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Abstract 

Zooplankton are an important component of freshwater ecosystems, forming a trophic bridge 

between primary producers and higher trophic levels. They are highly responsive to changes in 

their environment and have therefore been recognised as a useful tool for monitoring and 

assessing aquatic ecosystem health. However, long-term studies of changes in zooplankton 

communities are rare globally. Long-term studies of zooplankton composition are even more 

scarce within New Zealand. Past researches on New Zealand zooplankton have primarily 

focused on the seasonal variation of zooplankton composition, rather than long-term temporal 

changes, and have been undertaken over time periods of two years or less. 

This study utilised zooplankton compositional data from past research papers (1950-1990) 

conducted within North Island, New Zealand lakes and data from two 2021 sampling events, to 

investigate long-term temporal zooplankton community composition change. A historical 

dataset was constructed by conducting a desktop investigation of past studies that included 

zooplankton species lists. Further, zooplankton samples were collected in 2021 using vertical 

net hauls from nine lakes within the Bay of Plenty and Waikato regions, using zooplankton nets 

with three different mesh sizes (37 μm, 75 μm and 100 μm). Species lists from the historical and 

2021 samples were statistically analysed to identify changes in zooplankton diversity and 

community composition through time. The samples from each of the three nets were also 

analysed independently of the historical samples, to determine the influence of mesh size on 

zooplankton composition and species richness estimates from semi-quantitative samples. 

Three major changes in zooplankton communities were evident over time. Firstly, high 

frequencies of the Holarctic cladoceran Daphnia galeata were found in the samples collected in 

2021 yet were absent in samples taken prior to 1990. This result is consistent with the reported 

invasion of this species into New Zealand lakes since the early 1990s. Secondly, the cyclopoid 
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copepod Macrocyclops albidus was not observed within the 2021 samples yet has been 

frequently present in species lists from the historical literature. This species has also not been 

commonly identified in recent research papers. Their low frequencies within the 2021 samples 

also coincides with increases in the importance of the D. galeata and cyclopoid copepod 

Mesocyclops australiensis in the 2021 samples and recent literature relative to historical 

datasets. Finally, there was an increase in the occurrence of many rotifer taxa within the 2021 

samples compared to the historical samples. Interestingly, these taxa were largely deemed as an 

uncommon constituent of the plankton within New Zealand waters in the 1950s to 1970s. The 

increased importance of rotifer species within recent samples appeared to be a product of 

underestimation due to improper mesh selection by past researchers. 

Analysis of the semi-quantitative data of the three zooplankton nets with different mesh sizes 

indicated that zooplankton composition and species richness using the 75 μm net was more 

representative of that collected by the 35 μm samples than the 100 μm samples. This result 

indicates that a 75 μm net would be adequate when comparing zooplankton results within a 35 

μm net among the studied lakes. Species richness within the two smaller meshed nets were 

higher than the 100 μm net, indicating a net with mesh size of 100 μm and greater would result 

in an underestimation of zooplankton community composition and species richness. 
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Chapter One: General Introduction 

1.1    Importance of long-term monitoring 

Communities and populations within any ecosystem are inherently dynamic, cyclically 

changing and evolving through time in response to natural variation. Increasingly so, 

anthropogenic-induced disturbances and impacts are becoming more evident within ecosystems 

globally (Spellerberg, 2005). Long-term monitoring has been repeatedly stressed within 

ecological literature as an important tool for understanding the dynamics of ecosystems, 

communities, and populations (Lindenmayer et al., 2012). 

Long-term monitoring and research programs have been used to provide reliable information on 

environmental management issues (Vaughan et al., 2001). Our ability to make informed 

decisions to protect the environment through policy and ecosystem management 

implementation is greatly dependent upon a comprehensive understanding of changes in the 

environment (Jeppesen et al., 2011). Such understanding is gained through long-term 

monitoring, as many changes in ecosystems are slow, occurring over prolonged periods of time 

(Likens, 2012). Most changes within ecosystems are thus not detectable over short periods of 

time and require more extensive time series to detect underlying trends incapable of being 

detected in short-term studies (Smeltzer et al., 2012). Identifying change within ecosystems is 

easier when there is a robust baseline for comparison (Sukhotin & Berger, 2013). Thus, some of 

the fundamental needs for long-term monitoring is to create a baseline of the natural 

environment’s current state, detect temporal changes within ecosystems (Vaughan et al., 2001), 

and attempt to determine the drivers of change. 

Increasingly so, long-term monitoring is an important tool for ecologists and policy developers 

to separate and identify naturally driven changes from anthropogenically driven changes 
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(Lindenmayer et al., 2012). Unfortunately, increasing human populations globally are impacting 

ecosystem dynamics, and are selectively increasing the rate at which changes are occurring 

within the environment (Sukhotin & Berger, 2013). This separation of anthropogenic and 

natural variation-driven change poses an evident struggle among ecologists and governmental 

bodies responsible for management practices, policy development and implementation 

(Anderson et al., 2005; Hampton et al., 2008). This reiterates the importance of long-term 

monitoring, for improving the understanding of gradual change within ecological systems, and 

the ability to provide reliable information for possible environmental management tools. 

(Havstad & Herrick, 2003; Lindenmayer & Likens, 2009). 

1.2    Importance of zooplankton 

Globally, freshwater lakes hold high economic and social value. They have been used 

historically and today for hydropower, irrigation, commercial and recreational fishing, and 

leisure (Beeton, 2002), and have significant effects upon local and regional climates (Schertzer, 

1997). They also host some of the most important freshwater habitats globally (Brönmark & 

Hansson, 2002). It is thus disconcerting that freshwater lakes have undergone much stress and 

change due to anthropogenic disturbances (Beeton, 2002; Brönmark & Hansson, 2002), which 

in response have altered the function and structure of these ecosystems. Changes in water 

quality can trigger a cascading effect within ecosystems, affecting food webs and biota 

inhibiting a lake. Particularly important components of biota within freshwater ecosystems are 

invertebrates. Invertebrate densities within aquatic ecosystems are usually relatively high, 

(Collier et al., 2016), constitute more than 99% of animal diversity, and are important trophic 

transferers of energy within aquatic food webs (Lydeard et al., 2004), including zooplankton. 

Zooplankton are free drifting, or weak swimming, invertebrates found within marine and 

freshwater ecosystems, and have the ability to inhabit the whole water column (Mackas & 

Beaugrand, 2010). Zooplankton communities are made up of diverse assemblages, with 

individual species having their own subset of environmental tolerances.  
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Zooplankton are highly important components within aquatic ecosystems as they perform a 

variety of key roles (Brito et al., 2020). They form central links in aquatic food chains, acting as 

a trophic bridge between primary and tertiary trophic levels (Sterner, 2009). They do this by 

transferring energy from primary producers, grazing on phytoplankton, and creating important 

sources of animal tissue for consumption by higher trophic levels in the food web (Gajbhiye, 

2002; Havens, 2002; Sterner, 2009). Consequently, a large percentage of aquatic organisms 

either directly, or indirectly, depend upon zooplankton for their survival (Gajbhiye, 2002).  

Bioindicators are an essential tool in ecology as they are able to encapsulate and represent the 

chemical, physical biological and anthropogenic impact upon an ecosystem (Marbà et al., 

2013). Zooplankton are considered useful measures of ecosystem health and trophic state 

(Jakhar, 2013) due to their integration of physio-chemical and biological conditions through 

time (Chapman et al., 1975), their rapid response to changes in the environment (e.g top-down, 

bottom-up processes) (Lampert, 1997; Gutkowska et al., 2013; Jakhar, 2013; Brito et al., 2020), 

and their importance within energy transport through aquatic food webs (Sterner, 2009). 

Zooplankton also have rapid life cycles compared to other aquatic organisms, ranging anywhere 

from a handful of months to a year. This makes them particularly useful as bioindicators as there 

is little carryover of numbers and biomass from year to year (Mackas & Beaugrand, 2010). 

Rotifers in particular are valued as indicators of trophic state and ecosystem health within 

freshwater ecology (Gannon & Stemberger, 1978) due to having short life cycles and 

responding rapidly to changes within their environment (Ejsmont-Karabin, 2012; Gutkowska et 

al., 2013). For example, Duggan et al. (2001) found rotifer distributions to be greatly influenced 

by lake trophic state after sampling 33 lakes within the North Island of New Zealand. 

Furthermore, in an international study, the morphology of rotifer trophi was utilised to examine 

different functional group responses to changes in water quality within 16 reservoirs throughout 

South Korea (Oh et al., 2017). It was concluded that utilising rotifer trophi may allow for a 

functional-based approach in determining environmental drivers of community structure.  
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Zooplankton have high seasonal variability, driven by climate, community composition and lake 

depth and size (Mengestou & Fernando, 1991). Furthermore, zooplankton have a very patchy 

spatial distribution throughout the water column (Omori & Hamner, 1982). A study conducted 

by Hansen & Andersen (1962) investigated the different seasonal patterns in plankton 

communities within lake ecosystems of different climatic regions: tropics, temperate and polar, 

and assessed the impacts climate change may pose on these patterns. While there was an 

observed difference in seasonal patterns within the different climate areas, they acknowledged 

zooplankton composition also was largely influenced by other biotic factors such as food-web 

topology, trophic state, and lake catchment area (De Senerpont Domis et al., 2013). 

Zooplankton are more likely to be aggregated in a few areas than distributed evenly throughout 

the water column. This patchiness is thought to be driven by four mechanisms: diel vertical 

migration, predator avoidance, mating, and food availability (Folt & Burns, 1999). As these are 

natural processes driven by zooplankton’s innate behaviour, it is essential that sufficient 

sampling effort is adopted when zooplankton are being used within research projects (Omori & 

Hamner, 1982). Using a long-term data set of zooplankton communities is more likely to 

increase the prospect of understanding environmental drivers of change within zooplankton 

communities and abundances and reduce the likelihood of identifying changes that may be 

driven by behaviour. 

1.3    Long-term zooplankton monitoring 

Global long-term studies of zooplankton communities are rare (Duggan et al., 2020), especially 

within lake ecosystems (Zhou et al., 2020), and the incorporation of zooplankton within long-

term monitoring research have continuously been overlooked (European Commission, 2000). To 

the surprise of many ecologists, zooplankton were excluded as a biological quality element 

within the European Union Water Framework Detective (Haberman & Haldna, 2014; European 

Commission, 2000), which is an important directive within European countries to achieve 

adequate health of water bodies, despite zooplankton being recognised important components 
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within pelagic food webs (Gajbhiye, 2002; Sterner, 2009). Studies that have been carried out 

over prolonged periods of time have been able to reveal some interesting observations of 

temporal changes in zooplankton composition in response to changes in the environment.   

A study conducted by McNaught (1975), in the alpine Lake Seehornsee utilised zooplankton 

community changes over a 13-year period, following the introduction of Alpine charr fish. 

Within a decade following the fish establishment, zooplankton composition shifted to one 

dominated by new, small bodied cladoceran and rotifer species, with a decline in calanoid 

copepods (Schabetsberger et al., 2009). This study offered valuable information on the damage 

that fish may have upon alpine freshwater ecosystems previously free from tertiary level 

predators (Schindler & Parker, 2002; Schabetsberger et al., 2009). Keller et al. (2002) 

conducted research using crustacean zooplankton samples from the Sudbury Lakes, Canada, 

after the implementation of a sulphur emission control programme within areas such as Europe 

and Canada, to assess biological recovery post the programme implementation. The goal of this 

initiative was to reduce water acidity and document ecosystem recovery using a long-term 

dataset of 19 years. Long-term monitoring of the crustacean zooplankton communities found the 

establishment of new species over time and recognised that the re-establishment of many 

species were not occurring at expected rates (Keller et al., 2002). This provided insight into 

recovery rates and mechanisms of zooplankton following a disturbance.  

Long-term zooplankton studies, although rare, have also proven to be an integral component of 

understanding ecosystem dynamics and show the relationship between zooplankton 

communities and environmental variables. For instance, a long-term study was conducted on the 

second largest lake within the Baltic countries, Lake Võrtsjärv, Estonia, using a dataset from 

1964 to 2000. This study found a close relationship between changes in the lake’s trophic state 

and larger zooplankton abundance, relative to smaller bodied-zooplankton, and an increase in 

rotifer presence reflective of eutrophication (Haberman & Haldna, 2014). Like this study, 

Lehtovaara et al. (2014) conducted a research project within boreal Lake Valkea-Kotinen, 
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Finland, observing zooplankton dynamics over 20 years (1990 to 2009) in relation to climate 

changes and acidification recovery. Data analysis revealed water colour, total phosphorus and 

phytoplankton primary production following acidification recovery had the greatest influence 

upon zooplankton communities (Lehtovaara et al., 2014). Furthermore, bottom-up regulation 

attributed to phytoplankton production appeared to greatly exceed top-down control on 

zooplankton communities as a result of increased organic carbon (Lehtovaara et al., 2014).  

Within Lake Taihu, China, zooplankton spatio-temporal trends were assessed from 1998-2001 

and 2004-2008, in relation to the environmental variables of the lake. An observed temporal 

change in zooplankton abundance and biomass occurred with the changes in lake trophic state 

and climate changes. An observed increase in total nitrogen and phosphorus saw an increase in 

overall zooplankton biomass and abundance, and an increase in small cladoceran species and 

decrease in rotifer species. Furthermore, zooplankton distributions were found to be largely 

driven by cyanobacterial blooms that occurred throughout the duration of the study period, 

favouring small cladoceran and rotifer species (Zhou et al., 2020). 

Had each of these studies been conducted over a shorter period of time (i.e 1-2 years), it is 

unlikely that the reported trends and drivers in zooplankton community composition would have 

been recognised. Zhou et al. (2020) reported that the ability to recognise temporal variability in 

zooplankton communities is difficult due to the lack of long-term observations globally. Only 

when there is a dataset collected over a long period of time can more gradual trends be 

recognised, such as changes in lake trophic state (Haberman & Haldna, 2014), biological 

recovery following a disturbance (Keller et al., 2002) or climate (Zhou et al., 2020). 

1.4    New Zealand Limnology  

1.4.1 History of New Zealand Zooplankton Ecology Studies 

New Zealand is a geographically young country, with a landscape influenced by natural 

phenomena such as intense earth movements, volcanic activity, and glaciation (Stout, 1975). As 
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a result of New Zealand’s historical geomorphology, the country possesses a diverse range of 

lake types of multiple origins relative to its small landmass (Lowe & Green, 1987). Extensive 

works by J. Irwin in the mid to late 1990s have largely contributed to a classification scheme of 

New Zealand lakes (Lowe & Green, 1987). From this classification scheme, nine broad 

categories of lakes based on origin were developed, which accounts for likely lake area, altitude, 

and length (Irwin, 1975; Lowe & Green, 1987). North Island lakes are predominantly volcanic 

in origin and hold some of the most extensively studied lakes in the country (Stout, 1975). Lake 

Taupō and the Te Arawa (Rotorua) lakes are among the most studied lakes within the North 

Island, with bathymetry studies of Lake Taupō dating back to 1888 (Cussen, 1888; Stout, 1975). 

Both the Taupō and the Te Arawa lakes have volcanic origin and are associated with the 

volcanic activity in the Rotorua and Okataina Volcanic Centre, and the rhyolitic Taupō 

volcanoes and andesitic Tongariro Volcanic Centre (Lowe & Green, 1987).  

