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Abstract: 

 

Microplastics (MP’s) are ubiquitous throughout the marine environment, and are derived 

from either direct production or from the fragmentation (to <5mm) of larger plastic 

pollution.  Recently concern has intensified as the extent of MP pollution and its presence 

in the marine environment has been highlighted. Literature concerning concentrations of 

microplastics indicates an increasing occurrence in the marine environment, from coastal 

beaches to deep sea sediments. In addition, the effects microplastics have on marine 

organisms are well documented, with studies ranging from large pelagic animals to 

benthic filter feeders. However to date, there are few data on how MPs influence Porifera. 

 

Sponges are an important component of temperate benthic ecosystems, providing a range 

of important functional roles. Sponges are able to adapt to many environments by 

exploiting a variety of food sources, from dissolved organic matter to small crustaceans. 

Regardless of this, sponges feed primarily on picoplankton, and are able to retain up to 

99% of these from seawater. The impact microplastics have on these suspension feeders 

is becoming of increasing concern, and previous research has centred primarily on sponge 

feeding or responses to sediments. As such, this thesis is the first to focus on the 

metabolic responses of sponges to MPs. To examine this, two response variables were 

measured: O2 consumption (Respiration) and feeding (Retention efficiency). 

 

To examine the effects of MP on sponge respiration, two temperate sponge species 

(Tethya bergquistae and Crella incrustans) were exposed to two different sized plastic 

particles (1 µm and 6 µm) at two different concentrations (200,000 and 400,000 beads per 

mL). Results indicate that sponges are resilient to MP pollution. The only significant 

result was the effect of MP size on the respiration rates on Tethya bergquistae (P = 

0.001), but there were no other significant main effects or interactions.  

 

Marine particulates come in many shapes and sizes, as such the retention abilities of 

temperate sponges were tested after exposure to different types and sizes of particulates. 

This was achieved by subjecting the same two sponge species (Crella incrustans and 

Tethya bergquistae) to two microplastic (1 µm & 6 µm), two sediment (1 µm & 6 µm) 
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and two “Food” (raw sea water and Isochrysis galbana) treatments. This experiment 

showed some significant retention differences, but these differences were difficult to 

explain and largely inconclusive. This has highlighted the need for further investigation 

into the effects of: mixed treatments (i.e. sediments + plastics together) and varying 

plastic shapes (sphere + fibre + fragment). Finally, there is a crucial gap in knowledge 

regarding the fate of microplastics after ingestion by sponges. 

 

This research outlines the potential for temperate sponges to be resilient to microplastics 

particles when considering respiration rates. In addition, this study also outlines the 

variable nature of Crella incrustans and Tethya bergquistae concerning particulate 

retention. As the MP concentrations used in this thesis are very high and are unlikely to 

be found in New Zealand in the near future, this thesis therefore demonstrates the 

capability for sponges to be resilient to microplastic pollution. The outcomes of my thesis 

highlight the importance of understanding the impacts of microplastics on benthic 

organisms. The marine environment is dynamic and organisms are susceptible to a 

multitude of stressors. As such, there is a need to explore interactions between multiple 

factors at the same time. 
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Chapter 1: Introduction: 

1 

1 Introduction: 
 

1.1 Phylum Porifera: 

 

 Biology: 

Sponges are a ubiquitous and ecologically important group in all marine and freshwater 

ecosystems (Bergquist 1978; Zhuravlev and Riding 2001; Thorp and Covich 2009; 

Maloof et al. 2010). They were among the first multicellular animals to evolve some 580 

million years ago in the early Cambrian (Li et al. 1998; Kelly 2007). There are 

approximately 8000 described sponge species, and they account for a large percentage of 

biomass in marine epifaunal communities (Bergquist 1978), and as such are a major 

component of benthic marine environments. 

Sponges perform a number of important functional roles (Bell 2008) including: 

facilitating primary production; bentho-pelagic coupling; stabilisation and erosion of reef 

substrate or framework; nitrogen and silicon cycling; water filtration and release of 

secondary metabolites (Diaz and Rützler 2001; Bell and Barnes 2003; Taylor et al. 2007). 

Sponges are also crucial contributors to the marine ecosystem, acting as spatial 

competitors, hosts of microbial symbionts, important consumers, and as food to certain 

species (Wulff 2006a). In addition, recent studies have highlighted how sponges can be 

essential at an ecosystem level, as they capture dissolved organic matter (DOM) and 

make the nutrients and energy available to higher trophic levels (Gili and Coma 1998; de 

Goeij et al. 2013). 

 

 Physiology: 

Sponges are multicellular animals and are similar to other animals in that they lack cell 

walls and produce sperm cells. However, they lack true tissues and organs, instead 

consisting of two thin layers of cells (the outer pinacoderm and the inner choanoderm) 

with mesohyl and skeletal elements between (Brusca et al. 1990). Sponges are thought to 

be largely heterotrophic, although tropical sponges in oligotrophic waters harbour 

phototrophic bacteria to compensate for a lack of organic nutrition (Cheshire and 

Wilkinson 1991). Sponges do not have nervous, digestive or circulatory systems, and 
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Figure 1.1: Schematic drawing of sponge structures and water flow. Depicted by the arrows, water is actively 

pumped through the ostia to choanocyte-lined chambers where food is extracted. Filtered water is 

then passed out the exhalant canal (osculum) along with waste products and CO2. Figure taken from 

http://4.bp.blogspot.com. 

most rely on maintaining a constant water flow through their bodies to obtain food and 

oxygen and to remove wastes (Leys et al. 2011). In most sponges the mesohyl functions 

as an endoskeleton and is strengthened by mineral spicules or spongin fibres (Hooper and 

Van Soest 2002). 

Sponges utilise three basic body plans: asconoid, syconoid and leuconoid (Figure 1.1). 

The simplest body structure is asconoid, and is characterized by a stalk-like spongocoel 

surrounded by a single layer of choanocytes. The simplicity of this shape however, limits 

the size of the animal, because pumping capacity is heavily dependent on the area 

covered by choanocytes (Larsen and Riisgåd 1994). The syconoid structure helps to 

overcome this limitation by effectively folding in on itself, greatly increasing surface area 

(Hickman 2001). The inner pockets are lined with choanocytes, which connect to the 

outer pockets via ostia (Barnes and Ruppert 1968). This increases the number of 

choanocytes and pumping capacity, enabling Syconoid sponges to grow larger. And 

finally the Leuconoid body plan increases pumping capacity further by filling the interior 

almost completely with a network of chambers lined with choanocytes. This vastly 

increases the surface area for pumping, and as a result these sponges can attain larger 

sizes and take a wider range of forms, for example encrusting sponges (Hickman 2001). 

 

  

Figure not available due to copyright permission 
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 Reproduction: 

Sponges can reproduce both sexually or asexually. Most sponges are hermaphrodites, and 

although lacking gonads still produce sperm and eggs. Sperm are produced by 

choanocytes or entire choanocyte chambers that sink into the mesohyl and form spermatic 

cysts (Paulus and Weissenfels 1986). Eggs are formed by transformation of archeocytes, 

or in some species also from choanocytes (Leys and Ereskovsky 2006). During spawning, 

sperm are expelled via the osculum, where if they contact another sponge of the same 

species, the water flow carries them to choanocytes that engulf them. From there they are 

then carried through the mesohyl to the eggs (Brusca et al. 2003). A few species release 

fertilized eggs into the water, but most retain the eggs until they hatch. Larvae are all 

motile, being surrounded by an outer layer of cells whose flagella or cilia enable the 

larvae to move. After swimming for a few days the larvae typically sink and crawl until 

they find a place to settle (Bergquist 1978). 

There are also three asexual methods of reproduction: fragmentation, budding and by 

producing gemmules. Fragments of sponges may be detached by currents or waves. They 

use their pinacocytes and choanocytes for mobility and reshape their mesohyl in order to 

re-attach themselves to a suitable surface (Maldonado and Uriz 1999b), where they then 

rebuild themselves as small but fully functional sponges. Very early experiments revealed 

that surviving cells from some sponge species can reform a complete organism and if 

multiple sponges are blended together, each species will recombine independently 

(Wilson and Penney 1930). 

Some sponge species reproduce by budding. Budding is a form of asexual reproduction in 

which a new organism develops from an outgrowth or bud at one particular site. The new 

organism remains attached as it grows, separating from the parent organism only when it 

is mature (Simpson and Gilbert 1973; Simpson and Fell 1974; Reiswig and Miller 1998). 

Finally, some Porifera can reproduce through the production of gemmules. Gemmules are 

"survival pods" which a few marine sponges and many freshwater species can produce 

(Bergquist 1978; Brusca et al. 2003). Spongocytes make gemmules by wrapping shells of 

spongin, often reinforced with spicules, round clusters of archeocytes that are full of 

nutrients (Simpson and Fell 1974). These gemmules then become dormant, and in this 

state can survive extreme temperatures, desiccation, hypoxia and, typically with 

freshwater species, variations in salinity (Reiswig and Miller 1998). 
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 Pumping: 

Sponges are specialised to feed by rapidly filtering and removing food particles from the 

water column (Bergquist 1978; Riisgård et al. 1993). This is achieved by actively 

pumping water through small surface pores, called ostia (Vogel 1974; Vogel 1977). 

Water movement is created by the beating of flagella associated with choanocytes, these 

cells also collect and remove food particles, notably pico- and -ultraplankton (0.2 and 2 

µm) (Reiswig 1971a; Pile et al. 1997), from the water as it passes through the sponge 

(Vogel 1977). Past studies have suggested sponges are not selective when they retain 

particles (Reiswig 1971a; Wolfrath and Barthel 1989), however, more recent studies 

found evidence for preferential retention of bacteria and picoplankton species in 

calcareous and demosponges in New Zealand (Perea-Blázquez et al. 2010; Perea-

Blázquez et al. 2013). 

Early research found that pumping rates remain constant over long periods of time 

(Jørgensen 1955; Jørgensen 1966). However, recent studies have found that sponges with 

a functional canal system are capable of varying their pumping rates (Reiswig 1971a; Pile 

et al. 1997; Tompkins-MacDonald and Leys 2008), or even suspending pumping 

altogether for several hours (Gerrodette and Flechsig 1979; Bannister et al. 2012) in 

response to environmental stressors (such as sediment). Reproductive episodes also result 

in diminished pumping activity, most likely due to many choanocytes being transformed 

for gamete production (see de Caralt et al. (2007). In addition to feeding, pumping is also 

vital in respiration and waste removal, and as such is an essential aspect of sponge 

biology. 

 

 Respiration: 

Respiration is essentially the transport of oxygen to tissues and cells, with the release of 

oxidation products and CO2 (Raven and Johnson 1986), as sponges lack specialised 

respiratory surfaces and systems, oxygen and CO2 are therefore exchanged via diffusion 

between the environment and the sponge cells (Burggren and Roberts 1991). In the case 

of sponges, these gases diffuse across the cells lining the inhalant canals, the exterior of 

their body, and through the choanocytes (Hoffmann et al. 2005). At the cellular level, 

respiration is the conversion of organic molecules and oxygen to energy (Lucas and 

Watson 2002), driving processes such as basal metabolism, locomotion, and secondary 
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production (e.g. growth and reproduction) (Coma et al. 2000). Oxygen is fundamental to 

all energetic processes in the bodies of aerobic organisms. Consequently, consumption of 

O2 provides an indication of total energy expenditure in conditions, either normal or 

under stress (Hadas et al. 2008).  

Respiration is a direct measure of metabolic demand, as energetic reserves are used to 

fuel the production of ATP (Marsh and Manahan 1999). This therefore represents a cost 

to the organism. In some instances increased respiration rates may provide a temporary 

benefit (such as energy for reproduction, repair or evasion from predators), however 

elevated respiration has been shown to be harmful to sponges (Lohrer et al. 2006), and 

one that is ultimately detrimental to organisms if sustained at higher than normal rates 

(Clarke 1991). 

Respiration has been utilised to discern the effects of both biotic and abiotic factors, from 

temperature (Cheshire and Wilkinson 1991; Vohmann et al. 2009) to sedimentation  

(Gerrodette and Flechsig 1979; Bannister et al. 2012), and food availability (Perea-

Blázquez 2011). However, the cost associated with increased or decreased respiration 

rates on sponges has proved difficult to measure (Clarke 1991). In regards to sponges, 

there are indications that fluctuating, or elevated respiration rates change when exposed to 

increased temperatures (Reiswig 1971a; Barthel 1988; Coma et al. 2000) or sediments 

(Kowalke 2000; Bannister et al. 2012), with the later studies speculating that the resulting 

reduction in O2, was likely due to cessation of pumping to prevent clogging of the filtering 

apparatus. Very few studies have investigated changes in metabolic rates in combination 

with other indicators of sponge health (i.e. pumping, or feeding); consequently the cost at 

the individual level is largely unknown. 

 

 Growth and Development: 

Sponges are nearly impossible (unless followed from recruitment) to age, and currently 

there is no definitive method for aging sponges. However, there are suggestions that 

carbon isotope analysis of spicules could be an accurate measure (Fallon et al. 2010). To 

date sponge age is often estimated based on measurements of growth rates (Ayling 1983). 

