The Effect of the Lunar Cycle on Nocturnal Behaviour in
Captive Cape Porcupine (Hystrix africaeaustralis)

Hannah Maudsley, University Centre Reaseheath

Abstract

This study determined if a relationship between observed behaviours and lunar phases was present in captive
Cape Porcupines (Hystrix africaeaustralis), a nocturnal species found in UK collections. Previous research on
wild populations of hystrix species found that the amount of moonlight a lunar phase presents can limit
activity levels. Field studies found that the correlation can be an evolved predatory avoidance tactic in
response to moonlight exposure. A captive study aids in comprehending diel cycles and the factors which
influence them, as behaviours are not limited to high moonlight phases. Between November 2022 and March
2023, recordings of nocturnal behaviours on dates surrounding distinct lunar phases took place at
Reaseheath Mini Zoo. An ethogram based on previous behaviour studies identified behaviours. Data was then
analysed using General Linear Regression (GLR). The study aimed to discover if a higher frequency of
behaviours would correlate with lunar phases displaying higher levels of moonlight. Although GLMs proved
insignificant, the data showed the rate of maintenance and resting behaviours increased during full moons,
behaviours associated with predatory avoidance. Findings can provide information on lunar-behaviour
relationships in captivity to benefit species-specific care and animal welfare by facilitating environmental
challenge, competency and agency or alleviating moonlight-induced stressors to benefit affective welfare

states.
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Introduction

Nocturnality is present in most extant mammals and is perceived to be an ancestral trait originating from
therapsids in the Triassic period (Angielczyk and Schmitz, 2014; Lovegrove, 2019). The most common theory
for mammalian nocturnal evolution is the ‘nocturnal bottleneck hypothesis’, which describes how early
mammalians used nocturnality and developed corresponding traits in response to predatory threats from
diurnal reptiles (Gerkema et al., 2013; Hall et al., 2012). The main argument supporting this theory is that
fossil evidence indicates endothermy in mammalian ancestors, developed due to the limited nocturnal
activity of early reptiles due to their ectothermic nature and reliance on solar activity (Clarke and Portner,
2010; Gerkema et al., 2013). After the end-Cretaceous extinction event caused predatory reptilians to go
extinct, mammals began to radiate and take back non-nocturnal diel cycles (Gerkema et al., 2013). Research
in photopigment evolution found that before early mammals became nocturnal, their ancestors displayed
more crepuscular diel cycles, a supportive process for this evolutionary theory (Angielczyk and Schmitz,
2014; Gerkema et al., 2013; Lillegraven et al., 1979). Not requiring high visual sharpness associated with
daytime activity, most extant mammals, whether diurnal, nocturnal, crepuscular or cathemeral, have
retained nocturnal traits and evolved specialisation in other sensory systems (Hall et al., 2012; Torres and
Clarke, 2018). With sensory systems adapted for nightlife, nocturnal animals are affected by different
environmental cues than diurnal species (Monterroso et al., 2013).



Environmental cues can alter behavioural rhythms (circadian/circannual), affecting how animals interact

and respond to their environment (Alcock and Rubenstein, 2019: Gandia et al., 2023).

An example of an environmental cue that affects nocturnal species is the lunar cycle (Kronfeld-Schor et al.,
2013; Palmer et al., 2017). Because the Moon orbits the Earth, light reflected from the Sun to the Moon over
29.53 days creates a cycle of visibly different phases; the lunar cycle (Mayoral et al., 2020). The main lunar
phases include the full and new moons and the first and third quarter moons, with the first and third quarters
producing an identical amount of moonlight (Mayoral et al., 2020). The lunar cycle can affect the behavioural
rhythms of mammalian predators and prey. On nights with higher luminosity, a prey species will limit
behaviours that may lead to interactions with predators (Palmer et al., 2017; Alcock and Rubenstein, 2019).
Yet, predator species such as African Lions (Panthera leo) have a higher success rate when hunting with little
moonlight (Packer et al., 2011). Theories imply that the abiotic environmental cue of the lunar cycle has led
to trophic coevolution of behaviours to increase predatory and prey success (Halle, 2000; Packer et al., 2011;
Palmer et al., 2017; Rubenstein and Alcock, 2019).

The Cape Porcupine (Hystrix africaeaustralis) is a nocturnal mammal within the family Hystricidae under the
order Rodentia (Wilson and Reeder, 2005). The species distribution ranges across southern Africa, inhabiting
desert, shrubland and grassland habitats (Roze, 2014; Cassola, 2016; Coppola et al., 2019). A field study on
the effects of moonlight and seasonality on the temporal activity of Indian crested porcupines found

different levels of moonlight exposure caused variations in behaviour (Alkon and Mitrani, 1988).