Studies on lakes considering the dynamics of zooplankton were relatively scarce within New 

Zealand before the 1950s. Early works by Hilary Jolly date back to the early 1950s. Jolly (1959) 

conducted a large-scale study of Lake Taupō and a select number of Rotorua lakes for her PhD, 

comparing the physical and chemical properties, and the phytoplankton and zooplankton of 

these lakes to assess the biological productivity. There are a number of past research papers 

conducted within New Zealand lakes that include zooplankton sampling. However, many of 

these studies focus primarily upon the seasonal variation of zooplankton abundances (Chapman, 

1973; Magadza, 1973; Chapman et al., 1981; Forsyth & McCallum; 1980; James 1987) rather 

than temporal changes. And although there are studies dating back to the early 1950s, long-term 

ecological studies of zooplankton are rare within New Zealand (Duggan et al., 2020), with most 

studies of zooplankton dynamics having been conducted over periods of less than two years 

(Balvert et al., 2009; Duggan et al., 2020; Forsyth & McCallum, 1980). Although short term 

studies occurring within the same waterbodies are common, such as Lake Taupō and the 

Rotorua lakes that have hosted multiple research projects, they more commonly occur within 

discrete and widely spaced time periods. This makes it extremely difficult to determine the 
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causation of an observed change in zooplankton composition when it is recognised. 

Zooplankton sampling has also been incorporated into some regional government agencies; 

however, a large proportion of these works are either unpublished, un-analysed or inaccessible 

to the public. 

1.4.2 Drivers of zooplankton composition in New Zealand lakes 

Within past research papers, it has been previously discussed that zooplankton community 

composition is driven by temperature and food availability, and not by predation within New 

Zealand lakes (Jeppesen et al., 1997). Chapman et al. (1975) suggested grazing pressures and 

nutrient limitations within several of the Te Arawa lakes, following a rise in zooplankton 

numbers during spring and a fall in early summer following changes in temperature, are more 

likely to drive seasonal changes in composition than predation, due to few invertebrate and 

vertebrate, predators. This is again reported by Burns (1992) within Lake Mahinerangi, Otago, 

in that temperature and food are likely to be more of a control upon cladoceran and copepod 

populations than predation by fish. However, there has since been emerging evidence of 

predation as a natural driver of zooplankton community structure and composition within 

freshwater lakes of New Zealand. Chapman (1973) speculated that after investigating seasonal 

cycles of zooplankton within Lakes Rotorua and Rotoiti, she could not be clear as to the 

determining drivers of seasonal changes within zooplankton population dynamics but could 

conclude based on the close relationship between the birth and death rates of the copepod 

Calamoecia lucasi that predation was likely to be controlling their population. Jeppesen et al. 

(1997) evaluated the view of predation not being a driver of zooplankton composition and 

abundance in New Zealand and concluded using five examples from national and global sources 

the potential for predation to have a greater impact than originally anticipated within New 

Zealand lakes. 
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Predation aside, invasions of non-indigenous species is a more topical driver of community 

composition change today within New Zealand lakes. This is largely due to increased 

zooplankton dispersal opportunities facilitated by human activity (Ricciardi & MacIsaac, 2000). 

Zooplankton invasions within New Zealand waters have steadily increased over the past three 

decades, with the numbers and widespread distribution of non-indigenous cladocerans and 

copepods on the rise (Duggan et al., 2006; Duggan et al., 2012; Duggan et al., 2014). Duggan et 

al. (2014) reported the negative impact on existing zooplankton communities within some New 

Zealand lakes after the introduction of the North American calanoid copepod Skistodiaptomus 

pallidus, which also coincided with the introduction of grass carp into a handful of lakes within 

the North Island. An observed change in zooplankton composition was the decreased relative 

abundance of native copepod C. lucasi as a likely result of competitive interaction (Duggan et 

al., 2014). This introduction of a non-indigenous species correlated with an aquaculture species 

has since been explored by Duggan & Pullan (2017), who examined the potential for freshwater 

aquaculture to provide non-indigenous zooplankton species with a ‘hitchhiking’ opportunity. 

They found that the aquaculture sector is in fact a facilitator of non-indigenous introductions 

into new receiving environments (Duggan & Pullan, 2017; Pearson & Duggan, 2018). Other 

vectors of non-indigenous arrivals have also been related to the aquarium trade within New 

Zealand waters, by non-native species ‘hitchhiking’ within aquatic plants and live fish food 

(Duggan et al., 2006). Despite the number of non-native zooplankton that have already entered 

New Zealand waters, due to a lack of long-term data, the effects invasions are having upon 

native ecosystems is largely unknown (Duggan et al., 2020). A study conducted by Duggan et 

al. (2006) investigated the introduction of three non-indigenous freshwater zooplankton species; 

the copepods Sinodiaptomus valkanovi and Skistodiaptomus pallidus, and cladoceran Daphnia 

galeata. Although not completely understood, speculation of their impact upon existing 

zooplankton communities was explored. New Zealand’s crustacean zooplankton communities 

have low species diversity (Chapman & Green, 1987), therefore the introduction of a potentially 

more aggressive non-indigenous species poses great risk to crustacean communities due to 

increased competition of resources such as food and space (Duggan et al., 2006). Furthermore, 
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Daphnia have the potential reduce rotifer abundances through competition for shared resources 

and interference competition (Balvert et al., 2009). 

Increased nutrient loading has been a significant topic of research within New Zealand 

freshwater lakes (Burns, 1991). Eutrophication in particular is of great concern, with an 

estimation of 30% of lakes greater than 1 ha having poor water quality (Ministry for the 

Environment, 2007). As mentioned, zooplankton are highly responsive to changes within their 

environment (Lampert, 1997; Gutkowska et al., 2013; Jakhar, 2013; Brito et al., 2020) and due 

to their intermediate position within the aquatic food web, these changes have been studied 

repeatedly. Within North Island lakes, Duggan et al. (2001) discovered rotifer distributions to be 

largely indicative of lake trophic state, from this a quantitative bioindicator index utilising 

rotifer community composition was developed for the understanding of Trophic Lake Index 

values. Multiple studies have been conducted within New Zealand lakes, exploring the 

relationship between lake trophic state and zooplankton communities (Chapman et al., 1985; 

Chapman & Green, 1999; Duggan et al., 2001; Duggan et al., 2002). Duggan et al. (2020) 

reported finding similar zooplankton assemblages relative to trophic state, previously observed 

by Duggan et al (2001, 2002). (Duggan et al., 2020) inferred these observations were likely 

contributed by food variation types influenced by nutrient levels along the trophic gradient, and 

recognised food availability and type. Other reported influencing factors of composition change 

along the trophic gradient include toxic cyanobacteria blooms, and oxygen depletion (Duggan et 

al., 2001; Reynolds, 1998). 

1.4.3 Long-term zooplankton studies in New Zealand 

Long-term studies of zooplankton are even more infrequent within New Zealand than globally, 

with most published studies examining temporal changes only occurring within less than a two-

year timeframe (Duggan et al., 2020). For example, studies conducted within Lake Taupō by 

Forsyth & McCallum (1980) and Jolly (1965), sampling and comparing zooplankton 
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composition and abundances, were carried out under a two-year time frame. Chapman et al. 

(1985) studied the zooplankton abundance between seven of the Te Arawa lakes using samples 

from 1970 to 1971, Balvert et al. (2009) investigated zooplankton dynamics of Weavers Lakes, 

Waikato, using a dataset collected between 2004 and 2005, and Forsyth et al. (1988) observed 

zooplankton seasonal abundances within Lake Okaro between years 1982/83 and 1985/86. 

These studies have allowed for the seasonal observations of fluctuations in production and 

seasonal compositional changes and abundances. However, these research papers do not 

investigate changes occurring perhaps as a result of trophic state shift or response to invasions 

by non-natives. Investigating larger temporal shifts within zooplankton community composition 

would require a long-term dataset, rather than sampling occurring over two years or less.  

Few regional government agencies have carried out regular monitoring programs of 

zooplankton within New Zealand. Further, of those that have, much of the data remains un-

published. A study conducted by Duggan et al. (2020) is one of the very few New Zealand 

studies utilising long-term data. Zooplankton temporal and spatial community data gathered 

between 2007 and 2019 was collated from a monitoring programme completed in 39 lakes 

within the Waikato region, New Zealand. The main finding of this research was that invasions 

by non-indigenous species was the main driver of temporal zooplankton composition change. 

Another study conducted by Duggan et al. (2014) utilised twelve years of seasonal monitoring 

conducted by Auckland Council to determine the effects of the invasion of North American 

copepod Skistodiaptomus pallidus, within Lake Kereta. Samples were collected semi-regularly 

between 1997 and 2014, in which time S. pallidus were observed within samples after August of 

2008. These studies have proven to be useful resources in observing temporal community 

changes. 
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1.5    Thesis aims 

The primary aim of this thesis is to document the change in zooplankton community 

composition through time, within a selection of lakes of the North Island, New Zealand. I also 

aim to examine the differences in zooplankton species richness and community composition 

between nets of different mesh size. This will consider mesh sizes used historically and during 

my 2021 sampling periods, as mesh sizes have commonly varied among studies through time. I 

also aim to assess what the drivers of these changes are, environmental or anthropogenic, whilst 

also considering sampling methods used in prior studies. This will be done over two separate 

chapters, presented as manuscripts written as potential journal articles. Further introductions and 

discussions will be provided within each chapter. 

Due to a shortage of long-term studies and datasets within New Zealand, this thesis has utilised 

research looking at compositional changes across a series of lakes based on published research, 

instead of long-term data from a selection of individual lakes. This has advantages, in that 

published research has been conducted across a variety of geographically separated lakes, 

allowing for regional trends in compositional change to be observed over time. Yet due to lack 

of consistent long-term datasets, the possible drivers of change are not always obvious. This 

thesis aims to identify, using short-term published research throughout time, the possible drivers 

of zooplankton compositional change.   

1.5.1 Objectives 

1. Compare zooplankton community composition from historical literature within North 

Island lakes of different trophic states and geomorphological conditions, with 

zooplankton samples collected during my study.  

2. Explore other factors that may have resulted in community composition change, from 

1950-1990 to now, and determine whether the change is anthropogenically or 

environmentally driven.  
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3. Investigate the difference in zooplankton community composition and species richness 

using different zooplankton net mesh sizes. Using this information, I will explore how 

responsible the mesh size of zooplankton nets may be for observed zooplankton 

compositional changes relative to historical research. 

1.5.2   Thesis structure 

To meet the aims and objectives listed above, the chapters will be structured as follows: 

Chapter One gives a general introduction to this thesis, giving insight into the importance of 

long-term research and zooplankton within ecology, a brief history of limnological studies 

within New Zealand and the history of zooplankton research within New Zealand. Chapter one 

also outlines the aims and objectives of this thesis. 

Chapter Two documents whether there has been any change within zooplankton community 

composition through time (between 1950-1990 and 2021). Possible drivers of change will be 

explored, considering anthropogenic influence through facilitating invasions, and possible 

influence upon lake trophic state. Sampling method will also be explored, to determine whether 

methods used in previous studies may have influenced zooplankton community composition 

observed within past research. 

Chapter Three documents the differences between zooplankton abundances and species 

richness among the three different zooplankton net mesh sizes used within this study. Using 

only the 2021 data, specific attention will be paid to the community composition caught within 

each net to determine whether mesh size influences results. 

Chapter Four gives an overarching conclusion to this study, while acknowledging study 

limitations, and provides recommendations for future research. 
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Chapter Two: An assessment of long-term 

zooplankton community changes in North Island, 

New Zealand, using historical datasets. 

2.1   Introduction 

2.1.1   Long-term monitoring 

Biological communities are continuously changing, evolving, and adapting. Drivers of change, 

and the rate at which change occurs, varies greatly through time. However, with increasing 

human population sizes and activity, environmental changes are now happening at faster rates 

than in the past (Sukhotin & Berger, 2013). This can have implications within ecosystems as 

many ecological processes occur slowly, over long periods of time (Likens, 2012). Identifying 

change is an easier task when there are observations and baselines to compare and can also 

assist in the differentiation between change occurring cyclically by natural variation from 

anthropogenic influence (Sukhotin & Berger, 2013). This can be obtained through the 

examination of long-term monitoring or historical datasets. 

Long-term monitoring is an important tool in ecology, used to improve the understanding and 

management of ecological systems and document change within biological communities 

(Havstad & Herrick, 2003; Lindenmayer & Likens, 2009). Long-term datasets can provide 

insight into changes or disturbances within ecosystems (Likens & Gilbert, 1970). This can 

include changes induced by climate or anthropogenic influence, community shifts due to the 

establishment of non-native species, and the effects of experimental manipulations, with long-

term data providing a baseline for ecologists to evaluate these changes against (Duggan et al., 

2002; Havstad & Herrick, 2003; Lindenmayer & Likens, 2009; Lindenmayer et al., 2012; 

Sukhotin & Berger, 2013). Furthermore, data and information provided by long-term datasets 
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also are essential for providing information required for policy development and environmental 

legislation (Likens, 2012). Within ecology, “long-term” is commonly deemed as any monitoring 

longer than five years (Dennehy, 2018). However, the longer the data series, the more value it 

holds, as longer-term data is more likely to reveal trends in ecosystems and communities than a 

dataset collected over a matter of months or years. Short-term research is likely to highlight 

only chance events or spontaneous fluctuations within communities and, furthermore, are not 

likely to identify or determine the origin of change within communities (Lindenmayer et al., 

2012). 

2.1.2   Long-term zooplankton research 

Global long-term research and monitoring of zooplankton communities are rare (Duggan et al., 

2020). However, the ability to recognise changes occurring over a prolonged period of time 

within zooplankton communities is difficult without long-term observations (Zhou et al., 2020). 

The limited number of long-term studies that have been conducted internationally has revealed 

interesting and useful trends in community composition through time. Zooplankton have an 

intermediate position within the food web, situated between primary producers and higher 

trophic levels (Gajbhiye, 2002; Havens, 2002; Sterner, 2009). Due to this, their sensitivity to 

changes within their environment (Lampert, 1997; Gutkowska et al., 2013; Jakhar, 2013; Brito 

et al., 2020), and their ability to integrate physio-chemical and biological conditions through 

time (European Commission, 2000), zooplankton have been recognised as important biological 

indicators within ecological research (Gannon & Stemberger, 1978). 

An example of zooplankton included in a long-term research project is demonstrated by Mihuc 

et al. (2012) within Lake Champlain, a large North American lake. Temporal shifts in 

zooplankton community composition were assessed using data from 1992 to 2010 as part of the 

Lake Champlain Long-Term Water Quality and Biological Monitoring Program (LTMP), in 

response to recent invasions by the zebra mussel (Dreissena polymorpha) and alewife (Alosa 

pseudoharengus). Shifts in zooplankton composition were observed, with zebra mussels 
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reducing rotifer population densities and the alewife impacting both zooplankton abundance and 

body size (Mihuc et al., 2012). Mihuc et al. (2012) concluded that these changes may have 

further implications for the lake food web dynamics, as by reducing larger bodied zooplankton 

assemblages, the food availability for higher trophic organisms will be reduced. Hsieh et al. 

(2011) utilised data collected between 1961 and 2005 to analyse zooplankton community 

responses to environmental variations within Lake Biwa, Japan. Throughout the duration of the 

monitoring, the lake underwent periods of eutrophication, and has been warming since 1990. 

Temporal changes in zooplankton abundance ratios of cladocerans:calanoid copepods and of 

cyclopoid copepods:calanoid copepod abundances were found to be linked to changes in lake 

trophic state and water temperature (Hsieh et al., 2011). 

Datasets collected over greater time periods can lead to acquisition of knowledge on complex 

processes occurring within freshwater ecosystems and community dynamics (Sukhotin & 

Berger, 2013). Furthermore, long- term monitoring is required to provide enough data to 

differentiate a change due to natural variation, or that induced by anthropogenic activity. It is 

unlikely that short-term studies would be able to detect changes in composition, due to shifts in 

lake trophic state or community interactions for instance, as processes within ecosystems tend to 

occur over prolonged periods of time (Likens, 2012). However, short-term sampling programs 

occurring within the same waterbodies are quite common, within discrete but widely spaced 

time periods.  

