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Abstract 

Stream macroinvertebrate communities comprise a few common taxa and many rare ones. 

Small populations of rare taxa can be more vulnerable to environmental change than those 

of common taxa. However, they are often discarded from community analyses on the 

grounds that they complicate data interpretation. The aim of this thesis was to evaluate 

the effect of rare taxa on assessing ecosystem health and on interpreting biodiversity 

patterns based on lotic macroinvertebrate communities. I assessed the effect of multiple 

types of rare taxa exclusion on biomonitoring, using macroinvertebrate data collected for 

the National River Water Quality Network of Aotearoa New Zealand. I compared the 

effect of different sampling methods on biodiversity patterns of rare taxa in pristine 

streams in the Tongariro National Park and determined the local environmental variables 

most strongly linked with common and rare taxa. Finally, I evaluated the effect dispersal 

processes and local environment have on structuring the common and rare components 

of lotic communities, considering the position within the stream network and the dispersal 

mode of the invertebrates. Exclusion of rare taxa led to significant misclassifications of 

ecological quality by biomonitoring tools that use presence-absence data, such as the 

Macroinvertebrate Community Index, and often masked their relationship with nutrient 

stressors. Different sampling methods collected clearly differentiated rare components of 

lotic assemblages, depending on the habitat sampled (riffles, non-riffles) and the life-

stage of the invertebrates (benthic larvae, flying adults). A comprehensive species 

inventory can be compiled by combining methods, with benthic samples as the basis. 

Biodiversity metrics of the common and rare components of macroinvertebrate 

communities were related to similar environmental variables. While the structure of the 

two components was related to different variables, in combination they revealed a greater 

number of relationships with the environment. Rare taxa assemblages were not structured 
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clearly by either local environment or dispersal processes, however their inclusion was 

necessary to demonstrate that the complete communities were determined by the local 

environment. Overall, I did not find any reason to exclude rare taxa from lotic 

macroinvertebrate studies, but rather found they can facilitate community analyses. Given 

the increasing threats on lotic macroinvertebrate biodiversity, it is also crucial to include 

them in such studies, hopefully so we can prevent their complete extinction.  
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Preface 

This PhD thesis comprises four research chapters that have been written as standalone 

manuscripts and are intended for publication in scientific journals, along with an 

introductory and a synthesis chapter. Consequently, there is some unavoidable repetition 

in their content. Numbers of figures and tables indicate the chapter they belong to and 

their order within it, restarting for each chapter. 

All chapters are primarily my own work, with input from my supervisors. I 

planned the research, carried out field and lab-work, analysed the data and wrote the 

manuscripts. My chief supervisor, Professor Russell Death, provided guidance on concept 

and research questions development, methodology, administration, manuscript 

development and editing in all chapters. As such he is a co-author in all manuscripts. My 

co-supervisor, Dr. Ian Henderson provided guidance on macroinvertebrate identification, 

statistical analyses and manuscript development for chapters three and four and thus he 

is a co-author in these manuscripts. Statements of author contributions are in Appendix 

E. 
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Table 1.1: Seven forms of rarity based on geographical range, habitat specificity and local 

abundance (Rabinowitz, 1981). The one form of overall commonness (upper left corner) is 

characterised by widespread, abundant, habitat generalists. 

 

 

1.1.1 Abundance rarity 

As Gaston (1994) pointed out, the lack of a universal definition of rarity, inevitably leads 

to a lack of a universal methodology to separate common and rare species. However, he 

suggested the first quartile of the proportionately least abundant species to be considered 

rare. But such a limit does not take account of any particularities of a certain ecosystem 

and might conceal the relative differences in the rare component of species richness in 

different ecosystems (Magurran, 2004). While it does take account of the rare species, it 

does not acknowledge the presence of many species of low abundance, that will not be 

considered rare, but may differ from common species. Coddington et al. (2009) in their 

study on tropical arthropods, sampled assemblages in which rare species extended well 

into the proposed 75% of the not rare species. The shape of the species abundance 

distributions might follow some general rules, but it might still vary enough to distinguish 

different communities on the grounds of their rare species components, be it a product of 

the spatiotemporal scale of study, sampling methodology or intensity (Magurran & 

Henderson, 2011).  









 

27 

 

suggests that higher diversity leads to more positive species interactions, consequently 

increasing ecosystem function.  

Functional rarity will be expected to be related to other forms of rarity, such as 

low abundance and/or limited distribution. Violle et al. (2017) created a typology of 

functional rarity, equivalent to Rabinowitz's (1981), which assessed species based on 

abundance, distribution and trait distinctiveness gradients. They distinguished 12 forms 

of functional rarity, ranging from rare traits, found in a few rare and spatially limited 

species, to common traits, found in many abundant and widely distributed species. The 

most common type was evaluated to be the rare species with common traits, while 

abundant species, dominant in their communities, but with distinct traits were the least 

frequent. Among freshwater macroinvertebrates, an example of rare functional trait is the 

absence of fully developed wings in insect species, such as several stonefly species of the 

family Gripopterygidae in New Zealand, which may have evolved in response to cold 

conditions and or as a result of isolation (Winterbourn, 1980). 

 

1.1.6 Combinations of rarity types 

As has been established by (Rabinowitz, 1981) work, rarity can result from the 

combination of multiple factors. Distribution and abundance are often positively 

correlated (Gaston, 1998; Hanski, 1993; Vilmi et al., 2019 but see Gillett et al., 2011), 

and species with wide distribution and low abundance are rather unusual (Arscott et al., 

2006). Hessen & Walseng (2008) found that in general rare lake zooplankton species 

qualify for more than one rarity criterion. Gillett et al. (2011), in their study on freshwater 

diatoms, distinguished three kinds of rare taxa based on relative abundance and 

occurrence; satellite taxa with low abundances and occurrence; rural taxa, widespread 

with low abundance; and urban, spatially limited, but dominant. Even when changing 

rarity status, an originally common species can show an (almost) simultaneous decline in 
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environmental change. However, small species might show increased passive dispersal, 

relying on stochastic factors (e.g. small insects might disperse at long distances, carried 

by the wind). Rare species are often considered weak dispersers, unable to locate 

resources beyond their dispersal ability (Spitale, 2012). However, a strongly dispersing 

species might be able to travel far from its habitat of origin and through mass effects end 

up in areas with non-ideal environmental conditions. Despite being a strong disperser and 

possibly common under favourable conditions, being an incidental, transient or vagrant 

species can render it rare (Gaston, 1994; Spitale, 2012; Vermeij & Grosberg, 2018). 

 

1.2.3 Evolutionary 

If rarity is considered a characteristic of a species, i.e. the species does not reach high 

abundance under any circumstances, then it may be a product of evolution. While it would 

not be possible for natural selection to act on rarity as an adaptation for survival and 

reproduction, it can favour traits that take advantage of low abundances or sparse 

populations in order to counterbalance extinction potential (Rabinowitz, 1981; Vermeij 

& Grosberg, 2018). For example, tropical forest trees take advantage of being rare by 

producing seedlings that are such a rare food source, that they have no specialized 

enemies, such as herbivores or microbes (Bachelot et al., 2016). 

 

1.2.4 Sampling artefact 

Rarity might not even be an ecological attribute but an artefact of the sampling protocols. 

Sampling method may radically affect the rare component of an assemblage (Longino et 

al., 2002). Bigger samples (in terms of duration, effort or area covered) usually contain 

more species as predicted by the species-area relationship, and consequently more rare 

species, some of them might be vagrants (Cao et al., 2001; Heatherly et al., 2007; 

Magurran & Henderson, 2011). A protocol that targets an assemblage with specific 
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somewhat arbitrary cut-off point. To reduce or manage this arbitrariness, reference sites 

can be used to delineate the natural patterns of abundance or occupancy distributions of 

rare species, and set the base for future studies (Flather & Hull Sieg, 2007). 

 

1.4.2 Monitoring 

According to the taxon cycle (Ricklefs & Cox, 1972), species that remain rare over long 

timescales (in the order of 106 years, Ricklefs & Bermingham, 2002) are generally 

expected to be heading to extinction (Sgarbi & Melo, 2018). Their populations might 

remain small and in isolation from each other, exacerbating the effect of inbreeding, while 

also making the species more vulnerable to disturbance (Gaston & Kunin, 1997). 

However, not all rare species are threatened (Gaston, 1994). Chronically rare species 

might be adapted to being rare and thus, common species whose populations are declining 

(Carmona et al., 2017) might require more urgent conservation measures (Gaston & 

Fuller, 2008). Cao & Hawkins (2005) in their stress simulation study showed that initially 

abundant, but sensitive, species were the ones to decline most in the community. Rare 

species might be resistant to certain types of disturbance and take advantage of the decline 

of abundant species (Hawkins et al., 2000). Chapman (1999) suggested studies on rare 

species could shed light on the conditions that allow them to sustain their populations. 

This knowledge could inform conservation management strategies to mitigate dwindling 

populations of otherwise common species. 

 When focusing on short temporal scales, rare species might indeed disappear first. 

As they will lack the numbers or range to resist novel environmental conditions, any 

impacts on them will affect their persistence and thus drive biodiversity change (Dee et 

al., 2019; Resh et al., 2005; Vermeij & Grosberg, 2018). Environmental change can also 
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(Gaston, 1994; Neeson et al., 2018), because of rare species assumed higher extinction 

potential (Cunningham & Lindenmayer, 2005). Confirming their presence in an area can 

be a strong argument in support of management actions (Lenat & Resh, 2001; Venette et 

al., 2002). However, the different approach to rare species from species and ecosystem 

conservation perspectives can lead to conflicting priorities when establishing such 

projects. Albuquerque & Beier (2015) suggested weighing species based on their rarity 

and ranking prospective conservation land sites based on their rarity weight, to estimate 

the maximum number of species that can be protected in a given number of sites or the 

minimum number of sites required to protect a given number of species. But Neeson et 

al. (2018) showed that maximum habitat area protection criteria mostly benefit common 

species. 

