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ABSTRACT 

Jennifer Frayne    Advisor: 

University of Guelph, 2021      Dr. Anna Kate Shoveller 

House soiling in domestic cats has resulted in many cats being surrendered to an animal shelter 

or euthanized. The objective was to determine how cats transitioned from one litter product to 

another, and to determine the efficacy of using an attractant built into a litter product to attract 

cats to the litter. In the first study, cats were transitioned over six days from clay-based litter to 

plant-based litter with relatively few aversive behaviours or soiling excessively outside of the 

litter box. In the second study, cats were exposed to a novel plant-based litter with an attractant 

built in which they used more than the plant-based litter. The studies suggest that most cats 

should be transitioned over six days when introducing novel litter products. In addition, the 

plant-based litter with attractant could be used to reduce the likelihood of cats becoming aversive 

to their litter box along with other current recommendations.  

THE BEHAVIOURAL IMPACT OF CATS AND LITTER: TRANSITIONING FROM A 
CLAY-BASED LITTER TO A PLANT-BASED LITTER AND ATTRACTING CATS WITH 

AN INNOVATED LITTER
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Chapter 1: Introduction and Literature Review 

1.1 Introduction 

The global feline population has been rising steadily, with the household cat population reaching 

approximately 96.5 million in the United States (Statista 2017), 8.8 million in Canada (CAHI 2018), and 

102 million in Europe (Statista 2016). These values are consistent with the proportion of human 

populations of the respective countries. The rise in the domestic cat population and the paucity of 

information focused on cat behaviour makes optimal management challenging. One indication of this 

challenge is the large numbers of cats that enter shelters each year, which includes 3.2 million cats in the 

U.S alone (ASPCA 2018). A large percentage of shelter cats are surrendered by their owners, including 

30% of all cats entering shelters in Canada (CFHS 2015) and 32% of cats in the UK (Philips and von 

Keyserlingk 2016). House soiling, or eliminating outside of the litterbox, is reported to be one of the main 

reasons for surrendering a cat to an animal shelter (Stella and Croney 2016a, Stella and Croney 2016b). 

Eliminating outside of the litter box often reflects distress in cats and is not tolerated by most owners 

(Herron 2010, Shreve and Udell 2017). Medical issues such as lower urinary tract infection, diabetes, 

hyperthyroidism, and chronic kidney disease may contribute to the onset of elimination behaviour issues 

and should therefore be ruled out prior to attempting to address the behaviour (Herron 2010) and 

determining non-medical causes can be difficult. Adopting out a cat with known issues of inappropriate 

elimination is challenging for shelters, and often results in euthanasia due to lack of options and high 

intake volumes (Herron 2010, Philips and von Keyserlingk 2016). According to the Humane Society of 

the United States, in some areas of overpopulation, up to 70% of all cats residing in shelters may be 

euthanized (HSUS 2017). Many shelters have programs where cats that have historically been known to 

inappropriately eliminate are placed with barns or sanctuaries, where the house soiling behaviour is not as 

important and will not involve subsequent surrenders. Ideally, if inappropriate elimination can be fixed or 

prevented, cats are less likely to enter the shelter systems and more likely to stay with their families. 

Therefore, efforts focused on understanding elimination behaviour are warranted. Further understanding 
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elimination behaviour and finding ways to prevent or manage it could help cat owners keep their cats in 

the home and out of the shelter system. 

 

Cats may eliminate outside of designated toileting areas for many reasons; however, psychological stress 

is often a factor. Stress may be a result of conflict with other cats in and around the home, recent changes 

in the home, and problems with the litter box itself. These problems can be further parsed into variables 

such as: unpreferred litter, not enough litter present, or the wrong size litter box (Herron 2010, McGowan 

2017, Stella and Croney 2016a). Litter box management can be difficult to maintain, and poor or 

inconsistent management of the litter box is likely a primary reason why cats might start to eliminate 

elsewhere in the home (Herron 2010, McGowan 2017, Shreve and Udell 2017). Given that elimination 

outside the litter box is a global issue, consideration of novel approaches to reduce elimination outside the 

litter box is warranted. To this end, an evaluation of current published literature on cat elimination 

behaviours and gaps in our understanding is needed. 

 

1.2 Olfaction  

 

Limited research has been conducted on how cats interpret new smells, but cats are extremely sensitive to 

olfactory stimuli and these can directly influence their behaviour (Bradshaw 2018). The size of the 

olfactory epithelium in cats is 21 cm2 versus a humans’ 3-5 cm2 suggesting that cats are more sensitive to 

changes in smells in the home than are their human partners (Heppler et al. 2012, Nielson 2017). This 

difference in epithelial surface area also results in more olfactory receptors available to detect smells in 

the environment. Therefore, it is likely that by the time a litter box has a pungent smell that is detectable 

to a human, the cat has already been exposed to the odor for a longer length of time. Cats are highly 

sensitive to odors and have been found to have an increased prevalence of aversive behaviours around 

strong pungent odors (Appleby et al. 2018, Broom and Fraser 2015, Neilson 2017). Olfactory behaviour 

in cats is often overlooked by pet owners in their own homes (Shreve and Udell 2017). Since cats have a 
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much more sophisticated sense of smell than humans, underestimating how sensitive cats’ smell is can 

lead to improper litter box management by owners, such as delayed cleaning or providing litter substrates 

with strong perfumes (Herron 2010, McGowan 2017, Shreve and Udell 2017). Veterinarians have 

hypothesized that these poor management behaviours and choices of litter substrates can lead to cat 

aversion to the litter box. This aversion can manifest in unwanted behaviours such as house-soiling as cats 

will look for other areas (sometimes in the home) to eliminate other than their designated litter areas 

(Shreve and Udell 2017). While more research is still needed to fully understand what smells cats find 

aversive and what the intensity is of those smells, some research has already investigated how cats 

interact with their litter boxes. 

 

Sniffing behaviour in cats was studied by McGowan et al (2017) and under the context of litter box use in 

enriched and clinic-like environments. The study was designed to create an ethogram for litter box 

behaviours and involved studying cats in cages for a clinic-like environment as well as loose housed in a 

larger room for an enriched environment. Using 12 purpose bred cats, the authors generalized that 

olfaction plays a role in cats’ satisfaction with their environments, particularly in relation to how much 

the cat interacted with the litter substrate (McGowan et al. 2017). By studying 39 elimination behaviours, 

they found that cats spent more time sniffing the litter substrate itself in the enriched environment. 

Conversely, the authors reported cats sniffing their excretions and other objects for longer durations in the 

clinic-like environment (P < 0.005). This environment also used a different litter product comprised of 

plastic beads versus the granular litter in the enriched environment, which may also explain the difference 

in interest shown by the cats. The authors also urged the importance of reducing the odor of excreta while 

also considering the litter aroma itself to improve cat satisfaction as the excess odor of excreta is pungent 

to cats and can result in them becoming aversive to the litter box (McGowan et al. 2017). When cats 

increased their bouts of sniffing litter, but decreased duration of each sniffing bout, frustration was 

observed by attempting multiple visits but disengaging from the litter box more (McGowan et al. 2017). 

Longer sniffing duration, but fewer sniffing bouts are beneficial behaviours that the authors suggested as 
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the cats appeared to be more settled and content based on their observed behaviour (McGowan et al. 

2017). In total, both duration of sniffing and frequency of sniffing likely signal low levels of stress from 

environmental variables. Pawing behaviour was investigated and cats pawed surfaces other than the litter 

more often in the “clinic-like” environment and for longer than the “enriched” environment (McGowan et 

al. 2017). The cats in the “clinic-like” environment also shifted their paws more often in the litter box 

having zero (P = 0.0196), one (P = 0.0067), two (P = 0.0348) and three (P = 0.0196) paws more often 

than the enriched environment (McGowan et al. 2017). The authors suggested that this behaviour was 

consistent with Cottam and Dodman (2007) who found that the cats were hesitant to stay in the litter box 

and indicating possible dissatisfaction with the litter box.   Some behaviours in their ethogram such as 

“flex,” “eye squint,” “whiskers bunched,” “stretch,” “urination,” “defecation,” “incomplete elimination,” 

and “erect” tail posture were not observed within the study and therefore require more investigation to 

determine the role they play in feline litter box behaviour (McGowan et al. 2017). While this study did 

not measure preference, generally the cats within the “clinic-like” environment were more restless than 

the cats in the enriched environment. The authors proposed that their study did not show an actual 

aversion to the litter box as the cats did not refuse to use either litter box, however the study only lasted 

nine days which could have masked any effects. Delayed acceptance of a situation has been viewed as a 

coping mechanism of animals, therefore with a short study time, the true effect of litter box aversion may 

have not been accurately noticed (McGowan et al. 2017). Cats have previously been found to take up to 7 

days to show urinary cortisol concentrations after a change in their environment, suggesting that it took 

them that long to learn that their previous environment was no longer reliable (Carlstead et al. 1993). It 

appeared as though the cats chose to ignore the changes in the environment for the first 7 days and then 

began to adjust to the change, suggesting that cats would benefit from at least a 7 day acclimation period 

to a change in their environment. Furthermore, the limited size of the “clinic-like” environment could 

have forced the cats to use the litter box regardless of their aversion as there was not enough space to 

urinate in another area without having to be exposed to the soiled litter. In a home environment, there is 

more space available for a cat to urinate elsewhere in the home and be able to move away from that area.  
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1.3 Cat house-soiling and effects 

 

While there are many reasons that cause an owner to surrender an animal, house soiling has been reported 

as the main variable for cat surrenders (Salman et al. 2000, Herron 2010, Stella and Croney 2016a). 

Kogan et al. (2000) found that surrendered cats had at least one behavioural concern, and up to 43% of all 

behavioural concerns reported included house-soiling. A different retrospective study of behaviour 

concerns in 336 cats found that 39% of owners reported house-soiling issues ( Amat et al. 2009). Of the 

group of cats that were house soiling, 59% involved urination outside of the litter box, 32% involved 

urination and defecation outside of the litter box, and only 9% defecated outside of the litter box (Amat et 

al. 2009). The authors reported that litterbox aversion (63.4%) was the reason for most of the cats’ house-

soiling based on the owner reported surveys. These results were the product of an owner questionnaire 

about their cat’s behaviour and could have variability due to the owners’ ability to identify individual cat 

behaviours properly. Litterbox aversion was not defined by the authors specifically, but they used it to 

explain how cats could start eliminating elsewhere in the home besides the litterbox. There was no 

variability in the reports of the proportion of house soiling behaviour versus control cats (cats not 

identified as house soiling), but regardless in all reports house soiling proves to be a significant issue 

affecting cats’ welfare (Amat et al. 2009). Owner reported surveys can have an increased variation due to 

the difference in home environments that the cats are living in as well as the owners’ ability to identify 

specific behaviours. For instance, the study by Amat et al. (2009) had a large number of cats in the study 

(336) over an 8 year period, with a variety of sources (street cats, homebred, pet shops, animal shelters, 

professional breeders as well as an unknown source for 83 cats). Most of the cats reported were kept 

indoors only, but 14% of the cats went outside as well, and over half of the homes in the study were 

multi-cat homes (59%). Kogan et al (2000) also used owner reported surveys with a larger amount of data 

from 1,579 feline records from 12 shelters. In terms of shelter surrender surveys such as Kogan et al., it is 

difficult to determine the exact reason for house-soiling in the home, but regardless, increased propensity 

for house soiling increases the risk of the cat being surrendered to a shelter if this behaviour starts. 
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1.4 Cat litter preference 

1.4.1 Covered vs. Uncovered Litter Boxes 

 

While typical recommendations from veterinarians suggest cats prefer uncovered litter boxes, this is 

largely based on minimal peer reviewed studies and more on anecdotal reports. Grigg et al (2012) 

investigated 28 cats in home using a preference test for uncovered versus covered litter boxes and found 

that there was no preference for the uncovered litter boxes. Current recommendations by veterinarians, 

based on the guidelines by the American Association of Feline Practitioners (AAFP) and the International 

Society of Feline Medicine (ISFM) (Herron 2010, Carney et al. 2014), state that while most cats prefer 

uncovered litterboxes, some will prefer covered boxes, and owners should offer each type of box to 

ensure they are meeting their cat’s individual preferences. Grigg et al (2012) used larger litter boxes (82.5 

x 50.2 x 47.3 cm plastic storage tubs) than commercially available and this may have overcome the 

effects of the covered litter boxes. The larger litter box area itself is likely more important to the cat using 

it over whether the litter box was covered, providing that the litter itself did not have an overpowering 

smell (Grigg et al. 2012). In a recent study by Beugnet and Beugnet (2019), 13 individual cats were used 

to test their preference of covered versus uncovered litterboxes in a home setting. The authors used a 

preference test by having two litterboxes next to each other in the cats original elimination area, and 

tested a covered and an uncovered litterbox with the same surface area followed by testing a covered and 

an uncovered litterbox where the covered litterbox had a larger surface area. The cats still tended to prefer 

the covered litterboxes over the open litter boxes when the covered litterboxes had a larger surface area 

than the uncovered ones (Beugnet and Beugnet 2019). When the surface areas were equal, the cats’ 

tendencies to choose one litterbox over the other was not significant, demonstrating that box size may be 

more important than whether it is covered or uncovered (Beugnet and Beugnet 2019).  

1.4.2 Size of litter box 

 

Using frequency of use to measure preference for litter boxes in 74 cats from 43 households, Guy et al. 

(2014) found that indoor cats preferred a larger litter box which even exceeded the size of commercial 
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litterboxes on the market. As some households had more than one cat present in the home, there could be 

discussion needed regarding the difference between individual and multi-cat homes. In-home cat 

aggression over litter box access can also affect whether a cat will soil outside of the litter box and could 

be affected by a bullied cat’s motivation to allow a subordinate cat to use the litter box (Carney et al. 

2014). Neilson (2008a) also chose to study the litter box size of cats by using 32 cats in four colony 

rooms with three different commercially purchased plastic litter boxes over a period of 21 hours. This 

study was more controlled in terms of consistency between observations and rooms; however, the study 

was relatively short-term for preference of novel objects. Excrement was counted, weighed, and recorded, 

and a trend suggested that the cats preferred the larger litterbox based on number of deposits and weight 

of excrement in those litter boxes (Neilson 2008a). Litter boxes in this study were rotated throughout to 

eliminate location preference; however, the article did not state if the researchers accounted for the cats’ 

neophilic or neophobic reactions to the new locations. Additionally, this study used only three litter boxes 

per eight cats in a room, which is far lower than the typical recommendation of one litterbox for each cat 

plus one (Carney and Sadek 2014, Carney et al. 2014, Herron 2010) and may have altered elimination 

behaviour due to cat-to-cat interactions and limited resource availability. Regardless, both studies found a 

tendency for cats to prefer the larger litter box, providing motivation for owners to provide cats with a 

larger litter box than commercially available (Neilson 2008a, Guy et al. 2014). 

