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Abstract 

The introduction of invasive species into aquatic ecosystems can contribute to 

changes in predator-prey dynamics, water chemistry, and shift the structure and 

function of aquatic food webs. This thesis examines the impacts of invasive fish 

species on emerging zooplankton communities. Using sediment collected from 

wetlands along the Murrumbidgee River in south-eastern Australia, several 

mesocosm experiments were set up, which focused on understanding top-down and 

bottom-up drivers of zooplankton community composition and abundance. The 

experiments studied the influence of predation and sediment disturbance on the 

emerging zooplankton community abundance and composition, using four test fish 

species: Murray cod (Maccullochella peelii), gambusia (Gambusia holbrooki), carp 

(Cyprinus carpio) and weather loach (Misgurnus anguillicaudatus). 

Predation can have an important role in structuring zooplankton communities, and 

the presence of invasive predators may change food availability patterns within the 

food web. Using mesocosm experiments, the impact of predation by similarly sized 

individuals of native (juvenile Murray cod) and introduced (gambusia) fish species 

on a zooplankton community emerging from re-wetted wetland sediment was tested. 

It was expected the presence of gambusia and Murray cod to decrease zooplankton 

abundance, however, being a less selective feeder gambusia would decrease all 

zooplankton taxa whereas Murray cod would be more selective and therefore 

decrease certain zooplankton taxonomic groups. The impacts of Murray cod were 

compared to gambusia and to a Control community where fish were not present. As 

expected, there were decreases in overall zooplankton abundance in both the Murray 

Cod and Gambusia treatments when compared to the Control, with gambusia 

suppressing zooplankton abundance to a greater extent than Murray cod. Gambusia 

also decreased the abundances of all zooplankton taxa compared with Murray cod 

which selectively decreased the abundance of cladocerans.  

Using mesocosm experiments, the impact of fish density on an emerging 

zooplankton community was tested. It was expected for there to be a lower 

zooplankton abundance in the High Fish Density treatments than the Low Fish 

Density treatments and that prey selectivity would be displayed more in the Low 

Fish Density treatments due to higher food availability. Zooplankton abundance 
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decreased at all gambusia densities but not for Murray cod when compared to the 

Control. Gambusia also had density-dependent effects on zooplankton community 

composition, with there being fewer rotifers with higher fish density. 

Sediment disturbance (or bioturbation) by benthic feeding fish can impact 

zooplankton emergence and alter water chemistry through sediment and nutrient 

release. To test the influence of juvenile carp and weather loach bioturbation on 

water chemistry, an experiment was designed comparing mesocosms where fish had 

free access to the sediment and the zooplankton community (Fish treatment), fish 

mesocosms where fish were present but their access to sediment and zooplankton 

was restricted (Water Cue treatment), no fish mesocosms where sediment was 

disturbed manually (Manual Disturbance treatment) and Control mesocosms where 

no fish were added and there was no manual disturbance (Control). It was expected 

that in the Fish and Manual Disturbance treatments, fish addition would increase 

turbidity due to sediment disturbance and in the Fish and Water Cue treatments fish 

addition would increase labile nutrients due to ingestions and egestion and follow-on 

increases in Chlorophyll-a production due to increased nutrient availability. Both 

carp and weather loach significantly increased turbidity, ammonia concentrations, 

and also Chlorophyll-a production, in particular in the Fish treatment, then the 

Water Cue treatment, when compared to the Control treatment where no fish were 

added. The presence of both species also significantly decreased dissolved oxygen in 

the Fish treatment and to a lesser extent the Water Cue treatment.  

The impacts of carp and weather loach on zooplankton communities in Australian 

wetlands are less studied than that of their effects on water chemistry; however, 

given the high densities of carp occurring in many wetland systems, they could play 

an important role in shaping emerging zooplankton communities. Using the same 

mesocosm treatments as in the water chemistry experiment, carp and weather loach 

predation impacts on the emerging zooplankton community abundance and 

composition were assessed. The indirect effects of the water chemistry on the 

emerging zooplankton community may have explained some of the changes seen in 

the community composition. It was expected that the addition of juvenile carp and 

weather loach would decrease overall zooplankton abundance due to sediment 

disturbance burying the egg bank, although they would increase abundances in the 

absence of predation due to changes in nutrient availability. Carp and weather loach 



  

xx 
 

both increased zooplankton abundance in the Fish treatment, in particular rotifers. 

The presence of carp contributed to an increase in cladoceran abundance when 

predation was restricted (water cue), and this may be due to the increased nutrient 

availability, whereas carp decreased cladoceran abundance in the free-roaming (fish) 

mesocosms due to predation. Weather loach did not decrease cladoceran abundance 

in the Fish treatment; however, the zooplankton community did become more 

rotifer-dominant. 

The four research chapters of this thesis demonstrated that the three invasive fish 

species, gambusia, carp and weather loach, influenced zooplankton abundance and 

community composition and altered patterns of nutrient availability, which could 

have flow-on effects through the food web. In some cases, while overall 

zooplankton abundances increased, key food groups (cladocerans) occurred in lower 

abundance. The absence of certain food groups, such as cladocerans, could 

negatively impact native fish species like Murray cod, who would normally 

selectively feed on these key zooplankton. This thesis found strong evidence that the 

invasive species gambusia and carp are able to limit food availability which could 

put native fish species at risk. This thesis also found that the activity of sediment 

disturbance and nutrient egestion by carp and weather loach increased nutrient 

availability and contributed to bottom-up effects on the food web.  
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1 General introduction 

1.1 Opening statement 

The introduction of invasive fish species into aquatic ecosystems can shift the entire 

structure of aquatic food webs. There are an increasing diversity and abundance of 

invasive fish species in Australian waters, with gambusia (Gambusia holbrooki) 

(Pyke, 2008) and carp (Cyprinus carpio) (Vilizzi, Thwaites, Smith, Nicol, & 

Madden, 2014) already well established and weather loach (Misgurnus 

anguillicaudatus) being one of the more recent and growing threats (Keller & Lake, 

2007). It is therefore important that we understand how each invasive fish species 

changes the dynamics of the aquatic food web and what this means for our native 

fish species. Zooplankton are one of the pivotal links in the food web (Kobayashi, 

Shiel, Gibbs, & Dixon, 1998). By understanding how they are impacted, both 

directly and indirectly, by invasive fish species, we may better understand the 

impacts of invasive fish on our aquatic ecosystem. 

1.2 Importance of zooplankton 

Zooplankton play a key role in aquatic food webs; they are important consumers and 

predators, a key food source, and play a role in the transfer and recycling of carbon, 

phosphorus and nitrogen (Kobayashi et al., 1998). They influence the food web from 

the top down by consuming bacteria and algae, as well as from the bottom up as a 

food source for a variety of aquatic organisms. Regarding the food web, top-down 

effects are control via predation, whereas bottom-up effects are control via food 

abundance (Frederiksen, Edwards, Richardson, Halliday, & Wanless, 2006). 

Understanding the relationships between zooplankton and key predators such as fish 

and the relative importance of top-down and bottom-up drivers in aquatic food webs 

has the potential to improve our understanding of aquatic food webs and the fish 

population dynamics and survival. 

As consumers of bacteria, zooplankton are key to the transference of energy from 

bacteria and microalgae to secondary consumers (Jenkins & Boulton, 2003; Ning, 

Gawne, Cook, & Nielsen, 2013) and also indirectly affect nutrient cycles mediated 

by bacteria (Jenkins & Boulton, 2003). Grazing by zooplankton can have top-down 

effects in aquatic food webs. For example, a study during a dinoflagellate bloom in 
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Western Australia found zooplankton grazing contributed to the decrease in 

phytoplankton biomass (Griffin, Herzfeld, & Hamilton, 2001). Larger cladocerans 

are the most effective grazers, with calanoid copepods and rotifers being less studied 

in this regard (Boon, Bunn, Green, & Shiel, 1994), but see Koste 1979 (as cited in 

Boon et al., 1994). 

Zooplankton also influence the aquatic food web from the bottom up and are an 

important food source for other invertebrates, tadpoles and waterbirds (Boulton & 

Lloyd, 1992; Ning et al., 2013; Watkins, Nielsen, Quinn, & Gawne, 2011). 

Zooplankton are also vital components to the diets of various fish species (Medeiros 

& Arthington, 2008; Ning et al., 2013; Watkins et al., 2011) and the composition of 

zooplankton communities can be influenced by the presence, feeding preferences 

and size of predatory fish (Ning, Nielsen, Hillman, & Suter, 2010a; Williams & 

Moss, 2003). The effects of fish on zooplankton can be density-dependant. For 

example, zooplankton may be overeaten due to the demand that comes with an 

increase in fish biomass from both fish growth and increase in stocking densities 

(Ingram & De Silva, 2007). 

In temporary and seasonally inundated wetlands, zooplankton egg banks are critical 

in re-establishing zooplankton communities following inundation (Gleason, Euliss, 

Hubbard, & Duffy, 2003). Egg banks have the potential to provide a significant 

contribution of emerging invertebrates to the food web of newly-inundated 

floodplains (Boulton & Lloyd, 1992; Jenkins & Boulton, 2003). However, despite 

their importance to the survival of zooplankton communities, they have received less 

attention than organisms in the water column (Garcia-Roger, Carmona, & Serra, 

2006). Dormant zooplankton eggs settle on the sediment (Marcus, Lutz, Burnett, & 

Cable, 1994), where sediment and eggs accumulate over time, forming an egg bank 

(Nielsen, Smith, Hillman, & Shiel, 2000; Watkins et al., 2011). The eggs within this 

sediment bank typically require exposure to hatching cues (Hairston, 1996). For 

example, flooding following dry periods triggers the emergence of the next aquatic 

zooplankton community from dormant egg banks stored in floodplain sediments 

(Boulton & Lloyd, 1992; Jenkins & Boulton, 2007; Ning et al., 2013). Some 

emerging individuals are from eggs in the sediment up to 10cm deep (Brendonck & 

De Meester, 2003; Hairston, Brunt, Kearns, & Engstrom, 1995), but emergence is 

generally restricted to the top 2 cm of sediment (Brendonck & De Meester, 2003). 
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Hairston and Kearns (2002) found that very little sediment was needed to inhibit 

hatching by reducing exposure to cues; however, sediment mixing could also expose 

the egg bank to hatching cues. Zooplankton resting stages and eggs can be buried 

deeper in the sediment or brought closer to the surface due to sediment disturbance 

by bioturbation (Adámek & Maršálek, 2013).  

Bioturbation is the reworking of surface sediment into the water column (Adámek & 

Maršálek, 2013) and can be caused by fish, burrowing worms, insects or molluscs 

(Brendonck & De Meester, 2003). Bioturbation by adult carp can negatively impact 

water quality and aquatic vegetation (Fletcher, Morison, & Hume, 1985; Roberts, 

Chick, Oswald, & Thompson, 1995). There has been limited investigation of the 

effects of bioturbation by carp on zooplankton egg banks. The feeding mechanism 

of a fish influences their effects from bioturbation (Adámek & Maršálek, 2013). 

Carp feed with a ‘gulping’ technique which disturbs soft sediments in the process 

(Roberts et al., 1995). Weather loach are also bioturbators, who bury their heads in 

the sediment and filter out food (Keller & Lake, 2007; Watanabe & Hidaka, 1983). 

1.3 Invasive fish species 

The introduction of a new species can have multiple, interacting impacts on native 

communities, including increased competition, the introduction of diseases and 

parasites, predation of native species, alterations to the food-web structure, and 

damage or alteration to the surrounding environment (Keller & Lake, 2007; Roberts 

et al., 1995). In Australian wetlands, there is a high abundance of exotic species. The 

common carp, Cyprinus carpio, was accidentally released in the 1960s (King, 

Robertson, & Healey, 1997; Vilizzi, 1998a). Since then, it has spread throughout the 

Murray-Darling Basin to become one of the most widely distributed species (Crook 

et al., 2013; Crook, Robertson, Alison, & Humphries, 2001; Roberts et al., 1995), 

making up to 90% of fish biomass in some areas (Harris & Gehrke, 1997, as cited in 

Koehn, 2004).  

The eastern gambusia, Gambusia holbrooki, originated from North America 

(Erguden, 2013; Ho, Bond, & Thompson, 2013; Macdonald et al., 2012; Pyke, 

2005), but has been introduced to countries worldwide in order to control 

mosquitoes (Erguden, 2013; García-Berthou, 1999; Hammill, Wilson, & Johnston, 

2004; Komak & Crossland, 2000; Pyke, 2005). It was first introduced in Australia 
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around Sydney and Brisbane in 1925 (Rowe et al., 2008) and is now abundant and 

widespread, occurring in a range of habitats (Humphries & Walker, 2013; 

Macdonald et al., 2012). It is considered a generalist carnivore (García-Berthou, 

1999; King, 2005) but a review into the past reveals examples that suggest gambusia 

could have feeding preferences (Pyke, 2005).  

Weather loach, Misgurnus anguillicaudatus, are relatively new to Australia. There is 

limited research on their impact in Australian wetlands (but see Keller & Lake, 

2007). Their diet overseas, however, consists of zooplankton, specifically 

cladocerans and copepods. An Australian mesocosm study demonstrated that 

weather loach are able to alter macroinvertebrate communities which could reduce 

food availability for native fish (Keller & Lake, 2007). 

The implications are that exotic fish could influence the zooplankton community in 

a way that is detrimental to native fish and wetland fauna recruitment, and increase 

fish mortality during the occurrence of a ‘blackwater’ event (Hladyz, Watkins, 

Whitworth, & Baldwin, 2011; Howitt, Baldwin, Rees, & Williams, 2007). 

Zooplankton play a significant role as a food source for juvenile fish, tadpoles and 

waterbirds (Boulton & Lloyd, 1992; Ning et al., 2013). Decreasing the abundance of 

zooplankton can lead to greater competition between predators which rely on them 

as a food source. Zooplankton are considered a vital food source for successful 

recruitment of native fish species, such as Golden perch, Macquaria ambigua, and 

Murray cod, Maccullochella peelii (Arumugam & Geddes, 1986; Jenkins & 

Boulton, 2007; Kaminskas & Humphries, 2009). Invasive fish species could hinder 

recruitment of native fish by decreasing zooplankton abundance, below what is 

considered optimal for the successful recruitment of larval and juvenile fish after a 

spawning period (King, Humphries, & Lake, 2003). 

Zooplankton are also considered a key dietary component for native waterbirds, 

such as pink-eared ducks, Malacorhynchus membranaceus, and the Australasian 

shoveler, Anas rhynchotis (Jenkins & Boulton, 2007). Waterbird abundance 

increases with food abundance (Wen, Saintilan, & Ling, 2012), which therefore 

implies that invasive fish species could have a negative impact on the presence of 

waterbirds where they decrease zooplankton abundance. 
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A reduction in grazing zooplankton abundance can potentially contribute to algal 

bloom intensity (King et al., 1997), which can also indirectly contribute to hypoxic 

and blackwater conditions, acting as nutrient pumps and fuelling phytoplankton 

(Roberts et al., 1995). Hypoxic conditions can lead to the death of fish and aquatic 

organisms (Hladyz et al., 2011; Howitt et al., 2007). 

1.4 Context of thesis 

This study aims to build an understanding of the impact of key exotic fish species on 

zooplankton communities. Three potential mechanisms are investigated; predation, 

sediment disturbance and nutrient egestion. Chapters 2 & 3 specifically focus on the 

predation effects of gambusia on an emerging zooplankton community. There is 

concern that the diet of gambusia overlaps with native fish (King, 2005) and that 

competition could limit food availability for native fish, in particular through their 

larval and juvenile stages when high densities of prey are required (Baber, Childers, 

Babbitt, & Anderson, 2002; Humphries, King, & Koehn, 1999; King et al., 2003). 

The role of predation and feeding preferences in shaping zooplankton communities 

is investigated using two predator species, the introduced gambusia, and native 

Murray cod (Maccullochella peelii) larvae. Density-dependant mechanisms are 

investigated with the influence of gambusia and Murray cod larvae compared at low, 

medium and high fish densities.  

Chapters 4 & 5 explore predation effects further, but also add in the complex effects 

of the interactions between predation, sediment disturbance and nutrient egestion on 

the zooplankton community. Carp are known to negatively impact aquatic habitats 

in Australia (Angeler, Álvarez-Cobelas, Sánchez-Carrillo, & Rodrigo, 2002; 

Humphries & Walker, 2013); however, weather loach have received little attention 

in Australia so far (but see Keller & Lake, 2007). Carp can contribute to 

cyanobacterial blooms by increasing nutrient availability, although the processes by 

which they increase nutrient availability is not well understood (Gehrke & Harris, 

1994). This study also considered the role of bioturbation by carp and weather loach 

and describes the impacts of water chemistry with particular attention to the 

contributions of sediment disturbance and nutrient egestion, whilst isolating the 

underlying causes to link them to their specific effects.  
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As a result of their top-down effects, there is potential for carp to remove grazer 

control by zooplankton on phytoplankton which can contribute to algal bloom 

intensity (King et al., 1997). Bottom-up effects from bioturbation and nutrient 

egestion by carp and weather loach on the zooplankton community, as well as their 

top-down effects via predation, were also investigated. 

The thesis ends with a short synthesis chapter (Chapter 6). 
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2 The influence of fish species on an emerging 

zooplankton community 

2.1  Abstract 

High densities of zooplankton are beneficial for larval and juvenile fish 

development; however, fish predation can alter the zooplankton community 

abundance and composition. Using collected wetland sediment samples, mesocosms 

were set up to study the differing impacts of both a native (Murray cod) and invasive 

(gambusia) fish species on an emerging zooplankton community. Gambusia 

impacted the zooplankton community differently to Murray cod. Gambusia 

decreased total zooplankton abundance when compared to the Control treatment by 

reducing the abundance of all zooplankton taxa. Murray cod also decreased 

zooplankton abundance compared to the Control; however, they impacted mainly 

cladocerans, and the decrease in zooplankton abundance was not as great as in the 

Gambusia treatment. It was concluded that gambusia negatively impacted the 

zooplankton community and could have repercussions on food availability for native 

fish. 

2.2 Introduction 

The production of an abundant and diverse zooplankton community is important to 

biodiversity and the support of wetland food webs. Floodplains and wetlands can be 

ideal locations for fish larval development due to slow-flowing water and high food 

availability, particularly zooplankton that rapidly develop in freshly flooded 

wetlands (Humphries et al., 1999; King et al., 2003). The high density of food 

provided is beneficial for the growth of fish into larval and juvenile stages (Baber et 

al., 2002; Humphries et al., 1999; King et al., 2003). 

Since zooplankton can comprise a large portion of the diet of fish, fish can have top-

down effects on zooplankton abundances (or density) (Ning et al., 2010a), 

community composition (Williams & Moss, 2003) or both (Ning et al., 2010a). 

Also, since fish species vary in size and predation ability, and can have differing 

feeding preferences, these top-down effects can differ depending on the density and 

species composition of resident fish species (Thys & Hoffmann, 2005; Williams & 

Moss, 2003). Fish mouth gape, swimming ability, size and vision vary among fish 
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species and fish life stage, controlling the diet of the fish (King, 2005). Visual 

predators may selectively prey on larger zooplankton species, resulting in a small-

sized species community (Ning, Nielsen, Hillman, & Suter, 2010b). Gape size limits 

what sized prey a fish can consume (Humphries & Walker, 2013), and so diet varies 

among fish species and life stages. Golden perch larvae, for example, have a small 

mouth gape, limiting prey initially to 330 µm in length (Rowland, 1996), but prey 

selection will shift from consuming smaller to larger zooplankton as the fish 

increase in size (Rowland, 1996). Murray cod prey selection and diet composition 

also changes as it grows (Ingram & De Silva, 2007). In fisheries, the first 1-2 weeks 

after stocking with larval cod (length of 15.6 mm to growth of 52.3 mm), they 

generally consume Moina, then shift in later weeks to adult copepods, Daphnia and 

chironomid larvae due to increased swimming strength and capturing abilities 

(Ingram & De Silva, 2007).  

Fish feeding preferences modify zooplankton community structure through selective 

feeding (Matveev, Matveeva, & Jones, 2000) and can differ for fish species. For 

example, larval gambusia consumes prey as big as their gapes, but also smaller 

items, whereas Murray cod larvae eat prey much smaller than their gape sizes, 

indicating a preference for smaller prey (Humphries & Walker, 2013). In one study, 

however, occurrences of Murray cod feeding on prey less than 0.4 mm in length (for 

example, rotifers and copepod nauplii) were rare, despite rotifers and nauplii being 

common and abundant (Ingram & De Silva, 2007). In aquaculture systems, Murray 

cod are reported to select Daphnia and Moina (Ingram & De Silva, 2007; King, 

2005), whereas in the wild macrothricids and chydorids (benthic cladocerans) were 

consumed more, as shown by the dissection of fish collected from a floodplain river 

(King, 2005). 

Fish feeding preferences can alter depending on life stage, meaning that the effects a 

fish species has on the zooplankton community changes over time (King, 2005; 

Thys & Hoffmann, 2005). As fish grow, their size and species preference of 

zooplankton may alter as they develop (Arumugam & Geddes, 1996), as change in 

diet is common among fishes (King, 2005). Therefore, fish within a species but of 

different size classes may also have different effects on zooplankton (Thys & 

Hoffmann, 2005). Fish larvae usually have different dietary needs or are limited in 

their ability to source prey (for example, small mouth gape, limited swimming 
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abilities, poor eyesight or small body size) (King, 2005), resulting in different 

influences over zooplankton than that of their adult counterparts. The increase in 

copepod occurrence in the Murray cod diet after fish growth is an example of this 

(Ingram & De Silva, 2007). Most fish larvae are considered to need smaller prey 

items for their first feed (King, 2005). As a result, it has been suggested that there 

are dietary overlaps between species during this life stage (King, 2005). 

Gambusia is an exotic species in Australian waters whose impacts on zooplankton 

community composition are not yet fully understood. It is a diurnal, visual predator 

(Baber & Babbitt, 2003), whose main food sources are aquatic invertebrates and 

zooplankton (Rowe et al., 2008), in particular cladocerans, ostracods and copepods 

(García-Berthou, 1999). Of these, it has been stated to prefer cladocerans, with 

special interest in chydorids and daphniids (García-Berthou, 1999). They also 

consume insects and insect larvae, algae, plant matter, worms, crustaceans, snails, 

amphibian eggs, tadpoles, fish eggs and small fish, including that of its own species 

(Erguden, 2013; Pyke, 2005; Rowe et al., 2008). It has been described as a generalist 

carnivore, meaning its diet is flexible and there are no particular preferences in what 

it eats (García-Berthou, 1999; King, 2005). In one study, gambusia suppressed all 

zooplankton taxa studied (Ning et al., 2010a). It is suspected that the diet of the 

eastern gambusia overlaps with a number of fishes that are native to the Murray-

Darling Basin (King, 2005). 