In the absence of one universal explanation for the phenomenon of rarity, the study 

of rare species can still reveal patterns to support the establishment of effective 

conservation measures (Spitale, 2012). If the goal is the maximization of protected 

species richness, common and rare species could be weighted equally. The latter will still 

constitute a larger part of the conservation goal than the former (Lennon et al., 2004), 

while the former will also be included in the conservation prioritization. Conservation of 

rare species can also have economic benefits, with rare species given higher value from 

a human perspective, after they are acknowledged as rare, for the ecosystem services they 

provide (see section 1.3.2). A negative side-effect of this might be that along with this 

value, exploitation of them may accelerate extinction (Courchamp et al., 2006). 

 

1.4.5 Dispersal 

The ecosystems of monitoring or conservation interest can form networks of connected 

areas, each hosting its own species pool. Local populations appearing to survive in the 
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analyses. As the species-area relationship predicts, more or bigger samples will give 

larger numbers of species and individuals. However, at low abundances, rare species are 

difficult to sample in a standardized way, if at all (Reddin et al., 2015; Vermeij & 

Grosberg, 2018).  

Traditional freshwater macroinvertebrate community studies collect three to five 

replicates, aiming to describe the community rather than collect specific species. In 

comparison to other community types this might be considered overly low, and it can 

miss rare species, effectively excluding them from the samples (Cao et al., 1998). Such 

incomplete samples might miss the full extent of differences between sites (Cao et al., 

1998). On the other hand, the sampling effort required to assemble a species list that is 

representative of reality can increase to unrealistic levels in some diverse communities 

(Cao, Williams, et al., 1997). Some of the rare species might just be vagrants, 

stochastically drifting into the sampled habitat (Cao et al., 2001). They would not 

normally occupy that habitat and their presence might confound the results. It depends on 

the study aim, whether rare species need to be sampled and accounted for. Species 

richness or functional diversity estimations require higher sampling effort, as they depend 

on the rare species or rare functional trait combinations, in comparison to, for example, 

studies on beta diversity (Sgarbi et al., 2020). 

 The use of rare species can also be prevented by the level of taxa identification. 

Understanding patterns of rarity requires the finest level of taxonomy (Arscott et al., 

2006). Species level identification might require the services of taxonomy experts and 

even then, there might be species still undescribed (Dudgeon et al., 2006). This is often 

the case for plant or invertebrate taxonomic groups and/or areas without a long history of 

taxonomic work. Very young individuals (e.g. early instar insect larvae) of different 

species might be indistinguishable from each other (Joy & Death, 2013; Winterbourn et 
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present in up to 1, 2 and 5 sites. As expected, the higher the number of sites set as a 

criterion, the larger the effect on species richness. However, with occupancy percentage 

criteria, there is usually a minimum possible percentage that can be set as a cut-off point, 

which is determined by the total number of sites in the study. For example, with a 20-site 

study, the minimum percentage of occupancy for a species to be considered rare is 5%, 

as that is one site. 

 

Table 1.2: Rarity criteria employed in freshwater ecology studies, which assessed the effect of 

retaining and excluding rare taxa from datasets to reveal natural community patterns, excluded 

rare taxa to reduce statistical noise without assessing the validity of this action, or focused only 

on the rare components of freshwater communities without assessing the effect of their 

exclusion or retention. Spatial criteria defined rare taxa based on absolute/relative occurrences 

across a study area. Temporal criteria defined rare taxa based on absolute/relative occurrence 

frequency during a study period. Abundance criteria defined rare taxa based on absolute/ 

relative abundance with regards to the most abundant taxon or the total abundance, in their 

respective samples or over the whole study. Occurrence probability defined rare taxa based on 

their modelled probability to be collected at a site. Numbers correspond to the list of references. 

 

 

1.6.2.2 Reasons for retaining rare species 

If the study focuses on a small area, where common species are expected to be abundant 

everywhere and the environmental gradients are not particularly strong, common taxa are 
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freshwater studies, but there is no indication other definitions would give very different 

results. Arscott et al. (2006) did not find significant differences in ordinations or 

environmental drivers whether they included or excluded rare taxa. Common taxa even 

contributed noisy information. Absence of difference could indicate rare taxa redundancy, 

but while the relative difference between species richness in impacted and unimpacted 

sites remained the same, the actual difference was reduced when the rare taxa were 

excluded, underestimating the true impact. Guareschi et al. (2017) found significant 

effects of rare taxa exclusion on single and multimetric macroinvertebrate-based indices. 

They used family abundances and a low rarity cut-off point at three individuals, which 

could be expected to only exclude individuals that stochastically drifted in the samples. 

Yet the effect was significant, supporting the inclusion of rare taxa in bioassessement, 

depending on the metric (Guareschi et al., 2017; Yu et al., 2017). 

Clarke & Murphy (2006) distinguished O/E estimates from reference and 

impacted sites. Rare taxa deletion gave more variable results for impacted sites, and less 

variable for reference sites. Their disagreement with other similar studies (Hawkins et al., 

2000; Ostermiller & Hawkins, 2004) was attributed to the sampling method and sample 

processing protocol, showcasing the effect that every step of the procedure can have on 

the conclusions. 

 

1.8 Conclusions 

Rarity is a complex concept. There cannot be a universal definition; different 

communities follow different patterns. Comparisons of different studies or the joint 

analysis of different groups of organisms can be particularly difficult. How rare species 

will be defined and whether they will be excluded from a study or not, ultimately depends 

on the research question and the sampling and analytical tools the researcher wishes to 
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use. Rare species are often considered noisy or redundant and are excluded from samples 

and/or analyses to reduce costs and/or increase the analytical precision. Nevertheless, 

most studies do acknowledge rare species deserve attention and conservation, while 

species population trends might be detected from data collected for other purposes, such 

as biomonitoring. 

 To determine which factors govern freshwater macroinvertebrate rarity, 

comparisons should be made between communities sampled with the same method, 

following the same protocols, in similar types of streams and basins, across latitudes and 

across different study scales. Different definitions of rarity could then be applied and the 

existence of natural patterns investigated. 

Species level identification of benthic macroinvertebrates is not always possible; 

adult aquatic insects can provide an additional component that could support benthic 

macroinvertebrate diversity studies (Joy & Death, 2013). Even though living out of the 

water, adult aquatic insects are inextricably connected to freshwater habitats for feeding, 

mating and egg laying and respond to similar environmental changes (Collier et al., 1997). 

They have been studied for longer and have been described in greater detail in comparison 

to their larval stages (Smith, 2014). In most cases, it is relatively easy to identify the 

species of a male individual based on its genitalia and the female individuals at least to 

genus level. Consequently, they can offer a more complete species list to freshwater 

studies. 

New approaches will pose additional questions about the structure of the 

community, the way it responds to different sampling methods, environmental change 

etc. It is unlikely that there will be one method that will give a definitive answer to every 

question related to rare species, from the sampling stage until the interpretation of the 

analysis results. The best approach seems to be to take into account the different factors 
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Chapter 2  

 

 

 

Effect of rare taxa on bioassessment using stream 

invertebrates.  
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Abstract 

A large percentage of species richness in natural communities comprises rare taxa. These 

are often considered noisy and redundant to data analysis and are thus often excluded 

from ecological studies. We assessed the effect of these exclusions on biomonitoring of 

stream macroinvertebrates in Aotearoa New Zealand. We used macroinvertebrate data 

from 64 streams and rivers around the country, collected in 2005 as part of the National 

River Water Quality Network. We excluded rare taxa based on both site-specific and 

study-wide criteria, that set limits for inclusion of taxa based on the absolute and relative 

abundance, occurrence frequency, subsamples and species abundance ranking. The 

Macroinvertebrate Community Index was heavily affected, misclassifying numerous 

streams, upgrading the water quality classification for some and downgrading it for 

others. The biggest changes occurred using relative abundance criteria, which retained 

only a few, very abundant and tolerant taxa, downgrading the average index value for 

excellent, good and fair quality sites. The Quantitative MCI was not affected much, 

because of its numerical basis. In general, community structure correlated strongly 

between assemblages with different types of rare taxa excluded. The community structure 

of the quality class groups defined by each index were clearly distinguished after rare taxa 

exclusion, apart from some site-specific criteria. The relationship between MCI and 

nutrient concentrations (NOx and DRP) was weakened by extensive rare taxa exclusion. 

Study-wide relative abundance criteria excluded rare sensitive taxa, which could act as 

early warning indicators of increasing enrichment. The QMCI-nutrient relationship was 

not affected. The exclusion of rare taxa did not offer any significant advantages to 

biomonitoring and instead often led to misclassifications of the ecological quality of 

streams, with potentially severe implications for the distribution of management and 

restoration funds.



 

62 
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2.2.2 Rarity definitions 

We defined the rare components in our dataset using several criteria found in the literature 

(Chapter 1), such as absolute and relative abundance (based on the total abundance of all 

taxa), applied on the community dataset of each site (site-specific criteria), on pooled 

communities from all sites (study-wide criteria), and occurrence frequency (Table 2.1). 

We deleted these components from the dataset and performed statistical analyses on the 

remaining common components. We also ranked the taxa according to their study-wide 

abundance and deleted the first quartile, i.e. 25 % of the least abundant taxa, following 

Gaston (1994). Finally, we simulated random subsampling of 200 individuals, as 

suggested by Stark et al. (2001) for monitoring New Zealand streams with numerous 

invertebrates (Protocol P2). We performed randomized subsampling 20 times and used 

the average abundances for multivariate analyses and the average biomonitoring indices 

for univariate analyses (see section 2.5). 

 

Table 2.1: Rarity definitions used to distinguish rare and common taxa in the 64 NRWQN 

macroinvertebrate samples from streams and rivers across New Zealand, collected during the 

austral summer and autumn of 2005. 