Results showed that the porcupines were more active during winter months when moonlight exposure was at

its lowest as predation risk was at its lowest (Alkon and Mitrani, 1988).

More recently, another field study on the species found moonlight avoidance across four different study sites
and found a significant relationship between the behaviour and the phases of the lunar cycle (Mori et al.,
2014). During full moons, activity levels were notably lower than those with less moonlight exposure (Alkon
and Mitrani, 1988; Mori et al., 2014). Evidence points to moonlight avoidance by prey species developing in

the late Miocene era to avoid predators (Barthelmess, 2006).

There is currently little research regarding what effect the lunar cycle has on activity levels in captive Cape
Porcupines. Natural biological rhythms and diel cycles are prone to alteration in captivity due to factors such
as artificial light, resource availability, visitor presence, schedules and unnatural weather (Sherwen and
Hemsworth, 2019). Given the frequency of porcupines in captivity, research into the day-to-day effects of the
lunar cycle on the species on top of these factors could provide a baseline for other nocturnal species and

change the care captive collections offer, potentially bettering their welfare state (Rose and Riley, 2019).

The research project investigated what effect the lunar cycle has on the nocturnal behaviour of captive Cape
Porcupines. This study could benefit Reaseheath Mini Zoo by providing understanding and reasoning behind
specific behaviours seen by their porcupines during the lunar cycle. This knowledge will hopefully allow
keepers to offer a better standard of care toward the porcupines, potentially causing a more positive welfare
state. As a result, the zoo may want to incorporate shaded areas into the enclosure to encourage natural
behaviours and outdoor usage. Hypothetically, this could reduce any unnecessary believed predatory stress to
the porcupines. However, the zoo may also want to harness predatory avoidance behaviours to encourage

environmental challenge, competency and agency (Clark, 2018).

The hypothesis was that the amount of moonlight displayed at each lunar phase would affect the types of
behaviours performed by the porcupines. When there are higher amounts of moonlight (full moon), the



porcupines may show a higher frequency of behaviours associated with predator avoidance and stress. When
moonlight is at its lowest (new moon), the porcupines may show more feeding and movement behaviours

due to the lack of visibility, reducing the motivation to display predator avoidance.

Methodology

The study observed behaviour overnight, utilising camera traps to capture footage of those displayed
(Fleming et al., 2014; O'Connell et al., 2011). The method reduced any impacts a human presence may cause
on the study and any potential stressors a physical presence may have on the subjects. Being captive,
nocturnal individuals, the porcupines may become distressed due to being unused to human exposure during
their routine waking hours. Between November 2022 and March 2023 (to ensure recordings covered two lunar
cycles), data collection occurred over three nights surrounding and including the peak of each lunar phase,
between 7 p.m. and 7 a.m. Behaviours were recorded at intervals of 30 seconds, applying instantaneous scan
sampling (Gilby et al., 2010). Each display of behaviours occurring upon the 30-second intervals was tallied

and totalled every night for each behaviour.

Because Reaseheath Mini Zoo was within the University Centre Reaseheath (UCR) campus grounds
(Reaseheath, Nantwich, CW5 6DF) and has previously facilitated UCR research projects, it was a practical
study site. Given that no facilities within a feasible distance housed Cape Porcupines, the Reaseheath Mini
Zoo population was selected. Data collection occurred within their usual indoor and outdoor enclosures at
Reaseheath Mini Zoo. The subjects have constant, overnight access to both indoor and outdoor enclosures.
The outdoors incorporates a naturalistic design, featuring many logs and natural wooden structures. The
indoor features a 20-25°C infrared heat lamp and is the most common resting place of the subjects (Personal
Communication, 2022).

The subjects for the study were the three Cape Porcupines at Reaseheath Mini Zoo. Individual physical
characteristics provided by ZIMS records and personal communication identified the porcupines. The
subjects consisted of subject one, an adult female (14 years old), subject two, an adult female (12 years old),
and subject three, a castrated adult male (8 years old). Behaviours were distinguished from a well-referenced
ethogram of the researcher’s creation using information from other behavioural studies on the species (see
appendix A1) (Coppola and Felicioli, 2021; Giné et al., 2011; Mukherjee et al., 2018; Roze, 2014). To identify
each lunar phase, the mobile application (app) MoonX was used (Yarotski, 2022).