2.1.3   Drivers of zooplankton community composition change 

Ecosystems have been progressively altered through time due to natural cyclic processes and 

increasing anthropogenic influence, which in turn have created shifts in species functioning and 

composition from historical systems (Hobbs et al., 2009; Lewis & Granek, 2021). Zooplankton 

community composition is influenced by a combination of biological interactions and abiotic 

factors (Blancher, 1984). These include interactions with phytoplankton and fish communities 

(Lampert, 1997; Fu et al., 2021), and tolerances to environmental changes in variables such as 
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temperature (Jeppesen et al., 1997). Zooplankton also have high seasonal variability, determined 

by complex interactions of factors such as lake size and depth, local climate, and biotic 

communities present within the lake at a given time (Mengestou & Fernando, 1991). While 

changes do occur naturally and cyclically (Duggan et al., 2020), anthropogenic induced 

disturbances to ecosystem functioning, such as land use changes, industrialisation (Kampichler 

et al., 2012) and eutrophication are accelerating the rate at which communities naturally shift. 

Changes in lake trophic state have proven to impact the abundance and composition of 

zooplankton communities, as they are driven largely by the physical and chemical processes of 

their environment, and by biological interactions (Ejsmont-Karabin & Karabin, 2013). 

Humans are also altering the natural rates and distances of dispersal of aquatic species, 

including zooplankton (Havel & Shurin, 2004). In aquatic ecosystems, human activities have 

enabled many invasions of non-indigenous species into even the most isolated environments 

(Ricciardi & MacIsaac, 2008). Commercial shipping, recreational boating, the aquarium trade, 

and aquaculture (Bollens et al., 2002; Duggan, 2010; Dexter & Bollens, 2020) are all examples 

of human activities facilitating the movement of non-indigenous species among waterbodies 

globally. 

2.1.4   Invasions of non-indigenous species as drivers of zooplankton community 

composition 

Invasions of non-indigenous species into aquatic and terrestrial environments are occurring at an 

increased rate and can pose great pressure on the functionality of indigenous ecosystems 

(Bollens et al., 2002; Lewis & Granek, 2021). Human-facilitated invasions, intentional or 

accidental, are increasing the rate at which species are dispersing to new environments. Within 

aquatic environments, commercial shipping, recreational boating, aquaculture, and the pet 

industry (Bollens et al., 2002; Dexter & Bollens, 2020) are examples of anthropogenic activities 

facilitating dispersal opportunities for non-native species. Cladocerans in the genus Daphnia, 

for example, can survive within residual bilge water of recreational boats for up to three days 
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(Havel & Shurin, 2004), during which time a boater may visit multiple locations (Havel & 

Stelzleni-Schwent, 2000). Research on diapausing eggs within ship sediments has also proven 

to be a vector for dispersal of non-native species. Bailey et al. (2004) found a range of copepod, 

cladoceran and rotifer taxa could be hatched from diapausing eggs found within the ballast tanks 

of transoceanic vessels after the addition of freshwater. 

Invasions of non-native zooplankton species into new receiving environments commonly have 

unwanted effects. For example, non-native species may impact individual species or whole 

ecosystems through competition and predation, genetic impacts such as hybridisation, the 

introduction of diseases that native species have not been subjected to, and habitat alterations 

(Dextrase & Mandrak, 2006). Across hemisphere invasions of non-indigenous zooplankton are 

rare, but there have been some instances in which it has occurred. For example, the Australian 

calanoid copepod Boeckella triarticulata was found in fishponds in North Italy within the Po 

River Plain in 1985. As of 2019, around eight non-native zooplankton species have been 

introduced and have established within New Zealand lakes, including three Daphnia species and 

five calanoid copepod species (Duggan & Collier 2019). It has been determined that each of 

these have been accidentally introduced in conjunction with flora and fauna e.g contaminated 

fishing gear or through the aquarium trade (Duggan & Collier 2019; Duggan et al. 2006). The 

non-native Daphnia species includes D. galeata, a now common Daphnia species within North 

Island lakes (Duggan et al. 2006; Duggan & Pullan 2019); and D.‘pulex’ and D. obtusa, both of 

which were first recorded within South Island lakes (Chapman et al. 2011; Duggan et al. 2012). 

The invasion of calanoid copepod species have generally been associated with constructed 

waters (Duggan et al. 2009). Invasions of the Japanese Sinodiaptomus valkanovi, and the North 

American Skistodiaptomus pallidus, were first found within samples taken from constructed 

waters within the Auckland region, or within live fish food (Duggan et al., 2006). The 

Australian species Boeckella symmetrica and Beockella minuta were first discovered, and have 

remained confined to, constructed waters such as hydroelectric dams and an ornamental pond 

within the North Island (Duggan & Collier 2019). The final non-native species known to have 
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established within New Zealand waters is the Australian copepod Calamoecia ampulla recorded 

within a South Island water body (Duggan & Collier 2019). Natural dispersal of these species 

was deemed unlikely due to New Zealand being geographically isolated from each species’ 

native region. Thus, transport through plants, the live fish food trade and human mediated 

dispersal were likely vectors of these introductions (Duggan et al., 2006). 

Introduction of non-native aquatic vertebrate, such as fish, have also proven to impact 

zooplankton community composition. For example, bighead and silver carp invasions have been 

widely studied in lakes in the United States (Irons et al., 2007; Kolar et al., 2007; Sass et al., 

2014), and have the ability to reduce total zooplankton abundances, particularly cladocerans and 

copepods, due to feeding heavily on phytoplankton and zooplankton directly (Fukushima et al., 

1999). Within New Zealand, 21 freshwater fish species are non-native, and the larvae of these 

invasive species are known to impact zooplankton communities by direct grazing (Duggan & 

Collier 2019). Branford & Duggan (2017) found grass carp have the ability to indirectly affect 

zooplankton community composition through habitat modification by decreasing macrophyte 

coverage. Adult tench found within water bodies of the North Island and scattered throughout 

the South Island can reduce zooplankton communities due to top-down effects from grazing 

(Duggan & Collier 2019). Perch larvae are also typically pelagic zooplankton feeders, and adult 

Perch can induce water quality degradation by the consumption of zooplankton, thus reduce 

algal grazing within a water body (Duggan & Collier 2019). 

2.1.5   Trophic state as a zooplankton community composition driver 

With the rise of economic and industrial development, the ecological health of water bodies 

globally is decreasing in quality through time (Søndergaard & Jeppesen, 2007). An increasing 

number of lakes are becoming more nutrient enriched, which is one of the major causes of 

surface water quality degradation (Mendiondo, 2009; Smith & Schindler, 2009). For example, 

the United States Environmental Protection Authority (EPA) reported that almost half of their 



20 
 

lakes and 60% of river reaches are compromised by eutrophication in the United States alone 

(U.S EPA, 1996). 

Increased nutrient loading has been a significant issue within New Zealand lakes (Burns, 1991). 

New Zealand has undergone one of the highest rates of agricultural intensification than 

anywhere else globally, with approximately 60,000 ha of land converted from low to high 

producing land between 1996-2018 (Ministry for the Environment, 2023). Consequently, there 

is an estimated 46% of lakes greater than 1 ha with poor or very poor water quality within New 

Zealand (Ministry for the Environment, 2023). Some of the obvious effects of eutrophication 

within water bodies is the increase in toxic algal blooms, excessive macrophyte growth, and 

periodic fish death (Schindler, 2006). 

The structural complexity of zooplankton communities is largely determined by changes within 

their environment (Brito et al., 2020), such as in nutrient concentrations, dissolved oxygen, and 

temperature (Gannon & Stemberger, 1978). Changing trophic state alters the chemical and 

biological components of a lake, and consequently may impose changes to zooplankton 

community composition as a result. Studies investigating zooplankton responses to changing 

trophic state have shown that species that are generally more opportunistic are more likely to 

withstand changes within their environment. For example, rotifer, cladoceran and cyclopoid 

copepod communities are more likely to inhabit eutrophic waters than calanoid copepods 

(Allan, 1976), with calanoid copepods indicators of oligotrophic conditions (Gannon & 

Stemberger, 1978). Research by Straile & Geller (1998) of crustacean populations within Lake 

Constance (bordered by Germany, Austria, and Switzerland), revealed a strong increase in 

cladoceran and cyclopoid copepod populations during periods of eutrophication. Duggan et al. 

(2002) also found rotifer distributions within North Island, New Zealand lakes were strongly 

influenced by trophic state as a result of their suspension feeding mechanism on algae and 

bacteria. This demonstrates the changes in preferred food resources, thus food quality and 

quantity, can contribute to change in zooplankton communities. 
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The composition of any ecological community usually is driven by a combination of factors, not 

through a single factor. Duggan et al. (2002) acknowledges this, stating the response of rotifer 

distributions along a trophic gradient is more likely a product of many factors induced by 

trophic state change, rather than competition for a single resource, such as food. Other drivers of 

zooplankton composition change due to trophic change include toxic cyanobacteria blooms and 

oxygen depletion. 

2.1.6   Sampling method 

Many research projects have been undertaken to quantify and gain an understanding of 

zooplankton community dynamics, abundances, and production (Mack et al., 2012). Within the 

various research projects conducted, many different sampling techniques have been developed 

based on the question being asked. Within freshwater systems, zooplankton can be sampled 

using Schindler-Patalas traps, tube samplers and, most commonly, zooplankton nets. Having 

multiple methods for zooplankton sampling can occasionally introduce a level of method and 

gear specific bias, resulting in the possible artificial variability within zooplankton communities 

(Frank, 1988). 

Net hauls are a common method for zooplankton sampling. However, there is a lot of variability 

in mesh size selection (Mack et al., 2012). Each zooplankton taxon ranges in size and 

morphological features. Therefore, selecting a mesh small enough to sample cladocerans, 

copepods and most of all, rotifers, is imperative for collecting a sample representative of the 

zooplankton community. For example, nets with larger mesh will favour larger zooplankton and 

likely miss smaller bodied zooplankton such as rotifers (Likens & Gilbert, 1970). Forsyth & 

McCallum (1980) sampled Lake Taupō in 1974-76 using a zooplankton net with 55 µm mesh, 

while in 1955-56, Jolly (1965; 1977) sampled the same lake using a net with 318 µm mesh. 

Forsyth & McCallum (1980) acknowledge that Jolly’s mesh was too large to sample rotifers and 

would thus not have been able to quantitatively sample them within her studies. It seems 

plausible to simply use a smaller meshed net to account for all zooplankton. However, 
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decreasing mesh size can occasionally create further issues, as a decreased mesh size can alter 

filtration efficiency, particularly with mesh smaller than 100 µm due to clogging (Likens & 

Gilbert, 1970). Clogging occurs when suspended particles within the water column (plant 

material, phytoplankton, sediment, zooplankton) are trapped within the inner wall of the 

sampling net, reducing net porosity (Tranter & Smith, 1968). Consequently, this can result in an 

unequal filtration of the sample throughout the water column and increase the amount of water 

passing the mouth of the net (Likens & Gilbert 1970) and introduce sampling error. 

Zooplankton behaviour can also influence catchability (De Bernardi, 1984). It has been 

theorised that zooplankton are able to avoid capture by towed nets (Franz, 1910; Bary et al., 

1958; Hansen & Anderson, 1962). Originally proposed by Franz (1910), some zooplankton taxa 

may have the ability to see nets during daytime hauls, while others have the ability to avoid nets 

by identifying changes in hydrostatic pressure caused by the movement of the net through the 

water column (Brook & Woodward, 1956). Brook & Woodward (1956) found that with 

increased current, Cladocera swam steadily against it, whereas copepods swam vigorously 

against it (Brook & Woodward, 1956). These findings were also observed by Knight-Jones & 

Qasim (1955), who investigated and confirmed marine plankton responses to changes in 

hydrostatic pressure. The avoidance of nets by zooplankton may not only result in the 

underestimation in abundances, but also cause unintentional selective sampling (Clutter, 1968; 

Wiebe et al., 1971). 

2.1.7   Zooplankton research within lakes of New Zealand through time 

Historical zooplankton research within New Zealand is not as extensive as other parts of the 

globe. Ecological research dates back to Jolly in the early 1950s when she analysed zooplankton 

samples from Lake Taupō and a number of the Rotorua lakes during her PhD (Jolly, 1959). 

Further historical research of zooplankton communities was included within limnological 

studies conducted by Hill (1969), Jolly (1965), Magadza (1973), Chapman et al. (1981), 

Chapman et al. (1985) and Forsyth et al. (1988), for example. A large proportion of the early 
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ecological research had a primary focus on seasonal cycles of zooplankton composition. In 

recent years, zooplankton research has become frequent in ecological literature, with particular 

regard to invasions of non-native species. For example, Duggan & Pullan (2017) investigated 

the invasion risk of non-indigenous species through the aquaculture industry, and Balvert et al. 

(2009) examined the dynamics of zooplankton composition within a pit lake in response to the 

invasive Daphnia galeata. Despite this, long-term zooplankton research is rare in New Zealand 

and most existing research analysing zooplankton communities have occurred over periods of 

less than two years (Forsyth & McCallum, 1980; Balvert et al., 2009). Duggan et al. (2020) 

provides a rare example of New Zealand research utilising long-term zooplankton data, using 

zooplankton temporal and spatial community data collected between 2007 and 2019, collated 

from a monitoring programme on 39 lakes within the Waikato region. Here, invasions by non-

native zooplankton species were found to impact on community composition through time more 

than other drivers. Duggan et al. (2014) collated 12 years of seasonal monitoring data from 

Lake Kereta, Auckland, which was used to determine the effects of the invasion of North 

American copepod Skistodiaptomus pallidus. Miles (2021) utilised a long-term zooplankton 

dataset from 2000-2020 of zooplankton community composition in Lake Taupō and found shifts 

through time that could not be clearly linked with measured environmental variables.  

From the mentioned resources, it is clear that New Zealand has had a number of non-indigenous 

zooplankton invasions through time. Determining the timing and effects of these invasions is 

easier when there is long-term data to investigate, as Duggan et al. (2020) and Duggan et al. 

(2014) demonstrate. Although there are frequent research projects investigating zooplankton 

composition and abundances within New Zealand lakes, there is a lack of consistent long-term 

data prior to 2000, making it difficult to determine longer term trends. Having long-term 

datasets from the time of the short-term research projects would prove useful when assessing 

potential causes for temporal change in zooplankton communities. 
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2.1.8   Chapter Aims  

The aim of this chapter is to document long-term temporal changes in zooplankton community 

composition in nine lakes from the North Island, New Zealand, and discuss possible drivers of 

any observed changes. I utilise zooplankton community composition data collated by literature 

review of New Zealand limnological studies, primarily between the years 1950 and 1990, and 

from two 2021 sampling events. Possible drivers of change will be discussed, including 

zooplankton invasions and lake trophic state change. Sampling and method bias will also be 

investigated as possible drivers of an observed zooplankton composition change. 

2.2   General Methods 

The method section for this chapter outlines the process of selecting locations for sampling, how 

zooplankton samples were collected within the field, and how samples were analysed within the 

laboratory. These processes are the same for chapter two and three. Because this chapter and 

chapter three are asking different questions, the statistical analysis for each will be specific to 

the aims and objectives of each chapter. 

2.2.1   Site Selection 

A literature review was conducted using Google Scholar to identify historical zooplankton 

studies from freshwater lakes in North Island, New Zealand. The initial search was liberal; any 

research paper conducted within North Island lakes containing a zooplankton species list was 

included in the original dataset. From this list, it was decided to include only research prior to 

1990, as there were few research papers with seasonal species lists after this time. This was also 

to create a historical dataset with enough time between then and recent (2021) sampling to 

theoretically show changes in community composition. Data such as lake location, author/s, 

year of research, zooplankton net mesh size, and zooplankton species were tabulated for each 

research paper in an Excel spreadsheet. 
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In total, 27 separate research papers ranging from the 1950s to 1990, examining 29 different 

lakes, were identified. Accessibility was the most significant determinant in selecting lakes for 

sampling. Some were geographically difficult to reach, requiring cross-country driving that 

would prove difficult for boat access (i.e., Lake Ngapouri, Lake Rotomahana), others were 

within privately owned land or had other social constraints (Lake Rotokākahi; Lake Rotongaio), 

while two had been retired (i.e., Morton Dam, Upper Karori Reservoir). This eliminated several 

lakes from further consideration. Another determinant when selecting research papers and 

potential lakes for the study was the robustness of the zooplankton species data provided. Some 

research papers only listed or mentioned selected species, rather than providing complete 

species lists. Some stated the presence of zooplankton within samples and/or reported on the 

dominant zooplankton species, but disregarded species caught in lower quantities, and others 

provided only genus-level identifications of zooplankton. The identification of zooplankton 

down to species level was preferred. 

