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Abstract 

Invasive mammals continue to have a detrimental impact worldwide, predating on native 

species, driving range shifts, modifying habitats, and spreading diseases harmful to humans, 

endemic species, and livestock. Feral cats (Felis catus) are considered super-predators due to 

their opportunistic generalist predatory behaviour and have contributed to the local extinction 

of over 70 species in New Zealand alone. Despite their significant impact, feral cats have scarcely 

been subjected to monitoring and control research in a New Zealand context. Feral-cat specific 

trapping and lure research will therefore be paramount for controlling these influential 

predators. In this study, I firstly conducted pen bioassays to assess the attraction of 16 (15 and a 

control) food-based and social olfactory lures to 16 feral cats. I found that the two rabbit-based 

lures (a commercially produced rabbit paste, ‘Erayz’, and fresh rabbit meat) statistically 

outperformed the other lures for eliciting a bite response from cats sufficient for activating most 

kill traps used in New Zealand. The rates of all other behaviours (i.e., approach, visit and sniff) 

were close to one across all lures, with no meaningful statistical difference. I found that male 

cats tended to exhibit “bolder” behaviours than females. They approached the lure presentation 

box, inserted their head inside and sniffed lures statistically faster than females. To validate the 

findings of the pen trials, for my second data chapter I then replicated the presentation method 

of a subset of four lures (‘Erayz’, fish, mayonnaise, and a control) in transects across 11 field sites 

in Canterbury and Taranaki to compare the bite response. There was a significant difference 

between the pen and field trials, with two of the three lures (excluding the control) having 

statistically different activate-to-bite conversion rates in the pen and field. More meaningful data 

was also gained in the field trials compared to the pen, where a hierarchy of behaviours was 

observed, with progressively lower rates of visit, sniff, and bite behaviours. As it was noted in the 

health checks prior to the pen trials that there was high seroprevalence of behavioural 

manipulating parasite Toxoplasma gondii (T. gondii) in the subject cats, for my final chapter I 

conducted a pilot study to assess if transmission of this parasite had been considered in 

behavioural studies conducted at captive facilities. The results of a ‘Scopus’ literature search for 

captive animal behavioural studies both omitting and including toxoplasmosis related search 
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terms found that studies to date had not considered T. gondii as a potential confounding factor 

affecting behavioural responses. The results detailed in my thesis suggest that ‘Erayz’ and fish 

could be utilised to maximise the effectiveness of bite-activated cat traps, but that further 

research is required on wild, free-ranging animals. Furthermore, based on the varying behaviour 

of animals exhibited in captivity and potential for increased transmission of a behaviour-

manipulating parasite, where feasible, pen trials should be avoided for mammalian predator 

research. The use of more traditional field-based techniques should be employed to gain data 

accurately representative of wild, free-ranging animals. Whilst more time and labour intensive, 

this approach could utilise citizen science to both maximise site replication and have wider 

societal benefits by educating the public to gaining support for predator control initiatives. 
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1.1 Mammalian pests 

Invasive species, alongside land use change and over exploitation, are the main drivers of 

biodiversity loss worldwide (Diagne et al., 2021; Dueñas et al., 2021; King & Forsyth, 2021). 

Globalisation, with its increased freight and human travel, has led to the establishment of 

numerous mammal species beyond their native range, leading to altered native habitats, 

extinctions and production losses (e.g. agricultural crops; Doherty et al., 2016). Of these, invasive 

mammals including rats (Rattus spp.), cats (Felis catus) and mustelids (Mustilidae spp.) have 

contributed to over 58% of all bird, mammal and reptile extinctions worldwide (Doherty et al., 

2016). While some species such as cats were introduced intentionally as pets or for pest control, 

others such as rats were spread accidentally, for example by stowing away on early European 

ships (Parkes & Murphy, 2003). The impact of these biological invasions continues to increase, 

and by 2017 the cumulative cost of biological invasions was estimated at US $1.288 trillion, with 

88% of this attributed to mammalian invasions alone (Diagne et al., 2021).  

Climate change is projected to heighten the problem, with further increases in the spread of 

invasive species and their associated threats, enabling them to exploit a wider range of locations 

and habitats previously uninhabitable (Latham et al., 2015). Due to their widespread impact on 

natural and cultivated ecosystems, invasive mammals are now considered one of greatest 

environmental threats and therefore require urgent attention (Luque et al., 2013). But, despite 

the monetary investment in biological invasion management increasing almost two-fold per 

decade, there is a current lack of coordinated and efficient control strategies (Diagne et al., 

2021).  

 
1.1.1 Impacts  

Invasive mammals have numerous impacts on native biota, including modifying indigenous 

habitats, driving range shifts, predation of native and endemic species and the transmission of 

often fatal human and animal diseases (e.g. the Toxoplasma gondii (T. gondii) parasite causing 

toxoplasmosis disease; Goldson et al., 2015). Invasive mammals also impact human food 

security, for example by eating crops and thus reducing yields, disease transmission and even 

predation of juvenile farming stock, such as the predation of new-born lambs by feral pigs 
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(Latham et al., 2020). Seasonal/periodic explosions in house mice (Mus domesticus) populations 

in the grain-growing regions of Australia have also inflicted substantial costs on the agriculture 

industry, with the cost of grain losses attributed to a single plague in 1993-1994 estimated at US 

$60 million (Brown & Singleton, 2000). In addition, the livestock loss from cat-dependent 

diseases like toxoplasmosis and sarcocytosis (caused by Sarcocytis parasite infection) in Australia 

is estimated to be AU$11.7 million annually (Legge et al., 2020). The cost of agricultural 

production loss and the ongoing management control strategies ultimately causes significant 

financial damage (Latham et al., 2020).  

 

Predation and competition 

Direct predation and resource competition are the two primary ways invasive mammals affect 

indigenous biota (Goldson et al., 2015; Koch et al., 2015). For example, the quokka (Setonix 

brachyurus), a marsupial native to Australia, suffered predation by cats, but also experienced a 

significant range shift which was attributed to resource competition following the widespread 

introduction of invasive mammals (Scholtz & DeSantis, 2020). In the UK, the rapid collapse of 

common tern (Sterna hirundo) and several gull species (Laridae spp.) was attributed to the 

introduction of the highly successful American mink (Neovison vison) through predation of eggs 

and juvenile birds (Doherty et al., 2016). Feral cats, considered a super-predator for their 

opportunistic and generalist predatory behaviour, have directly affected the range of native prey 

species globally, including birds, reptiles, small mammals, and invertebrates (Nogales et al., 

2013). For example, feral cats in New South Wales, Australia, are considered the sole driver of 

the extinction of 10 small (<220g) mammal species (Doherty et al., 2017). 

Since Maori settlement in New Zealand ca. 900 before present, and the arrival of 

Europeans in the 18th and early 19th centuries (Parkes & Murphy, 2003), over 40% of New 

Zealand’s avifauna has gone extinct (Weston et al., 2018). This is largely attributed to the 

introduction of invasive mammals as stowaways onboard Polynesian and European settler ships 

as well as deliberate introductions of exotic mammals for hunting and for pets (Weston et al., 

2018). In addition, over 45% of New Zealand’s land area has been converted to primary 

production, limiting the available habitat for many native species and resulting in modified 
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ecosystems that are easily exploited by invasive mammals (Goldson et al., 2015). This 

destruction has decreased native forest cover from 82% to 23% of New Zealand’s land surface 

area and this in turn continues to help drive further extinctions through the loss of small 

populations in isolated habitat remnants (Ewers et al., 2006). Historical deforestation is a 

primary driver of species decline, and is continuing to act alone and/or synergistically with 

invasive species to contribute to endemic species losses in New Zealand (Ewers et al., 2006).  

New Zealand’s native fauna is particularly vulnerable to predation from introduced 

mammals as it evolved in the absence of any native ground-dwelling terrestrial mammalian 

predators. For example, two native New Zealand birds, the South Island robin (Petroica australis) 

and rifleman (Acanthisitta chloris) have shown a lack of hesitation behaviour in response to a 

predator scent (rat urine) when compared to the introduced common starling (Sturnus vulgaris) 

which evolved alongside mammalian predators in its native range (Stanbury & Briskie, 2015). 

This naivety may be contributing to the high predation rates of native New Zealand birds. For 

example, in the alpine zone 48% of nest failures of the New Zealand rockwren (Xenicus gilventris) 

are caused by predation of eggs and nestlings by stoats (Mustela erminea) and house mice 

(Weston et al., 2018). However, native New Zealand birds are not the only species vulnerable to 

predation by invasive mammals. House mice have suppressed many native lizard populations 

including the Macgregor’s skink (Oligosoma macgregori) on Mana Island, where predation was 

the cause of the death for 61 of the 64 reintroduced skinks (Hitchmough et al., 2016). It has been 

suggested the significant impacts of these mammalian predators on multiple species may be due 

to naivety to threats and therefore the lack of defence mechanisms (Goldson et al., 2015). 

Disease 

Invasive mammals can act as vectors for pathogens and parasites, with potential ramifications 

for primary production, human health, and native biota (Nally et al., 2016). The greater white-

toothed shrew (Crocidura russula), a mammal invasive to Ireland has, for example, been 

identified as a vector for the Leptospira pathogen, which can cause fevers and disease in humans 

alongside spontaneous abortions in livestock (Nally et al., 2016). Feral cats in Australia carry up 

to 36 pathogens or diseases, including the protozoan parasite T. gondii which can adversely 

impact both human and livestock health, as well as causing the death of some marsupials 
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(Doherty et al., 2017). In New Zealand, the common brushtail possum (Trichosurus vulpecula) is a 

source of tuberculosis (Mycobacterium bovis) which can be transmitted to cattle, provoking 

immune impairment (Reaser et al., 2007). The control of invasive mammals can, therefore, 

benefit human health as well as that of livestock and endemic species.  

Primary production sector 

Invasive mammals continue to have profound impacts on the primary production sector, 

reducing production and causing economic damage (Diagne et al., 2021; Gill, 1992). New 

Zealand agricultural and horticultural industries, for example, are heavily impacted by invasive 

predators, including through disease transmission reducing yield and causing animal livestock 

mortalities (Gormley et al., 2018). Whilst predictions of the economic costs from invasive 

mammals in NZ are scarce, Russell et al., (2015) estimated the 7.67 million tonnes of vegetation 

consumed by brushtail possums annually has caused a loss NZ $58.32 million (2013 dollars). In 

addition, the transmission of Mycobacterium bovis from brushtail possums that causes bovine 

tuberculosis (TB) in cattle continues to impact the New Zealand agriculture industry through the 

cost of culling infected stock and investment in possum eradication programmes (Gormley et al., 

2018). In 1994, over 1700 cattle and deer herds were infected, influencing the marketability of 

beef, dairy, and venison exports (OSPRI, 2016). While infection rates have since decreased, the 

country’s goal for complete biological eradication of TB by 2055 is estimated to cost New 

Zealand $60 million per year (OSPRI, 2016). 

Despite investment in invasive species management increasing, the monetary cost of 

associated damage increased by six fold every ten years (Diagne et al., 2021). The role of invasive 

mammals in the decline of many endemic species (Goldson et al., 2015), the spread of 

pathogens (Nally et al., 2016) and impact on primary production, therefore, continues (Rouco et 

al., 2019). 

 

1.2 Feral cats 

 
1.2.1 History 
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Feral cats derive from domestic cats which were introduced throughout the world as pets or for 

rodent control on board of ships (Koch et al., 2015). They have now spread far beyond their sites 

of introduction and inhabit every continent except Antarctica (Kennedy et al., 2020). In Australia, 

an estimated 2.07 million feral cats occupy 99.8% of land area (Kennedy et al., 2020), and are 

considered one of the main drivers of endemic mammalian decline and extinction (Doherty et 

al., 2016). The United States is home to between 60 and 100 million feral cats which are 

estimated to kill over one billion birds every year (Kanine & Mengak, 2014).  

Fifty years after the first introduction of cats to New Zealand in around 1758, self-

sustaining “feral” populations were established and have since spread over the whole country 

(King & Forsyth, 2021). Domestic cat ownership is also a key aspect of New Zealand culture. In 

2016 the New Zealand Animal Council estimated there were 1,134,000 domestic cats homed 

across 44% of New Zealand households (Somerfield, 2020). Feral cat abundance, however, has 

not been quantified due to the challenges associated with widely varying densities across 

different New Zealand land types (Somerfield, 2020). 

 
1.2.2 Biology  

Adult domestic and feral cats range from 2 to 7 kg and exhibit sexual dimorphism, with females 

(on average) 20-30% smaller than males (Duffy & Capece, 2012). Coat pattern is highly variable 

between individuals, with a “striped tabby” colouring pattern most common for feral cats (Duffy 

& Capece, 2012). Cats (domestic or feral) are reproductively mature at 7 - 12 months of age, and 

females can produce an average of two litters of four kittens per year (Ogan & Jurek, 2010). In 

the wild, feral cats exhibit generalist opportunistic feeding behaviour, preying on a range of 

species of reptiles, amphibians and birds (Ogan & Jurek, 2010; Walker et al., 2017). Thus, feral 

cats are highly adaptable and can readily shift their diet depending on prey availability (Martin et 

al., 2013).  

 

1.2.3 Impacts 
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Predation  
Feral cat predation has been directly linked to the extinction of 63 bird, mammal and reptile 

species internationally (Doherty et al., 2016). In Australia alone, there is evidence of feral cats 

consuming over 400 different vertebrate species (Doherty et al., 2017). The opportunistic 

predatory behaviour also means feral cats target different species in different areas depending 

on local prey availability (Bonnaud et al., 2011). On most small islands for example, birds are the 

largest component of the diet of feral cats, which has had a detrimental impacts on many 

seabird colonies (Bonnaud et al., 2011).  

In New Zealand, native birds and invertebrates evolved in the absence of mammalian 

predators, including cats. This means they are naïve to the cues other animals use to detect 

predators (e.g., odours) and thus are highly vulnerable to predation from cats and other 

introduced predators (Walker et al., 2017). Predator aversion training has been attempted with 

some captive bred species such as the kaki (Himantopus novaezelandiae), however it has been 

unsuccessful so far in improving the post-release survival of juveniles (Dowding & Murphy, 

2001). It is estimated that over 16 million animals are killed by cats every year in New Zealand 

(Mameno & Kubo, 2020), contributing to the decline of many native species. For example, a 

study in the Upper Clarence River showed more than 37% of black-fronted tern (Chlidonias 

albostriatus) nests were preyed upon by cats and other invasive mammals, making predation the 

greatest cause of nest failure (Bell, 2017). The already small population of kākāpō (Strigops 

habroptilus) on Stewart Island was reduced by more than a half from 140 in 1980 to ca. 60 in 

1982, mainly driven by cat predation (Clout & Merton, 1998). The extent of predation led to the 

translocation of remaining kākāpō to offshore cat-free islands (Clout & Merton, 1998). As well as 

birds, cats are significant predators of other endemic species including bats, reptiles, and 

invertebrates (Recio et al., 2010). For example, the stomach from a single cat caught on a 

braided riverbed in Mackenzie Basin in 1998 contained the remains of at least 34 lizards, 

including both skink and gecko species (Murphy et al., 2004).  

 

Disease 

Alongside predation, disease transmission is a concerning issue associated with feral cats. In 

Australia alone feral cats are known to carry up to 36 different pathogens and diseases (Doherty 
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et al., 2017). Legge et al., (2020) estimated that the impacts of these diseases on both human 

health and lost livestock production costs Australia AU$6 billion annually.  

Of particular concern internationally is the protozoan parasite T. gondii due to its impacts 

on human health, livestock, and some endangered species (Doherty et al., 2017). Felines are the 

only known definitive host for the parasite, meaning they are the only species in which the 

parasite can reach its mature form and sexually reproduce (Legge et al., 2020). The parasite then 

cycles asexually through the intermediate host - which can be any warm-blooded animal (Legge 

et al., 2020). Intermediate hosts contract the parasite through consuming oocytes discharged by 

infected cats into the environment (Doherty et al., 2017). For example, a 20 gram cat scat can 

contain 2 to 20 million oocysts with some remaining infectious in the environment for up to one 

year following deposition (Webster, 2001). Animals including livestock which graze in the 

affected area risk T. gondii infection (Webster, 2001). T. gondii can also be transmitted from 

mother to fetus vertically through the womb if the animal is infected during pregnancy. This can 

cause spontaneous abortion in sheep and other livestock, and it is estimated that 16% of 

abortions in sheep are caused by the infection (Legge et al., 2020). In New Zealand, the loss of 

lamb production from T. gondii attributed abortions is estimated to cost of over NZ$14 million 

annually (Legge et al., 2020). Additionally, T. gondii infection also causes fatalities in some 

internationally protected species such as the ‘Alala (Corvus hawaiiensis), the world’s most 

endangered corvid which in the year 2000 had only 25 individuals remaining (Work et al., 2000).  

Run-off from land means the impact of T. gondii is not limited to land-dwelling species, 

where a post-mortem study of Hector’s dolphins (Cephalorhynchus hectori) attributed T. gondii 

infection as the cause of death of 25% of individuals which included two Maui’s dolphins 

(Cephalorhynchus hectori maui), a critically endangered sub-species. Humans can also contract 

the pathogen through contact with oocytes passed into the environment by infected cats or 

consuming undercooked meats (Stojanovic & Foley, 2011). Exposure of humans to T. gondii is 

common and estimated to infect 30-35% of the entire population (Tong et al., 2021). However, 

most T. gondii infected individuals remain asymptomatic (Stojanovic & Foley, 2011). The main 

risk is to pregnant women, where up to half of all infections which occur during pregnancy are 
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passed on to the fetus (Jones et al., 2001). This can result in behavioural and/or health issues in 

the offspring and can be potentially fatal (Jones et al., 2001).  

