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Abstract
This study focused on the activity patterns of a male-female pair of semi-free
ranging mongoose lemurs (Eulemur mongoz) in Myakka City, Florida. Despite
hypotheses that a change in temperature drives the seasonal shift in the species’ activity
patterns, previous research has been unable to conclusively isolate this variable. Because
the semi-free ranging environment at the Lemur Conservation Foundation provided a
constant food source and limited predation, it enabled this study to isolate the effect of
temperature. The data illustrated no significant difference between hourly activity levels
during sampling periods in the summer and fall of 2016 (P = 0.32). Despite lower
temperatures in the fall (P = 0.01), the lemurs’ activity patterns did not significantly alter
from those in the warmer summer months. These findings indicate that seasonal food
availability, rather than temperature, drives the shifting activity patterns of wild
mongoose lemurs. While Curtis et al. (1999) originally suggest that the lemurs’ higher
fiber intake during the dry season drives this change in activity, more research is needed
in order to fully understand this relationship.

INTRODUCTION
Thermoregulation
In subtropical environments with temperatures that fluctuate with the season,
most endothermic animals must rely on behavioral mechanisms of thermoregulation
(Donati et al., 2011). In order to maintain homeostasis, species may conduct
thermogenesis, the production of body heat, or thermolysis, the dissipation of body heat
(Terrien et al., 2011). Some thermogenic mechanisms consist of shivering, hibernating
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and huddling together for warmth. Thermolytic strategies include bathing, sweating and
seeking shade. In addition to these behavioral adaptations, many mammals also rely on
microhabitat selection. For example, the edges of a forest fragment may offer warmer
temperatures than the middle. Likewise, increased height in the tree canopy may provide
easier access to sunbathing or a cooling gust of wind. In this way, mammals can avoid
climactic extremes within their environment. Similarly, flexible and alternating activity
patterns can also limit the impact of fluctuating temperatures (Donati et al., 2011).
In order to assist in thermoregulation, some animals utilize a cathemeral activity
pattern, in which they alternate activity throughout the day and night, depending on the
season. By shifting to nocturnal activity during cold months, animals maximize heatgenerating movement during the coldest parts of the 24-hour period. During the day,
individuals rest in postures that maintain heat, huddling together for warmth. In warmer
months, species may forage and travel during dawn and dusk, when temperatures are
moderate (Donati et al., 2011). This cathemeral activity pattern maximizes feeding
efficiency, without sacrificing homeostasis. In this way, species avoid overheating during
the day, while sleeping and resting during the cooler nights (Eppley et al., 2015).
Thermoregulation in Malagasy lemurs
Widely recognized as one of the world’s top biological hotspots, the island of
Madagascar is a climactic enigma (Vences et al., 2009). Its topographic complexity,
combined with ocean currents and wind patterns, creates hyper-variable environments
across, and within, biomes. While eastern regions experience annual temperatures of 20
to 25 °C, western regions range from 24 to 28 °C. The central plateau experiences colder
temperature means between 14 and 22°C (Irwin et al. 2010). This variety in temperature
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accounts for Madgascar’s numerous biomes with sharp borders. Because of the
variability of these microclimates, Madagascar resembles continental landmasses like
Africa, rather than similarly sized islands like Borneo (Vences et al., 2009).
In addition to these varying abiotic factors, Madagascar also exhibits highly
unpredictable patterns of precipitation. While western regions experience moderate
rainfall with an eight-month dry season, southern and southwestern regions endure a dry
season for most of the year. The central plateau has a more moderate dry season than the
other regions, but its variable precipitation prevents species from relying on a consistent
water source (Irwin et al., 2010). This inconsistent rainfall has fostered a myriad of
adaptations among endemic species (Vences et al., 2009).
One of Madagascar’s most prominent taxonomic superfamilies, the Lemuroidea,
evolved from a galago-like ancestor on the mainland. These early lemur ancestors arrived
by land, when Madagascar was still connected to Africa (Garbutt, 2007). While evolving
monkey and ape species drove the mainland ancestral lemur populations to extinction,
those that remained on Madagascar after its rift escaped this lethal fate. Unlike their
ancestors, these isolated populations flourished, diversifying and speciating. Currently,
biologists have identified 101 extant lemur species, comprising 15 genera and five
families. All of these species are endemic to Madagascar (Douglass, 2015).
Spread out across the island’s varying biomes, lemurs evolved differing
adaptations to survive fluctuating temperatures and precipitation. Cheirogaleids, the
family containing dwarf and mouse lemurs, rely on daily torpor and hibernation (Schmid,
2000). In order to cope with low temperatures and resource scarcity, these animals
dramatically lower their metabolic rates. Many lemur species also seek social
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thermoregulation. By huddling together in sleeping groups, collared lemurs, Eulemur
collaris, conserve heat (Donati et al., 2011). Varying activity patterns also work to
prevent cold stress, as well as overheating. In fact, lemurs are the only monophyletic
primate radiation that includes diurnal, nocturnal and cathemeral genera (Eppley et al.,
2015). Of particular interest, the Lemuridae family displays all three activity patterns.
The mongoose lemur, Eulemur mongoz, alternates between nocturnal, diurnal and