In this chapter, the predation impacts of both native and invasive fish species on a 

zooplankton community were tested. Specifically, how predation by gambusia and 

Murray cod fish species influenced the community composition of zooplankton and 

the abundance of key zooplankton taxa was observed, with the intent on learning 

whether gambusia inhibit zooplankton community abundance and species richness 

in a way that similar-sized fish individuals of Australian native species do not.  

To test the impact of both native and invasive fish species on a zooplankton 

community emerging from a wetland sediment egg bank, a mesocosm experiment 

was designed which compared treatments involving Murray cod larvae, Golden 

perch larvae and juvenile gambusia. These fish were studied at the same ratio of 

densities of fish to zooplankton so that the effects that each fish species had on 

zooplankton abundance and composition were compared. It was expected that 1) 



  

10 
 

Murray cod larvae would decrease zooplankton abundance but also impact the 

cladoceran groups the most due to species preference (Ingram & De Silva, 2007; 

King, 2005), 2) Golden perch would decrease zooplankton abundance by preying on 

smaller zooplankton such as nauplii and small microcrustacea due to its limited 

mouth gape (Rowland, 1996), and 3) gambusia would suppress zooplankton 

abundance and there would be decreases in abundance for all taxa due to its 

generalist diet (García-Berthou, 1999; King, 2005). It was further predicted that the 

differences in diet would mean Murray cod would shape zooplankton community 

composition differently to gambusia; Murray cod should reduce species richness by 

selectively removing cladocerans from the zooplankton community via predation. 

Likewise, Golden perch should shape the zooplankton community differently to 

gambusia or Murray cod, reducing species richness by selecting those within its 

gape limitations.  
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2.3 Materials and methods 

2.3.1 Sediment collection 

Yarrada is a wetland that resides within the mid-Murrumbidgee region and was 

selected as the site for sediment collection. The mid-Murrumbidgee wetland 

complex is a series of oxbow lagoons that connect to the main river channel during 

periods of high flow. The mid-Murrumbidgee system extends between Wagga 

Wagga in the east and Carrathool in the west (New South Wales). The vegetation 

overstory is dominated by river red gum (Eucalyptus camaldulensis) (MDBA, 

2012). These lagoons are known to be important areas for breeding waterbirds and 

habitat for a range of threatened species such as the blue-billed duck (Oxyura 

australis), the superb parrot (Polytelis swainsonii) and the southern bell frog (Litoria 

raniformis) (MDBA, 2012). Yarrada was selected as the site for sediment collection 

because previous zooplankton data for this site showed that the zooplankton 

community was relatively intact, meaning that when the sediment samples were 

inundated there would be sufficient zooplankton hatching for the fish larvae to feed 

upon. The wetland was also not inundated at the time of collection, so the 

zooplankton-rich sediment was readily accessible. Each sample was a composite of 

four subsamples collected along each of 15 transects (Figure 2-1). Subsamples were 

collected using a spade, and the vertical profile (5 cm depth) was preserved when 

the subsamples were combined in a plastic mesocosm container. 

This study also considered the role of bioturbation by carp and weather loach and 

describes impacts water chemistry with particular attention to the contributions of 

sediment disturbance and nutrient egestion, whilst isolating the underlying causes to 

link them to their specific effects.  
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To reduce variability between samples, a sample consisted of four equal quarters, 

each taken from different levels along the same transect (Figure 2-1). A template 

was placed over the sample area, and a spade was used to define the sample edge 

and then remove the part. Parts were individually placed into the mesocosm 

containers so that one part from each line in the transect was placed in the same 

container to make one sample (Figure 2-1). This was done carefully so as not to 

disturb the profile of the soil. This process was repeated until sufficient sample 

numbers were collected.  

Figure 2-1 Sediment collection methodology. Wetland was divided into four lines/layers along each 

transect, based on distinct patterns formed by the decline in water levels and germination of new 

vegetation (a). Four parts of a sample were collected by placing template over sample area (b), defining 

sample edge (c), isolating sample part (d) and removing sample (e). 

b) c) e) d) 

a) 
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The vertical profile of the sediment was preserved in order to try and mimic the 

zooplankton community that would naturally emerge from the wetland the sediment 

was procured from during flooding. As discussed in Chapter 1, zooplankton eggs 

and dormant stages within the sediment bank require exposure to hatching cues 

(Hairston, 1996) and sediment mixing could expose individuals lower in the 

sediment profile (Brendonck & De Meester, 2003; Hairston et al., 1995; Hairston & 

Kearns, 2002). This could inadvertently produce a zooplankton community in the 

mesocosm containers that would differ to the community that would naturally occur 

in the wetland environment. 

The sediment sampling process was also conducted prior to the main sediment 

collection for one transect each at Euroley, Gooragool and Yarrada to obtain the 

samples needed for the pilot study. Euroley, Gooragool and Yarrada were three sites 

thought to have high zooplankton emergence based on previous data collected from 

these sites. Yarrada was selected after the pilot study was completed. 

The mesocosm containers were transported immediately to the CSU lab for storage 

in a cool, dry storage area. Damp samples were air-dried before storage to prevent 

mould formation and contamination of the samples.   

2.3.2 Pilot study 

A pilot study was conducted in order to identify the best wetland site for sediment 

collection, based on successful emergence and establishment of zooplankton. Three 

samples from three wetlands, Euroley, Gooragool and Yarrada, were flooded with 

10 L of water, and zooplankton species and number were recorded once a week for 

four weeks. The study also determined the time taken for the zooplankton 

community to establish. Murray cod larvae were then added to determine 

appropriate fish densities for the main study and also to determine if water quality 

remained satisfactory. Water quality was tested once a week on the same day as 

zooplankton sampling. Variability in zooplankton abundances in each of the 

mesocosms meant that the original plan of adding fish numbers per mesocosm was 

changed to adding fish numbers per zooplankton numbers (explained also in 

experimental design). 
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2.3.3 Fish collection 

Murray cod larvae were sourced from Narrandera Fisheries. The Golden perch were 

also sourced from Narrandera Fisheries and were one day old upon addition to the 

mesocosms. The Murray cod larvae were several days after hatching. Juvenile 

gambusia were sourced from the Charles Sturt University (CSU) wetlands, Albury. 

Gambusia were caught using a sweep net that was dragged through the shallow 

water (30-50 cm in depth). Fish were sorted whilst the net was still in water, and 

non-target species were immediately released. Captured gambusia were transferred 

into a tub filled with water from the wetland for transport directly to the CSU lab, 

where they were allowed to adjust to the new environmental settings. 

2.3.4 Experiment layout 

Mesocosm tanks (H: 30 x W: 30 x L: 40 cm) were placed in an environmentally-

controlled laboratory room, where temperature and lighting were kept consistent. 

The temperature was room temperature (approximately 25 degrees Celsius). 

Lighting was artificial mixed with sunlight through windows that did not shine 

direct sunlight on the containers to minimise temperature fluctuations due to solar 

heating. Treatments were randomly assigned to tanks. Tanks were flooded with 10 L 

of water by slowly pouring water down the sides of the tanks to minimise soil 

disturbance. Filling was done with deionised water. Once the tanks were filled, they 

were allowed 21 days for the zooplankton population to establish, based on the pilot 

study results. Fish were added to the tanks on Day 21, after zooplankton sampling 

on that day. The first zooplankton sampling then occurred seven days after fish 

addition, providing fish maximum time between sampling ‘before’ and ‘after’ in 

order to see maximum impact on the zooplankton community. Zooplankton 

sampling then continued once per week until the end of the experiment period. 

Zooplankton were sampled from each mesocosm weekly for six weeks. The six-

week period was selected based on the pilot study conducted prior to the 

experimental period. It was determined that at least three weeks were required for 

the zooplankton community to establish (Before), and after fish were added the 

zooplankton sampling should continue for the same length of time (After). This also 

suited the experimental design chosen for later analysis of the data collected. 
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Water quality and chlorophyll content was tested on a weekly basis. Fish were 

counted and checked visually for health issues daily. At the end of the experiment, 

all fish were euthanised and preserved. Golden perch were observed to have high 

mortality rates when added to the mesocosms. Because of this, the Golden Perch 

treatments have been removed from analysis.  

2.3.5 Experimental Design 

To differentiate the impacts of fish species on zooplankton abundance and 

composition, a Before-After Control-Impact (BACI) design was used. There were 

three Fish treatments and a Control treatment. There were a minimum of nine 

replicates for each of the Fish treatments and 18 replicates for the Control treatment. 

Initially, a replicate of the Control treatment was provided for each of the Gambusia 

and also Murray Cod treatments; however, it was later recognised that a single 

replicate of the Control treatment was adequate for comparison to both the 

Gambusia and Murray Cod treatments as a group. This also maintained consistency; 

the Gambusia treatment was not compared to a different set of Controls than the 

Murray Cod treatment. 

The tested treatments were mesocosm tanks with no fish (Control), mesocosm tanks 

with Murray cod, mesocosm tanks with gambusia and mesocosm tanks with Golden 

perch. As zooplankton abundance varied between tanks, it was decided that fish 

were stocked based on zooplankton abundance (or density) within each mesocosm. 

Literature provided both fish per L and zooplankton per L, which was then used to 

calculate the appropriate number of fish per number of zooplankton based on 

zooplankton sampling from each mesocosm on Day 21. With previous studies 

describing high stocking densities occurring when zooplankton densities were at or 

below 100 individuals per fish (Arumugam & Geddes, 1992; Rowland, 1992) at 

which point Murray cod larvae mortality increased (Rowland, 1992) and low 

stocking densities occurring at 350 zooplankton individuals per fish (Rowland, 

1992), the treatment densities were set at tanks with no fish (Control), and tanks 

with fish densities of 250 zooplankton per fish. The experiment ran over a period of 

six weeks. 
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2.3.6 Sampling 

Zooplankton were counted weekly for six weeks. Live zooplankton samples were 

taken by gently stirring the water in the mesocosm tank and then collecting one litre 

of water. This was put through a 38-micrometre sieve and then rinsed into a sifting 

tray using deionised water for inspection under a dark-field microscope. Species and 

abundances were recorded before transferring them back to the mesocosm tank via 

rinsing the sifting tray with deionised water. 

The larger zooplankton size classes (cladocerans and copepods) were expected to be 

the more preyed upon taxa by both gambusia and Murray cod, which meant that 

zooplankton measurements were not considered important compared to the 

dynamics of the predator-prey relationship in this particular study. The live counts 

would also have made it difficult to do measurements of the sampled zooplankton 

and would have slowed the sampling process considerably. If time permitted or 

additional staff were on hand for future studies similar to this, then the option of 

presenting results by zooplankton size might be feasible. 

Identification was made via visual identification and references to keys (Shiel & Co-

operative Research Centre for Freshwater, 1995). For unknown species, photographs 

were taken and one sample of the species was preserved. The preserved specimens 

were used to then confirm identification. Identification for cladocerans was mainly 

to species. Rotifers, copepods and ostracods were initially identified based on 

morphotypes. The samples of each species preserved became a reference collection. 

From these, rotifers were identified to genus or given reference names where they 

could later be identified to genus. Copepods were defined as calanoid, cyclopoid or 

nauplii. Both copepods and ostracods did not need to be identified to genus or 

species when data analysis showed that they did not make significant contributions 

to the zooplankton community population. 

Water quality was tested weekly for six weeks. A calibrated multiparameter 

handheld meter (Horiba U-50) was used to measure pH, turbidity (NTU), dissolved 

oxygen (DO, mg L-1), conductivity (mS cm-1) and temperature (°C) once per week. 

The results of water quality testing were used to monitor conditions within the 

mesocosm. 
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2.3.7 Statistical analysis 

In this study, treatments were compared based on zooplankton community species 

richness and abundance. Each species and their abundances were recorded for each 

treatment on every sampling day. 

PRIMER (Version 7) with PERMANOVA + was used to perform analysis on the 

dataset. The dataset was transformed to prevent skewness from a select number of 

zooplankton species. Non-metric Multi-Dimensional Scaling (nMDS) was 

conducted on log (x+1) transformed resemblance matrices using Bray Curtis 

similarities to determine the similarity of zooplankton communities between 

treatments. PERMANOVA’s pairwise tests do not include corrections for multiple 

comparisons. Nonetheless, p-values still adhered to a more strict alpha of 0.01 rather 

than 0.05 (most of which also adhered to an alpha of 0.001). Pairwise p tests were 

used to further isolate significant terms, using Monte-Carlo tests where numbers of 

unique permutations were low. Results were considered significant at p<0.05. All 

data were analysed using PRIMER 7 with PERMANOVA (Anderson, 2017a). 

Permutational Multivariate Analysis of Variance (PERMANOVA) was then used to 

determine any significant differences in zooplankton community composition as a 

result of fish density or sample experiment day. Tests were first conducted on days 

21 and 28 (before and after addition of fish, respectively) only of the dataset to get 

an overall summation of the before and after effect. Analysis was then performed on 

the rest of the data to determine if there were significant differences between Fish 

Density treatments and if fish effects on the zooplankton community changed over 

time. 

A Canonical Analysis of Principal Coordinates (CAP) was executed on the dataset 

following PERMANOVA, to get a better visual on the grouping of the treatments.  

A Similarity Percentage Analysis (SIMPER) was performed on the dataset to 

identify the main zooplankton species driving the differences in community 

composition and their relative contributions to this variation. The statistics program 

SPSS (version 2.0) was used to create histograms comparing the zooplankton groups 

at different densities over the experiment period and also comparing the main 

zooplankton species based on the SIMPER output. An Analysis of Similarities 
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(ANOSIM) was also performed on the dataset to identify the main zooplankton 

species driving the differences in community composition and their relative 

contributions to this variation.  

Golden perch were attempted for this experiment, but there were high mortalities 

and the daily fish counts led to a conclusion that there were no fish by sampling Day 

28. No fish meant the treatments were not fairly comparable to the Control or other 

Fish treatments. It was therefore decided to remove Golden perch from analysis. 
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2.4 Results 

2.4.1 Zooplankton abundance over time 

After zooplankton sampling on Day 21, fish were added to the Fish treatments 

(Figure 2-2). The PERMANOVA analyses revealed zooplankton abundance was 

influenced by the interaction of Sample Experiment Day and Treatment (Table 2-1). 

By Day 28 (seven days after fish addition), zooplankton abundances were 

significantly lower in the Gambusia treatments compared to the Control, and this 

trend continued through to Day 42 (Table 2-1; Gambusia vs Control; Day 28 

p(perm)=0.0001, Day 35 p(perm)=0.0001, Day 42 p(perm)=0.0001). Zooplankton 

abundances were also significantly lower in the Murray Cod treatment compared to 

the Control treatment on Day 28 (Table 2-1; Murray cod vs Control; Day 28 

p(perm)=0.0292); however zooplankton abundances were not significantly different 

between the Murray Cod treatment or the Control on Day 35 (p(perm)=0.9828) or 

Day 42 (p(perm)=0.7302). Zooplankton abundances were also significantly lower in 

the Gambusia treatment than in the Murray Cod treatment on Day 28 (Table 2-1; 

Gambusia vs Murray cod; Day 28 p(perm)=0.0094), Day 35 (p(perm)=0.0001) and 

Day 42 (p(perm)=0.0001).  

Table 2-1 Pseudo-F results from PERMANOVA analyses performed on zooplankton 

abundance data. Note: Significance is indicated by *p<0.05, **p<0.01, ***p<0.001; significant 

results shown in bold. 

Variable Term 

Sample 
Experiment Day 

Treatment Sample Experiment 
Day*Treatment 

1 Zooplankton Total - - 4.6913*** 

2 Cladoceran Total 54.15*** 20.998*** 2.132** 

3 Rotifer Total 7.5367*** 3.13* 1.1567 

4 Ostracod Total 8.4996*** 8.7254*** 1.1916 

5 Copepod Total 0.85812 6.6711*** 0.63757 
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Figure 2-2 Zooplankton abundance over the experiment period for Gambusia, Murray cod and 

the Control treatments. Fish were added to the mesocosms after zooplankton sampling on Day 

21. Variability in average zooplankton abundances between treatments was accounted for in 

the methodology by adding fish to the mesocosms on a fish:zooplankton ratio based on 

zooplankton counts for Day 21. Data for treatments (n=9) are averages. Error bars are 

standard error. 
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2.4.2 Zooplankton composition over time  

The Gambusia treatment had significantly decreased cladoceran abundances than the 

Control treatment on all sampling days after the addition of fish (Figure 2-3, Table 

1; Day 28 p(perm)=0.001, Day 35 p(perm)=0.0001, Day 42 p(perm)=0.0001). The 

Murray Cod treatment also had significantly decreased cladoceran abundances than 

the Control treatment on all sampling days after the addition of fish (Figure 2-3, 

Table 1; Day 28 p(perm)=0.004, Day 35 p(perm)=0.0108, Day 42 p(perm)=0.0266). 

The Gambusia and Murray Cod treatments did not have significantly different 

cladoceran abundances on Day 28 (p(perm)=0.6749); however, the Gambusia 

treatment had significantly decreased cladoceran abundances than the Murray Cod 

treatment on Day 35 (p(perm)=0.0014) and Day 42 (p(perm)=0.003).  

 

Figure 2-3 Cladoceran abundance over the experiment period for Gambusia, Murray cod and 

the Control treatments. Fish were added on Day 21 after zooplankton sampling and so were 

present in the mesocosm on sampling Days 28, 35 and 42. Data for treatments (n=9) are 

averages. Error bars are standard error. 
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Rotifer abundances significantly changed from Day 21 to Day 28 (Figure 2-4, Table 

2-1; p(perm)=0.0169). In the Gambusia treatment, rotifer abundances were 

significantly decreased compared to the Control treatment (Table 2-1; Gambusia vs 

Control p(perm)=0.0114). The Murray Cod treatment had significantly higher rotifer 

abundances than in the Control treatment (Table 2-1; Murray cod vs Control 

p(perm)=0.0173).  

 

Figure 2-4 Rotifer abundances over the experiment period for Gambusia, Murray cod and the 

Control treatments. Fish were added on Day 21 after zooplankton sampling and so were 

present in the mesocosm on sampling Days 28, 35 and 42. Data for treatments (n=9) are 

averages. Error bars are standard error. 
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Ostracod abundance did not significantly increase or decrease in the Gambusia 

treatment compared to the Control (Table 2-1; Gambusia vs Control 

p(perm)=0.2551). The Murray Cod treatment significantly increased ostracod 

abundance compared to the Control (Figure 2-5, Table 2-1; p(perm)=0.0001).  

 

Figure 2-5 Ostracod abundances over the experiment period for the Murray cod, Gambusia 

and Control treatments. Fish were added on Day 21 after zooplankton sampling and so were 

present in the mesocosm on sampling Days 28, 35 and 42. Data for treatments (n=9) are 

averages. Error bars are standard error. 
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The Gambusia treatment did not significantly increase or decrease copepod 

abundances compared to the Control (Table 2-1; Gambusia vs Control 

p(perm)=0.8232). The Murray Cod treatment significantly increased copepod 

abundance compared to the Control (Figure 2-6) (p(perm)=0.0003). Gambusia had a 

significantly lower copepod abundance compared to Murray cod (p(perm)=0.0048).  

 

Figure 2-6 Changes in copepod abundance in the Murray cod, Gambusia and Control 

treatments. Fish were added on Day 21 after zooplankton sampling and so were present in the 

mesocosm on sampling Days 28, 35 and 42. Data for treatments (n=9) are averages. Error bars 

are standard error. 
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2.4.3 Species contribution to abundance and composition 

An examination of zooplankton species before and after fish addition to the 

mesocosms revealed shifts in zooplankton community composition for all 

treatments. The Control, Murray Cod and Gambusia treatments all had similar 

species composition before fish were added to the mesocosms on Day 21 after 

zooplankton sampling (  
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Table 2-2; Sample statistic (R)=0.014, Significance level=28.9%). The Control 

treatment initially had a mixture of cladocerans, rotifers and ostracods contributing 

to the population abundance, with cladoceran Daphnia pulex the highest contributor 

to the zooplankton abundance (  
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Table 2-3). The Gambusia and Murray Cod treatments had similar mixtures 

cladocerans, rotifers and ostracods contributing to their population abundances also. 

After fish were added to the mesocosms, all treatments significantly differed to each 

other in species composition (  
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Table 2-2; Sample Statistic (R) = 0.371, Significance level=0.1%). The Control 

treatment shifted to a more cladoceran dominant population, with Moina micrura 

and Daphnia pulex contributing to more than 75% of the zooplankton abundances 

recorded (  
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Table 2-3). Average abundances also increased in the second half of the experiment 

period compared to the first half. The Gambusia treatment also had a reduction in 

species richness in the second half of the experiment period, however, the average 

abundances were also reduced, accounting for the overall decrease in zooplankton 

abundance in the Gambusia treatment compared to the Control. The dominant 

species was again M. micrura, however, rotifers and ostracods were still contributors 

to the zooplankton community composition, even though they were low in 

abundance. The Murray Cod treatment had a reduction in species richness in the 

second half of the experiment period also. Like the Control, cladoceran abundance 

in the Murray Cod treatment increased and shifted towards a M. micrura dominated 

population. There was also an increase in abundance for the rotifers and ostracods 

that contributed to the zooplankton community composition.  
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Table 2-2 Pairwise tests from one-way ANOSIM testing for species differences between 

treatments. Before had no significant differences between treatments, After had significant 

species differences between treatments (Before: Sample Statistic (R)=0.014, Significance level of 

sample statistic=28.9%; After: Sample Statistic (R)=0.371, Significance level of sample 

statistic=0.1%). Note: Significance is indicated by *p<0.05, **p<0.01, ***p<0.001; significant 

results are shown in bold. 

 Treatments R statistic 

Before Control vs Gambusia 0.043 

 Control vs Murray cod -0.044 

 Gambusia vs Murray cod 0.116 

After Control vs Gambusia 0.525*** 

 Control vs Murray cod 0.143*** 

 Gambusia vs Murray cod 0.514*** 
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Table 2-3 Results of SIMPER analysis. Zooplankton species abundance and composition for 

each treatment for the Before period of Days 7-21 (aka before fish were added) and the After 

period of Days 28-42 (after the fish were added). Species were added until a minimum 85% 

cumulative contribution was achieved. Taxa are ranked according to their average 

contribution. Average similarity (Av. Sim) and similarity/standard deviation (Sim/SD) are 

included. 