The dependent variable, the number of behaviours displayed, was measured continuously. The independent
variable, the different lunar cycles, was categorical. Therefore, linear regression tests run on RStudio (Version
1.2.1335) were chosen for data analysis (Horton and Kleinman, 2015; RStudio Team, 2019). This test
determined if a relationship between the lunar cycle and the frequency of behaviours was present. Data from
each subject underwent individual examination to determine if a relationship occurred. Group data analysis
also took place to determine an overall effect and evidence of a relationship. As a linear regression test only
uses numerical data, the lunar phases were coded as New Moon = 1, First Quarter = 2, Full Moon = 3, Third
Quarter = 4 (Horton and Kleinman, 2015).

The study subjects, the study site, the collection timeframe, the method of identifying/measuring Cape
Porcupine behaviours, data intervals and the location of the camera traps were all controlled to ensure the

study’s validity and limit any influence.

Results



Individual descriptive statistics

A Shapiro-Wilk test, separately conducted, was done to determine each distribution, Subject One (P=0.0221),
Subject Two (P=0.033), and Subject Three (P= 0.0288). The median and interquartile range were chosen as
descriptive statistics as the data was non-parametric.

Group descriptive statistics

A Shapiro-Wilk test was conducted on the total count of all subject’s data to determine distribution (P=
0.210). The median and interquartile range were chosen as descriptive statistics as the data was non-
parametric.

Individual data analysis

The analysis took place on two months of data on the individual subjects. Evidence of difference was visible
from the raw data between the frequency of specific behaviours and specific lunar phases. Graph 1 illustrates
that Subject One displayed the grooming (GR) behaviour most frequently on full moons (3) when moonlight
was brightest (see Figure 1). Although, as grooming (GR) displays were displayed on new moons (1) more
than that displayed on first quarter (2) and third quarter phases (4), the data suggests that luminosity
increase did not coincide with the behaviour increase. It instead suggests that behaviour increase not only,
occurred when luminosity peaked, but also when it troughed. Graph 2 established a positive association
between an increase in luminosity, and the behaviour allo-grooming (AG) displayed by Subject Two
increased (See Figure 2). However, as moonlight is the same during first (1) and third quarter (4) phases, the
effect on behaviour could have the same effect. Graph 3 indicates how Subject Three demonstrated a high
occurrence of the behaviour immobility (IM) on full moons (See Figure 3). The data suggests that for subject

three, the increase in immobility (IM) occurred at both maximum and minimum lunar luminosity levels.

General linear models, created using stepwise deletion, determined the most affected behaviours in
individual subjects (see Table 1). However, the models found no significant relationship between the lunar
phases and the behaviours. The most significant behaviours affected in Subject One were foraging (FG) (Z=
0.643, P=0.521), socialising (S) (Z= 0.643, P= 0.620) and aggression (AR)= 0.431). The most significant
behaviours affected in Subject Two were immobility (IM) (Z= 1.283, P=0.199), socialising (S) (Z=-1.007, P=
0.314) and flashing (FL) (Z=-0.440, P= 0.660). The most significant behaviours affected in Subject Three were
eating (ET) (Z= 706, P= 0.480), aggression (AG) (Z= 0.319, P= 750) and laying down (LD) (Z= 0.483, P= 0.630).
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Subject One (PIP)
‘Lunar’: 3 (Full Moon) has noticeably higher 'GR' (Grooming).
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Figure 1: A graph displaying the frequency of ‘grooming’ (GR) in Subject One at different Lunar phases

Graph 1. The behaviour GR (Grooming) had a total count of 40 during Lunar 4 (Full Moon) and a count of 15
during Lunar 1 (New moon), indicating an association between the behaviour frequency and the moonlight
produced during these cycles in Subject One. The behaviour had a total count of 14 during Lunar 4 (Third
Quarter), and 11 during Lunar 2 (First Quarter).

Subject Two (SNUFFIT)
'Lunar': 3 (Full Moon) has noticeably higher 'AG' (Allo-Grooming).
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Figure 2: A graph displaying the frequency of ‘allo-grooming’ (AG) in Subject Two at different Lunar phases

Graph 2. The behaviour AG (allo-grooming) had a total count of 116 during the Lunar 3 (Full Moon). This
count reduced as the luminosity of each phase decreased (4 = 54, 1 = 21), indicating a positive association
between the frequency of the behaviour and an increase in moonlight in Subject Two.