1.4.3 Scented Litter versus Unscented 

 

A retrospective study conducted by Horwitz (1997) determined that out of 100 cats with elimination 

problems, 68% had scented litter in their homes. As such, the authors suggested that the scented litter 

might be a potential cause for elimination problems. The hypothesis of scented litter types being aversive 

to cats has been proposed by many professionals (Carney and Sadek 2014, Carney et al. 2014) but this 

information again seems to be largely backed by anecdotal reports instead of well-designed mechanistic 

studies. These recommendations, however, were consistent with Neilson (2007), who found when 

comparing two litter products, one with activated carbon and one without, the cats preferred the one with 
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the activated carbon (P < 0.05). Sodium bicarbonate and activated charcoal have been tested previously 

and found to be effective at odor reduction; activated charcoal was more effective in human studies to 

reduce odor (Chakravarthi et al. 2008)., but had not been tested previously in cats as a litter odor reducer 

As the cats studied by Neilson (2007) preferred the litter with the activated carbon, the research team 

theorized that it did not have an aversive smell to it and proceeded to test it further. Activated charcoal 

and sodium bicarbonate have been added to cat litter products as odor reducers to address litter odor 

based on this hypothesis. The activated carbon litter was tested against litter with the sodium bicarbonate 

added to it and cats showed a significant preference for the activated carbon litter again (Neilson 2008b). 

Neilson’s findings suggested that the sodium bicarbonate included in the litter was a potential aversive 

smell to the cats and therefore could make the litter box aversive to the cat. Cats preferred the activated 

carbon litter and as such, the authors suggested that this litter could help to prevent and treat litter box 

problems. However, in an owner reported household cat study of 40 cats in single-cat households’, 

researchers did not find any clear results showing that scented litter could cause cats to soil outside of the 

litterbox based on analyzing the parameters of litter box use by the owners (Sung et al. 2006). As this 

study was based on owner reported behaviour problems, it could represent the difference in their findings 

in contrast to the previous laboratory-controlled studies. Owner reported household studies can have more 

variability due to the differences in location, size, household dynamics and management strategy of the 

home. In addition, these studies can underestimate the variability in different cats and what they were 

exposed to for their life. For instance, as some cats had always been exposed to the scented litter, they 

could have only known the scented litter and therefore never became aversive to it. The type of litter may 

not be the reason a cat soils outside of the litter box, however it can only be assumed that it could play 

into the reason only if all other variables have been ruled out. To minimize any aversive behaviour for 

litter choice, the individual cats’ preference should be considered over the owner’s preference of products. 

It is important as well to consider that a cat that has had a relatively low exposure to different smells, may 

be more likely to be neophobic to a new litter product and therefore be less likely to investigate it and 

therefore use the product (Bradshaw 1986). 
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1.4.4 Litter Substrate Type  

 

Very few researchers have studied litter substrate preference in cats, leaving a gap in the current literature 

to determine cats’ preference between clumping and non-clumping litter. While many veterinarians will 

recommend a clumping cat litter versus a non-clumping product to pet owners (Carney and Sadek 2014, 

Carney et al. 2014), this appears to be based on one study by Borchelt (1991). Vielleneuve-Beugnet and 

Beugnet (2018) attempted to fill this gap by testing litter preference of 18 cats in the home who had a 

choice between plant based (wood pellets), clay, and two different silica substrates and also had a varying 

pre-exposure to different litter substrates currently used by the cats. The authors found that of the 18 cats 

tested, only 1 cat ended up using the plant pellets as litter (Vielleneuve-Beaugnet and Beugnet 2018). In 

the second phase of the study, silica litter and clay litter were tested and a significant preference for the 

clay substrate was found (Vielleneuve-Beugnet and Beugnet 2018). This was thought to be because clay 

resembled soil more than the silica product which was more like sand. It is important to note that the 

researchers did not transition the cats from their original litter to a novel litter. Instead, cats could choose 

between the two options. This is an interesting approach to preference studies, especially as the authors 

recorded that the cats in Phase 1 changed their preferences and were more likely to try a new substrate. As 

the cats ended up changing their preferences between the litter products, more investigation would be 

needed to determine if the cats preferred the new substrate. The most common litter product on the market 

is clay-based, which could suggest a reason why the cats chose the clay product over the other two 

products in Phase 2. However, the cats had also been pre-exposed previously to the silica-based product 

as Phase 1 lasted 28 days, and therefore may have been more curious about the silica litter product. This 

could suggest that the cat’s preferences did not actually change in the long term, but instead, that they 

used the new substrate in the short term due to novelty as Phase 2 only lasted 14 days. Neophobia has 

historically been associated with cats used in food trials where they initially rejected a new food 

(Bradshaw 1986), but neophilia can be applied to any aspect of their environment. For example, cats 

show increased interest when interacting with new toys (Fraser 2012). If cats are more interested in a new 
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object due to novelty, that can affect outcomes as cats will show a stronger preference to the novel object 

in the short term, but not necessarily the long term, suggesting that the assessment should have lasted 

longer to obtain a truer outcome of the cats preference.  

 

Current recommendations by companion animal behaviour experts and litter companies suggest 

transitioning from one litter product to the other slowly over the course of a week to ensure that the cats 

become accustomed to a different litter type. As the authors did not transition the cats from clay to silica 

or clay to plant, it is difficult to determine in the Phase 2 period if the cats chose to use the product 

because they truly preferred it or they were attracted to it because of novelty (Vielleneuve-Beugnet and 

Beugnet 2018). Furthermore, another limiting factor was that the owners were only instructed to fully 

clean the litter box every week with soap and water but leave all excrements there and just note them each 

evening which is against current recommendations for litter box maintenance. This could have skewed the 

results as well as it would be easier for a cat to bury excrements fully in clay litter versus the silica litter. 

The definition of regularly scooping litter boxes can be variable depending on the litter type, depth and 

number of litter boxes in the home; however it is widely suggested that more regular scooping limits the 

smell of the litter box as well makes the litter easier for the cats to dig a space to eliminate in (Carney et 

al. 2014). If the litter boxes were scooped each day, the overall count of excrements would be more 

accurate and we could also rule out the thought that the cats would use one litter box earlier in the week 

and when it became full, the cat would choose the second litter box as it was cleaner. Preference studies 

are easier to extrapolate the results if the methods are controlled, leaving one variable up for discussion at 

a time. When litter products look and feel drastically different to the cats it is also difficult to compare the 

products fully to determine which one the cats were attracted to. This effect could play into the cats 

neophobia more often than their interest in the new substrate, especially if it has a different texture than 

they have been exposed to. 
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1.5 Litter attractant products 

 

By identifying an issue with cats’ house soiling in the home, companies began to introduce attractants in 

the litter to make it more attractive to the cats. Some of these companies produced research studies.  For 

instance, Cottam and Dodman (2017) used “Zero Odor” spray which was intended to attract cats by 

decreasing the number of other odors in the litter box, versus making the litter more attractive to the cats. 

The “Zero Odor” spray worked by changing the molecular structure of odor-causing molecules in urine 

and feces (Cottam and Dodman 2017). Owners used the product in their home and reported back to the 

researchers through surveys by observing their cats interacting with the litter box (Cottam and Dodman, 

2017). In the first study of 10 single-housed cats, preference testing with one control litter box and one 

box sprayed with Zero Odor was used. The cats did not show a preference for the Zero Odor litter box, 

suggesting that either the Zero Odor was not attractive to the cats, the cats did not have a serious litter box 

aversion problem in general, or the owner-reporting number of eliminations may not have been accurately 

reflected. In the second and third studies, 19 homes with 37 cats using a variety of different litter boxes 

and litter substrates were used to test the effectiveness of Zero Odor by measuring the amount of house 

soiling before and after spraying the litter box. Owners reported a significant decrease in the number of 

inappropriate eliminations when a commercial litter box spray was used, suggesting that it may be 

valuable in reducing litter box odor.  

 

A separate research team studied 14 different cat friendly oils/sprays (Back currant oil/juice, Black seed 

oil, catnip, cat grass, chamomile, lavender, L-felinine, licorice, matabi, methalactone/mint lactone, 3-

mercapto-3-methylbutan-1-ol/MMB, musk oil perfume, peppermint, pine needle oil, rosemary, tom cat 

urine, vanillin, white truffle oil) and commercial attractant products (Dr. Elsey’s Ultra Litter Attractant, 

Feliway, Calvin Klein Obsession for Men Cologne) as well as 5 repellant sprays (Pine needle oil, 

rosemary, tom cat urine, vanillin, white truffle oil) to see which litter the cats would prefer (Perez-

Camargo et al. 2015). These researchers used L-felinine, a compound that has been identified in the urine 
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of several members of the Felidae family including the domestic cat. As it is thought to be a pheromone 

precursor, it was thought that the cats would be more interested in the product and less likely to be 

aversive to it. They found the cats used the litter boxes more often when they were sprayed with an L-

felinine at 0.20% dilution versus the control or any of the other attractant products (Perez-Camargo et al. 

2015). Both studies required a lot of input from the cat owner, in terms of refreshing the spray in the litter 

box regularly instead of just opening the bag and scooping out the litter. The large number of different 

scents tested for preference can make the statistics quite complicated. Breaking the preference down to 

test a smaller amount of attractant products with larger washout periods between testing each attractant 

product may prove to give more accurate results for the cats’ preference. As cats can be quite sensitive to 

different smells, constant testing of different odors may skew the results of the products tested later in the 

sequence. 

 

Seeing this as a potential problem for cat owners, McGlone et al (2018) studied the addition of an 

attractant product manufactured as a part of the litter instead of a spray. As sprays need to be refreshed 

regularly on the litter, to test an easier strategy for cat owners researchers instead brought 40 cats to a 

laboratory facility where beads added to the corn cob clumping litter in order to determine if the cats 

would use the litter more than the control (McGlone et al. 2018). They first studied Androstenone (AN) 

which is a pig sexual pheromone that has reduced barking in dogs (McGlone et al. 2014) and 2-methyl-2-

butenal (2M2B) which is secreted by rabbit dams to calm their pups and attract them to nipples (Coureaud 

et al. 2003, Schaal et al. 2003). Additionally, 3-Mercapto-3-methylbutan-1-ol (3M3M) which is a urinary 

semiochemical, or pheromone, was studied as well as a mix of 3M3M AND 2M2B (McGlone et al. 

2018). The compounds were made into a bead form and added to the cats’ litter for 24 hours. Basing 

preference with the heaviest weight of the litter box, they found that 50% of the cats preferred the AN 

litter over the control litter using placebo beads and the litter with 3M3M and the mix of 3M3M/2M2B 

was used much less, suggesting the cats avoided the litter (McGlone et al. 2018). This level of preference 

was helpful to determine what might attract the cats to the litter box as well as reducing aggression in 
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group housed cats. Using eight pairs of aggressive cats, the authors then assigned the pairs to a cage with 

a litter box using either 2M2B beads into corn cob litter or litter with placebo beads (control) (McGlone et 

al 2018). In terms of the litter use, the cats with the control litter ended up spending more time using and 

interacting with the litter box than the group with the 2M2B litter suggesting that it may help with other 

behaviour issues, even though not very effective with attracting the cats to the litter box. The beads 

included in the litter were less reliant on owners having to regularly top up the odor spray as with the 

previous approaches reported in the literature (Cottam and Dodman, 2017; Perez-Camargo et al. 2015) 

and would be easier for cat owners to use. Overall, there was no positive effect of the odor sprays in this 

study, although the mode of application was appealing. 

 

However, this literature is difficult to compare as McGlone et al (2018) used corn cob litter versus the 

cats’ typical litter. As clay-based litter is still the number one product on the market, it is difficult to 

compare with a corn cob-based litter. To be able to truly test two variables in a study, all other variables 

should be controlled as much as possible. If more than two variables are being tested at the same time the 

treatments groups are confounded and determining true treatment differences would be difficult. Testing 

clay cat litter against corn-cob litter could confound the results as the cats had been using clay litter for a 

lot longer than the corn cob. To get a more accurate result, the cats should be transitioned from one litter 

to the other product first to minimize any neophobic effects. With cats being very sensitive to change, the 

concept of using a litter that attracts cats to using it more than another product is a key part that may help 

to reduce the chances of a cat becoming aversive to the litter box. In all these studies, an additional step of 

adding beads by the manufacturer or increasing the work for the pet owner to ensure the litter spray was 

refreshed regularly was required. There is still a wide variation in results for attractants added into the 

litter to really determine how to attract a cat to the litter. Table 1.1 summarizes the studies using attractant 

products and the variability of results between them. 
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1.6 Sex differences 

 

One study, by McGowan et al. (2017) was able to investigate specific behaviours in cats while interacting 

with the litter box as well as the differences between male and female cats. The authors found that male 

cats dug in the litter box more (P = 0.0050), chose a specific place in the litter box more often (P = 

0.0360), pivoted more after using the litterbox (P = 0.0040) and sniffed other objects in the environment 

more (P = 0.0340). Sniffing behaviour was investigated by Barry and Cromwell-Davis (1999) where they 

studied 60 households with either two male cats, two female cats or one female and one male cat. By 

looking at the interaction between the cats in the home, they found that male and female pair cats sniffed 

each other more than the male/male pairs and the female/female pairs. (P < 0.01). This dynamic brings up 

an interesting discussion point about the effect of having different sexes in the same room on sniffing 

dynamic. Sex differences have also been identified when studying urine marking, which is the behaviour 

of cats urinating against objects, while still using the litter box for urination events as well (Pryor et al. 

2001, Hart 1996). In a study investigating 40 male and 7 female cats with a history of urine marking used 

behaviour management procedures such increasing litter box hygiene and cleaning urine marks, to reduce 

the occurrences in the home (Pryor et al. 2001). While male cats were significantly overrepresented in this 

study, female cats had a more significant positive response to behaviour management than male cats (P = 

0.003) (Pryor et al. 2001). While the sex ratio was highly skewed, as the study recruited owners with 

problem cats it could suggest that male cats are more at risk for developing urine marking behaviour and 

their behaviour should be looked at separate than females. This is consistent with retrospective study of 

1557 cats through an owner survey that found that male cats were more likely to exhibit aggression 

behaviours between familiar cats (P = 0.001), vocalize (P = 0.016) and house soil with urine (P < 0.001). 

Other studies discussed previously have investigated the sex differences in cats however found no 

difference between the sexes (Guy et al. 2014, Amat et al. 2009). These previous studies have looked at 

preference behaviour specifically, which could be considered very individual depending on the cat. This 

could explain why other previous literature with preference behaviour did not look at differences between 
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male and female cats, yet chose to look at both sexes together (Neilson 2009, Grigg et al. 2012, Guy et al. 