 Treatment Species Av. 
Abundance 

Av. 
Sim 

Sim/SD Contrib 

% 

Cum 

% 

Before Control Daphnia pulex 56.67 7.50 0.45 35.03 35.03 

Rotifer V 6.43 3.18 0.42 14.84 49.88 

Ostracod 1 5.84 2.64 0.52 12.34 62.22 

Rotifer Q 15.42 2.49 0.39 11.63 73.84 

Rotifer 1  16.68 2.38 0.62 11.13 84.98 

Rotifer H 2.95 0.90 0.45 4.21 89.19 

Gambusia Rotifer Q 23.81 9.88 0.84 31.06 31.06 

Rotifer 1 15.33 8.31 0.82 26.12 57.18 

Ostracod 1 5.56 3.10 1.01 9.74 66.92 

Daphnia pulex 14.78 2.96 0.51 9.32 76.24 

Rotifer V 5.37 2.94 0.59 9.25 85.49 

Moina micrura 1.93 1.12 0.99 3.53 89.02 

Murray cod Daphnia pulex 27.07 7.75 0.62 24.73 24.73 

Ostracod 1 10.56 7.74 1.22 24.70 49.44 

Rotifer 1 6.33 3.51 0.91 11.21 60.64 

Rotifer V 7.37 3.06 0.49 9.77 70.41 

Rotifer Q 3.96 2.00 0.58 6.39 76.80 

Rotifer E 4.22 1.88 0.48 6.00 82.81 

Rotifer H 4.52 1.68 0.44 5.35 88.16 

After Control Moina micrura 63.90 15.75 1.11 56.54 56.54 

Daphnia pulex 37.56 5.16 0.42 18.53 75.07 

Ostracod 1 7.38 1.75 0.79 6.28 81.35 

Ceriodaphnia 
sp. 

33.69 1.62 0.21 5.80 87.15 

Gambusia Moina micrura 14.11 20.77 1.66 52.29 52.29 

Rotifer X 4.04 5.65 0.86 14.24 66.53 

Rotifer Q2 6.56 5.56 0.54 14.01 80.54 

Ostracod 1 2.89 3.84 0.76 9.67 90.21 

Murray cod Moina micrura 45.52 13.90 1.42 44.76 44.76 

Ostracod 1 15.67 6.90 1.37 22.23 66.99 
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Rotifer H 35.00 6.48 0.52 20.87 87.86 

Rotifer Q 4.56 1.10 0.55 3.54 91.41 

 

Comparing the Control and Gambusia treatments, there were decreased abundances 

of the main cladoceran, Daphnia pulex, in the Gambusia treatment after fish were 

added, whereas there was still a higher abundance of this species in the Control 

treatment (  
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Table 2-4). Some of the rotifers that contributed to the populations before fish were 

added (for example, Rotifer H, U and E) for both the Control and Gambusia 

treatments decreased in abundance in both the Control and Gambusia treatments. 

While others also decreased in the Control treatment for the second half of the 

experiment, some rotifers (such as Rotifer X, 1 and 2EE) increased in abundance, 

particularly in the Gambusia treatment, however, their contribution to the 

cumulative contribution was still very low. 

Comparing the Control and Murray Cod treatments, there were decreased 

abundances of the main cladoceran, Daphnia pulex, particularly in the Murray Cod 

treatment after fish were added (Table 2-5). There were also decreases in the other 

cladoceran species abundances in the Murray Cod treatment after fish were added 

but increases in cladoceran species abundances in the Control treatment. Rotifers 

tended to decrease in abundance in the Control treatment, however, some increased 

in abundance in the Murray Cod treatment.  

Comparing the Gambusia and Murray Cod treatments, the Gambusia treatment 

decreased overall cladoceran abundances more than the Murray Cod treatments 

(Table 2-6). There was also variability in the rotifer species present in each of the 

treatments, with some rotifers being present in one treatment, whilst being absent in 

the other.  
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Table 2-4 Results of SIMPER analysis. Zooplankton species abundance and composition 

comparing the Control and Gambusia treatments for the periods before and after fish were 

added. Species were added until a minimum 70% cumulative contribution was achieved. Taxa 

are ranked according to their average contribution. Average dissimilarity (Av. Diss) and 

dissimilarity/standard deviation (Diss/SD) are included. 

 Species Control Av. 
Abundance 

Gambusia 
Av. 
Abundance 

Av. 
Diss 

Diss/
SD 

Contri
b % 

Cum 
% 

Before Rotifer H 0.58 0.37 3.12 1 6.53 6.53 

Moina micrura 0.51 0.81 3.06 0.96 6.42 12.95 

Rotifer U 0.51 0.41 3.01 0.97 6.31 19.26 

Rotifer E 0.43 0.3 2.83 0.91 5.94 25.2 

Daphnia pulex 0.72 0.67 2.7 0.84 5.65 30.86 

Ostracod 2 0.06 0.44 2.67 0.88 5.6 36.46 

Rotifer X 0.2 0.41 2.64 0.86 5.54 41.99 

Rotifer V 0.65 0.74 2.61 0.83 5.47 47.46 

Rotifer HHH 0.32 0.33 2.52 0.87 5.29 52.75 

Cladoceran sp. 0.21 0.37 2.47 0.83 5.18 57.93 

Rotifer Q 0.65 0.93 2.36 0.74 4.95 62.87 

Macrothricidae 
macrothrix 

0.25 0.19 1.93 0.7 4.05 66.93 

Ostracod 1 0.8 0.93 1.55 0.55 3.25 70.18 

After Rotifer X 0.25 0.81 4.69 1.31 7.44 7.44 

Daphnia pulex 0.62 0 4.17 1.21 6.61 14.05 

Rotifer Q2 0.16 0.63 4.12 1.12 6.52 20.57 

Ostracod 2 0.43 0.48 3.46 0.95 5.48 26.05 

Rotifer Q 0.58 0.56 3.46 0.94 5.47 31.52 

Rotifer H 0.51 0 3.37 0.98 5.33 36.86 

Moina micrura 0.4 0.11 2.84 0.82 4.5 41.35 

Ostracod 5 0.36 0.11 2.7 0.77 4.27 45.63 

Ceriodaphnia 0.4 0 2.59 0.78 4.1 49.72 

Cladoceran sp. 0.16 0.3 2.45 0.73 3.89 53.61 

Ostracod 1 0.85 0.74 2.45 0.68 3.88 57.49 

Ostracod 4 0.27 0.19 2.34 0.72 3.71 61.2 

Daphnia sp. 0.25 0.19 2.24 0.7 3.55 64.75 

Rotifer 1 0.14 0.26 2.22 0.67 3.52 68.27 

Rotifer 2EE 0.01 0.33 2.17 0.69 3.44 71.71 
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Table 2-5 Species abundance and composition comparing the Control and Murray cod 

treatments for the periods before and after fish were added. Species were added until a 

minimum 70% cumulative contribution was achieved. Taxa are ranked according to their 

average contribution. Average dissimilarity (Av. Diss) and dissimilarity/standard deviation 

(Diss/SD) are included. 

 Species Control Av. 
Abundance 

Murray cod 
Av. 
Abundance 

Av. 
Diss 

Diss/
SD 

Contri
b % 

Cum 
% 

Before Rotifer HHH 0.32 0.59 3.13 1.03 6.83 6.83 

Rotifer E 0.43 0.63 3.05 1 6.64 13.47 

Moina micrura 0.51 0.7 2.98 0.96 6.49 19.96 

Rotifer U 0.51 0.56 2.95 0.97 6.43 26.4 

Rotifer H 0.58 0.63 2.87 0.92 6.25 32.65 

Rotifer V 0.65 0.67 2.71 0.87 5.9 38.55 

Rotifer Q 0.65 0.78 2.55 0.82 5.55 44.11 

Macrothricidae 
macrothrix 

0.25 0.37 2.45 0.85 5.34 49.44 

Daphnia pulex 0.72 0.74 2.37 0.78 5.17 54.61 

Cladoceran sp. 0.21 0.33 2.33 0.79 5.07 59.68 

Copepod 1 0.11 0.37 2.11 0.8 4.6 64.28 

Rotifer I 0.14 0.26 1.81 0.68 3.94 68.22 

Ceriodaphnia sp. 0.17 0.22 1.79 0.66 3.89 72.11 

After Daphnia pulex 0.62 0.26 3.44 1.05 5.93 5.93 

Rotifer H 0.51 0.63 3.13 0.94 5.39 11.32 

Rotifer Q 0.58 0.67 2.95 0.89 5.08 16.4 

Ostracod 2 0.43 0.33 2.88 0.91 4.97 21.36 

Cladoceran sp. 0.4 0.26 2.68 0.86 4.61 25.98 

Macrothricidae 
macrothrix 

0.3 0.3 2.51 0.79 4.33 30.3 

Ceriodaphnia sp. 0.4 0.11 2.49 0.8 4.29 34.59 

Ostracod 4 0.27 0.33 2.49 0.82 4.28 38.88 

Rotifer U 0.11 0.37 2.46 0.78 4.24 43.12 

Ostracod 5 0.36 0.04 2.28 0.73 3.92 47.04 

Rotifer EE 0.23 0.26 2.22 0.74 3.82 50.86 

Rotifer HHH 0.07 0.33 2.12 0.72 3.65 54.51 

Rotifer X 0.25 0.22 2.05 0.72 3.53 58.03 

Daphnia sp. 0.25 0.19 1.96 0.69 3.38 61.41 

Copepod 1 0.12 0.3 1.89 0.7 3.26 64.67 
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Rotifer V 0.16 0.19 1.64 0.61 2.82 67.49 

Ostracod 3 0.09 0.19 1.3 0.55 2.23 69.73 

Rotifer 1 0.14 0.11 1.28 0.51 2.2 71.93 

 

Table 2-6 Species abundance and composition comparing the Gambusia and Murray cod 

treatments for the periods before and after fish were added. Species were added until a 

minimum 70% cumulative contribution was achieved. Taxa are ranked according to their 

average contribution. Average dissimilarity (Av. Diss) and dissimilarity/standard deviation 

(Diss/SD) are included. 

 Species Gambusia 
Av. 
Abundance 

Murray 
cod Av. 
Abundance 

Av. 
Diss 

Diss/
SD 

Contri
b % 

Cum 
% 

Before Rotifer E 0.3 0.63 2.96 1.07 6.72 6.72 

Rotifer H 0.37 0.63 2.91 1.03 6.62 13.34 

Rotifer HHH 0.33 0.59 2.89 1.03 6.56 19.9 

Rotifer U 0.41 0.56 2.74 0.99 6.23 26.13 

Cladoceran sp. 0.37 0.33 2.42 0.89 5.5 31.63 

Ostracod 2 0.44 0.04 2.39 0.88 5.44 37.07 

Rotifer V 0.74 0.67 2.39 0.83 5.42 42.49 

Daphnia pulex 0.67 0.74 2.36 0.82 5.37 47.86 

Rotifer X 0.41 0.15 2.34 0.85 5.31 53.18 

Macrothricidae 
macrothrix 

0.19 0.37 2.19 0.83 4.99 58.16 

Moina micrura 0.81 0.7 2.08 0.75 4.73 62.89 

Copepod 1 0.19 0.37 2.08 0.83 4.73 67.62 

Rotifer I 0.07 0.26 1.52 0.64 3.45 71.06 

After Rotifer X 0.81 0.22 4.73 1.32 7.45 7.45 

Rotifer Q2 0.63 0 4.36 1.2 6.88 14.33 

Rotifer H 0 0.63 4.22 1.24 6.65 20.98 

Ostracod 2 0.48 0.33 3.42 0.93 5.39 26.37 

Rotifer Q 0.56 0.67 3.38 0.91 5.33 31.7 

Rotifer U 0 0.37 2.55 0.75 4.02 35.71 

Ostracod 4 0.19 0.33 2.54 0.78 4 39.72 

Rotifer HHH 0.04 0.33 2.27 0.7 3.58 43.3 

Macrothricidae 
macrothrix 

0.07 0.3 2.19 0.66 3.46 46.75 

Rotifer 1 0.26 0.11 2.13 0.65 3.36 50.11 

Rotifer 2EE 0.33 0 2.13 0.68 3.36 53.47 

Rotifer O 0.22 0.15 2.06 0.64 3.25 56.72 
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Cladoceran sp. 0.3 0 2.02 0.62 3.19 59.9 

Copepod 1 0.07 0.3 1.93 0.68 3.04 62.95 

Ostracod 1 0.74 1 1.91 0.57 3.01 65.96 

Moina micrura 0.11 0.26 1.89 0.65 2.98 68.94 

Daphnia sp. 0.19 0.19 1.85 0.64 2.91 71.86 

2.5 Discussion 

Overall, zooplankton community composition was altered by the presence of 

Murray cod larvae and juvenile gambusia. Gambusia had a greater impact than 

Murray cod, suppressing all zooplankton taxa. Murray cod negatively impacted 

cladocerans, which meant there was a decrease in zooplankton abundance but also a 

decrease in species richness. Gambusia and Murray cod differed in how much they 

decreased zooplankton abundance and for how long. Gambusia decreased 

zooplankton abundance the whole time they were present and more than Murray 

cod. Murray cod initially decreased zooplankton abundance compared to the Control 

treatment, before zooplankton abundance returned to Control treatment numbers.  

Zooplankton abundance decreased overall in the Gambusia treatment compared to 

the Control, which was contributed to the suppression of all zooplankton taxa in the 

treatment. This finding supports the original prediction that zooplankton abundance 

would decrease in the Gambusia treatment due to its generalist diet (García-Berthou, 

1999; King, 2005). Both the cladoceran and rotifer abundances were significantly 

decreased for the entire time gambusia were present in the mesocosms. It was 

thought there may be some prey preference for certain cladocera, as described by 

García-Berthou (1999), however, there was a reduction in all zooplankton taxa and 

the reduction overall was so great that potential prey preference was not feasibly 

discernible in the Gambusia treatment.  

Murray cod also decreased overall zooplankton abundance compared to the Control; 

however, there was only a significant decrease in abundance in the first week after 

fish were added to the treatment. The decrease in overall abundance is explained by 

the decrease in cladoceran abundance, which supports the prediction that Murray 

cod would decrease zooplankton abundance, specifically cladocerans due to species 

preferences. Murray cod prefer cladoceran species in aquaculture as well as in the 

wild, with Moina and Daphnia spp. amongst the select choice (Ingram & De Silva, 
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2007; King, 2005). Adding to this, small prey such as rotifers are less likely to be 

chosen, even when present in high abundances (Ingram & De Silva, 2007). 

These findings suggest gambusia have the potential to reduce food availability for 

Murray cod larvae in wetlands where gambusia are present. Gambusia also 

significantly reduced the presence of grazing species of zooplankton, which could 

indirectly increase the risk of algal blooms. This is all dependent on the densities of 

gambusia in our local waterways. Further study is required to determine if 

gambusia’s impacts on the zooplankton community are indeed similar on a larger 

scale as to what was seen in this experiment.  

The increase in overall zooplankton abundance in the Murray Cod treatment after 

the first week is explained by the increase in rotifer abundances. Other studies have 

found that rotifers increase in abundance when competition between zooplankton is 

removed, particularly where cladocerans decreased in abundance (Matsuzaki, Usio, 

Takamura, & Washitani, 2007; Richardson, Wickham, & Threlkeld, 1990). In the 

Murray Cod treatments, there was a lack of predation on rotifers but also a reduction 

in competition between zooplankton due to the removal of cladocerans, which 

explains why rotifer abundances increased in this treatment. Interestingly, rotifers 

did not also increase in the Gambusia treatment due to decreased competition with 

cladocerans; however, this was contributed to the aggressive predation pressures of 

gambusia on all zooplankton. In another study, higher masses of Gambusia 

holbrooki suppressed all zooplankton taxa studied (Ning et al., 2010a), which is 

similar to what happened in this study. 

Gambusia significantly decreased cladocerans more than Murray cod and also 

decreased overall zooplankton abundance more than zooplankton. This confirms the 

prediction that gambusia would change the zooplankton community composition 

differently to Murray cod. Looking at the results, while the Control, Gambusia and 

Murray Cod treatments started out with a similar composition of cladocerans, 

rotifers and ostracods, species composition differed between all the treatments after 

fish were added to the mesocosms and in particular, the Gambusia treatment differed 

to the Murray Cod treatment. As discussed, Murray cod are selective in their feeding 

preferences (Ingram & De Silva, 2007; King, 2005), so the rotifers present at the 

start of the experiment were still present after fish addition since they were less 
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likely to be consumed (Ingram & De Silva, 2007). In the Gambusia treatment, 

however, gambusia consumed all zooplankton taxa, including the rotifers that were 

present at the start of the experiment, due to their generalist diet (García-Berthou, 

1999; King, 2005). This reduction in competition with other zooplankton taxa 

(Matsuzaki et al., 2007; Richardson et al., 1990) allowed some of the rotifer taxa 

that were previously too low in abundances to make a valuable contribution to the 

community composition before, to be afterwards present enough to contribute, 

remembering that all zooplankton taxa in the Gambusia treatment decreased in 

average abundances. 

This study shows that Murray cod consume zooplankton; however, the predation 

pressures are not enough to significantly reduce the zooplankton population. While 

the composition of the zooplankton community changed to a more rotifer-dominant 

population, this could benefit the larger, predatory zooplankton taxa later in the 

cycle. This study also showed that gambusia, however, could potentially reduce the 

zooplankton abundance to the stage that the zooplankton community cannot 

properly recover, which could result in reduced reserves for, and reduced emergence 

in the next inundation cycle. This could, over time, lead to a catastrophic reduction 

in food availability for the native fish species. Further studies are recommended over 

at least several cyclic periods to determine if wetland areas where gambusia are 

prominent see this trend over time. 

Golden perch did not decrease zooplankton abundance. There were problems with 

fish mortality in the Golden Perch treatments which could explain the lack of effects 

this fish species had on zooplankton community and abundance. There are a few 

possible reasons for this occurrence. There could have been complications due to the 

need to transport the fish from the hatchery to the experiment location, 

acclimatisation, or because of the fragile life stage of the Golden perch. Golden 

perch are considered ‘inefficient feeders,’ and it has been stated that at the start of 

feeding, Golden perch require high densities of zooplankton in order to survive 

(Rowland, 1996). If this study was to be repeated, it is recommended that the 

experiment be conducted on site at the hatchery, to avoid possible complications due 

to transport and or acclimatisation, minimising fish mortality. It is also 

recommended the Golden perch have several days to feed after hatching prior to the 
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commencement of the experiment to assist in the adjustment to experimental 

conditions. 

In conclusion, both native and invasive fish species impacted zooplankton 

community composition and abundance via predation. Nonetheless, there were 

differences between fish species. Gambusia suppressed all zooplankton taxa, 

whereas Murray cod only suppressed cladocerans during the initial introduction and 

the cladoceran population was able to recover over time. This means that gambusia 

could have adverse effects on the zooplankton communities found in Australian 

wetlands by altering the population from what would occur if this invasive fish 

species was not present. Golden perch needs to be studied further, taking into 

consideration the recommended changes to increase the likelihood of success of the 

study. 
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3 The influence of fish density on an emerging 

zooplankton community 

3.1 Abstract 

Using mesocosm experiments, the impact of fish density on an emerging 

zooplankton community was tested. It was expected for there to be a lower 

zooplankton abundance in the High Fish Density treatments than the Low Fish 

Density treatments, and that prey selectivity would be displayed more in the Low 

Fish Density treatments due to higher food availability. Gambusia had a greater 

impact on zooplankton community abundance and composition than Murray cod. 

Zooplankton abundance decreased at all gambusia densities but not for Murray cod 

when compared to the Control. Gambusia also had density-dependent effects on 

zooplankton community composition, with there being fewer rotifers at higher fish 

density. This implies that gambusia could negatively impact food abundance for 

native fish species which heavily rely on zooplankton in their early life stages and 

therefore could also negatively impact native fish recruitment. 

3.2 Introduction 

Zooplankton are an important part of the diet for many fish species. Fish larval 

occurrence may even be timed for periods of high prey presence, such as when 

populations of zooplankton emerge from freshly flooded wetlands (Humphries et al., 

1999). The abundance of food provided in wetlands is beneficial for the growth of 

fish (Baber et al., 2002; Humphries et al., 1999; King et al., 2003) and they may be 

important nursery habitats for native fish (Gehrke, 1992). Most fish larvae are 

considered to need smaller prey items for their first feed, and as a result of this, there 

are dietary overlaps between species during this life stage (King, 2005). A fish 

species’ influence on zooplankton depends not only on the dietary preferences of the 

fish but also on the fish biomass or density (Ingram, 2009). For example, as fish 

biomass increases, the zooplankton community composition can shift from one 

dominated by larger to smaller zooplankton (Williams & Moss, 2003). Fish density 

can change over time within wetlands, increasing as the wetland starts to dry down, 

leading to decreasing water volume (and therefore habitat) and concentration of food 
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sources which exacerbates the competition (Humphries et al., 1999). Fish biomass 

also increases with fish growth, and with that comes a greater demand for resources.  

Murray cod, Maccullochella peelii, larvae were selected as the native fish species 

for this study as they were readily sourced and are known to rely heavily on 

zooplankton as a food source during their development. Their diet has been found to 

consist mainly of cyclopoids and cladocerans (Ingram & De Silva, 2007; King, 

2005). In aquaculture systems, Murray cod larvae have been reported as having a 

particular preference for Daphnia and Moina (Ingram & De Silva, 2007; King, 

2005), whereas in the wild macrothricids and chydorids (benthic cladocerans) were 

consumed more (King, 2005). The importance of copepods in the diet of Murray cod 

increases as they grow and increase their swimming strength and capturing abilities 

(Ingram & De Silva, 2007). There is also an increase in the size range of prey and 

the maximum size of prey as the fish grows and its gape size increases (Ingram & 

De Silva, 2007). The larger fish continue to prey on smaller zooplankton, but also 

have the freedom of selecting from a wider range of prey (Ingram & De Silva, 

2007). 

The diet of Murray cod overlaps with gambusia, Gambusia holbrooki, an introduced 

species to Australia, which is a concern owing to the potential competition this 

brings to the native fish species. Gambusia also consume zooplankton (Rowe et al., 

2008), in particular, cladocerans with special interest in chydorids and daphniids, 

ostracods and copepods (García-Berthou, 1999). Gambusia has been described as a 

generalist carnivore, meaning its diet is flexible and there are no particular 

preferences in what it eats (King, 2005). They have also been reported as consuming 

insects and insect larvae, algae, plant matter, worms, crustaceans, snails, amphibian 

eggs, tadpoles, fish eggs and small fish, including that of its own species (Erguden, 

2013; Pyke, 2005; Rowe et al., 2008). The flexible diet of gambusia, their potential 

competitiveness with native fish species and their high abundance in many of the 

major freshwater systems, and therefore also their availability, were factors in their 

selection for this study. 

Previous studies have found that gambusia can alter zooplankton community 

composition. For example, cladoceran populations (specifically Ceriodaphnia 

reticulata) increased in the Control treatments compared to Gambusia treatments 
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(Angeler et al., 2002). There can also be significant negative interactions between 

gambusia and rotifer biomass, copepod biomass and total zooplankton biomass 

(Angeler et al., 2002). The effects gambusia have on the zooplankton community 

can increase with increasing stocking density. For example, Gambusia holbrooki at 

medium and high biomasses suppressed all microcrustaceans, and higher biomasses 

of Gambusia also reduced total rotifer density (Ning et al., 2010a). 

In this chapter, the impact of fish density on the zooplankton community was tested. 

Specifically, the differences in gambusia and Murray cod fish species effects on 

zooplankton community composition and abundance via density-dependent 

predation were observed. 