Subject Three (MOUSE)
'Lunar': 3 (Full Moon) has noticeably higher 'IM' (Immobile).
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Figure 3: A graph displaying the frequency of ‘immobile’ (IM) in Subject Three at different Lunar phases

Graph 3. The behaviour IM (Immobile) had a total count of 99 during Lunar 3 (Full Moon) and a count of 54
during Lunar 1 (New Moon), indicating an association between the behaviour frequency and the moonlight
produced during these cycles in Subject Three. The behaviour had a total count of 31 during Lunar 4 (Third
Quarter), and 44 during Lunar 2 (First Quarter).

Predictor Estimate  Standard Error Z-value  P-value

Subject One (PIP) Intercept  1.003 0.255 3.932 8.41e-05
FG 0.013 0.021 0.643 0.521
S -0.010 0.020 -0496  0.620
AR -0.103 0.126 -0.818 0431
Subject Two (SNUFFIT) Intercept  0.965 0.238 4.046 5.2e-05
IM 0.023 0.018 1.283 0.199
S -0.037 0.037 -1.007 0314
FL -0.025 0.056 -0.440  0.660
Subject Three (MOUSE)  Intercept 0.778 0.230 3.370 0.001
ET 0.006 0.008 0.706 0.480
AG 0.001 0.004 0.319 0.750
LD 0.004 0.008 0.483 0.630

Table 1: Final quasipoisson general linear model predictors for each subject, using independent monthly lunar
variables



Group data analysis

The analysis took place on two months of data on the collective sum of all subjects. Evidence of difference
was visible from the raw data between the frequency of specific behaviours and specific lunar phases. Graph 4
shows a coinciding increase in the frequency of the behaviour AG as the amount of moonlight increased

through the lunar phases (see Figure 4).

A general linear model, created using stepwise deletion, determined the most frequent behaviours displayed
by the collective sum of all subjects (see Table 2). However, the model found no significant relationship
between the lunar phases and the behaviours. The most significant behaviours affected for the group were
socialising (S) (Z=-0.774, P= 0.439), immobility (IM) (Z= 1.033, P= 0.302), and foraging (FG) (Z= 0.350, P=
0.726).

Group (Subject's One, Two, Three)
'‘Lunar': 3 (Full Moon) has noticeably higher 'AG' (Allo-Grooming).
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Figure 3: A graph displaying the frequency of ‘allo-grooming’ in the group at different lunar phases

Graph 4. The behaviour AG (allo-grooming) had a total count of 362 during the Lunar 3 (Full Moon). This
count reduced as the luminosity of the phases decreased (1 = 109), indicating a positive association between
the frequency of the behaviour and an increase in moonlight in all subjects. As Lunar 2 and 4 produce the
same luminosity, behaviour may be affected similarly, explaining the lack of variation between the two.

Coefficient  Estimate  Standard Error Z-value  P-value

Group (All Subjects)  Intercept 0.768 0.286 2.681 0.007
S -0.008 0.011 -0.774 0439
IM 0.007 0.006 1.033 0.302
FG 0.002 0.007 0.350 0.726

Table 2: Final quasipoisson general linear model predictors for each subject, using independent monthly lunar
variables



Discussion

A difference in the frequency of specific behaviours regarding particular lunar cycles was evident from the
data collected. As moonlight levels intensified across the lunar cycle, an increase in resting and maintenance
behaviours was observed. The behaviours grooming (GR) (Subject One), allo-grooming (AG) (Subject Two),
and immobility (IM) (Subject Three) were most associated with the full moon lunar phase when moonlight
was highest. Similarly, the group showed an association between the behaviour of AG and the full moon.
Maintenance behaviours are performed by rodents in an evolved sequence which is prone to alteration by
external and internal stimuli such as stressors and neurological differences (Smolinsky et al., 2009). For many
mammalian species, maintenance behaviours are perceived as stereotypical in captive animals, indicating a
negative welfare state (Smolinsky et al., 2009; Pomerantz et al., 2013). However, contrasting studies suggest
that associating high stress with increased grooming behaviours is an oversimplification due to the
behaviours’ complexity (Kalueff and Tuohimaa, 2005). Even so, rodents experience increased maintenance
behaviours at high or low-stress levels (Kalueff and Tuohimaa, 2004; Moyaho and Valencia, 2002). The two
extremes differ as stress-induced grooming occurs in short bursts, at rapid rates, and is often incomplete and
interrupted (Kalueff and Tuohimaa, 2005; Smolinsky et al., 2009). Placing this information into context
regarding the results, as the subjects are captive individuals, the increase in maintenance behaviours is
interpreted as a stereotypical stress response (Kalueff et al., 2016; Smolinsky et al., 2009). However, this does

not have to indicate a negative welfare state in the subjects.