cathemeral activity, depending on the season. While E. mongoz favors diurnal activity
during the warmer wet season, it shifts toward nocturnal activity at the onset of the cooler
dry season (Curtis and Zaramody, 1998).
In order to better understand this shift, it is important to consider lemur body size.
Because a larger volume reduces relative surface area, body size plays an important role
in heat transfer. Due to this ratio, a small-bodied primate (<500 g) loses or gains heat
more rapidly than a large-bodied primate (>1 kg). Less effectively able to conserve heat,
smaller primates must remain active in the cooler nights (Donati et al., 2011). The
warmer days allow the individual to conserve energy while it sleeps. For this reason,
many small primates are nocturnal, while larger primates are diurnal. At 1 kg, Eulemur
straddle this small-nocturnal and large-diurnal divide (Curtis et al., 1999). Thus, Eulemur
species display the cathemeral activity pattern discussed above.
However, temperature is likely not the only variable fostering this shift in activity.
Because rainfall also varies between seasons, past research has been unable to isolate a
single variable (Curtis et al., 1999). Another major factor, resource availability, fluctuates
with rainfall. Due to limited precipitation, Madagascar’s cooler dry season is also the
resource-poor season (Wright, 1999). With a reduction in plant productivity during these
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months, E. mongoz must adapt its diet. As Malagasy canopy cover declines, so do
available flowers and insects. Thus, the species moves from a mainly nectarivorous diet
in the wet season, to mainly frugivorous and folivorous in the dry season (Curtis et al.,
1999).
Curtis et al. (1999) hypothesize that this shift in diet drives cathemerality. Because
a folivorous diet necessitates a higher fiber intake, it is harder to digest than fruit or
nectar. Curtis et al. (1999) suggest that in order to cope with this diet, E. mongoz
increases its activity across the 24 h cycle. By favoring short, interspersed periods of rest,
rather than one long period, the lemurs can better process leaf matter. While the study
found no correlation between cathemerality and food availability, food consumption, or
crude fiber intake, it found a relationship between the availability of flowers and diurnal
activity. As predicted, when flower availability was high, the lemurs exhibited more
diurnal activity (Curtis et al., 1999).
Like food availability, predation is also a key factor to consider. Exacerbated by
the dry season, limited canopy cover exposes E. mongoz to increased predation risk.
While Madagascar lacks large predators, it harbors diurnal and nocturnal threats (GurskyDoyen and Nekaris, 2010). The fossa, Cryptoprocta ferox, hunts during the day and night,
while the Madagascar harrier-hawk, P. radiatus, and Henst's goshawk, Accipiter henstii,
hunt exclusively during the day. Gursky-Doyen and Nekaris (2010) relate that because E.
mongoz is largely cathemeral, it must adapt to diurnal and nocturnal predators. However,
they found that in Ranomafana, diurnal raptors predate almost equal numbers of
nocturnal, cathemeral, and diurnal species. Likewise, C. ferox consumes both nocturnal
and diurnal prey. In this way, decreasing diurnal activity does not appear to offer an
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effective anti-predator strategy for E. mongoz. Thus, predation is likely not the key factor
responsible for the species’ shift in activity.
Although predation likely plays a limited role in the activity patterns of E.
mongoz, it is difficult to determine whether colder temperatures or decreased food supply
drive the lemurs’ nocturnal shift. Due to a lack of 24-hour, systematic data on the species,
primatologists have been unable to explain this phenomenon (Eppley et al., 2015).
Hypotheses
While it is nearly impossible to isolate these variables in Madagascar, the 5hectare, fenced forest enclosure at the Lemur Conservation Foundation (LCF) provided
an ideal study area. In addition to facilitating 24-hour observation, the enclosed area
limited access by many species of predators. While the lemurs foraged in the forest, they
also had access to a constant food and water supply, controlling for resource availability.
Although I was unable to prevent inconsistent rainfall, I monitored this variable
throughout. Because LCF provides a relatively controlled environment, the reserve
presented a singular opportunity to explore the impact of temperature on Eulemur
mongoz activity patterns.
In a previous study, Curtis et al. (1999) explored the thermoregulatory behaviors
of a relative of E. mongoz, E. fulvus. They found that homeostasis for E. fulvus lies
between 22°C and 30°C. In Anjamena Park, where the research took place, the mean
maximum monthly temperatures exceeded this range (31.36°C). During the cold, dry
season, the minimum monthly temperatures were below the species’ thermoregulatory
zone (18.21°C). These findings support the hypothesis that Eulemur species must seek
behavioral methods of thermoregulation (Curtis et al., 1999). Because E. mongoz shares a
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similar body size and basal metabolic rate with E. fulvus, the species would likely also
need to counteract cold stress during the coldest nocturnal hours of the dry season.
Therefore, during Florida’s warmer rainy season, I predicted that the mongoose
lemurs would be less active during the hottest hours of the day. Alternatively, I predicted
that they would be most active during the coldest hours of the night in the dry season,
working to combat cold stress.
In addition to their varying activity patterns, I also recorded the lemurs’ postures.
Because adjustments in posture can help regulate body temperature, they served as a
visible indication of cold stress or overheating (Donati et al., 2011). Thus, I predicted that
if temperature played a significant role in the species’ shift in activity, they would exhibit
more heat-retaining postures in the fall sampling period than in the summer.