To test the impact of both native and invasive fish densities on an emerging 

zooplankton community, a mesocosm experiment was designed comparing Murray 

cod and gambusia at high, medium and low fish densities. Murray cod and gambusia 

were studied as data on the differences between these fish species and their impacts 

on an emerging zooplankton community was already collected in Chapter 2. 

Therefore the focus for this chapter shifted to the impacts of differing fish densities 

on the emerging zooplankton community. It was expected that 1) the High Fish 

Density treatments for gambusia and Murray cod would decrease zooplankton 

abundance more than the Low Fish Density treatments, 2) prey selectivity would be 

displayed more in the Low Fish Density treatments due to higher food availability 

and therefore food choice 3) the higher the fish density, the greater the impact on the 

zooplankton community, meaning zooplankton abundance and richness would both 

decrease more in the High Density treatment versus the Low Density treatment due 

to limited food availability. It was further predicted that Murray cod would shape 

zooplankton community composition differently to gambusia as seen in Chapter 2.   
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3.3 Materials and methods 

3.3.1 Sediment collection 

Sediment samples were collected from a single wetland, Yarrada (Chapter 2). 

Selection was based on previous zooplankton data for this site. Methodology follows 

those described in Chapter 2. 

3.3.2 Pilot study 

A pilot study was conducted as described in Chapter 2, where successful 

zooplankton emergence from the sediment samples was confirmed. The pilot study 

was also used to determine the time taken for the zooplankton population to 

establish and identify appropriate fish stocking densities. 

3.3.3 Fish collection 

Methodology follows those described in Chapter 2, with Murray cod sourced from 

Narrandera Fisheries and gambusia sourced from the Charles Sturt University (CSU) 

wetlands, Albury. Fish densities were determined from the pilot study in addition to 

literature that described high, medium and low fish density experiments. 

Methodology for experiment layout follows those described in Chapter 2, where 

tanks were inundated with 10 L of water and allowed 21 days for the zooplankton 

population to establish as per the pilot study results before the addition of fish.  

3.3.4 Experimental design 

The design approach to differentiate between the impacts of Fish Density treatments 

and the Control treatment was also a Before-After Control-Impact (BACI) design as 

used in Chapter 2, with the exception that there were three different densities of fish 

and two fish species (Murray cod and gambusia). Each Fish treatment had a 

minimum of nine replicates, and the Control treatment had a minimum of 18 

replicates. Zooplankton abundances varied between mesocosms, and as a result fish 

density was determined by fish number per zooplankton abundance and not by fish 

per tank. The approach used in Chapter 2 for determining the appropriate fish 

densities was applied again in this study, with the exception of setting mesocosms to 

varying fish densities. With previous studies describing high stocking densities as 

occurring when zooplankton densities were at or below 100 individuals per fish 

(Arumugam & Geddes, 1992; Rowland, 1992) at which point Murray cod larvae 
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mortality increased (Rowland, 1992) and low stocking densities occurring at 350 

zooplankton individuals per fish (Rowland, 1992), the treatment densities were set at 

tanks with no fish (Control), tanks with high fish density (100 zooplankton per fish), 

tanks with medium fish density (250 zooplankton per fish) and tanks with low fish 

density (400 zooplankton per fish).  

3.3.5 Zooplankton sampling 

Methodology follows those described in Chapter 2, where live zooplankton samples 

were undertaken. Species and abundance were recorded, and the zooplankton 

sample was returned to the mesocosm tank. 

3.3.6 Statistical analysis 

In this study, treatments were compared based on zooplankton community species 

richness and abundance. Each species and their abundances were recorded for each 

treatment on every sampling day. To test for differences between treatments and fish 

species, data were analysed using a permutational analysis of variance 

(PERMANOVA). Data were transformed (log (x+1)) prior to analysis. Resemblance 

matrices were calculated using a Bray-Curtis similarity measure. Pairwise p tests 

were used to further isolate significant terms, using Monte-Carlo tests where 

numbers of unique permutations were low. Results were considered significant at 

p<0.05. All data were analysed using PRIMER 7 with PERMANOVA (Anderson, 

2017a). 

An Analysis of Similarities (ANOSIM) was also performed on the dataset to identify 

the main zooplankton species driving the differences in community composition and 

their relative contributions to this variation. The statistics program SPSS (version 

2.0) was used to create histograms comparing the zooplankton groups for different 

treatments over the experiment period and also comparing the main zooplankton 

species based on the ANOSIM output. 

PRIMER 7 and PERMANOVA+ are able to analyse an array of data through a range 

of univariate, graphical and multivariate routines (Anderson, Gorley, & Clarke, 

2008; Clarke & Gorley, 2015), and this approach has been used previously in other 

studies also (Blasina, Barbini, & Díaz de Astarloa, 2010; Scyphers, Powers, & Heck, 

2015; Souza et al., 2013). Like Souza et al. (2013), for data analysis, the statistical 
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significance of variance components was tested using 9999 permutations of 

residuals. PERMANOVA, using Euclidean distance, is suitable for univariate 

ANOVA, with some benefits regarding normality (Anderson, 2017a; Scyphers et al., 

2015). PERMANOVA is subject to the permutation-equivalent of homogeneity of 

variance. PERMDISP was used to test for homogeneity of multivariate dispersions. 

3.4 Results 

Overall, zooplankton abundance and community composition changed significantly 

once fish were added (Before/After) for gambusia compared to the Control 

treatment but not Murray cod (Table 3-1). Fish density was a significant contributor 

to these changes for gambusia.  

Table 3-1 Pseudo-F values from PERMANOVA performed on zooplankton abundance split by 

fish species. Before/After compares the time before addition of fish to the treatments to after. 

Fish Density compares the different density treatments and the Control treatment. Note: 

Significance is indicated by *p<0.05, **p<0.01, ***p<0.001; significant results are shown in 

bold. 

Model Tested Gambusia Murray cod 

Before/After 6.498* 2.415 

Fish Density 4.792** 0.670 

Before/After*Fish Density 4.647** 1.205 

 

The ANOSIM pairwise tests revealed that the zooplankton community composition 

changed in the Murray Cod, Gambusia and Control treatments over time. In the 

Gambusia and Murray Cod treatments, the Low, Medium and High Density 

treatments changed zooplankton community composition after fish were added to 

the treatments, and these changes were all significantly different to the composition 

of the Control treatment (Table 3-2). In the Murray Cod treatments, there was no 

significant difference between the Low, Medium and High Density. In the Gambusia 

treatments, there was no significant difference between the High and Medium 

Density treatments, or the Medium and Low Density treatments; however, there was 

a significant difference between the High and Low Density treatments.  
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Table 3-2 One-way ANOSIM pairwise tests for density treatments for Gambusia and Murray 

cod before and after fish were added to the treatments (Gambusia: Sample statistic (R)=0.486, 

Significance level of sample statistic=0.1%; Murray cod: Sample statistic (R)=0.312, 

Significance level of sample statistic=0.1%).  Response variable is Total Zooplankton. Note: 

Significance is indicated by *p<0.05, **p<0.01, ***p<0.001; significant results are shown in 

bold. R-value rounded to 3rd decimal place. 

 R Statistic 

Groups Gambusia Murray cod 

High Before vs High After 0.772*** 0.548*** 

High Before vs Low After 0.586*** 0.594*** 

High Before vs Medium After 0.653*** 0.502*** 

High Before vs Control After 0.467*** 0.422*** 

High After vs Low Before 0.903*** 0.515*** 

High After vs Low After 0.088** -0.015 

High After vs Medium Before 0.915*** 0.567*** 

High After vs Medium After 0.01 -0.02 

High After vs Control Before 0.893*** 0.532*** 

High After vs Control  After 0.615*** 0.223*** 

Low Before vs Low After 0.723*** 0.563*** 

Low Before vs Medium After 0.775*** 0.465*** 

Low Before vs Control After 0.579*** 0.455*** 

Low After vs Medium Before 0.752*** 0.599*** 

Low After vs Medium After 0.009 -0.009 

Low After vs Control Before 0.776*** 0.561*** 

Low After vs Control After 0.456*** 0.211*** 

Medium Before vs Medium After 0.783*** 0.515*** 

Medium Before vs Control After 0.575*** 0.437*** 

Medium After vs Control Before 0.797*** 0.47*** 

Medium After vs Control After 0.517*** 0.19*** 

Control Before vs Control After 0.51*** 0.488*** 

 

Explored further, Gambusia significantly impacted cladoceran, ostracod and rotifer 

abundances; however there was no significant difference to copepod abundance 

(Table 3-3). In the Gambusia treatments, before and after fish treatment influenced 

rotifer abundance, then fish density. Cladocerans and ostracods were affected due to 

a combination of time and fish densities within the treatments. In the Murray Cod 

treatments, cladocerans were the main zooplankton taxonomic group affected and 
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was due to a combination of time and fish densities within the treatments (Table 

3-3). 

Table 3-3 F-value from univariate analysis performed on zooplankton data split by fish species 

and group. Before/After compares the time before addition of fish to the treatments to after. 

Fish Density compares the different density treatments. Before/After*Fish Density is the 

interaction. Response variable is Total Zooplankton. Note: Significance is indicated by *p<0.05, 

**p<0.01, ***p<0.001; significant results are shown in bold. 

Model Tested Cladoceran Copepod Ostracod Rotifer 

Gambusia 

Before/After 0.136 0.034 2.702 75.658*** 

Fish Density 29.993*** 1.444 0.614 3.436* 

Before/After*Fish 
Density 

8.899*** 0.084 6.220*** 1.969 

 Murray cod 

Before/After 4.523* 0.002 3.253 1.350 

Fish Density 4.117** 1.094 1.605 1.679 

Before/After*Fish 
Density 

5.928*** 2.137 0.124 1.161 

 

The Gambusia treatments had significantly decreased cladoceran abundances than 

the Control for all Fish Density treatments after the addition of fish (Figure 3-1). 

After fish addition on Day 21, cladoceran abundances decreased in each of the 

Gambusia Low, Medium and High Fish Density treatments, whereas cladoceran 

abundances increased in the Control treatment.  

The Murray Cod treatments significantly decreased cladoceran abundance compared 

to the Control treatment after the addition of fish (Figure 3-1). In the Control 

treatment, cladoceran abundance increased after the addition of fish, whereas in the 

Murray Cod Low, Medium and High Density treatments the cladoceran abundance 

did not increase past the numbers they had already reached before the addition of 

fish to the treatments.  

The Gambusia treatments had lower ostracod abundances in the Low, Medium and 

High Density treatments compared to the Control treatment after the addition of fish 

(Figure 3-2). Ostracods decreased more with increasing fish density.  
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Interestingly, rotifer abundances decreased over time in all treatments (Figure 3-2). 

The Gambusia Low, Medium and High Density treatments, as well as the Control 

treatment, all decreased rotifer abundance. The Gambusia High Density treatment 

decreased rotifer abundance the most, while the Gambusia Low Density treatment 

had the higher abundance of rotifers of the treatments. 
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Figure 3-1 Mean cladoceran abundance for all Murray cod treatments (top) and Gambusia 

treatments (below) before and after fish addition to the treatments. Controls were used as a 

comparison and represented zooplankton abundances when fish were not present. 
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Figure 3-2 Mean rotifer abundance (below) and mean ostracod abundance (above) for all Gambusia 

treatments. Controls were used as a comparison and represented where zooplankton abundances would be if 

fish were not present. 
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3.5 Discussion 

Overall, zooplankton community composition and abundance were altered by the 

presence of both fish species. The impact of the two species differed, with gambusia 

reducing abundance across all zooplankton taxonomic groups while Murray cod 

selectively reduced cladocerans. The impact of Murray cod did not change 

significantly at the differing densities; however, the gambusia reduced zooplankton 

abundance, and thereby also species richness through the reduction in abundance of 

select species, further with increasing density. 

The rotifers were significantly lower in all Gambusia Density treatments as well as 

the Control. This is an important finding as typically rotifers are suppressed in the 

presence of cladocerans due to increased competition between the zooplankton 

taxonomic groups, which may have been the case in the Control treatment where 

cladoceran were at higher abundances, but will increase in the absence of 

cladocerans (Matsuzaki et al., 2007; Richardson et al., 1990). It was initially 

expected that the removal of cladocerans in the Gambusia Density treatments would 

result in an increase in rotifer abundance, instead, rotifers declined over time in all 

Gambusia Density treatments, potentially due to predation on rotifers by gambusia. 

Gambusia, therefore, removed zooplankton species which would otherwise be 

present in an invasive-fish-free setting. 

It was expected that the higher the density, the greater the impact gambusia and 

Murray cod would have on zooplankton, since top-down effects can be density-

dependent (Thys & Hoffmann, 2005; Williams & Moss, 2003); however, no 

difference in zooplankton community abundance or composition was found at the 

densities considered for Murray cod. Density dependant effects were identified for 

gambusia with significant differences in composition and abundance of zooplankton 

communities at high and low densities, which agrees with previous studies (Ning et 

al., 2010a). Rotifers were higher in abundance at the Low Fish Density treatment 

when compared to the High Fish Density treatment. This could potentially be a 

combination of decreased predation by cladocerans (Matsuzaki et al., 2007; 

Richardson et al., 1990) and less predation by gambusia at low fish density than in 

the higher density treatments due to a lower food demand (Ingram & De Silva, 
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2007). This indicates that at higher densities, gambusia could have a stronger impact 

on zooplankton community abundance and composition. 

Even at low densities, gambusia impacted zooplankton abundance. This highlights 

the potential role that gambusia might have in shaping zooplankton communities 

and limiting food availability for native fish. With respect to Murray cod, there was 

little variability between treatments. When zooplankton density impacts on Murray 

cod larvae mortality were tested in a previous study, the lowest zooplankton density 

calculated as 87.5 zooplankton per fish ( Rowland, 1992) and at this density 

mortality rates were significantly higher if feeding after hatching was delayed. A 

laboratory study of Golden perch fry and larvae dietary preferences stocked their 

experimental chambers at 90 zooplankton individuals per fish (Arumugam & 

Geddes, 1992). The duration of the feeding trials was only a maximum of 24hrs, 

with the duration decreasing to 10-34 minutes by the time fish length increased to 29 

mm. Another study on Murray cod larvae stocked their aquaria at 350 zooplankton 

individuals per fish to assess diet at hatching (Rowland, 1992). This density was to 

sustain the fish for five days and provide enough food that dietary preferences could 

be observed. Since in this study the highest fish density was set at 100 zooplankton 

per fish and lowest fish density was set at 400 zooplankton per fish, it was expected 

that at least some changes would be observed due to limiting food availability as fish 

density increased. Limited density-dependent effects may have occurred due to 

zooplankton stocking estimates being too conservative when determining the range 

for fish densities in this study. Both a higher and lower fish density could have 

resulted in a different outcome, however, as this experiment ran over a longer period 

of time than previous studies used to calculate the stocking densities, conservative 

stocking rates were used in order to prevent fish mortalities before the end of the 

experiment. If the experiment had been extended or if zooplankton were sampled 

more frequently it may have picked up the more subtle density-dependent effects. 

However, given the time constraints and work involved with the experiments, 

extending the experiment or sampling more frequently was not practically feasible at 

the time, but should be considered for future studies. 

In conclusion, fish density impacted zooplankton community composition and 

abundance. Fish species also had a differing impact on zooplankton community 

composition and abundance, with gambusia suppressing all zooplankton taxa, and 
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Murray cod only suppressing cladocerans. Gambusia increasingly altered 

zooplankton community composition with increasing fish density by reducing the 

number of zooplankton species sampled; however, Murray cod did not show 

changes in predation effects at different densities. These results demonstrate that the 

potential adverse effects of gambusia on zooplankton communities in Australian 

wetlands could be greater if this invasive fish species are present at a high density. 
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4 Influences of juvenile carp (Cyprinus carpio 

haematopterus) and weather loach (Misgurnus 

anguillicaudatus) on water quality, nutrient availability 

and Chlorophyll-a in a mesocosm environment 

4.1 Abstract 

High biomass of invasive fish species can degrade aquatic habitats. Bioturbation 

from fish activity can impact turbidity, primary production, and aquatic vegetation. 

Carp are widespread in Australian water systems, and weather loach are beginning 

to increase in numbers also. Using collected sediment samples, mesocosms were set 

up to study the impacts of carp and weather loach on water quality, nutrients 

availability and primary production through Chlorophyll-a. Both fish species 

significantly increased turbidity, ammonia concentrations and also Chlorophyll-a 

production when compared to the Control treatment of no fish. They also 

significantly decreased dissolved oxygen. Fish bioturbation and egestion were the 

underlying causes contributing to these effects.  

4.2 Introduction 

The degradation of aquatic habitat has become an increasing concern. Where the 

biomass of invasive fish, particularly of common carp (Cyprinus carpio), is high, 

their activity can contribute to the degradation of aquatic habitats (Angeler et al., 

2002; Humphries & Walker, 2013). Bioturbation can increase the risk of 

cyanobacterial blooms not only by sediment nutrient release, which promotes the 

blooms, but by exposing higher numbers of cyanobacteria to the water column 

(Ståhl-Delbanco & Hansson, 2002). Bioturbation is a process where surface 

sediment is mixed into the water column by feeding activity (Adámek & Maršálek, 

2013). Bioturbation can also impact the resting stages of zooplankton. Hairston and 

Kearns (2002) found that exposing older eggs can affect ecological and evolutionary 

dynamics of the zooplankton population. The effects of bioturbation are dependent 

on the intensity and fish density (Adámek & Maršálek, 2013). Elevated turbidity, 

rates of primary production and destruction of aquatic vegetation have all been 

linked to increased carp biomass (Koehn, 2004; Ozbay, 2008). Declining water 
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quality is particularly important because of potential flow-on effects to other aspects 

of the aquatic ecosystem. 

Elevated turbidity is a widespread issue for many inland waterways, with increases 

attributed to clearing of wetlands (Watkins, Quinn, & Gawne, 2010), erosion (Olley 

& Wallbrink, 2004), livestock activity and elevated nutrient concentrations and 

associated growth of algae and bacteria (Havens, James, East, & Smith, 2003). Fish 

can increase turbidity through bioturbation (Adámek & Maršálek, 2013). Carp feed 

by ‘gulping’, drawing matter in from up to a whole head length in front of them, 

disturbing soft sediments as they do this (Roberts et al., 1995). Weather loach bury 

their heads in the sediment before inhaling and then filtering out food (Keller & 

Lake, 2007; Watanabe & Hidaka, 1983). Bioturbation can expose and mobilise salts, 

increasing water conductivity (Bern, Clark, Schmidt, Holloway, & McDougal, 2015) 

and liberate sediment-bound nutrients (Angeler et al., 2002; Matsuzaki et al., 2007) 

such as nitrates/nitrites (NOx)(Keller & Lake, 2007), phosphorus (Driver, Closs, & 

Koen, 2005; Matsuzaki et al., 2007) and dissolved organic carbon (DOC)(Kristensen 

& Blackburn, 1987), into the water column. The sediment can hold large reserves of 

nutrients (Boon et al., 1994), and the release of labile nutrients and carbon from 

anoxic sediment can decrease overall DO in the water column when microorganisms 

utilise DO in their consumption of DOC (Hladyz et al., 2011). Increased availability 

of nutrients can also accelerate aquatic primary production, increasing the biomass 

of phytoplankton and subsequently Chlorophyll-a (Angeler et al., 2002). However, 

the associated increase in suspended sediment/turbidity can also inhibit zooplankton 

grazing on phytoplankton (Angeler et al., 2002) and reduce light penetration, 

restricting aquatic primary production (Zehrer, Burns, & Floeder, 2014).  

Fish ingest other aquatic fauna (Matsuzaki et al., 2007), macrophytes (Pusey & 

Arthington, 2003) benthic biofilms and sediment (Keller & Lake, 2007; Roberts et 

al., 1995) depending on dietary and habitat preferences which vary among species 

(Williams & Moss, 2003). When this material is subsequently egested it can increase 

concentrations of labile nutrients, particularly ammonia and NOx by subsequent 

nitrification (Keller & Lake, 2007; Matsuzaki et al., 2007), and phosphate (Driver et 

al., 2005; King et al., 1997; McIntyre et al., 2008a). As phosphate and 

nitrates/nitrites are often limiting nutrients for phytoplankton (Suthers & Rissik, 

2009), these egestions can increase rates of primary and secondary production and 
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change the density and composition of phytoplankton (Matsuzaki et al., 2007). The 

impacts of bioturbation and egestion are density-dependent (Adámek & Maršálek, 

2013), with increases in carp biomass increasing turbidity and nutrient 

concentrations (Driver et al., 2005; Roberts et al., 1995).  

Invasive fish are widespread in the Murray-Darling Basin, and in some areas they 

make up 80-90% of fish biomass (Koehn, 2004; Lintermans, 2007). Since the 1960s, 

carp have become widespread throughout the Murray-Darling Basin (Koehn, 2004). 

They are now one of the most widely distributed fish species (Crook et al., 2013; 

Roberts et al., 1995). As a pest species in Australia, they have been extensively 

studied due to concerns regarding their impacts on water quality (Akhurst, Jones, 

Clark, & Reichelt-Brushett, 2012; Roberts et al., 1995), aquatic vegetation (Fletcher 

et al., 1985; Roberts et al., 1995) and contribution to algal blooms (King et al., 

1997). Although many studies show that carp degrade water quality by increasing 

turbidity or increasing nutrient concentrations (Angeler et al., 2002; Humphries & 

Walker, 2013) and are often found in extremely high densities (Koehn, 2004; 

Nieoczym & Kloskowski, 2014), the relative contributions of bioturbation and 

nutrient ingestion and egestion to these impacts is not as commonly assessed (but 

see Matsuzaki et al., 2007). As discussed by King et al. (1997), there is a lack of 

knowledge as to whether carp bioturbation contributes to nutrient release from the 

sediment and if so, how. Moreover, many Australian wetland systems are now 

impacted by a second invasive species – oriental weather loach (Misgurnus 

anguillicaudatus), that is also known to actively bioturbate benthic sediments 

(Keller & Lake, 2007) and are spreading along the Murrumbidgee (Skye Wassens et 

al., 2011). 

In this chapter, the impact of the introduced fish species carp and weather loach on 

water quality and nutrient availability in a mesocosm environment was tested. 

Specifically, the contributions of sediment disturbance and fish ingestion and 

egestion of nutrients on the physio-chemical properties of the mesocosms were 

observed. 

To test the impact of both invasive fish on water quality, an experiment was 

designed comparing wetted sediment mesocosms with and without fish. Juvenile koi 

carp (Cyprinus carpio haematopterus) and adult weather loach (Misgurnus 
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anguillicaudatus) were added to the mesocosms as they are widely spread in the 

Murray-Darling Basin and occur in high densities in wetlands (Koehn, 2004). Adult 

common carp (Cyprinus carpio) are capable of reaching nearly 4kg. Koi carp can 

reach similar sizes, but growth can take longer than common carp (Tempero, Ling, 

Hicks, & Osborne, 2006). In this mesocosm experiment, however, differences in koi 

carp size to common carp was not an issue, as it was decided to use juvenile fish for 

the study, since zooplankton play a more important dietary role earlier on and 

benthic activity begins as early as fish lengths of 3-5cm (King, 2005). 