2014). When looking at behaviours other than preference, investigating the difference between male and 

female cats would be beneficial for future recommendation. 

 

1.7 Summary 

 

While the domestic cat has lived with people for many years, there is still a dearth of information 

regarding why cats will soil in the home. Many of the recommendations made by professionals aim to 

help ensure cats do not start house- soiling, however there are individual cats that may still house- soil 

despite the owner’s best attempts. These recommendations are based on limited research. Even current 

recommendations of transitioning cats from different litter products has not been currently tested and is 

based on anecdotal advice. Whether a seven-day transition period is enough or too short is still a question 

that needs to be explored. Furthermore, as cats can be selective about their litter substrate using a litter 

that is both an attractant for the cat and easy for the owner as well. Future studies should focus on 

continuing to test current recommendations for cat litter management as well as investigating other ways 

to make litter more attractive to a cat to minimize the likelihood of litter box aversion.  

 

1.8 Overall research hypotheses and objectives 

 

The purpose of the studies presented in this thesis were to determine how effectively cats transitioned 

from one litter product to another as well as to determine the efficacy of using an attractant compound 

built directly into a litter product to attract cats to the litterbox. In chapter 2 the purpose of the study was 

to determine how cats transitioned from a clay-based clumping cat litter to a plant-based clumping cat 

litter using the recommended guidelines of transitioning. We hypothesized that a six- day transition would 

be sufficient and evidenced by a transient change in behaviour, but no aversive behaviours at the end of 

the transition period. In chapter 3, the purpose of the study was to determine whether cats would prefer a 
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plant-based clumping litter product with an added attractant over a control plant-based litter. We 

hypothesised that cats would prefer the litter with the attractant over the control litter as evidenced by 

greater amounts of time sniffing, covering, and urinating and defecating. A secondary objective was to 

evaluate whether male and female cats expressed different behaviours as a function of the litter type. We 

hypothesised that males would have a higher rate of preferred elimination behaviour in the litter with the 

attractant over the control litter based on previous literature suggesting that elimination behaviours in cats 

vary between sexes, with males having a higher prevalence of eliminating outside of the litter box. 
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Table 1.1 Comparison of current literature using additives to attract cats to the litter box 

Author # 

cats 

Home vs. 

Laboratory 

Group or 

Individual 

Litter 

Substrate 

Scent (vs. 

control) 

Result 

Cottam and 

Dodman, 

2017 

10 Home Individual Own litter (mix 

of brands) 

Zero Odor No aversiveness to 

scent 

19 Home Group and 

Individual 

Own litter (mix 

of brands) 

Zero Odor Decreased number of 

inappropriate 

eliminations with use 

Perez-

Camargo et 

al., 2015 

16 Laboratory Individual Clay litter L-Felinine 

0.20% 

Cats urinated more 

in the scented box, 

no difference 

between defecations 

Perez-

Camargo et 

al., 2015 

16 Laboratory Individual Clay litter Black currant 

oil/juice, 

vanillin, White 

Truffle oil 

Cats defecated less 

in the scented box, 

no difference in 

urinations 

Perez-

Camargo et 

al., 2015 

16 Laboratory Individual Clay litter Dr. Elsey’s 

Ultra Litter 

Attractant, 

Feliway, MMB, 

musk oil, Tom 

Cat urine 

Cats urinated less in 

scented box, no 

difference in 

defecations 

Perez-

Camargo et 

al., 2015 

16 Laboratory Individual Clay litter Cat grass, 

Matabi, Calvin 

Klein Obsession 

cologne, Pine 

needle oil 

Cats urinated and 

defecated less in 

scented box 

Perez-

Camargo et 

al., 2015 

16 Laboratory Individual Clay litter Black seed oil, 

cat nip, 

chamomile, 

lavender, L-

Felinine 0.05%, 

licorice, 

menthalactone, 

peppermint, 

rosemary 

No difference 

between control 

McGlone et 

al, 2018 

40 Laboratory Individually Corn-cob litter Androstenone 

beads 

Cats used litter box 

most often 

McGlone et 

al, 2018 

40 Laboratory Individually Corn-cob litter 3M3M Cats used litter box 

less 

McGlone et 

al, 2018 

40 Laboratory Individually Corn-cob litter 3M3M & 2M2B 

MIX 

Cats used litter box 

less 

McGlone et 

al., 2018 

(aggression 

part) 

16 Laboratory Pair housed Corn-cob litter 2M2B Cats were not 

attracted to the litter 

box 
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Chapter 2: The behavioural impact on cats during transitioning from a clay-based litter to a plant-

based litter 

 
Abstract 

Environmental changes in the home, specifically around litter box management are stressful for cats. 

Current guidelines recommend transitioning cats from one litter product to another over six days to 

minimize stress. The objective of the current study was to test litter transitioning guidelines using 16 

domestic cats (seven castrated males, eight spayed females, and 1 intact female), between 1–5 years in 

age (mean = 2.25 years ± 0.36) to observe their daily elimination through the transition. Cats were 

transitioned from a clay-based litter product (CLAY) to a plant-based litter product (PLANT) over the 

first week (Week 1) in a step-wise replacement of CLAY with PLANT and then remained on PLANT for 

an additional week after the transition occurred. During these two weeks, behaviours were recorded 

remotely and later coded for a variety of behaviors related to litter box use. Data were analyzed using 

PROC GLIMMIX in SAS and blocking for cohort. Urination, defecation, cover and dig behaviours were 

not significantly different between Week 1 and Week 2 (P > 0.05), by day within periods (P > 0.05) or 

between periods (P > 0.05). Sniffing frequency was higher in Week 2 over Week 1 (P = 0.016); however, 

the cats sniffed the litter boxes being transitioned from CLAY to PLANT more and longer than PLANT 

in total over the study (P < 0.0001). These data suggest that six days may be an adequate amount of time 

to transition a cat to a new litter, although these successes may also be specific to the types of litters 

investigated in this study and different types of litter may warrant further investigation. Cats with a lower 

resiliency level may require a longer period of transition to be able to cope with the change easier. 

Overall, the results of this study identify behaviours that indicate successful litter acclimation and could 

be used to monitor stress and behavioural changes caused by change of litter substrate. More research is 

needed to identify individual coping capabilities of cats as well as differences between male and females. 
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2.1 Introduction 

 

Cat owners and caregivers often believe that inappropriate behavior appears suddenly in their cat; 

however, the distress that underpins these changes may exist for a long period of time before owners 

realize there is a problem (Kogan et al. 2000, Salman et al. 2000, Herron 2010, Stella and Croney 2016a).  

Behavioural changes in cats, such as house soiling,  are one of the leading causes of owner frustration and 

often result in owners surrendering their cat to a private humane society or municipal animal shelter 

(Kogan et al. 2000, Herron 2010, Shreve et al. 2017, Stella and Croney 2016a, Stella and Croney 2016b). 

In fact, Kogan et al. (2000) found that 28% of surrendered cats had at least one behavioural concern, and 

up to 43% of those were eliminating elsewhere than the litter box. Rehoming a cat with known issues of 

house soiling can be difficult and may result in euthanasia rather than re-homing (ASPCA 2018, CFHS 

2015).  

 

Male cats have been identified as having a higher risk of house soiling than females (Pryor et al. 2001, 

Hart 1996) as well as a reduced success rate of behaviour modification and a greater prevalence of owner 

reported complaints of house soiling compared to females (Pryor et al. 2001). When studying specific cat 

behaviours, such as sniffing the litter box, McGowan et al. (2017) found that male cats sniffed their 

environment more as well as exhibited slightly different behaviours than did female cats, suggesting that 

male and female cats should be evaluated separately when comparing behaviours related  litter box use. 

Studies focusing on reduction of stress in the home are needed to further understand the complex nature 

of the domestic cat and to support good management practices to feline health and welfare (Appleby et al. 

2018, Bradshaw 2018). 

 

Cats soil outside of the litter box for different reasons, but stress caused by conflict with other cats in the 

home or sudden environmental changes have been suggested to be the most prominent factors (Amat 

2006, McGowan et al. 2017, Herron 2010). Additionally, litter box management is believed to play a 
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significant role in box aversion as it is important to maintain litter box cleanliness tailored to the 

individual preferences of the cat (Grigg et al. 2012). Current guidelines from the American Association of 

Feline Practitioners (AAFP) and the International Society of Feline Medicine (ISFM) suggest that 

covered litter boxes, small litter boxes, insufficient litter, and overpowering odors (i.e. too dirty or strong 

perfumes) can all discourage cats from using the litter box (AAFP 2013, Carney et al. 2014). 

Environmental changes in the home, such as owners being away from home more, greater excitement in 

the home or even sudden changes in litter substrate can increase stress in cats, resulting in aversion to the 

litter box (Fraser 2012, Atkinson 2018).  

 

As cats can have individual preferences, and home environments vary, owners may find themselves trying 

out different litter products to find one their cat prefers and will use. Given the wide variety of product 

features, including clumping vs. non-clumping, scented vs. unscented, and clay vs. paper or plant-based 

substrates, there exists potential for multiple transitions. Preference by both the cat and owner, allergies in 

the home, and cost of the litter product can all influence litter selection (Hamann et al. 2018, Salman et al. 

1998).  Although research is limited, data suggest that clumping litter is preferred by cats over non-

clumping (Vielleneuve-Beugnet and Beugnet 2018, Carney and Sadek 2014, Carney et al. 2014). 

Clumping litter is easier for the owners to scoop daily and to remove both urine and fecal matter instead 

of having to replace the litter more frequently as non-clumping litter only allows for removal of fecal 

matter. Some researchers have reported that scented litters are aversive to some cats (Horwitz 1997, 

Neilson 2007, Neilson 2008b), however many owners report their cats do not house-soil with scented 

litters, leading to confusion for cat owners about which product they should use (Sung et al. 2006).  

 

Currently, clay cat litter is the most popular product on the market and allows for an easy, cost efficient 

product for cat owners. Clay cat litter unfortunately can be quite dusty depending on the product leading 

to increased allergies in the home (Hamann et al. 2018) as well results in increasing waste in the landfills. 

Recently, largely due to public pressure of finding more environmentally friendly products, plant-based 
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litter has become more popular and available for cat owners. This litter is made from renewable sources, 

can be composted, and breaks down much faster than clay litter (Vaughn et al. 2011). Furthermore, if the 

litter is ingested by the cat or family dog the product is better digested, reducing the chances of blockages 

happening. 

 

Cats have the potential to be neophobic to odors and textures if they have not been properly habituated to 

them (Bradshaw 1986). As cats are more likely to thrive in situations that are predictable and controlled, 

sudden changes in their environment such as their litter box can be a potential stressor (Stella et al. 2013). 

To assist cats coping with a change in litter product, the AAFP and ISFM recommend a transition period 

of a week from the old cat litter product to the new cat litter product (Purina 2018, World’s Best Cat 

Litter, 2018, AAFP 2014, AAFP 2018). However, this recommendation is based on a anecdotal reports 

examining cat behaviour in regards to determining the length of litter transition needed, which results in 

confusion as to ascertain the appropriate length of the transition period (AAFP 2014, AAFP 2018, 

Colorado State University 2016, Herron 2010, Carney et al. 2014). As limited literature exists to 

determine transition times it is difficult to know whether the cats need less time to transition between two 

similar litter products. However, transitioning from two significantly different types of litter, such as a 

clay-based litter product and a plant-based litter product could be stressful for cats, given the differences 

in their texture, smell, and appearance. Cats have been found to have an increased prevalence of 

dissatisfied behaviours such as mimic covering (scratching the floor, wall or litter box side), as well as 

decreased prevalence of digging a hole in the substrate prior to elimination and covering the litter after 

elimination (McGowan et al. 2017). 

 

The objective of the current study was to determine whetherany cat behavior patterns changed during 

litter transition when following the current guidelines of a 6-day transition. By studying a clay-based litter 

product (CLAY) and transitioning the litter boxes over six days to a plant-based litter product (PLANT) 

we sought to identify behaviors related to positive and negative affective states that would signal 
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successful vs. unsuccessful transitions. We hypothesized that sniffing behaviours would be greater during 

the six-day period of transitioning the cats from CLAY to PLANT (Week 1), versus the seven-day period 

after transition (Week 2). Additionally, we hypothesized that cover and dig behaviours would be lower 

due to increased stress during the first few days of the transition period. Last, we hypothesized that male 

cats would show more sniffing behaviour than female cats during the first few days or periods of 

transition as compared to later in the transition process. 

 

2.2 Materials and Methods 

 

The study was conducted according to the guidelines for animal care and use provided by the American 

Veterinary Medical Association (AVMA), the Canadian Council on Animal Care (CCAC), and the 

Canadian Veterinary Medical Association (CVMA). All ethical and animal related aspects of the 

experiment were approved by the University of Guelph Animal Care Committee (AUP#3972). The room 

itself was approved for cat inhabitation by the Chief Veterinary Inspector of the Ontario Ministry of 

Agriculture, Food and Rural Affairs (OMAFRA) under the Animals for Research Act prior to the arrival 

of the cats.  

 

2.2.1 Subjects  

 

Sixteen healthy cats (seven castrated males, eight spayed females, and 1 intact female), between 1–5 years 

in age (mean = 2.25 years ± 0.36) and in two cohorts of eight were used. All cats in both cohorts were 

originally sourced from two animal shelters local to the area and had been surrendered by their owners or 

were picked up in the area as strays. The cats were split into two equal cohorts based on availability from 

the shelter. Cohort 1 included 3 males and 5 females and Cohort 2 was an even split between sexes with 

no significant difference between the weights of the females and the males. The age, sex, breed, and color 

of each cat was recorded upon arrival (Table 2.1). All cats were group-housed in an indoor room 
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measuring approximately 434 ft2. Upon arrival, cats were examined by a licensed veterinarian for general 

physical health and vaccination status was updated if needed. No bloodwork was taken; however, the cats 

were monitored closely by the caretakers for any possible health complications prior to the study starting. 

A Feliway® diffuser with Feliway Friends® product was placed in the room to assist the cats with the 

acclimation to the room and each other for one day prior to arrival and five days after arrival. Cats were 

provided with vertical climbing and perching surfaces, bedding, hide areas, as well as toys and enough of 

these for every cat to have access. Cats also had multiple positive daily interactions with the research 

team and trained volunteers. The cats participated in voluntary social interactions such as brushing, 

petting, and playing with the same caretakers two to three times a day during room and litter box 

cleaning, as well as during as an afternoon session on weekdays, that did not exceed two hours of human 

presence in the cat room. Cats were acclimated to the room and being group housed for approximately 3 

to 4 weeks prior to the study period beginning. 