Sponge growth is influenced by various factors, including sedimentation (Roberts 2002), 

wave action (Bell et al. 2002) and food availability (Turon et al. 1998). Due to this ability 

to acclimate to different environmental conditions, sponge morphology may vary 
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considerably, with some sponges exhibiting different morphologies within the same 

species depending on environmental variables (Meroz-Fine et al. 2005). Sponges can also 

display plasticity in their structural components (e.g. size and number of spicules) and 

these variations in spicule morphology could be a direct response to environmental 

conditions (Palumbi 1986; Meroz-Fine et al. 2005). For example; in areas of high energy 

water flow, stronger and thicker spicules may provide structural support and protection 

against injury (Palumbi 1986). 

 

 Factors influencing sponge distribution and abundance: 

Sponge physiology and subsequently distribution, abundance, and diversity are affected 

by a range of abiotic and biotic factors (Carballo et al. 2008). Physical influences include: 

temperature (Barnes 1999; Duckworth and Battershill 2001; Whalan et al. 2008), light 

availability (Wilkinson and Trott 1985; Cheshire and Wilkinson 1991), sedimentation 

(Carballo 2006; Powell et al. 2010), salinity (Roberts et al. 2006), and substrate 

composition and angle (Bell and Barnes, 2000). Biological factors range from predation 

(Wulff 1994; Wulff 1995; Wulff 2000); mutualistic and symbiotic interactions (Uriz et al. 

1992; Wulff 1997); concentration and type of plankton (Pile et al. 1997; Ribes et al. 

1999); spatial competition (Engel and Pawlik 2000; de Voogd et al. 2003), and disease 

(Cerrano et al. 2000; Maldonado et al. 2010a). These factors do not work independently 

however, with sponge assemblages likely to have multiple physical and biological factors 

influencing sponges at the same time (Berman 2012), with some sponge species being 

more sensitive to environmental change and anthropogenic activities (Halpern et al. 

2007). Understanding how sponges will react to increasing environmental degradation 

and modification is paramount, especially with the onset of climate change and the 

potential for community structures to change (Bell et al. 2013). As such, any variation in 

sponge diversity and abundance could have significant consequences for biological 

interactions in the marine environment (Brodie 2014; Gaylord et al. 2015). 
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 Sponges in New Zealand: 

Around New Zealand, sponges are one of the most dominant groups in benthic marine 

communities (Berman 2012) and in some locations have been reported as some of the 

largest contributors to benthic biomass (Batham 1956). As of 2010 roughly 730 sponge 

species have been described or are in the process of being described from the waters 

around New Zealand, this however, is estimated to be only a small portion of NZ’s total 

species (Cook and Archer 2010). 

Prior attention has primarily addressed the ecology of sponges from the tropics and 

Northern Hemisphere (Bell et al. 2015). Temperate research has focused primarily on 

sponge functional roles (Perea-Blázquez et al. 2010; Berman 2012; Cárdenas et al. 2012; 

Perea-Blazquez et al. 2012; Cárdenas et al. 2014). As such, there are fewer studies 

investigating the impacts on sponges. Early publications regarding New Zealand sponges 

concentrated on growth, morphology and behaviour (Bergquist 1968), with more recent 

focus on population dynamics (Duckworth and Battershill 2001), interactions with 

macroalgae (Cárdenas et al. 2012), and their role in bentho-pelagic coupling (Perea-

Blázquez 2011; Perea-Blázquez et al. 2012). Contrastingly, there are few studies 

investigating sponge responses to environmental stressors in New Zealand (See Bates 

2015), although this may be due to NZ’s comparatively pristine nature compared to other 

parts of the world. 

 

 Threats to the marine environment: 

The fate of the world’s oceans is becoming increasingly scrutinized with the realisation 

that increased anthropogenic pressures are seriously threatening the future sustainability 

of marine species and ecosystems (Halpern et al. 2007). As such, loss of biodiversity is 

one of the greatest environmental concerns of modern society (Cardinale et al. 2012; 

Gardner et al. 2013). Marine environments are subject to a plethora of stressors which can 

be labelled under five broad categories; climate change, overharvesting, habitat 

destruction, invasive species and pollution. 
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 Climate change: 

Atmospheric carbon dioxide (CO2) levels have risen by 75% since 1970, and currently 

stand at around 400 parts per million (ppm), with latest scenarios projecting CO2 levels to 

be between 730 and 1088 ppm by 2100 (Field et al. 2014). This rate of increase is 

alarming as it is 100 times faster (Figure 1.2) than any change experienced during the last 

650,000 years (Siegenthaler et al. 2005). 

 

The Earth´s climate is heavily influenced by greenhouse gases in the atmosphere 

(Charlson et al. 1992), and the rise in CO2 over the past century has resulted in an 

increase in global air temperature by approximately 0.4 - 0.8˚C. As the atmospheric 

temperature rises, the oceans react in two ways. Firstly, this energy is also transferred to 

the ocean waters resulting in a concurrent increase in sea surface temperature (SST) 

(Field et al. 2014). And secondly, as the concentration of atmospheric CO2 increases, 

surface waters of the ocean act as a buffer by taking up CO2 via air-sea gas exchange 

(Tracey et al. 2013). While this partially lessens the extent of global warming, the uptake 

of carbon dioxide has a profound effect on ocean chemistry, effectively lowering the pH 

of seawater, a process known as ’ocean acidification’ (OA). The most recognised effect 

of OA is a concurrent decline in calcium carbonate saturation (CaCO3), and an increase in 

dissolved inorganic carbon (DIC) (Caldeira and Wickett 2005). This decline in CaCO3 is 

Figure 1.2: Graph depicting global CO2 concentrations for the last 800 thousand 

years. Source: Adapted from: https://bfi.uchicago.edu/events/CC-climate. 

Figure not available due to copyright permission 
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particularly worrisome as it is essential to the growth and formation of shells and 

skeletons for many organisms (Barnes and Peck 2008; Beniash et al. 2010). 

 

 Overharvesting: 

Overharvesting is described as populations that are harvested at a rate that is 

unsustainable, given their natural rates of mortality and capacities for reproduction 

(Jackson et al. 2001). Overharvesting resources for extended periods of time can deplete 

natural resources to the point where they are unable to recover within a short time frame 

(Hayden et al. 2015). With an exponential increase in human population, expanding 

markets, and increasing demand, combined with improved access and techniques for 

capture, the exploitation of many species has exceeded sustainable levels. Overharvesting 

can lead to resource depletion, including extinction at the population level and even 

extinction of whole species (Powles et al. 2000). In addition, depleting the numbers or 

amount of certain resources has also been shown to affect the quality or morphology of 

these species, also known as Darwinian debt (Cookson 2004). 

Sometimes the potential profits gained from fishing outweighs the biological growth of 

the resource (Harwood et al. 2014). In these situations economic forces can therefore 

drive these populations towards extinction (Powles et al. 2000). For example the 

overexploitation of grouper versus a billion dollar fishing industry (Sadovy de Mitcheson 

et al. 2013). Over exploitation of a species can also result in cascade effects, particularly 

if a habitat loses its apex predators, resulting in an increase in their prey species. This can 

lead the prey to overexploiting their own food resources until population numbers 

decline, sometimes towards the point of population extinction. For example Estes and 

Palmisano (1974; 1989) outline how the overexploitation of otters in Alaska led to an 

explosion of sea urchin populations and thus kelp overgrazing. 

 

 Invasive species: 

Aquatic invasive species are plants and animals that evolved in one location and are 

introduced through a variety of means into another location (Funk 2015). When an alien 

species arrives in a new location it can either: find its new habitat unwelcoming and die 

off, survive with little environmental impact, or it can thrive, altering the existing 

ecosystem and wildlife in a variety of ways (Walsh et al. 2016). Invasive species that 

prosper usually do so because their new habitat lacks natural predators to control their 



Chapter 1: Introduction: 

10 

population, and the damage they create comes mainly from consuming native species, 

competing with them for food or space, or introducing disease (Leppäkoski et al. 2013). 

 

There are numerous mechanisms for invasion including ballast water (Padilla and 

Williams 2004), ship hulls and on marine debris/trash (Bax et al. 2003; Gregory 2009), 

the aquarium and exotic pet trade (Albins 2013; Côté et al. 2013; Otero et al. 2013), and 

finally global warming is a potential vector for invasion, from the spread of warmer 

waters to melting ice caps allowing access to previously inaccessible areas (Taylor and 

Kumar 2013; McKeon et al. 2015). 

 

 Habitat destruction: 

Most areas of the world's oceans are experiencing increased habitat loss, however coastal 

areas being in close proximity to human population centres, have suffered 

disproportionately largely due to anthropogenic stresses such as; construction of coastal 

protection, land reclamation, aggregate (sand and gravel) extraction, recreation and 

developments including ports, harbours and industries (Halpern et al. 2008). These 

critical areas, which include estuaries, swamps, marshes, and wetlands, serve as breeding 

grounds or nurseries for nearly all marine species (Lehtinen et al. 1999; Lotze et al. 

2006). As such habitat loss has far-reaching impacts on the entire ocean's biodiversity 

(Beck et al. 2001; Able 2005). Habitat degradation occurs as a result of a number of 

activities; tourism (Davenport and Davenport 2006); ships (Chou 2006), oil spills 

(Peterson and Vieglais 2001; Peterson et al. 2003) and destructive fishing techniques 

(Thrush and Dayton 2002; Fox et al. 2003; Wilberg et al. 2011) and as such, are felt 

throughout the marine environment (Rothschild et al. 1994; Pikitch et al. 2004). 

 

 Pollution: 

Marine pollution is a result of the entry of chemicals, particles, industrial, agricultural and 

residential waste, or noise into the world’s oceans. The majority of marine pollution 

comes from land, with air pollution also contributing by carrying pesticides or dirt into 

the ocean (Gaiero et al. 2003). Most of this pollution originates from nonpoint sources 

such as agricultural runoff, wind-blown debris and dust (Carpenter et al. 1998; Meyer-
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Reil and Köster 2000). However, some is directly and often deliberately introduced to the 

marine environment via anthropogenic sources (Benton 1995). 

Marine debris, mainly discarded rubbish which floats on, or is suspended in the ocean, 

can threaten aquatic life through entanglement, suffocation, and ingestion (Derraik 2002). 

Roughly 80 to 85 percent of this trash is plastic debris (Cadée 2002; Derraik 2002), which 

has been rapidly accumulating since the end of World War II (Azzarello and Van Vleet 

1987), with a total mass estimated to be as over 100 million metric tons (Jambeck et al. 

2015). This debris ranges from discarded plastic bags and beer six pack rings, to 

discarded or lost fishing nets which end up in the ocean, present dangers to wildlife and 

fisheries (Butler and Matthews 2015). Fishing nets, in a process known as ghost fishing 

(Gilman 2015), entangle all manner of sea creatures, restricting movement, causing 

starvation, laceration and infection and suffocation (Laist 1987; Bugoni et al. 2001). In 

addition, many animals that live on or in the sea consume flotsam by mistake, as it often 

looks similar to their natural prey (Moore 2008). The ingested plastic debris, when bulky 

or tangled may become permanently lodged in the digestive or respiratory tracts of these 

animals (George 1996; Lazar and Gračan 2011). 

Plastics accumulate because they don't biodegrade in the way many other substances do. 

They will photodegrade on exposure to the sun, however, the presence of water retards 

this process, causing the photodegraded plastic to disintegrate into ever smaller pieces 

(microplastics) while still remaining polymers (Figure 1.3) (Fries et al. 2013). 

  

Figure 1.3: Left: Plastic debris floating in the ocean, Photo adapted from an Article by Oliver M (Nov 18, 

2014). Right: Microbeads as seen under a microscope, Photo adapted from www.mcgill.ca 

Figures not available due to copyright permission 
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1.2 Microplastics: 

Plastic debris in the marine environment is a globally recognised problem, affecting a 

wide range of ecosystems (Moore 2008; Zarfl et al. 2011). Recent concern has focused 

primarily on microplastics and their impacts on the marine environment (Derraik 2002; 

Ryan et al. 2009). Microplastics are classified as plastic particles less than 5 mm in 

diameter (National Oceanic and Atmospheric Administration; NOAA) and are likely the 

most numerically abundant items of plastic debris in the ocean today (Thompson 2006). 

The abundance of these particles is likely to increase further as single plastic items 

already occurring in the world’s oceans ultimately degrade into millions of pieces (Betts 

2008; Cole et al. 2011). In addition to this, the increasing use of microplastic beads in 

beauty products means microplastics are continually being added to the marine 

environment as the beads are rinsed down sinks and drains where they are too small to be 

removed by conventional filtering (Gregory 1996; Browne et al. 2007; Fendall and 

Sewell 2009). Furthermore, recent evidence suggests that microplastic input will increase 

as the polar icecaps recede (Obbard et al. 2014). As sea ice forms it collects and traps 

particles in the “body” of ice and as a result over time the Arctic ice shelf has 

accumulated microplastics (Gregory et al. 2002). Obbard et al. (2014) sampled ice in the 

arctic (during the HOTRAX and ICESCAPE expeditions) and confirmed that 

microplastic particles in the ice cores number up to 2 orders of magnitude higher than that 

of the Pacific gyre. This is particularly troubling because with the onset of climate change 

and the projected loss of the Arctic ice cap, these particles will be released back into the 

surrounding waters. 