The heightened presence of the behaviour IM, a resting behaviour, suggests that these behaviours are an
evolved anti-predatory response (Barthelmess, 2006). However, the analysis results suggest no significant
relationship between the lunar cycle and the behaviours. The estimates and z-values from the individual
GLMs suggest a positive average change in the resting and maintenance behaviours as moonlight increased
(see Table 1). The group GLM again implied a positive average change in the behaviours of IM and FG as
moonlight increased (see Table 2). These positive changes can also be interpreted as an anti-predatory
response to the rising exposure (Barthelmess, 2006). However, the increase in feeding behaviours indicates a
captive influence (Sherwen and Hemsworth, 2019). Living in captivity can affect natural rhythms and diel
cycles, which could cause the porcupines to unnaturally increase their foraging and eating levels when
moonlight is high due to food being available (Berger, 2011; Giné et al., 2011).

The data and interpretations strengthen the hypothesis that the amount of moonlight displayed at each
lunar phase would affect the types of behaviours performed by the porcupines. When there are higher
amounts of moonlight (full moon), the porcupines may show a higher frequency of behaviours associated
with predator avoidance and stress. When moonlight is at its lowest (new moon), the porcupines may show
more feeding and movement behaviours due to the lack of visibility, reducing the motivation to display
predator avoidance. However, the lack of significance suggested by the GLMs contradicts the hypothesis as
they imply the amounts of moonlight had little to no effect on the porcupine’s behaviours. The data from
Subjects One and Three suggest that the two extremes of moonlight caused the most frequent behaviour
displays.

This point supports the hypothesis due to the types of behaviour, GR and IM, as they are associated with
predator avoidance and show moonlight has some effect on the behaviours (Barthelmess, 2006; Kalueff et al.,
2016; Smolinsky et al., 2009).However, it does dispute the hypothesis as although an interpreted anti-
predatory effect occurs, behaviours are not limited to high moonlight phases.



Considering previous field studies on the effects of moonlight on other hystrix species, the results share
similar findings. These studies on the effects of moonlight on porcupines found a significant relationship
between moonlight and activity levels, with findings discussing how activity levels were highest when
moonlight exposure was reduced (Alkon and Mitrani, 1988, Mori et al., 2014). A study researched the impact
of seasonality on activity levels (Alkon and Mitrani, 1988). Regardless of the lunar phase, this study found
activity levels were higher during the winter as the weather reduced moonlight exposure (Alkon and Mitrani,
1988). However, other studies found a trigger-like relationship between the lunar phases and porcupine
activity budgets, as even when invisible, full moons hindered activity levels and reduced behaviours (Mori et
al., 2014). The results from this study uphold the field findings as, although significance was not found, from
the GLMs, the increase in maintenance and resting behaviours upon full moons observed from the raw data

backs up their hypothesis.

These findings could prove significant by providing a baseline for studies on other nocturnal species.
Nocturnal diel cycles exist in most mammalian species, and moonlight can raise predation risk for these
species, not limited to the hystrix genera (Prugh and Golden, 2014).

The evolutionary traits and behaviours associated with nocturnal diel cycles can translate into captivity,

where artificial factors can cause an unnatural response (Sherwen and Hemsworth, 2019).

Although, field evidence of porcupine species displaying ‘sunbathing’ behaviours in the wild during diurnal
hours contradicts this point (Coppola et al., 2019). If exhibited in captivity, arguments would point to the
behaviour being a natural physiological response from the porcupine (Coppola et al., 2019).

Studies into the effects of moonlight on prey have previously neglected the impact on foraging efficiency,
which has the potential to translate into captive individuals (Prugh and Golden, 2014; Sherwen and
Hemsworth, 2019). Foraging was suppressed in rodent species when higher levels of moonlight were present
to the point where it reached similar levels to that of a predatory presence (Prugh and Golden, 2014). In
captivity, this could cause negative welfare implications encouraging stereotypical behaviours and increased
states of stress (Rose and Riley, 2019). As visitors have more enjoyable experiences when animals are present,
some studies have recommended using environmental enrichment to encourage diurnal activity in nocturnal
species (Fernandez et al., 2009; Margulis et al., 2003). The presence of visitors could be mistaken by
nocturnal species as a predatory presence, causing foraging suppression as a predator avoidance reaction,
leading to a potential negative welfare state (Fernandez et al., 2009; Rose and Riley, 2019).