2.2.2. Housing and Enrichment 

 

Cats were given unrestricted access to the entire room, except for the daily 45-min feeding period. Cats 

were fed once a day in the morning; Cohort 1 was fed at 09:00 h and Cohort 2 at 08:00 h to keep 24-h 

days consistent during daylight savings time. Each cat was placed in their “condo” (primary housing unit) 

to allow for exact measurements of feed intake and individual cat health checks. Each cat condo 

contained a water dish, hiding box, blanket, and mat. The feeding period allowed for care-taking staff to 

clean the entire room. The floors were swept and mopped daily, along with the sanitization of all surfaces 

throughout the room using dilute bleach. All structures such as the condos, scratching towers, desks, and 

litter boxes in the room were given a designated position in the room to ensure consistency for the study 

period. Lighting was maintained on a 12 h light-dark schedule from 08:00 h to 20:00 h. Mean room 

temperature for Cohort 1 was not recorded properly due to a temperature gauge failure, but the building 

temperature was recorded daily as approximately 22 °C and mean humidity in the room was 52 ± 4.1%. 

For Cohort 2, mean room temperature was accurately recorded as 22.17 ± 0.61 °C and mean humidity 
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was 54 ± 11.3%. The volunteer session of interacting with the cats occurred daily from Monday to Friday 

between 13:00 h and 15:00 h.  

 

Eight uncovered litter boxes (Cohort 1 litter boxes were 19¾” × 14” × 5½”, while Cohort 2 litter boxes 

were similarly sized at 17” × 13½” × 5” but different from Cohort 1 due to availability of the litter boxes) 

were arranged in a circle in the room (Figure 2.1). The litter boxes were scooped twice a day at 08:00 h 

and 20:00 h and the number of each type of elimination was recorded. The amount of litter in each box 

was measured in multiple locations to ensure a consistent 2-inch layer was present throughout the study 

period. All the cats involved in this study had previous exposure to clay-based litter from the shelter; 

however, it is unknown if any of the cats had been exposed to plant-based litter or if they had any pre-

existing behavior problems with elimination outside of the litter box.  

 

The litter boxes were numbered 1–8, with boxes 1, 3, 5 and 7 containing CLAY litter and boxes 2, 4, 6 

and 8 containing the PLANT litter (Figure 2.1) at the initiation of the study. Baseline behaviors were 

recorded on Day -1 with the above described litter box arrangement. The transition period started on Day 

0 with removing 25% of the volume of the CLAY litter in the morning, adding in the same volume of 

PLANT litter and mixing the two together (Table 1.2). On the morning of Day 2, the volume was 

calculated to remove mixture litter and add PLANT litter to result in 50% of the volume in the litter box 

containing CLAY litter and 50% containing PLANT litter. The removal of mixture and addition of 

PLANT litter was repeated on Day 4 to ensure that the mixture contained 25% CLAY litter and 75% 

PLANT litter. On the morning of Day 6, all litter boxes containing the mixture were completely emptied 

and filled with the same amount of litter in the original PLANT litter boxes (litter boxes 2, 4, 6, 8).  

 

For the purposes of analyses, Week 1 consisted of Day 0-6 of the transition period where four CLAY 

litter boxes (Litter box 1, 3, 5, 7) were transitioned over to PLANT litter, while Week 2 was when all 

litter boxes contained PLANT litter. The Periods were broken down into percentage of CLAY where, 
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Period 0 consisted of Litter boxes 1, 3, 5, 7 (the transition litter boxes) contain CLAY and Litter boxes 2, 

4, 6, 8 (control litter boxes) contain PLANT for the entire time, Period 1 consisted of the transition litter 

boxes contain a mixture of 25% clay and 75% plant,  Period 2 consisted of the transition litter boxes 

contain 50% each of CLAY and PLANT, Period 3 consisted of the transition litter boxes contain 25% 

CLAY and 75% PLANT, and Period 4 had all eight litter boxes contain 100% PLANT. Day consisted of 

Day 0 to 13 (Table 2.2).  

 

2.2.3 Behavioural Data Collection 

 

A video-recording device (Panasonic WV-SPN531) was positioned on the ceiling directly above the litter 

boxes to allow for simultaneous observation of all eight litter boxes, beginning on day -1 The litter box 

area was recorded for 12 h continuously during the light period from 08:00 h to 20:00 h, for all 14 days of 

the study, and for each cohort. The data were analyzed from days -1 to 13, which corresponded with a day 

of acclimation footage, the transition period of the litter boxes from CLAY to PLANT (Period 2, day 0-6) 

and the week after of all 8 litter boxes containing PLANT (Period 4, day 7-13). Video analysis was 

performed by two observers and tested for inter-observer reliability. Two independent observers were 

used to record each cohort for 12 h a day for 14 days. The two observers were evaluated for inter-observer 

reliability with the same five days, resulting in a β-score above 0.75. Referring to Bakeman and 

Gottman’s (1997) earlier work, the coders were considered to have excellent reliability characterizations 

and could code each cohort independently. The total number of eliminations for each litter box was 

recorded twice a day, at morning and evening litter box scooping. Any eliminations outside of the litter 

box and the locations also were recorded. 

 

2.2.4 Ethogram and Behaviour Coding 

 

The ethogram used for this study was based on the one designed by McGowan et al. (2017), but scaled 

down to include 10 primary behaviors based on litter box involvement only; four of which were 
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subdivided into more detailed categories to discriminate among pre-box use, during box use, and post-box 

use events (Table 2.3). The duration of each coded behaviour was determined by marking the time when 

the cat first started litter box-oriented behaviour and when the cat stopped the behaviour. In addition to 

recording each behaviour occurrence, the time, duration, and location of the litter box that was used were 

noted. To be considered an event, there must have been a minimum of one behaviour observed that was 

listed in the ethogram. An event was considered concluded when the cat left the litter box area. 

2.2.5 Statistical Analyses 

 

Data were analyzed using PROC GLIMMIX in SAS (SAS Statistical Software 9.4 Release M4, SAS 

Institute, Toronto, ON) and modeled either using a Lognormal response distribution (sniff frequencies 

and duration) or a Gaussian distribution (defecation and urination frequencies and durations).  When the 

model did not result in normally distributed residuals, the appropriate linear and/or lognormal distribution 

model was used for analysis and blocked for cohort. Frequency, total duration, and duration of each 

behaviour was analyzed based on cat, sex, litter type as well as litter box location. Data were evaluated 

according to main effects and interactions of treatment and sex, which included subclasses identified in 

the ethogram (Table 2.3). The total duration was defined as the total amount of time spent performing the 

respective behaviour for each treatment and sex category used over the entire study period analyzed (14 

days). Duration was defined as the length of time (in seconds) a cat was observed performing a behaviour. 

Correlation analysis was also evaluated to determine if any behaviours were associated with others.  

Results were statistically significant at p < 0.05 level and trends were identified at 0.05 < p < 0.10 level. 

 

2.3 Results 

 
Cats were found to have a positional preference for litter box number 3, which was the only litter box next 

to the wall in the circle (Figure 2.1). Cats most favoured position being against a wall has been found 

previously of importance so that they can watch their surroundings at the same time as using the litter box 
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(Beugnet & Beugnet 2019). Due to the limitations of the room and the camera, this location had the 

highest behaviours correlated with the position of the boxes. As the other litter boxes were away from the 

wall they were used less by the cats. By adding the number of total elimination events (urination and 

defecation) the cats in each cohort both used this litter box more often than any other. No correlations 

were found for  

any behaviours analyzed (urination, defecation, cover, dig, sniff) (P > 0.05). 

2.3.1 Urination behaviour 

 

No difference in urination behavior was found (P < 0.05) over the period when analyzing cats together or 

when sex was considered a fixed effect. There were no significant differences observed in the number of 

urinations per day between week, day, or period (P > 0.05). Duration of urination behaviour for each sex 

did not differ between the week types or period types (P > 0.05). 

2.3.2 Defecation behaviour 

 

When analyzing both male and females together for behaviour events, there were no significant 

differences found in the number of defecations per day between the week, day, period or period within 

cohort (P > 0.05). Duration of defecation behaviour for each sex did not differ between the week, day, 

period or period within cohort (P > 0.05).  

2.3.3 Sniffing Behaviour 

 

No significant differences were reported when the sniff-pre and sniff-post behaviours were analyzed 

separately as different behaviours (P > 0.05). All sniff behaviours (sniff, sniff-pre-and sniff-post) were 

analyzed together, by modelling a Gaussian response distribution for frequency of sniff behaviours and a 

Lognormal response distribution for total duration of sniff behaviours. When analyzing frequency 

behaviours of male and female cats together, there was no significant difference due to period within 

cohort, number, or litter box location (P > 0.05). However, regardless of cohort, the cats were found to 

sniff the litter boxes in Week 2 significantly more than Week 1 (Week 2 – 6.79 +/- 0.79 times; Week 1 – 
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5.59 +/- 0.80 times; DF = 196; P = 0.016). The cats were also found to sniff the litter boxes being 

transitioned from CLAY to PLANT approximately three times more than the original PLANT litter boxes 

(DF = 196; P = < 0.0001) (Table 2.4). No difference was found for the total duration of sniff behaviours 

by period within cohort or day. For total duration of sniff behaviour of male and female cats together, 

there were no significant differences reported between Week 1 and Week 2 or between the period within 

cohort, day or litter box location (P > 0.05). The cats sniffed the litter boxes being transitioned from 

CLAY to PLANT twice as long as the original PLANT litter boxes (P < 0.0001) (Table 3.2).  

2.3.4 Dig Behaviour 

 

One cat was not recorded on camera exhibiting dig behaviour. No significant differences or trends were 

reported when looking at both frequency or duration cover behaviour of either sex or individual cats by 

day, week or period within cohort (P > 0.05).  

 

2.3.5 Cover Behaviour 

 

One cat was not recorded on camera exhibiting cover behaviour. No significant differences were reported 

when looking at both frequency or duration cover behaviour of either sex or individual cats by day or 

period within cohort (P > 0.05).  

2.3.6 Eliminations outside of the box 

 

During the transition period, a total of four urinary eliminations and nine fecal eliminations outside the 

box were recorded. For Cohort 1, four urinary eliminations and eight fecal eliminations were found in the 

room outside of the litter box. For Cohort 2 only one fecal elimination was found outside of the litter box 

and zero urinary eliminations. One cat in Cohort 1 was observed on video urinating and defecating 

outside of the litter boxes on camera on Days 7, 8 and 9. Cats were recorded within the litter box area 

during recording hours; however, the rest of the room was not videotaped during the study and therefore 

individual cats could not be identified for eliminations elsewhere in the room.  
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2.4 Discussion 

 

Current recommendations by litter companies and the AAFP and the ISFM suggest transitioning cats 

from one litter to another litter product over six days to minimize the stress on the individual cat and limit 

neophobic behaviour (Purina 2018, World’s Best Cat Litter, 2018, AAFP 2014, AAFP 2018, Herron 

2010, Carney et al. 2014, Bradshaw 1986, Colorado State University 2016). Prior experience of the cats 

with CLAY litter may have influenced their preference when comparing CLAY litter to PLANT (Carney 

and Sadek 2014, Carney et al. 2014, Vielleneuve-Beugnet and Beugnet 2018), which is a main reason 

why this was not specifically examined in this study. As the cats were originally offered both PLANT and 

CLAY during acclimation to the environment, the cats did not interact with the PLANT litter out of 

novelty. Overall, the cats sniffed the litter boxes being transitioned from CLAY to PLANT more times 

than the original PLANT litter. Sniffing behaviour in cats is sometimes overlooked when evaluating a 

particular cat’s response to an environment and can lead to misunderstanding about how important the 

olfactory environment is to them (Shreve and Udell, 2017). The olfactory epithelium of cats is nearly 

seven times larger than that of a human, and as such, cats are more sensitive to olfactory changes than 

their owners (Nielson 2017). Very little research has been published on how a cat interprets a new odor or 

pheromones, but they have been reported to be sensitive to novel smells (Perez-Camargo et al. 2015, 

McGlone et al. 2018). When looking at the duration of sniffing behaviour, cats also sniffed the litter 

boxes being transitioned longer than the original PLANT litter boxes, which may have indicated 

increased interest in the mixture of litter products. If cats find a smell aversive, they will avoid the area 

and not interact with it (McGowan et al. 2017, Perez-Camargo et al. 2015). As male and female paired 

cats have been found to sniff in general more than male/male or female/female pairs (Barry and 

Cromwell-Davis, 1999), this likely could have resulted in our sniffing behaviours being more prevalent as 

both cohorts were mixed sexes. The cats were also found to sniff the litter boxes more during Week 2 

when all boxes were filled with PLANT litter. In week 1 the cats sniffed the litter boxes being 

transitioned more than the control litter boxes with plant and as such it would be expected that the cats 
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would have a higher frequency of sniff behaviour in Week 1 overall. As discussed earlier, cats will spend 

a lot of time investigating an odor they are more interested in versus a smell that does not appeal to them 

that they will ignore (Frayne et al. 2019, McGowan et al. 2017, Perez-Camargo et al. 2015). As the cats 

still showed interest in the litter following the week of transition, this shows that these cats were able to 

adapt to the change in litter products and not show increased aversive behaviours to it. As our cats were 

acclimated to the novel litter (PLANT) prior to the transition period, this could suggest that allowing cats 

in the home to get used to the new litter product prior to transitioning from their old litter product, may 

allow cats to become habituated easier to the change. This would be a novel addition to recommendations 

for transition and mean that an additional box with the new litter should be provided alongside the old 

litter and then new litter should slowly be added to the old littler boxes until complete transition.  

 

In the present study, transitioning the cats from a CLAY litter to a PLANT litter resulted in no drastic 

behaviour changes and considering sex, day or period did not results in differences. One large assumption 

we made for behaviour changes was that as the litter was transitioned, cats would have increased interest 

(McGowan et al. 2017), but greater stress (Stella et al. 2013, Levine 2008), and as such we expected to 

see lower dig and cover behaviours in the beginning of the transition period. As cats prefer to dig prior to 

using the litter box and cover their eliminations after, a lack of this behaviour has been associated with 

cats being dissatisfied with their litter box environment directly such as a change in cleaning frequency, 

or changes in the home (McGowan et al. 2017, Cottam and Dodman 2007). A lack of dig and cover 

behaviours were found to be inhibited presumably to escape the litter box area as quickly as possibly 

(Sung 2001, Cottam and Dodman 2007, McGowan et al. 2017). The finding of no difference in cover and 

dig behaviours over the weeks and periods may suggest that the cats in our study were not stressed 

enough during the transition period to change their cover and dig behaviours. In situations with additional 

stressors, such as sudden or drastic changes in a regular home environment, this may impact the length of 

transition time needed to change litter substrate. When determining the length of litter transition, the 

current behavior of the cat, any changes in the home, and the cat’s health all need to be considered. In the 
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present study we observed no difference between sexes and in agreement with some studies (Neilson 

2009, Grigg et al. 2012, Guy et al. 2014), but a greater number of cats may be required to fully elucidate 

the validity of this hypothesis. There is little literature available that have investigated litter box use in 

cats especially in a laboratory setting and further research is needed to determine whether male and 

female cat behaviour differs and what environmental factors may alter these responses. 