 

 

2.2.3 Bioassessment metrics 

We calculated the Macroinvertebrate Community Index (MCI) and its quantitative variant 

(QMCI) for the complete dataset and excluding various rare taxa components as defined 
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Table 2.4: Mean MCI scores of the taxa comprising the common and rare components of 

macroinvertebrate communities in excellent, good, fair and poor quality sites, as indicated by 

(a) the MCI and (b) the QMCI. Common and rare components were defined based on multiple 

rarity definitions, presented in Table 2.1. Samples were collected from 64 streams and rivers 

across New Zealand during the austral Summer and Autumn 2005. Datasets with no test results 

had rare components with not enough taxa to perform the analyses 

 

 
t = t-test statistic; df = degrees of freedom 

Significance levels: * < 0.05, ** < 0.01, *** < 0.001 

  

a. 

b. 
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Table 2.5: Pearson correlations between the MCI / QMCI of the full macroinvertebrate datasets 

and after excluding rare taxa, from samples collected in 64 streams and rivers across New 

Zealand, during the austral summer and autumn of 2005. All correlations were significant (p-

value < 0.001) and hence no relevant indication is given. 

 

t = test statistic; df = degrees of freedom; rp = Pearson correlation coefficient 

 

 

Figure 2.3: Correlation trendlines between the MCI calculated from the full dataset of 64 

streams and rivers across New Zealand and the MCI calculated after the exclusion of rare taxa 

based on a series of criteria (Table 2.1). Samples were collected in the austral summer and 

autumn of 2005. 
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2.4 Discussion 

Removal of rare taxa mostly resulted in assemblages that were structurally similar to the 

original ones, except for the broadest rarity definitions which excluded the highest 

numbers of taxa (Arscott et al., 2006). However, subsampling yielded assemblages with 

radically different structure from the full dataset. 

 

2.4.1 The effect of rare taxa exclusion on MCI and QMCI 

Exclusion of rare taxa had a big effect on the water quality classification using the MCI, 

but the QMCI classifications were more robust. The MCI detects changes in the 

taxonomic composition of an assemblage, while QMCI responds more to changes in the 

numerical composition; thus, the QMCI can be more sensitive to, potentially subtle, 

changes in community composition that affect species abundances but do not result in 

local extinctions (Stark & Maxted, 2007b). Exclusion of rare taxa always meant 

taxonomic change, whether the exclusion criteria were site-specific or study-wide, but its 

effect on the numbers of invertebrates was often comparatively small (Van Sickle et al., 

2007). This led to greater effect on the MCI band assignment and minimal effect on the 

QMCI, corroborating our hypothesis. 

 Nijboer & Schmidt-Kloiber (2004) found exclusion of low abundance taxa 

increased the ecological quality classification along an organic pollution gradient in 

Dutch streams and were concerned this might not lead to mitigation action in degrading 

ecosystems. In the New Zealand context, rare taxa removal had mixed results when based 

on site-specific criteria (gradually more extensive along the gradients of abundance and 

relative abundance), but almost always resulted in reduced MCI classifications when 

removal was determined based on relative abundances across the whole study. The latter 

most likely resulted from the low number of remaining abundant taxa used to calculate 
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2.4.2 The effect of rare taxa exclusion on streams of differing quality 

The exclusion of rare taxa resulted in assemblages whose structure was differentiated into 

quality classes mostly in a similar way to the original dataset. The structure of the MCI 

quality groups was clearly differentiated in most datasets. The wider site-specific rarity 

criteria masked the differences between MCI-excellent and good quality sites. As was 

evident from the excellent quality sites, sensitive taxa that were found in those high 

quality streams, were not always in high abundances and thus were filtered out as part of 

the rare component (Poos & Jackson, 2012). Based on the QMCI classifications, only the 

fair and poor-quality groups were differentiated in the original dataset. The emergence of 

assemblage structure differences between the good and fair quality groups of streams 

when the wider site-specific rarity criteria were applied are more difficult to explain. 

Potentially the stricter rarity limits excluded only vagrant taxa from the samples, not 

sufficing to differentiate the QMCI quality classes that were defined based on 

abundances. Wider rarity limits excluded slightly more sensitive rare taxa from both fair 

and good quality sites, potentially leaving taxa more representative of each class behind, 

and thus, more clearly differentiated assemblages. However, it seems unlikely that these 

sensitive taxa would mask these differences, to that they would not be observed in the full 

datasets. While the discovery of clear differences where they would be expected to be 

found can be attractive, the exclusion of rare taxa for the mere discovery of statistically 

strong patterns would lack ecological sense (Fore et al., 1996). 

Misclassifications among the poor quality sites based on either index were rare. 

However, these could be quantified only when the quality class of a site was improved. 

Sites that were characterised by lower MCI or QMCI values were still classified as poor, 

and as the average MCI score was lower for common taxa than site-specific rare ones in 

these sites, lower MCI scores post-exclusion should be expected. Despite some very low 
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the three study-wide relative abundance criteria also interfere with the planning stages of 

management and restoration actions and future monitoring in two ways; funds might be 

directed towards sites that are of excellent quality but appear to be degraded, and more 

importantly, initial changes that can indicate degradation might go unnoticed until the 

quality of the streams is further degraded, beyond the original, false estimation (Cao & 

Williams, 1999; Clarke & Murphy, 2006). 

 

2.4.3 The effect of rare taxa exclusion on assemblage-nutrient relationships 

The effect of rare taxa exclusion on the relationship between the indices and the nutrients, 

depended on both the nutrient and the index in question, but the MCI was, in general, 

more affected than the QMCI, corroborating our hypothesis that the loss of rare sensitive 

taxa would affect the more richness based MCI than the abundance based QMCI. 

NOx was more strongly related to the indices than DRP and the MCI was more 

strongly related to both nutrients than the QMCI. Exclusion of rare data did not mask the 

relationship of NOx and MCI, instead, with moderate site-specific criteria the variation 

explained in the model increased. These exclusion criteria excluded vagrant species that 

were not strongly linked with conditions in their respective samples, but also rare taxa, 

whose tolerance was not reflective of stream status; i.e. rare tolerant taxa from good 

quality streams and rare sensitive taxa from degraded streams. The study-wide relative 

abundance criteria reduced the explained variation. As has already been elaborated, these 

criteria led to very taxa-poor datasets, consisting mostly of very abundant, more or less 

tolerant taxa and the occasional sensitive taxa limited in only a few sites. The MCI 

misclassification in the excellent, good and fair quality sites, along with the non-

significant difference in the poor quality sites rendered the MCI less responsive to NOx 

changes. This suggests that the excluded rare taxa are those sensitive ones that give a first 

indication of degradation (Cao & Williams, 1999; Clarke & Murphy, 2006). 
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 The relationship between the DRP and the MCI was more affected by the 

exclusion of rare taxa. Several of the site-specific criteria masked that relationship, 

probably because it was weaker in the first place and thus more easily affected by the 

exclusion of rare taxa from every site. However, a similar increase in the explained 

variation was seen, as for NOx when the 5-individual criterion was applied. It may mean 

that the exclusion of species largely unrepresentative of the conditions, could facilitate 

interpretation of the relationship between communities and their environment (Gauch & 

Gauch, 1982; Marchant, 1999). Study-wide criteria mostly retained the relationship and 

followed similar patterns as for NOx. 

 The relationship between QMCI and NOx remained unaffected for most exclusion 

criteria, apart from those excluding the highest percentages of study-wide relative 

abundance. This result was probably related to the use of taxa abundances by the QMCI. 

The few, overly abundant and moderately tolerant taxa in these datasets could not 

correlate to the NOx gradient and were among themselves also very uneven, with e.g. the 

genus Deleatidium accounting for approximately 25 % of all individuals. 

 Both NOx and DRP were linked to the community ordination. These relationships 

were retained after the exclusion of rare taxa based on study-wide criteria more often than 

with site-specific ones, because the latter excluded more of the taxa that would place the 

corresponding sites along the nutrient gradient. 

 

2.5 Conclusions 

One of the presumed issues with rare taxa is their weak representativeness of the samples 

they are found in, both in terms of occurrence and relative abundance (Beck et al., 2013). 

However, in large datasets with many sampling sites and several replicate samples per 

site, some taxa that would be considered rare in a random sample, will not be considered 
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Exploring the effect of sampling method on inferences 

about rare species biodiversity in stream Trichopteran 

communities. 
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moderate to low slope. Mature exotic forest plantations were present at three sites (Te 

Unuunuakapuateariki, Te Whaiau & Poutu streams), but these forest streams have similar 

benthic communities to native forest in New Zealand, and consequently is unlikely to 

affect the results (Quinn et al., 1997; 2004). 

 

 

Figure 3.1: Location of 16 streams sampled in March 2017 in the Tongariro National Park, 

New Zealand. Numbers correspond to Table 3.1 

 

3.2.2 Definition of rarity 

Among the several criteria that have been proposed to define rare species (Rabinowitz, 

1981), a combination of the absolute and relative abundance of a taxon in the sample was 

selected. Taxa were considered rare in a sample if their abundance was equal to or less 

than 10 individuals or 0.5% of the total abundance of individuals collected in that sample. 

These are common cut-off points set by researches to determine which species to discard 

from analyses (Sgarbi & Melo, 2018; Yu et al., 2017). 
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detergent were added to these trays as well. They were left in the field for approximately 

10 days. Twelve SLAM traps were spread across the sampled streams in the area, to cover 

all stream classes. Only three individuals were collected in the negatively phototactic 

traps and thus were not considered in the analyses. Identification was performed as for 

light-trap samples. 

 

 

Figure 3.2: a) UV-light trap, Waihaha Stream and b) SLAM trap, Whakapapanui Stream, used 

to sample adult caddisflies in Tongariro National Park, New Zealand, March 2017. 

 

3.2.5 Data analysis 

Analyses were performed in R v.3.4.2 (R Core Team, 2020). Two datasets were analysed: 

i) caddisflies collected using all four methods, but with adult taxonomic level 

consolidated to that of the larvae; and ii) adult caddisflies sampled with the UV-light and 

SLAM traps identified to species level. Samples were compared separately for i) the 

benthic methods, ii) the traps and iii) all four methods together. Site nr. 2, Waitaiki Stream 

was right downstream from lake Rotokuru and hosted a radically different community 
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The number of shared taxa between the different methods was also calculated, as 

well as the number of taxa that were collected by only one method, to evaluate the 

redundancy in species inventory. To estimate the effect that unsampled species have on 

shared species and similarity estimators, EstimateS requires setting a number of 

individuals or samples, for a species to be considered rare. For these analyses the default 

limit of 10 individuals per sample was used. 