As well as endoparasites such as T. gondii, feral cats are transmitters of many other zoonotic 

diseases. Whilst not present in New Zealand, feral cats in other countries are common carriers of 

rabies, accounting for around 62% of all cases in domestic animals (Gerhold & Jessup, 2013). The 

virus is transmitted to humans in saliva and results in neurological impairment, ultimately 

proving fatal (Gerhold & Jessup, 2013). Ectoparasites, particularly the cat flea (Ctenocepphlaides) 

cause health issues such as cat-scratch disease (CSD) which can infect humans through open 

wounds and may result in fever or headaches (Gerhold & Jessup, 2013). 

 

1.2.4 Management  

A range of management strategies have been implemented worldwide aimed at either 

suppressing or fully eradicating feral cat populations. In New Zealand, under the Biosecurity Act 

1993, feral cats are classified as a pest species which enables them to be hunted or killed in 

accordance with the regulations set out by the Animal Welfare Act 1999 (Somerfield, 2020). 

Lethal control, including shooting, trapping and poison baiting are the main management 

strategies used both internationally and within New Zealand (Gillies & Brady, 2018). The 

successful control of feral cat populations requires, however, significant financial investment by 

national authorities. For example, the Australian Government has invested over $30 million in 

managing feral cats as well as an additional $4.4 million towards developing baits containing 

1080 poison for aerial broadcast (Algar et al., 2013). The complete eradication of cats from the 

3,000-ha sized Raoul Island cost over US $832,000 (Campbell et al., 2011). This highlights the 

need for efficient, cost-effective management strategies for the implementation and success of 

large-scale eradication programmes. 

Aerially distributed poison 

Aerial broadcasting of poisons provides large-scale, cost-effective management for multiple pest 

species (Doherty et al., 2017). Feral cats are killed through either direct poisoning or secondary 

poisoning resulting from consumption of poisoned carcasses (Griffiths et al., 2015). Sodium 

fluoroacetate (hereafter ‘1080’) combined with cereal or carrot baits is the only aerially 
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broadcasted toxin registered for use in New Zealand (Green & Rohan, 2012). Poison broadcasts 

occur following a strict registration and licensing process and the poison is not available to the 

general public (Green & Rohan, 2012). New Zealand is the largest user of 1080 internationally as 

it is very cost effective compared to alternative control methods such as trapping and can be 

easily broadcasted in areas inaccessible by foot alongside being more effective when targeting 

low population densities (Morriss et al., 2020). In addition, unlike most of the world, New 

Zealand does not have any endemic terrestrial land mammals (Walker et al., 2017), meaning 

1080 can be used more liberally without the same risk other countries face of poisoning non-

target native mammals. 1080 broadcasts are also commonly used in Australia, however usage is 

more limited in countries further afield such as the USA (Green & Rohan, 2012).  

Aerial 1080 is most effective in suppressing feral cat populations when prey availability is 

low, because hungry/starving individuals will consume unfamiliar baits or the remains of 

poisoned animals (Doherty et al., 2017). But, with small populations of feral cats still remaining 

following extensive poisoning programmes, such as that observed on Rangitoto and Motutapu 

islands, it has been suggested this control strategy alone is unlikely to result in complete 

eradication (Griffiths et al., 2015). Aerial broadcasting sites are also limited to non-inhabited 

areas where poisoning of non-target species including domestic animals is deemed low risk. For 

example, in Tasmania the poison could also pose a risk to Tasmanian devil populations and 

hence is not used (Doherty et al., 2017). The potential risk to ground-dwelling birds (e.g., kea; 

Nestor notabilis) and other non-target species in New Zealand has also resulted in some public 

opposition to the use of 1080 poison (Green & Rohan, 2012). 

Trapping and shooting  

Trapping and shooting are less commonly used than poisoning for predator control as they are 

both labour and time intensive, and hence expensive (Veitch & Clout, 2002). In New Zealand, for 

example, live capture traps such as leg hold and cage traps legally must be checked daily within 

12 hours of sunrise and target individuals euthanised immediately to ensure the process is as 

humane as possible (National Pest Control Agencies, 2018). Kill traps, however, do have some 

advantages over live-capture traps. For example, they are designed to kill the animal instantly 

and humanely, thus do not require frequent checking (National Pest Control Agencies, 2018). 
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However, the capture efficiency of kill traps is limited by trap design and lure attractiveness and 

lure longevity - as the desiccation or infestation with mould, for example, of many lures reduces 

attractiveness (Moseby et al., 2004). A concern associated with kill traps is the risk to non-target 

animals such as birds like kea, ground dwelling mammals and domestic pet cats which could also 

be unintentionally caught and killed (Fisher et al., 2015), although the absence of native ground 

dwelling mammals in New Zealand reduces this issue.  

The development of automated grooming traps (e.g., the ‘Felixer’; Moseby et al., 2020) 

aims to overcome these problems by using cameras to identify the animal before squirting a 

palatable paste containing a toxin onto the fur which is then licked off and subsequently poisons 

the cat. However, these traps are currently only economically viable at small scales (ca. $15,000 

AUD; per comm.) and are unlikely to provide a short or mid-term solution for feral cat control at 

the larger scales needed to conserve many endangered species (Doherty et al., 2017). 

Non-lethal management  

Despite lethal management, especially toxic baits, being the most cost-effective strategy, it often 

conflicts with the views of the public, including domestic cat owners and some animal welfare 

advocates (Mameno & Kubo, 2020). This has led to the implementation of non-lethal 

management, particularly in residential areas (Mameno & Kubo, 2020). For example, on the 

biodiversity rich Ogasawara islands in Japan, non-lethal management through adoption is the 

preferred option of the public (Nakayama, 2009). Over 400 feral cats have been captured from 

the islands, domesticated, and adopted by residents of the Tokyo Prefecture (Mameno & Kubo, 

2020). While many populations of endemic species have recovered since the programme’s 

implementation, the adoption and domestication process are both time and financially 

expensive, making it less efficient than the alternative lethal strategies (Nakayama, 2009). For 

this reason, budget shortages have led to lethal control as the most common strategy for feral 

cat management internationally (Mameno & Kubo, 2020). 

In New Zealand, better management of domestic cats is being enforced to reduce un-

planned breeding and hence feral cat abundances. A Wellington bylaw was passed by the 

Environment Committee in 2016 requiring all cats over 12 weeks old to be microchipped and 

registered with the New Zealand Companion Animal Register so that feral and domestic cats can 
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be differentiated (Somerfield, 2020). Government subsidies for micro-chipping and de-sexing of 

domestic cats aim to increase compliance. However, mandatory de-sexing of cats has been met 

with mixed support by the New Zealand public, with 58% public support in 2017 which is much 

lower than many other countries including Australia (88-93% support; Walker et al., 2017).  

 

1.2.5 Current techniques used for monitoring and studying feral cats  

 
Tracking tunnels  

Tracking tunnels are commonly used for monitoring the relative abundance of small mammals 

both in New Zealand (Gillies & Williams, 2013) and abroad (Shiels & Ramírez de Arellano, 2019). 

The tunnels contain a lure (to attract animals) and inked cards for recording animal footprints 

which are then used for species identification (King et al., 2007). While tracking tunnels were 

traditionally designed for small mammals such as rodents and mustelids, larger tracking tunnels 

are also now occasionally used for monitoring cats (Pickerell et al., 2014). However, the larger 

size of cat tracking tunnels makes them less portable and susceptible to wind damage (Pickerell 

et al., 2014), so they are less frequently used.  

Both standard tracking tunnels and cat tracking tunnels benefit from being able to detect 

a range of small mammals as well as the target species. However, tracking tunnels can only 

collect basic presence/absence data based on animal prints. This may benefit 

distribution/abundance research but is less useful for behavioural studies where more complex 

behaviours need to be recorded. In addition, the field deployment, monitoring and collection of 

tracking tunnels also requires extensive personnel-hours in order to gain a sufficient sample size, 

especially for animals at low relative abundance like mustelids and feral cats  (King et al., 2007).  

 

Chew cards  

Chew cards are small coreflute cards filled with a lure (commonly peanut butter) which induces a 

bite or chew response from predators (Sweetapple & Nugent, 2011). The chew marks are then 

used to identify the species (Sweetapple & Nugent, 2011). In New Zealand, chew cards were first 

used for monitoring the abundance of possums but are now also commonly used for identifying 

rats, stoats and hedgehogs (Predator Free NZ, n.d.). While chew cards are cheap, portable and 
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easy to use, they become saturated easily in areas of high predator density, where extensive 

chew and bite marks make identification difficult or impossible (Nottingham et al., 2020). For 

example, a rat may chew a tracking card after a mouse, destroying its chew marks and meaning 

the mouse’s presence would be missed.  

There is currently limited evidence of chew cards being successfully used to study feral cats, 

with some studies suggesting they are not a suitable monitoring tool for this species. For 

example, camera monitoring of chew cards baited with cat food in urban Wellington showed no 

bite or chew response from any domestic cats, despite video footage of domestic cats licking or 

sniffing the cards on 22 occasions during the five-day study period (Woolley & Hartley, 2019). 

However, it must be acknowledged that feral cats could behave differently and elicit a different 

behavioural response to domesticated cats. Chew cards, like tracking tunnels, are suitable for 

abundance/distribution studies by producing basic presence/absence data but have limited 

ability to collect more complex behavioural information.  

 

Trail cameras 

Trail cameras are fixed, durable cameras which are triggered by motion and/or heat sensors and 

can take videos or photos (Hansen et al., 2018). They provide a non-invasive alternative to many 

other wildlife monitoring methods such as live trapping or radio telemetry (Meek et al., 2014). 

Footage of the target species exhibiting specific behaviours can then be quantified (Gillies & 

Brady, 2018). Trail cameras have the advantage of not requiring specialist skills for set up or 

analysis, however the processing of footage is usually time consuming (Gillies & Brady, 2018). 

After the initial set up, cameras can be left in situ for extended periods of time without requiring 

servicing and data gathering is only limited by battery life and SD card storage size, although 

false triggers (e.g., vegetation movement that activates the motion sensors) can quickly deplete 

storage and batteries (Hansen et al., 2018; Wearn & Glover-Kapfer, 2019). Trail cameras are 

advantageous for studying feral cat distribution and behaviour as they overcome the challenges 

associated with their large ranges, and nocturnal and timid behaviour towards humans (Taggart 

et al., 2020). However, high numbers of replicates and extended deployment is usually required 

to detect feral cats when they are at low densities (Gillies & Brady, 2018).  
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While trail cameras are generally considered non-invasive (Gillies & Brady, 2018), Meek et al., 

(2016) showed that feral cats and other predators may exhibit behavioural responses to the 

sound and infrared light emitted from cameras. The study found evidence of feral cats being 

attracted to the camera traps and in some cases even spraying (scent marking) the post the 

camera is attached to. However, the authors also acknowledged that pairing trail cameras with a 

lure or bait may distract individuals and overcome any neophobic behaviour associated with the 

camera trap. While trail cameras can be a very useful monitoring method, Thompson et al., 

(2019) showed they also have some weaknesses, such as the ability to detect all animals within 

their capture range. Even with most baits taken in the study, trail cameras captured less than 

half of these instances. This highlights a potential limitation of trail cameras not being able to 

detect every individual’s occurrence but also may be due to the 1 second trigger time leading to 

missed interactions. It must also be recognised that variations in the brand and/or model of trail 

camera could also impact its detection reliability (Apps & McNutt, 2018). Additionally, trail 

cameras should be set up with consideration of the target species’ specific morphology and 

behaviour to maximise detection rates (Apps & McNutt, 2018). For example, using a trail camera 

model or brand with a narrow detection zone may be effective in detecting large animals but 

could be less reliable in detecting, smaller faster animals (Meek et al., 2014).   

 

Pen studies  

Pen studies (i.e., studies of feral animals held in captive settings) are useful for studying the 

behaviour of small mammals through direct observation (Eason et al., 2010) or using camera 

footage (Read et al., 2014). In New Zealand, pen trials are predominantly used for testing the 

effectiveness of kill traps and toxins (e.g. Morris, 2017), with limited usage in more detailed 

behavioural studies (e.g. Garvey et al., 2016). The primary benefit of pen studies over field-based 

studies is the ability to achieve high levels of replication, which would otherwise be difficult for 

species at low abundance in the wild. Pen studies also enable some environmental factors such 

as stimulus interference from non-target species to be minimised, which is not possible in field-

based studies (Burge et al., 2017). However, a key disadvantage of pen studies is they cannot 

accurately replicate natural environmental conditions such as food availability and the impact of 
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predator/prey presence which may result in behavioural responses differing from that of wild, 

free-ranging animals. Pen trials are also relatively time consuming and costly to run. For 

example, wild, free-ranging feral cats must first be caught using live capture traps, then 

transferred to pens and acclimatised for up to two weeks prior to experimentation (Clapperton 

et al., 1994) to minimise any potential effect of capture stress on behaviour (Eason et al., 2010; 

Read et al., 2014). Despite these costs, however, pen studies are invaluable for obtaining 

detailed behavioural data and for testing large numbers of replicates quickly, especially for 

species that are generally found at low abundance in the wild.  

 

Comparison of techniques  

Monitoring and survey methods differ in the types of data they can produce, e.g., relative 

abundance versus complex behavioural information, as well as the level of detectability, e.g., 

between species or between individuals (Table 1.1). Each method also varies significantly in 

financial and labour costs. The higher labour costs of some methods are often associated with a 

trade-off for the detail of behavioural information gained. For example, pen studies are likely to 

be the most time consuming as feral cats must first be caught and then acclimatised in pens 

before using expensive cameras or live observation to monitor behaviour. However, unlike the 

much cheaper chew cards or tracking tunnels (Table 1.1), pen studies, when combined with trail 

cameras, can be used to gather more detailed behavioural information (Clapperton et al., 1994) 

as well as the basic presence/absence data obtainable from chew-cards and tracking tunnels. For 

example, Hartley & Wittmer, (2018) found that whilst rats were recorded (using trail cameras) 

interacting with and sniffing tracking tunnels, they did not enter the tunnels. Thus a “tracking 

tunnel only” monitoring approach would not have identified the presence of rats. However, a 

potential cost drawback of trail cameras when deployed in the field is the risk of theft or 

vandalism (Hartley & Wittmer, 2018). Using cameras to study behaviour in a controlled 

environment or on private land can minimise this risk.  

The use of cameras in a controlled pen environment can enable individuals of the same 

species to be distinguished from each other which is often impossible using field deployed 

counterparts (Hartley & Wittmer, 2018). Conversely, it is impossible to differentiate individual 
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animals using just chew-card or tracking tunnel data alone. As feral cats have large home ranges 

(Gillies & Brady, 2018), it is possible they may visit and interact with multiple chew cards or 

tracking tunnels, thus biasing abundance data (Hartley & Wittmer, 2018).  

While tracking tunnels and chew cards can detect multiple predator species, many studies 

have demonstrated that species interference from non-target species may result in biased 

results (Burge et al., 2017; Hartley & Wittmer, 2018; Sweetapple & Nugent, 2011). For example, 

animals eating the lure or urinating on the chew card or tracking tunnel may reduce its detection 

ability. Sweetapple & Nugent (2011) reported that where rats had already chewed a card, the 

detection rate of hedgehogs, mice and possums was only 27-55% of what was expected without 

prior rat interference. Similarly, Burge et al., (2017) found the chance of possum detection was 

reduced from 10% to 4% when rats had already chewed the card. While it is not currently known 

if species interference affects feral cat detection, the use of pen studies has the advantage of 

controlling the environment and hence prevent species interferences from occurring. 
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Table 1.1: Summary of different techniques to monitor feral cats and other predators in New Zealand, where “*” indicates species 
interference may affect the ability of the method to detect multiple species. 

 

 

Data gained Detection level 

Abundance / 
distribution 

Behavioural 
Time 

stamp 
Multiple 
species 

Individuals 
Single 

species 

Low equipment 
cost  

(<100 
NZD/unit) 

Natural / wild 
conditions 

M
on

ito
rin

g 
te

ch
ni

qu
e 

Tracking tunnels ✔ X X ✔* X X ✔ ✔ 

Chew cards ✔ X X ✔* X X ✔ ✔ 

Trail cameras ✔ ✔ ✔ ✔ ✔ X X ✔ 

Pen studies X ✔ ✔ X ✔ ✔ X X 
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1.3 Lures  

The use of lures underpins the effectiveness of conventional predator management in New 

Zealand and internationally (Moseby et al., 2004). Lures are used to attract animals to bait 

stations, areas for shooting and most commonly and into kill and live-capture traps (Edwards et 

al., 1997). Lures can be broadly categorised as auditory, olfactory, visual or a combination of all 

three (Edwards et al., 1997).  

 

1.3.1 Olfactory  

Olfactory lures are the most frequently used lures in both New Zealand and internationally 

(Edwards et al., 1997). This is because olfaction is a mammal’s primary sensory modality, and is 

involved in regulating inter-interspecies communication and food searching (Garvey et al., 2017). 