From the preliminary 27 research papers, a subset of eleven lakes were selected initially for 

fieldwork: two within Waikato (Ohakuri and Taupō), two within Auckland (Pupuke and 

Rototoa) and seven within the Bay of Plenty region (Okaro, Rerewhakaaitu, Tikitapu, Ōkāreka, 

Rotorua, Rotomā and Rotoehu). Most of these lakes also had been studied at least twice 

between 1950-1990. Before fieldwork began, the two lakes within the Auckland region were 

removed from consideration as Covid 19 lockdown restrictions prevented travel into the 

Auckland region during the sampling period. The final subset thus comprised nine lakes (Figure 

1). The final subset of lakes chosen for sampling ranged in trophic state and geomorphological 

attributes. To account for the seasonal variability of zooplankton communities, it was speculated 

that sampling over all seasons would be most beneficial. Fieldwork was originally planned to 

occur during the winter and summer seasons. However, due to Covid-19 restrictions the initial 

winter sampling could not be undertaken until early spring. Fieldwork was thus conducted over 

four days: 15 and 16 September 2021 (early spring sampling) and 8 and 9 December 2021 

(summer sampling). 
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Figure 1. Lake locations for zooplankton sampling within the Waikato and Bay of Plenty 
regions, New Zealand. 

2.2.2   Fieldwork Sampling 

In each lake, a sampling location (Table 1) was selected at a depth of at least 8 m to ensure clean 

zooplankton hauls through the top 8 m of the water column. Sampling locations, using eastings 

and south coordinates, were saved using a Lowrance Elite Ti2 sounder during the early spring 

sampling period so that summer sampling could be undertaken in relatively the same location. 
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Table 1. Site locations at each lake where samples were taken in September and December 
2021. 

                            Sampling Location 
Lake    Eastings    South 
Ohakuri 176°05'36"E 38°24'40"S 
Ōkāreka 176°21'09"E 38°10'15"S 
Okaro 176°23'39"E 38°17'53"S 
Rerewhakaaitu 176°29'31"E 38°17'55"S 
Rotoehu 176°32'08"E 38°01'28"S 
Rotomā 176°34'58"E 38°03'02"S 
Rotorua 176°15'58"E 38°07'34"S 
Taupō 176°03'49"E 38°41'23"S 
Tikitapu 176°19'47"E 38°11'32"S 

2.2.3   Zooplankton sampling 

Following common methods used in New Zealand literature, such as those of Jolly (1965), 

Chapman (1973) and James (1987), three vertical net hauls were conducted off the side of a 

boat from a depth of 8 m to the water’s surface. Each haul was conducted using 20 cm mouth 

diameter zooplankton nets of differing mesh sizes: 37 µm, 75 µm and 100 µm. Material 

collected in the nets were poured into pre-labelled sample containers, ensuring the inner mesh 

was carefully rinsed with deionised water to collect any zooplankton stuck to the net. 

Zooplankton samples was immediately preserved using 95% ethanol (>50% final 

concentration). All sampling equipment was thoroughly washed in a saline solution between 

sites to avoid cross-contamination of samples and to reduce the risk of pest plant and animal 

transfer among lakes. 

2.2.4   Laboratory analysis 

Prior to analyses, each zooplankton sample was filtered using a 37 µm sieve and rinsed with 

freshwater to remove ethanol from the sample. The sieve and sample container were thoroughly 

rinsed to ensure all the specimens within the net were collected. Samples were then made up to 

a known volume, between 15 mL and 100 mL, depending on the clarity of the sample. Samples 

with high amounts of organic matter were made up to larger volumes, this was to dilute the 

sample making it easier to analyse under the microscope. Each sample was counted in 5 mL 
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aliquots in a gridded Perspex counting tray (12 columns, 5 rows) using an Olympus SZ40 stereo 

microscope at magnifications between 20x and 40x. Aliquots were counted until at least 300 

individual zooplankton were recorded. When an unknown individual was found, it was removed 

from the sample, placed on a slide, and examined using an Olympus BH-2 compound 

microscope at magnifications between 100x and 400x. All zooplankton were identified to 

species level where possible, using appropriate taxonomic keys (Shiel, 1995; Chapman et al., 

2011). Soft-bodied rotifers, when necessary, were identified through the examination of their 

trophi (jaws). To do so, a rotifer specimen was placed onto a slide with a coverslip. A drop of 

sodium hypochlorite (10%) was then added to one edge of the coverslip, and using filter paper 

on the opposite edge, drawn under the coverslip to erode the body and reveal the trophi (Shiel, 

1995). 

2.2.5   General Statistical analysis 

Prior to conducting statistical analyses on the data, the dataset was split into three different year 

groups; 1950-69, 1970-90, based on their publication date, and 2021. All the lakes selected had 

samplings within each category, apart from Lake Rotoehu and Rotorua. Due to already losing 

access to two lakes due to the Covid 19 pandemic, it was decided to keep these lakes within the 

dataset. While conducting my literature review, I was unable to find zooplankton composition 

data for the 1970-90 year group for Lake Rotorua. Thus, it was decided to include Chapman & 

Green (1999) in the dataset, where sampling took place in 1994-95. Although this falls out of 

the established cut-off period, having a more complete dataset was of priority. 

The dataset used in this particular analysis consisted of presence-absence data, which was 

simply the list of species of zooplankton that were present or absent in each lake on each 

sampling event. Species richness within each net could also be calculated using the presence- 

absence dataset. This was done by simply counting the number of species present within each 

lake, and within each net from the 2021 sampling. Some lakes had more than one sampling 

event among years, e.g., Lake Taupō had two samples within the 1950-69 period. This was dealt 
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with by only considering each species as one count between samples, such that all zooplankton 

from within the same lake were combined into a single list. 

2.2.6   Zooplankton compositional changes statistical analysis 

The following analyses were undertaken to test for zooplankton community composition 

changes through time, by comparing the 1950-60, 1970-90 and 2021 zooplankton presence-

absence data. A total of three separate analyses were run, each time using the 1950-69 and 1970-

90 presence-absence data, and one of the three 2021 zooplankton net datasets (37 µm, 75 µm 

and 100 µm). This was to investigate differences in the composition of zooplankton through 

time, while also investigating whether variations in mesh size were responsible for some of the 

observed changes, and determine if the changes observed are an artefact of sampling method. 

Compositional data from the 2021 summer and early spring sampling periods were combined to 

create an overall species list of zooplankton for each lake and each net size. Copepod nauplii 

were removed from the species lists before analysis as identification to species level could not 

be undertaken confidently, and as species level identifications of nauplii were also not 

undertaken in the historical collections. Most rotifer taxa within the historical research papers 

were only identified to genus level. To ensure the 2021 data replicated the taxonomic level of 

the historical dataset, rotifers identified within the 2021 samples were grouped at the genus level 

(e.g., Keratella spp). Some rotifer species (e.g., Conochilus unicornis), did not need to be 

grouped to genus level as they were not identified within the historical published records. 

Furthermore, copepods in the genus Mesocyclops were all designated as Mesocyclops 

australiensis; several historical collections have identified Mesocyclops as the European M. 

leuckarti, though recent studies recognise that the species in New Zealand is M. australiensis 

(Bayly, 1995). 

Species richness of the 1950-69, 1970-90 and 2021 zooplankton community datasets were 

analysed using repeated measures analysis of variance testing (rmANOVA). An rmANOVA is 
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used to analyse the difference between the means of groups of related dependent variables. 

Bonferroni post-hoc testing was conducted if significant differences were found within any of 

the rmANOVA tests to determine what variables were responsible for these differences. A 

Bonferroni post-hoc test was selected for this analysis as it is suitable for reducing the incidence 

of a false positive within studies involving repetitive sampling (Armstrong, 2014). Bar graphs 

were constructed using the average species richness of each year group, and standard deviation 

error bars were applied to the bar graph to communicate how accurately the mean value 

represents the dataset; large error bars indicate less reliable statistical significance whilst smaller 

error bars are more reliable. Univariate tests were undertaken using STATISTICA version 

13.5.0.17 (Statsoft, Inc., Tulsa, OK, USA). 

Using PRIMER 7 (version 7.0.17), differences in zooplankton community composition through 

time were assessed. A Bray-Curtis similarity matrix was calculated on the presence-absence 

dataset (equivalent to the Jaccard’s index). A two-dimensional non-metric multidimensional 

scaling (nMDS) ordination plot of the data was constructed based on the similarities in species 

composition of each lake to each other. An ordered Analysis of Similarities (ANOSIM) was then 

conducted to test for statistically significant differences between the zooplankton community 

composition among time periods and were repeated for each net size also. ANOSIM is a non-

parametric permutation method applied to the Bray-Curtis similarity matrix underlying the 

nMDS ordination plot (Clarke & Warwick, 1998). A calculated Global R-value was produced 

from the ANOSIM, which is a direct measure of dissimilarity among the groups of samples. An 

R-value close to 1 indicates zooplankton community composition among the selected groups are 

dissimilar, whilst a value closer to 0 indicates similarity between the selected groups. When 

differences among time periods were significant, a similarity percentage (SIMPER) analysis 

was used to examine the contribution of zooplankton taxa to the average dissimilarity of 

category pairs (e.g., 1950-1969 vs 2021). Only zooplankton taxa contributing > 5% to the 

dissimilarity between community composition among the respective groups were considered in 

this analysis. 
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2.3   Results 

2.3.1   Species richness within presence-absence dataset 

Each of the rmANOVA analyses indicated significant differences in species richness between 

the historical year groups, 1950-69 and 1970-90, and the corresponding 2021-year groups (37 

μm, 75 μm and 100 μm) (p<0.05). There was a general trend of increased species richness 

through time for the finer mesh samples and the historic samples, yet the 100 um samples 

appeared to be representative of the 1970-90 samples (Figure 2). 

The Bonferroni post-hoc test applied to the 2021 37 μm zooplankton data and the historical data 

indicated there was no significant difference between the 1970-90 and 2021 species richness 

(p=0.175), but there was a significant difference between the 1950-69 and 1970-90 (p=0.017), 

with the mean of 1970-90 being higher than 1950-69 (μ=9.25 and μ=4.36 respectively). A 

significant difference was also found between 1950-69 and 2021 species richness (p<0.05). with 

the mean for 2021 being higher than 1950-69 (μ=12.63 and μ=4.36 respectively). For the 2021 

75 μm mesh net and historical zooplankton data, the Bonferroni post-hoc test also indicated no 

significant difference existed in species richness between 1970-90 and 2021 (p=0.123), but 

significant differences in species richness were evident between 1950-69 and 1970-90 

(p=0.017), with the mean of 1970-90 (μ=9.43) being higher than 1950-69 (μ=4.71). There was 

also a significant difference observed between 1970-90 and 2021 (p<0.05), with the mean from 

2021 being higher than 1970-90 (μ=13.14 and μ=9.43, respectively). The third Bonferroni post-

hoc test for the 2021 100 μm mesh net and historical zooplankton data indicated no significant 

difference in zooplankton species richness between 1970-90 and the 2021 100 μm mesh net data 

(p=1.00), but significant differences in zooplankton species richness between 1950-69 and 

1970-90 (p=0.030), with the mean of 1970-90 being higher than 1950-69 (μ=9.25 and μ=4.38 

respectively) and 1950-69 and 2021 (p=0.026), with the mean for 2021 being higher than 1950-

69 (μ=9.38 and μ=4.38 respectively). 
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Overall, the 1950-69 period had the lowest species richness, whilst the 2021 37 μm and 75 μm 

mesh net species richness had the highest. The 2021 100 μm mesh net had lower species 

richness than the 37 μm and 75 μm nets and is more reflective of the 1970-90 species richness. 

The standard deviation bars of the 1950-69 and 1970-90 show a greater spread of data in the 

sample population, thus a greater range of means of species richness within samples, compared 

to the 2021 37 μm and 75 μm standard deviation bars that show a smaller spread of data. 

Interestingly, the 2021 100 μm standard deviation bar is more similar to the 1950-69 and 1970-

90 standard deviation bars. 

 

Figure 2 Bar graph showing the species richness of each year group, and the three different 
zooplankton net mesh sizes used in 2021, with accompanying standard deviation bars. 

 

2.3.2   Zooplankton community composition observations from the historical dataset and 

the 2021 37 μm zooplankton net mesh dataset 

The ordination plot constructed using the historical dataset and the 2021 37 μm mesh 

zooplankton net samples indicated separation of samples from each of the year groupings. The 

1950-69 samples were distributed to the left of the ordination, the 1970-90 samples were 

distributed closer to the centre and right, and the 2021 samples were distributed on the upper 
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right of the ordination. The separation of the samples indicates zooplankton community 

composition has progressively changed through time. It is important to note that time is a more 

important factor than geography, as individual lakes are not grouped together among different 

time periods. In the centre of the ordination, the Rotorua (RT) and Ohakuri (OH) samples 

(collected in the 1960s) were distributed independently from the 1950 samples, overlapping 

within the 1970-90 samples. The overlap of the 1960s samples with the 1970-90 samples 

indicates similarities in community composition at this time. The stress value, an expression of 

fit of the ordination to the Bray-Curtis similarity matrix, was 0.10 for this analysis, which 

corresponds to a good ordination with little prospect of a misleading interpretation (Clarke & 

Warwick, 2001). 

 

Figure 3. Non-metric multidimensional scaling ordination (nMDS) showing historical 
zooplankton communities (1950-90) from Bay of Plenty and Waikato region lakes and 2021 

zooplankton communities sampled with a 37 μm mesh zooplankton net. 
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ANOSIM indicated that the difference in zooplankton community composition between the 

three year groupings was significant (Global R = 0.503, p = 0.001), and pairwise testing 

indicated significant differences in zooplankton community composition between each possible 

combination of the three year groupings; 1950-69 and 2021 (r = 0.940, p = 0.001), 1950-69 and 

1970-90 (r = 0.557, p = 0.001) and 1950-69 and 1970-90 (r = 0.506, p = 0.001). Similarity 

percentages (SIMPER) analyses were used to identify the contribution of each zooplankton 

taxon to the observed dissimilarity between the three-year groupings for each of the 

zooplankton nets. The SIMPER analysis for the 1950-69 samples and the 2021 37 μm 

zooplankton net samples (Table 2) indicated that all zooplankton taxa contributing > 5% to the 

dissimilarly were found in higher frequencies within the 2021 samples than in the 1950-69 

samples. The greatest dissimilarity was attributed to bdelloid rotifers, which were completely 

absent from the 1950-69 samples (frequency of 0) but were present in all the 2021 37 μm net 

samples (frequency of 1). Following this, in order of contribution percentage, were Synchaeta 

spp., Polyarthra spp., Trichocerca spp., Keratella spp. and Asplanchna spp. All increased from 

complete absence or low frequencies in the 1950-69 data, to high average frequencies in 2021. 

The cladoceran Daphnia galeata increased from total absence in the historical samples yet were 

present in high frequencies within the 2021 samples. The cladoceran Chydorus spp. also 

increased from low average frequency in 1950-69 samples, to high average frequencies of 

occurrence across the 2021 samples. 

The SIMPER analysis for 1970-90 and the 2021 samples (Table 3) indicated that four of the five 

zooplankton taxa contributing >5% to the dissimilarity had higher average frequencies in the 

2021 samples relative to the 1970-90 samples. Like the prior SIMPER analysis, bdelloid rotifers 

showed the greatest dissimilarity, followed by the cladoceran Daphnia galeata. In order of 

contribution percentage, the rotifers Trichocerca spp. and Synchaeta spp. were present at low 

frequencies in the 1970-90 samples and increased to high average frequencies in 2021. 