Among-method differences in diversity and similarity metrics were evaluated 

using generalized linear mixed models (GLMM) with the method as a fixed effect and 

the sampled stream as a random factor, using the lme4 package (Bates et al., 2015). For 

count data (taxa richness) Poisson error distributions were used. For the other metrics, 

Gaussian error distribution. Using the package multcomp (Hothorn et al., 2017) pairwise 

comparisons between all four methods were performed and p-values generated, adjusted 

for multiplicity. 

Taxonomic structure was analysed with the vegan package, using log(x+1) 

transformed abundances. Statistical significance of the differences among the community 

structure collected by the different methods was evaluated using Permutational 

Multivariate Analysis of Variance (PERMANOVA; Anderson, 2001), with 9999 

permutations, using Bray-Curtis distances. The communities were visualised in 

ordination space using non-metric multidimensional scaling (NMDS) with Bray-Curtis 

distances in two or three dimensions, to keep the configuration stress within acceptable 

limits. The compositional similarity of the communities was analysed through Procrustes 

analysis in the vegan package and tested with the function protest and 9999 permutations. 
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Figure 3.3: Observed taxa richness and Chao1 estimated richness for the (A) total assemblages 

and (B) their rare components, collected with kick-net samples, Surber samples, UV-light traps 

and Sea-Land-Air-Malaise traps, March 2017, in the Tongariro National Park, New Zealand. 

Methods in the same plot sharing a letter did not differ statistically based on GLMMs with site 

as a random factor (P>0.05). 

 

 

Figure 3.4: Percentage of rare taxa in terms of (A) observed and (B) estimated number of taxa, 

and (C) observed percentage of rare taxa in terms of number of individuals. Collected with 

kick-net samples, Surber samples, UV-light traps and Sea-Land-Air-Malaise traps, March 

2017, in the Tongariro National Park, New Zealand. Methods in the same plot sharing a letter 

did not differ statistically based on GLMMs with site as a random factor (P>0.05). 

 





 

111 

 

 

Figure 3.6: Rarefaction of species richness for kick-net, Surber, UV-light trap and Sea-Land-

Air-Malaise trap samples, based on samples from 15, 15, 14 and 12 streams respectively, March 

2017, in the Tongariro National Park, New Zealand. Upper & lower 95% confidence intervals 

indicated by the coloured areas. 

 

Taxonomic composition of the total assemblages and the rare components differed 

significantly based on PERMANOVA (Table 3.3; Fig. 3.7). The ordinations of the total 

assemblages and their rare components revealed a stronger effect of the sampling method 

on community composition than the effect of the sampled stream. The ordinations of total 

assemblages were correlated (r=0.66, P=0.002), but not of the rare component (r=0.36, 

P=0.33). Kick-net samples were more variable than Surber samples for both the complete 

samples and their rare components, with the difference being wider for the latter. 
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Table 3.3: Pairwise PERMANOVA with 9999 permutations, assessing the statistical 

significance of differences in the structure of the total assemblages and their rare components, 

from samples collected in 15 streams, with four sampling methods, in the Tongariro National 

Park, New Zealand, in March 2007. 

 

Significance level: *** < 0.001 

 

 

Figure 3.7: NMDS of log(x+1) transformed absolute abundance samples of (A) the total 

Trichopteran assemblages and (B) their rare components, collected in 15 kick-net samples, 15 

Surber samples, 14 UV-light traps and 12 SLAM traps, March 2017, in the Tongariro National 

Park, New Zealand. 

 

3.3.3 Adult sampling 

UV-light traps collected on average 33% more species than SLAM traps, 10 and 6 species 

respectively (Tables 3.2 and S3.3). Out of these, 45% more species were considered rare 

in the light than in the SLAM traps, on average 9 and 5 species respectively. When the 

estimated unsampled species were considered, the average number of species in the light 

trap samples increased to 17, but was not statistically higher than the SLAM traps that 
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3.3.4 Benthic larval vs aerial adult sampling 

When the taxonomic level of the adult individuals was consolidated with that of the 

benthic larvae, the benthic sampling methods collected on average between 30% and 67% 

more taxa than the traps (Fig. 3.3; Tables 3.2 and S3.3). Similar differences were found 

for the rare components, with the benthic methods collecting on average between 47% 

and 73% more than the traps, except for the comparison between kick-nets and light traps 

which did not differ significantly. After considering the estimated number of unsampled 

taxa, only the Surber assemblages differed from the SLAM traps, with the former 

estimated to collect 51% more taxa than the latter. The same patterns were observed for 

the rare components. The percentages of observed and estimated rare species did not 

differ significantly between benthic and aerial methods (Tables 3.2 and S3.3; Fig. 3.4). 

However, the percentage of rare individuals in the trap samples was on average 57%, 

higher than the less than 30% of the benthic samples. Only the percentages of rare 

individuals in Surbers and the SLAMs did not differ. The caddisflies of the latter were 

almost all considered rare. 

 SLAM samples were the least diverse, with an average effective number of 

species of 3, while light trap samples had 6. The latter did not differ significantly from 

the benthic methods (Fig. 3.5a; Tables 3.2 and S3.3). The differences were more 

pronounced between the rare components. The trap samples (6 and 4 for light and SLAM 

traps respectively) were less diverse than the benthic samples (8 and 11 for kick-nets and 

Surbers respectively) (Fig. 3.5b; Tables 3.2 and S3.3). Surber samples collected the most 

uneven assemblages with an average value of 0.56, while the other methods ranged 

between 0.7 and 0.8 (Fig. 3.5c; Tables 3.2 and S3.3). 

Rarefaction of taxa richness suggested that the benthic sampling methods are 

clearly more effective than the adult trapping methods for a given number of sampled 
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streams with regards to the consolidated taxonomic level data (Fig. 3.6). This difference 

was minimised but still not reversed, when the species-level data of the trap samples were 

considered opposite the higher level data of the benthic samples. 

All assemblages were clearly different (stress: 0.19 for total and 0.22 for rare - 

Fig. 7a) and their compositions statistically different and the same pattern was observed 

for their rare components (Table 3.3; Fig. 3.7b). Only the assemblages collected by 

Surbers were correlated with the ones from the light traps (r=0.62, P=0.003) and the rare 

component of the Surbers were correlated with the rare components of the SLAM traps 

(r=0.59, P=0.03). 

 

3.4 Discussion 

How to manage and/or monitor rare invertebrate species is extremely challenging, 

particularly if multiple species need to be monitored simultaneously (Karr, 1999). 

However, given the rate at which species extinctions are currently occurring on the planet 

it is critically important, especially as less resources seem to be available for such 

activities (Pimm et al., 2014; Ceballos et al., 2015). In this study we evaluated the ability 

of four sampling techniques (kick-nets, Surber samplers, UV-light traps and SLAM traps) 

to quantify rare, lotic macroinvertebrates in New Zealand streams. As targeting and 

finding rare species can be difficult because of their low occurrence probability, rare taxa 

were defined as those with relative abundance equal to or lower than 0.5% or 10 

individuals in their respective communities (Colwell, 2013; Sgarbi & Melo, 2018). This 

led to all taxa collected with all methods being considered rare in at least one site. This 

might be related to the spatiotemporal scale of the study. In small scales (e.g. in a single 

stream, on a single occasion or within a small drainage basin) populations can fluctuate 

naturally. A single, active sample is a snapshot in space and/or time, while a passive 
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sample can incorporate a greater period and/or area (Turner & Trexler, 1997). This in turn 

presents challenges for species conservation as work will be required at different scales, 

depending on the factors driving rarity and/or extinction risk (Hartley & Kunin, 2003). 

 The analysis of the benthic samples suggests that, in a single stream, Surbers can 

collect a clearly differentiated and taxonomically richer community from riffles, than 

kick-nets from non-riffle habitats. Surbers are most often used for stream biomonitoring 

in riffles, as those habitats host more species sensitive to pollution (Rosenberg & Resh, 

1993; Stark et al., 2001; Friberg et al., 2011) and can provide density estimates of the 

macroinvertebrate community. Yet the threats that freshwater ecosystems face are not 

limited to pollution (Dudgeon et al., 2006; Reid et al., 2018) and the community changes 

they might evoke are, thus, not bound to be detected in riffle-inhabiting assemblages 

(Stark et al., 2001). Kick-net samples in this study came from non-riffle habitats and still 

collected about 80% of the taxa collected in Surber samples in each stream (these methods 

shared the most taxa in their samples) and in total 12% more taxa for the whole area, 11 

of which were not collected by the Surbers. Furthermore, the abundances of the taxa 

collected with the Surbers were, as per typical monitoring protocols in New Zealand, 

averaged over five samples in each site (five one-minute Surber samples), in comparison 

to the one-minute kick-net. Consequently, Surber samples required processing of a much 

higher number of individuals to describe local diversity to that extent. 

The absence of significant differences between the biodiversity metrics of 

communities collected with the benthic methods, may be explained by the structural 

variability of non-riffle macrohabitats that were sampled with kick-nets (Baillie et al., 

2019) and the relatively high diversity of taxa that are expected to be present in riffles of 

unimpacted streams (Allan & Castillo, 2007; Stark et al., 2001). 