Introduced into the literature in 2004, the term microplastic has been widely used to 

describe plastic fragments in the marine environment (Thompson et al. 2004b). However, 

microplastics vary in size (typically between 0.01-5 mm) and quantification 

methodologies vary between studies (Ng and Obbard 2006; Barnes et al. 2009). In the 

majority of open-water studies, microplastics have been collected with plankton nets and 

particles smaller than the net mesh (~0.33 mm) have evaded capture (Cole et al. 2011). 

Studies that bulk-sampled marine sediment have managed to retain particles of all sizes; 

however, efficient identification of smaller microplastics (<0.03 mm) has been a serious 

challenge, making it difficult to quantify microplastic loads (Thompson et al. 2004b) and 

highlighting a lack of knowledge and the need for further research. 
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Microplastics are of increasing concern as they have the ability to bio-accumulate and 

bio-magnify throughout food chains, affecting animals in the benthic zone through to the 

pelagic zone. Moreover, there are differing mechanisms for the production of 

microplastics and finally microplastics can act as contaminants, leeching toxins into the 

surrounding tissues of animals that have ingested them. These major issues are important 

to address and discuss as microplastic loading in the oceans continues to increase and 

animals become more exposed to them. 

 

 Mechanisms for Plastic Presence: 

Microplastic particle accumulation can be classified into two ways, primary plastics and 

secondary plastics (Cole et al. 2011; Lusher et al. 2013). Primary plastics refer to direct 

inputs into the marine environment and secondary refers to the degradation and 

breakdown of larger plastic debris. Primary plastic involves the direct input of 

contaminants as micrometre-sized plastic particles to the marine environment, such as 

cosmetic beads / exfoliating scrubs and clothing fibres from washing machines (Fendall 

and Sewell 2009; Thompson et al. 2009). These particles, because of their small size, pass 

through wastewater treatment filters into waste water and from there into the ocean 

(Gregory 1996; Browne et al. 2007; Fendall and Sewell 2009). Secondary microplastics 

on the other hand are derived from already existing larger plastic debris. Sources of 

secondary microplastics include: degradation, oxidation and mechanical abrasion of 

larger items entering the system from rivers, runoff, tides, winds, and catastrophic events, 

along with debris already afloat in the sea such as lost cargo and fishing / aquaculture 

gear (Andrady 2003; Andrady 2005; Browne et al. 2007; Thompson et al. 2009). 

 

The sources of these particles are well known, however, knowledge of their relative 

contribution and geographic distribution is limited (Law and Thompson 2014). Once in 

the ocean, microplastics are transported passively by complex current systems (Ryan et 

al. 2009; Doyle et al. 2011), resulting in large variability in surface concentrations making 

long-term trends difficult to determine, even in areas where many studies have been 

undertaken (western North Atlantic (Law et al. 2010); and eastern North Pacific Oceans 

(Law et al. 2014). Oceanographic models and environmental observations have found 

concentrations of up to 106 pieces km2 of floating microplastic in subtropical ocean gyres 

(Maximenko et al. 2012). These gyres, usually far from land-based sources (Law et al. 
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2010), are where converging surface currents trap and retain floating debris (Eriksen et al. 

2013). Likewise similarly high concentrations have been observed in enclosed basins 

such as the Mediterranean Sea (Collignon et al. 2012). 

In coastal sediments microplastics are also ubiquitous, with quantities typically ranging 

from 2 to 30 particles per 250 ml of sediment (Browne et al. 2011) and more recently 

Arctic sea ice has been identified as a reservoir of microplastics (Obbard et al. 2014). 

With the exception of localized spills, the relationships between microplastic 

concentration and its sources are poorly understood, due to complex transport 

mechanisms and unknown fragmentation rates (Law and Thompson 2014). 

 

 Reasons for Concern: 

Microplastics may have different effects from larger items of debris, largely because of 

their size. Floating microplastics provide habitats for diverse communities of 

microorganisms (Gregory 2009), these assemblages differ from those in surrounding 

seawater and vary with polymer type (Zettler et al. 2013). In addition, microplastics are 

ingested by a diverse range of organisms, particularly filter feeding organisms such as 

mussels, which retain particles after consumption (Browne et al. 2008). Absorption of 

small quantities of microplastics has the potential to disrupt physiological processes, for 

example Wright et al. (2013b) determined that microplastics were detrimental to marine 

worms by compromising their ability to store energy. 

A recent benthic study indicated that microplastics that are introduced into the food web 

by feeding at one trophic level may also transfer to other, higher trophic level organisms 

(Farrell and Nelson 2013). This could have consequences for organisms at higher trophic 

levels if any contaminants that are transferred have the potential for bio-magnification 

(Teuten et al. 2009). An example of this is polymer ingestion by fish during normal 

feeding activity, resulting from the density of plastic in the marine environment and 

subsequent transference to fur seals (Eriksson and Burton 2003). 

 

Plastic debris accumulates harmful persistent organic pollutants (POP’s) such as 

dichlorodiphenyltrichloroethane (DDT), polychlorinated biphenyls (PCBs), and 

polybrominated diphenyl ethers (PBDEs) from seawater (Ogata et al. 2009). POPs have 

recently been traced on the surface of microplastic pellets and postconsumer plastic 

fragments, where they absorb and concentrate lipophilic contaminants by several orders 
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of magnitude compared to ambient seawater (von Moos et al. 2012). These contaminants 

are then released upon ingestion (Teuten et al. 2009) as reported in marine worms 

(Browne et al. 2013) and fish (Rochman et al. 2013a). The transfer of these pollutants 

depends on the polymer, the contaminant, and the condition of the organism ingesting 

them (Heskett et al. 2012). There is also concern that plastic debris might facilitate the 

transport of monomers and potentially toxic additives, such as plasticisers, flame 

retardants, and antimicrobial agents that are incorporated into plastics during manufacture 

(Mato et al. 2001; Oehlmann et al. 2009; Teuten et al. 2009). For example, plasticisers, 

such as bisphenol-A (BPA), can affect the hormonal systems and reproductive output of 

molluscs, fish, crustaceans and insects (Endo et al. 2005; Teuten et al. 2007; Oehlmann et 

al. 2009). However, it is unclear whether microplastics in the marine environment can 

transport chemicals to biota in concentrations high enough to cause significant damage 

(Cole et al. 2014). 

The potential for harm from microplastics could increase with decreasing particle size, 

but size distributions and generation and degradation rates are mostly unknown. Ingestion 

of microplastics by mammals, fish, birds, and invertebrates is now well documented 

(Fossi et al. 2012; Cole et al. 2013; de Witte et al. 2014), however the resulting effects on 

natural populations are difficult to ascertain (Law and Thompson 2014). 

 

 Effects of Microplastics: 

1.2.3.1 Accumulation in water: 

As plastics are buoyant they are at the mercy of currents and tides (Koelmans et al. 2014). 

This leads to accumulation of particles in certain areas around the world, for example 

ocean gyres. The accumulation of large quantities of plastic has multiple effects on the 

surrounding waters (Cole et al. 2011). Due to abrasion (Eriksen et al. 2013) and damage 

from UV (Andrady 2003) these large plastics are degraded into thousands of smaller 

particles (microplastics), which accumulate in seawater and as such become available to a 

range of ecosystems (Galgani et al. 2014), affecting organisms ranging from large marine 

mammals to benthic filter/suspension feeders. 

Numerous studies have tried to quantify exactly just how much plastic there is in the 

world’s oceans, however as the study area is large and an open system, exact numbers are 

difficult to ascertain (Martins and Sobral 2011). However, many site-specific studies of 
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plastic concentrations have been conducted, including Wright et al. (2013b), where 

maximum plastic debris concentrations in a Swedish harbour next to a polyethylene (PE) 

plant were documented as 100,000 particles m-3. This high number shows the extent to 

which microplastics are able to contaminate an ecosystem. 

 

1.2.3.2 Accumulation in beaches/sediments: 

Microparticles travel vast distances, washing up on beaches or sinking to the deep sea and 

settling in sediments (Claessens et al. 2011; Van Cauwenberghe et al. 2013; Nuelle et al. 

2014). As previously mentioned, these particles absorb toxins and as they build-up in 

sediments the amount of chemicals in the substrate increases, potentially leaving the area 

lethal to benthic organisms and settling larvae (Sánchez et al. 2013). 

While the majority of plastics are initially positively buoyant, through degradation and 

fouling most eventually accumulate on the seafloor, where depending on the properties of 

the polymer they can potentially remain for thousands of years (Stefatos et al. 1999; 

Barnes et al. 2009; Galgani et al. 2010). Data on the distribution and abundance of plastic 

accumulation on the seabed are still scarce (Galgani et al. 2010) and even less is known 

regarding the long-term dynamics of plastic accumulation in the oceans. 

 

 Interactions with animals: 

Organisms swimming in the water column are particularly susceptible to microplastics, 

where it is suggested that they mistake these particles for food (Hoss and Settle 1990), or 

unintentionally ingest them while swimming (Fossi et al. 2012; Fossi et al. 2014b). An 

example of this was found in the English Channel where ingested microplastic debris was 

recovered from 10 species of fish (Lusher et al. 2013). 

 

1.2.4.1 Plankton: 

Setälä et al. (2014) revealed that plastic microspheres are widely ingested by various 

planktonic taxa in the Baltic Sea. As a result, trophic transfer of microplastic litter may 

potentially take place in both benthic and pelagic food webs. This is problematic as 

Murray and Cowie (2011) discovered that omnivorous feeders can ingest plastics via 

passive grazing from sediments or via a trophic pathway. Many different zooplankton 
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taxa have the potential to ingest microplastics. Whether these particles pass through 

without harm, are toxic to the organism, or are retained and passed up the food chain, 

depends on the species of the organism and the size of the plastic particles ingested (Cole 

et al. 2014). Setälä et al. (2014) determined that mysids and polychaete larvae also ingest 

microplastics, and as they live partially in both the pelagic and benthic systems, they have 

the potential to transfer microplastics between the food webs of these environments. 

Major questions remain about the risk of microplastics to marine organisms and marine 

ecosystems. Although quantities can be low, the widespread incidence in some areas, 

along with evidence of potentially harmful effects is cause for concern. 

Research is limited in regards to the behaviour of different polymers in the environment, 

be it fragmentation, chemical release, degradation, transport, or accumulation. 

Furthermore, build-up of microplastics can lead to potential bio-magnification throughout 

food webs. 

As substantial removal of microplastic litter from the environment is just not feasible, 

identification and elimination of the major inputs of plastic waste is necessary, as is 

reducing consumption. Due to rapidly increasing human population, the need for greater 

resource efficiency is vital in regards to reducing the quantity of debris entering the 

marine environment. Evidence has arisen that microparticles are accumulating in mussels 

cultivated for human consumption (Van Cauwenberghe and Janssen 2014). These 

mussels were specifically grown with consumerism in mind and were bought from a local 

supermarket in England. This only highlights the need to understand “cause and effect” of 

microplastic particles on fauna throughout the marine environment. 

 

1.2.4.2 Fish: 

Microplastics have both physical and chemical effects on the organisms that ingest them 

(Kaposi et al. 2014; Setälä et al. 2014). When ingested, these particles either pass through 

the gut or are retained in the digestive tract (Browne et al. 2008). Boerger et al. (2010) 

suggested that planktivorous fish ingest microplastic fibres because they are the same 

colour as prey items. However, this hypothesis has not been empirically tested. 

The accumulation of microplastic fibres in planktivorous fish may clump up and become 

hazardous if they block the feeding apparatus, impede the passage of food or clog 

digestive tracts (Derraik 2002; Gregory 2009; Ryan et al. 2009). Rochman et al. (2014b) 

studied the effects of plastics on lanternfish, a deep sea fish that is well known for its 
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extensive vertical migrations during the night to feed on zooplankton from the epipelagic 

zone (Catul et al. 2011; Van Noord et al. 2013). As a consequence of their vertical 

migrations, these fish are subjected to and ingest plastic debris (Boerger et al. 2010; 

Davison and Asch 2011; Van Noord et al. 2013). Rochman et al. (2013b) suggested that 

not only does this harm the lanternfish, but ultimately impacts other organisms in open 

ocean food webs, including top predators and commercially important fish. Moreover, 

experimental evidence demonstrates that PBDEs can transfer from plastic to organisms, 

including fish, upon ingestion (Browne et al. 2013; Rochman et al. 2014a). Furthermore, 

large filter feeding sharks such as the Mediterranean basking shark, have been found to 

possess high levels of plastic additives in their muscle tissues from ingestion of 

microplastics during feeding (Fossi et al. 2014a), further highlighting the susceptibility of 

large pelagic species to microplastics. 

1.2.4.3 Marine Mammals and Birds: 

Many large marine mammals and birds are affected by microplastics. The impacts of 

plastics being ingested by these charismatic megafauna are relatively well known (D’Ilio 

et al. 2011; Tanaka et al. 2013; Fossi et al. 2014b). Marine mammals are indirectly 

impacted as they are often top predators, and as such they are susceptible to bio-

magnification of toxins due to accumulation of microplastics in their prey (Kannan et al. 

2001; Van de Vijver et al. 2005; Houde et al. 2006). A recent example was outlined by 

Houde et al. (2006) where bottlenose dolphins were found to have toxins associated with 

plasticizers in their tissues. It was determined that the toxins originated in prey species 

and were directly transferred to the bottlenose dolphins, increasing by several orders of 

magnitude in the process. Many large marine mammals filter feed relying on their main 

prey phytoplankton (Fossi et al. 2012). Phytoplankton are in general the same size as 

microplastics, and as a result baleen mammals are susceptible to ingesting microplastics 

as they feed (Rochman et al. 2013a). 