A range of commercially produced products (e.g., rabbit based ‘Erayz’ produced by 

Connovation), whole foods (e.g., peanut butter, rabbit meat) and social odours (e.g., anal sac 

secretions) have been used in New Zealand to attract predators, with food-based lures forming 

the basis of control programmes. However, very few experiments have directly assessed and 

compared the attractiveness of different types of olfactory lures (Jackson et al., 2018; Price et al., 

2019). One issue associated with many olfactory lures is that they are perishable, and hence 

change smell or lose attractiveness relatively quickly. This reduces the lures’ effectiveness and 

hence lures are required to be replaced frequently (Short et al., 2002). For example, catnip 

(Nepeta cataria) desiccates within days, losing its attractive properties and requiring frequent 

replacement (Clapperton et al., 1994; Short et al., 2002). A growing number of olfactory lures are 

also being commercially produced, such as ‘Catastrophe A’ (phenyl acetate in oil), and valerian 

oil which are used for trapping feral cats and foxes in arid Australia (Read et al., 2015). However, 

the fast evaporation rates of these highly volatile lures restrict their effectiveness, especially 

when used in hot/dry environments (Read et al., 2015).  
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1.3.2 Food-based 

Most olfactory lures are food-based as they are widely available (e.g., in convenience stores) and 

exploit an animal’s need for food (Jackson et al., 2015). In addition, some kill traps such as those 

used for feral cats (e.g., the SA2 Cat Trap), require a bite response for activation and thus food-

based lures are considered most likely to elicit this behaviour. Food-based lures commonly 

include prey species such as rabbit meat (e.g., for mustelids; Molsher, 2001) or commercially 

produced products such as egg mayonnaise and peanut butter. However, the attraction to many 

food-based lures can also be dependent on environmental factors including natural levels of 

prey/food availability (Read et al., 2015; Short et al., 2002), and the density of conspecifics 

(Edwards et al., 1997). For example, Short et al., (2002) found the uptake of toxic bait in mouse 

carcasses or pieces of rabbit meat was most effective in areas where rabbit abundance was low. 

Similarly, field trials in Shark Bay, Western Australia also showed that food lures were most 

effective at attracting cats in the first half of the year when it was presumed that food supply 

was most limited (Short et al., 2002). Edwards et al., (1997) also suggested that food-based lures 

such as sun-rendered prawn meat would be most effective when cat densities are high due to 

increased competition for catching prey. These studies highlight the need to consider 

background environmental conditions such as prey availability before employing food-based 

lures in a predator control program.  

 

1.3.3 Social  

Social lures can be odours derived from conspecifics or other species including the predators or 

prey of the target species. These social odours are often difficult to collect or require an invasive 

procedure to obtain from animals, including urine (Hanke & Dickman, 2013), scats and anal gland 

extract (Edwards et al., 1997). Body odour from animals such as ferrets (Mustela furo), a 

dominant predator, when used in conjunction with fresh rabbit meat, has been found to 

increase visitations by stoats (Mustela erminea) compared to rabbit meat alone, in what is 

assumed to be eavesdropping behaviour (Glen & Pech, 2016). Conversely, wild rats (Rattus spp.) 

were not attracted to (or even repelled by) ferret odour, raising the prospect that some social 

lures could be used in targeted species-specific control programmes.  
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To date, there has been limited research investigating the viability of social lures for 

attracting feral cats (e.g. Short et al., 2002). Despite this, Short et al., (2002) found that some 

social lures (e.g. bobcat anal gland extract) were effective feral cat attractants during the 

breeding season, when food availability was not limited and hence food-based lures are likely to 

be less effective during the breeding season. However, similar to food-based lures, the 

attractiveness of social odours to cats and other mammalian predators has been shown to vary 

with different environmental conditions. For example, field trials carried out by Edwards et al., 

(1997) found that feral cats were only attracted to anal gland extract from conspecifics during 

the breeding season. Additionally, Short et al., (2002) concluded that social lures were most 

effective during spring and early summer as this is when cats are defending their territory and 

access to mates. These studies highlight the potential importance of social scent lures for cat 

control during the breeding season or when food availability is high. The current state of 

research, however, does not address the question of whether social lures can elicit the specific 

behaviours required to activate different cat trap types used in New Zealand.    

 

1.3.4 Auditory  

Auditory lures either mimic the sounds of prey species or emit a novel sound (e.g., “beeping”) to 

attract species to an area. An advantage of auditory lures over olfactory lures is that they create 

a consistent output without losing attraction through desiccation or decomposition as can occur 

in food-based products (Moseby et al., 2004). Additionally, olfactory lures can only be detected 

downwind of the source, whereas sounds can radiate more equally in multiple directions. 

However, trials using auditory lures are relatively uncommon, especially for feral cats. One of 

these few experiments was conducted by Moseby et al., (2004), testing two commercially 

available devices, a Feline Attracting Phonic (FAP) which makes a “meowing” sound and a toy 

bird device that emits a “twittering” sound. While both sounds were successful in attracting cats 

into a channel mimicking normal leg-hold trap placement, it is unknown whether these and 

other auditory lures could induce a “head in trap” or bite response from cats which are the 

optimum behaviours to activate many cat traps. However, experimentation with other pest 

species has indicated the potential use of audio lures in kill trapping programmes. For example, 
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in a pen experiment all 17 brushtail possums in the trial entered a trap box in response to a 

“beeping” auditory lure, meaning in the trap would be activated (Carey et al., 1997).  

 

1.3.5 Visual 

Visual lures may include LED lights, tinsel  or shiny metal objects designed to capture the target 

species’ attention (Read et al., 2015; Short et al., 2002). Visual lures are usually used in 

conjunction with other olfactory lures, however there is debate over whether there is any 

benefit of a secondary, visual stimulus in trapping regimes. For example, Molsher (2001) found 

the addition of an aluminium tag as a visual stimulus to traditional food-based lures did not 

significantly increase the trapping rate of feral cats using leg-hold or cage traps. Interestingly, 

one field trial found that when tinsel was added as a visual stimulus to an olfactory lure, the 

number of visits to the lure by red fox (Vulpes vulpes) was reduced compared to the olfactory 

lure on its own (Suárez-Tangil & Rodríguez, 2017). This aversive behaviour could be attributed to 

the neophobic tendencies of many mammals, indicating artificial objects may be ineffective 

visual lures.   

 

1.4 Summary 

Feral cats can have a profound ecological impact both in New Zealand and internationally. In 

order to achieve New Zealand’s Predator Free 2050 goal (Department of Conservation, n.d.), the 

development of more efficient and cost-effective pest management strategies is required 

including species-specific, long-lasting lures (Eason et al., 2018). Currently, pest management 

research in New Zealand predominantly focuses on rodents, mustelids and possums as they are 

the priority species for the Predator Free 2050 strategy (Department of Conservation, n.d.; 

Gillies & Brady, 2018). Feral cats receive less attention despite their significant impact on native 

biota (Kikillus et al., 2017). Studies in Australia have demonstrated different olfactory, auditory, 

and visual lures vary in their attractiveness to feral cats and hence impact trapping success 

(Moseby et al., 2004). In addition, many environmental factors such as prey density have also 

been shown to influence the appeal of food-based lures to cats (Short et al., 2002). While 

infection with toxoplasmosis has been demonstrated to affect neophobic tendencies in some 
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mammals (Webster, 2001), there is no knowledge of this in cats or consideration of how it could 

influence their own behaviour and thus lure attraction or trapping success. Therefore, there is a 

need to test and compare the efficacy of different olfactory lures in a New Zealand context, 

where environmental conditions are likely to vary from Australia, the location of most previous 

research (e.g., Edwards et al., 1997; Moseby et al., 2004; Read et al., 2015). Pen experiments 

combined with camera traps will provide an optimal method for collecting complex lure 

interaction behavioural data in large replicates for feral cats, which are at low densities in the 

wild.  

 

1.5 Research aims 

My research aimed to investigate the behavioural response of feral cats to a range of different 

lures. I focused on olfactory lures as they are the most widely used in mammalian predator 

trapping (Price et al., 2019), but have rarely been tested on cats in New Zealand. To achieve this 

aim, I will: 

1) Quantify the behavioural responses of cats to 16 lures (selected as part of a wider, multi-

species lure project Pest Control That Makes Scents | University of Canterbury, n.d.) on 

pen-housed feral cats; 

2) Investigate the validity of pen trials as a behavioural study method by also presenting a 

subset of the lures to wild-free ranging cats, and;  

3) Discuss the potential implications of undiagnosed T. gondii infection in animals on the 

interpretation mammalian behavioural studies. 
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CHAPTER 2 

Attraction of feral cats to food and social odours 
 
 

 
 

Title page image: Feral cat biting a lure presented inside a non-lethal “trap box” during my pen 
trials. © Charlotte Jones 

 
 
 
 
 
 
 
 
 



 24 

Abstract  

Feral cats (Felis catus), despite their widespread environmental and financial impact, have 

scarcely been subject to monitoring and control studies in a New Zealand context. With traps 

and toxins being the primary form of predator control, the development of feral cat-specific 

attractants will be central to maximising the efficiency of control efforts. Here, I recorded the 

behavioural responses (e.g., rates of approach, visitation, head-in-trap, and biting) of 16 (8 male, 

8 female) pen-housed feral cats to a range of food-based and social olfactory lures presented in 

non-lethal trap boxes I designed to present lures. The rates of approach, visitation and sniff for 

all lures was close to saturation (i.e., 100%), with the only significant variation observed in the 

bite response. Two rabbit-based lures statistically outperforming all other lures in terms of 

eliciting a bite response form cats and overall food-based lures were more successful than social 

lures in prompting this behaviour. Males exhibited more “bold” behaviours than females, 

approaching trap boxes, inserting their head inside the trap box, and sniffing lures faster than 

females. In contrast to some other host species, infection with the Toxoplasma gondii (T. gondii) 

parasite did not have a statistically significant impact on the response times of cats to lures. My 

results validate the current common practice of using food-based lures in cat control devices 

that require a bite response. That said, given the saturation of other behaviours it is difficult to 

discount social lures as effective in other situations, like live capture traps. Future studies should 

present these lures in a wild setting to collect meaningful data for other attraction behaviours 

such as approach, visit and sniff which are sufficient to activate different, primarily live-capture 

trap types. However, in the meantime control regimes can utilise readily available ‘Erayz’ and 

rabbit meat for use in bite-activated cat traps 
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2.1 Introduction  

Feral cats (Felis catus) are listed by the IUCN in the top 100 worst invasive species worldwide 

(Fisher et al., 2015) and have contributed to the local extinction of over 70 species in New 

Zealand alone (King & Forsyth, 2021). The economic cost of feral cat damage globally (e.g., 

disease transmission reducing livestock production and predation) is estimated at over US $50 

billion between 1970 and 2017, making cats the third most costly taxa, only behind the yellow 

fever mosquito (Aedes spp) and rats/mice (Rattus and Mus spp; Diagne et al., 2021). Despite 

their negative impacts, however, the tools and techniques commonly employed to monitor and 

control feral cats have not changed for decades (Eason et al., 2018). 

Traps and toxins continue to be the main form of mammalian pest control 

internationally, and are likely to continue to play an essential role in reaching New Zealand’s 

Predator Free 2050 goal (Eason et al., 2017). Despite this, the array of lures and baits used in 

traps have hardly changed in the last century and alternatives continue to receive limited 

research (Eason et al., 2018; Schlexer, 2008). For example, peanut butter continues to be the 

most prevalent lure used in rat (Rattus spp) “snap traps” since they were first patented in 1898 

(Eason et al., 2018). However, recent research has highlighted more attractive alternatives to 

peanut butter for rats as well as potentially equally attractive alternatives to the conventional 

cinnamon for common brushtail possums (Trichosurus vulpecula) (Jackson et al., 2015). In 

addition, field experiments in Vancouver, Canada found the addition of a male sex attractant 

pheromone blend to a food-based bait increased the trapping rate of female brown rats (Rattus 

norvegicus) compared to the food attractant on its own (Takács et al., 2016). This research also 

highlights the potential of designing mammalian predator lures and trapping regimes in a more 

strategic way, for example, by targeting females which are usually the population-limiting sex. 

The development of new feral cat control methods, including the para-aminopropiophenone 

(PAPP) toxin, continue to opt for meat-based presentation mediums, including rabbit and beef 

(de Burgh et al., 2021). However, with lure and bait attractiveness underpinning the efficacy of 

most monitoring and control methods, ongoing research and development is essential for 

optimising control programmes for feral cats and other pest mammals (Price et al., 2019). While 

some studies have assessed the attraction of food-based and social lures separately (e.g. 
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Clapperton et al. 1994), there have been limited direct comparisons of lure attractiveness under 

systematic and controlled experimental procedures to enable optimal lures to be identified 

(Eason et al., 2017). 

Food-based lures are most widely used for feral cat control and monitoring as they are easy 

to obtain, exploit an animal’s need for food and hence are also assumed to be capable of 

inducing the bite engagement required to activate many kill traps used in New Zealand (Edwards 

et al., 1997). Rabbits and rodents are the primary prey of feral cats in New Zealand, but as they 

are obligate carnivores, during periods of reduced availability cats will broaden their diet to 

other available species such as birds and lizards (Fisher et al., 2015). For this reason, meat-

derived lures are most commonly used for monitoring and control (e.g. de Burgh et al., 2021). 

However, there are a number of associated limitations which may affect lure attractiveness and 

hence must be considered (Clapperton et al., 1994; Edwards et al., 1997; Short et al., 2002; 

Fisher et al., 2015). For example, field experiments have shown the acceptability of meats by cats 

declines over time. This is attributed to the desiccation and decay of the lure and results in the 

need for lures to be replaced frequently (Clapperton et al., 1994; Short et al., 2002; Fisher et al., 

2015). Additionally, the attractiveness of foods to cats, and other mammalian predators, often 

varies according to environmental conditions such as prey availability in the area and season 

(Price et al., 2019). For example, Short et al. (2002) found that mouse carcasses and rabbit meat 

had reduced efficacy as cat lures when rabbit density in an area was high and hence cats were 

unlikely to be food-stressed. 

Research to date has not generally considered the use of social lures for use in trapping feral 

cats. For example, a ‘Scopus’ search for ‘feral cats’ and ‘social lures’ I undertook only returned 

two references, of which only one experimentally presented social lures to cats. This is 

particularly interesting given olfaction plays an essential role in social communication, predator 

and prey detection, foraging and mate choice for cats and, indeed, most mammalian predators 

(King & Forsyth, 2021; Price et al., 2019). This finding suggests that social lures may be under-

utilised as a tool for feral cat control.  

Social lures including the urine, scats and anal gland extract from conspecifics, competitors, 

predators or prey have been tested as attractants for some other predatory mammals (Price et 
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al., 2019). For instance, some mesopredators eavesdrop on olfactory secretions from apex 

predators as a method of gathering information on the predator with reduced predation risk 

(Garvey et al., 2017). Indeed, the addition of ferret odour to a traditional rabbit meat lure was 

shown to substantially increase stoat engagement times with the traditional lure (Garvey et al., 

2017). A potential advantage of social odours is they are thought to promote more species-

specific attraction than food-based odours and hence have been trialled in some feral cat control 

programmes in Australia (Fisher et al., 2015). However, in addition to food-based lures, the 

attractiveness of social lures can vary depending on environmental conditions or the life stage of 

individuals. For example, Edwards et al., (1997) showed that feral cats were predominantly 

attracted to anal gland extract from conspecifics, but this effect was greatest during the 

breeding season. 

 

2.1.1 Aims  

Olfactory lures were the focus of this study as they are the most widely used in mammalian 

predator trapping (Price et al., 2019), but have rarely been empirically tested in New Zealand 

(e.g., Clapperton et al., 1994). My study objectives were to: (1) assess the behavioural responses 

of feral cats to different food-based and social lures. I hypothesised that food-based and social 

lures would elicit sufficient levels of attraction capable of activating many live-capture traps but 

that food-based lures would be more likely to induce a bite behaviour required to activate most 

cat kill-traps used in New Zealand and; (2) compare the behavioural response of male and female 

cats to different lures to determine if there are specific lures optimal for targeting a particular 

sex, particularly females as the population limiting sex. 

The ultimate aim of this study is to inform efficient monitoring and control techniques of 

an under-studied species that is having a profound ecological impact, both in New Zealand and 

internationally.  
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2.2 Materials and Methods 

 
2.2.1 Study animals  

Sixteen wild free-ranging feral cats (8 male, 8 female) were live-trapped in the Canterbury 

region, New Zealand, by Manaaki Whenua Landcare Research (MWLR) in accordance with 

section 36 of the Animal Welfare Act 1999. Upon arrival at MWLR’s animal facility the cats were 

weighed, sexed, and given a general health check. The average body weight of cats was 2.38 kg 

for males (range 1.28 – 4.42 kg) and 2.26 kg for females (1.31 – 2.95 kg). Blood samples were 

taken from all cats and tested for Toxoplasma gondii antibodies (IgG and IgM) in the serum by 

Gribbles Veterinary Service, Christchurch, before and after the trials were completed using a 

toxoreagent kit produced by the Mast Group. Antibody detection in titres > 1:32 were classed 

positive (Mast Group, n.d.). Seven cats tested positive both before and after the trials and six 

tested negative (the remaining individuals had a differing infection status before and after the 

trials).  

Cats were individually housed in 4 m x 4 m outdoor pens at MWLR in Lincoln, New 

Zealand for the duration of trials (note: I have not provided the exact location as, for safety 

reasons, MWLR have requested that the exact location of these facilities is not disclosed). All cats 

were allowed to acclimate to their pens for a minimum of two weeks before the trials began to 

minimise any impact of stress from capture and transport affecting responses in the trials 

(Conour et al., 2006; Eason et al., 2010; Read et al., 2014). Cats were fed a variable diet 

consisting of commercially produced canned cat food, biscuits, and day-old frozen chicks, with 

water provided ad libitum. On the days I presented the lures, the cats were fed half of their usual 

ration of cat biscuits to mimic the “half-starved” state of feral cats when hunting and hence 

encountering baited traps (Wickstorm et al., 1999). Cats were housed individually in pens and 

were not handled for the duration of the trials to minimise stress and ensure experimenter 

safety. Trials were conducted between 15 March and 22 May 2021. 