 

121 

 

   
T

a
b

le
 3

.4
: 
F

ac
to

rs
 a

ff
ec

ti
n

g
 c

o
ll

ec
ti

o
n
 o

f 
b
en

th
ic

 c
ad

d
is

fl
ie

s 
(a

ls
o
 a

p
p
li

ca
b
le

 t
o
 o

th
er

 m
ac

ro
in

v
er

te
b
ra

te
 t
ax

a)
 b

y
 k

ic
k

-n
et

s 
an

d
 

S
u

rb
er

 s
am

p
le

rs
, 

an
d

 c
o

ll
ec

ti
o
n
 o

f 
ad

u
lt

 c
ad

d
is

fl
ie

s 
(a

ls
o
 a

p
p
li

ca
b
le

 t
o
 o

th
er

 i
n
se

ct
 t

ax
a)

 b
y

 U
V

-l
ig

h
t 

an
d
 S

ea
-L

an
d

-A
ir

-

M
al

ai
se

 (
S

L
A

M
) 

tr
ap

s 

 





 

123 

 



 

124 

 

  



 

125 

 

 

 

Chapter 4  

 

 

 

Are the common and rare components of stream 

macroinvertebrate communities related to the same local 

environment characteristics? 
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components, as the common components were limited because of the sampling timing 

and rarity definition. Rare taxa were found to carry complementary information to that of 

the common ones and facilitate or even determine discovery of relationships between 

stream macroinvertebrate communities and local environmental factors. 
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populations are more prone to local extinction, but they can be more resistant to some 

kinds of disturbance (e.g. logging) than common species (Hawkins et al., 2000). Resilient 

generalists with naturally low abundance can take advantage of reduced flows, while 

common generalists or rare specialists with limited distribution require higher flows and 

unpolluted waters (Clarke & Murphy, 2006; Nijboer & Schmidt-Kloiber, 2004; 

Sarremejane et al., 2018). 

Whether the common and rare components of benthic macroinvertebrate 

communities respond differently to their local environment, and whether there is an 

advantage in combining them in analyses, remains unclear. Furthermore, the existence of 

parallel patterns between the relationships of benthic and adult aquatic insect 

communities with their local environment has also not been adequately evaluated (Joy & 

Death, 2013). This study explored the local-scale environmental factors driving the 

structure of the i) rare, ii) common and iii) total (rare + common) taxonomic components 

of benthic and flying stream invertebrate communities in a pristine area without strong 

environmental gradients and anthropogenic stressors. 

 

4.2 Materials & Methods 

4.2.1 Study area 

Study streams are located in the Tongariro National Park, in the central North Island of 

Aotearoa New Zealand, which is mostly unimpacted by human activity. It is dominated 

by the central volcanic massif (CVM - consisting of the mountains Ruapehu, Ngauruhoe 

& Tongariro) and the Tihia-kakaramea volcanic massif to the north, both comprised of 

andesitic rocks. The presence of the CVM affects the distribution of rainfall around the 

national park by casting a rain-shadow on the south and east sides, which receive about 

1,100 mm/year, while the north and west sides can receive up to three times that amount. 
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available keys (McLellan, 1999; Smith & Ward, 2005; Towns & Peters, 1996; 

Winterbourn et al., 2006). Where identification to a described, lower taxonomic level was 

not possible, individuals were classified into morphospecies, based on habitus 

characteristics, i.e. their general appearance. We averaged the abundance of each taxon 

over the five samples collected in each site and used these averages to define rare species 

for the different assemblages; the total insect assemblage (hereafter TIA), the common 

(CIA) and the rare (RIA). 

 

4.2.4 Adult caddisflies 

Adult caddisflies were also collected during March 2017, with a UV-light trap. The trap 

design consisted of a waterproof body placed inside a white, plastic tray (30 x 35x 5 cm). 

The body hosted a 12V battery and timer inside, and two moveable arms screwed to the 

sides with four UV-LEDs each (peak wavelength: 395 nm). The timer turned the LED-

lights on for four hours after sunset (approx. 19:30-23:30) and for one hour before sunrise 

(approx. 05:30-06:30), during which periods Aotearoa New Zealand caddisfly activity is 

at its peak (Collier et al., 1997; Ward et al., 1996). The trap was set as close to the water 

as possible. Water was added in the tray, along with a few drops of detergent to break 

surface tension. One of the LED arms faced the water in the tray and the other the area 

over and in front of the trap, up- or downstream. Positively polarotactic adult insects were 

attracted by the polarized light to the water surface (Horvath & Kriska, 2008). Each trap 

operated for one night. One UV-light trap malfunctioned (site nr. 16, Waipakihi stream) 

and thus 15 light-trap samples were collected. Identification was made to species or genus 

level (usually for females), using the key of Smith (2014). The total caddisfly assemblages 

are indicated as TCA, and the common and rare components as CCA and RCA 

respectively. 
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4.2.5 Local environmental factors 

We measured multiple biotic and abiotic factors describing the local environment, which 

are related to benthic lotic macroinvertebrates and are often used in freshwater studies. 

Some of those are related to the adult aquatic insects as well, for which we also measured 

additional factors. 

 

4.2.5.1 Aquatic flora measurement 

We assessed periphyton biomass by measuring chlorophyll a from five stones at each site, 

collected haphazardly from riffles within the sampling reach and kept on ice in the dark 

until processed. We extracted chlorophyll a by leaving the stones in 90% acetone, at 5 oC, 

for 24 h, in the dark. Absorbances were read at 750, 665 and 664 nm on a Varian Cary 50 

conc UV-Visible Spectophotometer (Varian Australia Pty Ltd, Mulgrave, Australia) and 

were converted to pigment concentration following Steinman et al. (2007). We calculated 

stone surface area following Graham et al. (1988), which we halved because only half of 

the stone surface is available for periphyton growth (mean upper stone surface area = 22 

cm2). 

Visual assessment of periphyton cover has also been shown to be a reliable 

method for periphyton biomass assessment (Kilroy et al., 2013; Tonkin et al., 2014). We 

distinguished four categories and estimated percentage of; bare (no cover), thin films (0-

1 mm), mats (>1 mm) and filamentous algae. Bryophyte and macrophyte cover within 

the sampling reach were assessed on a qualitative scale (0=none, 1=rare, 2=moderately 

abundant, 3=abundant). 
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4.2.5.2 Physicochemical sampling 

We assessed the abiotic environment at the same time as the macroinvertebrate sampling 

(Table 4.1). We measured width, depth, velocity, percentage of canopy cover and 

assessed coarse particulate organic material (CPOM) cover visually at each sampled 

riffle. We estimated the percentage of canopy cover with a spherical convex densiometer 

(Forestry Suppliers, Inc.), by multiplying the number of squares on its surface (max = 24) 

that were reflecting vegetation by 4.17. To assess velocity, we used a velocity head rod 

and measured the water depth and the super-elevated water depth (i.e. the water depth 

when the broad side of the rod was facing the oncoming water-flow) at each sampled 

riffle, following Fonstad et al. (2005). We assessed bed stability using the stream-bed 

component of the Pfankuch stability index (Death & Winterbourn, 1994; Pfankuch, 

1975).  We scored rock angularity, brightness, consolidation, substrate size distribution, 

percentage stable materials, scouring and clinging vegetation based on predetermined 

quantitative categories. The index sums the score given to each characteristic. Lower total 

scores indicate more stable stream bed. We assessed substrate size composition by 

measuring the beta axis of 100 randomly selected stones using the Wolman Walk method 

(Wolman, 1954) and grouping them into Wentworth scale size classes (Cummins, 1962; 

Wentworth, 1922). We calculated the substrate size index (SI) by summing the midpoint 

values of each class weighed by their proportion (Quinn & Hickey, 1990b). Bedrock was 

assigned the 400 mm value (Tonkin, 2014). Stream segment slope was acquired from the 

FENZ database. Conductivity and water temperature were spot-measured using an 

Oakton ECTestr 11 dual-range pocket meter. Percentage of undercut banks, debris jams 

and riparian land cover (native forest, native shrub, planted forest, pasture, bare ground) 

at a radius of 25 to 50 m around the sampling reach were visually assessed. Finally, we 

scored the embeddedness of the substrate (1=loose, 2=moderate, 3=good, 4=tight) (Death 
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& Joy, 2004). For the analysis of the adult assemblages, we additionally measured air 

temperature during light trapping with a Hobo Pendant Temperature Data Logger UA-

002-64. The percentage of the stream area forming pools, runs, riffles and rapids was also 

visually assessed, as well as the abundance of protruding rocks on a qualitative scale 

(0=none, 1=rare, 2=moderately abundant, 3=abundant). 

 

Table 4.1: Summary statistics of habitat variables measured from 15 streams* in the Tongariro 

National Park, Aotearoa New Zealand, March 2017. 

 

* Site nr.2, Waitaiki Stream, downstream from Lake Rotokuru, was excluded from the initial 

16 streams 
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differentiated, having lost local species and resources (Harding & Winterbourn, 1995). 

However, as they provide food resources to the stream communities that would otherwise 

be absent from New Zealand streams, they could host additional rare species. 

The total assemblages correlated best with fewer variables than their two 

components did, sharing four with the rare components and only two with the common 

ones. Faith & Norris (1989) found more relationships with the environment when they 

included rare species in analyses, but they included several chemical variables, while we 

focused on physical instream and riparian characteristics. Chemical variables were not 

considered in our study, as they were not expected to differ significantly, because of the 

spatially limited pristine study area, without pollution gradients. However, the correlation 

of the total communities to the environment was weaker than that of the common 

components (Table 4.4). More taxa, with more diverse responses to their environment, 

can be expected to weaken the relationship of the total assemblage with it. Even though 

rare taxa were shown to be more variably related to their environment than the common 

ones, they carried information that was complementary, instead of redundant, to that of 

the common ones (Marchant, 1999; Reddin et al., 2015), thus being equally important in 

revealing relationships between benthic communities and the environment (Heino, 2008). 

Even though marginally non-significant, the ordination of the complete 

communities correlated more strongly with the ordination of the selected subset of 

environmental variables, than did the ordinations of their components. Arscott et al. 

(2006) found that in better-quality streams rare taxa revealed more, and stronger 

relationships with the environment, while in lesser-quality streams information in rare 

taxa was redundant. The general absence of significant correlations between the 

ordinations of communities and habitat variables might be related to the natural variation 

of the latter (Sgarbi & Melo, 2018) and the lack of clear gradients across our relatively 
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Chapter 5  

 

 

 

The effect of the local environment and dispersal 

processes on structuring common and rare lotic 

macroinvertebrate assemblages along the river network. 
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for rare stream macroinvertebrate biodiversity requires consideration of the whole 

catchment, including both headwaters and mainstem reaches. 
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filamentous algae. Percentage of bryophyte and macrophyte cover was also assessed on 

a qualitative scale (1=none, 2=rare, 3=moderately abundant, 4=abundant). 