Not only are marine mammals affected by microplastics but birds are also susceptible to 

the impacts associated with these particles. Microplastics have been found to accumulate 

in the gut of seabirds, where they not only block up digestive tracts (Dickerman and 

Goelet 1987; Pierce et al. 2004) but also leach toxins into the surrounding tissues (Pettit et 

al. 1981; Sievert and Sileo 1993). Recent examples of microplastic effects on seabirds 

have been documented for the wedge-tailed shearwater (Verlis et al. 2013) and various 

seabirds from the Mediterranean (Codina-García et al. 2013), where it was found that 
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microparticles accumulated in the gut of numerous seabirds (171 birds from 9 species), 

again highlighting the negative influence that microplastics pose in the marine 

environment. While awareness of the effects and repercussions of microplastics has 

increased in recent years, there is still a profound lack of knowledge regarding definitive 

concentrations in seawater and the effects that these particles may have on food webs. 

The marine environment is notoriously difficult to monitor, due to its sheer size and 

“open” nature, and understanding interactions between anthropogenic inputs and the 

natural ecosystems is paramount, as these stressors may lead to complex difficulties 

arising in the future. 

 

1.3 Thesis Research: 

Tethya bergquistae and Crella incrustans (Figure 1.4) were the two species chosen for 

this study. Both species are common demosponges inhabiting shallow-water rocky reefs 

in New Zealand (Berman and Bell 2010; Berman 2012). All samples were collected from 

the Wellington Region, with sites chosen due to high sponge biomass (Berman 2012), and 

ease of accessibility. Tethya bergquistae (Sarà and Sarà 2004) and Crella incrustans 

(Battershill et al. 1984) were chosen because they are readily available, abundant on the 

Wellington South Coast and can be easily maintained under laboratory conditions. 

 

Wellington’s south coast is a dynamic environment, frequently exposed to high-energy 

south-easterly swells and north-westerly winds. These combined with large storm events, 

are capable of creating wave heights exceeding 13 m (Carter et al. 2008). The south coast 

area is heavily influenced by the Cook Strait, a current formed by three major water 

bodies: the Southland Current, East Cape Current and D’Urville current. These currents, 

in combination with the dynamic nature of the Wellington South Coast are highly 

influential to intertidal and subtidal communities, allowing the region to support a large 

biomass of sponges (Berman and Bell 2010; Berman 2012). 
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T. bergquistae is a spherical golf-ball sponge, growing up to 6 cm in diameter, commonly 

found on subtidal exposed coastlines in high-light environments with strong currents or 

wave action (Battershill et al. 1984). This species reproduces year-round (Bergquist 1968) 

via sexual reproduction and asexual budding, with budding seeming to be exacerbated by 

the addition of external stressors (see Bates 2015). 

The second species, C. incrustans, exhibits several contrasting morphologies, growing as 

a massive sponge in sheltered environments or as an encrusting sponge in areas of high 

water movement (Battershill et al. 1984). As a result this species has a wide distribution 

throughout New Zealand, in a variety of sheltered and exposed habitats (Bergquist 1968). 

Both species are important structural components of shallow-water reef systems due to 

their abundance (Berman 2012), competitive and facilitative interactions with algae 

(Cárdenas et al. 2014), and their interactions with the water column (Perea-Blázquez 

2011). 

However, despite this, environmental changes may have additional impacts on rocky reef 

communities, but little is known of physiological responses of sponges to environmental 

factors. Additionally, shallow water sponges are likely to be affected by changing 

environmental conditions such as increasing plastic pollution, particularly if these 

stressors alter community composition of rocky reefs. 

 

 

 

Figure 1.4: Left: Tethya bergquistae pink golf ball sponge. Photo by Crispin Middleton. Right: Crella 

incrustans with palmate fans. Photo by Mike Page 
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 Aims: 

The overall aim of this thesis was to investigate how these temperate sponges will be 

impacted by increased loads of microplastics introduced into seawater. An emphasis was 

placed on physiological and functional responses of sponges to this stressor, for example; 

sponge health and respiration after microplastic ingestion and feeding retention in 

response to different particle types. 

 

The specific aims of this study are to: 

 

1. Measure the effect of microplastics on oxygen consumption rates of temperate sponges. 

2. Compare the feeding retention of temperate sponges, when subjected to a variety of 

particulates. 

3. Compare the responses of two sponge species, and determine if responses are species 

specific
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2 The Effects of Microplastics on Temperate 

sponge Respiration: 
 

2.1 Abstract: 

Microplastic pollution is of increasing concern throughout the marine environment. These 

small particles (< 5 mm) are often ingested by animals that mistake them for food or filter 

them from the water column. Once ingested, microplastics have the potential to leach 

toxins into surrounding tissues and clog feeding mechanisms Microplastics are of 

particular concern to suspension feeders as they actively pump ambient water as a means 

of feeding. Sponges are ubiquitous throughout benthic marine systems where they play an 

essential role in the ecosystem from impacting substrate to facilitating primary 

production. Sponges are capable of filtering vast amounts of seawater and as such, they 

are susceptible to suspended particulates in the surrounding waters. Respiration has been 

shown to be a suitable measure of sponge stress in previous studies investigating the 

effect of sediment, temperature and pH on sponges. Therefore the respiration rate of 

temperate sponges was measured in this study to determine the effect of microplastics on 

their health. Two temperate sponges Crella incrustans and Tethya bergquistae were 

exposed to microplastics in a controlled environment (75 mL chamber) and the oxygen 

consumption measured over 45 minutes. Individuals from each species were exposed to 

one of two treatments or a control, including a solution of 200,000 beads per mL 

(treatment 1), a solution of 400,000 beads per mL (treatment 2) or filtered seawater 

(control). The respiration rate of ten individuals from each species was measured in each 

treatment over the course of three days. On completion of the experiment, the ash free dry 

mass (AFDM) of each sponge was obtained to determine the amount of oxygen 

consumed as mg O2 g(AFDM) -1L-1. Crella incrustans showed no significant main effects 

or interactions across any of the microplastic sizes, treatments or days. In addition 

however, there was a significant main effect of microplastic size (P = 0.001) for T. 

bergquistae. The results from this study indicate no direct effect of microplastic pollution 

on the immediate health of two temperate sponges, with the exception of microplastic size 

on T. bergquistae.  
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2.2 Introduction: 

Plastic debris in the marine environment is a universally recognised problem, affecting a 

wide range of ecosystems (Moore 2008; Zarfl et al. 2011). Global production of plastic 

has continued to rise with some 299 million tons of plastics being produced in 2013 

alone, representing a 4 percent increase over 2012. Recovery and recycling, however, 

remain insufficient, and millions of tons of plastics end up in landfills and entering the 

oceans each year, with estimates that at least 5.25 trillion plastic particles weighing 

268,940 tons are currently floating in the sea (Eriksen et al. 2014). 

Recent concern has focused primarily on microplastics and their impacts on the marine 

environment (Derraik 2002; Ryan et al. 2009). Broadly described, a “microplastic” is any 

plastic particle under 5 mm (NOAA), however, they vary in size (0.001 mm-5 mm) and in 

the way they are quantified (Ng and Obbard 2006; Barnes et al. 2009). Due to the small 

size of these particles, they are readily available to be ingested or taken up by many 

organisms. For example, Setälä et al. (2014) revealed that plastic microspheres are widely 

ingested by various planktonic taxa in the Baltic Sea. As a result, trophic transfer of 

microplastic litter may potentially take place in both benthic and pelagic food webs. This 

is problematic as Murray and Cowie (2011) discovered; omnivorous feeders can ingest 

plastics via passive grazing from sediments or via a trophic pathway. Many different 

zooplankton taxa have the potential to ingest microplastics. Whether these particles pass 

through without harm, are toxic to the organism, or are retained and passed up the food 

chain, depends on the species of the organism and the size of the plastic particles ingested 

(Cole et al. 2014).  Setälä et al. (2014) determined that mysids and polychaete larvae can 

ingest microplastics, and as they live partially in both the pelagic and benthic systems, 

they have the potential to transfer microplastics between the food webs of these 

environments. 

 

Arguably benthic organisms are subject to the greatest risk from microplastics as they are 

generally unable to move away from contaminated areas (von Moos et al. 2012) and 

because many benthic organisms are filter or suspension feeders (Farrell and Nelson 

2013; Goldstein and Goodwin 2013). There have been a variety of studies performed on 

filter and suspension feeders. For example, studies examining feeding in the blue mussel 

(Mytilus edulis) by Browne et al. (2008) showed that microspheres of polystyrene are 

drawn through the inhalant siphon and filtered via the gill. On the gill, filamentous cilia 
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captured plastic particles and rapidly transported them to the gut, where they accumulated 

in the digestive cavity and tubules. The particles were then translocated from the gut 

cavity to the circulatory system in as little as 3 days where they persisted in the 

circulatory system for over 48 days (Browne et al. 2008). Similarly von Moos et al. 

(2012), supporting Browne et al. (2008), provided the first proof that microplastics are 

taken up into digestive cells of M. edulis where they induce distinct adverse effects, and 

that polarized light microscopy can be used to track and localize microplastic particles 

within organisms and organs. Due to the vulnerability of filter and suspension feeders to 

plastic pollution, coupled with increasing volumes of litter with no foreseeable end, it is 

vital that we understand how these particles will affect these crucial members of 

temperate ecosystems. 

 

Sponges are ubiquitous throughout the marine environment, being an important 

ecological group in benthic marine systems, fulfilling many functional roles including; 

bio-erosion (Rützler 1975), facilitation of primary production (Bell 2008), and filtering 

large volumes of water (Ribes et al. 1999). Sponges are also key spatial competitors, 

involved in competitive interactions with many different species (Wulff 2006a; Taylor et 

al. 2007). Conversely, the distribution, abundance and physiology of sponges is 

controlled by a number of abiotic factors, including temperature (Duckworth and 

Battershill 2001), light (Irving and Connell 2002), sedimentation (Carballo 2006), and 

substrate composition and angle (Bell and Barnes 2000a), therefore they are sensitive to 

environmental changes (Bell et al. 2015). Due to large sponge abundance (Pile et al. 

1997), and their ecological importance in the marine environment (Wulff 2006b; Bell 

2008), there is an increasing need to understand the physiological responses of sponges to 

changing environmental factors, such as increased marine pollution. Of equal importance 

is the fact that environmental degradation can alter sponge diversity and abundance, 

which in turn may influence the distribution of other ecologically important organisms 

(Ward-Paige et al. 2005; Peterson et al. 2006; Powell et al. 2010). 

 

The overall aim of this experiment was to investigate the effect of microplastics on 

respiration rates of Tethya bergquistae and Crella incrustans. More specifically, I 

investigated if these species had a change in their metabolic demand over time, in 

response to stress from plastic pollution, and if such responses were similar between the 
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two plastic sizes, or if they were size specific. With increasing rates of plastic pollution, 

and the likelihood that this will continue for some time, I hypothesized that respiration 

rates would be higher in response to elevated plastic pollution. If size-dependent 

responses exist, I believed that the 1µm microplastic beads would have more effect, as 

they are of similar size to the sponges’ natural food source (Pile et al. 1996) and as such 

will be more easily ingested by the experimental specimens. 

 

2.3 Methods: 

 Sponge collection and husbandry: 

Tethya bergquistae and Crella incrustans were chosen as the study organisms. These 

species are a suitable model for other demosponges as they are abundant and found in a 

wide range of habitats. Sponge specimens were collected from the South Coast and 

Harbour of Wellington, New Zealand (Figure 2.1), specifically Breaker Bay (-41.331343, 

174.831824), Princess Bay (-41.344904, 174.787688), Moa Point (-41.342674, 174.808311) and 

Shark Bay (-41.301133, 174.817476) via SCUBA from depths of 5-10 m. These sites were 

chosen because they are sponge-dominated systems and are easily accessible.  

 

 

 

 

 

Figure 2.1: Map of New Zealand, focusing in on Wellington region. The Wellington South coast collection 

sites are marked by red stars. 



Chapter 2: The Effects of Microplastics on Temperate sponge Respiration: 

26 

Following collection the sponges were transferred to Victoria University Coastal Ecology 

Laboratory (VUCEL) where they were placed in an open flow sea table, where raw sea 

water was continuously fed at a rate of approximately 4 L min-1, which is optimal for 

sponge survival (See Bates 2015). Visible surface-associated fouling organisms were 

gently removed from all individuals with tweezers, and the sponges were then sewn on to 

plates with cotton and left to acclimate. T. bergquistae were attached whole, however C. 

incrustans were cut into approximately 3 cm3 pieces (Figure 2.2). Both species were then 

left to heal completely before the experiment began. Approximately three weeks was 

sufficient time to allow the C. incrustans cut surfaces to heal, consistent with other 

sponge studies (Zocchi et al. 2003; Nickel 2004; Hadas et al. 2008). 