As an implication of the results, Reaseheath Mini Zoo may wish to incorporate changes to their husbandry
routines and enclosure design. The insight from this study can provide the zoo with context to specific

behaviours observed in the group that can justify changes.

The zoo may wish to incorporate shaded areas into the outdoor enclosure to reduce stress-induced
maintenance behaviours and better the subject’s welfare (Rose and Riley, 2019; Smolinsky et al., 2009). The
porcupines can benefit from this as the reduction in moonlight exposure on the third quarter and whole
moon cycles and limiting unnecessary predator avoidance cues (Kalueff and Tuohimaa, 2005; Mori et al.,
2014). A potential increase in outdoor enclosure usage may result from these shaded additions, possibly
bettering welfare and reducing hostile interactions between con specifics (Nogueira et al., 2004).

Providing shaded areas can also benefit the subjects during daytime hours. As captivity can change biological
cycles and circadian rhythms due to husbandry and feeding routines, it is common to see captive porcupines

with more cathemeral diel cycles (Corsini et al., 1995; Hagen et al., 2020; Ramirez-Chaves et al., 2020;



Sherwen and Hemsworth, 2019). Due to their retained evolutionary traits for nocturnal life, this sunlight
exposure can potentially impact health and welfare (Rose and Riley, 2019; Torres and Clarke, 2018). Shaded
areas can relieve pressures on their nocturnal traits while not restricting their activity levels and benefit
visitor experiences (Fernandez et al., 2009). Limiting husbandry routines to early or late hours can reduce
any disturbance caused to the diel cycles of the porcupine and limit interference with important resting
behaviours (Gandia, 2023).

However, the biological perception and response to the lunar cycle are not solely related to luminosity levels.
Studies hypothesise that because geomagnetic activity fluctuates around specific lunar phases, animals
sensitive to this could display changes in behaviour and activity levels in response (Bevington, 2015;
Chakraborty, 2020; Nishimura and Fukushima, 2009).

The effects of climate change could affect lunar perception — for example, changes in temperature, humidity
and weather that may coincide around lunar phases could lead to variations in the behaviours of nocturnal
mammals as a response (Camuffo, 2001; Chakraborty, 2020; Rode-Margono and Nekaris, 2014).

To exemplify, satellite technology confirmed the moon impacts global temperatures, with warmth coinciding
with the full moon (Balling Jr and Cerveny, 1995). Behaviour studies indicate that the collaboration between

temperature and moonlight influenced the observed nocturnal activity pattern (Fernandez-Duque, 2003).

Reaseheath Mini Zoo may wish to harness predatory avoidance behaviours to encourage environmental
challenge, competency and agency (Clark, 2018). Promoting predatory avoidance allows the porcupines to
acquire a repertoire of natural cognitive skills they can use when faced with a challenge (Clark, 2017). This
promotion provides the porcupines with a more wild-like, enriching experience of captivity that can limit

boredom and reduce the capacity for stereotypical behaviour development (Clark, 2017).

To promote predatory avoidance, Reaseheath Mini Zoo could shift the porcupine’s feeding schedule to later
hours to limit disturbing diurnal resting behaviours (Savenije et al., 2010). Automatic scatter feeders timed
for these hours can be used to achieve this (Andrews and Ha, 2014; Law and Reid, 2010). These devices can
increase feeding and moving behaviours by encouraging foraging and increased enclosure usage (Andrews
and Ha, 2014). They can also reduce contra-freeloading as the devices are often portable and can be moved to

separate locations and set to unpredictable times each night (Clark, 2017).

Opposed to this, the zoo could change feeding times to earlier/later in the day to reduce potential
disturbances to the diel cycles and resting behaviours (Savenije et al., 2010).

Utilising camera traps for this study was beneficial as it allowed the collection of a sizeable amount of data
and minimised any harm to the researcher and the subjects. Camera traps limited hypothetical stressors that
may have become apparent from an unknown physical presence. This method also reduced the collection of
influenced data human presence could have caused due to the unfamiliarity of human company at late hours.
Overall, this method reduced anthropogenic impacts that may have negatively affected animal welfare or
manipulated the data (Caravaggi et al., 2017). The camera traps also covered multiple areas of the enclosure
to get the best possible view of the behaviours displayed at the chosen intervals (Caravaggi et al., 2017). The
camera traps also reduced human error from missing collection intervals and refined the study because of the
pause and replay functions. In-person behaviour observation may have led to a lack of data in the study due

to distractions. However, technical problems did occur due to weather and limited power sources.