 

5.2.4 Physiochemical measurements 

Abiotic environmental variables were measured at the same time as the benthic sampling 

(Table 5.2). At each sampled riffle, width and depth of the stream channel, water velocity 

and percentage of canopy cover were measured. Canopy cover was assessed with a 

spherical convex densiometer (Forestry Suppliers, Inc.); we multiplied the number of 

squares on its surface (max = 24) that were reflecting vegetation by 4.17 to yield the 

percentage canopy cover. Water velocity was estimated with a velocity head rod, by 

measuring water depth and the super-elevated water depth (i.e. the water depth when the 

rod was positioned with its broad side facing upstream) at each sampled riffle (Fonstad et 

al., 2005). The substrate component of the Pfankuch stability index was used to assess 

bed stability (Death & Winterbourn, 1994; Pfankuch, 1975). A score was assigned to each 

of rock angularity, brightness, consolidation, substrate size distribution and percentage of 

stable materials, scouring, and clinging vegetation, based on predetermined scales. The 

sum of these scores gives the index value. The lower the index, the more stable the stream 

bed. To assess the size composition of the substrate, the beta axis of 100 stones was 

measured. Stones were selected at random along a Wolman Walk (Wolman, 1954), and 

clustered into Wentworth scale size classes (Cummins, 1962; Wentworth, 1922). The 

percentage of particles in each class were multiplied with the midpoint of the class and 

summed to give the substrate size index - SI (Quinn & Hickey, 1990b). Bedrock was 

assigned a nominal 400 mm (Tonkin et al., 2013). Conductivity and water temperature 

were measured once, with an Oakton ECTestr 11 dual-range pocket meter. Mean annual 

stream segment flow and slope were extracted from the Freshwater Ecosystems of New 
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5.3 Results 

5.3.1 Headwater and mainstem habitat 

Headwater streams (HW) differed from the mainstem sites (MS) in that they were 

narrower and shallower, with lower flows, lower temperature, and their substrate was 

covered less by periphyton, mostly thinner forms, and more bryophytes. Stream banks 

were to a greater extent undercut, while canopy cover above the streams was denser than 

in the mainstem and their riparian zone was also covered to a greater extent by vegetation 

(Table 5.2, Fig. 5.2). In a PCA there was a clear distinction between habitat characteristics 

of the HW and MS sites (Fig. 5.3), with MS being characterised by higher algal presence, 

while HW had higher slope, higher velocity, more native riparian forest, larger substrate 

and were found at higher altitude. Environmental and overland distances were weakly 

correlated (Mantel r = 0.6, P < 0.003). 

 

 

Figure 5.2: a) Headwater stream with closed canopy (Mangaeteroa), b) Headwater stream with 

open canopy (Mangatoetoenui), c) Mainstem river (Whanganui), sampled in February 2018, 

central North Island of New Zealand. 
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restoration actions (Anderson & Hayes, 2018). This study evaluated the effect of stream 

network position and dispersal mode on assemblage structure of common and rare benthic 

macroinvertebrates, distinguished based on their relative abundance in each sample. 

 

5.4.1 Effect of network position on the biodiversity of common and rare 

assemblages 

Higher numbers of individuals were collected in MS sites than in HW, as would be 

expected in larger and better-connected habitats (Altermatt et al., 2013; Anderson & 

Hayes, 2018; Castro et al., 2019). This difference was evident for the PaTe insects and 

the complete communities (upon incorporation of the PaAq invertebrates) and could be 

related to their more limited dispersal potential. Downstream dispersal towards the MS 

sites takes place mostly via larval drift and to a lesser extent via adult flight. Upstream 

dispersal relies almost entirely on flight for insects and upstream crawling or animal 

vectors for non-flying invertebrates. As AcTe species are capable of covering longer 

distances flying upstream, their abundances would differ less between HW and MS than 

would the PaTe abundances (Cucherousset et al., 2008; Lancaster et al., 2020; Siqueira 

et al., 2020). 

Higher abundances of macroinvertebrates usually lead to higher richness (Carrara 

et al., 2014; Cucherousset et al., 2008; McGill et al., 2007). Surprisingly, no difference 

was found between HW and MS taxa richness. Despite the small sample size, taxonomic 

richness in headwater streams was consistently higher or at least equal to that of mainstem 

sites, the only exception being Waihaha stream, headwater stream of the Tongariro River, 

which hosted low numbers of benthic invertebrates. The pattern between HW and MS 

was amplified when the number of macroinvertebrates collected was taken in account. 

Rarefied richness was clearly higher in HW streams. Mainstem sites in the Mangawhero 
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and Whanganui River catchments outside the national park may have been affected by 

the low-intensity farming in the area, however this would not be expected to lead to 

drastically lower richness (Tonkin et al., 2013). The Tongariro MS site has only little 

human activity within its catchment, but its richness was still close to that of the HW. 

Flooding of streams and rivers is a frequent disturbance in Aotearoa New Zealand 

(Winterbourn et al., 1981) and might have been responsible for the observed patterns. 

Floods disturb the streambed and remove periphyton and macroinvertebrates. In open 

canopy streams, periphyton is the main food source for macroinvertebrates, so they rely 

on its development before they can recolonise a disturbed reach. In closed canopy streams 

they can utilise a wider variety of allochthonous food sources such as leaf litter falling 

from the canopy, the provision of which remains unaffected by the flood (Tonkin et al., 

2013). Consequently, community effects of flood disturbance are stronger in open canopy 

streams (Death, 2002; Death & Zimmermann, 2005; Tonkin et al., 2013). Our HW 

streams were a balanced mixture of closed and partly or entirely open canopy sites and 

all the MS sites were open. Absence of canopy cover, along with the higher frequency of 

floods in MS compared to HW streams (Benda et al., 2004), can render MS more 

susceptible, as a group, to disturbance. The MS were probably lightly enriched with 

nutrients from their farmed catchments, in contrast to the HW which were in the pristine 

environment of the national park. Nevertheless, they might had still needed more time to 

recover from disturbance and reach normal productivity and richness levels compared to 

the HW (Tonkin et al., 2013). 

Surprisingly, diversity and evenness were higher in HW than in MS for the total 

communities, in contrast to what was expected (Altermatt et al., 2013; Anderson & Hayes, 

2018; Carrara et al., 2012). Similar differences were observed for the diversity of the PaTe 

assemblages, and also (even though smaller and not significant) for the diversity of the 
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Chapter 6 - Synthesis 
 

Rare taxa comprise a disproportionately large component of taxa richness in biological 

communities (Gaston, 1994). However, they are commonly excluded from community 

studies on the grounds they create too much statistical noise in multivariate analyses 

and/or provide redundant information (Gauch, 1982; Marchant, 1999, 2002). The effect 

of this exclusion on analyses of lotic benthic macroinvertebrate communities has not been 

extensively investigated and was the focus of this thesis. This was accomplished by: i) 

assessing the effect of rare taxa exclusion on stream biomonitoring tools used in Aotearoa 

New Zealand, ii) assessing the effect of sampling method and life stage on biodiversity 

patterns of rare taxa, iii) examining the local habitat factors linked with the structure of 

the common and rare community components, and iv) assessing the effect of location 

within the stream network and dispersal mode on biodiversity patterns of common and 

rare taxa. 

 In chapter two, I found that exclusion of rare taxa will not heavily distort patterns 

in community structure, but can have a significant effect on biomonitoring indices. This 

effect was stronger on the Macroinvertebrate Community Index (MCI), which uses 

presence-absence data, while the abundance-based Quantitative MCI was relatively 

unaffected. Higher percentages of streams were misclassified by the MCI as greater 

numbers of taxa were excluded. When taxa were excluded based on their relative 

abundance in their respective samples, misclassifications were equal parts upgrades and 

downgrades. When exclusions were applied with regards to the whole study, higher 

quality streams were usually designated lower quality status, while low quality streams 

were only minimally affected. Exclusion of rare taxa sometimes weakened the 

relationship between anthropogenic stressors such as nitrogen and the MCI, and even 

masked the relationship between MCI and phosphorus, and between QMCI and nitrogen. 
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would reveal finely detailed patterns in the relationship between the taxa and their 

environment, without being confounded by stochastic high or low abundances. In a larger 

scale study, with a greater number of streams sampled, or in streams along a natural or 

human-induced environmental gradient, a different rarity definition, such as relative 

abundance over the whole study or occupancy percentage, could also reliably reveal 

patterns in the relationships between common and rare taxa and their environment, 

without being heavily affected by stochastic high and low abundances. 

Based on our rarity definition, almost all taxa were rare in at least one site. In 

general, relationships between assemblages and their environment were similar for both 

common and rare taxa, albeit not always statistically significant. Rare components were 

usually more variable than the common components and showed weaker patterns or 

contained redundant information (Chapters 4 and 5). The common components were 

often adequate to describe the main patterns of biodiversity. However, when common 

taxa did not present clear patterns, inclusion of rare taxa was necessary to support the 

analysis and reveal statistically strong patterns (Chapters 2 and 5). Even when inclusion 

of rare taxa appeared to weaken the patterns observed for the common ones, they actually 

revealed a greater range of relationships with the environment, albeit not as strong 

(Chapter 4). 

Incorporation of rare taxa in bioassessment calculations is clearly important for 

accurate classifications (Chapter 2). Failed assessment could indicate impact in sites 

where there is none and consequently direct funds and labour towards ecosystems that do 

not require restoration actions or even a change in management (Guareschi et al., 2017). 

Alternatively, good ecological status could be indicated where it is in fact deteriorating 

and precious time wasted until further changes are detected. Rare taxa are expected to be 
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the first to go locally extinct from a site and consequently, if they have been excluded 

from the dataset, their extinction will go unnoticed (Nijboer & Schmidt-Kloiber, 2004). 