 

2.2.2 Lure selection and preparation  

Sixteen lures (15 lures and one control) were presented to each cat (Table 2.1). Lures were 

selected based on being attractive to a range of predators from a review of the primary and grey 
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literature, chosen in consultation with behavioural ecologists Professor Jim Briskie, Professor 

Elissa Cameron, Dr Michael Jackson (all University of Canterbury) and Dr Patrick Garvey (Manaaki 

Whenua Landcare Research). These lures are also being tested on other mammalian predators 

as part of a wider multi-species lure development project (Pest Control That Makes Scents | 

University of Canterbury, n.d.). The selected lures consisted of a variety of food-based and social 

lures with some naturally occurring (e.g., walnuts) and some commercially produced (e.g., ‘Erayz’ 

produced by Connovation). As peanut butter is used widely for baiting predator traps (Price et 

al., 2019), it was included as an internal standard for comparison with other lures.  

To prepare lures, each whole product was first homogenised using a Nutribullet blender 

and then pipetted into 2 ml Interlab microcentrifuge cryovials (hereafter ‘vials’; see Table 2.1 for 

production details of each lure). Where required, varying quantities of water were added to lures 

to enable homogenisation and easy administration into vials. I produced enough vials of each 

lure for all my trials (i.e., one batch per lure) then stored them in a freezer at -20℃ to minimise 

spoiling. Vials were thawed two hours before presentation. As freezing has been shown to affect 

the volatility of some food products (Modise, 2008), I used a balanced trial design (see section 

2.2.4) to minimise any longer-term impacts of freezing on the behavioural results and randomly 

selected lures from the freezer for each trial. Individual lures were stored in the freezer in 

separate plastic bags to avoid cross-contamination (Edwards et al., 1997), and transported to 

MWLR in polystyrene boxes with ice packs. An empty, blank vial was used as a negative control 

(Miyazaki et al., 2017), produced, stored and transported following the same method as for the 

other 15 lures. 
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Lure type Lure name Description / production method 

Food-based 

‘Erayz’  

Rabbit-based paste produced by Connovation. Approximately 

one part of water was added to three parts of paste then 

homogenised in a ‘Nutribullet’ (hereafter ‘blender’) and 

dispensed using a syringe into vials. 

Fresh Rabbit 

Meat 

Homogenised in a blender then dispensed using a syringe into 

vials. 

Fresh Chicken 

Meat 

Homogenised in a blender then dispensed using a syringe into 

vials. 

Meal Worms  
Homogenised in a blender then dispensed into vials using a 

spoon. 

Fish   

Dehydrated in pellet form, produced by Pest Control Research 

and commercially called Cat and Mustelid Lure. 

Approximately one part of water was added to one-part of 

pellets, then homogenised in a blender and dispensed using a 

syringe into vials. 

Sardines 
John West sardines in vegetable oil homogenised in a blender 

then dispensed using a syringe into vials. 

Mayonnaise  Best Foods Real mayonnaise syringed straight into vials  

Walnuts 
Homogenised in a blender then dispensed into vials using a 

spoon. 

Peanut Butter Pics smooth peanut butter syringed straight into vials. 

Chocolate  Whittakers milk chocolate melted and then syringed into vials.  

Milk 
Water mixed with Total Colostrum powder, then syringed into 

vials. 

Social 

Cat Scent 

Hessian sack bedding and latrine material from a male feral cat 

was cut up, homogenised in a blender, and then dispensed into 

vials using a spoon. 

Mouse Scent 

Hessian sack bedding and shredded paper containing faecal 

and urine matter was cut up, homogenised in a blender, and 

then dispensed into vials using a spoon. 

Ferret Scent  

Hessian sack bedding and shredded paper containing faecal 

and urine matter was cut up, homogenised in a blender, and 

then dispensed into vials using a spoon. 

Rat Scent  

Hessian sack bedding and shredded paper containing faecal 

and urine matter was cut up, homogenised in a blender, and 

then dispensed into vials using a spoon. 

Control Control Empty vial  

Table 2.1: Description of the 15 food-based and social lures tested on pen housed feral cats 

and their production method. 
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2.2.3 Lure presentation  

Lure presentation boxes (hereafter “lure boxes”) were constructed from ‘Living & Co’ 15 L plastic 

boxes that contained 3D printed plastic mounts (to house an internal camera and the lure) and 

metal bolts to secure those in place (Figure 2.1). Lure boxes were placed in each pen along with 

a motion sensitive ‘Bushnell Core DS No Glow’ trail camera and shelter (a permanent structure / 

house for the cats) (Figure 2.2). Lure boxes were placed in the centre of each pen to maximise 

the distance from cats in adjacent pens with the box opening facing the shelter. This was to 

minimise the effects of cats in adjacent pens on behavioural responses and so cats never had to 

have their back to another cat (i.e., in a vulnerable position). Prior to trial 1, lure boxes and trail 

cameras were placed inside pens without any lure for one week so the cats could become 

desensitised to the novel object (Read et al., 2014). Lure boxes were allowed to condition 

outside at the MWLR animal facilities for four weeks before trials commenced. 
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Figure 2.1: Lure box set up: a., the lure presented inside a cryovial (A) and fixed in an extended 

position from the back of the lure box; b., schematic top view, showing cryovial (A), a 

‘Promate’ battery pack (B) for the camera (C) attached to the box in a plastic bracket; and c., a 

‘Fadeplex’ mini wifi camera field of view (depicted as area enclosed by dotted lines in b.). 
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Lure boxes were designed to mimic the shape of the ‘Timm’s trap’ with the opening size (10 x 10 

cm) representative of the most commonly used cat kill traps in New Zealand, including the ‘SA2 

Kat Trap’ (Warburton, 2015). These traps require the animal to put its head inside the trap and 

to physically engage with a trigger to activate it (Warburton, 2015). In each lure box, a single lure 

(in a vial) was presented on a 3D printed lure presenter (Figure 2.1). A Fadeplex mini wifi camera 

attached to a Promate 10,000mA battery back was installed in each lure box. I used this to 

capture in-box interactions with the lures, including a bite, which is the behaviour required to 

activate many kill traps. All the equipment inside the box (camera, cabling, battery pack and lure 

presenter) was black to blend in with the black box and minimise its impact on the animal’s 

behaviour. 

 
 
 

 
	
Figure 2.2: The layout of the 16 individual pens at MWLR. Each pen contained: A, a motion 

sensitive trial camera; B, a cat house/shelter; C, a lure box containing the lure and mini wifi 

camera; and D, the pen door. 
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2.2.4 Trial design 

I used a Latin square experimental design (Allen, 2017), consisting of 16 cats and 16 lures (15 

lures and one control per trial). Each cat was presented with a different lure in each of 16 trials 

(but never the same lure), until all 16 cats had been presented with all 16 lures. 

Cats were kept in the same pen and the same equipment (lure boxes, cameras, etc.) was 

used for the trial period duration. This prevented scent marks from one cat being introduced 

into another cat’s pen. To alleviate human scent impacting behavioural responses, I used single 

use gloves at all times and changed then between lures and pens. Lures were left in situ 

overnight, with cameras set from 12 noon until 9 am the next day to record the nocturnal 

behaviour of feral cats (National Pest Control Agencies, 2018). Trail cameras were programmed 

to start filming for 20 seconds upon activation and were set to the minimum possible trigger 

time of 0.6 seconds. Mini wifi cameras were set to infrared mode and programmed to start 

filming immediately when motion was detected, and until the motion ceased. All videos were 

recorded with a time stamp.  

A minimum of 48 hours was allowed between each of the 16 trials to prevent carryover 

effects from previous lures and minimise the likelihood of cats learning patterns (Morgan & 

Woolhouse, 1995). Following each trial, I removed the lures, mini cameras, batteries, and SD 

cards from the trail cameras. The presentation boxes remained in the pen. Where lures had 

spilled, the lure box was thoroughly rinsed with fresh water and then placed back in position in 

the pen to dry.  

 

2.2.5 Response variables 

Camera footage (both internal and external) was analysed for differences in behaviours exhibited 

by cats in response to different lures. I developed an ethogram to record behaviours (Table 2.2) 

adapted from “A Standardised Ethogram for Felidae” by Stanton et al. (2015) and based on 

preliminary analysis of video footage. Each lure presentation was scored for four behaviours - 

approach, visitation, sniff, and bite (Table 2.2). 
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2.2.6 Data analysis  

All analyses were carried out in R Studio (R Core Team, 2021) and statistical significance assumed 

wherever P ≤ 0.05. I used a binomial test to compare each lure to the best performing lure for 

each behavioural measure and against the control. This was done using the proportion of all cats 

that exhibited the behaviour for each lure. All time data was log transformed before analysis to 

meet the parametric test assumptions and checked using a Shapiro-Wilks test. I used a 

randomised block two-way ANOVA to test for variation in the time until approach, visit, sniff and 

bite behaviours across lures and differences in sex and T. gondii positive and negative cats. I 

included lure, sex, T. gondii infection status, cat number and trial night as factors in the ANOVA. I 

also used survivability analysis (‘survival’ package; Therneau, 2021) to incorporate the time it 

took for a behaviour to occur (e.g., sniffing or biting) with the specific behaviour. I did because 

lures that elicit a fast transition from initial visit to, say, a biting event, would potentially be 

better lures as they would be more likely to get an animal to engage with the trap boxes or 

monitoring device before it gets disinterested, wary and/or leaves.  
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Table 2.2: Ethogram of behaviours used to measure the attractiveness of different lure to feral cats, 

adapted from “A Standardised Ethogram for Felidae” by Stanton et al. (2015). 

 

Behaviour  Description  Measurement metric (s) Diagram 

1. Approach 

Time for cat 

to first 

approach 

lure box 

1 Time from cat first activating 

trail camera until first 

approach event, where 

approach event = the cat is 

within one “lure box length” 

of the lure box. 

 

2. Visitation 

Cat’s head is 

inserted into 

lure box 

1. Binary measure yes/no, 

where visitation event = both 

eyes and nose inside the box 

2. Time from cat first activating 

trail camera until first 

visitation event  

3. Time from first approach 

event until first visitation 

event   

3. Sniff 

Cat sniffs the 

lure in the 

cryovial    

1. Binary measure yes/no, 

where sniff event = nose is 

within 2 cm of the cryovial 

opening 

2. Time from cat first activating 

trail camera until first sniffing 

event  

3. Time from first visitation 

event until first sniff event   

4. Bite 

Cat physically 

engages with 

lure using its 

mouth, i.e., 

bite, chew, 

or lick 

1. Binary measure yes/no  

2. Time from cat first activating 

trail camera until first bite 

event 

3. Time from first sniff event 

until first bite event 
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2.3 Results 

 
2.3.1 Attraction 

 

Approach 

There was no statistical difference in approach between lures, with all 16 lures approached by 

every cat (Binomial test, P = 1; Figure 2.3a.). There was also no statistical differences in approach 

between males and females for any lures (Binomial test, P = 1). There was also no statistical 

difference in the time until first approach across all lures (ANOVA: F = 1.31, df = 15, P = 0.20). 

 

Visit and Sniff 

Visit and sniff events were closely associated, with 96% (220/231) of first sniff events occurring 

within five seconds of the first visit event. All 16 lures had high visitation and sniff rates of 

between 0.75 and 1, including the control with a visitation rate of 0.94 (Figure 2.3b; Figure 2.3c) 

All first visit and sniff events occurred between 1 second and 9 hours after first activating the 

trail camera, and on average less than 70 minutes after the first activation of the trail camera. 

There was no statistically significant effect of lure on time from first camera activation until first 

visit (ANOVA: F= 1.58, df = 15, P = 0.08) or sniff event (ANOVA: F = 1.71, df = 15, P = 0.054). That 

said, both are very close to significant, with the general fast conversion time from activation to 

both visit and sniff events likely causing the trend.  

 

Bite  

Fourteen lures (all except cat scent and the control) received a bite response from at least one 

individual (Figure 2.3d). Bite events occurred between 2 seconds and 10 hours after first 

activating the trail camera, and on average less than 70 minutes after activation. ‘Erayz’ was the 

best performing lure in terms of prompting a bite response, with a rate of 0.81 (i.e., 13 of 16 cats 

performed a bite). ‘Erayz’ also statistically outperformed 14 other lures which had bite rates of 

0.56 (9/16) or below (Binomial test, P ≤ 0.02). ‘Erayz’ did not quite statistically outperform fresh 

rabbit meat which had a bite rate of 0.63 (10/16; Binomial test, P = 0.06). There was no statistical 
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difference in the average time from first camera activation until first bite event across lures 

(ANOVA: F = 1.74, df = 15, P = 0.10).  

 

Survivability analysis 

I only ran survivability analysis for the bite response due to the nearly saturation of behaviours 

seem for approach, visit and sniff. A log rank test found a statistical difference in the survival 

probability of different lures for biting (P < 0.0001). Both ‘Erayz’ and rabbit meat were the top 

two lures – being bitten in greater numbers and more quickly than other lures at all time points. 

For example, fifty-percent of ‘Erayz’ biting events occurred within seconds of the first approach 

(Figure 2.4). 
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 P < 0.05) while 

 
Figure 2.3: Rates of a. Approach, b. Visit, c. Sniff and d, bite for each lure. Lures to the right of 

the dashed line in d indicates those statistically outperformed by the lure with the largest bite 

rate, ‘Erayz’. Asterix (*) indicates lures which had statistically different rates of engagement 

between male and female cats and a discussed further in section 2.3.2.  
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2.3.2 Sex differences 

Chicken, sardines, and peanut butter had greater bite rates from males than females (Binomial 

test; chicken P < 0.001; sardines and peanut butter P < 0.05) while mayonnaise had a greater 

bite rate from females than males (Binomial test, P < 0.05). 

 

	

Figure 2.4: Survivability analysis for 16 lures where “Survival probability” refers to the 

probability of an animal not biting or licking a lure as required to activate most kill traps (see 

section 1.2.4), hence killing the animal. Time is measured from the first trail camera 

activation. Both ‘Erayz’ and rabbit meat were the top two lures – being bitten in greater 

numbers and more quickly than other lures. 
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Across all lures, for approach, visit and sniff, there was a significant effect of sex on the 

time from first trail camera activation until the behaviour was first exhibited (ANOVA: approach F 

= 14.02, df = 1, P < 0.001; visit F = 10.96, df = 1, P < 0.01; and sniff F = 10.52, df = 1, P < 0.01), 

with males exhibiting these three behaviours faster than females (Figure 2.5). There was no 

significant effect of sex on the time until the first bite was exhibited (ANOVA: F = 2.25, df = 1, P = 

0.14).  

 
2.3.3 Toxoplasma gondii infection  

T. gondii infection did not have a statistically significant effect on the time from first trail camera 

activation until each of the four measured behaviours were exhibited (ANOVA: approach F = 

0.08, df = 1, P = 0.77; visit F = 0.71, df = 1, P = 0.40; sniff F = 1.3, df = 1, P = 0.26; bite F = 0.90, df 

= 1, P = 0.35).  

 

	

	

Figure 2.5: Average time (log (seconds + 1)) from first activating the trail camera to first 

demonstration of: a. Approach, b. Visit, c. Sniff and d. Bite behaviours for male and female 

cats. Asterix (*) indicate behaviours which were significantly affected by sex.  
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2.4 Discussion  

 
2.4.1 Lure attraction 

This study is one of the first to compare different food-based and social olfactory lures for their 

ability to induce the behaviours required to activate commonly used cat traps in New Zealand. 

However, a bite response was the only measured behaviour that induced significant variation in 

engagement across lures, with ‘Erayz’ the top-performing lure. The 100% approach rate of cats 

to the lure box and high rates of both visit and sniff behaviours are likely attributed to the small 

(4m x 4m) pen size and lack of other stimulation or threats inside pens, leading to individuals 

engaging with the novel lure box.  

‘Erayz’, a commercially produced rabbit-based paste, outperformed all lures except for 

fresh rabbit meat for generating a bite or lick response from cats. Rabbit-based lures could, 

therefore, be used as a lure to maximise the success rate of kill traps such as the ‘Timm’s trap’ 

and ‘SA2 Cat Trap’ which require a physical bite or lick engagement to be activated. ‘Erayz’ can 

also be purchased as a dried product alternative to increase the longevity of the lure 

(Connovation, n.d.). If future testing demonstrates this dried form induces the same high levels 

of bite engagement, dried ‘Erayz’ could be utilised in trapping regimes to save on time and 

monetary costs associated with frequent lure-replacement. Additionally, rabbit-based lures 

could be used for increasing the accuracy of some other monitoring methods. For example, most 

initial sniff events (81%) for ‘Erayz’ then converted to a bite or lick which could increase the 

sensitivity of chew cards for detecting the presence of cats. Lure chew rate has also been 

correlated with consumption for other species including rats (Rattus spp.; Jackson et al., 2015). 

This may suggest that the high bite rate of rabbit-based products means they could form the 

basis as a carrier medium for cat toxins to maximise consumption and minimise the likelihood of 

sub-lethal doses. Recent research supports the use of rabbit as a carrier bait for poisons such as 

para-aminopropiophenone (PAPP). In a field trial conducted in Hawke’s Bay (NZ), rabbit meat 

was favoured over beef when both were presented as toxin carrier mediums at the same bait 

stations. At stations where only one of the baits were removed by cats, 32 of them were rabbit 

compared to just six for beef (de Burgh et al., 2021). This suggests that rabbit-based lures are 

highly effective in both inducing a bite response and increasing consumption rates. Interestingly 
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it appears ‘Erayz’ and other palatable rabbit-based products are effective attractants for use with 

multiple-species (e.g., mustelids; Schlexer, 2008) as well as being effective with multiple different 

monitoring and control methods.   