The camera traps ran on 12 AA alkaline batteries, prone to failure during cold weather (Palacin and de
Guibert, 2016). As the collection period fell between November 2022 and March 2023, the weather was often
colder and unpredictable. A solution to this would be an alternative power source like Lithium-Ion batteries
that fare better in colder environments (Dagger et al., 2017).

Significance in the relationship between the lunar cycles and nocturnal porcupine behaviours had a higher
probability of being found from the GLMs if the data sets were larger (Bakeman and Quera, 2012).

Increasing data collection time frames, covering more lunar cycles, collecting data from multiple collections,
utilising more camera traps to capture more angles and limiting the frequency of invisible behaviours
recorded could correct this issue. Conducting the study over multiple seasons, particularly over summer,
could provide a better range of data because extreme weather such as rain and snow can hinder porcupine

activity and increase resting behaviours from limited outdoor exposure (Alkon and Mitrani, 1988).

Conclusions

Given the frequency of porcupine species in UK zoos, the findings of this study can provide insight into how
alterations to husbandry and animal care can impact the effect of lunar cycles. Research on the behavioural
impacts of lunar cycles on their porcupines can allow Reaseheath Mini Zoo to encourage a better welfare
state in their prickle (collective noun for porcupines). By integrating suggestions from this study, collections
may increase the probability of their porcupine populations adopting a positive welfare state. However, as it
is not unusual for diel cycles to change in captivity, it can be argued that because zoo visitors have a better
experience when animals are visible, encouraging a more cathemeral diel cycle in Cape Porcupines should be
fostered as is likely to occur otherwise. Conversely, this can change how porcupines respond to
environmental cues like the lunar cycle and impact how they interact with their environment. By
understanding the findings from this study, collections can adapt captive life for their porcupines to
encourage natural cued responses. The take-home message from this study is that behavioural change was
visible in the subjects concerning the amount of moonlight produced by the lunar phases. This behavioural
change can cause positive and negative welfare implications on the affective state of the porcupines on an
individual and group scale. Under the Zoo Licencing Act (1981), UK zoological collections must abide by the
provisions stated in the Secretary of State’s Standards of Modern Zoo Practice (2012)- ‘SSSZMP’, the fourth
provision being supplying the opportunity for natural behaviours. As the evidence points to predatory
avoidance being an evolutionary trait, collections can meet this provision using the findings and suggestions
from this study. Promoting natural diel cycles can also be done to meet this provision and ensure that the
animal’s welfare requirements meet the standard of the SSSMZP (2012).

Investigation into additional factors that may affect the behaviour and activity budgets of Cape Porcupine
would further this study. As data collection methods became impacted by weather, further developments
could pair together how different weather affects the behaviours of captive Cape Porcupines regarding the
lunar cycle. Studies on the effect of seasonality have touched on the subject concerning wild Indian crested
porcupines (Hystrix indica) in the field (Alkon and Mitrani, 1988). Although done on a similar topic and
species, development could benefit from moving in a more focused direction regarding the effect of weather

and lunar phases.

Analysis of the before and aftereffects and value of incorporating shaded areas into enclosure design on
nocturnal mammals in captivity would be a good direction for this study to expand.



From the study, a potential relationship between the lunar cycle and enclosure usage arose. The subjects at
Reaseheath Mini Zoo have ad-libitum access to both an indoor and outdoor chamber, where an impact on
preference may have been because of moonlight exposure. Based on evidence regarding the porcupine’s anti-
predatory responses, it is likely that, on brighter lunar phases, indoor enclosures are preferred (Mori et al.,
2014). Development on this can come from the results of this study because the behaviours with the highest
growth regarding risen moonlight levels were those of resting and maintenance. These behaviours could have
a significant association with the indoor enclosure as this is the favoured resting site of the subjects
(Personal Communication, 2022). However, due to the variation in UK weather, it would need to be
considered as a potential influence on enclosure preference.

Another question spurred by the research was the effect of the lunar cycle on sex in Cape Porcupines. As the
subject did not consist of an equally split group of males and females, with there being two females and one
male, who was castrated, this was not a considered factor. However, from the results, Subject Three (male)
showed a significant increase in resting behaviours when moonlight was brightest. However, in Subject One
(female) and Subject Two (female), a rise was seen in maintenance behaviours. Observations on hystrix
reproductive behaviours have previously occurred. However, context and insight focus on wild individuals
and habitat effects (Coppola and Felicioli, 2021; Van Aarde, 1987). Further research on this factor can benefit
captive breeding programmes as they may find a higher rate of breeding success when lunar cycle activity

budgets are understood.