 

Eliminations outside of the litter box were minimal in this study, but as the cats’ history of litter box use 

was unknown, this group of subjects could have been more resilient to litter product changes (Stella et al. 

2013, Bradshaw 2018). Slow changes allow cats to adapt to their surroundings (Bradshaw 1986, Herron 

2010, Carney et al. 2014) and because of lack of inappropriate urination, the six-day transition period in 

the present study is appropriate in cats acclimated to their environment as is consistent with previous 

research (Amat et al. 2016, Herron 2010, Carney et al. 2014). However, nervous, or easily stressed cats 

may require a longer time to transition than more resilient cats. The cat that was videotaped fecal 

eliminating out of the litter box may have been more distressed than those who used the litter boxes 

consistently (Amat et al. 2009, McGowan et al. 2017). Prior assessment of this cat’s litter box usage and 

personality before transitioning would have given us more of a baseline to compare the behaviours during 

the transition period. Fecal elimination out of the litter box is reported less often by owners (Herron 2010, 

Neilson 2004), suggesting that a cat that does exhibit this behaviour is more dissatisfied with the change 

occurring. A different cat did not exhibit any cover or dig behaviour during the study, which suggests 

more stress in that individual than the other cats in the study (McGowan et al. 2017). The circular litter 

box arrangement could have been a potential stressor for the individual cats as well, as the most favoured 

position for cats to eliminate is against a wall presumably to observe their surroundings at the same time 

(Beugnet & Beugnet 2019, Frayne et al. 2019). With only one location closest to the wall, this may have 

been an issue for a more environmentally sensitive cat. In fact, the cat that was identified as not exhibiting 

any cover or dig behaviours used the spot against the wall (Litter box 3 location) most often. In the 

present study most cats in this group were observed to acclimate quickly to litter transition, but the 
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example of these two cats also reminds us that individual preference and personality need to be 

considered when changing a cat’s environment. Having the opportunity for multiple cats use the litter 

boxes simultaneously is a potential stressor that would be present in multi-cat homes specifically. 

Resource guarding of more dominant cats can result in more timid cats shortening their interaction to 

reduce the likelihood of an altercation (Stella et al. 2012). 

 

Being able to assess the cats’ behaviour separately from how it would interact in a group-housed situation 

could also help to identify any sex differences with regards to assessing the behavioral response to litter 

adaptation. Indeed, a limitation of this study is the relatively small sample size and the individual 

sampling of the cats within a group-housed situation. Group-housing of cats can be a stressor depending 

on the population of cats, however in this study, stress levels were observed to be low in terms of 

behaviour changes when interacting with the litter box. Indeed, the cats in the current investigation were 

acclimated to the environment and had sufficient resources to minimize negative affective states and 

because all resources were supplied there was little social conflict. Very few aggressive altercations 

around the litter box were identified on the video recordings and cats did have the ability to enter the litter 

box from more than one area of the room, allowing them to have access to avoid certain interactions. One 

limitation to this study is the lack of litter box behaviour history of the cats. As the cats were sourced 

from animal shelters, the behavioural history is uncertain as some were surrendered and others arrived as 

strays. This lack of background information results in unanswered questions regarding prior socialization 

of the cats and their resilience to change. A second limitation to this study is that only adult cats were 

used and inferences to how kittens would respond to litter change cannot be made. Kittens typically are 

more interested in novel objects (Atkinson 2018), so they may be more likely to try new litter products 

and have fewer established preferences due to having a shorter history of litter product use. In this study 

we did not assess cat temperament prior to starting the transition and this may have given us additional 

variables to understand the response to litter box change. By identifying the temperament of cats as well 

as the coping style of each cat in terms of change, we could have been able to determine if their individual 
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behaviours in the litter box correlated to their coping style. Coping style would allow us to identify cats 

that are proactive or reactive in terms of a change in their environment and be able to identify further key 

characteristics to look for during stressful changes (Stella and Croney 2019). This could potentially assist 

owners in identifying cats that may exhibit more severe behaviour fluctuations in times of changes in the 

home.   

2.5 Conclusion 

 

This study produced preliminary results indicating that transitioning a cat slowly from one litter product 

to another over six days is sufficient for maintaining normal litterbox behaviours for the majority of cats. 

Cats generally demonstrated increased interest and investigation behaviour to the new litter during 

transition without showing increased neophobia or elimination behavioural changes. This suggests that a 

six-day period may be an adequate amount of time to transition a cat to a new litter for most resilient cats. 

This study also leads to the additional suggestions of making new litter substrate available in a separate 

box prior to transitioning current litter to new litter. Individual cats’ behaviour also needs to be considered 

in order to reduce the likelihood of house soiling caused by rapid change of litter substrate, which can 

impact cat well-being in the home.  

. 
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Figure 2.1: The circular arrangement of litter boxes at the start of the trial with Cohort 2 

containing alternating clay and plant-based litter substrates.  
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Table 2.1: Cat demographics by cohort 

 Cat Name Sex Age (years) Breed Colour 

Cohort 1 Brownie F 1  DSH  Brown tabby 

Elton John M 5 DSH Black 

Scarlet F 1 DSH Black/White 

Eggbert M 2 DSH  Brown tabby 

Simmy F 1 DSH  Brown tabby 

Leah F 5 DSH Orange tabby/White 

Riley M 3 DLH Orange 

Rosalie F 3 DLH Orange 

Cohort 2 Gretchen F 3 DSH Black/White 

Violet F 3 DLH Black/White 

Betsy F 1 DSH Tortishell 

Mildred F 1 DSH  Brown tabby 

Norbert M 1 DSH Grey tabby 

Larry M 1 DLH Grey 

Tim M 1 DSH  Brown/White 

Leo M 2 DSH  Orange tabby 

* Abbreviations: F – Female; M – Male; DSH – Domestic short-hair; DLH – Domestic long-hair.  
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Table 2.2: Transition calculations for transitioning the litter based on volume in Cohort 1 for Litter 

boxes 1, 3, 5 and 7  

Study 

Day 

Week Period Mixture Remove mixture Add litter 

-1 0 0 (100% clay)   

0 1 1 (75% clay/25% plant) Remove 6.5 cups clay Add 7 cups plant, 

Mix together 

1 1 1 (75% clay/25% plant) No change No change 

2 1 2 (50% clay/50%plant) Remove 9.25 cups Add 9.75 cups plant, 

Mix together 

3 1 2 (50% clay/50%plant) No change No change 

4 1 3 (25% clay/75% plant) Remove 13.5 cups Add 14 cups plant, 

Mix together  

5 1 3 (25% clay/75% plant) No change No change 

6 1 4 (100% plant) Dump whole litter 

box 

Add 28 cups plant 

based 

7 1 4 (100% plant)   

8 2 N/A (100% plant)   

9 2 N/A (100% plant)   

10 2 N/A (100% plant)   

11 2 N/A (100% plant)   

12 2 N/A (100% plant)   

13 2 N/A (100% plant)   
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Table 2.3: Ethogram detailing the recorded behaviours  

Behaviour Description 

Covering Partial or complete covering of the cat’s own elimination through displacement of 

litter by their paws post-elimination.  

Partial or complete covering of an elimination that does not belong to the cat 

through displacement of litter by their paws. 

Digging Displacement of litter by a cat’s paws prior to elimination or without elimination.  

Fecal 

event 

Begins when complete posture is taken and ends once the stance is broken. 

Confirmed by fecal presence in the litter box. 

Mimic 

covering 

Covering behaviour where the floor is scratched/hit in place of litter.  

Covering behaviour where the litter box is scratched/hit in place of litter.  

Covering behaviour where the wall is scratched/hit in place of litter.  

Paws in 

the litter 

box 

1 paw in the litter box. 

2 paws in the litter box. 

3 paws in the litter box. 

4 paws in the litter box.  

Perching 2+ paws resting on the edge of the litter box.  

Posturing Cat positioning for elimination characterized primarily by the upwards slanting of 

the back.  

Sitting The cat is sitting in a litter box. 

Sniffing Presence of the cat’s head over the litter box or their nose at the edge of the box 

that is not associated with an elimination.  

Presence of the cat’s head over the litter box or their nose at the edge of the box 

immediately prior to elimination in that box.  

Presence of the cat’s head over the litter box or their nose at the edge of the box 

immediately following an elimination in that box.  

Urination 

event 

Begins when complete posture is taken and ends once the stance is broken. 

Confirmed by urine presence in the litter box. 
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Table 2.4: Mean number of sniff events per litter box number over 14-day transition period 

Litter box Litter type Frequency of Sniff 

Events 

Standard Error 

1 Transition from clay to plant 8.4375 0.9573 

2  Plant 2.0763 1.0476 

3 Transition from clay to plant 9.1875 0.9573 

4  Plant 3.4362 1.0239 

5 Transition from clay to plant 9.5953 0.9649 

6 Plant 3.6959 0.9649 

7 Transition from clay to plant 9.7277 0.6949 

8 Plant 3.3796 1.0816 

 

 

 

 

 

Table 2.5: Mean total duration of sniff events per litter box number over 14-day transition period 

Litter box Litter Type Total Duration of Sniff 

Events (seconds) 

Standard Error 

1 Transition from clay to plant 4.0624 0.2071 

2 Plant 2.2194 0.2341 

3 Transition from clay to plant 4.2392 0.2071 

4 Plant 2.5168 0.2271 

5 Transition from clay to plant 4.2504 0.2094 

6 Plant 2.6600 0.2094 

7 Transition from clay to plant 4.2087 0.2094 

8 Plant 2.3694 0.2440 
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Abstract 

Urination and/or defecation outside a designated location has been reported as the most common 

behavioural reason for surrendering a cat and comprises approximately 30% of cat intakes to shelters. The 

objective of this study was to determine whether cats would increase in-box elimination when provided a 

plant-based litter product with attractant (ATTRACT) compared to the same plant-based litter product 

without attractant (PLANT). Sixteen cats were split into two equal cohorts based on availability from the 

shelter and group-housed in an enriched room with eight identical litter boxes arranged in a circular 

pattern equidistant from each other. Following a two-week room acclimation and transition period from 

clay litter to PLANT litter, boxes were designated either PLANT or ATTRACT litter, balancing for cats’ 

prior box location preferences. For 14 days following litter allocation, cat behaviours such as sniffing, 

digging, covering, urinating, and defecating were video recorded for 12 h daily. The cats urinated more 

often in the ATTRACT litter, suggesting that they preferred the ATTRACT litter for urination more than 

the PLANT litter (p < 0.05). The most significant differences observed were between sexes, with males 

spending significantly more time sniffing and performing urination behaviours (p < 0.05). These results 

suggest that litter with an attractant may be more effective in eliciting usage for urination, as compared to 

a litter without the additive. 

Keywords: elimination; attractant; litter; cats; behaviour; video observations; sex 
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3.1 Introduction 

 

The global feline population has been rising steadily, with household cat numbers reaching approximately 

96.5 million in the United States (Statista 2017, 8.8 million in Canada (CAHI 2018), and 102 million in 

Europe (Statista 2016). These values are consistent with the current human populations of the respective 

countries. The rise in the domestic cat population and the paucity of information focused on cat behaviour 

makes optimal management challenging. One indication of this challenge is the large number of cats that 

enter shelters each year. In the USA alone, 3.2 million cats enter shelters annually (ASPCA 2018). A 

large percentage of shelter cats are surrendered by their owners, including 30% of all cats entering 

shelters in Canada (CFHS 2015) and 32% in the UK (Philips et al. 2016). While there are many factors 

that contribute to owner surrender of an animal, elimination outside of the litter box is the number one 

reason that owners choose to surrender their cat (Salman et al. 1998, Herron 2010). Therefore, efforts 

focused on understanding elimination behaviour are warranted. 

 

Salman et al. (1998) found that 28% of surrendered cats had at least one behavioural problem identified 

by their owner, and up to 43% of behavioural concerns were urination and/or defecation outside of a 

designated elimination location. Adopting out a cat with known issues of eliminating outside of the litter 

box is difficult and often results in the cat being euthanised as the space is needed for more highly 

adoptable cats with no behaviour issues. According to the Humane Society of the United States, in some 

areas, up to 70% of cats in shelters may be euthanised (HSUS 2018). Ideally, if elimination behaviour 

outside of the litter box is reduced or prevented at home, fewer cats will enter the shelter system. 

 

Eliminating outside of the litter box often reflects distress in cats and is poorly tolerated by most owners 

(Herron 2010, Shreve & Udell 2017). While medical issues such as lower urinary tract infection, diabetes, 

hyperthyroidism, and chronic kidney disease may contribute to the onset of elimination behaviour issues 

and should therefore be ruled out prior to attempting to address the behaviour (Herron 2010), determining 
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non-medical causes can be difficult. Cats may eliminate elsewhere in the home for many reasons, but 

stress is often a factor. Stress may be a result of conflict with other cats in and around the home, recent 

changes in the home, and problems with the litter box itself (Herron 2010, McGowan et al. 2017). Litter 

box management can be difficult to maintain, and poor or inconsistent management of the litter box is 

likely a primary reason why cats might start to eliminate elsewhere in the home. Covered litter boxes, 

boxes that are too small for the cat, providing insufficient litter or infrequent cleaning, and overpowering 

odors (i.e., too dirty or strong perfumes) can all make cats avoid the litter box (Herron 2010, Grigg et al. 

2012).  

 

Previous studies have also shown that cats prefer a small particle size of litter as compared to pellets or 

pearl particulates and that cats find strong perfumes aversive (Neilson 2004, Cooper 1997). Clay-based 

litter is currently the most popular product on the market. However, plant-based litter is an 

environmentally friendly alternative for owners. It is made from renewable sources, composts much 

easier, and breaks down faster compared to clay (Vaughn et al. 2011). Furthermore, if the cat or another 

pet were to ingest the litter, it would be better digested than a clumping clay litter and is therefore 

considered a safer choice (Vaughan et al. 2011). While good litter management may help ensure that cats 

use their litter boxes, even with proper management, some cats may still show an aversion to the litter box 

(Shreve & Udell 2017, McGowan et al. 2017). In addition to the factors previously listed, others such as 

breed, reproductive status, and age of the cat have been reported to affect elimination behaviour; however, 

very little is known regarding the role sex might play in these behaviours (Amat et al. 2009, Barry & 

Cromwell Davis 1999, Sung & Cromwell Davis 2006, Tamimi et al. 2015). Sex is commonly reported as 

a factor in feline elimination behaviour studies, but it is rarely the main variable tested, and therefore 

warrants further investigation. 