Macrocyclops albidus was the only zooplankton taxon within this analysis to decrease in 
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frequency; this species was common in the 1970-90 samples and was absent in the 2021 

samples. 

Table 2. SIMPER analysis using 1950-69 zooplankton community composition data and 2021 
37 μm zooplankton net community composition data throughout the Waikato and Bay of Plenty 
regions. Species and/or taxa include only those contributing greater than 5% to the dissimilarity 

between the year groupings. 

  1950-69 2021   
Species  Average 

frequency of 
occurrence across 
9 lakes 

Average frequency 
of occurrence 
across 9 lakes 

Contribution to differences 
in community composition 
change (%) 

Bdelloid spp.  0.00 1.00 8.77 
Synchaeta spp.  0.00 0.89 7.87 
Daphnia galeata 0.00 0.89 7.81 
Polyarthra spp.  0.00 0.89 7.75 
Trichocerca spp. 0.00 0.89 7.68 
Keratella spp. 0.07 0.89 7.42 
Asplanchna spp. 0.07 0.89 7.13 
Chydorus spp.  0.07 0.67 5.32 

 

Table 3. SIMPER analysis using 1970-90 zooplankton community composition data and 2021 
37 μm zooplankton net community composition data throughout the Waikato and Bay of Plenty 
regions. Species and/or taxa include only those contributing greater than 5% to the dissimilarity 

between the year groupings. 

  1970-90 2021   
Species  Average frequency 

of occurrence 
across 9 lakes 

Average frequency 
of occurrence 
across 9 lakes 

Contribution to 
differences in 
community 
composition change 
(%)  

Bdelloid spp.  0.00 1.00 8.68 
Daphnia galeata 0.00 0.89 7.73 
Trichocerca spp. 0.15 0.89 6.70 
Macrocyclops albidus  0.77 0.00 6.43 
Synchaeta spp.  0.38 0.89 5.53 
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2.3.3   Zooplankton community composition observations from the historical dataset and 

the 2021 75 μm zooplankton net mesh dataset 

The nMDS ordination for 2021 75 μm mesh zooplankton net samples and the historical data set 

also indicated the separation of samples from each year grouping, similar to that observed in the 

37 μm ordination plot; 2021 samples were distributed on the upper right side of the ordination, 

1970-90 samples were generally distributed in the lower right and mid area, and the 1950-69 

samples were distributed to the left area of the ordination. The gradient of 1950-69 samples to 

the left of the ordination, 1970-90 in the centre and 2021 samples to the right of the ordination, 

indicated that zooplankton community composition has changed through time. Yet again, the 

1960 samples were distributed independently of the 1950 samples and overlapped with the 

1970-90 samples. This overlap of samples indicates that between 1960 and 1990, the 

composition of zooplankton communities was similar. The stress value of this ordination plot 

was 0.09, indicating an ordination with an excellent representation of the underlying Bray-

Curtis similarity matrix, with no prospect of misinterpretation (Clarke & Warwick, 2001). 
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Figure 4. Non-metric multidimensional scaling ordination (nMDS) showing historical 
zooplankton communities (1950-90) from Bay of Plenty and Waikato regions lakes and 2021 

zooplankton communities sampled with the 75 μm mesh zooplankton net data. 

 

ANOSIM again indicated that differences in zooplankton community composition between the 

three-year groups were significant (Global R = 0.442; p = 0.001). Pairwise tests indicated that 

zooplankton community composition was significantly different between each possible pairing 

of the three different year groupings; between 1950-69 and 2021 (r = 0.920; p = 0.001), 1970-90 

and 2021 (r = 0.452; p = 0.002), and 1950-69 and 1970-90 (r = 0.438; p = 0.001).  

The SIMPER analysis for the 1950-69 samples and 2021 75 μm zooplankton net samples (Table 

4) indicated that of the ten zooplankton taxa contributing most greatly (>5%) to the dissimilarity 

in community composition, eight were rotifer taxa. Additionally, all zooplankton taxa 

considered in this analysis had higher average frequencies in the 2021 samples than in the 1950-

69 samples. Many of the rotifer taxa increased from total absence in the 1950-69 samples to 

high average frequencies in 2021: Polyarthra spp., Synchaeta spp., Trichocerca spp., bdelloid 
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rotifers, Collotheca spp. and Conochilus unicornis. The rotifers Asplanchna spp. and Keratella 

spp. were the only rotifer taxa present, although in small frequencies, within the 1950-69 

samples. The cladoceran Daphnia galeata and cyclopoid copepod Mesocyclops australiensis 

both increased in importance from total absence in the 1950-69 samples, to high and relatively 

high average frequencies in 2021. 

The SIMPER conducted on the 2021 75 μm zooplankton net samples and 1970-90 samples 

indicated that rotifers were the zooplankton group to contribute most greatly to the dissimilarity 

in community composition. The rotifers Trichocerca spp., bdelloid spp., Synchaeta spp., 

Conochilus unicornis, Collotheca sp., Polyarthra spp., and the copepod Mesocyclops 

australiensis, all increased in frequency from the 1970-90 samples to high average frequencies 

in 2021. The cladoceran Daphnia galeata was the greatest contributor to dissimilarity in 

zooplankton composition between the 1970-90 samples and the 2021 75 μm zooplankton net 

samples, increasing from total absence in 1970-90 to high average frequency in 2021. Lastly, 

the cyclopoid copepod Macrocyclops albidus was the only zooplankton taxon in this analysis to 

decrease in frequency, occurring widely in the 1970-90 samples, but was absent in the 2021 

samples, as was observed in the 37 μm dataset between these dates. 

Table 4. SIMPER analysis using 1950-69 zooplankton community composition data and 2021 
75 μm zooplankton net community composition data throughout the Waikato and Bay of Plenty 
regions. Species and/or taxa include only those contributing greater than 5% to the dissimilarity 

between the year groupings.  

  1950-69 2021   
Species Average 

frequency of 
occurrence 
across 9 lakes 

Average 
frequency of 
occurrence 
across 9 lakes 

Contribution to 
differences in 
community composition 
change (%)  

Polyarthra spp.  0.00 0.89 8.97 
Synchaeta spp.  0.00 0.89 8.97 
Asplanchna spp. 0.07 1.00 8.02 
Daphnia galeata 0.00 0.79 7.78 
Trichocerca spp. 0.00 0.89 7.60 
Keratella spp. 0.06 0.78 7.48 
Bdelloid spp.  0.00 0.78 6.66 
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Conochilus unicornis 0.00 0.56 5.68 
Mesocyclops australiensis 0.00 0.56 5.47 
Collotheca spp. 0.00 0.67 5.37 

 

Table 5. SIMPER analysis using 1970-90 zooplankton community composition data and 2021 
75 μm zooplankton net community composition data throughout the Waikato and Bay of Plenty 
regions. Species and/or taxa include only those contributing greater than 5% to the dissimilarity 

between the year groupings. 

  1970-90 2021   
Species  Average 

frequency of 
occurrence 
across 9 lakes 

Average frequency 
of occurrence 
across 9 lakes 

Contribution to 
differences in 
community 
composition change 
(%)  

Daphnia galeata 0.00 0.78 8.00 
Trichocerca spp. 0.15 0.89 6.87 
Macrocyclops albidus  0.77 0.00 6.61 
Bdelloid spp.  0.00 0.78 6.23 
Synchaeta spp.  0.38 0.89 5.97 
Conochilus unicornis 0.00 0.56 5.81 
Collotheca spp.  0.00 0.67 5.56 
Mesocyclops australiensis 0.15 0.56 5.29 

Polyarthra spp. 0.54 0.89 5.19 

 

2.3.4   Zooplankton community composition observations from the historical dataset and 

the 2021 100 μm zooplankton net mesh dataset 

The ordination plot constructed using the historical dataset and 2021 100 μm mesh zooplankton 

net samples also indicated a separation of samples from each of the year groupings, similar in 

distribution to the 37 μm and 75 μm nMDS ordinations. The 2021 100 μm samples were 

distributed to the lower right and centre, and the 1950-69 samples were distributed to the left 

and upper left area of the ordination. The separation within the ordination indicates variability in 

the community composition of zooplankton has changed from 1950-69 to 2021. Like the prior 

ordinations, the 1960 samples were distributed in the mid-area of the ordination, overlapping 
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with the 1970-90 samples. This overlap indicates similar zooplankton community composition 

during these time periods. The stress value of this ordination was 0.13, indicating the ordination 

is a good representation of the underlying Bray-Curtis similarity matrix with little prospect for 

misinterpretation (Clarke & Warwick, 2001). 

 

Figure 5. Non-metric multidimensional scaling ordination (nMDS) showing historical 
zooplankton communities (1950s 1990s) from Bay of Plenty and Waikato regions lakes and 

2021 zooplankton communities sampled with the 100 μm mesh zooplankton net data. 

 

ANOSIM indicated that differences in zooplankton community composition between the three 

year groupings were significant (Global R=0.467, p=0.001). Pairwise tests indicated significant 

differences among all possible combinations of the three different year groupings. Thus, each 

group was significantly different from one another; 1950-69 and 2021 (r=0.857; p=0.001), 

1970-90 and 2021 (r=0.525; p=0.001) and 1950-69 and 1970-90 (r=0.506; p=0.001). 
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The cladoceran Daphnia galeata had the greatest contribution to the dissimilarity in the 

SIMPER analysis between the 2021 100 μm net samples and the 1950-69 samples (Table 6), 

increasing from total absence during 1950-69 to a high average frequency in the 2021 samples. 

The rotifers Asplanchna spp. and Synchaeta spp., cladoceran Chydorus spp. and copepod 

Mesocyclops australiensis all increased from either total absence, or very low average 

frequencies during 1950-69, to high average frequencies in 2021. A decrease in the average 

frequency of the cladoceran Ceriodaphnia dubia was observed, the only zooplankton taxon in 

this analysis to decrease in average frequency since 1950-69 sampling. 

Like the prior SIMPER analysis, the cladoceran Daphnia galeata had the highest contribution 

percentage to community composition change, increasing from total absence in 1970-90 to a 

high average frequency in 2021 (Table 7). Furthermore, Macrocyclops albidus was the species 

with the second highest contribution percentage, decreasing in frequency from the historical 

samples to complete absence within the 2021 samples (Table 7). Within this SIMPER analysis, 

there were several zooplankton taxa found more frequently among the historical samples than in 

the 2021 samples, which was not commonly observed in my previous analyses. Zooplankton 

that increased in average frequency from 1970-90 to 2021 were the copepod Mesocyclops 

australiensis, cladoceran Chydorus spp. and rotifer Synchaeta spp.. Zooplankton that decreased 

from higher average frequency in 1970-90 to 2021 samples were the copepod Macrocyclops 

albidus, cladoceran Ceriodaphnia dubia and rotifer Polyarthra spp.. 

Table 6. SIMPER analysis using 1950-69 zooplankton community composition data and 2021 
100 μm zooplankton net community composition data throughout the Waikato and Bay of 
Plenty regions. Species and/or taxa include only those contributing greater than 5% to the 

dissimilarity between the year groupings. 

  1950-69 2021   
Species  Average 

frequency of 
occurrence across 
9 lakes 

Average 
frequency of 
occurrence 
across 9 lakes 

Contribution to 
differences in 
community 
composition change 
(%)  

Daphnia galeata 0.00 1.00 13.16 
Asplanchna spp. 0.07 1.00 12.04 
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Chydorus spp.  0.07 0.89 11.23 
Mesocyclops australiensis 0.00 0.78 9.89 
Synchaeta spp. 0.00 0.67 7.71 
Ceriodaphnia dubia 0.71 0.56 6.71 

 

Table 7. SIMPER analysis using 1970-90 zooplankton community composition data and 2021 
100 μm zooplankton net community composition data throughout the Waikato and Bay of 
Plenty regions. Species and/or taxa include only those contributing greater than 5% to the 

dissimilarity between the year groupings. 

  1970-90 2021   
Species  Average 

frequency of 
occurrence 
across 9 lakes 

Average 
frequency of 
occurrence 
across 9 lakes 

Contribution to 
differences in community 
composition change (%)  

Daphnia galeata  0.00 1.00 11.04 
Macrocyclops albidus  0.77 0.00 8.09 
Mesocyclops australiensis  0.15 0.78 7.50 
Chydorus spp.   0.38 0.89 6.84 
Synchaeta spp.   0.38 0.67 5.88 
Ceriodaphnia dubia  0.92 0.56 5.62 
Polyarthra spp.  0.54 0.33 5.28 

 

2.4   Discussion 

Strong evidence was found of zooplankton diversity and community composition change 

between the 1950s and 2021. Each of the nMDS ordination plots (Figure 3, 4, & 5) and 

associated ANOSIM analyses indicated a temporal gradient in zooplankton composition. These 

observed temporal gradients imply consistent patterns of change in zooplankton composition 

across a variety of lakes through time. These major changes observed were the high frequencies 

of Daphnia galeata in the 2021 samples, a species that was completely absent from the 

historical samples; the absence of Macrocyclops albidus from the 2021 samples, and the 

common occurrence and high frequencies of rotifer in the 2021 samples compared to the 

historical samples. 
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2.4.1   Daphnia galeata invasions into lakes of New Zealand 

The cladoceran Daphnia galeata was the highest contributing species to the dissimilarity in 

community composition change between the 2021 and historical samples. Daphnia galeata was 

completely absent from the 1950-69 and 1970-90 samples yet was found at a high frequency in 

samples collected in 2021. These findings are consistent with the first observations of D. 

galeata entering New Zealand’s lakes. Prior to 1990, Daphnia were considered uncommon 

constituents of zooplankton communities in New Zealand’s lakes, particularly in the North 

Island (Chapman et al., 1975; Duggan & Collier, 2018). Daphnia galeata were first identified in 

New Zealand’s lakes in the early 1990s (Duggan et al., 2006), and has become widespread 

invaders in North Island freshwater bodies (Chapman et al. 2011; Duggan & Pullan, 2017; Ye et 

al. 2021). 

As of the early 1990s, two non-indigenous Daphnia species were known to have established 

populations in New Zealand; Daphnia pulex (Leydig, 1860) and the previously cited Daphnia 

galeata (Duggan et al., 2006). The North American species D. pulex was first observed in lakes 

of the South Island in 2005 (Duggan et al., 2012) and was more recently identified inhabiting 

ponds in the Auckland region of the North Island (Branford & Duggan, 2017). Daphnia galeata 

was first recorded within samples from Lake Rotoroa, Hamilton, in 1993, and was found to be 

widespread in a survey conducted of lakes throughout the Waikato and Auckland regions in 

1997-98 (Duggan et al., 2006). Overall, this species has become the most common and 

widespread species of Daphnia in North Island freshwater systems yet remains relatively rare in 

South Island freshwater systems (Duggan & Pullan, 2017). Thus, my result of D. galeata being 

absent from studies from 1950-69 and 1970-90, and high average frequencies within the 2021 

samples, is consistent with its timing of discovery in North Island waters. 

Daphnia are a relatively large-bodied, fast-growing genus of cladoceran (Karabanov et al., 

2018), and highly efficient filter feeders (Balvert et al. 2009). They are well-known for their 

ability to colonise eutrophic lakes by taking advantage of changes in nutritional conditions 
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(Spaak et al., 2012; Karabanov et al., 2018) and being highly effective phytoplankton grazers 

(Ha & Hanazato, 2009). Many accounts of Daphnia invasions within European lakes have been 

reportedly linked to their ability to inhabit eutrophic water bodies (Jankowski & Straile, 2003; 

Rellstab et al., 2011; Spaak et al., 2012). Within central Europe, D. galeata were reported to 

have successfully invaded Lake Constance and numerous other lakes within Switzerland 

following World War II, due to an increase of nutrient input into freshwater systems from 

population growth (Brede et al., 2009; Rellstab et al., 2011; Spaak et al., 2012). Although this is 

perhaps the case overseas, my data show that D. galeata was found in high frequencies within 

lakes of differing trophic levels. For example, D. galeata was found to be present in high 

numbers during both sampling events in eutrophic Lake Okaro and Rotoehu yet was also 

present in mesotrophic Lake Rerewhakaaitu and oligotrophic Lake Taupō. Based on my 

research alone, degradation of lake trophic state cannot be suggested as a catalyst in the 

successful invasion of D. galeata into North Island lakes. 