The study lacked finding an overall relationship between lunar cycles and Cape Porcupine behaviours due to
the limited sample size. Therefore, further research on the question would provide a clear outlook on the
effect on the whole species rather than one collection. The importance of future research for the species is
that it can further the interest in finding the relationship in other captive hystrix species, captive rodents or
captive nocturnal animals. Collections can then use this information to ensure that welfare provisions in
captivity can be specialised to suit the needs of these categories, possibly bettering their welfare states.

Appendix 1

Ethogram of Cape Porcupine behaviours

Feeding behaviours

- Eating ET Chewing, swallowing, consuming food item (Mukherjee et al., 2018).
- Foraging FG  Browsing/searching for food items/water (Giné et al., 2011).
- Drinking DR  Consuming water.

Resting behaviours
- Immobile position IM Standing still on four limbs for more than 2 seconds.

- Laying Down LD  Layingdown on ground but awake. Front limbs extended in front of face and
hind limbs bent at side of body (Mukherjee et al., 2018).

- Sleeping SL Unconscious, eyes closed, no movement laying down on ground (Giné et al.,
2011).



Moving behaviours

- Locomotion LM
- Running RN
- Social interaction S

- Aggression AR
- Digging DG
- Object Play oP
- Con-specific Play CP

Maintenance behaviours

- Grooming GR
- Allo-grooming AG
- ubD

Urinating/Defecating

Communication

- Rattling RT
- Flashing FL

Quills/Mane

- Vocalisations VO

Missing behaviours
- Invisible IN

Other (@]

Moving around the enclosure at a steady pace with no food involved. Moving
all four limbs individually.

Moving around the enclosure at a quick pace with no food involved. Moving all
four limbs individually.

Two or more con specifics interacting in close contact with one another for
more than 2 seconds (Felicioli etal., 1997).

Using quills, teeth, body force to physically harm a con-specific or human
(Roze, 2014; Mori and Ferrari., 2021).

Breaking up of dirt using claws and front limbs (Mukherjee et al., 2018).

Interaction with an inanimate object for more than 2 seconds, may or may not
involve a con-specific (Mukherjee et al., 2018).

Interaction with a con-specific e.g., leaping on one another. Performed in a
positive manner for longer than 5 seconds (Mukherjee et al., 2018).

Moving claws front to back in a ‘combing’ motion to clean fur.

Mutual grooming involving licking the tail, licking the head or the neck of
another con-specific (Felicioli et al., 1997).

Release of urine/faeces.

Vibrating tails/rattle quills to produce a warning sound.

Flaring quills and raising mane to increase body size (Roze, 2014).

Creation of sound from individual/s (Roze, 2014).

Individuals not visible/behaviour not captured.

Observed behaviours not listed within this ethogram.

Note: A Cape Porcupine Ethogram describing the behaviours potentially seen in the study. Information sourced
from Coppola and Felicioli, 2021; Giné et al., 2011; Mukherjee et al., 2018; Roze, 2014.
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Glossary

Abiotic environmental cue: Non-living factors that trigger changes in organisms and ecosystems.

Allo-grooming: Mutual grooming involving licking the tail, licking the head or the neck of another con
specific (Felicioli et al., 1997).

Cathemeral: Activity pattern where an organism is active at anytime of day or night, activity is based on

environmental settings.

Circadian: Biological processes that occur over a 24-hour period.

Circannual: A biological process that recurs annually.

Crepuscular: Activity pattern where an organism is active during dusk and dawn.

Diurnal: Activity pattern where an organism is active during the day.

Ectothermic: When an organism is reliant on external sources of heat to maintain body temperature.
Endothermic: When an organism can produce heat internally.

Nocturnality: Activity pattern where an organism is active during the night.

Non-nocturnal diel cycles: Any activity patterns displayed by an organism outside of night.

Non-Parametric: A form of statistical analysis that makes marginal assumptions about the underlying

distribution of the data being analyzed.

Photopigment evolution: Unpredictable pigments that experience a chemical change when they absorb light.
In different organisms, these pigments have evolved to react differently to light in reaction to different diel

cycles.

Stepwise deletion: Stepwise deletion or regression removes the weakest correlated variable.

Trophic co-evolution of behaviours: When the feeding behaviours of two different organisms evolve in
response to one another.
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