 

To date, a limited number of studies (<30) have investigated the ability of a litter product to reduce 

aversion, promote litter box attractiveness and/or increase litter box usage. Cottam and Dodman (2007) 
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found that owners reported a significant decrease in the number of eliminations outside of the litter box 

when using a commercially available cat urine deodoriser to remove the smells of the litter box. Studies 

have historically focused on adding spray onto the litter to make the litter box more attractive to the cats. 

Some have reported cats appearing to urinate less often in the box sprayed with an attractant spray on the 

litter (Perez-Camargo et al. 2016) while others showed an increased use of the litter boxes by the cats 

when the boxes were sprayed with l-felinine (a compound that cats excrete naturally when urinating) 

(Perez-Camargo et al. 2015). McGlone et al. (2018) recently evaluated the effects of pelleted pheromone 

and interomone additives on aggression near litter boxes in multi-cat homes. The authors reported that 

one of their compounds (2-methyl-2-butenal) was preferred by the cats over the control, suggesting that 

adding the compounds directly into the litter might assist in reducing distress and aggression in household 

cats related to litter-box use (2018). 

 

Given the relatively limited number of published studies illustrating the efficacy of litter-box attractants, 

the objective of the current study was to determine whether cats would prefer a plant-based clumping 

litter product with an added attractant (ATTRACT) over a control plant-based litter (PLANT). We 

hypothesised that cats would prefer the ATTRACT litter over the PLANT control, as evidenced by 

greater amounts of time sniffing, covering, and urinating and defecating. Our secondary objective was to 

evaluate whether male and female cats expressed different behaviours as a function of the litter type. We 

hypothesised that males would have a higher rate of preferred elimination behaviour in the ATTRACT 

litter over the PLANT control litter based on previous literature suggesting that elimination behaviours in 

cats vary between sexes, with males having a higher prevalence of eliminating outside of the litter box 

(Amat et al. 2009, Sung & Cromwell Davis 2006).  

 

 

 



 
 

43 
 

3.2 Materials and Methods  

 

The study was conducted according to the guidelines for animal care and use provided by the American 

Veterinary Medical Association (AVMA), the Canadian Council on Animal Care (CCAC), and the 

Canadian Veterinary Medical Association (CVMA). All ethical and animal related aspects of the 

experiment were approved by the University of Guelph Animal Care Committee (AUP#3972). The room 

itself was approved for cat inhabitation by the Chief Veterinary Inspector of the Ontario Ministry of 

Agriculture, Food and Rural Affairs (OMAFRA) under the Animals for Research Act prior to the arrival 

of the cats.  

3.2.1 Subjects 

 

Sixteen healthy cats (seven castrated males, eight spayed females, and 1 intact female), all between 1–5 

years in age (mean = 2.25 years ± 0.36), were used for litter preference behaviour observations. All cats in 

both cohorts were originally sourced from two animal shelters local to the area and had been surrendered 

by their owners or were picked up in the area as strays. The cats were split into two equal cohorts based 

on availability from the shelter. Cohort 1 included 3 males and 5 females, while Cohort 2 was an even 

split between sexes with no significant difference noted between the weights of the females and the 

males. The age, sex, breed, and colour of each cat was noted upon arrival (Table 3.1). All cats were 

group-housed in an indoor room measuring approximately 434 ft2. Upon arrival, cats were examined by a 

licensed veterinarian for general physical issues regarding heart, lung and joint problems and vaccination 

status was updated if needed. No bloodwork was taken; however, the cats were monitored closely by the 

caretakers for any possible health complications prior to the study starting. A Feliway® diffuser with 

Feliway Friends® product was placed in the room to assist the cats with the acclimation to the room and 

each other for one day prior to arrival and five days after arrival. Cats were provided with vertical 

climbing and perching surfaces, bedding, hide areas, as well as toys. Cats also had multiple, positive daily 

interactions with the research team and trained volunteers. The cats participated in voluntary social 

interactions such as brushing, petting, and playing with the same caretakers two to three times a day 
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during room and litter box cleaning, as well as during as an afternoon session on weekdays, that did not 

exceed two hours of human presence in the cat room.  

3.2.2 Housing and Enrichment 

 

Cats were given unrestricted access to the entire room, except for the daily 45-min feeding period. Cats 

were fed once a day in the morning; Cohort 1 was fed at 09:00 h and Cohort 2 at 08:00 h to keep 24-h 

days consistent during daylight savings time. Each cat was placed in their “condo” (primary housing unit) 

to allow for exact measurements of feed intake. Each cat condo contained a water dish, hiding box, 

blanket, and mat. The feeding period allowed for care-taking staff to clean the entire room. The floors 

were swept and mopped daily, along with the sanitization of all surfaces throughout the room using dilute 

bleach. Various cat toys, climbing structures, and hiding boxes were provided throughout the room for 

enrichment. All structures such as the condos, scratching towers, desks, and litter boxes in the room were 

given a designated position in the room to ensure consistency for the study period. Lighting was 

maintained on a 12 h light-dark schedule from 08:00 h to 20:00 h. Mean room temperature for Cohort 1 

was not recorded properly due to a temperature gauge failure, but the building temperature was recorded 

daily as approximately 22 °C and mean humidity in the room was 52 ± 4.1%. For Cohort 2, mean room 

temperature was accurately recorded as 22.17 ± 0.61 °C and mean humidity was 54 ± 11.3%. The 

volunteer session of interacting with the cats occurred daily from Monday to Friday between 13:00 h and 

15:00 h. The litter boxes were scooped twice a day at 08:00 h and 20:00 h with the room being swept each 

morning. 

 

Eight uncovered litter boxes (Cohort 1 litter boxes were 19¾” × 14” × 5½”, while Cohort 2 litter boxes 

were similarly sized at 17” × 13½” × 5” but different from Cohort 1 due to availability of the litter boxes) 

were arranged in a circle in the room (Figure 1). Litter boxes were scooped twice daily and the number of 

each type of elimination was recorded. The amount of litter in each box was measured in multiple 

locations to ensure a consistent 2-inch layer was present throughout the study period. All the cats 
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involved in this study had previous exposure to clay-based litter from the shelter; however, it is unknown 

if any of the cats had been exposed to plant-based litter or if they had any pre-existing behaviour 

problems with eliminating outside of the litter box.  

 

Two litters were compared for the study, both being corn product-based products from the same 

manufacturer. The regular plant-based litter (PLANT) had a loose bulk density of 30.2 lb/ft3, particle size 

distribution of 18.6% of particles retained in the reference rotap screen which were larger than 2.38 mm 

(ON008) and 8.7% of particles that passed through the reference rotap screen smaller than 0.841 mm 

(TH020). The test litter had an attractant included in the product (ATTRACT) and had a loose bulk 

density of 27.1 lb/ft3, and particle size distribution of 17.4% ON008 and 6.6% TH020. 

 

For recording purposes, the litter boxes were numbered 1–8, with boxes 1, 3, 5 and 7 containing clay litter 

and boxes 2, 4, 6 and 8 containing the PLANT litter (Figure 3.1). The clay litter boxes were transitioned 

to the PLANT litter by starting out on Day 0 with removing 25% of the volume of the CLAY litter in the 

morning and adding in the same amount of PLANT litter and mixing the two together. On the morning of 

Day 2, the volume was calculated to remove enough mixture litter and add in PLANT litter so that there 

was 50% of the volume in the litter box containing CLAY litter and 50% containing PLANT litter. The 

removal of mixture and addition of PLANT litter was repeated on Day 4 to ensure that only 25% of the 

mixture contained CLAY litter and 75% of the mixture was PLANT litter. On the morning of Day 6, all 

litter boxes containing the mixture were completely emptied and filled with the same amount of litter in 

the original PLANT litter boxes (litter boxes 2, 4, 6, 8). All eight litter boxes remained with PLANT litter 

for the remaining 8 days until the ATTRACT litter was introduced. The number of eliminations in each 

box location was recorded from the four weeks prior to the Attraction period starting and the litter box 

locations were then ranked. The most used litter box was assigned the PLANT litter, and the second most 

used litter box was assigned the ATTRACT. This was alternated down the rank list so that four litter 

boxes held PLANT litter and four held ATTRACT litter. 
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3.2.3 Behavioural Data Collection  

 

A video-recording device (Panasonic WV-SPN531) was positioned on the ceiling directly above the litter 

boxes to allow for simultaneous observation of all eight of them, beginning on day 00. The litter box area 

was recorded for 12 h continuously during the light period from 08:00 h to 20:00 h, for all 28 days of the 

study, and for each cohort. The data were analyzed from days 15 to 28, which corresponded with the 

placement of plant-based litter with and without the attractant. Video analysis was performed by two 

observers and tested for inter-observer reliability. The total number of eliminations for each litter box was 

recorded twice a day, at morning and evening litter box scooping. Any eliminations outside of the litter 

box and locations also were recorded. 

3.2.4 Ethogram and Behaviour Coding 

 

The ethogram used for this study was based on the one designed by McGowan et al. (2017), which 

consisted of 39 different behaviours. This ethogram included 10 primary behaviours based on litter box 

involvement only; four of which were subdivided into more detailed categories to discriminate among 

pre-box use event, during box use, and post-box use event (Table 3.2). The duration of each coded 

behaviour was determined by marking the time when the cat first started litter box-oriented behaviour and 

when the cat stopped the behaviour. In addition to recording each behaviour occurrence, the time, 

duration, and location of the litter box that was used were noted. To be considered an event, there must 

have been a minimum of one behaviour observed that was listed in the ethogram. An event was 

considered concluded when the cat left the litter box area. 

3.2.5 Inter-Observer Reliability 

 

Two independent observers were used to record each cohort for 12 h a day for 28 days. The two observers 

were evaluated for inter-observer reliability with the same five days, resulting in a β-score above 0.75. 

Referring to Bakeman and Gottman’s earlier work (1997) the coders were considered to have excellent 

reliability characterizations and could code each cohort independently. 
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3.2.6 Statistical Analyses 

 

Data were analyzed using PROC GLIMMIX in SAS (SAS Statistical Software 9.4 Release M4, SAS 

Institute Canada, Toronto, ON, Canada) and modeled either using a Lognormal response distribution 

(sniff frequencies and duration) or a Poisson distribution (defecation and urination frequencies and 

durations). Results were statistically significant at p < 0.05 level and trends were identified at p < 0.10 

level. Statistical analysis of the ethogram coded data was performed using SAS (SAS Statistical Software 

9.4 Release M4, SAS Institute Canada, Toronto, ON, Canada ) and was primarily used to look at the 

impact of treatment or sex on feline litter behaviour frequency and duration. When the model did not 

result in normally distributed residuals, the appropriate linear and/or lognormal distribution model was 

used for analysis. Frequency, total duration, and duration of each behaviour were analyzed based on cat 

sex and litter type. Data were evaluated according to main effects and interactions of treatment and sex, 

which included subclasses identified in the ethogram (Table 3.2). The total duration was defined as the 

total amount of time spent performing the respective behaviour for each treatment and sex category used 

over the entire study period analyzed (14 days). Duration was defined as the length of time (in seconds) a 

cat was observed performing a behaviour.  

 

3.3 Results 

 

Each cohort was analyzed separately as a fixed effect in our model, but the cohort was not found to be 

significant, so the results of both cohorts were pooled and analyzed together. Throughout the 14-day trial 

period for both cohorts, all sixteen cats were observed covering, yielding a total of 209 observations. 

Digging behaviour was observed 110 times from seven males and eight females, and mimic behaviour 

was observed a total of 57 times, from three males and five females. The trial period included 242 

urination events from all 16 cats, in addition to 114 defecation events, which led to 368 occurrences of 

sniffing behaviour. Cats were found to have a positional preference for the number 3 litter box spot, which 

was the only litter box next to the wall in the circle, and they also appeared to prefer to use the litter box 
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immediately after scooping. By adding up the number of total elimination events (urination and defecation), 

it was found that the cats in each cohort both used this spot more often than any other litter box. Upon video 

analysis by the coders or visual live observations by the caretakers, it was found that no eliminations were 

noted outside of the litter box during this study period. Numerical means with appropriate standard 

deviations and corresponding p-values for the counts, total durations, and durations for each behaviour are 

listed in Tables 3.3 and 3.4.  

3.3.1 Cover Behaviour 

 

During the observation period, neither sex nor litter type significantly affected cover behaviour count (p > 

0.10). Males covered significantly longer than females over the 14-day trial period (p = 0.0375). Daily 

cover behaviour duration observed in males also tended to be longer than females (p = 0.0626). Cover 

duration was not significantly affected by litter type (p > 0.10) (Table 3.3). 

3.3.2 Dig Behaviour 

 

Neither sex nor litter type significantly affected dig behaviour frequency (p > 0.10). Total duration of dig 

behaviour throughout the entire 14-day period was not significantly affected by sex (p > 0.10). Daily 

duration of dig behaviour was not significantly affected by sex or litter type either (p > 0.10) (Table 3.3). 

3.3.3 Mimic Behaviour 

 

During the observation period, neither sex nor litter type significantly affected mimic behaviour 

frequency (p > 0.10). Total duration of mimic behaviour throughout the entire 14-day period was not 

significantly affected by sex nor litter type (p > 0.10). Daily duration of mimic behaviour was not 

significantly affected by sex or litter type (p > 0.10) (Table 3.3). 

3.3.4 Sniffing Behaviour 

 

No differences were found when the sniff-pre and sniff-post behaviours were analyzed separately (p > 

0.10). All sniff behaviours (sniff, sniff-pre-and sniff-post) were analyzed together, by modelling a 



 
 

49 
 

Lognormal response distribution for frequency and total study duration of sniff behaviours. When the data 

for both sexes (male and female) were combined, there were no differences reported between the 

ATTRACT and PLANT litter for sniffing behaviour in terms of number of times the behaviour occurred, 

as well as duration of the behaviour (p > 0.10). When adding sex as a fixed effect to determine the 

difference in sniffing behaviour between males and females, the male cats sniffed significantly more 

frequently per day than the females (Males 5.24 ± 0.77 times; Females = 3.49 ± 0.45 times; df = 352, p = 

0.0001). This is consistent with total sniffing duration for the entire study period as males consistently 

sniffed more than females (Males 69.97 ± 11.42 s; Females = 30.38 ± 4.410 s; df = 350, p = 0.0002) 

(Table 3.4). 