In this experiment, treatments were included where singular mechanisms (sediment 

disturbance, fish ingestion/egestion) could be studied so that the effects caused by 

each mechanism could be differentiated from each other. It was predicted that the 

addition of either carp or weather loach would 1) increase turbidity via bioturbation 

(King et al., 1997) and 2) increase concentrations of labile nutrients, especially 

ammonia, via ingestion and extraction (Matsuzaki et al., 2007). It was further 

predicted increased Chlorophyll-a and reduced dissolved oxygen as a result of 

additional nutrient availability (Matsuzaki et al., 2007; Whitworth, Baldwin, & Kerr, 

2012). It was also predicted that carp would have a greater impact than weather 

loach due to their larger mass and more active benthic feeding activity. 
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4.3 Methods 

4.3.1 Sediment collection 

Sunshower is an oxbow lagoon within the mid-Murrumbidgee wetland complex and 

was selected as the site for sediment collection because previous zooplankton data 

for this site showed that the zooplankton community was relatively intact (Skye 

Wassens et al., 2012), meaning that when the sediment samples were inundated 

there would be sufficient zooplankton hatching for the fish larvae to feed upon. The 

wetland was also not inundated at the time of collection, so the zooplankton-rich 

sediment was readily accessible. Each sample was a composite of four subsamples 

collected along each of 15 transects. Subsamples were collected using a spade, and 

the vertical profile was preserved when the samples were combined (Methodology 

follows those described in Chapter 2). 

4.3.2 Pilot study 

A pilot study was conducted in order to study the sediment disturbance mechanisms 

by weather loach and carp, so that they could be imitated in the Manual Disturbance 

treatment. Four, 750 ml containers filled with layers of washed, coloured sand were 

placed in mesocosm tanks with weather loach or carp. Four, 750 ml containers of 

brick sand were also provided in separate containers of the same size in order to 

minimise bias for the coloured sand substrate. At the end of one week, the sand was 

studied to determine the depth of disturbance and also the extent of disturbance 

(determined by the amount of displacement of sand). For carp, the layered sand 

showed an approximate 5 mm disturbance depth to an extent that could be replicated 

by using a brush to lightly sweep lengthways over the sediment three times per 

container (NB: Number of sweeps were dependent on brush width, if replicating this 

action in future studies, the entire sediment surface should be swept over once only). 

This action was repeated weekly. For weather loach, there was observed use of both 

the coloured sand and of the brick sand. Observations of weather loach using the 

sediment included seeing weather loach resting on the surface of the sediment as 

well as burrowing to depths of 4-5 cm. From the observations, it was deemed that 

the most appropriate way to replicate weather loach activity was to vertically insert a 

probe of 1.5 cm diameter into the sediment to approximately 3 cm in depth twice per 

container. This action was repeated weekly. 
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4.3.3 Fish collection 

Approximately 40 weather loach were collected from the Two Bridges Swamp 

wetland in the lower Murrumbidgee region in Yanga National Park. They were 

transported to Charles Sturt University, Albury, and given a minimum of one week 

to settle prior to the experimental period. Weather loach were adults with a mean 

size of approximately 11 cm in length and 10 g in weight. Approximately 40 sub-

adult koi carp (Cyprinus carpio haematopterus) of mean size of approximately 12 

cm in length and 20 g in weight were purchased from New South Wales local pet 

stores for use in the experiment. Both fish species were transported in water treated 

with Stress Coat and in eskies to minimise stress. They were then acclimatised to the 

shade house where the experiment took place (see 4.3.4 Experiment Layout) and 

mesocosm conditions by housing them within the experiment mesocosms during the 

first week the experiment began. 

4.3.4 Experiment layout 

Sixty mesocosm tanks were organised into two rows inside a shade house during the 

spring/summer period of November and December 2016. The shade house (sun filter 

of 70%) was built on site at Charles Sturt University, Albury, near the laboratory 

and measured 4 x 16 m. It was fully enclosed and equipped with a water-resistant 

cover to prevent rainwater from entering the mesocosm containers. Each treatment 

was assigned a mesocosm, and a computer-generated list was used to randomly 

assign each mesocosm to their position within the shade house. 

The mesocosm containers measured H: 31 x W: 53 x L: 77 cm. Each mesocosm tank 

contained four 750 ml containers of wetland sediment as well as four 750 ml 

containers of pre-washed brick sand as an alternative substrate. Each mesocosm was 

filled with 35 litres of aged tap water in preparation of the experiment 24 hours prior 

to the addition of fish. Treatments that required fish were stocked at two fish per 

mesocosm the day after inundation. All treatments, including the Control, included a 

piece of piping for refuge and four containers of washed coarse brick sand as the 

alternative substrate. All treatments, including the Control treatment, were 

supplemented with equal portions of commercial fish food (Tetra Colour Tropical 

Flakes Fish Food), fed daily. The mass of food added per tank per day was 

approximately 0.08 grams. The food was added to all treatments to remain 
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consistent. There were also multiple replicates for each treatment to minimise the 

effects of variability between treatments (for example, if one pair of fish leave some 

food uneaten but another does not). 

4.3.5 Experimental design 

To differentiate the impacts of nutrient changes caused by bioturbation and from 

egestion in the experiment, an ‘inference from change over time’ design was used. 

There were four treatments for each of carp and weather loach, plus a Control 

(Figure 4-1). The treatments were Manual Disturbance, Water Cue, Predation and 

Fish, although the Predation treatment has been removed from this study due to 

design faults. There was a minimum of six replicates for each treatment and 12 

replicates for the Control treatment. The experiment lasted for a total of 28 days. 

The experiment period for this chapter and Chapter 5 was less time than the 

experiment period discussed in Chapter 2 and 3. This was due to the large-scale 

nature of the experiment and the feasibility of conducting the experiment for an 

extended period of time. Also, because of the nature of the experiment which did not 

require a ‘Before’ period of waiting for the zooplankton communities within the 

mesocosms to establish, the period of which the experiment was required to run to 

achieve measurable results were reduced. It was therefore decided to reduce the 

experiment run-time with the benefit of avoiding the experimental conditions 

becoming increasingly subject to experimental effects over time. 

The Manual Disturbance treatment (Figure 4-1b and e) was designed to mimic 

sediment disturbance by fish, while removing compounding effects of nutrient 

transformation by fish ammonia egestion with the level and nature of sediment 

disturbance based on a pilot study prior to the experiment. Carp activity was 

replicated by using a paintbrush to lightly sweep lengthways over the sediment three 

times per container per week (Number of sweeps is dependent on the brush width, if 

replicating this action, the entire sediment surface should be swept over once only). 

For weather loach, it was determined that the most appropriate way to replicate 

weather loach activity was to vertically insert a probe of 1.5 cm diameter into the 

sediment to approximately 3 cm in depth twice per container per week to replicate 

their burrowing activity. 
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The Water Cue treatment (Figure 4-1c and f) was designed to determine the impact 

of carp and weather loach on nutrient availability. The Water Cue treatment had a 20 

micrometre barrier between the fish and the wetland sediment, preventing both fish 

predation and sediment disturbance but allowing nutrient exchange. The barrier was 

a nylon monofilament mesh. The fish in this treatment had access to the brick sand. 

The Fish treatment (Figure 4-1d and g) allowed for the three mechanisms of 

bioturbation, nutrient exchange and predation to be studied as a whole. There were 

two fish per mesocosm in the Fish treatments. The Fish treatment allowed fish 

access to sediment and zooplankton, allowing fish sediment disturbance, fish 

predation and nutrient exchange. The Control treatment (Figure 4-1a) was used to 

observe water quality without any fish effects. There was no sediment disturbance 

and no fish added to the Control treatment. 

 

 

 

  

b) 

g) 

f) 

e) 

d) 

c) 

Figure 4-1 Experimental design. There were seven treatments included in the analysis including a) the 

Control. For Carp; b) Manual Disturbance, c) Water Cue and d) Fish treatments. For Weather Loach; 

e) Manual Disturbance, f) Water Cue and g) Fish treatments. Predation treatments were removed 

from analysis due to a design fault. 

= Probe for Manual 
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4.3.6 Water sampling and testing 

Water quality measurements and Chlorophyll-a samples were collected once per 

week. Nutrient samples were collected on Day 7 and Day 28 (end of the first and 

last weeks) of the experiment period. Zooplankton were also sampled from each 

mesocosm once per week. A calibrated multiparameter handheld meter (Horiba U-

50) was used to measure pH, turbidity (NTU), dissolved oxygen (DO, mg L-1), 

conductivity (mS cm-1) and temperature (°C) once per week. These were measured 

just after mid-day and timing was consistent across treatments and weeks. The meter 

was calibrated daily. To estimate Chlorophyll-a concentration, a subsample of water 

(200 ml) was filtered through a glass-fibre filter paper (pore size 1.2µm), recording 

the volume of the filtrate and freezing. Chlorophyll-a was sampled once per week 

and analysed using a Sigma spectrophotometer following the methods in Ryder 

(2004). 

On each sampling occasion, multiple water samples were collected for nutrient 

testing using methods described by (S Wassens et al., 2016). Filtered nutrient 

samples were analysed for nitrate/nitrites (NOx), filterable reactive phosphorus 

(FRP) and ammonia (NH3) at a NATA-accredited laboratory.  

4.3.7 Zooplankton sampling 

Zooplankton were sampled from each mesocosm once per week. Live zooplankton 

samples were taken by gently stirring the water in the mesocosm and then collecting 

one litre of water. This was put through a 38 micrometre sieve and then rinsed into a 

sifting tray for inspection under a dark-field microscope. Species and abundances 

were recorded before transferring them back to the mesocosm via rinsing the sifting 

tray. 

Identification was made via visual identification and references to keys (Shiel & Co-

operative Research Centre for Freshwater, 1995). For unknown species, photographs 

were taken, and one sample of the species was preserved. The preserved specimens 

were used to then confirm identification. Identification for cladocerans was mainly 

to species. Rotifers, copepods and ostracods were initially identified based on 

morphotypes. The samples of each species preserved became a reference collection. 

From these, rotifers were identified to genus or given reference names where they 

could later be identified to genus. Copepods were defined as calanoid, cyclopoid or 
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nauplii. Both copepods and ostracods did not need to be identified to genus or 

species when data analysis showed that they did not make significant contributions 

to the zooplankton community population. 

4.3.8 Statistical analysis 

To test for differences between treatments and fish species, data were analysed using 

a permutational analysis of variance (PERMANOVA). Data were transformed (log 

(x+1)) prior to analysis. Resemblance matrices were calculated using a Bray-Curtis 

similarity measure. Pairwise p tests were used to further isolate significant terms, 

using Monte-Carlo tests where numbers of unique permutations were low. Results 

were considered significant at p<0.05. All data were analysed using PRIMER 7 with 

PERMANOVA (Anderson, 2017a). 

PRIMER 7 and PERMANOVA+ are able to analyse an array of data through a range 

of univariate, graphical and multivariate routines (Anderson et al., 2008; Clarke & 

Gorley, 2015). PERMANOVA, using Euclidean distance, is suitable for univariate 

ANOVA, with some benefits regarding normality (Anderson, 2017a). 

PERMANOVA is subject to the permutation-equivalent of homogeneity of variance. 

PERMDISP was used to test for homogeneity of multivariate dispersions. 
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4.4 Results 

Temperature remained consistent over treatments and gradually increased over the 

start of the experimental period (Table 4-1; Day 7 vs Day 14 (p(perm)=0.0001, Day 

14 vs Day 21 (p(perm)=0.0142), paralleling climatic conditions.  

Turbidity was significantly higher in the Fish treatments than the Water Cue 

treatments and the interaction between sample experiment day and treatment was 

significant (Table 4-1; Figure 4-2). Turbidity remained low in the Control treatment 

over time. The Carp Fish treatment was significantly more turbid than the Control 

treatment on all experiment sampling days (Day 7 p(perm)=0.0001, Day 14 

p(perm)=0.0002, Day 21 p(perm)=0.0031, Day 28 p(perm)=0.0484). The Weather 

Loach Fish treatment was also significantly more turbid than the Control treatment 

on most experiment sampling days (Day 7 p(perm)=0.0005, Day 14 

p(perm)=0.0013, Day 21 p(perm)=1, Day 28 p(perm)=0.0153). The Carp and 

Weather Loach Fish treatments were similar in turbidity on some sampling days 

while on other sampling days the Weather Loach Fish treatment was less turbid than 

the Carp Fish treatment (Day 7 p(perm)=0.0.0022, Day 14 p(perm)=0.112, Day 21 

p(perm)=0.0212, Day 28 p(perm)=0.5921). 

The Carp Water Cue treatment (carp present but unable to access sediment) had 

significantly higher turbidity than the Control treatment on all experiment sampling 

days (Day 7 p(perm)=0.0003, Day 14 p(perm)=0.0008, Day 21 p(perm)=0.0021, 

Day 28 p(perm)=0.0033). Likewise, the Weather Loach Water Cue treatment 

increased in turbidity over the experiment period but was only significantly more 

turbid than the Control by Day 28 (p(perm)=0.0003). Overall the Carp Water Cue 

treatment was more turbid than the Weather Loach Water Cue treatment at the start 

of the sampling period, before the Weather Loach Water Cue treatment increased in 

turbidity to the point the Carp and Weather Loach treatments had similar turbidities 

(Day 7 p(perm)=0.0121, Day 14 p(perm)=0.0151, Day 21p(perm)=0.2275, Day 28 

p(perm)=0.3014). Both the Carp and Weather Loach Manual Disturbance treatments 

did not significantly differ in turbidity to the Control treatment. 
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Table 4-1 Pseudo-F results from PERMANOVA analyses performed on nutrient, chlorophyll-a, 

and water quality data. Note: Significance is indicated by *p-perm<0.05, **p-perm<0.01, ***p-

perm<0.001; significant results are shown in bold. 

Variable Term 

Treatment Sample Experiment 
Day 

Treatment*SED 

 NH3 14.686*** 0.39343 0.40333 

 NOx 0.78231 56.894*** 0.89632 

 FRP 0.82883 0.013734 0.085394  

 Chl-a 12.931 35.368 1.7902* 

 DO 10.781*** 10.026*** 0.51627 

 pH 2.4639* 59.464*** 0.78269 

 Conductivity 30.588*** 71.75*** 0.76608 

 NTU 27.251*** 1.224  3.6438*** 

 Temperature 0.12786 9.3212*** 0.027337  
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Figure 4-2 Turbidity of Carp and Weather Loach treatments for each sampling day of the 

experiment period. Control treatment the same for both carp and weather loach. Data for 

treatments (n=6) and Control (n=12) are averages. Outliers are indicated by * and °. 
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Nutrients were sampled the first and last week of the experiment period. Of the three 

nutrients tested, ammonia concentrations were the only variable that differed 

significantly between treatments. Nitrate/nitrites (NOx) decreased for all treatments 

from the start to the end of the experiment sampling period. Filterable reactive 

phosphorus (FRP) did not differ between treatments or sample day. 

As expected, ammonia concentrations were highest in the Fish treatments, followed 

by Water Cue treatments (Figure 4-3). Ammonia was also significantly higher in the 

Carp treatments than the Weather Loach treatments. The Control treatment remained 

low in ammonia concentration over time. Ammonia concentrations were 

significantly higher in the Carp Fish treatments than the Control (Table 4-1; 

p(perm)=0.0005), other Carp treatments (Carp Fish vs Carp Manual Disturbance 

p(perm)=0.0119, vs Carp Water Cue p(perm)=0.0289) and Weather Loach Fish 

treatment (p(perm)=0.0479). Ammonia concentrations in the Carp Water Cue 

treatment were significantly higher than in the Control treatment (p(perm)=0.0001) 

and also the Weather Loach Water Cue treatment (p(perm)=0.0098).  

Ammonia concentrations in the Weather Loach Fish treatment were significantly 

higher than in the Control treatment (p(perm)=0.0005) and other Weather Loach 

treatments (Weather Loach Fish vs Weather Loach Water Cue, p(perm)=0.0189, 

Weather Loach Fish vs Weather Loach Manual Disturbance (p(perm)0=0.0196). 

Ammonia concentrations in the Weather Loach Water Cue treatment were 

significantly higher than in the Control treatment (p(perm)=0.0001). 

Weather Loach Manual Disturbance treatment had ammonia concentrations that 

were significantly higher than in the Control (p(perm)=0.0312). Carp Manual 

Disturbance was not significantly different to the Control treatment 

(p(perm)=0.3323); however, it was also not significantly different to the Weather 

Loach Manual Disturbance treatment (p(perm)=0.0884). 

NOx concentrations decreased over time (Figure 4-4) and were significantly lower 

at Day 28 than Day 7 for all treatments (Table 4-1). There were no significant 

differences in FRP concentrations between treatments or sample day (Table 4-1); 

however, there was high variability within the Controls (Figure 4-5). 
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Figure 4-3 Ammonia concentrations of Carp and Weather Loach treatments on Day 7 and Day 28 of the 

experiment period. Control treatment the same for both Carp and Weather Loach. Data for treatments 

(n=3) and Control (n=6) are averages. Error bars are standard error. 
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Figure 4-4 NOx concentrations of Carp and Weather Loach treatments on Day 7 and Day 28 of 

the experiment period. Control treatment the same for both Carp and Weather Loach. Data for 

treatments (n=3) and Control (n=6) are averages. Error bars are standard error. 
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Figure 4-5 FRP concentrations of Carp and Weather Loach treatments on Day 7 and Day 28 of 

the experiment period. Control treatment the same for both Carp and Weather Loach. Data for 

treatments (n=3) and Control (n=6) are averages. Error bars are standard error.  

Chlorophyll-a (Chl-a) was significantly more concentrated in the Carp Fish 

treatment than in the Control on Day 21 (Table 4-1, Figure 4-6; p(perm)=0.0032) 

and Day 28 (p(perm)=0.0004). The Carp Water Cue treatment also had significantly 

higher Chl-a than the Control on Day 21 (p(perm)=0.0011) and Day 28 

(p(perm)=0.0024). Carp Fish and Water Cue treatments did not significantly differ 

although Chl-a appeared more variable in the Fish treatment than the Water Cue 

treatment. Weather Loach Fish treatment had significantly higher Chl-a than the 

Control on Day 21 (p(perm)=0.0005) and Day 28 (p(perm)=0.0001). The Weather 

Loach Water Cue treatment had significantly higher Chl-a than the Control on Day 

21 (p(perm)=0.0024) and Day 28 (p(perm)=0.0001). The Weather Loach Fish and 

Water Cue treatments did not significantly differ although Chl-a appeared more 

variable in the Fish treatment than the Water Cue treatment. Both the Carp and 

Weather Loach Manual Disturbance treatments did not differ to the Control. 
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Figure 4-6 Chl-a of Carp and Weather Loach treatments for each sampling day of the 

experiment period. Control treatment the same for both Carp and Weather Loach. Data for 

treatments (n=6) and Control (n=12) are averages. Outliers are indicated by * and °. 

The presence of fish influenced conductivity. It was highest at Day 28 in both Fish 

treatments (Figure 4-7). Conductivity significantly increased from Day 7 to Day 14 

(Table 4-1; p(perm)=0.0001), then again by Day 21 (p(perm)=0.0003) and Day 28 

(p(perm)=0.0001). Conductivity was significantly higher in the Carp Fish treatment 

compared to the Control treatment (Table 4-1; p(perm)=0.0001), Carp Manual 

Disturbance (p(perm)=0.0001) and Carp Water Cue (p(perm)=0.0001) treatments.  

Conductivity was significantly higher in the Weather Loach Fish treatment 

compared to the Control treatment (p(perm)=0.0001), Weather Loach Manual 

Disturbance (p(perm)=0.0001) and Weather Loach Water Cue (p(perm)=0.0001) 

treatments. Conductivity in the Carp Fish treatment did not significantly differ to the 

WL Fish treatment (p(perm)=0.7615). Likewise, the Weather Loach Water Cue was 
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not significantly different to the Carp Water Cue treatment (p(perm)=0.109); 

however, it was also not significantly different to the Control (p(perm)=0.9609). 

 

 
Figure 4-7 Conductivity (mS cm-1) of Carp and Weather Loach treatments for each sampling 

day of the experiment period. Control treatment the same for both Carp and Weather Loach. 

Data for treatments (n=6) and Control (n=12) are averages. Outliers are indicated by °. 

The pH of all treatments significantly increased from Day 7 to Day 14 (Table 4-1; 

p(perm)=0.0001), then Day 14 to Day 21 (p(perm)=0.0001) (Figure 4-8). Overall the 

Carp Fish treatment had significantly lower pH than the Control (Table 1; 

p(perm)=0.0015) and Carp Manual Disturbance (p(perm)=0.0492) treatments. The 

Carp Fish treatment was not significantly different to the Carp Water Cue 

(p(perm)=0.6861) or Weather Loach Fish (p(perm)=0.2895) treatments. The 
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Weather Loach Fish treatment was not significantly different to the Control 

treatment (p(perm)=0.0785). 

Overall the Carp Water Cue treatment had significantly lower pH than the Control 

treatment (p(perm)=0.0034) and was not different to Weather Loach Water Cue 

treatment (p(perm)=0.2666), however, the Weather Loach Water Cue treatment was 

not significantly different to the Control (p(perm)=0.177). 

The pH of the Carp Manual Disturbance was not significantly different to the 

Control (p(perm)=0.3083), or the Weather Loach Manual Disturbance treatment 

(p(perm)=0.2872). Weather Loach Manual Disturbance treatment, however, was 

significantly lower than the Control (p(perm)=0.0315). 

 
Figure 4-8 pH of Carp and Weather Loach treatments for each sampling day of the experiment 

period. Control treatment the same for both Carp and Weather Loach. Data for treatments 

(n=6) and Control (n=12) are averages. Outliers are indicated by * and °. 
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Dissolved oxygen (DO) was decreased in the Fish treatments compared to other 

treatments (Figure 4-9). The Carp Fish treatment had significantly lower DO 

concentrations than the Control treatment (Table 4-1; p(perm)=0.0001), Carp 

Manual Disturbance (p(perm)=0.0001) and Carp Water Cue (p(perm)=0.0017) 

treatments. The Carp Fish treatment was also significantly lower in DO than the 

Weather Loach Fish treatment (p(perm)=0.0076). The Weather Loach Fish 

treatment had significantly lower DO concentrations than the Control 

(p(perm)=0.0008) treatment and Weather Loach Manual Disturbance 

(p(perm)=0.0019) and Weather Loach Water Cue (p(perm)=0.0101) treatments. 

