Lecane 10    24 

Synchaeta 6 S. reighardi 8   B 24 

Testudinella 11 Ecentrum 6    24 

Synchaeta 6 M. edax 10    21 

Synchaeta 6 D. ambigua 10    21 

Trichocerca 10 Synchaeta 6    21 

B. freyi 12 A. quadrangularis 4  B B 20 

M.edax 10 C. pulchella 9    20 

Lepadella 9 D. ambigua 10    20 
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Table D4: 9.6% dispersal treatment 

Species pair Rarity  

A # tanks B # tanks <3 tanks 0.05% 0.2% # of CU 

L. kindtii 5 D. ambigua 9  A A 35 

Ecentrum 7 E. lamellatus 9    35 

L. kindtii 5 E. longispina 12  A A 30 

L. kindtii 5 B. freyi 6  A A 30 

Ecentrum 7 Collotheca 8    30 

E. lacustris 6 D. ambigua 9  A A 28 

E. lacustris 6 B. freyi 6  A A 25 

C. lacustris 7 E. lamellatus 9    24 

L. kindtii 5 B. liederi 7  A A 24 

S. reighardi 10 L. kindtii 5  A/B A/B 24 

Collotheca 8 S. reighardi 10  B B 24 

Synchaeta 8 S. reighardi 10  B B 24 

Testudinella 10 L. kindtii 5  B B 24 

Testudinella 10 Collotheca 8    24 

Trichocerca 9 Ecentrum 7    24 

Lepadella 12 Ascomorpha 3 B   22 

Polyartha 7 Ascomorpha 3 B   22 

L. kindtii 5 D. ambigua 9  A A 21 

Kellicottia 12 Collotheca 8    21 

Lecane 10 B.freyi 6    21 

 