3.3.5 Urination Behaviour 

 

Data were analyzed by modelling a Poisson response distribution for count and daily duration of urination 

behaviour and Lognormal response distribution for total duration of urination behaviours. In general, the 

cats were found to urinate significantly more in the ATTRACT litter than the PLANT litter over the study 

period (ATTRACT = 6.34 ± 0.50 times; PLANT = 5.63 ± 0.46 times; df = 224, p = 0.0285) but no 

significant differences were found between the number of urinations in males and females per day (p > 

0.10). Duration of urination behaviour did not differ between the litter types; however, males were found 

to urinate significantly longer each day than females (MN = 22.02 ± 2.14 s; FS = 11.28 ± 0.99 s; df = 224, 

p < 0.0001). This was consistent across the entire study period, as total duration was higher for males than 

females (MN = 96.53 ± 10.430; FS = 54.13 ± 5.10; df = 226; p < 0.0001) (Table 3.4). 

3.3.6 Defecation Behaviour 

 

Data were analyzed by modelling a Poisson response distribution for frequency and daily duration of 

defecation behaviour and Lognormal response distribution for total duration of defecation behaviours. 

There were no significant differences found between the number of defecation behaviours between the 

different litters or between the sexes. Duration of defecation behaviour did not vary between the sexes 
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either on a daily or total study period. However, it was found that the cats generally had a longer daily 

defecation duration in the ATTRACT litter than the PLANT litter (ATTRACT = 29.51 ± 1.83 s; PLANT 

= 27.14 ± 1.65 s; df = 96, p = 0.035) (Table 3.4). 

 

3.4 Discussion 

 

This is the first study to examine whether a plant-based litter additive can alter feline elimination 

behaviour. By using frequency, total duration and duration of six behaviours previously associated with 

litter box use by McGowan et al. (2017), we were able to investigate the preference of cats using a litter 

product with attractant. Cats urinated more often in the ATTRACT litter than the PLANT, suggesting that 

cats preferred the ATTRACT litter for urination more than the PLANT control. In this study, male cats 

spent more time sniffing and performing urination behaviours than females (Table 3.4). Previous research 

by Barry and Crowell-Davis (199) hypothesised that this increased duration of sniffing in neutered male 

cats is a residual trait from mating behaviour. This is consistent with what was found in the current study 

where males displayed both behaviours for significantly longer than females, and males were found to 

urinate longer than females each day, as well as throughout the whole study. 

 

Four of the six behaviours were observed separately and distinguished between pre-elimination, during 

elimination, and post-elimination, suggesting a behaviour sequence by cats when interacting with a litter 

box (McGowan et al. 2017). No differences were noted during any sniffing behaviour (pre-, during, post− 

or combined), and olfactory communication within a species has previously been found to be an 

important behaviour. However, olfaction behaviour in cats is a complicated behaviour that requires 

further investigation, particularly regarding cats’ perceptions of and responses to different odors (Shreve 

& Udell 2017). Cats often scent mark either via urine or glands in their face and paws (Nielson 2017). 

However, urinary scent marking in the room was not observed by the caretakers or video-coders in the 

present study. 
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The effects on elimination behaviour of having multiple cats in one room must be considered. The 

dynamics that occurred between cats, especially resource guarding, could certainly have influenced the 

behaviour of how the cats interacted with the litter boxes. In multiple cat households, resource guarding, 

such as blocking conspecifics from use of a litter box or even defensive aggression around a resource, are 

often reported (Ramos 2019, Stella & Croney 2016). Behaviors that appeared to be resource-guarding 

incidents around the litter boxes included chasing conspecifics and were noted less than 10 times for both 

cohorts while reviewing the videos. However, more detailed analysis of the video footage is needed to 

determine if these were indeed resource guarding and associated with similar behaviours around various 

other resources besides the litter boxes (such as food, toys, and resting areas). The study design itself did 

assist in reducing the chances of resource guarding in the room by having multiple water bowls, toys, 

climbing structures, and enough litter boxes for each cat. While each cohort was acclimated to the room 

for at least two weeks to allow the cats to become accustomed to each other and establish a hierarchy, 

multi-cat interactions can be a complicated process of events and can add additional stress to the cats, 

resulting in changes in behaviour (Stella & Croney 2016, Fraser 2012, Ellis et al. 2017). This also could 

have potentially led to variations in cat elimination behaviour due to aggressor cats guarding the litter box 

area (Ellis et al. 2017). We also observed that the cats had a positional preference for litter boxes, with the 

most favoured position being against a wall so that they can watch their surroundings at the same time as 

using the litter box (Beugnet & Beugnet 2019). Litter box frequency use was ranked by the cats’ 

preferences for litter box locations in the acclimation and transition phases and alternated to reduce cat 

preference bias. The PLANT litter was placed in the cats’ most preferred position against the wall to 

eliminate any confounding results of the ATTRACT litter in that position. The cats were often observed 

eliminating immediately post-scooping of the litter boxes, confirming that litter cleanliness plays a critical 

role in elimination behaviour (Rochlitz et al. 1998). 
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Cat behaviour is inherently variable between individuals and dependent on genetics and the environment, 

including the early rearing environment. The authors recognise that with a different group of cats, the 

outcomes to the study may have differed. Limitations of this study therefore include lack of knowledge 

about previous litter box behaviour in the cats, as they were from an animal shelter. The history of 

behavioural problems was relatively unknown, even for cats who were surrendered to the shelter, due to 

the possibility of inaccurate information being provided by previous owners surrendering their cats. 

Another limitation is that cats housed in cage environments, as shelter cats usually are, may be distressed, 

leading to different behavioural patterns and problems. The added stress of being housed in an animal 

shelter could have potentially pre-exposed the cats to certain behaviours prior to arrival at the research 

location (Rochlitz 2005, Heidenberger 1997). Being in a novel environment and group-housing random-

sourced cats can also change behaviour in cats and result in resource-guarding and defensive behaviour 

(Ellis et al 2017). To account for these stressors in the study design, the cats were acclimated longer than 

usual in research settings (typically one week) and they were also given a longer transition period to 

acclimate to other cats in the room (Contreras et al. 2017). Young adult cats were chosen for the study, as 

it was assumed that they would have a pre-existing preference to clay litter. The cats’ pre-exposure to clay 

litter was assumed based on current market products available for cat litter and because clay litter is 

typically offered in animal shelters. However, it is important to note that the preferences for litter may be 

different for older cats as the roles of experience and behavioural flexibility of older cats have not been 

adequately studied relative to litter usage. An established colony of cats with no history of eliminating 

outside of the litter box would help to remove any confounding effects of prior experience of eliminating 

out of the litter box and litter preference. However, since such a model was not available and would not 

reflect real-life conditions, shelter cats were used. In addition to age and prior experience, other factors 

such as breed have been known to contribute to the risk of displaying elimination behaviour. Further, the 

effect of the sex of the cat on litter box behaviour has been suggested as a potential factor influencing 

litter box use and should be examined further (Amat et al. 2009, Barry & Cromwell Davis 1999, Sung & 

Cromwell Davis 2006, Tamimi et al. 2015). 
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Understanding the behaviour of cats regarding ensuring consistent litter box usage remains a challenge. 

However, the use of an attractant in plant-based litter, along with other well-established litter box 

management strategies, may help reduce the number of cats exhibiting house soiling (Contreras et al. 

2017, Casey et al. 2009, Gouveia et al. 2011). This is particularly important to support cat welfare and the 

human-cat bond, as owner reports of house soiling are increasing worldwide, along with increased owner 

surrenders to animal shelters (Statista 2017, CFHS 2015, Philips et al 2016), which may be related to 

intolerance of house-soiling. Learning more about the needs and behaviour of cats may provide a platform 

to help educate owners about the role of litter and litter-box maintenance in encouraging appropriate 

urination and defecation behavior, and ultimately improving the human-animal bond. 

 

3.5 Conclusions 

 

Overall, the results of this study both add to the basic understanding of feline elimination behaviour and 

suggest potential targets for improving litter preference and reducing house soiling. When analyzing the 

data from both Cohorts, cats urinated more in the ATTRACT litter than the PLANT litter. We propose 

that more urination events are a sign of preference, and therefore suggest that cats preferred the 

ATTRACT litter over the control. When used in conjunction with good litter box management, the 

ATTRACT litter may help to ensure that cats continue to be drawn to their litter boxes for elimination, 

thus helping to reduce the likelihood of urinating outside of the box. 

 

Each cat exhibited unique behaviours, suggesting that elimination behaviour is far more complex than 

previously hypothesized. Cat elimination behaviour has been shown to be affected by numerous 

biological and environmental factors that may not have been previously considered. Among the six 

behaviours observed, the most significant differences between sexes were found for the duration of sniff 
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and urination behaviours, suggesting fundamental physiological differences between male and female 

cats. 

 

Given the differences between male and female elimination behaviours reported in this study, future 

research should focus on identifying the litter box behaviour differences between male and female cats, to 

learn more about risk factors for eliminating outside of the litter box. 
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Figure 3.1. The circular arrangement of litter boxes at the start of the trial with Cohort 2 

containing alternating clay and plant-based litter substrates. 

 

 

 

Table 3.1: Cat demographics by cohort 

 Cat Name Sex Age (years) Breed Colour 

Cohort 1 

Brownie F 1  DSH  Brown tabby 

Elton John M 5 DSH Black 

Scarlet F 1 DSH Black/White 

Eggbert M 2 DSH  Brown tabby 

Simmy F 1 DSH  Brown tabby 

Leah F 5 DSH Orange tabby/White 

Riley M 3 DLH Orange 

Rosalie F 3 DLH Orange 

Cohort 2 

Gretchen F 3 DSH Black/White 

Violet F 3 DLH Black/White 

Betsy F 1 DSH Tortishell 

Mildred F 1 DSH  Brown tabby 

Norbert M 1 DSH Grey tabby 

Larry M 1 DLH Grey 

Tim M 1 DSH  Brown/White 

Leo M 2 DSH  Orange tabby 

* Abbreviations: F – Female; M – Male; DSH – Domestic short-hair; DLH – Domestic long-hair.  
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Table 3.2: Ethogram detailing the recorded behaviours  

Behaviour Description 

Covering Partial or complete covering of the cat’s own elimination through displacement of 

litter by their paws post-elimination.  

Partial or complete covering of an elimination that does not belong to the cat 

through displacement of litter by their paws. 

Digging Displacement of litter by a cat’s paws prior to elimination or without elimination.  

Fecal 

event 

Begins when complete posture is taken and ends once the stance is broken. 

Confirmed by fecal presence in the litter box. 

Mimic 

covering 

Covering behaviour where the floor is scratched/hit in place of litter.  

Covering behaviour where the litter box is scratched/hit in place of litter.  

Covering behaviour where the wall is scratched/hit in place of litter.  

Paws in 

the litter 

box 

1 paw in the litter box. 

2 paws in the litter box. 

3 paws in the litter box. 

4 paws in the litter box.  

Perching 2+ paws resting on the edge of the litter box.  

Posturing Cat positioning for elimination characterized primarily by the upwards slanting of 

the back.  

Sitting The cat is sitting in a litter box. 

Sniffing Presence of the cat’s head over the litter box or their nose at the edge of the box 

that is not associated with an elimination.  

Presence of the cat’s head over the litter box or their nose at the edge of the box 

immediately prior to elimination in that box.  

Presence of the cat’s head over the litter box or their nose at the edge of the box 

immediately following an elimination in that box.  

Urination 

event 

Begins when complete posture is taken and ends once the stance is broken. 

Confirmed by urine presence in the litter box. 
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Table 3.3: Least square means (± Standard Deviations (SD) for frequency, total duration and 

duration of covering, digging and mimicking behaviour. 

Covering 

 Attract Plant 
p-

Value 
Female Male 

p-

Value 

Female 

Attract 

Female 

Plant 

Male 

Attract 

Male 

Plant 

p-

Value 

Frequency 
1.45 ± 

0.10 

1.48 

± 

0.10 

0.7799 
1.36 ± 

0.10 

1.58 

± 

0.10 

0.1069 
1.37 ± 

0.11 

1.35 ± 

0.10 

1.54 ± 

0.11 

1.61 

±0.12 
0.5874 

Total 

Duration  
- - - 

11.30 ± 

2.58 

22.20 

± 

5.04 

0.0375 - - - - - 

Duration 
10.88 ± 

1.73 

9.63 

± 

1.50 

0.3389 
7.81 ± 

1.61 

13.41 

± 

2.71 

0.0626 
7.98 ± 

1.85 

7.65 ± 

1.69 

14.84 ± 

3.24 

12.11 

± 

2.67 

0.5284 

Digging  

 Attract Plant 
p-

value 
Female Male 

p-

value 

Female 

Attract 

Female 

Plant 

Male 

Attract 

Male 

Plant 

p-

value 

Frequency 
1.27 ± 

0.12 

1.31 

± 

0.14 

0.7629 
1.17 ± 

0.14 

1.42 

± 

0.13 

0.2079 
1.17 ± 

0.15 

1.17 ± 

0.21 

1.38 ± 

0.15 

1.47 

± 

0.15 

0.8014 

Total 

Duration 
- - - NBV * 

NBV 

* 

NBV 

* 
- - - - - 

Duration 
9.79 ± 

1.43 

11.62 

± 

2.27 

0.4341 
9.82 ± 

2.23 

11.58 

± 

1.67 

0.5402 
8.99 ± 

2.12 

10.72 ± 

3.79 

10.67 ± 

1.84 

12.57 

± 

2.11 

0.9780 

Mimicking  

 Attract Plant 
p-

value 
Female Male 

p-

value 

Female 

Attract 

Female 

Plant 

Male 

Attract 

Male 

Plant 

p-

value 

Frequency 
1.43 ± 

0.18 

1.29 

± 

0.15 

0.4932 
1.30 ± 

0.15 

1.43 

± 

0.21 

0.6012 
1.28 ± 

0.20 

1.31 ± 

0.18 

1.60 ± 

0.32 

1.28 

± 

0.23 

0.4234 

Total 

Duration  
- - - 

26.93 ± 

15.75 

45.14 

± 

20.57 

0.4855 - - - - - 

Duration 
50.04 ± 

13.78 

32.45 

± 

12.62 

0.3684 
27.48 ± 

11.37 

55.01 

± 

14.82 

0.1714 
25.18 ± 

16.17 

29.79 ± 

15.99 

74.91 ± 

23.31 

35.11 

± 

19.52 

0.2620 

* NBV = No back-transformed value. 
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Table 3.4. Least square means (± SD) for count, total duration and duration of urination, defecation and 

sniff behaviour. 