The impact on existing communities by Daphnia galeata has been explored within New 

Zealand and internationally. Karabanov et al. (2018) investigated the invasion of D. galeata into 

the Lower Lakes of South Australia, and the potential impact this species may pose on the 

existing native biota was identified. It was suggested that due to D. galeata being large-bodied 

and fast-growing (Karabanov et al. 2018), it can easily occupy a dominant position within 

zooplankton communities. They also have well adapted defence mechanisms to avoid predation 

by fish, such as vertical diel migration (Spaak et al., 2012; Karabanov et al., 2018), and overall, 

compared to other species of native Australian zooplankton have superior competitive abilities. 

Balvert et al. (2009) also found the timing of invasion of D. galeata into Lake Puketirini to 

coincide with decreased chlorophyll a concentrations and rotifer abundances. Interestingly, my 

research found rotifers to be highly abundant within samples, especially within the smaller 

meshed nets (37 μm and 75 μm). As to how D. galeata may have entered New Zealand waters 

remains speculative, yet being so common among lakes around the North Island indicates their 

invasion has been very successful. Like many invasive species that have entered New Zealand, 
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natural passive dispersal into the country was highly unlikely due to being geographically 

isolated (Duggan et al., 2006). Thus, the prospect of this species arriving through human 

facilitated activities is possible. 

From my research, it is difficult to decipher just how much of an impact D. galeata potentially 

has had on the existing zooplankton communities. What can be confidently determined is that 

my results are not consistent with that of Balvert et al. (2009), as rotifers were abundant within 

the 2021 samples, even in the presence of D. galeata. Their recent invasion into New Zealand’s 

waters and active presence within samples taken in 2021, indicates that they are now a 

component of the plankton within most North Island lakes. Their presence remains largely 

isolated within the North Island. However, they may have been accidentally introduced into the 

South Island recently, in conjunction with Grass Carp introductions for the purpose of weed 

control (Duggan & Pullan 2017). 

2.4.2   Absence of Macrocyclops albidus from the 2021 samples 

My results show that from 1950-69 to 1970-90, the cyclopoid copepod Macrocyclops albidus 

increased in average frequency, and had the second highest contribution percentage of all the 

species. Yet, from 1970-90 to 2021, M. albidus were the only zooplankton species to decrease in 

frequency, being completely absent from the 2021 samples. This result suggests that this species 

is not common or abundant within North Island lakes. 

Within multiple research papers included within my literature review, M. albidus were present 

in samples, but never abundant. Historical studies conducted in Lake Taupō, during 1970-71, 

1974-76 and several of the Rotorua lakes during 1967-69 found M. albidus to be the only 

cyclopoid copepod present within samples and were only ever present in small numbers 

(Chapman, 1973; Forsyth & McCallum, 1980; Chapman et al., 1985; Chapman & Green, 1999). 

For example, Chapman (1973) stated that from samples collected in 1967-69 from lakes 

Rotorua and Rotoiti, M. albidus were the only cyclopoid copepod present and were never 
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abundant. Chapman et al. (1985) also found it in low abundances within samples from 1970-71, 

never forming more than 10% of samples taken from the seven lakes included in their study. 

Chapman & Green (1999) found it to be only a minor component of the plankton samples in 

Lake Rotorua during their 1995-96 sampling, and Forsyth & McCallum (1980) found it in very 

low abundances within Lake Taupō sampling in 1974-1976. Within more recent research papers, 

M. albidus is occasionally present within samples, but does not appear to be a common 

constituent of zooplankton communities. Interestingly, Mesocyclops australiensis appears to be 

the more common cyclopoid copepod within recent studies. Duggan & Hussain (2007) found 

within their report of trophic state change of Auckland lakes, M. albidus was present in Lake 

Kuwakatai only, whilst M. australiensis were found within all eight of the lakes. Within Duggan 

(2007) assessment of zooplankton community composition within ten Waikato lakes, M. albidus 

were found in Lake Otamatearoa, whilst Mesocyclops australiensis were found in six of the 

eight lakes. Copepods found within Burger et al. (2002) research of zooplankton abundance in 

the Waikato River did not include M. albidus, but again identified M. australiensis. Within the 

Duggan & Pullan (2017) study of aquaculture ponds, five copepod species were found, none of 

which were M. albidus. However. M. australiensis was again the only cyclopoid copepod 

identified. 

My data show that the absence of M. albidus coincides with the increase of two other large 

zooplankton frequencies; D. galeata and previously mentioned M. australiensis. Within the 

2021 samples from the 100 μm net, both D. galeata and M. australiensis had low average 

frequencies or were absent from historical samples yet were abundant within the 2021 samples. 

The same trend was observed within the finer meshed net samples. However, the frequency of 

occurrence of both zooplankton species in 2021 was lower than the 100 μm. Conversely, M. 

albidus were more common within the historical samples, and were absent within the 2021 

samples. A possible explanation for the absence of M. albidus within recent samples may be due 

to the invasion of D. galeata into North Island lakes. Although there is currently no research 

available supporting this, the establishment of Daphnia have been known to negatively affect 
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other zooplankton abundances (Duggan et al. 2006), and the standing crop of phytoplankton due 

to grazing pressures (Beisner, 2001). Multiple research projects have been conducted on the 

potential impact Daphnia can have on the cyclopoid copepod taxa Mesocyclops spp. A study 

conducted in Japan found Daphnia suppressed the abundances of Mesocyclops species due to 

competition for food resources during the naupliar life stage of Mesocyclops (Ha & Hanazato, 

2009). Vanni (1986) found similar results, in that Mesocyclops spp. were being outcompeted by 

Daphnia for food resources in their juvenile stages. Considering M. australiensis and D. galeata 

were found in high abundance within the 2021 samples, this competition for food resources may 

not be occurring within New Zealand waters between these two species. However, it may be 

having some impact on M. albidus with food competition. 

Within the literature, there is limited past research that suggests M. albidus has perhaps been 

outcompeted by other species, both within New Zealand and internationally. Therefore, these 

theories are only speculative. Further research is required to determine whether M. albidus is 

being outcompeted within New Zealand’s lakes by non-native species, such as D. galeata. 

2.4.3   Differences in historical and present-day Rotifers frequencies 

There is an evident contrast in species assemblages between the historical samples and the 2021 

samples. Low average frequencies of rotifer taxa were found in the 1950-69 and 1970-90 

research papers, while high frequencies of rotifer taxa were observed within the 2021 samples. 

Rotifers made up most of the species encountered in the 2021 samples and were the dominant 

taxon contributing to the dissimilarity in community composition changes over time. This was 

mostly observed within the 37 μm and 75 μm net samples (Table 2,3,4 & 5). Generally, the 

larger zooplankton taxa (copepods and cladocerans) were found in higher frequencies within 

samples from the 100 μm mesh net (Table 6 & 7). Furthermore, samples taken using the smaller 

meshed nets (37 μm and 75 μm) had higher species richness overall, than samples caught within 

the 100 μm net (Figure 2). Lower frequencies of rotifers recorded from historical studies and a 

high average frequency in the 2021 samples suggests a temporal shift in zooplankton 
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composition through time. However, this observed community composition shift from low to 

high rotifer taxa frequencies may not be completely true and may represent changing sampling 

methods through time. 

Rotifers were less represented in the historic research compared with recent samples and 

compared to cladocerans and copepods in those papers. Many resources used to construct my 

historical zooplankton community composition dataset came to similar conclusions regarding 

rotifers; that rotifers were of minor importance within zooplankton communities, they were 

studied in little detail, or were completely absent from samples. For example, Jolly (1959) 

deemed rotifers to be uncommon and rarely important within the sampled plankton among 

several North Island lakes (all lakes included within this study, except for Ohakuri). In 1965, she 

acknowledged rotifers as uncommon within samples from Lake Taupō (Jolly, 1959). Chapman 

et al. (1985) stated within their study of seven Rotorua lakes that rotifers were not studied in 

detail, nor were they of major importance within many of the lakes sampled during 1977-78. 

Chapman & Green (1987), in a review of New Zealand zooplankton, even speculated that rotifer 

species diversity may be low within New Zealand freshwater bodies relative to elsewhere, based 

on the small number of studies that have given adequate attention to rotifer identification. 

Rotifers are highly opportunistic zooplankton. Rotifers are able to rapidly fill available niches 

due to having fecundity, short generational times, and high dispersal abilities (Shiel, 1995; 

Pennak, 1978; Virro, 1999; Arcifa et al., 2020). It is difficult to be convinced of the idea that 

rotifer species diversity was low within New Zealand freshwater bodies and was historically 

insignificant within the plankton, as they are characteristically opportunistic and highly 

adaptable. Rotifers are among the smallest of the freshwater metazoans (Gannon & Stemberger, 

1978), therefore a zooplankton net of finer mesh would be required when sampling to quantify 

rotifer communities. Interestingly, past research papers did not always consider this, and it 

became apparent when conducting the literature review that many past sampling events within 

New Zealand’s lakes used very coarse meshed zooplankton nets. It has been documented 



49 
 

numerous times that rotifers were frequently overlooked or improperly quantified due to the size 

of mesh used within the historical sampling (Likens & Gilbert, 1970; Chapman et al., 1985; 

Chick et al., 2010). For example, Forsyth & McCallum (1980), conducting research on Lake 

Taupō, identified large changes in the zooplankton community since an earlier description by 

Jolly (1965; 1959), with rotifers making up 49.7% of their total samples numerically. There was 

a noticeable variation in zooplankton mesh sizes used; Forsyth & McCallum (1980) utilised a 

55 μm zooplankton net, while Jolly (1965) used a zooplankton net with No. 4 bolting silk, 

equivalent to 318 μm mesh size. Forsyth & McCallum (1980) acknowledged sampling with a 

net of such coarse mesh size would not have been appropriate to catch most rotifers.  

The historical underestimation of rotifer species has been reported to date as far back as 1916, 

when Juday stated number 20 silk bolting cloth (equivalent to 75 μm mesh), was an adequate 

mesh size for sampling the vast majority of rotifer taxa (Gilbert & Williamson, 1983; Chick et 

al., 2010). The use of an improper mesh size whilst sampling zooplankton communities can bias 

results, as a coarse mesh will sample only the larger individuals from a population (Likens & 

Gilbert, 1970). Results cannot be expected to be characteristic of the natural communities as a 

result, which may be the case within some of the historical literature. Legitimate reasons for 

employing the use of larger meshed nets do exist, including the avoidance of filtration errors 

due to clogging within smaller meshed nets (Likens & Gilbert, 1970; Chick et al., 2010), 

especially in lakes with higher turbidity. It was not mentioned in any of the resources that 

clogging was avoided by using larger meshed zooplankton nets at the expense of biased results. 

Thus, to assume this is why larger meshed nets were used would not be accurate. 

Based on my findings, it is more likely that an inadequate use of zooplankton net mesh sizes 

was causing an underestimation of rotifers historically, rather than a shift in community 

composition within North Island lakes. In more recent studies, it has been reported that rotifers 

are the dominant group of zooplankton within freshwater ecosystems (Saler, 2004; Ismail & 

Adnan, 2016). Rotifers dominating species lists has been observed within many recent research 
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papers in New Zealand (e.g., Duggan et al., 2004; Duggan & Pullan, 2017). Furthermore, in a 

study of rotifer species distributions, an average of 21.1 rotifer species were found within a set 

of 35 North Island lakes (Duggan et al., 2002).  

Another interesting discovery within my study when considering past research papers is that 

rotifers did not appear to become less important within zooplankton communities despite the 

presence of D. galeata. As mentioned earlier, Daphnia species have the potential to negatively 

impact rotifers communities once established in a new environment. This is fundamentally due 

to Daphnia’s ability to outcompete rotifers for food resources (Gilbert, 1988; MacIsaac & 

Gilbert 1989), as they are highly efficient filter feeders and grazers of phytoplankton. A study 

conducted by Balvert et al. (2009) found within Lake Puketirini, New Zealand, a shift in 

zooplankton community composition from one dominated by rotifers, to cladocerans (Daphnia 

galeata). This was ultimately deemed a result of increasing lake water clarity due to D. galeata’s 

highly efficient filter feeding capabilities (Balvert el at., 2009). It is therefore interesting to 

observe within my results a high average frequency of rotifers as well as high average 

frequencies of D. galeata within the 2021 samples. As both resources above concluded Daphnia 

were outcompeting rotifer for food resources, my results could then be indicating that food 

resources within the lakes sampled are not a limiting factor.  

2.4.4   Species richness 

Differences in species richness between historical sampling and recent sampling were mostly 

significant. There was a general trend of increasing species richness through time, in that the 

historical samples had lower species richness than the 2021 samples combined. This may be 

explained by the underrepresentation of rotifers within historical samples due to improper net 

mesh selection. The 2021 100 μm net samples also appear to have a species richness more 

representative of the 1970-90 samples, as seen in the bar graph (Figure 2). Interestingly, the 

Bonferroni post-hoc testing revealed that specifically, there is no significant difference in 

species richness between the years 1970-90 and all three of the 2021 net samples. 
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Several of the historical research papers used within this research utilised mesh sizes of 100 um 

or larger. For instance, Jolly (1959) sampled several the Rotorua lakes using a net with 318 μm 

mesh, Jolly (1965) sampled Lake Taupō with a 239 μm zooplankton net, Chapman et al. (1985) 

sampled several Rotorua lakes using a net with 158 μm mesh and Chapman (1973) sampled 

Lake Rotorua with a net of 100 μm mesh. This could explain why the 2021 100 μm net samples 

are more representative of the 1970-90 samples in terms of species richness, as several of the 

past research papers utilised zooplankton nets with mesh sizes of 100 μm and 158 μm. 

However, it would be expected that there was significant difference between the 2021 37um and 

75um samples and the historical samples species richness due to the difference in the sizes of 

the zooplankton net mesh used. However, the standard deviation bars for the bar graph do show 

that the 1950-69 and 1970-90 samples have a greater range of species richness’ than the 37 μm 

and 75 μm samples. This could indicate that perhaps even though there were a greater number 

of rotifer species found within the 37 μm and 75 μm samples, historical samples could have had 

a higher number of larger zooplankton species within samples. More recent sampling may have 

been more impacted by clogging, due to several of the lakes being eutrophic, and thus had 

greater spill over and loss of the large zooplankton species, than previously thought. 
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Chapter Three: The influence of mesh size of nets 

on zooplankton composition and species richness 

estimates in New Zealand lakes 

3.1   Introduction 

When conducting any type of research, a well thought out sampling design is imperative for 

producing reliable, robust data (Gajbhiye, 2002). Sampling success is largely dependent on the 

equipment selected and should be contingent on the project objective. The ability to collect 

representative measurements of zooplankton community composition and diversity relies 

heavily on the methodology that is used while sampling (Goswami, 2004). Zooplankton are a 

widely researched organism due to their intermediate position in the food web and its usefulness 

as a bioindicator of lake trophic state and ecological health (Jeppesen et al., 2011; Ejsmont-

Karabin, 2012; Fu et al., 2021). As a result, many different research projects using different 

techniques and methods have been adopted through time, reflecting personal preference (Mack 

et al., 2012) and the question being asked (Hairston, 1989). The use of any sampling method 

can introduce method and gear specific-bias, and in turn produce artificial variability within 

zooplankton communities when compared against samples collected using different methods 

(Frank, 1988). 