 

 

 

 

 Respiration: 

Following acclimation, each sponge was transferred from the holding tank into a 

respiration chamber similar to that employed by Gatti et al. (2002). Each chamber was 75 

mL in volume and incorporated a magnetic stirrer, the chambers were then fitted with lids 

(Figure 2.3) and any oxygen bubbles were carefully removed via syringe. Each lid 

possessed an opening through which a rubber bung was placed. Through this bung a 

Presens Pst3 oxygen sensor and a temperature probe were inserted, allowing the sensors 

to become submerged within the chamber. Each chamber was considered airtight due to 

an O-ring around the lid, and the rubber bung creating tight seals around the sensors. In 

addition, vaseline was put around the bung and sensors to ensure no additional airflow or 

water intake. 

Figure 2.2: Left -Crella sp mounted upon a meshed plate. Right - Tethya 

sp attached to a mesh plate. Photos by C.Baird. 
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An oxygen probe (FIBOX 3- fiber-optic oxygen meter, PreSensGmbH, Germany) was 

used to measure the initial oxygen concentration (mg/L) within the chambers. The probe 

was calibrated at the beginning of each day in 100 mL of water containing 1 g of sodium 

sulphite Na2SO3 for 0% saturation, or with air bubbled through it for 20 minutes for 100% 

saturation. 

During testing care was taken when introducing the oxygen probe not to knock the 

chambers as this would cause the sponge to close its oscula, affecting respiration rates. 

Oxygen concentrations were measured every 10 seconds over a 45 minute period or until 

oxygen concentrations reached 70% of the initial reading, this was the repeated every 24 

hours for three consecutive days, with sponges returned to the sea table in-between 

testing. 

The amount of oxygen used by each animal was calculated as the difference between the 

initial and final oxygen concentrations within the chambers. 

The water volume in each chamber was measured at the end of each experiment to allow 

for the volume occupied by the animal. The oxygen concentration (mg/L) was corrected 

to allow for the volume of water and converted into an hourly rate to provide the amount 

of oxygen consumed per hour by each animal (mg O2 animal-1h-1). To express the 

respiration rates as the amount of oxygen consumed by organic tissue, the ash free dry 

mass (AFDM) of each sponge was determined at the end of each experiment. The AFDM 

was calculated as the difference between the dry weight and the ash weight after 

incineration in a muffle furnace. Dry weight was obtained by placing the sponges in an 

oven at 80˚C for 48 hours then weighing (to the nearest 0.0001g). Ash weight was 

attained from the sponges by placing them into clean labelled aluminium trays and 

placing them in a muffle furnace (500˚C for 6 hours), which removes all organic matter; 

they were then subsequently weighed. The overall respiration rate of each animal was 

defined as the amount of oxygen consumed per gram of organic tissue per hour (mg O2 g 

(AFDM) -1h-1). 
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In addition, an empty chamber filled with treatment water was measured for 45 minutes 

to control for electrode drift (Gatti et al. 2002), or photosynthesis and respiration of 

micro-organisms in the water. Any change in air saturation during the blank experiment 

was then subtracted from the total sponge respiration that occurred during the same time 

period. 

 

 Treatments: 

In order to test the effects of microplastics on sponges, two treatments and a control (raw 

seawater) was chosen for each of the study species. The treatments chosen were 1) 

~200,000 beads per mL and 2) ~400,000 beads per mL. Each treatment had 10 replicates 

per microplastic size (1µm and 6 µm), with n=60 per species. The beads used were 

Polysciences, Inc. Polybead® Polystyrene Black dyed 1.00 micron Microspheres, and 

Polysciences, Inc. Polybead® dyed Violet 6.0 micron Microspheres. The numbers of 

microplastics in the waters surrounding New Zealand are undocumented, mostly due to a 

general lack of plastic pollution in these waters. As such, the “normal” treatment number 

was chosen as a reflection of the natural concentrations of picoplankton (Marie et al. 

1997), the primary food for sponges (Reiswig 1971b; Van de Vyver 1975; Huysecom et 

Temperature Probe Oxygen Probe 

Magnetic Stirrer Fibox O2 meter 

Treatment 

Chamber 

Rubber Bung 

Lid 

Figure 2.3: Diagram of the experimental setup, temperature and oxygen probes fitted in a rubber 

bung, with the treatment chamber and a magnetic stirring bead. 
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al. 1988; Pile et al. 1996) and subsequently a “high” treatment being double those 

numbers. 

 

As the response variable is dependent on the sponge actively pumping, it was necessary 

to ensure this had been initiated before data collection. Observing active pumping in 

sponges is usually shown by adding a dye to the water near the incurrent pore of the 

sponge (for example, Vogel 1977; Imsiecke 1993; Ilan and Abelson 1995; Pile and 

Young 2006), however previous attempts at this were unsuccessful with Tethya 

berquistae and Crella incrustans (see Bates 2015). In this case the program used 

(OxyView v6.02) allows an oxygen consumption curve to be observed and as such, only 

once sponges showed a clear respiration response were the data collected. 

 

 

 Statistical analysis: 

Initial analyses were performed by Primer 6 and PERMANOVA+ (2009), with all further 

statistical tests conducted by IBM SPSS Statistics (version 23, 2015). In all cases tests 

were performed to check for the presence of outliers, and to confirm the assumptions of 

normality, homogeneity of variances, and sphericity (in the case of Crella incrustans the 

data were logged to meet Mauchly’s assumption of sphericity). The species were 

analysed separately as they were collected from separate locations around Wellington. In 

the case of Crella incrustans, specimens were collected from Wellington Harbour (Shark 

Bay) a soft bottomed, silty substrate. Contrastingly, Tethya bergquistae samples were 

acquired from the Wellington South Coast, a hard bottomed rocky shore. Due to the 

contrasting habitats at these locations each species was analysed separately. They were 

also collected and experimented on at different times in the year; Tethya bergquistae 

during June–October and Crella incrustans during October–January. 

 

 Respiration rates: 

A three-way repeated measures permutational analysis of variance (PERMANOVA) was 

run to determine if there was an interaction between three factors (microplastic size, 

treatment and time) on the oxygen consumption rates of temperate sponge species. 



Chapter 2: The Effects of Microplastics on Temperate sponge Respiration: 

30 

Days (3 levels; day one, day 2 and day 3) were nested into associated treatments (3 levels; 

control of 0, 200,000 and 400,000 beads per mL), and the treatments were nested within 

MP size (2 levels; 1 µm and 6 µm). 

 

 

2.4 Results: 

 Crella incrustans: 

The effects of microplastics on respiration rates in this species were highly variable 

(ranging from 3.91 – 47.25 mg O2 g (AFDM) -1h-1 for 1 µm treatments and 0.68 – 50.98 

mg O2 g (AFDM) -1h-1 for the 6 µm treatments) across both MP sizes, all concentrations 

and time. (Figure 2.4). This was confirmed by the 3 way repeated measures 

PERMANOVA, which indicated no significant difference between any main effects or 

any of the interactions (Table 1). 
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Table 1: Results of repeated measures ANOVA, comparing the mean respiration rates of Crella incrustans 

in relation to microplastic size, treatments and across days. 

PERMANOVA table of results 

 

                                          

 Source  df        SS        MS  Pseudo-F P(perm) Unique perms 

MP size 1 5.24E-02 5.24E-02 5.54E-03 0.98 998 

Treatment 2 2.1838 1.0919 0.11563 0.906 999 

Day 2 1.17E-02 5.85E-03 6.20E-04 1 998 

MP size x Treatment 2 1.7426 0.87129 9.23E-02 0.931 999 

MP size x Day 2 1.5209 0.76046 8.05E-02 0.953 997 

Treatment x Day 4 0.10771 2.69E-02 2.85E-03 1 999 

MP size x Treatment x Day 4 0.67817 0.16954 1.80E-02 1 999 

Res 162 1529.7 9.4427                          

Total 179 1536                             

  

 

 

 

 Tethya bergquistae: 

The effects of microplastics on this species were also highly variable (the 1 µm 

treatments ranged from 0 – 8.13 mg O2 g (AFDM) -1h-1 and the 6 µm treatments ranged 

from 0 – 52.98 mg O2 g (AFDM) -1h-1), with analysis of respiration rates being 

inconsistent across all three factors (MP size, Concentrations and Days) (Figure 2.5). This 

was confirmed by the 3 way repeated measures PERMANOVA, which showed no 

significant difference in all but one of these interactions or main effects (Table 2). There 

was a significant effect of the size of microplastic on respiration rate (F1= 19.085; P = 

0.001) for this species, with all three 6 µm treatments showing higher respiration rates 

than the 1 µm treatments.  
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Table 2: Results of repeated measures ANOVA, comparing the mean respiration rates of Tethya 

bergquistae in relation to microplastic size, treatments and across days. 

PERMANOVA table of results 

Source  df     SS     MS 

 Pseudo-

F P(perm) Unique perms 

MP size 1 1972.6 1972.6 19.085 0.001 997 

Treatment 2 62.977 31.489 0.30465 0.802 999 

Day 2 7.7525 3.8762 3.75E-02 0.997 998 

MP size x Treatment 2 16.018 8.0088 7.75E-02 0.974 999 

MP size x Day 2 108.88 54.439 0.5267 0.633 998 

Treatment x Day 4 281.87 70.469 0.68178 0.64 998 

MP size x Treatment x Day 4 345.65 86.413 0.83604 0.511 999 

Res 162 16744 103.36                          

Total 179 19540                                 
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Figure 2.5: Respiration rates of Tethya bergquistae following exposure to microplastics. Bars are grouped 

by days into treatments and then into microplastic size. Error bars show one standard error (n = 10). 

T1, T2 and T3 represent the control, 200,000 and 400,000 beads per mL respectively. 
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2.5 Discussion: 

Microplastics are found throughout the marine environment, and increasing concern has 

focused on the effects these pollutants have on benthic organisms. Due to the small size 

of these particles they have become available to a wide variety of biota (Barnes et al. 

2009). Moreover, the persistent and widespread nature of microplastics suggests that 

interactions between benthic filter/suspension feeders are increasingly likely. 

Previous research in regards to temperate sponge respiration has focused primarily on the 

effects of sediments (Murray 2009) or temperature and pH (Bates 2015). In addition, 

those studies concerning microplastics and benthic marine organisms have concentrated 

mainly on uptake and retention (Farrell and Nelson 2013; Goldstein and Goodwin 2013). 

As such, to my knowledge this is the first investigating the effects of microplastics on the 

respiration of temperate sponges. 

 

The aim of this study was to determine how temperate sponge oxygen consumption 

responded to increased plastic pollution. This was achieved by subjecting two abundant 

temperate sponges Tethya bergquistae and Crella incrustans, to two different sized 

particles (1 µm and 6 µm) and three different concentrations of these plastics (0, 200,000 

and 400,000 beads per mL). Sponges were isolated in closed system treatment chambers 

(75 mL), and subjected to one of three treatments/concentrations. When sponge 

respiration was observed to be underway, the oxygen consumption was then measured for 

45 mins. This was repeated for three consecutive days, after which each sponge was 

dried, incinerated and weighed to adjust for ash free dry mass. 

 

 Metabolic responses to microplastics: 

Several hypotheses have been proposed to explain increased stress response to 

microplastic pollution in marine invertebrates, including: blockage of 

respiratory/circulatory systems (Brennecke et al. 2015), blockage of feeding appendages 

(Brillant and MacDonald 2000; Browne et al. 2008) and toxic leachate (Cole et al. 2011). 

To investigate how plastic pollution affected the energetic demands of Tethya bergquistae 

and Crella incrustans, this study used respiration as the standard metabolic rate (SMR) of 

the whole organism. Oxygen consumption rates in sponges have primarily been used as a 

measure of the basal energetic requirements of an individual, including, digestion, 
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assimilation activity and growth, reproduction and disease resistance (Clarke 1991; 

McCue 2006; Hadas et al. 2008) and therefore an adequate measure of sponge health. 

 

The results from this study indicate no significant interactions or increased metabolic 

demand for Crella incrustans or Tethya bergquistae in response to plastic pollution. 

There was however a main effect of particle size exhibited by T. bergquistae, with the 

larger particles size causing a higher rate of respiration. This result however is misleading 

as while a significant main effect is indicated between particle sizes, this also includes a 

significant difference between the controls for each MP size. In addition, when the sizes 

are examined individually, there is no significant difference between the other factors 

(i.e., no significance between treatments and controls). This is important to note because, 

both controls were raw seawater (with no added particles) and as such the respiration 

results for the controls should therefore be similar. The fact the controls are not similar 

and are not significantly different from their respective treatments indicates an additional 

unaccounted for factor such as, biological variability. 

One possible hypothesis for particle size effect is differences in sponge morphology. 

Crella incrustans is a thickly encrusting sponge, and is fibrous and flexible in texture. 

Contrastingly, Tethya bergquistae is a solitary spherical sponge and is barely 

compressible in texture with a thick cortex. As discovered by Reiswig (1971b), sponges 

with high tissue density show preferential size selection with high capture efficiency for 

smaller particles, while sponges with lower density are less efficient but without size 

selection. To determine this, further examination is required (as tissue densities were not 

measured). However, as previously stated there are discrepancies with the control data, 

leaving the likelihood of this scenario suspect. 

The more likely explanation for the significant effect of size is that these experiments 

were run from June (Winter) to January (Summer), with the 1 µm trials having been run 

in the earlier months. As such ambient temperature may have been an influencing issue. 