Urination 

 Attract Plant 

p-

Valu

e 

Female Male 

p-

Valu

e 

Female 

Attract 

Female 

Plant 

Male 

Attract 

Male 

Plant 

p-

Valu

e 

Frequency 
6.34 ± 

0.50  

5.63 

± 

0.46 

0.028

5 

6.21 ± 

0.62 

5.74 

± 

0.65 

0.598

8 

6.41 ± 

0.67 

6.03 ± 

0.64 

6.27 ± 

0.74 

5.25 

± 

0.65 

0.285

2 

Total 

Duration  
- - - 

54.13 ± 

5.10 

96.53 

± 

10.43 

<0.0

001 
- - - - - 

Duration 
15.63 ± 

1.05 

15.8

9 ± 

1.08 

0.637

7 

11.28 ± 

0.99 

22.02 

± 

2.14 

<0.0

001 

11.56 ± 

1.05 

11.01 ± 

1.02 

21.14 ± 

2.10 

22.94 

± 

2.30 

0.057

9 

Defecation 

 Attract Plant 
p-

value 
Female Male 

p-

value 

Female 

Attract 

Female 

Plant 

Male 

Attract 

Male 

Plant 

p-

value 

Frequency 
2.83 ± 

0.43 

2.94 

± 

0.43 

0.739

9 

2.98 ± 

0.55 

2.79 

± 

0.56 

0.813

8 

3.33 ± 

0.67 

2.66 ± 

0.54 

2.40 ± 

0.55 

3.25 

± 

0.67 

0.029

1 

Total 

Duration  
- - - 

65.29 ± 

10.13 

71.86 

± 

11.91 

0.673

5 
- - - - - 

Duration 
29.51 ± 

1.83 

27.1

4 ± 

1.65 

0.035

3 

26.54 ± 

2.09 

30.18 

± 

2.60 

0.272

7 

27.52 ± 

2.32 

25.59 ± 

2.14 

31.64 ± 

2.88 

28.78 

± 

2.55 

0.776

7 

Sniffing 

 Attract Plant 
p-

value 
Female Male 

p-

value 

Female 

Attract 

Female 

Plant 

Male 

Attract 

Male 

Plant 

p-

value 

Frequency 
4.37 ± 

0.46 

4.18 

± 

0.44 

0.572

8 

3.49 ± 

0.45 

5.23 

± 

0.77 

0.040

1 

3.36 ± 

0.47 

3.63 ± 

0.51 

5.68 ± 

0.90 

4.82 

± 

0.76 

0.126

4 

Total 

Duration  
- - - 

30.37 ± 

4.39 

70.01 

± 

11.39 

0.000

1 
- - - - - 

Duration 
45.47 ± 

6.35 

46.7

5 ± 

6.58 

0.875

1 

30.38 ± 

4.41 

70.00 

± 

11.42 

0.000

2 

27.67 ± 

5.13 

33.36 ± 

6.26 

74.72 ± 

15.60 

65.51 

± 

13.75 

0.366

0 
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Chapter 4: General Discussion and Conclusion 

 

As discussed in Chapter 2, a transition from one type of litter product to another over the course of six 

days is often recommended to give cats time to adjust to new litter (Purina 2018, World’s Best Cat Litter, 

2018, AAFP 2014, AAFP 2018, Colorado State University 2016, Herron 2010, Carney et al. 2014). By 

studying the behaviour of cats while transitioning from a CLAY litter to a PLANT litter, we found no 

differences in behaviours such as digging, urination, defecation and cover when we assessed the effects of 

sex, day or the period. The cats were found to sniff the litter boxes that were being transitioned from 

CLAY to PLANT (Litter boxes 1, 3, 7, 9) more than the control PLANT boxes (Litter boxes 2, 4, 6, 8). 

This observation may suggest an increased interest in the litter box as transition was occurring. Special 

note should be made of individual cats’ behaviours during this specific period as the stress experienced 

during transition of litter has tremendous individual variability. Previous literature suggests that cats 

sniffed their litter boxes more during times when their environment was limited to a basic environment 

with a less odorous litter than the enriched environment with a regular clay litter (McGowan et al. 2017). 

This suggests that the cats will investigate odors that are interesting to them and in the basic environment, 

they had less smells to investigate. In the current study, cats sniffed the litter boxes more during Week 2 

when all the boxes were filled with PLANT and the transition was completed. Our original assumption 

was that increased sniffing would be associated with interest as cats will spend a lot of time investigating 

an odor they are more interested in versus an aversive smell that that they will ignore (Frayne et al. 2019, 

McGowan et al. 2017, Perez-Camargo et al. 2015). As the cats still showed interest in the litter following 

the week of transition, they appeared to be able to adapt to the change in litter products and not show 

increased aversive behaviours to it. The observation of few changes in behaviour between the cats while 

they were transitioned from the CLAY to the PLANT litter, could suggest that using the current 

guidelines, the cats were able to adapt to the change without these behaviours being impacted. However, 

as the sample size of this study was relatively small and these specific cats could have been more resilient 

to change, transitioning cats to different litter products should be investigated further in a home 
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environment and with a broader population of cats. A key point for cat owners to remember is that this 

transition period is a recommendation and will not necessarily be the same for every cat. Cats that are 

more shy or timid are more reactive to changes (Stella and Croney 2019) may require a longer transition 

period, while other, more resilient cats may be content with the set transition period of six days or less. 

Another area of research where the transition period should be investigated is in identifying resiliency in 

kittens which may help owners understand their cats’ behaviour when they are adults. Neophobia in 

kittens should be considered early in terms of diet, litter types and household style. Ensuring kittens are 

exposed to a variety of different smells and textures when they are young can become more flexible to 

changes so as the cats age, they may have the ability to cope with changes more easily (Atkinson 2008). 

Cats that exhibit more affiliative behaviours are also less likely to be surrendered to animal shelters for 

behavioural issues (Carney and Sadek 2014, Casey et al. 2009). Fearfulness in cats should be identified 

early on so that proper behaviour modification can be used to increase the resiliency and confidence of 

the cats. A more resilient cat might ultimately be a less stressed member of the home and be less likely to 

exhibit undesirable behaviours from the owners’ perspective (Fraser 2012).  

 

In Chapter 3, we examined whether cats would prefer a plant-based clumping litter product with an added 

attractant (ATTRACT) over a control plant-based litter (PLANT) and demonstrated that the cats urinated 

more often in the ATTRACT litter than the PLANT. Basing this on the assumption that a cat will use a 

substrate more if they prefer it, the findings suggest that these cats preferred the ATTRACT litter for 

urination more than the PLANT control. By attracting cats to the litter box, the hope is that cats will be 

more likely to avoid their litter and overcome aversions that stop them from using their boxes, resulting in 

or eliminating in other parts of the house. Along with other current regular recommendations for litter box 

use, this litter therefore may help cats to be consistently drawn to their litter boxes. In the present study, 

male cats had a higher sniff frequency per day and a longer duration of sniff behaviour compared to the 

females. A clear distinction between male and female cat behaviour has been discovered previously and is 

consistent with our findings (Barry and Cromwell Davis 1999, Pryor et al. 2001). While a more distinct 
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difference in elimination behaviour was not identified elsewhere in this study, there should be some 

investigation into possible differences in the sensitivity of male and female cats to odors. Previous 

literature identified that male cats ultimately sniffed objects in their environment more (McGowan et al. 

2017) as well as smelled females more when in pairs than when in only male pairs (Barry and Cromwell-

Davis 1999). As male cats are found to exhibit more urine-marking behaviour than female cats (Pryor et 

al. 2001), the sniffing behaviour that male cats exhibit should be investigated further to determine other 

potential behaviour conflicts resulting in house-soiling. For instance, the presence of either the same sex 

or opposite sex in the home may have a greater effect on male cats over females. Furthermore, male cats 

may have a different coping strategy over female cats that needs to be examined further. Female cats have 

also been found to have a more positive response to behaviour modification with house soiling and urine 

marking (Pryor et al. 2001), which could suggest that male and female cats should be treated differently 

when interacting with the litter box. Research has also begun to further identify felinine, which was only 

previously been identified in urine (Perez-Camargo et al. 2015). Felinine was also identified recently in 

cat feces and were higher in intact males than castrated males (Robins et al. 2021). This further suggests 

that felinine is a hormonally controlled pheromone that has a role in sex recognition and the interaction 

with it will differ from male and female cats (Robins et al. 2021). 

 

Currently, recommendations for litter boxes in the home is one per cat plus an additional litter box 

(Carney et al. 2014). As male cats appear to have increased behaviour, they could be potentially more 

sensitive to odors in the litter box than females. As such, more availability to litter boxes would be 

beneficial as a tool to reduce the likelihood of house-soiling. Sniffing behaviour in males would be 

beneficial for them to seek out mates while also detecting if competing males are within their territories 

(Fraser 2012). Among the six behaviours observed in our studies, the most significant differences 

between sexes were found for the duration of sniff and urination behaviours, suggesting behavioural 

differences between male and female cats. Given the differences between male and female elimination 

behaviours reported in this study, future research should focus on identifying the litter box behaviour 
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differences between male and female cats, to learn more about risk factors for eliminating outside of the 

litter box. Furthermore, male cats have been previously identified as having a higher prevalence of owner 

reported behaviour issues such as urine marking and house soiling (Pryor et al. 2019). Thus, looking 

specifically at male cat behaviours and stressors in the home may also help reduce the likelihood of house 

soiling in the home and risk of being surrendered to an animal shelter (Fraser 2012).  By controlling the 

cat’s environments in a laboratory setting, we could help to reduce environmental variances that are 

present in typical home environments. Cats prefer to have their litter boxes against a wall, which was also 

confirmed in our research (Beugnet & Beugnet 2019, Frayne et al. 2019). By taking this into account for 

our research design and ranking the litter boxes in order of most used (and therefore preferred), we could 

eliminate any confounding effects of the ATTRACT litter in Chapter 2 (Frayne et al. 2019). As these cats 

were from random sources and not previously habituated to each other, we included a longer acclimation 

period to the environment than current research standards prior to starting the study. This likely benefited 

the cats and the study and may have helped to reduce any stressors such as resource-guarding and 

defensive behaviour more than using the typical one-week acclimation period in research settings 

(Contreras et al. 2017). 

 

Future research should consider assessing the behavior of each individual cat prior to allocation to groups 

as this may help to identify cats that are more resilient to change-induced stress. In a perfect design, 

understanding this aspect of feline behavior would allow researchers to be able to study their adaptability 

more appropriately to novel environmental changes. For cats, a transition protocol for changing litter 

product types can be dependent on the individual cat. For instance, a less resilient cat that cannot handle 

quick changes to their environment may need more time to adjust to change. Therefore, a longer transition 

period should be implemented if their litter substrate needs to change. Future studies should include 

baseline behaviour assessment and treatment groups based on levels of personality traits. Using a formal 

assessment such as the online Feline Behavioral Assessment and Research Questionnaire (Fe-BARQ) by 

the University of Pennsylvania may be of use to determine potential traits that may lead to a cat becoming 
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stressed with change (Wilhelmy et al. 2016). This survey assesses 23 behavioural traits such as fear of 

novelty, trainability, inappropriate elimination, elimination preferences, compulsive behaviours etc. and 

could help owners assist in determining what their individual cat prefers (Wilhelmy et al. 2016) and 

potentially ease transitions in the environment. Using random-sourced cats without prior knowledge of 

litter box habits, urinary and gastrointestinal health is a limitation to the present study. With more 

knowledge on individual cats in this study we may have been able to better account for individual 

variability and start to look at trends with aversive behaviours around the litter box. We assumed that 

most of the cats in the study had a history of using a clay litter type over any other plant-based litters, 

however, the elimination behaviour of the cats was unknown. If we had identified the level of fearfulness 

and coping capability in cats prior to the study occurring, the behaviours we observed may also have been 

associated with assessment scores and would have given us more information regarding individual cats. 

This could have possibly allowed us to predict behaviours from assessments or at least start to understand 

this relationship and formulate subsequent hypotheses. The less resilient the cat, the less amenable the cat 

is likely to be to changes in their environment and the more likely it may display negative behaviours 

related to with the change in litter type. Investigating how behavioral flexibility may beassociated with 

behaviours related to environmental (litter) transition may also help cat owners avoid litter box issues 

when introducing environmental stressors. 

 

The feline population is approximately 96.5 million in the United States (Statista 2017, 8.8 million in 

Canada (CAHI 2018), and 102 million in Europe (Statista 2016) and is trending upwards. There is a need 

to research feline elimination behaviour to improve household transition success and prevent cats from 

being surrendered to shelters for house-soiling (ASPCA 2018, CFHS 2015 and Philips et al. 2016). 

Examining individual cats interacting with their litter boxes as well as testing a litter with an attractant 

included, contributes to current knowledge of cat elimination behaviour. As discussed in earlier chapters, 

poor litter box management that does not consider factors such as the type of litter, excess odor, 

frequency of cleaning, and amount of litter can all result in cats becoming aversive to the litter box (Grigg 
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et al. 2012, Herron 2010, Carney et al. 2014). Sudden stressors in the environment such as quick changes 

to their litter box substrate increase stress in cats (Fraser 2012, Atkinson 2018) and could result in house 

soiling. Providing the cat with access to sniff the new litter prior to the actual transition could also assist 

cats in becoming used to the new smell of the litter which could reduce anxiety around the litter box. 

Elimination behaviour in cats is still an area with limited research, partially because of the complexity of 

cats’ behaviour and the difficulty of working with this species due to their independence and 

individuality. By gaining a deeper understanding of domestic cats’ preferences and behaviour as well as 

assessing their individual personality, we can better understand what an individual cat would want for 

their home environment. When the preferences of an individual animal are met, in conjunction with 

overall general good animal welfare, the chances of house soiling, that is not caused by medical issues, 

should be reduced (Broom and Fraser 2015). Neophobia is common in cats that have not been pre-

exposed to a variety of different objects, smells, and sights, so these cats may require more time and 

positive re-enforcement when transitioning their environment. To prevent neophobic behaviour, cats 

should also be habituated and sensitized to a variety of situations when they are young as this may 

improve resilience when they are older (Atkinson 2018). As individual cat preference can play a large 

role in behaviour management, owners need to be open to trying many options to determine what their cat 

prefers. These studies have supported current guidelines to ensure that litter boxes are cleaned regularly 

and ideally daily, there is enough litter in the litter box, and that cats would prefer a quiet safe place for 

their litter box. Our studies ensured that the litter box substrate level was kept at an even level for both 

studies and all litterboxes were scooped at least twice daily to ensure cleanliness. The most crucial thing 

for owners to understand as well with cat elimination behaviour is that prevention of issues is the most 

important as behaviour modification to fix the issue when it is already occurring can be difficult and time-

consuming. By setting cats elimination area up for success and ensuring that cats are socialized to a 

variety of different sights, sounds and smells when they are young, this may drastically reduce the 

chances of a cat soiling outside of the litter box. 
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