The Carp Water Cue treatment had significantly lower DO concentrations than the 

Control treatment (p(perm)=0.0192). DO concentrations in both the Carp and 

Weather Loach Water Cue treatments were similar (p(perm)=0.0798); however, the 

Weather Loach Water Cue treatment was not significantly different to the Control 

(p(perm)=0.9463). The Carp Manual Disturbance treatment was not significantly 

different to the Weather Loach Manual Disturbance treatment (p(perm)=0.7468), 

and the Weather Loach Manual Disturbance treatment was not significantly different 

to the Control (p(perm)=0.9632). DO concentrations varied between sample days, 

decreasing from Day 7 to Day 14 (p(perm)=0.0001), before increasing again from 

Day 14 to Day 21 (p(perm)=0.0001). 
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Figure 4-9 Dissolved oxygen (DO) of Carp and Weather Loach treatments for each sampling 

day of the experiment period. Control treatment the same for both Carp and Weather Loach. 

Data for treatments (n=6) and Control (n=12) are averages. Outliers are indicated by * and °. 
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4.5 Discussion 

Overall, water quality was altered by the presence of both species of fish, supporting 

the prediction that bioturbation and egestion each significantly increased 

concentrations and or values of measured water quality variables. The Control 

treatment was used as a baseline from which the other treatments were compared. 

Significant changes in concentrations and or values indicate that the fish in the 

treatments directly or indirectly influenced these water quality variables.  

4.5.1 Responses to bioturbation 

Bioturbation is the reworking of sediment (Adámek & Maršálek, 2013), in this case, 

by fish activity. Bioturbation can release sediment-bound nutrients, increase 

suspended sediments in the water column and therefore, also increase turbidity. It 

was expected turbidity to increase in the treatments where fish had unrestricted 

access to the wetland sediment (Fish treatment) compared to the Control treatment, 

and this was supported for both fish species. Turbidity was also higher in treatments 

where access to wetland substrate was restricted, but where there was access to 

alternative substrate (Water Cue treatment) when compared to the Control treatment. 

These findings demonstrate that sediment suspension contributed to turbidity. The 

increased turbidity supports findings from field experiments that carp increase 

turbidity (King et al., 1997) and with findings of a previous mesocosm study where 

weather loach increased turbidity (Keller & Lake, 2007). However, it is unclear if 

weather loach would achieve sufficient biomass under field conditions to have a 

measurable impact on turbidity. Turbidity was higher in the presence of carp 

compared to the weather loach, which was expected due to carp’s larger size and 

active benthic feeding activity. 

While this study cannot determine how the weather loach increased turbidity, Keller 

and Lake (2007) concluded that the increase was most likely due to foraging 

behaviour. Weather loach feed by taking in sediment and filtering out food (Keller 

& Lake, 2007) and also use sediment for burrowing (Ip, Chew, Wilson, & Randall, 

2004). The weather loach in this study were observed burrowing into the sediment 

(Figure 4-10) consistent with the conclusions of Keller and Lake (2007).  

Although a pilot study was used to develop manual disturbance technique to mimic 

the activity of both species of fish, the lack of effect by the Manual Disturbance 
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treatment compared to the Control treatment and larger effects seen by the Fish and 

Water Cue treatments suggests that the techniques used to mimic each fish’s 

bioturbation activity was not adequate in representing the true effects of carp and 

weather loach bioturbation. More work is needed to develop a way to manually 

replicate the feeding activity of these fish on the sediment. 

The density of carp and weather loach in this mesocosm experiment was dependent 

on the volume of the mesocosm tank and fish densities in field-based studies. Also, 

the same numbers of carp and weather loach were used so that weather loach could 

be assessed as to whether, fish for fish, they had similar negative impacts on the 

aquatic environment as carp. Densities in the mesocosms were based on field studies 

where carp densities were provided, as more studies have been done on carp than 

weather loach in Australian waters (Fletcher et al., 1985; Keller & Lake, 2007; King 

et al., 1997; Pinto et al., 2005). When determining densities in Australian, field-

based studies, specifically those that focussed on areas in north-east Victoria and 

New South Wales, it was found that these field studies focus on kg/ha (Fletcher et 

al., 1985; King et al., 1997; Pinto et al., 2005), rather than kg/L or even kg/m³. 

Although the reasoning behind providing densities in this format was not given, it 

could be assumed that as a benthivorous species (Khan, 2003; Roberts et al., 1995) 

carp do not utilise the entire water column and instead limit most of their activity to 

the water-sediment interface. This limited the ability to compare this mesocosm 

experiment to field studies, however, if it was assumed that across all studies carp 

typically utilise the water column in a similar manner, densities could be compared 

based on the water’s surface area. Based on the mesocosm tank measurements and 

the average masses of the carp and weather loach used in the experiment, the 

densities of fish in this experiment were 98g/m² and 49g/m², respectively. Field 

studies found carp densities of 30g/m² (Pinto et al., 2005) and 69g/m² (Fletcher et 

al., 1985), or considered ‘high density’ to be 118.1g/m² (King et al., 1997). Based on 

these findings, both carp and weather loach density in this mesocosm experiment 

were within the ranges of densities typically found in the field also. Therefore, it is 

possible that the effects seen in the mesocosm experiment could be seen also in an 

Australian freshwater environment. Further field studies should be conducted, 

however, with a focus on carp density per litre so that the assumptions made 
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regarding carp activity and the effects of additional water volume can be properly 

assessed. 

For both carp and weather loach, water conductivity was also at its highest in the 

treatments where the fish had unrestricted access to the wetland sediment compared 

to the Control treatment. The Carp Water Cue treatment where carp had access only 

to the alternative substrate also had higher conductivity compared to the Control, 

though not to the extent of the Fish treatment, and the weather loach did not 

significantly increase conductivity in the Water Cue treatment compared to the 

Control. There are many reasons that conductivity could have increased (Bern et al., 

2015), the most likely in this study is that by increasing sediment disturbance carp 

and weather loach mobilised salts from within the wetland sediment that would 

otherwise not have been exposed to the water column. 
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Figure 4-10 Weather Loach burrowing activity. Figures show weather loach a) 

starting to burrow, b) half submerged, c) mostly submerged and d) fully submerged, 

eyes and mouth (circled) visible only. 

a) b) 

c) d) 
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4.5.2 Fish exudates 

There have been conflicting findings in regards to carp impacts on labile water 

nutrients, with studies reporting increases in total phosphorus and total nitrogen 

(Angeler et al., 2002), no impact on phosphorus, nitrate or ammonium 

concentrations (Richardson et al., 1990) and increases in total nitrogen but not total 

phosphorous (Matsuzaki et al., 2007). In this study, ammonia concentrations were 

significantly higher in the Carp Fish and Water Cue treatments, compared to the 

Manual Disturbance treatment and the Control. As for weather loach, the findings of 

this study are inconsistent with those reported by Keller and Lake (2007) where 

nitrate/nitrites and ammonia increased. In this study, nitrate/nitrites decreased in all 

treatments over time; however, ammonia increased in the Weather Loach Fish and 

Water Cue treatments compared to the Manual Disturbance treatment and the 

Control. Acute toxicity for many freshwater fish has been estimated to be 2.79mg 

NH3/L (Randall & Tsui, 2002). The ammonia concentrations in this study reached 

approximately 0.6mg NH3/L, which although it does not reach the toxicity threshold 

for many fish species, has been shown to be toxic for other aquatic fauna. Burton, 

Gray, Schmutzer, and Miller (2009) demonstrated that 0.6mg NH3/L are lethal to 

green frog embryos. Further study is required to determine density effects and the 

potential ammonia issues on a larger scale. 

The toxicity of ammonia to freshwater species also depends on dissolved oxygen 

(DO), pH and temperature. Ammonia removal by nitrification is limited by DO and 

temperature (Anderson et al., 2008). Nitrifying bacteria convert ammonia to nitrate, 

which may then diffuse to oxygen-poor zones where denitrification removes it from 

the water system (Anderson, 2017b). Dissolved oxygen is discussed later regarding 

its own potential impacts on water quality and the aquatic ecosystem. Temperature 

has a less important influence than pH on total ammonia, and its effect on toxicity is 

minor, between 3 and 30 degrees Celsius in freshwater systems (Randall & Tsui, 

2002). During this experiment, water temperatures did not exceed 31 degrees 

Celsius, and there were no significant differences in temperature between 

treatments. As for pH, ammonia toxicity increases with water pH (Randall & Tsui, 

2002). Ammonia enters organisms in NH3 form, and increased pH increases the 

proportion of NH3 to NH4+ (Randall & Tsui, 2002). The pH in both the Carp and 

Weather Loach Fish and Water Cue treatments, however, was lower than that in the 
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Controls. It is interesting that in spite of this, ammonia increased in these treatments 

also. 

Although Carp Fish and Water Cue treatments increased ammonia concentrations 

more than Weather Loach, the Weather Loach Manual Disturbance treatment had 

higher ammonia concentrations than the Control treatment when the Carp Manual 

Disturbance treatment did not. While the manual disturbance techniques failed to 

mimic carp and weather loach’s effects on turbidity, the increase in ammonia 

concentrations in the Weather Loach Manual Disturbance treatment, although not as 

large an effect as the other treatments, indicates that their bioturbation activity does 

impact labile water nutrients. This is consistent with Keller and Lake (2007), who 

concluded that higher NOx concentrations were likely from increased mixing of 

sediment with the water column as well as from ammonia egestions and subsequent 

nitrification. The release of sediment-bound nutrients in addition to the fish’s 

contribution to the labile water nutrients could explain the larger effect in the 

Weather Loach Fish treatment over the Water Cue treatment.  

The increase in labile nutrients promoted Chlorophyll-a production, which was 

higher in both Carp and Weather Loach Fish and Water Cue treatments compared to 

the Manual Disturbance treatment and the Control. This supports the prediction, as 

carp and weather loach increased bioturbation and nutrient exchange which meant 

primary production also then increased. It is interesting, however, that carp did not 

elevate Chl-a higher than weather loach, despite having a greater impact on 

ammonia concentrations. Changes to Chlorophyll-a content is consistent with 

findings of other studies where carp increase phytoplankton biomass, hence 

Chlorophyll-a content, by altering nutrient availability (King et al., 1997). There are 

two conflicting pathways which need to be considered when looking at Chlorophyll-

a content; increases in turbidity hinders primary production due to decreased light 

penetration yet increased ammonia concentration promotes primary production due 

to increased nutrient availability (Figure 1-model). Because there was an increase in 

Chl-a in the Fish treatment, the increase in the labile nutrients seen in the Fish 

treatments, therefore more strongly promoted Chl-a production than the increase in 

turbidity which should have negatively impacted Chl-a production. Carp did not 

have higher Chl-a content than weather loach, despite higher ammonia. As 
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discussed earlier, increased turbidity decreases light penetration which can explain 

the resistance to primary production. 

Both Carp and Weather Loach treatments decreased dissolved oxygen (DO) 

concentrations. The effect was stronger in the Fish treatment than the Water Cue 

treatment. Carp also had a greater effect on DO concentrations than weather loach. It 

is possible that DO used for respiration by carp contributed to the decreases in water 

column DO in these treatments (Bern et al., 2015; Blasina et al., 2010; McNeil & 

Closs, 2007). Weather loach are capable of aerial respiration (via intestinal air-

breathing) (Wilson et al., 2013), which could have contributed to their reduced 

impact on DO in comparison to carp. The increase in ammonia and decrease of 

nitrogen as a result of fish presence also explains the lack of DO. Increased 

microbial activity accounts for the absence of nitrate/nitrites in the water samples as 

well as the decrease in DO (Hladyz et al., 2011). A field study found no decrease in 

DO due to carp, but this was attributed to the potential for atmospheric diffusion as a 

result of the lake’s large surface area and shallow water depth (Ozbay, 2008). 

There have been a number of occasions where hypoxic black water events have 

occurred in Australian rivers and wetlands (Bern et al., 2015; Hladyz et al., 2011; 

Howitt et al., 2007). Hypoxic conditions can lead to the death of fish and aquatic 

organisms (Hladyz et al., 2011; Howitt et al., 2007). In general, Australian native 

fish and large aquatic organisms need a minimum of 2 mg/L of DO in the water to 

survive (Howitt et al., 2007). Below 2 mg/L is considered hypoxic (Souza et al., 

2013); however, below 2.8 mg/L has also been stated as hypoxic (Bern et al., 2015). 

They may also begin to suffer at levels below 4-5 mg/L (Gehrke, 1988; Howitt et al., 

2007). In the mesocosms, DO in the Fish treatments were close to reaching these 

reported hypoxic levels, which underlines the importance of understanding carp and 

weather loach impacts on the DO mechanisms in an aquatic environment. 

Changes in regular salinity concentrations can put major stress on aquatic 

communities (Zehrer et al., 2014). The results of this study show that carp and 

weather loach could put major stress on their surrounding environment and therefore 

have a huge impact on the wetlands they inhabit. 

The mesocosm conditions of this study meant that the contributions of bioturbation 

and nutrient exudates to the effects of carp and weather loach on the aquatic 



  

84 
 

conditions could be observed, however, this is also the main limitation of this study. 

Further studies will need to be conducted in future at a larger scale to better 

comprehend the effects carp and weather loach have on water quality via 

bioturbation and through labile nutrient concentration manipulation. It is important 

to comprehensively understand their potential density-dependent water quality 

impacts. Although previous studies were used to estimate appropriate fish densities 

for this experiment, further studies conducted on a larger scale would be able to 

confirm whether the results found here align with those occurring in a more natural 

setting. 

Water quality was affected by the presence of both species of fish, coinciding with a 

significant increase across all measured variables. Fish impacts on water quality via 

bioturbation, nutrient release and predation all play roles in structuring freshwater 

communities (Matsuzaki et al., 2007) so it important to understand how carp and 

weather loach affect native communities by each of these mechanisms. It is also 

important to understand the effects of these three mechanisms combined to better 

understand the overall impact carp and weather loach are having on water quality in 

our wetlands. The next chapter will address the effects of carp and weather loach 

predation on zooplankton. The water quality results will assist in the explanation of 

the predation effects. The results from the next chapter will shed more light onto the 

relative importance of the key pathways (bioturbation, nutrient exchange and 

predation) through which carp and weather loach impact our freshwater 

communities.  

It should be noted that there was a potential limitation due to the differences in 

zooplankton emerging from each mesocosm. The building of a sediment sample 

from a composite of four subsamples was designed to minimise variability between 

samples. To increase consistency, the sediment should have been well mixed; 

however, the goal of preserving the integrity of the sediment samples was to then 

observe zooplankton community changes due to sediment disturbance. Therefore, 

whilst there were potential ways to reduce variability between mesocosm samples 

further, the objectives of the study limited the ability to do so. 

In conclusion, both carp and weather loach altered water quality and nutrient 

availability in a mesocosm environment due to sediment disturbance and fish 
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ingestion and egestion. Both fish species increased turbidity and ammonia 

concentrations, decreased dissolved oxygen levels, and increased Chlorophyll-a 

production, although carp impacted turbidity, ammonia and dissolved oxygen more 

than weather loach. Both invasive fish species had negative effects on the water 

quality in the mesocosms. While declining water quality has been linked to carp 

activity in field based studies, further evaluation of impacts of weather loach are 

required to determine if these effects are observed in Australian wetlands where 

these invasive fish species are present. 
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5 The influence of juvenile carp (Cyprinus carpio 

haematopterus) and weather loach (Misgurnus 

anguillicaudatus) on an emerging zooplankton 

community in a mesocosm environment 

5.1 Abstract 

Zooplankton egg banks are critical in re-establishing a community in newly-

inundated floodplains. Bioturbation, water quality and predation all influence the 

emerging zooplankton community. Using collected sediment samples, mesocosms 

were set up to study the impacts of carp and weather loach on the emerging 

zooplankton community. Both fish species increased zooplankton abundance, in 

particular rotifers, due to increased nutrient availability. Carp increased cladoceran 

abundance in one treatment due to a combination of increased nutrient availability 

plus the absence of predation. Carp decreased cladoceran abundance in another 

treatment when they were able to predate on zooplankton. Unlike carp, weather 

loach did not decrease cladoceran abundance due to predation; however, the 

zooplankton community did become more rotifer-dominant. 

5.2 Introduction 

In temporary wetlands, egg banks are critical in re-establishing invertebrate 

communities (Angeler et al., 2002; Gleason et al., 2003) and make a significant 

contribution to the food web in newly-inundated floodplains (Boulton & Lloyd, 

1992; Jenkins & Boulton, 2003). There is a range of factors that influence 

zooplankton emergence, abundances and composition, including sediment 

disturbance, water quality and predation. The factors driving emergence from egg 

banks have received less attention than organisms in the water column (Garcia-

Roger et al., 2006). 

Bioturbation by fish and other organisms is one of the main contributors to the 

exposure of lower layers of eggs to suitable hatching triggers (Brendonck & De 

Meester, 2003; Gyllström & Hansson, 2004); however, it can also risk burying the 

egg bank under sediment (Adámek & Maršálek, 2013) and is dependent on the 

activity or organism. Bioturbation is the reworking and mixing of sediment by the 
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activity of benthic organisms or benthivorous fish (Adámek & Maršálek, 2013). It 

can involve burrowing, foraging and movement, which influences the diffusion and 

transport of solutes and particulates in underlying layers of sediment and changes 

transfer conditions at the sediment-water interface (Adámek & Maršálek, 2013). As 

discussed in Chapter 3, bioturbation can influence nutrient release from the sediment 

and influence water quality by increasing turbidity. Bioturbation also impacts 

zooplankton by redistributing the zooplankton egg bank (Adámek & Maršálek, 

2013). For example, one study showed tubificid oligochaetes and chironomid larvae 

were responsible for the transport of resting eggs in the copepod (Diaptomus 

sanguineus) egg bank in the top 2 cm of sediment, increasing exposure to hatching 

triggers (Adámek & Maršálek, 2013). Fish activity such as feeding can play an 

important role in the shaping of a zooplankton community (Angeler et al., 2002). 

The effects of bioturbation are dependent on the sediment mixing mechanism, which 

differs between species (Adámek & Maršálek, 2013). For example, the feeding 

mechanism of weather loach is to take in sediment and filter out food (Keller & 

Lake, 2007) while the common carp (hereon referred to only as ‘carp’) feeds by 

‘gulping’, drawing matter in from up to a whole head length in front of them 

(Roberts et al., 1995). In Australia, bioturbation by carp has been linked to declines 

in water quality and aquatic vegetation cover (Fletcher et al., 1985; King et al., 

1997; Roberts et al., 1995; Robertson, Healey, & King, 1997; Tonkin et al., 2013). 

There are a limited number of studies on the impacts of weather loach in Australia 

so far (but see Keller & Lake, 2007), but they can sometimes achieve high 

biomasses in wetlands. Given this, both carp and weather loach bioturbation may 

play an influence on the structure and density of emerging zooplankton 

communities.  

In Chapter 4, bioturbation effects on water quality, nutrient concentrations and 

Chlorophyll-a (Chl-a) were explored. Bioturbation can increase turbidity and 

sediment suspension, which decreases light penetration, decreases visibility and 

exposes sediment-bound nutrients to the water column (Adámek & Maršálek, 2013). 

Increased sediment suspension as a result of bioturbation is associated with 

decreased zooplankton grazing (Angeler et al., 2002). Sediment suspension is linked 

with decreased phytoplankton grazing by zooplankton, which in turn leads to 

decreased zooplankton growth rate (Angeler et al., 2002; Kirk, 1991). Carp feeding 
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activity resuspends sediment particles, inhibiting zooplankton grazing (Angeler et 

al., 2002). Increased sediment levels due to carp feeding activity can also lead to 

burial of the sediment egg bank (Adámek & Maršálek, 2013).  

The effects from both nutrient availability and predation can both influence 

zooplankton and phytoplankton communities (McQueen, Johannes, Post, Stewart, & 

Lean, 1989). Fish predation plays an important role in zooplankton dynamics 

(Angeler et al., 2002). Matsuzaki et al. (2007) found that fish impacted zooplankton 

community composition by being selective, preying on larger zooplankton, which 

resulted in an increase in abundance of smaller zooplankton. Carp are a consumer of 

zooplankton (Richardson et al., 1990) and can cause a top-down trophic cascade by 

feeding on microcrustacea (Khan, 2003). Zooplankton are an integral part of the 

carp’s diet at all sizes (Khan, 2003); Vilizzi (1998b). Vilizzi (1998b) found carp 

larvae eat cladocerans, mainly Daphnia, before developing a benthic feeding 

behaviour as juveniles. The diet of the weather loach also includes zooplankton 

(Urquhart & Koetsier, 2014; Wang, Hu, Cao, Yang, & Wang, 2008; Wang, Hu, 

Wang, & Cao, 2009). Both rotifers and microcrustacea are consumed by weather 

loach (Wang, Hu, Cao, et al., 2008; Wang et al., 2009). In commercially cultured 

weather loach, live Daphnia species, in particular M. micrura, have been 

recommended as part of a co-feed to promote weather loach growth (Gao, Duan, 

Cheng, & Xie, 2014; Wang, Hu, Cao, et al., 2008; Wang, Hu, Wang, et al., 2008).  

Previous studies have had mixed results regarding the impact of sediment 

suspension on zooplankton community composition and as such carp could 

potentially alter the zooplankton community through their ability to increase 

sediment suspension (Kirk, 1991; Kirk & Gilbert, 1990; Levine, Zehrer, & Burns, 

2005; Lougheed, Crosbie, & Chow-Fraser, 1998; Matsuzaki et al., 2007). One study 

found that overall zooplankton abundance was suppressed and attributed this to the 

increased level of suspended solids and increased nutrients associated with carp 

activity (Lougheed et al., 1998). Others have also shown that high concentrations of 

suspended solids inhibit zooplankton abundance (Levine et al., 2005) and inhibit 

cladocerans more than rotifers (Kirk, 1991; Kirk & Gilbert, 1990). Ingestion of 

suspended solids reduces ingestion rates of phytoplankton by zooplankton, 

particularly cladocerans, leading to a reduction in overall cladoceran abundance 

(Kirk, 1991). In contrast, one study showed overall zooplankton abundance 
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(dominated by rotifers) significantly increased in carp treatments (Matsuzaki et al., 

2007). Although these studies confirm that carp are able to suppress zooplankton 

abundances and richness, the direct and indirect effects still need to be differentiated 

(Kloskowski, 2011). As for weather loach, there have been limited studies on their 

impacts in Australia (but see Keller & Lake, 2007) and so their direct and indirect 

effects on Australian zooplankton communities are still not fully understood. 

In this chapter, the impacts of carp and weather loach on the zooplankton 

community composition and abundance were tested. Specifically, the contributions 

of each of the mechanisms (predation, sediment disturbance and fish 

ingestion/egestion) and how they interact to influence the zooplankton community 

composition and abundance were observed.  

To test the impact of invasive fish on emerging zooplankton communities, an 

experiment was designed comparing wetted sediment mesocosms with and without 

fish. Carp and weather loach were added as they are widely spread in the Murray-

Darling Basin and are thought to impact water quality and aquatic vegetation but are 

less understood in regards to their impact on zooplankton. Juvenile carp were 

selected for this study. There is a need to study young carp in Australia (Vilizzi, 

1998a) and the study of juveniles allowed for the study of both sediment disturbance 

effects and predation effects since zooplankton play a more important role earlier on 

and benthic activity begins as early as fish lengths of 3-5 cm (Kloskowski, 2011). 