Pen-housed feral cats were fed a variable diet and half-fasted intermittently, but it is 

impossible to accurately replicate natural wild feeding behaviour using just pen studies, as the 

behaviour of wild animals is likely to vary geographically and spatially. As most lures in the 

bioassay were food-based, this may have influenced the interaction with such lures including 

‘Erayz’. For example, the general preference for rabbit-based lures could be attributed to the 

previous experience with the product, where European rabbits (Oryctolagus cuniculus), are the 

primary prey item of feral cats on islands (Bonnaud et al., 2011), and likely inclusive of the cats I 

used in my study prior to being trapped and housed in captivity. When rabbit abundance is 

reduced in Australia, for example, feral cats tend to prey switch to rodents and other small 

mammals (Doherty et al., 2015). I therefore suggest that future studies consider testing cats 

from multiple geographic locations where the primary prey species of cats is likely to differ to 

ensure the robustness of this finding. 

 Social lures have been proposed as an alternative to food-based lures for feral cats as 

they have potential to induce more species-specific attraction (Miyazaki et al., 2017). However, 

in this experiment social lures performed poorly relative to food-based lures in terms of 

promoting the bite response required for kill-trap activation, with all four scents (mouse, rat, 

ferret, and cat) in the bottom half of the 16 contenders. That said, it could be argued that social 

lures derived from bedding or latrine material would be unlikely to elicit a bite response. 

Nonetheless, the results confirm that food-based lures appear to be superior to social lures for 

use with commonly used bite-activated kill traps. However, some researchers have 

demonstrated higher levels of attraction for social lures than food-based contenders based on 

other behaviours. For example, Edwards et al. (1997) found that two social lures, male and 

female anal gland extract alongside sun-dried prawns were the only lures (of 13) in a field trial to 

statistically outperform the control in terms of investigation scores from cats. Social lures could 

therefore still be effective when used in live capture cages or leg-hold traps which require a less 

localised investigative behaviour to be activated. However, Short et al. (2002) suggests social 
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lures may only be a suitable alternative under certain environmental conditions, including the 

breeding season and/or when cat populations are not food-stressed. Presenting these lures in a 

less confined environment such as a field setting is likely to enable the attractiveness of social 

lures to feral cats to be more accurately measured and their usefulness with different trapping 

techniques used in New Zealand. 

Male cat scent (homogenised latrine material) was tested with the rationale that it may 

be an effective sex-specific lure for targeting the opposite sex, as has been shown in ferrets 

(Mustela furo; Edwards et al., 1997). If successful, focusing on reducing the abundance of 

females as the population limiting sex could increase the effectiveness of control operations. 

However, I found no evidence of this lure generating sex-specific attraction responses, which is 

likely due to the overall high levels of engagement with all lures. Although, this study only used 

the scent from one cat, so future studies could increase replication to multiple cats. This would 

account for the chance that the single cat had a particular odour, for example, indicating it was 

sick which would likely inflict avoidance behaviour from other cats regardless of the attraction of 

the male scent. Cat scent was also the only lure other than the control to not receive a bite or 

lick from any individuals. Other studies have suggested cats are attracted to the lure (e.g. 

Edwards et al., 1997; Miyazaki et al., 2017), but like this study, none have shown evidence of it 

inducing a bite or lick response from cats and hence it is unlikely to be suitable for use with bite 

activated kill traps. Like the other social lures, cat scent should be presented in a “wild” setting to 

gauge more meaningful measures of its attractiveness to feral cats. Furthermore, investigating 

different social lures (e.g., facial gland extract) may elicit different behaviours from latrine 

material and therefore may be worthy of further testing.  

 

2.4.2 Sex effects 

Sex had a significant effect on the time to first approach, visit and sniff, with males exhibiting 

these behaviours significantly faster than females. These are considered “bold” behaviours as 

they require the animal to come in close contact with a lure box (a novel object), or to insert its 

head in the lure box (Schaffer et al., 2021). The shorter time taken to exhibit these behaviours 

suggest males might be less risk averse and neophobic which could mean they have a higher 
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chance of being trapped than females. Similar results have been seen in a camera trap study 

with jaguars (Panthera onca), where 55% of captures were male compared to 36% female (the 

remaining were unidentifiable), indicating the females were likely more timid towards the novel 

apparatus than males (Srbek-Araujo, 2018). Edwards et al., (1997) also found a male bias in cats 

caught in a live capture trapping regime (71% male), implying that, assuming male and females 

are at a similar abundance in the wild, males could be more trappable than females. While 

controlling females if preferable to suppress population growth, maximising control of males in a 

population may also be beneficial. For example, males often tend to be larger than females (see 

section 2.2.1), have bigger home ranges (Harper, 2004) and thus may threaten a greater number 

of prey (including native birds and lizards) than females. I found that four lures elicited 

statistically different bite rates for male and female cats and therefore could be used for more 

sex-specific cat control. For example, if females are the target sex of a control operation, then 

mayonnaise is a preferable lure choice. However, overall ‘Erayz’ still evoked the greatest bite 

rate from females and hence should be used if both sexes are being targeted.  

 
2.4.3 Toxoplasma gondii infection 

Previous research has associated T. gondii parasite infection with behavioural changes in some 

mammals (e.g., rats and humans), including increased risk-taking behaviour and reduced 

neophobic tendencies (Tong et al., 2021). For example, T. gondii infected rats have been shown 

to be more exploratory and trappable than their non-infected conspecifics (Tong et al., 2021). As 

felines are the definitive host for the parasite, T. gondii infection was measured and included as 

a factor in the statistical analysis (see section 2.2.6). However, T. gondii infection did not have a 

significant effect on the time until first approach, visit, sniff, and bite events for cats, although it 

should be noted that my sample size was small when comparing infected with non-infected 

animals. T. gondii infection is theorised to manipulate the behaviour of intermediate hosts (e.g., 

rodents) to be more bold and hence vulnerable to predation by felines, as the definitive host 

(Tong et al., 2021). This same behavioural manipulation therefore may not necessarily be 

advantageous for the cats when hunting prey species.  

 



 46 

2.5 Conclusions   

Rabbit-based lures outperformed all lures tested for inducing a bite response (and in my 

survivability analysis), indicating it may be a preferable lure for use in many feral cat bite 

activated kill traps. Additionally, it could be utilised to increase the sensitivity of some monitoring 

devices such as chew cards which also require a bite to detect animals but have been rarely 

utilised for cat monitoring. This study was, however, unable to differentiate lures by other 

behaviours. High levels of interaction from captive animals to a stimuli are often attributed to 

lack of other stimulation (Jayne & See, 2019) and therefore future research should focus on 

testing lures in a wild context to further differentiate lure attractiveness, particularly the 

potential of social lures in terms of different trap-specific behaviours.  

This knowledge will be used to inform more efficient feral cat monitoring and control 

programmes, particularly using bite-activated kill traps to ultimately reduce population densities 

and minimise the detrimental impact of feral cats on New Zealand’s unique biota.  
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CHAPTER 3 

Field trials: do they support the use of pen trials for 

mammalian predator research? 

 

 
 

Title page images: Some of the animals captured engaging with the lure or lure box in the field 
(clockwise from top left): cat, hedgehog, stoat, toddler, possum, and pig. © Charlotte Jones 
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Abstract 

Accurate and efficient methods of studying animal behaviour are essential for enabling the 

further development of predator monitoring and control tools, technologies, and attractants. 

Pen trials benefit from enabling multiple treatments to be efficiently tested on subjects in a 

controlled environment yet have rarely been assessed for their ability to represent wild, free-

ranging animals. Here, I assessed the accuracy of using pen trials for testing mammalian predator 

attractants by presenting four lures (three and a control) which had previously been tested on 

captive feral cats (Felis catus), in a field context. A hierarchy of behaviours (visit, sniff, bite) was 

observed in the field, compared to the high rates recorded in the pens. The ranking of lures 

based on the activate-to-bite conversion rate could not be replicated across the two methods, 

where two of the three lures had significantly different conversion rates. Overall, a lower 

proportion of activation events were converted into a bite event in the field than in the pens, 

indicating pen trials are likely to over-estimate the effectiveness of lures with bite-activated 

traps. Future monitoring and control technologies should utilise less-specific attraction 

behaviours such as a visit to maximise the sensitivity and effectiveness of devices. The use of 

field trials will also enable a wider array of behaviours in addition to a bite response to be 

measured. These findings suggest that where possible, field-based approaches should be opted 

for instead of pen studies to represent the behaviours of wild, free-ranging animals. 
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3.1 Introduction  

Effective and accurate methods of studying mammalian predator behaviour are central to 

enabling the development of control and monitoring tools and technologies, including lures 

(Eason et al., 2017). Pen studies are a common alternative method to field-based trials as they 

enable a large number of treatments to be tested on captive bred or wild-caught animals in a 

relatively time and cost-effective manner (Clapperton et al., 2006). They also allow for an array 

of environmental variables to be controlled (e.g., food availability and interference from non-

target species). Despite these benefits, concerns have been raised regarding the validity of 

behavioural data collected from captive animals and, critically, its ability to represent the 

behaviour of wild populations (Jayne & See, 2019).  

Captive animals (born in captivity or wild-caught) are subject to significantly different 

conditions from their wild, free-ranging counterparts (Jayne & See, 2019). Captive environments, 

such as pens or laboratory cages, are usually smaller and less complex than the animal’s natural 

habitat and include routines on animals not experienced in the wild. The predictivity of feeding 

times, and many other husbandry activities experienced in captive environments, has been 

shown to impact the behaviour of some species (Bassett & Buchanan-Smith, 2007). For example, 

Fischer & Romero (2019) found that 74% of studies on captive animals reported a reduction in 

reproduction compared to wild-free ranging animals. Intriguingly, the short-term activation of 

corticosteroid hormones is associated with unpredictable environmental factors (Bassett & 

Buchanan-Smith, 2007). This, in turn, induces foraging and territorial behaviour in many 

vertebrates, which is likely suppressed in a captive environment (Bassett & Buchanan-Smith, 

2007). This suppression of natural behaviour in captive animals could, therefore, lead to 

unreliable measures of interaction with treatments in an experiment and hence invalid 

inferences for the behaviour of wild, free ranging animals.  

Animals in captive settings may also be subjected to a range of “abnormal” experiences 

that can influence experimental outcomes. For example, the type and availability of food in 

captivity may influence the attractiveness of food-based baits and lures which are frequently 

tested for their attractiveness using captive animals (e.g., Clapperton et al., 2006; Jolley & Jolley, 

1992). This effect can be lessened by partially randomising feeding times and food availability; 
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however, it is usually impossible to replicate food availability and hunting, or foraging behaviour 

as experienced by the animals in the wild. This is concerning given food-based treatments such 

as baits and lures are frequently tested using this method (e.g., Wickstorm et al., 1999). Pen-

housed animals may also lack the stimulation which is usually experienced in the wild (Jayne & 

See, 2019). In the context of lure or trap experiments, for example, unusually high levels of 

interaction may be observed in captive studies as animals could be bored or may not be as 

attentive to predation threats and hence may behave more boldly and more likely to engage 

with treatments. The combination of these factors could have driven the high levels of 

interaction with treatments I detailed in section 2.4.1.  

The behaviour of feral cats (Felis catus) is difficult to study in the wild as they are cryptic, 

usually found at low densities and have large home ranges (Fisher et al., 2015). As detailed in 

section 1.2.5, this means field trials generally require high levels of replication (trap nights) to 

capture any interaction from cats, resulting in significant labour, time, and monetary costs. For 

this reason, pen studies are one of the main methods employed to study feral cat behaviour for 

the development of control and monitoring technologies (e.g., Eason et al., 2010; Read et al., 

2014) and why I chose to use them for Chapter 2. However, feral cats are usually fearful around 

humans (Fisher et al., 2015), and as humans are frequently required to conduct husbandry tasks 

in and around pens, this interaction is likely to impact any behavioural data collected through 

this method. This may make it even more difficult to make inferences about wild, free ranging 

cats based on pen study data.  

Jolley & Jolley (1992) state that pen trials are of no benefit to research if the associated 

behavioural data cannot be used to create meaningful inferences about wild, free-ranging 

animals. They also highlighted that pen trial experiments to date had avoided rigorous validation 

by equivalent field trials and that without verification, the pen study results were unreliable. 

Despite this, mammalian predator studies published since 1992 have only rarely implemented 

field trials in conjunction with pen trials (e.g., Clapperton et al., 1994; Wickstorm et al., 1999). 

For example, while testing cat attractants, Clapperton et al., (1994) found that catnip and 

matatabi both performed highly in terms of mean sniffing time and “activity score” (no. of cat 

paw prints at presentation site) in pen and field trials, respectively. However, their study did not 
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exactly replicate the attraction metrics or presentation method in both settings and hence is not 

a complete validation for pen trials. Similarly, when testing attractants for dingoes (Canis 

familiaris dingo), Jolley & Jolley (1992) found a strong correlation between the proportion of 

dingoes which responded to lures in the pen trials, and the lure station visitation rate in the field. 

However, a multitude of other parameters measured in the pen trials (e.g., find time, 

investigation time and behaviour scores) had no significant correlation with visitation rate in the 

field, highlighting the need to validate pen trial data in a field context, to determine what 

attraction metrics from pen trials can have meaningful inferences for wild, free-ranging animals. 

 

3.1.1 Aims 

Here, I aimed to replicate my lure pen trials (Chapter 2) on wild, free-ranging animals by testing a 

subset of lures from the pen trials in a field context. Secondly, I aimed to compare the 

behavioural responses of feral cats to these lures between the pen and field trial methods.  

 

3.2 Methods 

 
3.2.1 Study sites 

Eleven sites were selected for field trials – two in the North Island (Figure 3.1a), and nine in the 

South Island of New Zealand (Figure 3.1b). The sites were: 1) Egmont National Park (39°09ʹ59ʺS 

173°56ʹ53ʺE); 2) Omata (39°05ʹ21ʺS 174°00ʹ42ʺE ); 3) Orton Bradley Park (43°39ʹ57ʺS 

172°42ʹ34ʺE); 4) Otahuna Reserve (43°39ʹ43ʺS 172°36ʹ40ʺ); 5) Weedon’s Ross Road, Mclean’s 

Island (43°28ʹ14ʺS 172°23ʹ18ʺ); 6) Miner’s Bank Road, Mclean’s Island (43°27ʹ22ʺS 172°26ʹ15ʺE); 

7) Cass Bay (43°36.05ʹS 172°41.58ʹE); 8) Victoria Park (43°35.70ʹS 172°38.72ʹE); 9) Travis Wetland 

(43°29.13ʹS 172°41.83ʹE); 10) Bottle Lake Forest Park (43°27.50ʹS 172°41.32ʹE) and 11) Tūhaitara 

Coastal Park (43°19.50ʹS 172°42.06ʹE). Sites were selected through discussions with local 

community predator control groups and land managers/owners and based on anecdotal 

evidence of recent feral cat sightings, the availability of forest/bush margin habitat for camera 

trap placement (Nichols et al., 2019) and locations of previous feral cat research (e.g., Hansen et 

al., 2018). Sites were a minimum of 5 km apart to ensure independence between sites (Hansen 

et al., 2018). 
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3.2.2 Lure selection and preparation 

Four lures (three treatment lures plus a control) were presented at each of the 11 field sites. The 

lures were selected from an original 15 lures previously tested in a pen bioassay (see Table 2.1). I 

decided to only test three lures in the field trials as obtaining camera trap data for feral cats and 

other species normally found at low densities in the wild is highly laborious and costly due to the 

large number of replications required (as previously discussed in section 1.2.5). Therefore, given 

the time, labour, and equipment constraints of this project, it was not feasible to test all 15 lures 

in the field. Instead, I chose three treatment lures that showed the greatest variation in bite 

rates in the pen trials (see section 2.3.1) as this was the only behaviour showing variability in the 

pen trials. Using a small subset enabled the level of replication to be increased to maximise the 

likelihood of gaining sufficient feral cat interactions to differentiate lures based on behavioural 

responses. The chosen lures were ‘Erayz’ (produced by Connovation), mayonnaise, and fish, 

which had respective bite rates of 0.87, 0.44 and 0.19. Lures were produced, stored, and 

transported following the same method as for the pen bioassay, described in section 2.2.2.  

a.                                                   b. 

    
 

Figure 3.1: The 11 field sites, where red dots indicate trial sites conducted throughout winter 

(19 July – 17 August 2021) and yellow dots indicate trial sites conducted throughout spring 

(22 September – 29 October 2021). Field trials were carried out in ‘a’, Taranaki, New Zealand; 

and ‘b’, Canterbury, New Zealand (inserts show geographic location of each region in New 

Zealand). Map modified from https://www.topomap.co.nz/ 
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3.2.3 Lure presentation 

As the internal cameras in the lure presentation box (hereafter “lure box”) I used in the pen 

bioassay (see section 2.2.3) have a limited battery life (< 24 hours) and were not weatherproof, I 

modified the boxes to enable the Bushnell DS Low Glow trail camera to capture the in-box 

interactions of animals with the lures (Figure 3.2). I modified the box by removing a portion of 

the side panel from the box and replacing it with wire mesh to provide visibility inside the box 

(Figure 3.2a & 3.2b), whilst preventing animals from interacting with the lure through the open 

panel. As the size and colour of the boxes remained the same between the pen and field trials, I 

assumed the change in cameras had little effect on differences in cat behaviour. 