Certain factors limited the potential to extrapolate the conclusions of this thesis to 

more generalized suggestions about the structure of the rare lotic macroinvertebrate 

community components and their contribution to freshwater studies. The thesis dealt 

specifically with the contribution of rare taxa in the analysis stage, for fully counted data, 

on the grounds that if they carry complementary/important information to describe and 

explain the relationships of the macroinvertebrate communities to their environment, then 

they should be incorporated into community analyses. An important practical aspect of 

the use of rare taxa in freshwater studies would be to collate potential loss of information 

from their exclusion via subsampling during the sample processing and identification 

stages, with potential gains from reduced effort and time in the field and/or the lab and 

consequently reduction in research costs (Arscott et al., 2006). Also, as indicated by 

Chapter 2, the definition of rarity can have a big impact on statistical analysis. The choice 

of site-specific relative abundance as the criterion to define rarity in Chapters 3 to 5, while 

meaningful for a small study area with no strong environmental gradients, might have 

nevertheless missed other relationships between differently defined rare components of 

the communities and their environment. Additionally, snapshot samples always entail the 

risk of describing a non-representative state of a community, especially in highly dynamic 

ecosystems such as streams. This is in part counterbalanced by collecting multiple 

replicate samples from each site. However, repeated sampling during a year or over 

multiple years can shed further light on the community structure dynamics of the rare 

components of freshwater macroinvertebrate communities and their relationships to their 

environment (Resh et al., 2005). Finally, the available taxonomic knowledge for benthic 

macroinvertebrates in New Zealand will possibly limit the accuracy of any study focusing 
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Table S2.1b: QMCI values calculated from the macroinvertebrate dataset collected for the 

National River Water Quality Network of New Zealand during the austral summer and autumn 

of 2005, and recalculated after the exclusion of rare taxa based on the criteria presented in Table 

2.1. 
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Table S2.2a: MCI and QMCI quality classes and average MCI scores of the taxa comprising 

the common and rare components in communities from 64 sites sampled for the National River 

Water Quality Network of New Zealand during the austral summer and autumn of 2005. 

Common and rare taxa defined based on the site-specific criteria presented in Table 2.1. NA 

values indicate samples were taxa belonged to the rare components under respective criteria. 
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Table S2.2b: MCI and QMCI quality classes and average MCI scores of the taxa comprising 

the common and rare components in communities from 64 streams and rivers across New 

Zealand, during the austral summer and autumn of 2005. Common and rare taxa defined based 

on the study-wide criteria presented in Table 2.1. NA values indicate samples were taxa 

belonged to the rare components under respective criteria. 
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Table S3.2: Comparison of the number of shared taxa between pairs of sampling methods for 

the complete assemblage (Total) and their rare components (Rare) using Generalised Linear 

Models.  Kick-nets (K), Surber samplers (S), UV-light traps (L) and SLAM, Sea-Land- Air-

Malaise, traps (M). Benthic samples were collected in15 streams in the Tongariro National 

Park of New Zealand, UV-light trap samples in 14 streams and SLAM traps in 12 streams, 

March 2017. 
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Figure S3.1: Number of shared taxa between the complete caddisfly assemblages (A) or their 

rare components (B), collected by each pair of sampling methods, kick-nets (K), Surber 

samplers (S), UV-light traps (L) and Sea-Land-Air-Malaise traps (M), in the Tongariro 

National Park, New Zealand, March 2017. Methods in the same plot sharing a letter did not 

differ (P > 0.05). 
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Table S5.2: Pairwise PERMANOVA with 9999 permutations, comparing macroinvertebrate 

assemblages collected in February 2018 from three river basins in and around the Tongariro 

National Park, New Zealand, three headwater streams and one mainstem site from each basin, 

their common and rare components and the differently dispersing groups within each 

assemblage, passively drifting aquatic dispersers (PaAq), taxa with passively dispersing 

terrestrial adults (PaTe) and taxa with actively dispersing terrestrial adults (AcTe). 

 
Significance levels: * < 0.05, ** < 0.01, *** < 0.001 
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ǘƘŜƛǊ ǿƻǊƪ ōŜƛƴƎ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ ǘƘŜǎƛǎ ŀƴŘ ǘƘŜȅ ƘŀǾŜ ŀŎŎŜǇǘŜŘ ǘƘŜ ŎŀƴŘƛŘŀǘŜΩǎ ŎƻƴǘǊƛōǳǘƛƻƴ ŀǎ ƛƴŘƛŎŀǘŜŘ 
ōŜƭƻǿ ƛƴ ǘƘŜ {ǘŀǘŜƳŜƴǘ ƻŦ hǊƛƎƛƴŀƭƛǘȅΦ 

bŀƳŜ ƻŦ ŎŀƴŘƛŘŀǘŜΥ 

bŀƳŜκǘƛǘƭŜ ƻŦ tǊƛƳŀǊȅ {ǳǇŜǊǾƛǎƻǊΥ 

Lƴ ǿƘƛŎƘ ŎƘŀǇǘŜǊ ƛǎ ǘƘŜ ƳŀƴǳǎŎǊƛǇǘ κǇǳōƭƛǎƘŜŘ ǿƻǊƪΥ 

tƭŜŀǎŜ ǎŜƭŜŎǘ ƻƴŜ ƻŦ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǘƘǊŜŜ ƻǇǘƛƻƴǎΥ 

¢ƘŜ ƳŀƴǳǎŎǊƛǇǘκǇǳōƭƛǎƘŜŘ ǿƻǊƪ ƛǎ ǇǳōƭƛǎƘŜŘ ƻǊ ƛƴ ǇǊŜǎǎ 

tƭŜŀǎŜ ǇǊƻǾƛŘŜ ǘƘŜ Ŧǳƭƭ ǊŜŦŜǊŜƴŎŜ ƻŦ ǘƘŜ wŜǎŜŀǊŎƘ hǳǘǇǳǘΥ

¢ƘŜ ƳŀƴǳǎŎǊƛǇǘ ƛǎ ŎǳǊǊŜƴǘƭȅ ǳƴŘŜǊ ǊŜǾƛŜǿ ŦƻǊ ǇǳōƭƛŎŀǘƛƻƴ ς ǇƭŜŀǎŜ ƛƴŘƛŎŀǘŜΥ 

¢ƘŜ ƴŀƳŜ ƻŦ ǘƘŜ ƧƻǳǊƴŀƭΥ

¢ƘŜ ǇŜǊŎŜƴǘŀƎŜ ƻŦ ǘƘŜ ƳŀƴǳǎŎǊƛǇǘκǇǳōƭƛǎƘŜŘ ǿƻǊƪ ǘƘŀǘ
ǿŀǎ ŎƻƴǘǊƛōǳǘŜŘ ōȅ ǘƘŜ ŎŀƴŘƛŘŀǘŜΥ

5ŜǎŎǊƛōŜ ǘƘŜ ŎƻƴǘǊƛōǳǘƛƻƴ ǘƘŀǘ ǘƘŜ ŎŀƴŘƛŘŀǘŜ Ƙŀǎ ƳŀŘŜ ǘƻ ǘƘŜ ƳŀƴǳǎŎǊƛǇǘκǇǳōƭƛǎƘŜŘ ǿƻǊƪΥ

Lǘ ƛǎ ƛƴǘŜƴŘŜŘ ǘƘŀǘ ǘƘŜ ƳŀƴǳǎŎǊƛǇǘ ǿƛƭƭ ōŜ ǇǳōƭƛǎƘŜŘΣ ōǳǘ ƛǘ Ƙŀǎ ƴƻǘ ȅŜǘ ōŜŜƴ ǎǳōƳƛǘǘŜŘ ǘƻ ŀ ƧƻǳǊƴŀƭ

/ŀƴŘƛŘŀǘŜΩǎ {ƛƎƴŀǘǳǊŜΥ 

5ŀǘŜΥ 

tǊƛƳŀǊȅ {ǳǇŜǊǾƛǎƻǊΩǎ {ƛƎƴŀǘǳǊŜΥ 

5ŀǘŜΥ 

¢Ƙƛǎ ŦƻǊƳ ǎƘƻǳƭŘ ŀǇǇŜŀǊ ŀǘ ǘƘŜ ŜƴŘ ƻŦ ŜŀŎƘ ǘƘŜǎƛǎ ŎƘŀǇǘŜǊκǎŜŎǘƛƻƴκŀǇǇŜƴŘƛȄ ǎǳōƳƛǘǘŜŘ ŀǎ ŀ ƳŀƴǳǎŎǊƛǇǘκ 
ǇǳōƭƛŎŀǘƛƻƴ ƻǊ ŎƻƭƭŜŎǘŜŘ ŀǎ ŀƴ ŀǇǇŜƴŘƛȄ ŀǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ǘƘŜǎƛǎΦ 



5w/ мс

Dw{ ±ŜǊǎƛƻƴ р ς мо 5ŜŎŜƳōŜǊ нлмф 
5w/ мфκлфκмл 

{¢!¢9a9b¢ hC /hb¢wL.¦¢Lhb 
 5h/¢hw!¢9 ²L¢I t¦.[L/!¢Lhb{κa!b¦{/wLt¢{

²ŜΣ ǘƘŜ ŎŀƴŘƛŘŀǘŜ ŀƴŘ ǘƘŜ ŎŀƴŘƛŘŀǘŜΩǎ tǊƛƳŀǊȅ {ǳǇŜǊǾƛǎƻǊΣ ŎŜǊǘƛŦȅ ǘƘŀǘ ŀƭƭ ŎƻπŀǳǘƘƻǊǎ ƘŀǾŜ ŎƻƴǎŜƴǘŜŘ ǘƻ 
ǘƘŜƛǊ ǿƻǊƪ ōŜƛƴƎ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ ǘƘŜǎƛǎ ŀƴŘ ǘƘŜȅ ƘŀǾŜ ŀŎŎŜǇǘŜŘ ǘƘŜ ŎŀƴŘƛŘŀǘŜΩǎ ŎƻƴǘǊƛōǳǘƛƻƴ ŀǎ ƛƴŘƛŎŀǘŜŘ 
ōŜƭƻǿ ƛƴ ǘƘŜ {ǘŀǘŜƳŜƴǘ ƻŦ hǊƛƎƛƴŀƭƛǘȅΦ 

bŀƳŜ ƻŦ ŎŀƴŘƛŘŀǘŜΥ 

bŀƳŜκǘƛǘƭŜ ƻŦ tǊƛƳŀǊȅ {ǳǇŜǊǾƛǎƻǊΥ 

Lƴ ǿƘƛŎƘ ŎƘŀǇǘŜǊ ƛǎ ǘƘŜ ƳŀƴǳǎŎǊƛǇǘ κǇǳōƭƛǎƘŜŘ ǿƻǊƪΥ 

tƭŜŀǎŜ ǎŜƭŜŎǘ ƻƴŜ ƻŦ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǘƘǊŜŜ ƻǇǘƛƻƴǎΥ 