Previous research in this regard has indicated that warmer temperatures cause temperate 

sponges to increase O2 consumption (see Bates (2015), this therefore could account for 

the discrepancies indicated by the results in this study. In addition increased temperatures 

seem to, in T bergquistae, elicit a budding response (Bates 2015), thereby increasing 

respiration in an effort to reproduce (Coma and Ribes 2003). All Crella incrustans trials 

were run in the later months and therefore the lack of significance between microplastic 

sizes further alludes to the effect of temperature on sponge respiration. 
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 Conclusion: 

The results from this chapter indicate that plastic pollution, does not affect oxygen 

consumption for Tethya bergquistae or Crella incrustans. While there was a main effect 

of particle size for T. bergquistae this result is possibly confounded. On the whole, 

elevated concentrations of microbeads showed no clear effect on metabolic demand for 

either temperate sponge species. Moreover, the concentrations used (while relative to 

natural picoplankton concentrations) are extremely unlikely to occur naturally in the 

foreseeable future. With microplastic pollution expected to increase the outcome of this 

experiment highlighting the potential resilience of temperate sponges is encouraging



Chapter 3: The Effects of Microplastics on Temperate sponge Particle Retention: 

36 

 

3 Microplastics Particle Retention by Temperate 

Sponges: 
 

3.1 Abstract: 

Microplastic loading is steadily increasing in the marine environment raising concern 

over how marine life, in particular filter feeders are able to react and adapt to these 

persistent particulates. As a result there is an increasing focus on the retention abilities of 

filter feeders when subjected to microplastic loading. Sponges are benthic suspension 

feeders capable of filtering huge amounts of water every day, while retaining up to 99% 

of picoplankton in the process. This ability to efficiently remove particulates leaves 

sponges vulnerable to the surrounding environment, in particular microplastics suspended 

in ambient waters. To investigate the retention efficiencies of temperate sponges when 

subjected to different particles, two species; Crella incrustans and Tethya bergquistae 

were exposed to one of six treatments for one hour in a controlled environment. Ambient 

water samples were taken at time = 0 and again at time = 60 mins. At the end of the 

experiment the ash free dry mass (AFDM) of each sponge was determined and the 

remaining water was filtered to determine the weight of residual particulate organic 

matter (POM). Treatments were divided into three groups, controls (raw seawater and 

Isochrysis galbana), sediments (1 µm and 6 µm) and microplastics (1 µm and 6 µm). 

Results for this experiment varied across each of the species with respect to particle type. 

Crella incrustans showed significant retention differences between raw seawater and 1 

µm microplastic (P = 0.009). Tethya bergquistae showed significant differences in 

retention between raw sea water and 1 µm sediments (P= 0.044) and significant 

differences between 6 µm sediment and 6 µm microplastic (P =0.017). With respect to 

particle size, Crella incrustans showed significant differences in retention of raw sea 

water and Isochrysis galbana (P< 0.001), and significant retention differences between 1 

µm sediment versus 6 µm sediment (P< 0.001). Tethya bergquistae exhibited a significant 

retention difference between 1 µm sediment and 6 µm sediment (P< 0.001). In addition, 

both species exhibited significant decrease in POM weight for the 6 µm sediment trial 

compared to the other 5 trials (Crella incrustans (P = 0.006) and Tethya bergquistae (P = 

< 0.001). This study outlines the variability of temperate sponge species when retaining 
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certain particle types and sizes. There was no conclusive support for any one type or size 

of particle being retained preferentially. This study has highlighted the potential risks 

posed by microplastic particles in benthic marine ecosystems as they are rapidly taken up 

by sponges. 
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3.2 Introduction: 

Microplastics are defined as any plastics particle smaller than 5 mm (Arthur et al. 2009) 

and are derived from either the degradation of larger debris or from direct production 

(Costa et al. 2010; Andrady 2011). Recent estimates quantify microplastic pollution in the 

world’s oceans to be in the realm of five trillion floating particles corresponding to some 

250,000 tons (Eriksen et al. 2014) and accounting for roughly ¼ of all plastic pollution 

(see chapter 1). Due to the pervasive nature and small sizes of these particles (Cózar et al. 

2014), their ingestion and therefore impact on marine life is of growing concern, notably 

for filter or suspension feeders (Wegner et al. 2012; Browne et al. 2013; Cole et al. 2013; 

Wright et al. 2013a). The effects of microplastics have been studied across a number of 

invertebrate species for example: crabs (Watts et al. 2014), mussels (Browne et al. 2008; 

von Moos et al. 2012; Avio et al. 2015; Van Cauwenberghe et al. 2015), oysters 

(Sussarellu et al. 2016), sea cucumbers (Graham and Thompson 2009), lugworms 

(Besseling et al. 2013), barnacles (Goldstein and Goodwin 2013), isopods (Hämer et al. 

2014), and some plankton species (Lee et al. 2013; Besseling et al. 2014; Setälä et al. 

2014; Cole et al. 2015). These studies all similarly report the detrimental effects 

microplastics have on their respective organisms. Whether by inflammatory responses or 

the translocation of particles to the circulatory systems, the reported outcomes are 

reduced fitness and decreased survival and fecundity rates. In addition, Farrell and Nelson 

(2013) outlined the “natural” trophic transfer of microplastics from mussels (Mytilus 

edulis) to crabs (Carcinus maenas), and the translocation of these particles to the 

haemolymph and tissues of the crab after ingestion, further highlighting the potential 

harmful and continuous effects of plastic pollution. Despite this seemingly extensive 

research, the role microplastics play on sponge health and physiology has yet to be 

examined. 

 

Sponges are ubiquitous organisms encompassing species living in freshwater or marine 

ecosystems. Excluding a small family of predatory, carnivorous species, sponges are 

primarily filter or suspension feeders (Pile et al. 1997), comprising the principal 

suspension feeding macroinvertebrates in many benthic communities. Sponges are 

capable of filtering large volumes of seawater, and have the ability to process the water 

column within 2 hours (Reiswig 1974), while potentially retaining up to 95% to 99% of 
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ultraplankton in the process (Reiswig 1971a; Reiswig and Brown 1977; Pile and Young 

2006). Sponge feeding is achieved by pumping ambient water through an intricate 

aquiferous system that intersperses throughout the organism (Thomassen and Riisgdrd 

1995), a process enabled by the beating of a flagellum at the centre of each choanocyte 

microvilli collar. When seawater flowing through the incurrent canals enters a chamber 

lined by these monoflagellated, collar cells (choanocytes), flow velocity is decreased and 

any suspended particles are redirected towards the microvilli of the choanocytes 

(Maldonado et al. 2010b). The microvilli collar acts as a sieve, retaining particles from 

the surrounding waters until they are phagocytosed by the pseudopodia of the choanocyte 

(Maldonado et al. 2010b). 

Sponges are very efficient at removing and retaining a variety of organisms including; 

viruses (Hadas et al. 2006), bacteria and cyanobacteria (Reiswig 1971b; Pile et al. 1996; 

Pile et al. 1997; Pile and Young 2006). The filtering system of sponges is specialized to 

efficiently retain picoplankton (size range 0.1 to 2 µm), and less effectively nanoplankton 

(2 to 20 µm), which together provide the bulk of the sponge diet (Ribes et al. 1999; 

Kowalke 2000). Sponges are also capable of retaining some larger organisms, such as 

yeast cells, heterotrophic and autotrophic flagellates, ciliates and diatoms (Frost 1978; 

Imsiecke 1993). 

While it was widely acknowledged that sponges are generally unselective when it comes 

to feeding (Duckworth et al. 2006),  there have been recent studies showing preferential 

retention of bacteria and picoplankton species (Perea-Blázquez et al. 2010; Perea-

Blázquez et al. 2013). Additionally, retention rates seem to vary depending on particle 

size, with the highest retention efficiency being documented for small food particles (<5 

µm), possibly due to varying methods of ingestion (Reiswig 1971b; Weissenfels 1992). 

 

Sediment levels have been shown to have a number of influences on sponges, for 

example: morphology (Maldonado and Uriz 1999a; McDonald et al. 2003), structure and 

abundance of sponge assemblages (Zea et al. 1994; Bell and Barnes 2000a; Bell and 

Barnes 2000b; Carballo 2006), growth rates (Roberts et al. 2006), reproduction (Whalan 

et al. 2008) and mortality/survival (Maldonado et al. 2008). In response to sediment 

pollution, sponges initiate various reactions, both passive and active (Bell and Smith 

2004). Active responses include; production of mucus (Turon et al. 1998), and the 

reduction or complete cessation of pumping (Gerrodette and Flechsig 1979; Tompkins-

MacDonald and Leys 2008). While the overall effect of plastic pollution is likely 
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different, they are however, of a similar size to sediments. If ingested microplastics are 

likely to be toxic (Li et al. 2016) and are expected to be equally obstructive (Gall and 

Thompson 2015). Therefore I hypothesise the reactions shown in response to sediments 

could be similar to that of plastic pollution. 

 

The aim of this chapter is to examine temperate sponge particle retention, with an 

emphasis on selectivity of particle type (food, plastics and sediments) and particle size (1 

µm and 6 µm). To achieve this, two temperate sponges (Tethya bergquistae and Crella 

incrustans) were subjected to six treatments consisting of: a raw seawater control, 

Isochrysis galbana as an artificial food source, two microplastics, and finally two 

sediments of equal sizes to those of the MP’s (Kaolin Clay and Fine White Marble Dust) 

were selected. 

In addition, the ambient water at the end of each trial was filtered, dried and weighed. 

This was to confirm that any decreases in particulate counts were in fact due to sponge 

retention, rather than some other reason for example; being ejected in mucus or simply 

sinking to the bottom of the chamber. 

Firstly I hypothesise that both sponges subjected to raw sea water and Isochrysis galbana 

will have higher retention efficiencies compared to those exposed to both plastic (1 µm 

and 6 µm) and sediment (1 µm and 6 µm) particles. Secondly I hypothesise, that the 

ambient water from the sediment and microplastic treatments will have more particulate 

organic matter (POM) at the completion of the experiment than the raw seawater and 

Isochrysis galbana trials, due to greater retention of food particles than “foreign” 

particulates. 
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3.3 Methods: 

 Sample collection: 

Sponges were collected from the South Coast and Harbour of Wellington, New Zealand 

(refer to Figure 2.1 in Chapter 2), specifically Breaker Bay (-41.331343, 174.831824), 

Princess Bay (-41.344904, 174.787688), Moa Point (-41.342674, 174.808311) and Shark 

Bay (-41.301133, 174.817476) via SCUBA from depths of 5-10 m in November and 

December 2015. Collection and husbandry of specimens followed the same protocol 

outlined in Chapter 2. All sponges were kept in a sea table until experimentation. The sea 

table had raw sea water flowing through at a rate of approximately 4 L min-1. Each trial 

contained 5 replicates, with a total of 30 sponges per species (n = 30). 

 

 Particle Retention: 

In a methodology similar to that of Stabili et al. (2006), and following an acclimation 

period of at least 1 week for Tethya bergquistae and 3 weeks for Crella incrustans, A 

selected sponge was transferred from the holding tank into a testing chamber, again 

similar to that employed by Gatti et al. (2002) and the same used in Chapter 2. Each 

chamber was 75 mL in volume and contained a magnetic stirrer. The chambers were then 

fitted with a lid with a hole to introduce the treatment material (Figure 3.1). In this 

instance there was no need to ensure an air tight seal as oxygen concentration was not 

being measured. Treatments were added to the chamber with the sponge already inside, 

and the chamber was then placed on a magnetic stirrer at 100 rpm and then left for 1 min 

to allow for any potential pipette disruption. A sample of 0.5 mL was then removed from 

the chamber and added to an equal measure (0.5 mL) of 99% ethanol. The trial was then 

left to run for an hour, at which time another sample of 0.5 mL was removed and again 

added to 99% ethanol (0.5 mL). 

The remaining water in the chamber was then poured into a Filter Pump (Today’s Oil-less 

Vacuum Pump, Sartorius Stedim All - Glass Vacuum Filter Holder) to filter particulates 

out of the water through glass microfibre filter paper (LabServ Filtration 47 mm 

diameter). The filter papers were weighed beforehand, and then after use, dried in an oven 

at 80˚C for 48 hours. The filter papers were then weighed again (to the nearest 0.0001g) 

and the original weight was then subtracted to obtain particulate organic matter (POM) 

weight. Concurrently, to account for sponge size, the ash free dry mass (AFDM) of each 
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sponge was determined at the end of each experiment. Following the protocol of chapter 

2, the AFDM was calculated as the difference between the dry weight and the ash weight 

after incineration in a muffle furnace. 

 

 

 

 

 

 Haemocytometer protocol: 

All samples were stored in 1.5 mL Eppendorf tubes, to which ethanol (99%) was added to 

preserve any organisms that may be in the water. All samples were then frozen until the 

completion of the experiment to safeguard from any additional degradation. 

Samples were then removed and allowed to defrost, after which they were then analysed 

via haemocytometer, following protocols outlined by Godhe et al. (2007) and LeGresley 

and McDermott (2010). 

Haemocytometer protocol: each water sample was thoroughly stirred, subsampled (0.25 

mL) and pipetted onto the two haemocytometer grids (each grid holding ~ 0.1 mL). The 

particles inside the grids were then counted and divided by the total “squares” counted 

(total particles counted/squares counted), the counts were then doubled (to account for 1:1 

dilution in ethanol). This process was repeated three times after which the subsamples 

were then averaged (for greatest power of particulate count extrapolation technique) and, 

as per protocol, multiplied by 10,000 to gain cells mL-1. 