Treatments where each effect of sediment disturbance, changes in nutrient 

concentrations and predation on the emerging zooplankton community observed 

were included. It was expected that the addition of carp and weather loach would 1) 

decrease overall zooplankton abundance due to sediment disturbance burying the 

egg bank (Adámek & Maršálek, 2013), 2) increase nutrient concentrations which 

would promote zooplankton abundance by increasing food abundance (Angeler et 

al., 2002; Matsuzaki et al., 2007) and 3) decrease zooplankton abundance, in 

particular the species from the cladocera and copepoda taxa due to predation 

pressures (Wang et al., 2009; Wang, Hu, Wang, et al., 2008). Overall, it was 

predicted that 4) the interactions between these mechanisms will result in a decrease 

in zooplankton community abundance and also change zooplankton community 

composition by reducing species richness and changing which zooplankton taxa are 
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dominant in the community. It was further expected that 5) carp, rather than weather 

loach, would have a greater impact via their more aggressive feeding activity.  
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5.3 Materials and methods 

5.3.1 Sediment collection 

Sediment samples were collected from a single wetland, Sunshower (Chapter 4). 

Selection was based on previous zooplankton data for this site. 

5.3.2 Fish collection 

Methodology follows those described in Chapter 4, with 40 weather loach collected 

from the field and 40 sub-adult koi carp purchased from New South Wales local pet 

stores. The site for weather loach collection was selected because this species was 

known to occur in high fish densities at this site, increasing the likelihood that 

sufficient numbers would be captured for the experiment. Weather loach were 

caught and transported under the Department of Primary Industries Scientific 

Collection Section 37 Permit No. P15/0091-1.0. 

5.3.3 Experiment layout 

Sixty mesocosm tanks were organised into two rows inside a shade house during the 

spring/summer period of November and December 2016 (Chapter 4). 

5.3.4 Experimental design 

To differentiate the impacts from sediment disturbance, water cues and fish 

predation, an ‘inference from change over time’ design was used. There were four 

treatments for each of carp and weather loach, plus a Control (Chapter 3, Figure 1). 

The treatments were Manual Disturbance, Water Cue, Predation and Fish, although 

the Predation treatment has been removed from this study due to design faults. One 

of the materials used to create the barrier in the Predation treatment was added at the 

last minute after it was determined that the first barrier made would not prevent 

weather loach moving from one compartment to the next. Since there were no other 

differences between the mesocosms, it was concluded that the material used to 

create the barrier (mesh) hindered zooplankton emergence, although how exactly is 

indeterminate. There was a minimum of six replicates for each treatment and 12 

replicates for the Control treatment (Chapter 4). Treatments that required fish were 

stocked at two fish per mesocosm the day after inundation. All treatments, including 

the Control, included a piece of piping for refuge and four containers of washed 

coarse brick sand as the alternative substrate. All treatments, including the Control 
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treatment, were supplemented with equal portions of commercial fish food, fed daily 

(Chapter 4). The experiment lasted for a total of 28 days. 

5.3.5 Zooplankton sampling 

Zooplankton were sampled from each mesocosm once per week. Live zooplankton 

samples were taken by gently stirring the water in the mesocosm and then collecting 

one litre of water. This was put through a 38 micron sieve and then rinsed into a 

sifting tray for inspection under a dark-field microscope. Species and abundances 

were recorded before transferring them back to the mesocosm via rinsing the sifting 

tray. 

Identification was made via visual identification and references to keys (Shiel & Co-

operative Research Centre for Freshwater, 1995). For unknown species, photographs 

were taken, and one sample of the species was preserved. The preserved specimens 

were used to then confirm identification. Identification for cladocerans was mainly 

to species. Rotifers, copepods and ostracods were initially identified based on 

morphotypes. The samples of each species preserved became a reference collection. 

From these, rotifers were identified to genus or given reference names where they 

could later be identified to genus. Copepods were defined as calanoid, cyclopoid or 

nauplii. Both copepods and ostracods did not need to be identified to genus or 

species when data analysis showed that they did not make significant contributions 

to the zooplankton community population. 

5.3.6 Statistical analysis 

In this study, treatments were compared based on zooplankton community species 

richness and abundance. Each species and their abundances were recorded for each 

treatment on every sampling day. To test for differences between treatments and fish 

species, data were analysed using a permutational analysis of variance 

(PERMANOVA). Data were transformed (log (x+1)) prior to analysis. Resemblance 

matrices were calculated using a Bray-Curtis similarity measure. Pairwise p tests 

were used to further isolate significant terms, using Monte-Carlo tests where 

numbers of unique permutations were low. Results were considered significant at 

p<0.05. All data were analysed using PRIMER 7 with PERMANOVA (Anderson, 

2017a). Non-metric Multi-Dimensional Scaling (nMDS) was conducted on log 

(x+1) transformed resemblance matrices using Bray Curtis similarities to determine 
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the similarity of zooplankton communities between treatments. A Similarity 

Percentage Analysis (SIMPER) was also performed on the dataset to identify the 

main zooplankton species driving the differences in community composition and 

their relative contributions to this variation. The statistics program SPSS (version 

2.0) was used to create histograms comparing the zooplankton groups for different 

treatments over the experiment period and also comparing the main zooplankton 

species based on the SIMPER output. An Analysis of Similarities (ANOSIM) (Bray-

Curtis Dissimilarity) was also performed on log (x+1) transformed data to describe 

differences in community composition (type and numbers of taxa present) between 

treatments. 

5.3.7 Pilot study 

A pilot study was conducted as described in Chapter 4. The pilot study assisted in 

identifying appropriate sediment disturbance strategies in the Manual Disturbance 

treatments for both carp and weather loach. 
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5.4 Results 

In total, 54,980 zooplankton were counted over the experiment period. Rotifers were 

the most abundant (39,059), followed by cladocerans (14,486), then ostracods 

(1,308) and copepods (127). In the cladoceran group, Moina micrura was the most 

common species present, whereas there were multiple rotifer species that 

contributed to their abundance. 

5.4.1 Community change 

When considered across sample days, zooplankton community composition in the 

Carp Fish treatment differed significantly from the Carp Water Cue, Carp Manual 

Disturbance and the Control treatments (Figure 5-1). In contrast, the Weather Loach 

Fish treatment was less distinct from the Weather Loach Water Cue, Weather Loach 

Manual Disturbance and the Control treatments; however, the differences were still 

significant (Figure 5-2, Table 5-3). Zooplankton community composition changed 

from sample day to sample day for both carp (R=0.077, p<0.01) and weather loach 

(R=0.078, p<0.05). 
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Figure 5-1 nMDS of Carp treatments. The centre where the lines of each treatment connect 

represents the trend or shift in dynamics of the zooplankton community, where the closer the 

treatment’s centre is to another, the more similar they are (and vice versa). The Fish treatment 

(red) shifting the most away from the Control (blue). The Water Cue treatment (orange) shifted 

the next furthest from the Control. Stress value=0.13 (<0.20). 
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Figure 5-2 nMDS of Weather Loach treatments. The centre where the lines of each treatment 

connect represents the trend or shift in dynamics of the zooplankton community, where the 

closer the treatment’s centre is to another, the more similar they are (and vice versa). The Fish 

treatment (red) shifted the furthest away from the Control (blue). The Water Cue treatment 

(orange) shifted the next furthest from the Control. Stress value=0.13 (<0.20). 

 

The Control, Carp Manual Disturbance and Carp Water Cue treatments were all 

predominately cladoceran based, whereas the Carp Fish treatment was 

predominately rotifers (Table 5-1). The Control treatment was dominated by the 

cladoceran Moina micrura and the rotifer, given the name Rotifer 1, was the second 

highest contributor. In the Carp Manual Disturbance treatment, more than 70% of 

the zooplankton population was contributed to M. micrura. In the Water Cue 

treatment, M. micrura was the dominant species and Rotifer 1 was the second 

highest contributor. In the Fish treatment, M. micrura was not a main contributor to 

the zooplankton population. Rotifers were dominant, with Rotifer 2, Rotifer 1, and 

Rotifer 3 being the main contributors from highest to lowest, respectively. 

The Control, Weather Loach Manual Disturbance and Weather Loach Water Cue 

treatments were all predominately cladoceran based, whereas the Weather Loach 

Fish treatment was predominately rotifers (Table 5-1). The Control treatment was 
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dominated by the cladoceran Moina micrura and rotifer with given name Rotifer 1 

was the second highest contributor. In the Weather Loach Manual Disturbance 

treatment, more than 80% of the zooplankton population was contributed to M. 

micrura. The Weather Loach Water Cue and Weather Loach Fish treatments were 

more diverse than the Control and Weather Loach Manual Disturbance treatments, 

with several species contributing to the zooplankton population. In the Weather 

Loach Water Cue treatment, M. micrura was the dominant species, Rotifer 3 was the 

second highest contributor and Asplancha, another rotifer species, the third. In the 

Weather Loach Fish treatment, M. micrura was only the second highest contributor 

to the zooplankton population. Rotifers were dominant, with Rotifer 4 and Rotifer 3 

being the main and third highest contributors, respectively. The cladoceran M. 

micrura had a higher average abundance in the Control and Carp Manual 

Disturbance treatments than any of the main rotifer species (Table 5-1). 

In the Carp Water Cue treatment, M. micrura doubled in abundance in comparison 

to the Control and Carp Manual Disturbance treatments (Table 5-1). The Carp Water 

Cue treatment had a mixed effect on rotifer abundance, with most decreasing in 

abundance but Rotifer 1 did not seem to increase or decrease in abundance. In the 

Carp Fish treatment, M. micrura decreased in abundance compared to all other 

treatments, and all rotifers increased in abundance compared to all other treatments. 

In the Weather Loach Water Cue treatment, M. micrura also increased in abundance 

in comparison to the Control and Weather Loach Manual Disturbance treatments 

(Table 5-1). The Weather Loach Fish treatment also had increases in M. micrura 

abundance compared to the Control, which is different to what occurred in the Carp 

Fish treatment. Rotifers also increased in abundance in the Weather Loach Fish 

treatment compared to the Control. 
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Table 5-1 SIMPER analyses performed on zooplankton data for all treatments for Carp and 

Weather Loach. Note: The most predominant rotifers and cladocerans were added for each 

treatment until >70% cumulative contribution was achieved. Taxa are ranked according to 

their average contribution. Average similarity (Av. Sim) and similarity/standard deviation 

(Sim/SD) are included. 

Treatment Species Av. 
Abundance 

Av. 
Sim 

Sim/SD Contrib 

% 

Cum 

% 

Control Moina micrura 49.92 11.60 0.83 64.16 64.16 

Rotifer 1 10.58 1.90 0.44 10.52 74.68 

Carp Manual 
Disturbance 

Moina micrura 58.67 15.71 0.99 72.11 72.11 

Carp Water Cue Moina micrura 102.67 16.19 0.94 65.64 65.64 

Rotifer 1 15.25 2.99 0.64 12.11 77.75 

Carp Fish Rotifer 2 180.38 5.03 0.39 31.54 31.54 

Rotifer 1 49.67 4.85 0.72 30.40 61.94 

Rotifer 3 57.71 2.19 0.34 13.73 75.67 

Weather Loach 
Manual 
Disturbance 

Moina micrura 60.63 21.14 0.92 81.27 81.27 

Weather Loach 
Water Cue 

Moina micrura 80.00 11.36 0.89 59.13 59.13 

Rotifer 3 31.96 1.75 0.46 9.13 68.26 

Asplancha sp. 17.54 1.56 0.27 8.14 76.40 

Weather Loach 
Fish 

Rotifer 4 351.46 5.30 0.42 29.89 29.89 

Moina micrura 94.13 5.24 0.60 29.56 59.44 

Rotifer 3 80.50 3.53 0.58 19.92 79.36 

 

5.4.2 Community change over time 

The composition of communities changed over time and within treatments. One-way 

ANOSIM indicated that Control zooplankton community compositions were 

significantly different each sample experiment day (Table 5-2). The other treatments 

also differed over time ( 

Table 5-2). The Carp Fish (Figure 5-1) and Weather Loach Fish (Figure 5-2) 

treatments differed most in zooplankton community composition when compared to 

the Control treatment.   

As expected, composition of the Control zooplankton communities shifted over 

time, whereas the Carp Fish treatment became less distinct over time, with no 
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significant differences between community composition for Days 14-21 or 21-28 

(Table 5-3). This is also true for the Weather Loach Fish treatment, which had no 

significant differences between community composition for Days 14-21 or 21-28.  

The Water Cue treatments also showed less transience in community composition, 

with no significant difference between Days 21-28 for the Carp Water Cue 

treatment. 

Table 5-2 R-values were assessed from one-way ANOSIM performed on zooplankton data for 

both carp and weather loach. The one-way ANOSIM was used to test for differences in 

zooplankton communities between treatments on each sample experiment day (7, 14, 21 and 

28). Note: Significance is indicated by *p<0.05, **p<0.01, ***p<0.001; significant results are 

shown in bold. 

Treatment Sample Experiment Day 

Carp Weather Loach 

Control R=0.445*** R=0.445*** 

Manual Disturbance R=0.431*** R=0.532*** 

Water Cue R=0.551*** R=0.509*** 

Fish R=0.411*** R=0.386*** 

 

Table 5-3 R-values were assessed from ANOSIM pairwise tests performed on zooplankton data 

for both carp and weather loach. The pairwise tests compared sample experiment days for each 

treatment. Note: Significance is indicated by *p<0.05, **p<0.01, ***p<0.001; significant results 

are shown in bold. The Control treatment for carp was the same for weather loach.  

Pairwise tests Carp    

 Control Manual 
Disturbance 

Water Cue Fish 

7, 14 0.428*** 0.459** 0.507** 0.707** 

7, 21 0.588*** 0.524** 0.785** 0.794** 

7, 28 0.660*** 0.631** 0.903** 0.920** 

14, 21 0.335*** 0.080 0.330* 0.089 

14, 28 0.693*** 0.820** 0.893** 0.372** 

21, 28 0.149* 0.254** 0.207 0.000 

 Weather Loach    

7, 14 0.428*** 0.496** 0.569** 0.587** 

7, 21 0.588*** 0.627** 0.643** 0.698** 

7, 28 0.660*** 0.676** 0.706** 0.732** 

14, 21 0.335*** 0.374** 0.280* 0.152 
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14, 28 0.693*** 0.896** 0.750** 0.319** 

21, 28 0.149* 0.457** 0.439** 0.056 

 

Figure 5-3 shows the community within the Carp Fish treatment shifting upwards 

and to the left, with days 14, 21 and 28 all distinctly moving to the left in order 

(Figure 5-3). Days 21 and 28, in particular, differed significantly from all other 

times. In contrast to this, all other treatments shifted to the right. In the Control 

treatment, each sample experiment day was distinctly different from each other, 

shifting diagonally up and right. The Carp Manual Disturbance treatment followed 

the direction of the Control, with a closer grouping between Days 14 and 21. The 

Carp Water Cue treatment also shifted upwards; however, there was less angling 

toward the right than the Control treatment, which is indicative of differences 

between these treatments. 

Figure 5-4 showed community composition within the Weather Loach Fish 

treatment shifting upwards and left, with days 14, 21 and 28 all tightly moving to the 

left in order (Figure 5-4). In contrast to this, the Control and Weather Loach Manual 

Disturbance treatments shifted in the right direction. In the Control treatment each 

sample experiment day was distinctly different from each other, shifting diagonally 

up and right. The Weather Loach Manual Disturbance treatment followed the 

direction of the Control, with a closer grouping between Days 14 and 21. The 

Weather Loach Water Cue treatment, however, shifted towards the left, with Day 28 

sharply moving left. The direction of the Water Cue treatment in the nMDS plot was 

visually similar to the Fish treatment.  

 



  

101 
 

 

Figure 5-3 nMDS of Carp treatments mapped by sample experiment day. The Fish treatment 

shifted up and left in progression of sample experiment days. The Control treatment shifted up 

and right. The Manual Disturbance and Water Cue treatments both shifted upwards, although 

the sample experiment days in the Water Cue treatment were more spaced out than the 

Manual Disturbance treatment. Stress value=0.13 (<0.20). 



  

102 
 

 

Figure 5-4 nMDS of Weather Loach treatments mapped by sample experiment day. The Fish 

treatment shifted in an upwards direction based on the progression of sample experiment days. 

The Control and Manual Disturbance treatments shifted up and right. The Water Cue 

treatment shifted up and left. Stress value=0.13 (<0.20). 

When considered across all time periods (PERMANOVA sample experiment day 

and treatment), zooplankton abundance was significantly higher in the Carp Fish 

treatment when compared to other treatments (  
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Table 5-4, Figure 5-5; Carp Fish vs Control p(perm)=0.0022, Carp Fish vs Carp 

Manual Disturbance p(perm)=0.0027, Carp Fish vs Carp Water Cue 

p(perm)=0.0092). Zooplankton abundance was also significantly higher in the 

Weather Loach Fish treatment than in the other treatments (  
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Table 5-4, Figure 5-5; Weather Loach Fish vs Control p(perm)=0.0025, Weather 

Loach Fish vs Weather Loach Manual Disturbance p(perm)=0.0001, Weather Loach 

Fish vs Weather Loach Water Cue p(perm)=0.0228). 

The Carp Water Cue treatment observably increased zooplankton abundances, but it 

did not significantly increase in comparison to the Control treatment (Table 5-4, 

Figure 5-5; Carp Water Cue vs Control p(perm)=0.2445). The Weather Loach Water 

Cue treatment observably increased zooplankton abundances, but this was not 

significantly different to the Control treatment (Table 5-4, Figure 5-5; Weather 

Loach Water Cue vs Control p(perm)=0.114).  
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Figure 5-5 Mean zooplankton abundances for carp and weather loach for all treatments. The 

Fish treatment (red) had a higher mean zooplankton abundance than all other treatments for 

both carp and weather loach. Units of zooplankton abundance are number L-1 sample. 

Zooplankton abundance increased over the experimental period for all carp 

treatments (Table 2-1; Day 7 vs Day 14 (p(perm)=0.0001, Day 14 vs Day 21 

(p(perm)=0.0339, Day 21 vs 28 (p(perm)=0.0187). In the Weather Loach treatments, 

zooplankton abundance significantly increased for the first 21 days for all treatments 

then started to plateau by the end of the experiment (Table 5-4; Day 7 vs Day 14 

(p(perm)=0.0001, Day 14 vs 21(p(perm)=0.0013, Day 21 vs Day 28 

(p(perm)=0.8643). 
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Table 5-4 Pseudo-F results from PERMANOVA analyses performed on zooplankton data. 

Note: Significance is indicated by *p-perm<0.05, **p-perm<0.01, ***p-perm<0.001; significant 

results are shown in bold.  

Variable Term 

Treatment Sample Experiment 
Day (SED) 

Treatment*SED 

1 Carp Zooplankton Total 4.499** 56.344*** 1.125 

2 Carp Cladoceran Total 7.473*** 58.743*** 1.720 

3 Carp Rotifer Total 7.510*** 13.890*** 0.859 

4 Weather Loach Zooplankton 
Total 

6.194*** 87.511*** 1.079 

5 Weather Loach Cladoceran 
Total 

1.416 82.120*** 0.753 

6 Weather Loach Rotifer Total 10.177*** 18.894*** 1.056 

7 Carp Group total 5.581*** 19.947*** 1.115 

8 Carp M. micrura 5.636*** 56.458*** 1.274 

9 Carp all species 3.778*** 9.705*** 1.209 

10 Weather Loach Group total 5.324*** 24.928*** 1.028 

11 Weather Loach M. micrura 0.305 59.388*** 0.389 

12 Weather Loach all species 3.855*** 10.697*** 1.574*** 

 

Cladoceran abundance in the Carp Fish treatment, where fish were present and had 

access to the sediment and zooplankton, was significantly lower than in other 

treatments (  
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Table 5-4, Figure 5-6; Carp Fish vs Control p(perm)=0.0236, Carp Fish vs Carp 

Manual Disturbance p(perm)=0.0007, Carp Fish vs Carp Water Cue 

p(perm)=0.0002). Cladoceran abundance was not significantly different between 

weather loach treatments (  
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Table 5-4, Figure 5-6). 

 

Figure 5-6 Mean cladoceran abundances for carp and weather loach for all treatments. The 

Carp Fish treatment (red) had a lower cladoceran abundance than the Carp Control treatment. 

The Carp Water Cue treatment (black) had a higher cladoceran abundance than the Carp 

Control treatment. The Weather Loach treatments had less obvious changes in abundance 

when comparing treatments. Units of zooplankton abundance are number L-1 sample. 

The main contributor to cladoceran abundance in all Carp treatments was Moina 

micrura. The abundance of M. micrura in the Carp Fish treatment was significantly 

lower in comparison to the Manual Disturbance and Water Cue treatments but was 

not significantly lower than the Control treatment (Table 5-4, Figure 5-7; Carp Fish 

vs Carp Manual Disturbance p(perm)=0.0016, Carp Fish vs Carp Water Cue 

p(perm)=0.0005, Carp Fish vs Control p(perm)=0.0665). Moina micrura did not 

significantly differ between weather loach treatments (Table 5-4, Figure 5-7).  
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Figure 5-7 Mean Moina micrura abundances for carp and weather loach for all treatments. The 

Carp Fish treatment (red) had a lower M. micrura abundance than the other Carp treatments. 

The Carp Water Cue treatment (black) had a higher M. micrura abundance than the other 

Carp treatments. Units of zooplankton abundance are number L-1 sample. 

The cladoceran M. micrura had a higher average abundance in the Control and 

Weather Loach Manual Disturbance treatments than any of the main rotifer species 

(Table 5-5). In the Weather Loach Water Cue treatment, M. micrura increased in 

abundance in comparison to the Control and Manual Disturbance treatments 

although PERMANOVA tests showed this was not enough of an increase to be 

significant (see Table 5-4, Figure 4-7). The Weather Loach Water Cue treatment had 

a mixed effect on rotifer abundance, with most increasing in abundance and Rotifer 

1 slightly decreasing in average abundance. In the Weather Loach Fish treatment, M. 

micrura had a higher average abundance than in all other treatments, however, it 

was not the highest average abundance. All rotifers increased in abundance 

compared to all other treatments, and Rotifer 4 had the highest average abundance in 

the treatment.   
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Table 5-5 Average abundances of the main rotifers and cladocerans that contributed to the 

zooplankton population for weather loach treatments. 