¢ƘŜ ƳŀƴǳǎŎǊƛǇǘκǇǳōƭƛǎƘŜŘ ǿƻǊƪ ƛǎ ǇǳōƭƛǎƘŜŘ ƻǊ ƛƴ ǇǊŜǎǎ 

tƭŜŀǎŜ ǇǊƻǾƛŘŜ ǘƘŜ Ŧǳƭƭ ǊŜŦŜǊŜƴŎŜ ƻŦ ǘƘŜ wŜǎŜŀǊŎƘ hǳǘǇǳǘΥ

¢ƘŜ ƳŀƴǳǎŎǊƛǇǘ ƛǎ ŎǳǊǊŜƴǘƭȅ ǳƴŘŜǊ ǊŜǾƛŜǿ ŦƻǊ ǇǳōƭƛŎŀǘƛƻƴ ς ǇƭŜŀǎŜ ƛƴŘƛŎŀǘŜΥ 

¢ƘŜ ƴŀƳŜ ƻŦ ǘƘŜ ƧƻǳǊƴŀƭΥ

¢ƘŜ ǇŜǊŎŜƴǘŀƎŜ ƻŦ ǘƘŜ ƳŀƴǳǎŎǊƛǇǘκǇǳōƭƛǎƘŜŘ ǿƻǊƪ ǘƘŀǘ
ǿŀǎ ŎƻƴǘǊƛōǳǘŜŘ ōȅ ǘƘŜ ŎŀƴŘƛŘŀǘŜΥ

5ŜǎŎǊƛōŜ ǘƘŜ ŎƻƴǘǊƛōǳǘƛƻƴ ǘƘŀǘ ǘƘŜ ŎŀƴŘƛŘŀǘŜ Ƙŀǎ ƳŀŘŜ ǘƻ ǘƘŜ ƳŀƴǳǎŎǊƛǇǘκǇǳōƭƛǎƘŜŘ ǿƻǊƪΥ

Lǘ ƛǎ ƛƴǘŜƴŘŜŘ ǘƘŀǘ ǘƘŜ ƳŀƴǳǎŎǊƛǇǘ ǿƛƭƭ ōŜ ǇǳōƭƛǎƘŜŘΣ ōǳǘ ƛǘ Ƙŀǎ ƴƻǘ ȅŜǘ ōŜŜƴ ǎǳōƳƛǘǘŜŘ ǘƻ ŀ ƧƻǳǊƴŀƭ

/ŀƴŘƛŘŀǘŜΩǎ {ƛƎƴŀǘǳǊŜΥ 

5ŀǘŜΥ 

tǊƛƳŀǊȅ {ǳǇŜǊǾƛǎƻǊΩǎ {ƛƎƴŀǘǳǊŜΥ 

5ŀǘŜΥ 

¢Ƙƛǎ ŦƻǊƳ ǎƘƻǳƭŘ ŀǇǇŜŀǊ ŀǘ ǘƘŜ ŜƴŘ ƻŦ ŜŀŎƘ ǘƘŜǎƛǎ ŎƘŀǇǘŜǊκǎŜŎǘƛƻƴκŀǇǇŜƴŘƛȄ ǎǳōƳƛǘǘŜŘ ŀǎ ŀ ƳŀƴǳǎŎǊƛǇǘκ 
ǇǳōƭƛŎŀǘƛƻƴ ƻǊ ŎƻƭƭŜŎǘŜŘ ŀǎ ŀƴ ŀǇǇŜƴŘƛȄ ŀǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ǘƘŜǎƛǎΦ 



5w/ мс

Dw{ ±ŜǊǎƛƻƴ р ς мо 5ŜŎŜƳōŜǊ нлмф 
5w/ мфκлфκмл 

{¢!¢9a9b¢ hC /hb¢wL.¦¢Lhb 
 5h/¢hw!¢9 ²L¢I t¦.[L/!¢Lhb{κa!b¦{/wLt¢{

²ŜΣ ǘƘŜ ŎŀƴŘƛŘŀǘŜ ŀƴŘ ǘƘŜ ŎŀƴŘƛŘŀǘŜΩǎ tǊƛƳŀǊȅ {ǳǇŜǊǾƛǎƻǊΣ ŎŜǊǘƛŦȅ ǘƘŀǘ ŀƭƭ ŎƻπŀǳǘƘƻǊǎ ƘŀǾŜ ŎƻƴǎŜƴǘŜŘ ǘƻ 
ǘƘŜƛǊ ǿƻǊƪ ōŜƛƴƎ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ ǘƘŜǎƛǎ ŀƴŘ ǘƘŜȅ ƘŀǾŜ ŀŎŎŜǇǘŜŘ ǘƘŜ ŎŀƴŘƛŘŀǘŜΩǎ ŎƻƴǘǊƛōǳǘƛƻƴ ŀǎ ƛƴŘƛŎŀǘŜŘ 
ōŜƭƻǿ ƛƴ ǘƘŜ {ǘŀǘŜƳŜƴǘ ƻŦ hǊƛƎƛƴŀƭƛǘȅΦ 

bŀƳŜ ƻŦ ŎŀƴŘƛŘŀǘŜΥ 

bŀƳŜκǘƛǘƭŜ ƻŦ tǊƛƳŀǊȅ {ǳǇŜǊǾƛǎƻǊΥ 

Lƴ ǿƘƛŎƘ ŎƘŀǇǘŜǊ ƛǎ ǘƘŜ ƳŀƴǳǎŎǊƛǇǘ κǇǳōƭƛǎƘŜŘ ǿƻǊƪΥ 

tƭŜŀǎŜ ǎŜƭŜŎǘ ƻƴŜ ƻŦ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǘƘǊŜŜ ƻǇǘƛƻƴǎΥ 

¢ƘŜ ƳŀƴǳǎŎǊƛǇǘκǇǳōƭƛǎƘŜŘ ǿƻǊƪ ƛǎ ǇǳōƭƛǎƘŜŘ ƻǊ ƛƴ ǇǊŜǎǎ 

tƭŜŀǎŜ ǇǊƻǾƛŘŜ ǘƘŜ Ŧǳƭƭ ǊŜŦŜǊŜƴŎŜ ƻŦ ǘƘŜ wŜǎŜŀǊŎƘ hǳǘǇǳǘΥ

¢ƘŜ ƳŀƴǳǎŎǊƛǇǘ ƛǎ ŎǳǊǊŜƴǘƭȅ ǳƴŘŜǊ ǊŜǾƛŜǿ ŦƻǊ ǇǳōƭƛŎŀǘƛƻƴ ς ǇƭŜŀǎŜ ƛƴŘƛŎŀǘŜΥ 

¢ƘŜ ƴŀƳŜ ƻŦ ǘƘŜ ƧƻǳǊƴŀƭΥ

¢ƘŜ ǇŜǊŎŜƴǘŀƎŜ ƻŦ ǘƘŜ ƳŀƴǳǎŎǊƛǇǘκǇǳōƭƛǎƘŜŘ ǿƻǊƪ ǘƘŀǘ
ǿŀǎ ŎƻƴǘǊƛōǳǘŜŘ ōȅ ǘƘŜ ŎŀƴŘƛŘŀǘŜΥ

5ŜǎŎǊƛōŜ ǘƘŜ ŎƻƴǘǊƛōǳǘƛƻƴ ǘƘŀǘ ǘƘŜ ŎŀƴŘƛŘŀǘŜ Ƙŀǎ ƳŀŘŜ ǘƻ ǘƘŜ ƳŀƴǳǎŎǊƛǇǘκǇǳōƭƛǎƘŜŘ ǿƻǊƪΥ

Lǘ ƛǎ ƛƴǘŜƴŘŜŘ ǘƘŀǘ ǘƘŜ ƳŀƴǳǎŎǊƛǇǘ ǿƛƭƭ ōŜ ǇǳōƭƛǎƘŜŘΣ ōǳǘ ƛǘ Ƙŀǎ ƴƻǘ ȅŜǘ ōŜŜƴ ǎǳōƳƛǘǘŜŘ ǘƻ ŀ ƧƻǳǊƴŀƭ

/ŀƴŘƛŘŀǘŜΩǎ {ƛƎƴŀǘǳǊŜΥ 

5ŀǘŜΥ 

tǊƛƳŀǊȅ {ǳǇŜǊǾƛǎƻǊΩǎ {ƛƎƴŀǘǳǊŜΥ 

5ŀǘŜΥ 

¢Ƙƛǎ ŦƻǊƳ ǎƘƻǳƭŘ ŀǇǇŜŀǊ ŀǘ ǘƘŜ ŜƴŘ ƻŦ ŜŀŎƘ ǘƘŜǎƛǎ ŎƘŀǇǘŜǊκǎŜŎǘƛƻƴκŀǇǇŜƴŘƛȄ ǎǳōƳƛǘǘŜŘ ŀǎ ŀ ƳŀƴǳǎŎǊƛǇǘκ 
ǇǳōƭƛŎŀǘƛƻƴ ƻǊ ŎƻƭƭŜŎǘŜŘ ŀǎ ŀƴ ŀǇǇŜƴŘƛȄ ŀǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ǘƘŜǎƛǎΦ 