Lugol’s solution was added to appropriate samples (raw sea water, Isochrysis galbana), 

highlighting phytoplankton nuclei, making them easily visible and thus able to be counted 

with relative ease. 

 

 

 

Figure 3.1: Treatment chamber (75 mL). Left shows lid off, 

right shows complete assembled chamber trial. 

Photos: Cliff Baird 
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 Treatments: 

I tested if retention rates were influenced by particle size or type. All treatments were 

calculated to be of similar concentration: approximately 200,000 particles per mL (see 

appendix). Raw seawater, microplastics (1 µm, 6 µm as described in chapter 2), and 

sediment were utilised to determine the retention efficiency of selected sponge species 

when subjected to various treatments. As such sediments of equal size to the 

microplastics were chosen (Kaolin clay (~1 µm) and Fine White Marble Dust (~6 µm)). 

Isochrysis galbana was used for this experiment as 1) it was easily accessible (being 

actively cultured at VUCEL); 2) is of a similar size to the larger particle plastics and 

sediments (4-6 µm); and 3) is an adequate food source for sponges, and is widely cultured 

for use in the aquaculture industry (Guillard 1975). Buoyant weight was utilised to 

ascertain the volume of each sponge. The sponge volume was then deducted from the 

volume of the trial chamber. This was to determine the actual treatment volume, thereby 

allowing each of the treatments to be adjusted to ~200,000 beads per mL. 

Retention efficiency was calculated as percentage difference in particle abundance. 

 

𝑅(%) = 100x[
𝐶0 − 𝐶1

𝐶0
] 

 

Where C0 is the initial concentration at time 0 and C1 is the concentration at time 60. 

 

 Statistical analysis: 

Initial analyses were performed by IBM SPSS Statistics (version 23, 2015). In all cases 

tests were performed to check for the presence of outliers, and to confirm the assumptions 

of normality and homogeneity of variances. 

As the species were collected from different areas around Wellington and these locations 

have differing substrates, Tethya bergquistae were collected from the Wellington South 

coast (rocky shore) and Crella incrustans from Wellington Harbour (soft bottomed), the 

species were analysed separately. 
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 Particle retention: 

To analyse the differences between particle types and sizes two-way ANOVA’s were 

utilised (i.e. comparing the difference between initial and final readings) divided by 

sponge ash free dry mass (AFDM). The analysis conducted compared the mean counts of 

Size (2 levels: 1 µm and 6 µm) to Type (3 levels: food, sediment and microplastic) and 

also involved an interaction term (Size x Type). Where significant results were shown, 

multiple comparison (LSD) post hoc tests were conducted. 

 

In addition, to account for any particle sinking, ANOVA’s were run on the particulate 

organic matter (POM = Filter paper Dry weight minus initial filter paper weight). In all 

cases where the assumption of homogeneity of variance was violated, Welch’s ANOVA’s 

were run which has been shown to be robust to variations of variance (O'Brien 1979). The 

mean (µ) POM count for treatments (6 levels: raw sea water, Isochrysis galbana, 1 µm 

sediment, 6 µm sediment, 1 µm microplastic and 6 µm microplastic) were compared to 

each other. In all analyses where significant interactions were indicated, least significant 

difference (LSD) post hoc tests were conducted to determine which of the treatments 

were significantly different. 

 

3.4 Results: 

 Crella incrustans: 

The difference in particulate counts was divided by the ash free dry mass (AFDM) of 

each sponge, which showed some significant differences between treatments (Figure 3.2). 

As the output from a Welch’s two-way ANOVA showed a significant value (F 5, 10.375 = 

14.837; P < 0.001) (Table 3), multiple comparisons tests were conducted. The results 

from the LSD post hoc test indicated a significant difference between particle types, with 

sponges from the raw seawater treatment having higher retention than that of MP 1 µm (P 

= 0.009). Additionally there were significant differences between particle sizes; sponges 

in raw seawater had lower retention than in Isochrysis galbana (P <0.001) and sponge 

retention of the Sediment 1 µm was greater than for Sediment 6 µm (P < 0.001). 
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Robust Tests of Equality of Means 

Cells mL-1g-1(AFDM)h-1 

 

Statistica df1 df2 Sig. 

Welch 14.837 5 10.375 <0.001 

a. Asymptotically F distributed. 

 

3.4.1.1 Particulate Organic Matter: 

One-way ANOVA’s were used to analyse the differences in the mean weight of 

particulates in the water at the end of the experiment. As there was a significant 

difference between treatments (Table 4), a Least Significant Difference (LSD) post hoc, 

was performed to determine which of the treatments were different from each other. In 
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Figure 3.2: Retention efficiency (mean values) for Crella incrustans following exposure to 

microplastics, sediments and Isochrysis galbana and raw sea water. Bars are grouped by sizes 

into treatments. Negative values indicate an increase in cells from time 0 to trial end.  

Error bars show one standard error (n = 5). 

Table 3: Results from a Welch’s Two-way ANOVA, analysing the means of cell retention per gram of 

Crella incrustans AFDM (n = 5), comparing particle types and sizes. 
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this case only 6µm sediment was significantly different (as denoted by the Letters in 

Figure 3.3) from the other treatments (P = 0.006). 

 

 

 

 

 

 

 

 

ANOVA Table of Resuts 

POM Dry Weight (g) 

  

Sum of 

Squares df Mean Square F Sig. 

Between 

Groups 
.001 5 2.233E-04 4.376 .006 

Within 

Groups 
.001 24 5.103E-05 

  

Total .002 29 
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Figure 3.3: Mean weight of Particulate Organic Matter (POM) following Crella 

incrustans exposure to microplastics, sediments and Isochrysis galbana. Bars 

are grouped by treatments. Error bars show one standard error (n = 5). Letters 

above bars indicate groupings based on LSD post hoc test outcome (α = 0.05). 

Table 4:  Output from one way ANOVA, comparing the means of Particulate 

Organic Matter (POM) weight in surrounding waters (n=5). 

A A A A A 

B 
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 Tethya bergquistae: 

The difference in particulate counts was divided by the ash free dry mass (AFDM) of 

each sponge, which showed some significant differences between treatments (Figure 3.4). 

As the two-way ANOVA showed significant differences (F 5,24 = 7.201; P = <0.001) 

(Table 5), multiple comparison tests were again conducted. The results from the LSD post 

hoc test indicated a significant difference between particle types with sponges in the raw 

sea water having lower retention rates than that of Sediment 1 µm (P = 0.044) and 

sponges from the Sediment 6 µm treatment having much less retention than that of MP 6 

µm (P = 0.017). In addition, there were significant differences between particle sizes; 

sponge retention of 1 µm sediment was greater than 6 µm sediment (P < 0.001). 
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Figure 3.4: Retention efficiency (mean values) of Tethya bergquistae after exposure to microplastics, 

sediments, Isochrysis galbana and raw sea water. Bars are grouped by treatments. Negative 

values indicate an increase in cells from time 0 to trial end. Error bars show one standard error 

(n = 5). 
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ANOVA Table of Results 

CellsmL-1g-1(AFDM)h-1 

  Sum of Squares df Mean Square F Sig. 

Between 

Groups 2.732E+12 5 5.463E+11 7.201 <0.001 

Within 

Groups 1.821E+12 24 7.587E+10 
  

Total 4.553E+12 29 
   

 

 

3.4.2.1 Particulate Organic Matter: 

One Way ANOVA’s were used to analyse the differences in the mean weight of 

particulates in the water at the end of the experiment. As there was a significant 

difference between treatments (Table 6), a Least Significant Difference (LSD) post hoc 

test was performed to determine which of the treatments were different from each other. 

Again in this case only the 6 µm sediment treatment was significantly different (as 

denoted by the Letters in Figure 3.5) from the other treatments (P < 0.001). 
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Figure 3.5: Mean weight of Particulate Organic Matter (POM) following Tethya 

bergquistae exposure to microplastics, sediments and Isochrysis galbana. Bars 

are grouped by treatments. Error bars show one standard error (n = 5). Letters 

above bars indicate groupings based on LSD post hoc test outcome (α = 0.05). 

A A A A 

B 

A 

Table 5:  Results from a Two-way ANOVA, analysing the means of Cell retention per 

gram of Tethya bergquistae AFDM (n = 5), comparing particle types and sizes. 
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      ANOVA Table of Results 

POM Dry Weight (g) 

  

Sum of 

Squares df Mean Square F Sig. 

Between 

Groups 
.001 5 1.016E-04 15.371 <0.001 

Within 

Groups 
.000 24 6.612E-06     

Total .001 29       

 

 

3.5 Discussion: 

Microplastic pollution is becoming a global concern as it is found throughout all areas of 

the marine environment. The increasing demand and use of global plastics in recent years 

has meant the input of plastic particles into the world’s oceans has steadily increased. As 

microplastic input in the ocean increases, so does the interaction between plastic particles 

and marine organisms. As a result, the need to infer the impact these particles have on 

these organisms is of paramount importance. Previous studies have investigated the 

various effects of both sediment particles and microplastic particles on a range of marine 

invertebrates (Box and Mossa 1999; Bannister et al. 2012; Van Cauwenberghe et al. 

2015). However, none to date have focused on the retention efficiencies of temperate 

sponges after exposure to various sediment and microplastic particles. 

 

The aim of this study was to determine the effect of various forms of particulates on the 

retention efficiencies of temperate sponges. Two abundant temperate sponges Tethya 

bergquistae and Crella incrustans were subjected to three different particulate types. The 

three particulate types consisted of two treatments each including raw sea water and 

Isochrysis galbana representing food particulates, 1 µm and 6 µm sediment particulates 

and 1 µm and 6 µm microplastic particulates. Sponges were isolated into treatment 

chambers and subjected to one of these six treatments. Water samples were taken at t = 0 

mins and t = 60 mins, and analysed via a haemocytometer. In addition, the water chamber 

contents were filtered and dried together with the sponges. 

 

Table 6: Output from one way ANOVA, comparing the means of Particulate 

Organic Matter (POM) weight in surrounding waters (n = 5). 
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 Particle retention: 

The two sponge species exhibited variable particle retention for both particle type and 

size. In regards to particle type, C. incrustans showed significantly higher retention rates 

of particles in raw sea water trials compared to microplastic 1 µm trials, while Tethya 

bergquistae showed significantly higher retention of raw sea water particles compared to 

1 µm sediment particles and also T. bergquistae exhibited a significantly higher retention 

in the 6 µm sediment trials compared to 6 µm MP trials. 

In regards to particle size, C. incrustans had significantly higher retention of particles in 

raw sea water trials compared to Isochrysis galbana trials and showed significantly higher 

retention of 1 µm sediment particles compared to 6 µm sediment particles. Tethya 

bergquistae however, only showed one significant difference with higher retention of 1 

µm sediment particles compared to 6 µm sediment trials. 

 

As expected, most trials decreased in particle counts over the 60 minute treatment period 

with the exception of the 6 µm sediment trial which interestingly showed an increase in 

particle counts for both species. While this outcome was initially confusing Pile et al. 

(1997) suggested that previously retained foreign particles can be actively ejected from 

sponge mucous, resulting in higher concentrations of particles in the exhalant samples 

than in the ambient waters. This could potentially explain the observed result in this 

experiment, as particles may have been ejected from the sponges after relocation to the 

trial chamber. However, this seems unlikely as there is no other indication of sediment 

ejection after relocation in all of the other treatments. 

It has been well documented that sponges are highly efficient filter feeders (Reiswig 

1971b; Pile et al. 1996; Wehrl et al. 2007). However, particle size has been shown to be 

an important factor in sponge retention efficiency (Stuart and Klumpp 1984; Ribes et al. 

1999; Duckworth et al. 2006). The results of my experiment support previous findings as 

both species exhibited significant differences in retention rates between 1 µm and 6 µm 

sediment particles. Although interestingly, the 6µm sediment trials for both species 

showed an increase of particulates throughout the experiment, an explanation for this 

observation could be that the larger particles in the 6 µm sediment trials initially settled 

on the bottom of the trial chamber before the t = 0 sample was taken and were then re-
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suspended via the magnetic stirrer and active filtering by the sponge to increase the 

concentration at t = 60 mins. 

Finally, experimental error could be a possible explanation for the results obtained in the 

6 µm sediment trials. Perhaps particulate counting inaccuracy occurred as it has been 

shown that there is always a level of associated error when using a haemocytometer 

(Freund and Carol 1964). However, this seems unlikely, as again there are no apparent 

discrepancies in the other treatment counts. More likely, initial concentration counts of 

the sediment treatment may have been miscalculated thus influencing the end results. 

 

 POM Weights: 

I hypothesised that trials with larger sized treatments would produce heavier filter papers 

due to either, 1; larger and therefore heavier particles sink to the bottom of the treatment 

chambers, or 2; as the previous section indicates, larger particles are harder to retain and 

therefore there are larger amounts of particles in the surrounding waters. Interestingly, the 

results do not agree with the initial hypothesis. The POM mean weights were the same 

across all treatments, except for the 6 µm sediment trial which was significantly lighter 

than the other trials across both species. This is surprising, as it has been previously 

suggested that elevated 6 µm sediments in ambient water should naturally lead to a 

heavier POM weight. However, in this case, the POM weight was actually less. A 

possible explanation for this result could be that upon completion of the trial, the heavier 

6 µm sediments re-settled on the bottom of the chamber during transportation to the filter 

pump. Upon pouring the sample water into the filtration unit, some of the heavier 

particles may have been left behind, leading to a lighter POM weight. 