 Treatment - Carp 

Average Abundances Control Manual Disturbance Water Cue Fish 

Moina micrura 49.92 58.67 102.67 17.13 

Rotifer 1 10.58 16.29 15.25 49.67 

Rotifer 2 2.50 6.29 0.29 180.38 

Rotifer 3 33.42 22.63 18.67 57.71 

 Treatment – Weather Loach 

Moina micrura 48.92 60.63 80.00 94.13 

Rotifer 1 9.71 6.17 5.83 15.25 

Rotifer 3 20.17 5.00 31.96 80.50 

Asplancha sp. 8.13 1.75 17.54 33.71 

Rotifer 4 0.63 0.17 3.96 351.46 

 

Cladoceran abundances increased significantly in the Carp Water Cue treatment in 

comparison to the Control treatment (Table 5-4, Figure 5-6; Carp Water Cue vs 

Control p(perm)=0.0365). Cladoceran abundances were higher in the Carp Water 

Cue treatment than in the Carp Manual Disturbance treatment, but they were not 

significantly higher (Carp Water Cue vs Carp Manual Disturbance p(perm)=0.5465). 

Cladoceran abundance was not significantly different between weather loach 

treatments (Table 5-4, Figure 5-6). 

The zooplankton abundances in the Carp Manual Disturbance treatment did not 

observably nor significantly decrease in comparison to the Control treatment (Table 

5-4, Figure 5-5; Carp Manual Disturbance vs Control p(perm)=0.4739). Cladoceran 

abundances were not observably nor significantly lower in the Carp Manual 

Disturbance treatment in comparison to the Control treatment (Table 5-4, Figure 

5-6; Carp Manual Disturbance vs Control p(perm)=0.1338). The zooplankton 

abundances in the Weather Loach Manual Disturbance treatment did not observably 

nor significantly decrease in comparison to the Control treatment (Table 5-4, Figure 

5-5; Weather Loach Manual Disturbance vs Control p(perm)=0.5784). 

Rotifer abundances were also significantly higher in the Carp Fish treatment 

compared to the other treatments (Table 5-4, Figure 5-8; Carp Fish vs Control 



  

111 
 

p(perm)=0.0001, Carp Fish vs Carp Water Cue p(perm)=0.0001, Carp Fish vs Carp 

Manual Disturbance p(perm)=0.0001). Rotifer abundances in the Carp Water Cue 

and Carp Manual Disturbance treatments did not significantly differ to the Control 

treatment or each other (Table 5-4, Carp Water Cue vs Control p(perm)=0.3171, 

Carp Water Cue vs Carp Manual Disturbance p(perm)=0.436, Carp Manual 

Disturbance vs Control p(perm)=0.8437). Rotifer abundances were significantly 

higher in the Weather Loach Fish treatment compared to other treatments (Table 

5-4, Figure 5-8; Weather Loach Fish vs Control p(perm)<0.05). 

 
Figure 5-8 Mean rotifer abundance for carp and weather loach for all treatments. For both 

carp and weather loach, the Fish treatment (red) had a higher rotifer abundance when 

compared to the other treatments. Units of zooplankton abundance are number L-1 sample. 
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5.5 Discussion 

Overall, zooplankton community composition was altered by the presence of both 

fish species. Zooplankton abundance increased overall when fish had direct contact 

with the sediment and were able to contribute to water nutrient composition; 

however, there were also decreases in abundance of certain zooplankton groups, 

which means there were also changes in community composition. The impact of the 

two species differed, with carp also generally having a much higher impact on 

zooplankton communities than weather loach, particularly on cladocerans.  

The Control treatment was used as a baseline from which the other treatments were 

compared. Significant changes in zooplankton abundance and composition when 

compared to the Control treatment indicate that the fish in the treatments directly or 

indirectly influenced these changes. The Control treatment zooplankton population 

gradually increased over time, with cladocerans, particularly Moina micrura, 

contributing most to zooplankton abundance. Rotifer abundance remained low over 

time in the Control treatment. 

The increase in zooplankton abundance in both the Carp and Weather Loach Fish 

treatments was largely driven by increased rotifer abundance compared to the 

Control treatment. The finding of increasing overall zooplankton abundance in the 

Fish treatments does not support this study’s original prediction that overall 

zooplankton abundance would decrease in the presence of carp and weather loach 

due to increased predation. Carp can suppress zooplankton abundances through 

predation (Khan, 2003; Kloskowski, 2011), however, the impact by carp differed 

between the different zooplankton taxa. Rotifer densities can increase in high carp 

density environments (Matsuzaki et al., 2007; Parkos, Santucci, & Wahl, 2003) as a 

result of carp increasing nutrient availability. This results in a bottom-up effect in 

which phytoplankton availability increases and thus increases zooplankton grazing 

and zooplankton abundance. Carp and weather loach both increased nutrients and 

Chl-a (and by association, phytoplankton) in Chapter 3. This is similar to other 

studies which had rotifer increases (Matsuzaki et al., 2007; Parkos et al., 2003) and 

so it was concluded that the increases in rotifer abundances in this experiment were 

also a result of carp and weather loach increasing nutrient availability, which also 
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supports the initial prediction that carp and weather loach would promote an 

increase in zooplankton abundance via an increase in availability. 

Despite the overall increases in zooplankton abundance, there were decreases in 

cladoceran abundance, in particular Moina micrura, in the Carp Fish treatment 

compared to the Control, which supports the prediction that zooplankton abundance, 

in particular cladocerans, would decrease due to predation pressures. Carp have a 

preference for cladocerans and larger zooplankton species (King, 2005; Kloskowski, 

2011). Richardson et al. (1990) (as cited in Matsuzaki et al., 2007) also found 

juvenile carp selectively consumed larger zooplankton, increasing rotifers by 

reducing competition between zooplankton, which further explains the increase in 

rotifers seen in this experiment.  

The Fish treatments demonstrated that there are clearly two mechanisms - the top-

down effects due to predation and bottom-up effects via nutrient manipulation- that 

are driving the zooplankton abundances in these treatments. The Water Cue 

treatment, where predation pressures were removed, made clear the contribution of 

these bottom-up effects. Zooplankton abundance did not differ significantly between 

the Carp Water Cue treatment and the Control; however, there was a significantly 

higher cladoceran abundance in the Water Cue treatment compared to the Control. 

This suggests that the increase in nutrients and Chl-a from fish presence in the 

Water Cue treatment supported increases in cladoceran abundance which were not 

dampened by predation. In Chapter 3, it was found that ammonia was higher in all 

Carp and Weather Loach treatments where fish were present, with the Carp 

treatments developing higher ammonia concentrations than Weather Loach 

treatments. This finding further supports the studies by Matsuzaki et al. (2007) and 

Parkos et al. (2003) where carp had bottom-up effects which impacted zooplankton 

abundance. Changes in Chl-a is consistent with an increase of phytoplankton 

biomass from an increase in nutrient availability (King et al., 1997) and supports the 

conclusion that carp presence promotes cladoceran abundance via nutrient addition. 

Since cladoceran abundance decreased in the Fish treatment compared to the 

Control treatment, it was also concluded that the bottom-up effects could be negated 

by carp’s top-down effects (predation). 
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Cladoceran abundance did not differ between any of the Weather Loach treatments; 

however, overall zooplankton abundance increased, and the zooplankton population 

became more rotifer dominant in the Weather Loach Fish treatment compared to the 

Control. This was unexpected since weather loach readily consume larger 

zooplankton species, in particular Moina micrura, (Gao et al., 2014; Wang, Hu, Cao, 

et al., 2008; Wang, Hu, Wang, et al., 2008). The main cladoceran species found in 

this experiment was also M. micrura, and so it was expected that weather loach 

would have similar impacts to carp on cladoceran abundance in the Fish treatment. 

Weather loach also did not promote cladoceran abundance in the Water Cue 

treatment compared to the Control treatment, despite increasing ammonia and 

having similar increases in Chl-a production to carp (Chapter 3) and despite also the 

effects of weather loach on nitrogen and turbidity being likened to the effects of carp 

(Keller & Lake, 2007). Although the findings regarding weather loach impacts on 

cladoceran abundance are unexpected, they do support the final prediction for this 

chapter that carp would have a differing impact to weather loach on the zooplankton 

community, although why is still not clear. This emphasises the need to further 

study weather loach impacts in Australia (Keller & Lake, 2007). 

One aspect that requires further discussion is the impact of carp and weather loach 

sediment disturbance (bioturbation) on the zooplankton community. Although the 

Manual Disturbance treatments were not effective and showed no difference to the 

Control in Chapter 3 or in this chapter, there are studies that note the importance of 

the sediment egg bank and the negative impacts carp may have on this through their 

bioturbating activity. Angeler et al. (2002) suggested that not only do carp have 

negative effects on emergence patterns due to bioturbation, but the resulting 

increases in turbidity also interferes with cladoceran feeding and resulted in 

cladoceran absence from their treatments. Resuspended sediment damages the filter 

apparatus, more so in cladocerans than rotifers (Kirk & Gilbert, 1990). Carp and 

weather loach both bioturbate during their feeding activity. Carp feed by ‘gulping’, 

drawing matter in from up to a whole head length in front of them, disturbing soft 

sediments as they do this (Roberts et al., 1995). Weather loach bury their heads in 

the sediment before inhaling and then filtering out food (Keller & Lake, 2007; 

Watanabe & Hidaka, 1983). So although this study was unable to observe any 

impact in the Manual Disturbance treatments for carp nor weather loach, it is 
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possible their bioturbation impacted the cladoceran community in the Fish 

treatments, which goes further to explain why there was an observed decrease in 

cladocerans, particularly in the Carp Fish treatment.  

Water quality also influences the lower levels of the freshwater food web, which 

then impacts the zooplankton community. Zooplankton are central in a freshwater 

food web, with predation from macroinvertebrates and planktivorous fish effects 

cascading down to the zooplankton community from above (top-down effects) and 

phytoplankton and nutrient levels influencing zooplankton from lower down the web 

(bottom-up effects). Zooplankton are consumers of phytoplankton (Horppila, 

Peltonen, Malinen, Luokkanen, & Kairesalo, 1998). Chl-a concentrations are 

influenced by phytoplankton growth and zooplankton grazing (Attayde & Hansson, 

1999) and have been correlated to total phosphorus as found by McQueen et al. 

(1989). Since Chl-a is a direct product of phytoplankton growth, it has been used as 

an indicator for the biomass of algae (Attayde & Hansson, 1999). Several studies 

have attributed phytoplankton biomass increases to increased nutrient levels by carp 

(Angeler et al., 2002; Matsuzaki et al., 2007); hence, impacts to nutrient 

concentrations should indirectly impact zooplankton as a result of bottom-up effects. 

In conclusion, carp and weather loach altered zooplankton community composition 

and abundance due to three mechanisms; predation, sediment disturbance and fish 

ingestion and egestion. Carp had a higher impact on zooplankton community 

composition and abundance than weather loach and contributed to a significant 

decrease in cladoceran abundance. Carp and weather loach may have increased 

overall zooplankton abundance by creating the ideal conditions for rotifers 

(Matsuzaki et al., 2007; Parkos et al., 2003). Cladoceran abundance was reduced, 

possibly altering competition and predation. Nutrient availability was also increased, 

which may have increased food availability and the abundance of some zooplankton 

taxa (Angeler et al., 2002; Horppila et al., 1998; Matsuzaki et al., 2007). The 

reduction in cladoceran abundance is a concern as many native fish rely on these 

zooplankton taxa as a food source. The impacts of both carp and weather loach need 

to be explored further, and on a larger scale to determine if the effects on the 

zooplankton communities observed within the mesocosms translate into effects that 

can be observed at the wetland scale.  
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6 Synthesis 

The introduction of new invasive fish species can alter food-web structure (Keller & 

Lake, 2007; Roberts et al., 1995), and negatively influence native fish species 

(Tonkin et al., 2013). Introduced species influence the food web at multiple levels 

and via multiple mechanisms. This thesis set out to test the aspects of a conceptual 

food web model where invasive fish impact the food web via three mechanisms; 

sediment disturbance, nutrient transformation and predation and competition (Figure 

6-1). Zooplankton are vital components to the diets of various fish species 

(Medeiros & Arthington, 2008; Ning et al., 2013; Watkins et al., 2011) and high 

densities of suitable prey species are required to support the growth of fish through 

their larval and juvenile stages (Baber et al., 2002; Humphries et al., 1999; King et 

al., 2003). In the conceptual model, it is assumed that individual species can have 

different feeding preferences, predation capabilities and behaviour, which then alters 

the effects the fish have on the zooplankton community (Matveev et al., 2000) and 

that fish density can exacerbate these effects or change fish selectivity due to 

increased demand for food (Humphries et al., 1999; Ning et al., 2010a; Williams & 

Moss, 2003). 

There is also the assumption that sediment disturbance, or bioturbation, can 

indirectly contribute to bottom-up effects on zooplankton through changes in 

nutrient availability that promotes primary production, increasing food availability 

(Angeler et al., 2002; Havens et al., 2003). This can also directly affect zooplankton 

via increases in turbidity and sediment suspension which can hinder zooplankton 

grazing (Anderson & Willis, 2003; Angeler et al., 2002), and via burial of the 

zooplankton egg bank and resting stages (Adámek & Maršálek, 2013). Nutrient 

transformation from fish exudates can change nutrient availability which indirectly 

contributes to bottom-up effects on the zooplankton community. Fish egestion 

contributes to the concentrations of labile nutrients, particularly ammonia, 

nitrates/nitrites and phosphate (Driver et al., 2005; Keller & Lake, 2007; King et al., 

1997; Matsuzaki et al., 2007; McIntyre et al., 2008b). The increases in nutrient 

availability increases production rates and thereby increases phytoplankton and 

Chlorophyll-a (Angeler et al., 2002). 
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Figure 6-1 Conceptual model of the relationships explored in the four data chapters of this thesis. 
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Fish predation can have top-down effects on zooplankton abundance and community 

composition (Ning et al., 2010a; Williams & Moss, 2003). The first data chapter 

compared two co-occurring species of similar sizes (larval Murray cod and juvenile 

gambusia) to describe the influence of each species on the composition of an 

emerging zooplankton community. The second data chapter also compared these 

species at three different fish densities; low, medium and high. Gambusia reduced 

the abundance of all zooplankton taxonomic groups, while Murray cod specifically 

reduced the abundance of cladocerans. This concurs with past studies of gambusia in 

other systems where it is considered a generalist carnivore (García-Berthou, 1999; 

King, 2005; Ning et al., 2010a). Murray cod had similar effects on zooplankton at all 

fish densities. Gambusia reduced zooplankton abundance at all densities; however, 

the lower fish density produced a more rotifer-dominant community compared to the 

community at high fish density. In this study, gambusia also significantly reduced 

cladocerans at all densities and had a greater influence on cladocerans than Murray 

cod at the same densities. The capacity of gambusia to reduce zooplankton 

abundance and shift community structure towards a more rotifer-dominant system 

highlights its potential as a competitor with native fish and also its potential capacity 

to alter zooplankton grazing since it removes larger cladocerans which are the most 

effective grazers (Boon et al., 1994).  

The impacts of gambusia on the zooplankton community abundance and 

composition therefore have the potential to limit food availability for native fish, 

especially in situations where the breeding windows overlap. The results of this 

study support the high prey selectivity of Murray cod which feed selectively on 

cladocerans and cyclopoid copepods (Ingram & De Silva, 2007; King, 2005). In 

addition, gambusia’s diet overlaps with a number of other native fish also (King, 

2005), including Golden perch (Macquaria ambigua) fry and larvae (Arumugam & 

Geddes, 1996; Arumugam & Geddes, 1992; Herbert & Graham, 2007), carp 

gudgeon (Hypseleotris spp.) (Balcombe et al., 2006; Gehrke, 1992; King, 2005), 

Australian smelt (Retropinna semoni) (King, 2005), juvenile trout cod 

(Maccullochella macquariensis) and Macquarie perch (Macquaria australasica) 

(Ingram & De Silva, 2007).  

In the third data chapter, the impact of two widespread invasive fish (carp and 

weather loach) on nutrient availability and water quality was described. Juvenile 
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carp and weather loach were selected as both species are known to actively disturb 

benthic sediments, which has direct and indirect effects on the zooplankton 

community. This study demonstrated that carp and weather loach increase turbidity 

and ammonia concentrations whilst also decreasing dissolved oxygen. This occurred 

in both the free-roaming (Fish) treatments and also in the treatments where the fish 

only had access to the alternate sediment (Water Cue). The increase in nutrient 

availability also increased primary production and Chlorophyll-a production. This 

shows that a high abundance of carp and weather loach in floodplain wetlands has 

the potential to influence the lower levels in the food web. It has already been 

suggested that carp have the potential to contribute to cyanobacterial blooms via 

increasing nutrient availability and recommended further research into the processes 

by which they increase nutrient availability (Gehrke & Harris, 1994). This study 

confirms both carp and weather loach are able to increase nutrient availability 

through the mechanisms of nutrient egestion and sediment disturbance, as well as 

adding to our understanding of the relative contribution of each mechanism. Carp 

are widespread in Australia, contributing up to 90% of fish biomass in some areas 

(Harris & Gehrke, 1997, as cited in Koehn, 2004). Weather loach are also spreading 

and increasing rapidly in number in Australian waterways, with it now spreading 

through the Murrumbidgee Catchment (Skye Wassens et al., 2012; Skye Wassens et 

al., 2011).  

In the final data chapter, the comparison of juvenile carp and weather loach was 

continued with a shift in focus to assessing their impact on the emerging 

zooplankton community abundance and composition, taking into consideration their 

nutrient and sediment disturbance effects. Both carp and weather loach increased 

zooplankton abundance overall, but this was due to increasing rotifer abundance. 

Carp decreased cladoceran abundance in the treatment where they were free-

roaming and able to predate on all zooplankton (Fish treatment), whilst in the 

treatment where carp were restricted from predating on zooplankton (Water Cue 

treatment), cladocerans increased in abundance. This indicates that carp can drive 

both bottom-up effects from the increases in primary production due to fish 

bioturbation and exudates, as well as top-down effects due to predation. There is 

also the potential for carp to contribute to algal blooms via their top-down effects on 

zooplankton. Since larger cladocerans are the most effective grazers (Boon et al., 
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1994) and carp were able to decrease their abundance due to predation, carp may be 

able to remove grazer control on phytoplankton. This concurs with previous studies 

which have suggested that higher densities of carp increase the intensity of algal 

blooms by removing the control of grazing zooplankton on phytoplankton (King et 

al., 1997). Khan, Wilson, and Khan (2003) in particular found carp reduced 

cladoceran abundance and subsequently increased algal biomass. 

There are already studies that have recognised the importance of zooplankton 

taxonomic groups (Spencer, Robertson, & Curtis, 1998) and even specific 

zooplankton taxa (Jenkins & Boulton, 2007) when using zooplankton as an indicator 

for wetland and river health. Based on this study, zooplankton community 

composition responded more strongly and constantly to both bottom-up and top-

down influences than abundance alone. Carp and weather loach clearly increased 

rotifer abundance in this study, which could translate into rotifer-dominant 

zooplankton communities in Australian waters where carp and weather loach are 

high in abundance. 

Another important consideration is the impact water quality had on the zooplankton 

community in this study. There is potential for carp and weather loach to hinder 

grazing zooplankton by increasing sediment suspension. This study found carp and 

weather loach both increased turbidity, of which resuspension of sediments can be a 

contributor (King et al., 1997). Successful top-down control of bacteria by grazing 

zooplankton is influenced by grazer abundance, with larger cladocerans being the 

most effective grazers (Boon et al., 1994). This study also showed that both 

gambusia and carp significantly decreased cladoceran abundance through predation. 

There is, therefore, a potential for invasive fish species to contribute to blooms 

through their effects on zooplankton as well as nutrient availability. 

Based on the findings of this study, there should, at the very least, be a discussion 

regarding the impact of invasive fish species on zooplankton on a larger scale. 

Whilst these mesocosm experiments have been able to test some specific 

assumptions on the relationships between fish species and zooplankton, caution 

should be taken when extrapolating these results to a field environment where 

multiple complex interactions influence both fish zooplankton communities. 

Controlling for variation in wetland hydrology, vegetation and other fish 
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communities make it difficult to control key variables and make replication difficult. 

It would be ideal also to further the findings of this study with field surveys, or a 

field study if funding permitted, to validate these results.  

Additional interactions which may occur at larger scales, including competition and 

predation from other taxa, were not tested in the mesocosm experiments. As a result, 

the influence of carp and weather loach seen in this mesocosm study may be 

exaggerated. This thesis aimed to test the value of individual mechanisms of 

predation, disturbance and nutrient dynamics and their contributions to the overall 

impact of each invasive fish in a controlled environment. Future studies could 

consider adding additional interactions in either larger scale in-situ or ex-situ 

experiments. 

Although carp are considered a dominant predator and can comprise the highest 

found fish biomass in river and wetland environments in Australian waters (Khan et 

al., 2003; Vilizzi et al., 2014), observing their overall impact on the zooplankton 

communities in more complex environments could be considered. However, in field 

situations untangling the multiple influences on zooplankton, including climate, 

wetland hydrological regime, vegetation communities and occurrence of other 

predatory fish such as gambusia is challenging. Instigating longer term patterns of 

zooplankton abundances in wetlands with managed water regimes, including those 

fitted with screens or pumped to exclude carp could be useful, although replication 

can be difficult to achieve. Weather loach are also a rather new unknown to 

Australian waters (Keller & Lake, 2007) and so it is recommended also that they too 

should be observed on a larger scale to see if the findings of this mesocosm study 

translate to the wetland environment. 

Precautions were taken during the mesocosm study to try and mimic natural 

conditions; sediment was taken from an ephemeral wetland just prior to its expected 

inundation period, and the integrity of the sedimentary layers were preserved. Fish 

were also stocked in numbers that aligned with personal observations from these 

wetlands while inundated and also numbers that were considered suitable densities 

in fisheries (Arumugam & Geddes, 1992; Ingram & De Silva, 2007; Rowland, 1992) 

and other field studies (King, 2004) based on recommended zooplankton availability 

required to sustain the stock fish. Zooplankton sampling consisted of live counts so 
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that they could be returned and therefore minimise the impact of sampling on the 

mesocosm conditions. Fish food was also supplied as a secondary/alternative food 

source, which means the fish were not dependent solely on zooplankton and 

therefore their impact on the zooplankton via predation was a choice, not a 

necessity. 

Zooplankton are central to the aquatic food web, being both consumers and a vital 

food source for a variety of aquatic organisms (Kobayashi et al., 1998). This thesis 

found strong evidence that invasive fish species, particularly gambusia and carp, are 

able to limit key zooplankton taxa availability via top-down predation effects, which 

threatens food availability for native fish species. This was attributed to prey 

preference, particularly in the case of carp, as well as aggressive predation even at 

low densities, particularly for gambusia. The combination of sediment disturbance 

and nutrient egestion increased nutrient availability and sediment suspension, which 

contributed to bottom-up effects on the zooplankton community. Carp activity is 

known to contribute to the degradation of aquatic habitats in Australia (Angeler et 

al., 2002; Humphries & Walker, 2013), though weather loach have received little 

attention in Australia so far (but see Keller & Lake, 2007). The similarities of 

weather loach to carp in regards to their effects on water quality and zooplankton 

community composition in this study means that weather loach should also be taken 

as seriously as carp in regards to their potential threat to native habitat and food 

availability. 
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