Trail cameras were positioned 15 cm from the ground on metal waratahs and 1 m from 

the side opening of the lure box (Figure 3.2c). Lure boxes were secured to the ground with four 

mat pins to mitigate animals or wind knocking over the boxes and preventing the camera’s ability 

to capture interactions. Cameras were positioned with the lure box in the centre of the field of 

view to maximise camera trigger events and thus detection probability (Meek et al., 2014). If 

required, a small amount of vegetation was removed from the camera’s field of view to reduce 

false trigger events (Nichols et al., 2019). All cameras were programmed to start filming for 20 

seconds after activation and were set to the minimum possible trigger time of 0.6 seconds. 

Videos were recorded with a time stamp.  
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3.2.4 Trial design 

At each site, four lure boxes - each paired with a Bushnell Core DS No Glow trail camera - were 

installed along a transect, with a minimum 500 m between boxes (Glen et al., 2016; Nichols et 

al., 2019). Camera traps were set in native or exotic forest or forest margins as these habitat 

types were shown by Nichols et al. (2019) to maximise cat detection rates in New Zealand 

landscapes. Lure boxes and camera traps were placed in situ without a lure at least one-week 

prior to the start of the trial to allow the box to weather and so animals could be conditioned to 

the presence of the novel object (Hansen et al., 2018). I left cameras in the same position at the 

a.                                                                                 b. 

              
                                 c.  
 

 
 

Figure 3.2: The modified lure presentation box where ‘a’ shows the interior aerial view; ‘b’ 

shows the side profile; and ‘c’ shows the lure box and camera trap in situ at field sites.  ‘A’ 

depicts the lure placement and ‘B’ shows the panel removed and replaced with wire netting.   
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same site for the duration of trial as Seidlitz et al. (2021) found that camera repositioning within 

sites did not increase the detection rate of feral cats.  

Each lure box contained one of the three lures (‘Erayz’, mayonnaise and fish) or a control 

(empty vial) for one presentation event (seven-day presentation period at each camera site). 

Thus, each site had all four lures presented at the same time. Lure presentation was randomised 

within-site locations using a Latin square design to ensure each lure was presented in every box 

over the course of the four-week trial (i.e., a balanced design). Lures were left in situ for 7 nights. 

Lures, batteries, and SD cards were changed every 7th day to mimic the estimated bait 

replenishment rate of many community-based trapping lines (P. Morgan; Kaitake Ranges 

Conservation Trust, pers. comms, 1 July 2021). A new pair of single-use nitrile gloves were worn 

at each site, and between lures, to mitigate carryover from previous lures and eliminate the 

chance of contaminating trap boxes and lures with human scent. Lure boxes and camera traps 

were set in situ for four weeks (28 days) between 19 July to 29 October, totalling 1,232 camera 

trap nights. 

 
3.2.5 Response variables 

I used an adapted form of the ethogram I used for the pen trials for the field trials (Table 3.1). 

This was because the trail camera placement differed slightly from the pen trials. This meant the 

“approach” behaviour was removed from the ethogram as most animals were already within an 

estimated “one box length” of the lure box when first activating the trail camera. The time the 

animal first activated the trail camera was used as the initial start time for measuring the time 

until each other behaviour was exhibited and recorded, even if the cat did not engage with the 

box or lure. The conversion rate of trail camera activations to visit, sniff and bite behaviours were 

calculated for all lures (i.e., the number of sniff events / number of trail camera activation 

events). The time from camera activation to each behaviour was measured because lures that 

can induce a quicker interaction are more likely to result in a successful trapping event, for 

example, by minimising the time for the animal to become distracted.  

I used the unique markings and patterns of cats to differentiate individuals (Figure  3.3). 

This was to ensure independence of interactions by eliminating data from the same cat 

interacting more than once with the same lure at the same camera site. Any individuals detected 
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wearing a collar were assumed to be domestic pet cats and were omitted from further analysis. 

As interference from non-target species can affect the attraction of lures to some species (Burge 

et al., 2017; Hartley & Wittmer, 2018; Sweetapple & Nugent, 2011), physical engagement with 

the box or lure by any other species such as brushtail possums (Trichosurus vulpecula), mice 

(Mus musculus) or rats (Rattus spp.) during the presentation period was also recorded.  
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Table 3.1: Ethogram of behaviours used to measure the attractiveness of different lures to feral 

cats when presented in the field, adapted from “A Standardised Ethogram for Felidae” by Stanton 

et al., (2015). 

Behaviour  Description  Measurement metric (s) Diagram 

1. Activate 
camera 

Time the cat 

first activates 

the camera 

(used as start 

point for other 

behaviours) 

 
1. Binary measure yes/no  

2. Time stamp of when the cat 

first activates the trail 

camera 

 

2. Visit 
Cat inserts head 

into the lure box 

1. Binary measure yes/no, 

where visitation event = 

both eyes and nose inside 

the box 

2. Time from cat first activating 

trail camera (behaviour 1) 

until first visitation event   

3. Sniff 
Cat sniffs the 

lure in the 

cryovial    

1. Binary measure yes/no, 

where sniff event = nose is 

within 2 cm of the cryovial 

opening 

2. Time from cat first activating 

trail camera (behaviour 1) 

until first sniffing event   

4. Bite 

Cat physically 

engages with 

lure using its 

mouth, i.e., bite, 

lick or chew 

1. Binary measure yes/no  

2. Time from cat first activating 

trail camera (behaviour 1) 

until first bite event 
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3.2.6 Data analysis 

All analyses were carried out in R Studio (R Studio Team, 2021) and statistical significance was 

assumed wherever P ≤ 0.05. I used a binomial test to compare the conversion rate of trail 

camera activation to visit, sniff and bite behaviours (proportion of cats which activated the trial 

camera and then went on exhibit the behaviour) as detailed in Chapter 2. Binomial tests were 

also used to compare these conversion rates between pen and field trials. All behaviours were 

also investigated using a survivability analysis from the ‘survival’ package (Therneau, 2021) as 

detailed in Chapter 2 to incorporate the time to each behaviour and to identify which lures 

elicited the behavioural responses in the shortest time period. I used the ‘lme4’ package (Bates 

et al., 2015), to run binomial generalised linear mixed-effects model to determine if the physical 

interaction with the lure box by any non-target species affected the subsequent interaction by a 

cat for each presentation event. 

 

a.                                                                     b. 

     
c.                                                                      d.             

     
 
Figure 3.3: Individual cats were identified based on different colourings and patterns, or, for 

similarly patterned or coloured animals, from distinctive markings such as the white mark shown 

in ‘d’.  
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3.3 Results 

 
3.3.1 Field trials 

A total of 98 trail camera activation events by feral cats were recorded over the 1,232 trap nights 

(Figure 3.4). This equates to a camera trap capture rate of 0.08 or about one cat every 12 trap 

nights. During trial eight, I was unable to retrieve two cameras. One was missing, presumed 

stolen and the second was damaged (unknown cause) and the data unrecoverable. I omitted the 

data from both cameras from my analysis. A single cat captured by the cameras was wearing a 

collar (trial six), and hence considered domestic and excluded from any analyses.  

Of the cat trail camera activation events, the mayonnaise lure had the greatest (28; 

Figure 3.4), followed by the control and ‘Erayz’ (both 25), then fish (20).  

 

Non-target species impacts 

I identified at least 11 different non-target species interacting with the lure or lure box over the 

1,232 camera trap nights. These species included brushtail possum (Trichosurus vulpecula); mice 

(Mus musculus), rats (Rattus spp.), hedgehog (Erinaceinae europaeus), stoat (Mustela erminea), 

 
Figure 3.4: Rates of four attraction behaviours recorded from feral cats in response to four 

lures presented in a series of field trials across Canterbury and Taranaki from 19 July to 29 

October 2021.  
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ferret (Mustela putorius furo), European rabbit (Oryctolagus cuniculus), deer (Ceridae spp.), 

cattle (Bos taurus), domestic dog (Canis familiaris) and humans (Homo sapiens). Possums had 

the greatest visitation rate, exceeding that of cats (Figure 3.5). Of the species which physically 

interacted with the lure or lure box prior to a cat in a single presentation event, there was no 

statistically significant association between the two events for any species (Binomial generalized 

linear mixed-effects model, possum P = 0.067; mouse P = 0.95; rat P = 0.54; hedgehog P = 0.27; 

stoat P = 0.22; deer P = 1; cattle P = 1; dog P = 1). I therefore did not include non-target species 

in the following analysis. 

 

Visits to lure boxes 

Of the 98 camera activations, only 26 resulted in a visitation to the box by a feral cat. Fish lures 

had the greatest number of visitations (10; Figure 3.4), followed by ‘Erayz’ (9), mayonnaise (4) 

and the control (3). Fish also had the greatest activation-to-visit conversion rate (0.5 i.e., half of 

all activations led to a visit), followed by ‘Erayz’ (0.36), mayonnaise (0.14), and the control (0.12). 

 
Figure 3.5: All species that physically engaged with the lure box and/or lure during the field 

trials, where “presentation event” refers to the presentation period (one week) for each 

lure at each camera site.  
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There was no statistical difference in the conversion rate between fish and ‘Erayz’, but both 

statistically outperformed mayonnaise and the control in terms of the activation-to-visit 

conversion rates (P values presented in Table 3.2a). A survivability analysis showed that most 

visit events occurred less than 10,000 seconds after first activation event, but with some (fish 

and the control) also occurring between 10,000 and 20,000 seconds after activation (Figure 

3.6a).  

 

Sniffing  

Twenty-three camera activations by cats resulted in a sniff event. Fish lures received the greatest 

number of sniffs (9), followed by ‘Erayz’ (8), mayonnaise (4), and the control (2). Fish also had 

the greatest activation-to-visit conversion rate (0.45 i.e., 45% of activations led to a sniff event), 

then ‘Erayz’ (0.32), mayonnaise (0.14) and the control (0.08). There was no statistical difference 

in the conversion rate between fish and ‘Erayz’ but both statistically outperformed mayonnaise 

and the control in terms of the activation-to-visit conversion rates (P values presented in Table 

3.2b).  A survivability analysis showed that most sniff events occurred within the 10,000 seconds 

after first trail camera activation, but with some sniffs also occurring between 10,000 and 20,000 

seconds after activation for fish and the control (Figure 3.6b). 

 

Biting  

Fifteen trail camera activation events were converted to a bite. The fish and ‘Erayz’ lures had 

equally the greatest number of bite events (6), then mayonnaise (3), with the control receiving 

zero. Fish had the greatest activation-to-bite conversion rate (0.3 i.e., 30% of activations led to a 

bite response), then ‘Erayz’ (0.24), mayonnaise (0.11) and the control (0). There was no 

statistical difference in the activation-to-bite conversion rate between fish and ‘Erayz’, but both 

statistically outperformed mayonnaise and the control for converting an activation event to a 

bite (P values presented in Table 3.2c). A survivability analysis showed that all bite events 

occurred within the first 10,000 seconds after trail camera activation (Figure 3.6c), and hence 

any sniff or visit events that occurred later than 10,000 seconds after first activation were not 

converted into a bite.  
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Table 3.2: Binomial tests comparing the conversion rate from trail camera activation to ‘visit’, 

‘sniff’ and ‘bite’ behaviours for four lures presented to feral cats in the field. “*” indicates a 

significant difference between the two treatments.  

Lure  Fish Mayonnaise ‘Erayz’ 

    
a. Visit 

Control P < 0.0001*** P = 0.768 P < 0.05* 

Fish ----------- P < 0.001*** P = 0.229 

Mayonnaise  ----------- ----------- P < 0.05* 

    
b.  Sniff 

Control P < 0.0001*** P = 0.279 P < 0.001** 

Fish ----------- P < 0.001** P = 0.230 

Mayonnaise  ----------- ----------- P < 0.05* 

    
c.  Bite 

Control P < 0.0001*** P < 0.0001*** P < 0.0001** 

Fish ----------- P < 0.05* P = 0.664 

Mayonnaise  ----------- ----------- P < 0.05* 
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Figure 3.6: Survivability analysis of four lures presented to feral cats in field trials, where the 

behaviours ‘a.’ visit; ‘b.’ sniff; and ‘c.’ bite being exhibited with the appropriate trap type or 

other control strategy are assumed to result in the death of the animal. Hence “survival 

probability” relates to the likelihood of the behaviour not being exhibited. Time is measured 

from the first trail camera activation event.  
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3.3.2 Pen and field trial comparison  

A hierarchy of behaviours was observed when lures were presented in the field, with 

progressively fewer rates of visit, sniff, and bite events after activation (Figure 3.7a). Conversely, 

in the pen trials there were high rates of all behaviours (close to 1), except for the bite rate 

across all lures (Figure 3.7b). As the bite rate was the only behaviour with relevant variation in 

the pen trials, and to allow for meaningful comparison between methods, I only compared the 

activation-to-bite rate between pen and field trials for each lure. 

  

 
Figure 3.7: Rates of four attraction behaviours recorded from feral cats in response to four 

lures presented in ‘a,’ field trials and ‘b’, pen trials.   
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Control 

In both the pen trials and the field trials, there were no activation events that were converted 

into a bite (Figure 3.7). 

 

Fish 

In the pen trials, fish had the lowest camera activation-to-bite conversion rate (excluding the 

control; Table 3.3). This was in stark contrast to the field trials where fish had the greatest 

conversion rate in the field trials (Table 3.3). That said, there was no statistical difference in the 

camera activation-to-bite conversion rate for fish when presented in pens or the field (P value 

presented in Table 3.3). Bite events for fish in the field occurred between 11 and 194 seconds 

after trail camera activation, with mean and median times of 60 and 35 seconds respectively 

(Figure 3.8b). In the pen trials, bite events occurred between 3 and 19,000 seconds (~ 5 hours) 

after activation., with respective mean and median times of 6212 (~ 1.7 hours) and 82 seconds 

(Figure 3.8b).  

 

Mayonnaise 

In terms of the camera activation-to-bite conversion rate, mayonnaise was the second-best 

performer in the pen trials, and worst (excluding the control) in the field trials (Table 3.3). 

Mayonnaise had a statistically greater activation-to-bite conversion rate in the pen trials than in 

the field (P value in Table 3.3). Bite events for mayonnaise in the field occurred between 21 and 

34 seconds after first trail camera activation with mean and median times of 27 and 25 seconds 

respectively (Figure 3.8c). In the pen trials, bite events occurred between 5 and 29,000 seconds 

(~ 8 hours) after activation, with respective mean and median times of 5592 (~ 1.5 hours) and 10 

seconds (Figure 3.8c). 

 

‘Erayz’ 

In the pen trials, ‘Erayz’ had the greatest activation-to-bite conversion rate (Table 3.3). In the 

field, ‘Erayz’ had the second-best conversion rate, but was not statistically less than the best 

performer, fish (Table 3.3). ‘Erayz’ had a statistically greater activation-to-bite conversion rate in 
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the pen trials compared to in the field (P value in Table 3.3). Bite events for ‘Erayz’ in the field 

occurred between 11 and 54 seconds after first trail camera activation with mean and medium 

times of 23 and 14 seconds respectively. In the pen trials, bite events occurred between 3 and 

33,000 seconds (~ 9 hours) after activation, with respective mean and median times of 7848 and 

27 seconds (Figure 3.8c). 

 

 

 

Table 3.3: Binomial tests comparing the camera activation-to-bite conversion rate for four 

lures presented to feral cats in pens and in the field. “†” indicates P – value unable to be 

calculated due to both proportions having 0 successes, but hence assumed not statistically 

different.  

 
Activate-to-bite conversion rate 

 

Lure Pen Field P - value 

Control  0 0 † 

Fish  0.19 0.30 0.245 

Mayonnaise 0.44 0.11 < 0.001** 

‘Erayz’  0.81 0.24 < 0.0001*** 
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3.4 Discussion  

Overall, this study found the behavioural responses of wild, free-ranging feral cats were different 

to feral cats in pens - in particular, the activate-to-bite conversion rate for two of the three lures 

 
 

Figure 3.8: Survivability analysis for four lures presented to feral cats in pen and field trials, 

where a bite interaction with the lure is assumed to result in the death of an animal when 

exhibited with the appropriate trap/control strategy.  
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presented was statistically different. As highlighted by Jolley & Jolley (1992), pen trials are only 

valuable to behavioural research if they can be used to represent the behaviours of wild, free-

ranging animals and my results therefore challenge the suitability of exclusively using pen trials 

to study mammalian predator behaviour.  

 

3.4.1 Field trials  

This study highlighted some of the challenges associated with gaining behavioural data from 

wild, free-ranging animals. These included the risk of footage loss due to trail camera theft or 

damage when deployed in publicly accessible areas, as well as the low overall interaction rates 

associated with gaining data from feral cats and other species at low densities in the wild 

(Hansen et al., 2018). For example, this study had low return for effort, with only one cat 

interaction captured for every 12 trap nights, including two sites (Otahuna Reserve and Victoria 

Park) which did not detect any cats over the entire duration of trials. However, I decided not to 

omit these sites from the final dataset as anecdotal evidence from communications with 

Christchurch City Council Park Rangers and observations of footprints following a snow event at 

Otahuna Reserve suggested cats were still present at both sites despite not being captured on 

any cameras. 

Previous physical interactions with lures or trap boxes from non-target species did not 

affect subsequent cat interactions, despite some high rates of interaction e.g., brushtail possums 

(Trichosurus vulpecula). This is important, as it suggests that non-target species are not 

interfering with the natural behaviours of wild, free-ranging cats (i.e., by either attracting or 

repelling cats). Therefore, researchers could, if needed, ignore non-target interactions for future 

feral cat field trials conducted in New Zealand. That said, it may be worth researchers including 

non-target species if trials are undertaken in other countries and where animals not identified in 

this study are present.   