There are three methods with which zooplankton are commonly sampled, that vary depending 

on the questions being asked: bottles/water samples, pumps, and nets (Gajbhiye, 2002; 

Goswami, 2004). The first two methods are primarily used for collecting zooplankton from 

known volumes of water from discrete depths. The use of bottles and other zooplankton traps 

have been criticised due to the small volume of sample they collect and avoidance of these 

samplers by larger bodied zooplankton (Likens & Gilbert, 1970). Sampling zooplankton by 
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vertical net hauls is the most commonly used method. However, the use of nets is frequently 

criticised due to loss of zooplankton through the mesh (Vannucci, 1968; Pansera et al., 2014), 

the changing filtration efficiency through the course of the tow (Tranter & Smith, 1968), and net 

avoidance by some taxa (De Vries & Stein, 1991; Clarke & Warwick, 2001). Filtration 

efficiency can be greatly reduced due to clogging of the mesh, which can create differential 

pressures across the net, create unequal filtration in different areas of the water column and 

increase the volume of water by-passing the net (Likens & Gilbert, 1970). It is thus generally 

accepted that nets can provide only qualitative, or semi-quantitative, samples of zooplankton 

(Green, 1977). Despite this, the volume filtered by the net is commonly estimated by 

multiplying the area of the net opening by the distance towed (De Bernardi, 1984; Goswami, 

2004; Cole et al., 2014). 

Each zooplankton taxon ranges in size (Mackas & Beaugrand, 2010), and morphological 

features (Goswami, 2004). Using nets with a smaller mesh size will allow for sampling smaller 

bodied zooplankton, yet also increase the likelihood of clogging, reducing the filtration 

efficiency, drag, and therefore provide inaccurate quantification of zooplankton populations 

(Fraser, 1968), especially in eutrophic water bodies (Vannucci, 1968). Smaller nets are more 

efficient at capturing copepod nauplii and rotifer species than larger meshed nets (Chick et al., 

2010), whilst larger nets would not be able to adequately sample these species if the mesh is 

larger than the nauplii and rotifer species body size. Nichols & Thompson (1991) suggested 

after a detailed mesh-size study that nets with mesh ≤ 61 µm are suitable for accurately 

quantifying copepod nauplii abundances. The recommended mesh size for rotifers has been 

debated within the literature, which has led to a historical method-specific bias quantification of 

rotifers within samples. Sampling methods using mesh sizes for rotifer as large as 64 µm 

(Strecker et al., 2004) to 70 µm (Bonecker & Lansac-Tôha, 1996) have continued to be used 

within research projects, while some authors have recommended that a mesh size required for 

sampling rotifers is ≤ 35 µm (Likens & Gilbert, 1970; Ejsmont-Karabin, 1978). 
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Furthermore, a zooplankton’s age (life stage), behaviour and even species could impact 

catchability. A well-developed concept of sample bias is the theory of zooplankton’s ability to 

avoid capture of towed nets. This was first proposed by Franz (1910), who suggested that 

zooplankton were capable of seeing a net within the water column during daylight, and thus 

could avoid capture (Fleminger & Clutter, 1965). It was again suggested by Bary et al. (1958) 

that zooplankton are able to avoid capture by detecting a pressure change preceding a towed net, 

and Brook & Woodward (1956) found copepods were responsive to accelerating current as a 

response to changes in pressure field. Therefore, the possibility of zooplankton, especially 

copepods, avoiding capture due to detecting changes in hydrostatic pressure may influence the 

reliability of zooplankton sampling using nets. The avoidance of nets by zooplankton can result 

in both the underestimation in abundances, as well as unintentional selective sampling (Clutter, 

1968). 

Within past New Zealand zooplankton research, there have been a variety of different mesh 

sizes used. For example, Jolly (1977), sampled the zooplankton within several North Island 

Lakes, including Rotorua, Rotoehu, Tikitapu and Taupō, in 1957-58. For this study, a 

zooplankton net made of No.4 bolting silk with a 45 cm mouth diameter conical net, equivalent 

to 318 µm mesh. In 1967-69, Chapman (1973) conducted vertical hauls using a 20 cm mouth 

diameter net made from 100 um mesh to sample Lake Rotorua. In 1994-95 Chapman & Green 

(1999) conducted vertical hauls using a 20 cm mouth diameter net made of 42 µm mesh to also 

sample Lake Rotorua. Using a variety of different mesh sizes influences results, as larger mesh 

will favour larger zooplankton, smaller nets will enable semi-quantitative sampling of rotifers, 

which ultimately results in differences between size, abundance and composition estimates due 

to size selectivity (Mack et al., 2012). This will be an important consideration when analysing 

effects net size may be having on zooplankton community composition within this thesis. 
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3.1.1   Chapter Aims 

In this chapter, I consider the effects of mesh size on zooplankton community composition, 

utilising 37 µm, 75 µm and 100 µm mesh sizes, which covers the range of mesh sizes used in 

past New Zealand zooplankton studies. This chapter relates back to Chapter 2 but is specifically 

analysing whether mesh sizes may have influenced the observed community composition 

changes through time. 

3.2   Methods 

Refer to Chapter two, subsection 2.2, for the general methodology carried out prior to field 

work, field sampling and laboratory work. The following statistical analysis is specific to this 

chapter only, using the data from sampling carried out in 2021 within nine lakes in the Waikato 

and Bay of Plenty regions. Data from the historical dataset is not included within this chapter, as 

it has been designed to only examine variability in zooplankton composition among the three 

different nets of differing mesh sizes. This is to be examined using the data from the 2021 

sampling events, that is the presence-absence data which indicates which species were found 

within each of the different net samples, and the abundances of each species present within 

samples. 

The following methodology outlines the statistical analysis applied to the 2021 datasets to 

examine differences in zooplankton composition and abundance between nets, which could 

possibly explain some of the change observed in Chapter 2. Therefore, this section will assist in 

identifying whether observed changes in zooplankton community composition was a product of 

natural, cyclic processes, anthropogenic influence, or an artificial representation of zooplankton 

composition due to method specific bias. Analysing composition of zooplankton and abundance 

across the three different mesh sizes and comparing the results of each net also will help to 

identify how influential net size is on results. This is important to understand as improper 

selection of zooplankton net mesh can not only result in an underestimation of zooplankton 
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abundances but can also result in accidental selective sampling and a misrepresentation of the 

zooplankton community within the area of sampling. 

3.2.1 Zooplankton composition differences among nets of different mesh size 

To test for differences in assessments of zooplankton assemblages among nets, I used three 

approaches: 1) examining variability in the presence-absence of species among nets with 

different mesh sizes (i.e., species lists), 2) examining community composition based on 

‘abundances’ among nets of different mesh size, and 3) examining differences in species 

richness among nets with different mesh sizes. 

For analysis of the presence-absence data, net mesh size was analysed as a factor. As all taxa 

were reported as 0 (absent) or 1 (present), no transformation was required to down weigh the 

importance of abundant taxa prior to analysis. Copepod nauplii were removed from all analyses 

as identification to species level could not be undertaken confidently. 

Prior to analysis, the semi-quantitative abundance data were log (x + 1) transformed to reduce 

the influence of highly abundant species/taxa. Zooplankton species that contained < 3 

individuals were removed from the analysis to reduce the influence of rare species possibly 

caught by chance. For analysis of both the presence-absence and abundance data, a Bray-Curtis 

similarity matrix was constructed based on the abundance data. Non-metric multidimensional 

scaling (nMDS) based on the Bray-Curtis similarity matrix was then applied to the data, 

producing ordination plots. To test for differences in the zooplankton composition among nets 

with different mesh sizes, a one-way unordered analysis of similarity (ANOSIM) was used. The 

calculated R-value from the ANOSIM provides a measure of how similar, or dissimilar, the 

composition and abundance of zooplankton are, using the different net sizes. Where significant 

ANOSIM results were found, a SIMPER analysis was conducted to determine which species, or 

taxa, of zooplankton, were responsible for the dissimilarity among mesh sizes of category pairs 
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(e.g., 37 µm vs 100 µm). Only species that contributed > 5% dissimilarity were considered, as 

zooplankton contributing <5% were not considered significant enough to use within this thesis. 

3.2.2   Species Richness 

Species richness is an intuitive and frequently used measure in many research fields within 

science. However, gaining a complete census of a community within the environment is 

unattainable (Chao & Chiu, 2016). Using the abundance dataset, zooplankton species richness 

was calculated for each of the nine lakes within this study from each zooplankton net. Before 

statistical analyses were conducted on the species richness data, some alterations were made to 

the data. 

Two widely used non-parametric estimators applied to abundance and incidence data are Chao-1 

and Chao-2 (Chao et al., 2009). The Chao-1 estimator was applied to the species richness data 

to concentrate on the rarer zooplankton species within the data set, creating a lower bound of 

species richness. The applied equation is as follows, which considers species present within the 

data set only once or twice within samples. Where Sobs is the number of species within the sample, 

S𝐶𝐶ℎ𝑎𝑎𝑎𝑎1 is the estimated species richness value, F1 is the number of singletons within the sample 

(number of species with only a single occurrence within the sample) and F2 is the number of 

doubletons within the sample (number of species with exactly two occurrences within the 

sample) –  

S1 = Sobs + F1
2 / 2F2 

When doubletons were zero, the following equation was used - 

S𝐶𝐶ℎ𝑎𝑎𝑎𝑎1 = S𝑜𝑜𝑜𝑜𝑜𝑜 + F1(F1 − 1) / 2(F2 + 1) 

Using the species richness data, both with and without the Chao-1 estimator applied, differences 

in zooplankton species richness between each net of differing mesh sizes (37 µm 75 µm and 100 
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µm) were statistically analysed using a repeated measure analysis of variance (Repeated 

measures ANOVA). If significant differences were found, a Benferroni post-hoc test was then 

conducted to test what variables were responsible for these differences. Bar graphs were also 

constructed, using the average species richness of each zooplankton net and standard deviation 

error bars were applied to the bar graph to communicate how accurately the mean value 

represents the dataset. 

Nauplii were excluded from the species list as they were not identified to species level, 

including them in this analysis would risk double counting of species. Data from individual 

lakes Tikitapu and Rotoiti were also excluded from this analysis as there was missing data 

within their datasets. To eliminate avoidable error, the decision was made as repeat measure 

ANOVA does not tolerate missing data.  

3.3   Results 

3.3.1   Zooplankton composition across each net based on the 2021 presence-absence 

dataset 

The nMDS applied to the 2021 zooplankton presence-absence dataset (Figure 8) indicates 

separation of the majority of 100 μm mesh samples, distributed on the right side of the 

ordination, from the other two mesh sizes. Separation of the 100 μm mesh samples in the 

ordination indicates that zooplankton community composition caught within this net was 

assessed as being different from the samples caught within the 37 μm mesh and 75 μm mesh 

nets. The 37 μm mesh and 75 μm mesh nets overlapped on the left side of the ordination, 

indicating similar composition of zooplankton communities within these two net samples. The 

stress value of this ordination was 0.16, which indicates the ordination is a good representation 

of the underlying Bray-Curtis similarity matrix and has little prospect of misinterpretation 

(Clarke & Warwick, 2001). 
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Figure 6 Non-metric multidimensional scaling ordination (nMDS) showing 2021 zooplankton 
communities from Bay of Plenty and Waikato regions freshwater lakes caught within the three 

differing zooplankton net mesh sizes (37 μm, 75 μm and 100 μm).  

 

ANOSIM indicated that differences in zooplankton community composition were significantly 

different among the three mesh sizes (Global R=0.263; p=0.001). Pairwise tests indicated that 

differences were significant between the 37 μm and 100 μm net (r=0.352; p=0.001) and the 75 

μm and 100 μm nets (r=0.230; p=0.013). However, differences between the 37 μm and 75 μm 

nets (r=-0.085; p=0.870) were not considered significant. 

Of the nine species contributing greater than 5% dissimilarity to zooplankton community 

composition between the 37 μm mesh and 100 μm mesh nets samples, seven were rotifer taxa. 

All rotifers within this analysis were more frequently occurring in the 37 μm samples than in the 

100 μm samples, and the four species with the highest contribution percentage were rotifers 

Keratella cochlearis, Trichocerca similis, Polyarthra dolichoptera and bdelloid rotifers. 
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Conversely, the copepod Mesocyclops australiensis and cladoceran Ceriodaphnia dubia had 

higher average frequencies within the 100 μm samples than the 37 μm samples. 

Table 8. SIMPER analysis of zooplankton community composition of the 37 μm and 100 μm 
net samples from 9 lakes within the Waikato and Bay of Plenty Regions. Species and/or taxa 
include only those contributing greater than 5% to the dissimilarity between the year groups. 

  37 μm 100 μm   
Species  Average 

frequency of 
occurrence 
across 9 lakes 

Average 
frequency of 
occurrence 
across 9 lakes 

Contribution to 
differences in 
community 
composition between 
nets (%)  

Keratella cochlearis   0.89 0.22 8.49 
Trichocerca similis.  0.89 0.22 8.30 
Polyarthra dolichoptera  0.89 0.33 7.54 
Bdelloid spp.  1.00 0.44 6.86 
Mesocyclops australiensis 0.44 0.78 6.24 
Filinia terminalis.  0.56 0.33 5.88 
Ceriodaphnia dubia  0.44 0.56 5.75 
Collotheca sp.  0.44 0.22 5.22 

 

From the SIMPER analysis conducted on the 75 μm mesh and 100 μm mesh nets, three quarters 

of species contributing to greater than 5% dissimilarity are rotifer taxa, like the above SIMPER 

analysis. Only one species was found to have a higher average frequency within the 100 μm 

mesh net than the 75 μm net; cladoceran Chydorus sphaericus, whilst all other species, 

including the other cladoceran species; Ceriodaphnia dubia, were found in greater average 

frequencies within the 75 μm net than the 100 μm net. Keratella cochlearis, Trichocerca similis, 

and Polyarthra dolichoptera were the top three rotifer taxa to have the greatest contribution 

percentage to difference between zooplankton community composition, such is within the above 

SIMPER analysis between the 37 μm mesh and 100 μm mesh nets above. 

Table 9. SIMPER analysis of zooplankton community composition of the 75 μm and 100 μm 
net samples from 9 lakes within the Waikato and Bay of Plenty Regions. Species and/or taxa 
include only those contributing greater than 5% to the dissimilarity between the year groups. 

  75 μm 100 μm   
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Species  Average 
frequency of 
occurrence 
across 9 lakes 

Average 
frequency of 
occurrence across 
9 lakes 

Contribution to 
differences in 
community 
composition 
between nets (%)  

Keratella cochlearis  0.88 0.22 9.04 
Trichocerca similis  0.88 0.22 8.75 
Polyarthra dolichoptera  1.00 0.33 8.68 
Collotheca sp.  0.63 0.22 6.99 
Conochilus unicornis 0.63 0.33 6.79 
Bdelloid spp. 0.75 0.44 6.76 
Chydorus sphaericus 0.50 0.89 6.35 
Ceriodaphnia dubia 0.63 0.56 6.14 
Filinia terminalis 0.38 0.33 5.46 
Ascomorphella volvocicola 0.38 0.33 5.42 

 

3.3.2   Zooplankton community composition based on the 2021 abundance data 

The 2021 zooplankton abundance data were also statistically analysed to investigate differences 

in community composition within each net mesh size. The nMDS for the 2021 abundance data 

indicated some separation between the 37 μm and 100 μm net samples, with the 100 μm mesh 

net samples being distributed more to the left and middle of the ordination whilst the 37 μm 

mesh net samples were distributed more to the top right of the ordination. The separation of the 

two net sizes indicated zooplankton composition assessed using each net were not similar. The 

75 μm samples, distributed in the centre of the ordination, overlap intermittently with both the 

100 μm samples and the 37 μm samples. This indicates zooplankton composition from the 75 

μm net shared occasional similarities in abundance with that found in the other two nets. The 

stress value of this ordination was 0.19, which corresponds to an ordination providing a good 

representation of the underlying Bray-Curtis similarity matrix and with little prospect of 

misinterpretation (Clarke & Warwick, 2001). 
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Figure 9. Non-metric multidimensional scaling ordination (nMDS) showing zooplankton 
abundances from Bay of Plenty and Waikato region freshwater lakes caught within the three 

differing zooplankton net mesh sizes (37 μm, 75 μm and 100 μm) 

 

ANOSIM indicated that differences in zooplankton composition were significant (Global 

R=0.185; p=0.007). Pairwise tests indicated significant differences between nets 37 μm and 100 

μm (r=0.393; p=0.001), whereas differences were not considered significant between nets 37 

μm and 75 μm (r=0.021; p=0.034) or the 75 μm and 100 μm nets (r=0.118; p=0.054). 