The unusual results from the 6 µm sediment treatments suggest an error in experimental 

design. As a result I recommend the experiment to be revisited/ reworked. In addition, it 

would be interesting to subject sponges to a mixture of particles in the same trial and 

ascertain if some particles are preferentially retained. This multiple stressor style 

experiment would be of use as it would more accurately mimic the natural environment 

and provide greater insight into the effects of microplastics on temperate sponges. 
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 Conclusion: 

The results from this chapter showed some differences in the retention efficiency of two 

temperate sponge species when exposed to various particle types of differing sizes. 

However, the two temperate sponges showed no difference between plastic and sediment 

particle retention (with the exception of Tethya bergquistae in one instance). As sponges 

filter vast quantities of water, this may make them susceptible to foreign particulates in 

their environment. With increasing concern for growing plastic pollution, there is the 

potential for microplastics to become a persistent stressor. This highlights the importance 

of future research to determine the effects of plastic pollution in the presence of multiple 

stressors on temperate sponge species. 



Chapter 4: General Discussion: 

53 

4 General discussion: 
 

 Overview: 

Microplastics are a globally recognised problem, with increased realisation of the impacts 

of these minute particles. Increased annual production and severe accumulation of 

microplastics have been well documented (Thompson et al. 2004a; Barnes et al. 2009; 

Rocha-Santos and Duarte 2015). Recent focus on the fate of these particles in the food 

chain has highlighted the effects they have on the benthic environment. However, 

irrespective of current emphasis and despite the abundance and importance of sponges in 

marine communities (Bergquist 1968; Berman 2012), the effects these beads have on 

temperate sponges in New Zealand have yet to be addressed. 

 

The main objective of this thesis was to investigate the potential impact of microplastics 

on temperate sponges. An emphasis was placed on physiological and functional responses 

of sponges to these stressors, for example, respiration and retention efficiency. To address 

these aims, two shallow-water temperate sponges, Tethya bergquistae and Crella 

incrustans, were subjected to two separate laboratory experiments; the first of which 

subjected test sponges to two different sized particles (1 µm and 6 µm) at two 

concentrations (200,000 beads per mL and 400,000 beads per mL) and measured O2 

consumption as a response. Secondly, the retention efficiencies of these same two sponge 

species were tested after exposure to microplastics, sediments and larger food particles. 

 

This thesis has identified some significant differences in response to particle size, 

highlighting the need for further investigation. This discussion will outline the 

contribution these results make to current research investigating the impacts of 

microplastics on temperate ecosystems. Finally, there will be some suggestions for some 

potential areas to be addressed in the future. 
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 Response to microplastics: 

4.1.2.1 Effect on respiration: 

The results from Chapter 2 indicate no significant difference in respiration rates in 

response to plastic pollution. As previously stated, respiration is defined as a direct 

measure of instantaneous metabolic demand. Respiration represents a cost to the 

organism as it uses up energetic reserves to fuel the production of ATP (Marsh and 

Manahan 1999) in an effort to maintain homeostasis (Van Cauwenberghe et al. 2015). As 

a result, elevating this process while allowing the individual to survive is ultimately costly 

to the organism (Clarke 1991). 

Microplastics have been identified as causes for elevated respiration in other organisms, 

such as oysters (Sussarellu et al. 2016), where exacerbated metabolic demands were 

found after exposure. This result is found throughout the literature with examples for 

zooplankton (King and Packard 1975), mussels (Van Cauwenberghe et al. 2015) and 

crabs (Brennecke et al. 2015). 

Respiration as a measure of sponge health has been used to examine the effects of a 

number of individual stressors. For example, research conducted by Bates (2015) 

measured the metabolic reaction of two temperate sponges in response to climate change 

stress (high temperature and pH), and found elevated respiration as well as mortality 

under IPCC extreme scenarios. Murray (2009) has also tested the oxygen consumption of 

temperate sponges, focusing on the effects of sediment. It was discovered that Tethya 

bergquistae is largely resilient to sediment, however if the concentrations are high, 

negative impacts occur. These studies further highlight the potential impacts of changing 

environments on the respiration and thus health of temperate sponge species. 

Large grain sizes have been proposed to cause abrasion to sponge assemblages (Carballo 

and García-Gómez 1994), while small particles are more likely to clog the filtration 

systems of these organisms (Maldonado et al. 2008). As such, the physical degradation 

caused by larger grains may cause the sponge to compensate for increased maintenance 

costs of repairing cell and tissue damage, thus increasing respiration rates (Pörtner et al. 

1999; Abele et al. 2001; Pörtner et al. 2001). While the focus of previous research was 

respiration response to sediment, microplastics are of a comparable size and have the 

potential to be equally abrasive. While natural concentrations of MP’s are much lower 

than those of sediments, there is still the potential for these particles to cause damage. As 
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such, this comparison could also be applied to the impact noted in Chapter 2 where 

Tethya bergquistae respiration levels were significantly affected in response to larger 

sized microplastics. 

 

4.1.2.2 Particle retention: 

The results from chapter 3 illustrate that both species of temperate sponges retain a broad 

variety of particles. Furthermore the results indicate that the two temperate sponges have 

differing, but no definitive differences in retention of particle types or sizes, across all 

treatments. 

Retention rates and efficiencies in response to microplastics have been examined for 

many filter feeding species including: ascidians (Randløv and Riisgård 1979), barnacles 

(Goldstein and Goodwin 2013), mussels (Hull et al. 2013; Van Cauwenberghe et al. 

2015) and oysters (Sussarellu et al. 2016). The common trend throughout these 

experiments is the uptake/ingestion of plastics by animals, and is in accordance with the 

general results found in this experiment (excluding 6 µm sediments). Contrastingly, 

Duckworth et al. (2006) sampled from the inhalant and exhalant waters of three coral reef 

sponges and analysed the microbe concentrations therein. It was found that while 

retention efficiency was similar among the three sponges (µ = 86%) particle retention 

decreased as particle sizes increased. This indicates a clear preferential response for a 

certain particle size, which was not seen in this experiment. 

Not only are the effects of microplastic ingestion by sponges unknown, but the suggested 

negative impacts of microplastics on O2 respiration are of concern. I hypothesise that 

microplastic particles once ingested either are treated as food and consequently 

phagocytised into sponge tissues (where they are either digested (Ilan and Abelson 1995) 

or isolated (Willenz et al. 1986)), or alternatively they accumulate on the feeding 

apparatus, or become caught in mucus where they are trapped until being eventually 

“sloughed” off (similar to that suggested by Gerrodette and Flechsig (1979). 

 

Sponges are dominant suspension feeders in numerous benthic communities (Ribes et al. 

1999). They are notable for filtering huge volumes of water (Reiswig 1971a), and have 

been suggested to play a large role in water cleansing or bioremediation (Stabili et al. 
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2006) As such, any impacts felt by these pivotal societal participants will undoubtedly 

have wider implications throughout the marine environment. 

 

 Limitations and Future Direction: 

While adding to an existing knowledge base, there are areas where the experiments 

conducted in this research could have been improved upon. Moreover, there is a need for 

future investigations, focusing primarily on the responses of temperate sponges under 

multiple stressors as this would be more reflective of the natural environment. 

In the respiration experimental set up, sponges were exposed to particles for limited 

periods of time (< 60 mins) each day, before being returned to the holding tanks. Such a 

short exposure time may not have been sufficient to elicit appropriate or accurate 

responses from each sponge. Several studies have documented decreased levels of 

tolerance of marine organisms with exposure time (Yamada and Ikeda 1999; Garrard et 

al. 2013; Suckling et al. 2015). Therefore it is suggested that prolonged periods of 

exposure, while not only potentially producing a more definitive result, would be more 

representative of conditions faced in “natural” marine situations. 

A more accurate measure of particulate counting may have resulted in differing results 

found in this study (especially with the 6 µm sediment). Several studies employing 

microbeads have been undertaken successfully (Marie et al. 1997; Marie et al. 2000), with 

particles that have been actively fed to animals being primarily examined under a 

fluorescent microscope (Farrell and Nelson 2013). Furthermore, tiny particles have also 

been successfully quantified using dual beam flow cytometry (Pile et al. 1996). While the 

particulate counting in chapter 3 was consistent across all three replicate samples, it has 

been shown that there is always a level of associated error when using a haemocytometer 

(Freund and Carol 1964). As such, this author proposes a more accurate/definitive 

counting process would be of benefit to future studies. 

Sussarellu et al. (2016), has suggested that smooth spherical polystyrene microbeads 

behave and have possible differing effects than that of plastic debris present in the marine 

environment. The smooth round shape of the polystyrene beads was not expected to cause 

any physical damage to the animals, however the potential for damage is higher from 

other particle shapes such as fibres (from entanglement or clogging of the feeding 

apparatus/digestive tract) or fragments with sharp edges, which may cause physical 
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injuries (Wright et al. 2013a). Furthermore, these “natural” shapes are likely to be more 

abundant among microplastics found in coastal sediments (Browne et al. 2010; Claessens 

et al. 2011; Hidalgo-Ruz et al. 2012) and are therefore more representative of the 

microplastics assemblage available to these temperate sponges. Therefore, future 

examination should include the use of fibres or fragments in conjunction with 

manufactured beads. 

 

Finally, the fate of microplastics once ingested is an interesting idea. Previous studies 

primarily focusing on the ingestion of microbeads by other filter feeders have shown the 

translocation of microbeads from the gut to the circulatory system (Browne et al. 2008). 

This is an interesting result, and it would be exciting and valuable to conduct this research 

with temperate sponges to discover the fate of microbeads once ingested. 

 

The present study has highlighted the need for future investigations to both combine 

microplastics contamination with additional stressors and reveal the fate of these 

pollutants once ingested. This would clarify the effect that a globally increasing input of 

microplastics may have on temperate sponges and the overall impact this may have to the 

marine benthic environment as a whole. Microplastic pollution is becoming of increasing 

concern throughout the marine environment. As global plastic usage has increased in 

recent years so have the concentrations of plastic being input into oceans, which is then 

made available to marine organisms. As such, the need to infer the impact these particles 

have on these creatures is of paramount importance. Some studies have previously 

investigated the effect of microplastic particles on marine invertebrates, such as mussels 

(Van Cauwenberghe et al. 2015). Additionally multiple authors have analysed the effects 

of sediment particles on these species (including sponges) (Box and Mossa 1999; 

Bannister et al. 2012), however to my knowledge, none to date have focused on the 

ability of these species to distinguish between these particulates. 

In conclusion, this thesis has outlined the potential risks posed by microplastic pollution 

including effects on temperate sponge respiration and retention efficiency. This research 

has indicated no significant increase of oxygen consumption after exposure to severe 

concentrations of microplastics. In addition, I have highlighted the mixed responses of 

retention efficiency of temperate sponge species to various particulates. As microplastic 

concentrations increase globally, there is increasing concern as to the fate and potential 
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hazard these pollutants pose to the marine environment. However, in regards to temperate 

sponges the results gathered here, while emphasising a need for further experimentation, 

are certainly encouraging. In terms of microplastics and their impacts on some sponge 

species, not all is as bleak as it seems. 
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6 Appendix: 
 

Obtaining concentrations for treatments: 

 

1. Wanted concentration was 200,000 particles per mL. 

2. Take buoyant weight of sponge (apply to graph below), then take corresponding 

displacement value. 

3. Trial chamber = 75 mL 

4. 75 mL – displacement value = ~mL of water in chamber when sponge is inside 

5. Take ~mL and x by 200,000 to give wanted concentration of particulates per 

chamber (sponge included) 

6. Then take Particulates per chamber # and divide by Haemocytometer # per mL of 

given treatment 

7. This = mL of treatment per trial chamber (sponge included) 

 

Haemocytometer: 

 

Isochrysis 

 Mean # = 1710.42 

 X ccf (10,000) 

 = 1.71x107 per mL 

 

Kaolin Clay 

 Mean # = 4702.00 

 X ccf (10,000) 

 = 4.70x107 per mL 

 

 

Fine White Marble Dust 

Mean # = 841.60 

 X ccf (10,000) 

 = 8.416x106 per mL 

 

Microplastic 1µm = 4.5527x1010 per mL 

 Diluted into 1 L 

 = 4.5527x107 per mL 

 

Microplastic 6 µm = 2.01x108 per mL 

 4mL diluted into 100mL 

 = 8.04x106 per mL
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Buoyant Weight: 

 

Method of gaining Buoyant weight, See (Figure 6.2)  

Raw seawater was placed into a bucket to which the sponges were added (without 

removing from water), each sponge was then weighed while remaining submerged, by 

being placed into a hanging “basket”. This was connected to the bottom of the scales 

(which had been calibrated to account for this). Weight was noted (to the nearest 

0.0001g). 

Finally the volumes of the trial sponges were obtained, via displacement in a measuring 

cylinder. 
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Figure 6.1: Correlation graph of Buoyant weight vs Water displacement 
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Figure 6.2: Set up for gaining Buoyant weight,  