A hierarchy of behaviours was observed across all lures when presented in the field 

(unlike my pen study), with progressively lower rates of visit, then sniff, and lastly bite 

behaviours recorded. This suggests a more natural set of behavioural responses was exhibited, 

where animals, after activating a camera would be hesitant to insert their head inside a box as it 
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puts them in a vulnerable position to external threats, and furthermore reluctant to sniff and 

then bite a lure. Field trials can therefore generate a wide range of more natural behavioural 

responses from animals which is especially important for behavioural responses to, for example, 

social odours (e.g., anal sac extract; Short et al., 2002), where a bite response would not be 

expected.  

Fish was the top-performing lure in the field, with the greatest conversion rates for 

activate-to-visit (0.5), activate-to-sniff (0.45) and activate-to-bites (0.3). Fish-based lures and 

baits also have proven historical effectiveness in different feral cat control strategies across New 

Zealand. For example, fish was used in traps and as a carrier bait for 1080 poison which enabled 

the complete eradication of feral cats from Little Barrier Island over three years from 1977 

(Veitch, 2001). In my trials I used a commercially-produced fish lure instead of fresh fish such as 

that used by Veitch, (2001) as it is expected to be longer lasting in the field. However, anecdotal 

evidence from community predator trapping groups such as ‘Friends of Rotoiti’ suggests it is 

equivalently attractive to fresh fish. 

 

3.4.2 Behaviours in the pen vs field trials  

Only one behaviour was directly comparable between the pen and field trials, i.e., bite-

activation-rate. This is because the activate, sniff, and visit behaviours in the pen study were 

recorded at high rates (close to 1) across all lures. This outcome is consistent with previous 

predator attractant research conducted in captivity. For example, when comparing oral vaccine 

baits for captive coyotes (Canis latrans), a similar measure to my study, the “number of chews” 

was the only metric which could statistically differentiate the efficiency of two carrier baits 

despite numerous other behaviours (e.g., encounter time, chew time, number of sniffs) also 

being measured (Farry et al., 1998). This raises two issues. Firstly, it suggests that pen trials may 

not be effective at discerning the multitude of different nuanced animal behaviours – whether 

for predator control tools or for general animal behaviour studies per se. Secondly, this in turn 

raises concerns over the usefulness of pen studies to study behaviour in general. I will now 

discuss comparisons only in the bite response between the pen and field trials. 
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 In the pen trials, fish was the lowest performer (excluding the control) in terms of the 

activate-to-bite conversion rate, however, in the field trials it was equally the best performer 

with ‘Erayz’. Also, there was a statistical difference in bite response between the pen and field 

trials for ‘Erayz’ and mayonnaise. Given that these lures were only a subset of the 16 lures tested 

on pen animals for Chapter 2, these findings further call into question the overall validity of the 

activate-to-bite lure attraction ranking collected in Chapter 2. It appears that the pen trials also 

tended to over-estimate the activate-to-bite conversion rate of lures, where conversion rates of 

mayonnaise and ‘Erayz’ were statistically higher in the pen than field trials. There were 

additional differences in the time taken for an activation event to be converted into a bite in the 

pen and field trials. In the field, for example, all bite events occurred soon after the first trail 

camera activation (within three minutes) whereas in the pen trials bite events occurred up to 

eight and a half hours after activation.  

There are several factors which may have driven the disparities in bite responses 

between the pen and field trials. The overall greater activate-to-bite conversion rate in the pen 

trials, for example, is probably primarily attributed to the lack of other stimulation in captivity 

(Jayne & See, 2019), leading to increased bite interactions from cats simply out of “boredom” or 

long periods of proximity to the boxes due to their confined situation. Based on my own personal 

observation, I also hypothesise that pen-housed cats became habituated to human presence and 

the inherently artificial environment in captivity, exhibiting reduced neophobia (fear of novel 

objects or substances) in response to the trap boxes in which lures were presented. This would 

have added to the “familiarity” with the trap boxes and lowered the natural neophobic response 

from cats, driving an almost 100% behaviour rate for activate, sniff, and visit behaviours. 

Conversely, because of the many external threats animals in the wild must be attentive to (Jayne 

& See, 2019), wild, free-ranging cats may be more neophobic and therefore less inclined to 

initially visit the trap box, let alone insert their head into the artificial lure box to sniff and then 

bite a lure, regardless of its enticement.  

Comparable reluctance of wild, free-ranging animals to bite and/or consume attractants 

has been observed in the development of other control methods, including the field testing of 

sodium fluoroacetate (1080 poison) carrier baits (Wickstorm et al., 1999). Of 21 radio-tracked 
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feral cats, for example, lethal consumption of meat-based baits was only 15%, despite all cats 

having been recorded within close proximity to at least one bait station and hence would have 

encountered the bait (Wickstorm et al., 1999). Similarly, when testing the kangaroo and chicken 

based ‘Eradicat’ 1080 bait, Fancourt et al., (2021) found that only 51% of encounters were 

followed by cats consuming the bait. These studies highlight the difficulty of inducing a bite or 

consumption response from cats and hence the complexity of reducing feral cat densities using 

conventional control techniques. Over-estimating the bite or consumption rates of lures and 

baits from pen-based studies could also have significant implications for predator control, 

particularly for the development of toxin carrier mediums. For example, pen environments are 

frequently utilised to conduct humaneness testing during the development of different predator 

toxins such as para-aminopropiophenone (PAPP) (e.g., Eason et al., 2010). However, as the bite 

and consumption rates are likely lower in the field compared to pens, this could lead to animals 

ingesting sub-lethal doses when toxins are subsequently deployed for control in the wild 

(Wickstorm et al., 1999).   

The low activate-to-bite conversion rate of lures in the field suggests that future predator 

monitoring and control technologies should focus on exploiting other attraction behaviours such 

as a visit or sniff, to enable a trap to be activated. For example, the ‘Felixer’ automated grooming 

trap only requires a cat to “visit” the trap, whereby walking in close proximity to a series of 

sensors activates the trap, dispensing a toxic paste onto the animal which is subsequently 

groomed off (Moseby et al., 2020). Alternatively, visual, or auditory lures could be added to trap 

boxes that work in tandem with the olfactory lure in an attempt to increase initial activation-to-

visit rates. 

 

3.5 Conclusions and recommendations 

Accurately testing the behaviours of invasive predators with control and monitoring devices is 

central to enabling the further development of more effective control and monitoring tools, 

including traps and lures. Whilst pen trials are a more time efficient method for testing control 

and monitoring devices and their associated attractants, their reliability for representing the 

behaviours of wild, free-ranging animals has rarely been assessed (Jolley & Jolley, 1992). To 
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address this issue, I replicated the presentation method of four lures to feral cats in both a pen 

and field environment. Consistent with previous predator attractant research (e.g., Farry et al., 

1998) I found a bite response was the only behaviour showing variability across lures in the pen 

setting – with other behaviours being performed almost 100% of the time thus making it 

impossible to discern any treatment effects. Pen trials are hence unlikely to produce meaningful 

attraction data for some lures, especially social odours which we may hypothesise would not 

normally elicit a bite response. Furthermore, the ranking of lures based on the activate-to-bite 

conversion rate was different between pen to field trials, raising doubt about the overall results 

obtained in Chapter 2. Inflated activate-to-bite conversion rates in the pen trials compared to in 

the field could also have significant implications for toxin carrier baits tested in this environment 

and then deployed for control in the wild where lower bite responses would be likely to lead to 

decreased control efficacy compared to that expected based on the original pen studies. 

 If the behaviours exhibited by pen-housed animals do not represent those of wild, free-

ranging counterparts, then pen studies may be of limited value to animal behaviour research as 

the results they obtain are likely to be inaccurate (Jolley & Jolley, 1992). For this reason, I suggest 

that future predator control and attractant research, as well as wider animal behavioural studies, 

should, wherever possible, be conducted in the more traditional field setting and on free-ranging 

animals. Despite being generally more time and labour intensive to conduct, field-based 

approaches will likely collect more meaningful data to be collected for a wide range of 

behavioural metrics. That said, captive studies can still be useful where specific behavioural 

responses are needed to be recorded (e.g., biting which in my pen study shows wide variance) 

that may be invariant of trial settings or to provide pilot study data or to whittle down candidate 

treatments to smaller, more manageable numbers that could then be validated in the field. 

Moreover, larger captive settings, if available, could alleviate some concerns. For example, by 

increasing the pen size (e.g., from 4 m 4 m used in my study to 25 m x 25 m), it may be possible 

to gain more meaningful measures of the other behaviours (e.g., visit and sniff) when animals 

are not forcibly confined in such proximity to stimuli and are hence compelled to engage. 

The present study indicates that despite being more time and labour efficient, pen-based 

studies have limitations and field-based studies may be more suitable for the development of 
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predator attractants, particularly for feral cats. Employing well-planned, long-term field-based 

studies may well be the most accurate approach for understanding the behaviour of wild, free-

ranging animals and enabling the effective development of control and monitoring devices and 

attractants. 
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CHAPTER 4 

Toxoplasmosis: The unrecognised confounding variable? 
 

 
 

 
 

Title page image: Feral cat attempting to remove a lure from a non-lethal “trap box”.                   
© Charlotte Jones 
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Abstract 

The protozoan parasite Toxoplasma gondii (T. gondii) can infect virtually any warm-blooded 

animal and has been shown to alter the host’s behaviour in many species, particularly by 

increasing “boldness” and risk-taking tendencies. T. gondii transmission has also been shown to 

increase in captive environments. This means that T. gondii has the potential to impact 

behavioural studies conducted in captive settings. I conducted a literature search to assess if 

previous research had considered T. gondii infection as a confounding factor affecting animal 

behaviour in captive studies. I used the ‘Scopus’ peer-reviewed literature database to locate 

captive animal behavioural studies, both omitting and including toxoplasmosis search terms. I 

found no captive animal behavioural studies had measured and/or mentioned T. gondii infection 

and/or factored it into their behavioural analyses. Given the long-term environmental resistance 

of oocysts and hence transmission potential, I recommend that future captive animal studies 

consider conducting routine T. gondii serology testing of animals and factoring the results into 

analyses. This will enable behavioural responses to be more accurately attributed to any 

treatment/stimuli effects.  
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4.1 Introduction  

The ‘extended phenotype’ theory was first proposed by Richard Dawkins in 1982 and suggests 

the behaviours exhibited by animals are firstly attributed to the expression of their own genes, 

but, critically, also the expression of the genes of parasites infecting them (Hughes, 2012). 

Behavioural changes to hosts vary significantly between parasite species, from minor variations 

of normal behaviours, to entirely new behaviours being exhibited which are not observed in 

uninfected hosts (Hughes et al., 2011). Indeed, many parasites have adapted to manipulate the 

behaviour of their hosts to maximise transmission rates (Herrera & Nunn, 2019). For example, 

the zombie-ant fungus (Ophiocordyceps unilateralis), manipulates carpenter ant (Camponotus 

spp.) behaviour to increase transmission, making the ant climb to heights of 25 cm allowing for 

better fungal spore dispersal as the fungus grows out of the ant’s head (Hughes et al., 2011). 

The protozoan parasite, Toxoplasma gondii (T. gondii) was first identified in 1908, yet its 

complete lifecycle was only discovered in 1970, including its capacity to manipulate the 

behaviour of some hosts (Shapiro et al., 2019). Felines are T. gondii’s definitive host, facilitating 

the primary transmission route by excreting oocysts into the environment via feces (Shapiro et 

al., 2019). Upon ingestion by a host, these environmentally-resistant oocysts can infect virtually 

any warm—blooded animal to make them an intermediate host (Dubey, 2008). In addition to 

this fecal-oral transmission pathway, T. gondii can be transmitted between hosts through vertical 

transmission and carnivory (Dubey, 2008). A reduced fear response has been observed in many 

intermediate host species, and this has been theorised to make them more vulnerable to 

predation by cats and hence enabling transmission to occur (Tong et al., 2021). When it reaches 

the cat’s small intestine, T. gondii can undergo sexual reproduction and complete its lifecycle 

(Tong et al., 2021). This manipulation of the fear response has been demonstrated in many 

species. Rats (Rattus spp.), for example, have an innate fear of cats and their associated odours 

(Berdoy et al., 2000). However, when T. gondii infected rats are presented with cat urine, they 

show a reduced fear and even attraction response to the odour, making them more susceptible 

to cat predation (Berdoy et al., 2000). More recent research has demonstrated that T. gondii’s 

behavioural manipulation is broader than just in response to cat odour, and is associated with 
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increased risk-taking behaviour and reduced neophobia in rodents as well as more impulsive and 

aggressive tendencies in humans (Postolache et al., 2021).   

 As discussed in Chapter 2, many behavioural studies are conducted on captive animals as 

the data can be collected in a more time and cost-effective manner compared to field-based 

alternatives (e.g., Clapperton et al., 2006). Furthermore, captive environments are frequently 

used in the development of predator monitoring and control tools and technologies (e.g., 

Clapperton et al., 2006; Read et al., 2014; Morris, 2017), where measures of boldness and/or 

risk-taking behaviour of the target species may be used to determine effectiveness. Somewhat 

concerningly, captive animal environments have also been linked to increased parasitic 

transmission in many species, likely attributed to the intensive husbandry requirements and 

close proximity of animals to conspecifics and other species (Mir et al., 2016). T. gondii, for 

example, has high seroprevalence in captivity, with infection rates of 33% and 42% recorded in 

animals in Czech Republic and Spanish zoos, respectively (Bártová et al., 2018; Cano-Terriza et 

al., 2020). Similarly, almost half of the feral cats I held in captivity for an experiment in Chapter 2 

were T. gondii seropositive over the two-month study (see section 2.3.3), with antibodies also 

detected in several additional individuals but below the seropositive threshold. With infected 

cats frequently excreting feces containing T. gondii oocysts into the environment, transmission 

to other species, whether they are captive or wild-caught and housed at the facilities could have 

significant implications for behavioural studies conducted on these animals. Effectively, as 

almost any warm-blooded animal can be infected by T. gondii, any behavioural tests undertaken 

on them could be impacted by toxoplasmosis. 

 

4.1.1 Aim 

Given the significant impact of T. gondii on behaviour and the high prevalence in the captive 

feral cats tested in Chapter 2 as well as other captive animals (Bártová et al., 2018; Cano-Terriza 

et al., 2020), this raised questions as to the impact T. gondii transmission and infection could 

have on behavioural studies conducted in this setting. For this reason, I aimed to assess whether 

previous published behavioural studies conducted in captive animal facilities have considered T. 
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gondii infection as a potential confounding variable that could impact the behavioural responses 

of their focal animal.  

 

4.2 Methods 

I conducted a literature search in ‘Scopus’, the largest abstract and citation database for peer-

reviewed literature (Scopus, n.d.). A similar popular database ‘Web of Science’ was not used as 

the University of Canterbury does not currently have an access license. The search, conducted 

on 20 January 2022, was for terms relevant to captive animal behavioural studies and was 

conducted against publication titles, abstracts, and keywords in the ‘Scopus’ database. My first 

search (search term 1) was: “behavioural AND study” OR “behavioral AND study” AND “animal” 

AND “captivity” OR “zoo” OR “pen”. I did this to identify the overall number of animal behaviour 

studies in captivity. I then ran a second search (search term 2) that included “Toxoplasmosis OR 

Toxoplasma gondii”. I did this to quantify how many studies considered toxoplasmosis as a 

possible confounding factor affecting behaviour. The search scope was restricted from 1970 to 

present (2022), as the lifecycle of the T. gondii parasite had only been known since 1970 (Dubey, 

2008) and therefore could not have been considered in earlier animal behaviour research.  

 

4.3 Results  

My ‘Scopus’ literature search found there was a wide-spread lack of consideration for 

toxoplasmosis in captive animal behavioural studies. Search term 1 returned 1,829 publications. 

However, when toxoplasmosis was included (search term 2), only one publication was returned. 

Upon further analysis it was found the objective of that study was to provide a preliminary 

health assessment of ring-tailed lemur (Lemur catta) populations in Madagascar (Miller et al., 

2007), and hence while toxoplasmosis was tested for, behavioural tests were not within the 

study’s scope. Consequently, this literature search identified no publications that included T. 

gondii infection as a potential confounding factor affecting animal behaviour in captivity nor 

mentioned T. gondii in any regard.  
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4.4 Discussion 

Despite toxoplasmosis having a considerable impact on the behaviour of many species (Milne et 

al., 2020; Tong et al., 2021), my literature search indicates that it has not been included (or 

discussed) by researchers as a potential confounding factor affecting behavioural data collected 

in a captive environment. The lack of consideration for toxoplasmosis in captive animal studies 

has two significant implications for behavioural studies conducted in these environments.  

Firstly, T. gondii infection in ANY captive animal could lead to changes in the behaviour of 

the subject animal. This, in turn, could significantly impact the behavioural data collected. If is 

not factored into the statistical analysis of animal behaviours (either as a random effect for 

individual or confounding variable in other analysis), then any conclusions drawn about 

treatment effects are likely to be questionable. For example, a common reason for conducting 

behavioural studies in captivity, including for Chapter 2, is for the development of predator 

monitoring or control tools and technologies (e.g., Clapperton et al., 2006; Read et al., 2014; 

Morris, 2017).  But T. gondii infected rats may behave differently during trials (e.g., behave more 

boldly and with less fear), thus skewing the behavioural results and any conclusions drawn from 

them. Similarly, Milne et al., (2020) found that T. gondii seropositive foxes exhibited increased 

investigative behaviour and reduced fear of humans. Without consideration of T. gondii, captive 

animal behaviours may be misattributed to treatment effects instead of underlying T. gondii 

infection. Indeed, the lack of consideration of T. gondii in any previous study raises questions 

over the validity of the conclusions drawn in those studies. To mitigate this issue researchers 

should undertake pre- and post T. gondii serology testing and incorporate the results into 

statistical analyses. 