The rotifer Polyarthra dolichoptera, copepod Calamoecia lucasi and cladoceran Daphnia 

galeata were the top three contributing zooplankton to the dissimilarity between 37 μm net 

samples and the 100 μm net samples. Both C. lucasi and D. galeata were more abundant within 

the 100 μm samples, whilst P. dolichoptera had higher abundances within the 37 μm samples. A 

further two taxa were also found in higher abundances within the 100 μm samples than the 37 

μm samples; the cladoceran Bosmina meridionalis and the large predatory rotifer Asplanchna 

priodonta, which was the only rotifer to have a higher abundance in the 100 μm samples. The 

remaining zooplankton taxa to contribute more than 5% dissimilarity between zooplankton 
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composition between mesh sizes were bdelloid rotifers, Synchaeta oblonga, Trichocerca 

porcellus and copepod nauplii, all having higher abundances within samples caught in the 37 

μm mesh net. The general trend revealed within this SIMPER analysis is that rotifer had higher 

abundances within the smaller 37 μm net, whilst the larger zooplankton (i.e copepods and 

cladoceran) had higher abundances when using the 100 μm net. 

Table 10. SIMPER analysis using log(x+1) transformed abundance data from sampling using 
zooplankton nets with 37 µm mesh and 100 µm mesh sizes throughout the Bay of Plenty and 
Waikato Regions. Species included are those contributing greater than 5% to the dissimilarity 

between mesh sizes. 

  37 μm 100 μm   
Species  Average 

frequency of 
occurrence 
across 9 lakes 

Average 
frequency of 
occurrence 
across 9 lakes 

Contribution to 
differences in 
community 
composition between 
nets (%)  

Polyarthra dolichoptera 14.0 0.01 10.77 
Calamoecia lucasi  4.01 7.40 8.21 
Daphnia galeata  2.24 9.46 8.00 
Bosmina meridionalis 3.06 6.17 7.34 
Asplanchna priodonta  2.65 3.78 6.93 
Bdelloid sp.    2.85 0.02 6.54 
Synchaeta oblonga  2.86 0.03 6.05 
Trichocerca porcellus  2.82 0.01 5.95 
Nauplii 4.3 1.48 5.76 

 

3.3.3    Species Richness 

For both species richness datasets (with and without Chao-1 estimator applied) there was a 

significant difference between net sizes (P<0.005). The bar graphs (Figure 8) revealed the 37 

μm and 75 μm zooplankton net sample had the highest species richness, whilst the 100 μm net 

sample had the lowest species richness for both abundance datasets. The Bonferroni post-hoc 

tests indicated there was no significant difference between the 37 μm and 75 μm species 

richness (p=1.000), but significant differences were found between the 75 μm and 100 μm and 

37 μm and 100 μm species richness (both p <0.005). For the dataset with the Chao-1 estimator 
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applied, the mean of 75 μm and 37 μm were higher than the 100 μm (μ=17.58, μ=16.84 and 

μ=11.94 respectively). For the dataset within the Chao-1 estimator applied, mean of 75 μm and 

37 μm were again higher than the 100 μm (μ=15.75, μ=15.5 and μ=10.75 respectively). 

 

Figure 7. Bar graph with standard deviation error bars showing the average species richness of 
zooplankton across the differing zooplankton net data from 2021 with the Chao-1 estimator 

applied (A) and without (B). 

 

3.4   Discussion 

The aim of this chapter was to consider the possible effects mesh size may have on zooplankton 

community composition observed within this study. Among international and local research, 
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there is not a standardised mesh size recommended for sampling each of the different 

zooplankton taxa, therefore the range of mesh used is very diverse. Understanding the possible 

influence of sampling method will help to strengthen results of zooplankton community 

composition shifts, by helping to determine if shifts are characteristic of the natural population 

or are reflective of mesh selection in sampling method. 

An important finding from this analysis was zooplankton community composition and diversity 

within the 75 μm net was closer to the 35 μm, than to the 100 μm net samples. This was 

observed within the ordination plot (Figure 6), showing obvious separation of the 100 μm 

samples from the 37 μm and 75 μm. This was further identified within the pairwise testing of 

the presence-absence data, which revealed significant differences between the 37 μm and 100 

μm samples, and the 75 μm and 100 μm samples only. This result implies that when sampling, a 

75 μm net would be adequate when comparing results with a 35 μm net. However, this is not 

consistent with the findings of Chick et al. (2010), who investigated two methods of metazoan 

zooplankton sampling within the Mississippi River, United States. The two sampling methods 

were referred to respectively, as the macrozooplankton method, which filtered samples through 

a 63 μm mesh, and the microzooplankton methods, which filtered samples through a 20 μm 

mesh (Chick et al. 2010). Ultimately, the 63 μm mesh grossly underestimated the density of 

rotifers, compared to the 20 μm. Likens & Gilbert (1970) also found within their research that 

fewer rotifers were caught within the 75 μm net, compared to the 48 μm and 35 μm nets used 

during their sampling. They concluded that compared to the smaller meshed nets, the 75 μm 

mesh zooplankton net produced biased results as it gave a significantly lower number of 

individuals within samples (Likens & Gilbert, 1970). Therefore, it is interesting that my 

research found the 75 μm mesh to have more comparable zooplankton diversity to the content 

of the 35 μm mesh, than to the larger 100 μm mesh. Nonetheless, my results indicate that a 75 

μm mesh may be reliable for analysing species richness and community composition and would 

produce a similar result as using a 37 μm mesh. 
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Another important finding of this analysis were the differences in zooplankton diversity using 

nets with different mesh sizes. It was evident that these differences were taxon specific. There 

was a consistent loss of rotifers within the 100 μm net samples, which was expressed by the low 

frequencies within the results. Alternatively, this net had a higher frequency of larger 

zooplankton, such as crustaceans. There is a strong possibility that the absence of rotifers within 

the 100 μm net samples is due to the mesh being too large. It is likely that most rotifers would 

have fallen through the mesh during the course of the haul as organisms smaller than the net 

aperture will simply pass through (De Bernardi, 1984). A high frequency of the larger 

zooplankton, such as copepod Mesocyclops australiensis found in high average frequencies 

within the 2021 100 μm net samples, is unsurprising as the mesh is larger than the organism 

itself, preventing it from falling through. Interestingly, there were very low frequencies of larger 

zooplankton taxa, such as crustaceans, within the 37 μm and 75 μm samples. 

A lower frequency of crustaceans within the smaller meshed nets may be explained by filtration 

efficiency and net clogging. Smaller meshed nets, although more adequate for quantitative 

sampling and gathering more representative samples of zooplankton populations, can greatly 

reduce filtration rates due to clogging, particularly in nets smaller than 100 µm (Likens & 

Gilbert, 1970). Clogging occurs when suspended particles such as sediments, zooplankton, and 

plant material are trapped on the inner wall of the sampling net, reducing net porosity and 

filtration efficiency (Tranter & Smith 1968; Likens et al., 1970; Gannon & Stemberger, 1978). 

This is particularly apparent within eutrophic lakes, as the small apertures of the finer meshed 

nets become clogged more easily (Likens et al., 1970). Consequently, this can result in unequal 

filtration of the sample throughout the water column and increase the amount of water passing 

the mouth of the net (Likens & Gilbert, 1970). Lake Okaro, Rotoehu and Rotorua are eutrophic 

lakes (LAWA, 2023), therefore within these lakes especially, clogging of the 37 μm and 75 μm 

nets may have results in spill over of the net content before reaching the surface of the water. 

Net avoidance by the larger zooplankton may also explain these results. The theory of net 

avoidance by zooplankton is not recent and was first suggested in the early 1900’s by Franz 
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(1910), who suggested zooplankton were capable of seeing oncoming nets during daylight 

hours. This theory was again discussed by Bary et al. (1958), who suggested zooplankton were 

able to avoid capture due to the ability to detect a zone of pressure preceding the net. Brook & 

Woodward (1956), suggest the reaction of copepods to towed nets is a reaction to the change in 

hydrostatic pressure. Differences in the differential pressures across the mouth of the net can 

also occasionally be increased by clogging (Likens & Gilbert, 1970). Avoidance of nets by 

zooplankton can result in an underestimation of abundances (Wiebe et al., 1982) and impose 

unintentional selective sampling bias (Clutter, 1968). 

Some effect may also be due to crustacean zooplankton not being adequately counted within 

samples where rotifers dominated. Differences among zooplankton counting methods, and the 

minimum number of species counted per sample, can affect the final zooplankton estimate 

(Gannon, 1980; Mack et al. 2012). As specified within the methods section of Chapter 2, 

zooplankton sample counts were concluded once 300 individual zooplankton were reached. 

Within the smaller meshed samples, it was common for the 300 zooplankton count to be 

dominated by rotifers, with few of the larger zooplankton incorporated within this count. This 

could have resulted in an underestimation of the larger zooplankton. Gannon (1980) stated that 

when selecting counting methods, something quick, affordable, and reliable whilst also 

achieving a high level of precision is important for justifying and reducing possible method 

specific bias. Mack et al. (2012) described several different counting methods that could be 

applied within research papers, depending on the aim of the research. One of the methods they 

described was referred to as the ‘200/Sample method’ (Partridge & DeVries, 1999), in which ≥ 

200 individuals of at least one taxon were counted before counting was completed. This method 

allows for a greater number of total zooplankton counted per sample (Mack et al 2012). 

Adopting a method similar to this would mean even in a sample dominated by rotifers, larger 

zooplankton such as cladocerans, would be more accurately represented within the sample. 
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The results of my analysis show that a research project utilising a mesh of 75 μm or finer may 

be relied upon for species richness and community composition. This is subjective to adequate 

counting of zooplankton within samples, and to the appropriate taxonomic resolution. This is a 

surprising result compared to what was found in the research conducted by Chick et al. (2010) 

and Likens & Gilbert (1970. Furthermore, the underrepresentation of larger zooplankton within 

the finer meshed nets is most likely due to clogging of the net aperture, resulting in an over spill 

before the haul has been completed, and net avoidance. 
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Chapter Four: General Conclusions  

4.1   Summary  

Based on my findings, there is clear evidence of change within the zooplankton communities 

observed in research papers between 1950 and 1990, and my 2021 samples. The increase in 

frequency of non-native D. galeata within the 2021 samples reflect the successful invasion of 

this species, which was first documented within North Island waters in the early 1990s. The 

extent of how problematic this species is within New Zealand aquatic ecosystems has not yet 

been determined confidently. Interestingly, the increased importance of D. galeata and another 

cyclopoid copepod M. australiensis, coincided with the low frequencies of M. albidus in my 

2021 samples. It could not be determined from my research, nor is there any supporting 

evidence within the literature, that D. galeata and M. australiensis have a direct impact on M. 

albidus populations. However, my results indicate that interspecific competition may be 

occurring among these three species. My research also revealed an increased importance of 

rotifers in the 2021 samples relative to the historical dataset. This was an interesting result as 

rotifers were historically deemed uncommon and rarely important within the plankton of New 

Zealand lakes. It was surprising to find rotifers in high frequencies within the 2021 samples in 

the presence of D. galeata, as Balvert et al. (2009) found Daphnia could potentially suppress 

rotifer abundances through competition of food resources. 

Following analysis of the three zooplankton net mesh sizes, it was found that overall, 

zooplankton community composition was more similar between the two finer meshed nets (37 

µm and 75 µm), and species richness was lowest within samples collected with the 100 µm net. 

Several conclusions were drawn from these observations. The increased importance of rotifers 

within the 2021 samples is more likely a product of improper sampling techniques used within 

past research projects, as several of the studies utilised zooplankton nets with mesh sizes ≥ 100 

µm. Thus, instead of rotifers being an insignificant constituent of New Zealand plankton 
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communities historically, it is more likely that they were being sampled inappropriately. 

Furthermore, when comparing species richness and community composition estimates, based on 

my results from these lakes it would be acceptable to compare samples from a 75 µm net with 

those from a 37 µm net. Samples from the nets with finer mesh sizes had similar compositions 

of zooplankton to one another, which were dominated by rotifers and had fewer larger 

zooplankton such as Crustacea, while the 100 µm net samples were dominated by cladocerans 

and copepods and had few rotifers. This is most likely explained by clogging of the finer nets as 

several of the lakes sampled were eutrophic and highly turbid. As such, larger zooplankton were 

most likely lost within these samples due to a spill over of the net before reaching the surface of 

the water. 

This study has successfully identified changes in zooplankton communities though time, by 

utilising short-term research projects within New Zealand. This has been beneficial to my 

research as it has allowed for my research to extend over a greater variety of geographically 

separated lakes. However, this research also reiterates the importance of long-term zooplankton 

community composition research. 

4.2    Study Limitations 

This study had several limitations. Due to the Covid 19 lockdown restrictions, sampling 

originally planned within two Auckland lakes was unable to occur. Therefore, there is less 

spatial variety within this study than originally anticipated. Including the Auckland lakes in my 

subset of lakes would have allowed for the incorporation of past research from a broader 

geographical area into the dataset and increased the understanding of compositional changes 

within zooplankton communities across the island. The time constraints of an MSc degree and 

the Covid 19 lockdown restrictions also limited the number of samples collected. Only two 

sampling events were carried out (Spring and Summer). Collecting samples more frequently 

(e.g., monthly) over the course of a year or more, could improve the understanding of 
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zooplankton community composition within the lakes as of 2021 by accounting for seasonal 

variability. Despite these restrictions, it is unlikely limited sampling events would have greatly 

affected my results, as there would not be enough changes within zooplankton composition 

during the year to have greatly changed zooplankton composition overall. Further sampling 

events could have increased my chances of sampling M. albidus. 

Rotifers were found more frequently within the finer meshed nets whilst the larger zooplankton 

were underrepresented within samples, which is most likely due to clogging and reduced 

filtration efficiency of the 37 µm and 75 µm. This is largely an unavoidable limitation when 

sampling with finer meshed nets, and when sampling eutrophic lakes. Within lakes with poorer 

visibility, nets could have been scrubbed between hauls to reduce clogging. Alternatively, a new 

net could have been used for each haul.  

4.3   Implications for future research 

My research highlights the value of long-term monitoring of zooplankton community 

composition. Zooplankton are important indicators of ecosystem health and several organisms 

either directly or indirectly reply upon them for their survival. Having long-term datasets of 

zooplankton communities within New Zealand, I believe, will become more of a necessity, as 

land within catchment areas continue to be converted into urban environments. The utilisation 

of zooplankton composition change in response to trophic state, for example, in conjunction 

with other environmental variable monitoring, could assist in a better understanding of how 

anthropogenic activity is affecting our aquatic environments. Therefore, I believe that there 

needs to be an increased awareness of the need for long-term zooplankton research within New 

Zealand. 

My research found that D. galeata was of great importance within several of the 2021 samples, 

indicating that since its discovery within the North Island in the early 1990s, this species has 

continued to successfully disperse within lakes of the North Island. My research also revealed 
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the low frequency of M. albidus and an increased importance of M. australiensis within the 

2021 samples, compared to the historical samples. I believe it would be beneficial to conduct 

further research upon the D. galeata invasions to determine the possible effects that the 

establishment of this species may be having within invaded ecosystems. Total eradication would 

be a near impossible task. However, understanding the extent of this species’ impact in a new 

environment could assist in the development of mitigation methods for reducing unwanted 

effects of this non-native species within New Zealand lakes. Additionally, further research to 

determine what may be driving the disappearance of M. albidus would also be beneficial, as this 

could not be determined confidently within this study. Determining the cause of an increased 

importance of M. australiensis within recent samples and literature is also recommended for 

future research. 
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