Secondly, the housing of infected cats (or any infected animal) in captive facilities may 

lead to the infection of other animals housed there. For example, in some countries up to 77% of 

feral cats are T. gondii seropositive (Majid et al., 2021). Infected cats can excrete up to one 

billion oocysts in feces over the 1-2 weeks following ingestion of a single bradyzoite (e.g., from 

infected meat) which remain viable in soil or water for over a year (Shapiro et al., 2019). This, in 

turn, can lead to the infection of other animals held at that facility at any time over that year – 

and including during extended behavioural studies, thus meaning the same animal may behave 
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differently across the trial period. This may be more of an issue with carnivores as they tend to 

have higher seroprevalence (due to their diet) and hence animals such as stoats (Mustela 

ermina), ferrets (Mustela putorius furo) and weasels (Mustela nivalis) held in captivity for 

predator-control research may have heightened infection risk. 

The proximity of different species housed at captive facilities or in pens that previously 

held infected cats could therefore increase transmission rates. Future behavioural studies in 

captivity should endeavor to account for this risk given that T. gondii can infect virtually any 

warm-blooded animal and has been shown to impact the behaviour of many species (e.g., 

Berdoy et al., 2000; Majid et al., 2021). Pens could be left unused for >1 year after housing 

infected animals (although this will be costly and thus likely impossible to achieve) or treated to 

kill off T. gondii oocytes between use. To date, however, attempts to eradicate the parasite from 

pens using common cleaning practices may be ineffective as T. gondii oocysts are highly resistant 

to most cleaning products including detergents, bleach, and anti-microbial soaps (Shapiro et al., 

2019). In addition, captive animal facilities could attempt to prevent animals from becoming 

infected at all. For example, some zoos have implemented the control measure of freezing raw 

meat at -12℃ for at least three days prior to feeding animals to kill oocysts and hence reduce the 

risk of T. gondii infection (Cano-Terriza et al., 2020).  

 

4.5 Conclusions and recommendations 

Research since the 1970s has demonstrated the ability of T. gondii to infect and affect the 

behaviour of many animals. Undetected T. gondii infection in captive animals could therefore 

lead to animal behaviours being incorrectly attributed to treatment or stimuli effects. Therefore, 

T. gondii serological data should incorporated as a confounding variable in all captive behavioural 

studies. Also, given the high rate of T. gondii infected feral cats and hence oocyst shedding in 

captive facilities (Bártová et al., 2018; Cano-Terriza et al., 2020), future behavioural studies 

should endeavour to implement transmission mitigation measures.  
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CHAPTER 5 

General discussion 
 
 

 
 

Title page image: A wild, free-ranging feral cat caught “spying” on the pen facilities where 
captive cats were housed. © Charlotte Jones. 
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5.1 Summary  

Developing new, advanced predator traps, toxins and attractants will be central to New Zealand 

reaching its ambitious Predator Free 2050 goal (Eason et al., 2018). However, despite their 

widespread adverse impacts on native biota, human health, and the agricultural industry, feral 

cat (Felis catus) are not included in the Predator free 2050 program, and hence have been 

subject to limited monitoring and control research in a New Zealand context (Hansen et al., 

2018). For example, with Australia-based studies highlighting the varying effectiveness of feral 

cat attractants (e.g., Moseby et al., 2004), equivalent studies in a New Zealand context have 

been needed because the differing conditions (e.g., prey type, habitat) are likely to impact lure 

attraction (Short et al., 2002). The primary aim of my research, therefore, was to investigate the 

attraction of New Zealand feral cats to a range of olfactory lures, specifically in terms of the 

behaviours required to activate different live capture and kill traps commonly used in New 

Zealand. This will enable trapping and monitoring regimes to be more targeted, hence 

maximising trapping efficiency as well as increasing the sensitivity of monitoring devices. 

In Chapter 2, I demonstrated that rabbit-based lures performed statistically better than all 

other lures in terms of eliciting a bite response from cats and therefore could be used in kill-

traps which require this behaviour for activation. There were high rates of approach, visit and 

sniff behaviours which may be sufficient for activating some other control and monitoring 

devices, but these showed no meaningful variation across lures in my pen trials. In this pen 

study, a bite behaviour was, therefore, the only behaviour I could use to meaningfully 

differentiate the lures.  

As highlighted by Jolley & Jolley (1992), pen study data is of no value if it cannot be used to 

make inferences about wild populations. Therefore, the objective of Chapter 3 was to validate 

the lure attraction results gained in Chapter 2 on wild, free-ranging cats, through a series of field 

trials. My findings, however, raised questions over the validity of pen trials for predator 

attractant research. This was because the behavioural responses (specifically the bite response) 

could not be replicated across the two methods. Additionally, while in the pen studies a bite 

behaviour was the only measure showing meaningful variation across lures, in the field trials a 

hierarchy of behaviours was observed which is more likely to represent the behaviour of feral 
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cats and thus provide more reliable information for control or monitoring techniques which do 

not require a bite behaviour for activation/detection.  

During my preparation for Chapter 2 (including helping with feral cat health checks), I noted 

that a large proportion of the subject cats tested seropositive for the Toxoplasma gondii (T. 

gondii) parasite which has been shown to elicit “bolder” behaviours in some host species. While 

in this study there was no statistically significant impact of T. gondii infection on the behaviours 

from cats, I was interested in the potential ramifications of housing these infected animals 

nearby to other captive animals and whether the infection of other animals with T. gondii was 

ever considered in other studies as it could impact animal behavioural trial outcomes. For my 

final chapter (Chapter 4), I therefore conducted a literature search to investigate how/if previous 

behavioural studies using animals in captivity had considered the impact of T. gondii infection on 

their results. My search results could not identify a single captive animal behavioural study that 

considered T. gondii infection as a confounding factor affecting behavioural responses. This 

finding may have significant implications for the validity of previous pen studies and the ability to 

use pen studies to attribute findings to treatment effects without consideration of T. gondii 

behavioural manipulation. 

 

5.2 Future of feral cat control technology 

My findings demonstrate the challenges of recording behavioural responses of cats using both 

pen and field trials. I was only able to obtain one meaningful behavioural response (biting) in the 

pen studies, for example. In the field, even for fish, which was the most attractive lure, only 30% 

of the cats that activated the camera then went on to bite the lure. This implies that the 

translation of animals encountering a trap to a kill event is relatively low, with knock on 

implications for wider control efforts. That said, similarly low success rates have also been 

observed for the consumption of some toxin carrier baits. For example, when field testing toxic 

kangaroo and chicken-based ‘Eradicat’ and ‘Hisstory’ baits in Australia, Fancourt et al., (2021) 

reported that only 52% of encounters from feral cats were followed by the animal also 

consuming the bait. This may indicate that a low conversion of “visit to device interaction” 

should be expected and factored into control and monitoring programs accordingly. However, 
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my study has shown that the readily available lures ‘Erayz’ and fish (in my study the 

commercially available Mustelid and Cat fish lure) could be the most effective for use in bite-

activated kill traps until more complex lures and control methods are developed to enable more 

efficient control.  

The hesitancy of some feral cats to exhibit a bite or consumption response to lures and 

baits suggest that future development of control tools and technologies could prioritise 

exploiting other, less “bold” behaviours from cats. For example, a 2010 review of Australian cat 

management strategies recommended that automated toxin delivery systems should be a 

primary focus of control technology development (Denny & Dickman, 2010). These technologies 

tend to be activated by animals simply walking past the device, before squirting a pre-

determined volume of toxin (e.g., 1080 or PAPP) onto the animal’s fur which is subsequently 

groomed off to poison the animal (Read et al., 2014). In addition to not relying on cats biting a 

lure or consuming a bait, these technologies are thought to overcome the issues associated with 

bait palatability and degradation, as well as increasing target specificity Read et al., 2014). One 

example of a device currently under development, the ‘Felixer’ automatically squirts a specific 

dosage of poison onto cats when they walk within 4 m of it (Moseby et al., 2020). In my study, all 

cats that activated a trail camera were estimated to be within 4 m of the device, implying that 

the use of a grooming trap such as a ‘Felixer’ in this setting as an alternative to a bite activated 

traps or toxic baits would significantly increase the kill efficiency. However, it must be 

acknowledged that the ‘Felixer’ is still under development and is exceedingly more expensive 

than traditional control and trapping techniques. Although, considering the ability of ‘Felixer’ 

traps to automatically re-set up to 20 times (Moseby et al., 2020) and potential to be over twice 

as effective as bite-activated traps, automated grooming traps should be given serious 

consideration for future control regimes. 

 Employing these automated grooming traps or other control methods, which do not 

require a bite or consumption response to be successful, could enable a broader range of lures 

to be utilised which may be effective under varying environmental conditions. Although toxic 

baits and bite-activated traps with-food-based lures can be effective for controlling food-

stressed feral cat populations, these control methods tend to have reduced efficiency during 



 85 

periods of high prey abundance (Read et al., 2014). Conversely, social lures such as anal gland 

extract or bedding, whilst ineffective for eliciting a bite response from cats (this was the same in 

my research also), have been shown to be highly attractive during the breeding season (Short et 

al., 2002) and hence could be used with automated grooming traps for control when prey 

abundance is high. Similarly, auditory lures such as the Feline Attracting Phonic (FAP) which 

emits a “meowing” sound, are unlikely to elicit a bite response from cats but are capable of 

attracting cats to a specific area (Moseby et al., 2004). These lures may be effective when used 

with automated grooming or other “walk-through” trap types. Auditory lures are also likely to be 

less affected by some environmental factors such as wind direction and desiccation compared to 

olfactory lures. For example, olfactory lures may only reach animals down-wind from the source, 

compared to auditory lures, where the attractant is likely to be emitted in a more even radius 

form the source. Whilst not statistically significant, Moseby et al. (2004) also found the addition 

of a social lure, ‘Pongo’ (a combination of cat urine and faeces from freshly killed cats) alongside 

two different auditory lures increased visitations from cats. Ultimately, this highlights the 

potential benefit of developing multi-modal lures that exploit olfaction, sound, and vision to 

maximise attraction across varying environmental conditions, in addition to reducing the 

likelihood of animals becoming habituated to a single olfactory cue.   

 

5.3 Methodological limitations and future directions   

My research has demonstrated that despite being time and labour efficient, pen-based 

behavioural studies appear to inaccurately represent the behaviour of wild, free-ranging animals. 

Additionally, potential increased transmission of T. gondii and other behaviour-manipulating 

parasites in captive environments may lead to behavioural responses of other animals being 

inaccurately attributed to treatment effects. This implies that future cat studies should, where 

possible, implement more traditional, field-based methods for studying animal behaviour.  

Field-based methods are, however, not exempt from limitations, including the risk of 

cameras becoming lost or stolen when deployed on public land and losing footage, as occurred 

in my study. Field-based studies are also not capable of gaining the same detail of information 

from focal animals as equivalent pen studies. For example, in pen studies, health checks are 
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routinely conducted which can be used to determine the T. gondii infection status, age and sex 

of individuals, enabling these variables to be factored into statistical analyses. Conversely, this 

data is almost impossible to collect in field studies, where animals would first need to be live 

trapped, anesthetised at laboratory facilities to conduct health checks before being re-released 

in the field, with the additional challenge of re-identifying animals on trail cameras.  

Pen-based studies also enable researchers to be more confident that subject cats are actually 

“feral” based on fearful or defensive behaviour around humans (Yeon et al., 2011) which is often 

impossible to determine solely from video footage. For example, in this study, alongside other 

feral cat field trials (e.g., Clapperton et al., 1994), it was assumed that unless individual cats had 

obvious signs of domestication (e.g., a collar), then all cat interactions were from “feral” cats. But 

it is possible that some of the cats I recorded were domesticated but simply did not have collars. 

This may affect behaviour results as, for example, domestic cats are typically in better physical 

condition, well fed and are more “choosy” with food compared to feral counterparts (Fisher et 

al., 2015) which could reduce the overall enticement of food-based lures. Further, in this study I 

selected field sites partially based on accessibility so that site replication could be maximised 

within the study’s time constraints. However, easily accessible sites may also be expected to be 

associated with higher rates of domestic cat interactions due to the proximity to human 

settlements, which could explain the high levels of interaction from cats at one of my field sites 

(Travis Wetland). Whilst these observations are just speculative, as a precaution, future studies 

should endeavour to conduct field trials in more remote locations to increase the likelihood that 

any interacting cats can be classed as “feral”.   

A primary recommendation of my research is that all 16 lures tested on pen trials in Chapter 

2 should be presented in a field context to gain more accurate information about lure 

attractiveness and to obtain a broader range of behavioural information in addition to a bite 

response. Given this will require an extensive time and labour investment, I would suggest it 

provides a prime opportunity for undertaking this research using a citizen science approach. As 

highlighted by former CEO of Predator Free 2050 Ltd, Abbie Reynolds, in addition to 

conservation and research benefits, involving the public in the predator free movement also has 

significant societal benefits, improving physical and mental wellbeing in addition to establishing a 
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sense of community (Next Foundation, 2021). As the field task of deploying and servicing trial 

camera/lure sites is relatively straightforward, this project is well-suited for public involvement. 

For example, conducting simple in-person or video-based workshops for schools and volunteer 

trapping groups on how to present lures and service field sites would maximise data collection 

whilst also stimulating public interest in conservation. This would also enable both site 

replication and variation between sites (i.e., from sites across New Zealand) to be maximized, 

increasing the possibility of interactions also being measured from individuals in habitats where 

there is variation in primary prey species (i.e., not just rabbit). Test lures could simply be 

distributed to different volunteer or school groups for deployment along pre-existing trapping 

lines and based on a consistent protocol. In addition to the “on the ground” field work, 

volunteers may be interested in the findings of their efforts and hence could be involved with 

analysing video footage from trail cameras. An initiative by the Taranaki Maunga project in 

collaboration with local primary schools has already demonstrated the benefits of this approach 

for monitoring in the Kaitake Ranges, where students have identified predators from around 

7,000 images uploaded from 16 trail cameras to an online database (Watson, 2018). A similar 

project by Anton et al. (2018) for trail camera animal monitoring in urban Wellington highlighted 

the reliability of this approach, whereby aggregating classifications from three members of the 

public per image enabled species classification accuracy of 97.6% (relative to classifications from 

professional ecologists). With some additional instructional resources, school students and the 

wider public could easily be taught the project-specific video analysis protocols. Furthermore, 

many voluntary predator trapping groups already utilise online platforms such as “trap.nz” which 

enable trap catches and the corresponding bait or lure to be recorded in a nationwide database 

(P. Morgan, Kaitake Ranges Conservation Trust, personal communications 1 July 2021). Utilising 

“trap.nz” and similar websites, with some further development to include more detailed trail 

camera data would provide a simple method of compiling lure attraction information for further 

analysis.  

Whilst employing a citizen-science based approach to further research will heighten the risk 

of inaccuracies in the data, the benefit of collecting high levels of replication may mitigate this 

noise. Furthermore, large-scale projects such as the annual ‘New Zealand Garden Bird Survey’ 
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facilitated by Manaaki Whenua Landcare Research (MWLR) have already proven the 

effectiveness of utilising this approach, maximising replication over an extensive range of 

geographic locations and environmental conditions (MacLeod et al., 2022). Future 

experimentation for both lure attraction and wider predator research therefore poses as an 

excellent opportunity to incorporate citizen science, with wider societal benefits.  

Despite the results of my research demonstrating that animals in captivity behave differently 

to wild, free-ranging counterparts, pen studies may still be required to address some project 

aims. For example, early testing of new toxins (e.g., PAPP; Eason et al., 2010) require the close 

monitoring of animals following ingestion to detect signs of toxicosis for determining 

humaneness, which is not possible in a field context. However, given the increased transmission 

of T. gondii in captivity (Bártová et al., 2018; Cano-Terriza et al., 2020) and its impact on the 

behaviour of many species (Berdoy et al., 2000), where pen trials are required I suggest 

researchers consider the possible impact of toxoplasmosis. This could include regular serological 

testing of focal animals and factoring results into analyses or medically treating infected animals.  

 

The findings of my research therefore have four key recommendations: 

1) Readily available food-based lures such as ‘Erayz’ and fish (Mustelid and Cat fish lure) 

could now be used in bite-activated kill traps to maximise control efficiency. 

2) Field trials should, ideally, be used instead of pen trials for best understanding the 

behaviours of wild, free-ranging animals (especially feral cats). But these field trials are 

not without limitations. 

3) My 16 lures should be trials on wild, free-ranging cats using a citizen science approach to 

enable greater replication and data to be gathered across multiple geographic locations, 

environmental conditions, and seasons in addition to having wider, societal benefits. 

4) Where pen trials are the only feasible option, researchers should conduct T. gondii 

serological testing of focal animals and factor results into analyses as a confounding 

variable, especially if studies are conducted at facilities where felines are also housed 
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5.4 Concluding remarks 

My research is one of the first to assess the behavioural responses of feral cats to a range of 

olfactory lures in a New Zealand context. I have identified two lures, ‘Erayz’ and fish which 

successfully elicit a bite response from cats and hence could be used immediately in bite-

activated trapping regimes throughout New Zealand. Through presenting lures in both pen and 

field contexts, this study highlights the complexities of obtaining accurate behavioural data 

representative of wild, free-ranging feral cats. Whilst the recommended field-based approaches 

for future studies will be time and labour intensive, they provide a prime opportunity for 

incorporating citizen science into research, increasing public support and rigor behind predator 

eradication. This multi-faceted approach, with collaboration from local and central government, 

scientists, and the nation’s ~ 4,000 conservation groups, could ultimately determine the success 

of the Predator Free 2050 movement.  
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