METHODS
I conducted research at the Lemur Conservation Foundation’s Lemur Reserve in
Myakka City, Florida from June 1st to July 17th 2016 and September 28th to October 16th
2016 (Figure 1).
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Figure 1: map of the 5-hectare study site at the Lemur Conservation Foundation in Myakka City, Florida

The facility housed a mated pair of mongoose lemurs in the 5-hectare Forest 1
enclosure. The female, Luisa, was two years of age, and the male, Lucas, was eight years
of age (Figure 2).
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Figure 2: 2-year-old female, Luisa (left) and 8-year-old male, Lucas (right)

The LCF reserve provided a constant food source, with staff bringing fresh
vegetables, fruit and primate chow into the enclosure at 8:30 every morning. The primate
biscuits mirror wild-type food items, supplemented by grapes, papaya, mango, cucumber
and snap peas. Because seasonal fruit fluctuations in Madagascar may impact the activity
patterns of mongoose lemurs, the reserve provided an ideal location to control for this
variable.
In addition, the fenced area also prevented access by terrestrial predators such as
cougars, bobcats and raccoons. Although the enclosure did not protect against aerial
predators, I recorded sightings of these species. I observed red-shouldered hawk calls
during almost all daytime samples, but the lemurs rarely acknowledged the birds’
presence. They also remained non-vigilant during owl calls at night. This lack of
vigilance implies that the individuals did not view the birds as a serious predation threat.
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Given the size of Florida’s hawks and owls, it is also likely that they could only predate
E. mongoz infants, which were not present during the study.
By largely ruling out food and predation, along with collecting data during the
warmer summer and cooler fall months, I was able to isolate the effect of temperature.
Behavioral data collection periods consisted of six hours of scan sampling for both
individuals (Altman, 1974; Martin and Bateson, 2013). The sampling schedule was
evenly divided throughout the 24 hour day. During behavioral data collection, every five
minutes, I recorded the lemurs’ activity, posture, proximity to one another and height in
the canopy (Appendix 1). I also conducted all-occurrence sampling for the licking of
hands and feet, as this action signifies an effort to lose heat (LaFleur et al., 2014).
During the fall sampling period, a research assistant (JZ) helped with data
collection. In order to minimize researcher biases, we conducted inter-observer reliability
testing. As Paterson (2001) outlines, we each collected pilot data and compared and
critiqued our observational differences. Once we agreed upon a standardized ethogram,
we repeated the methods from the summer months. In addition, we recorded the
temperature every hour during behavioral sampling, using an Acurite thermometer, along
with iButton data loggers placed throughout the study site and daily rain gauge data.
Finally, I compiled the data on spreadsheets in Microsoft Excel ( 2007
Microsoft Corporation), using this program to analyze the data. I found standard
deviations and conducted paired t-tests using ANOVA. Significance was set at P < .05.

RESULTS
Environmental variables
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Overall, the hourly summer temperatures were higher than the hourly fall
temperatures (P = 0.01) (Figure 3). More specifically, the data showed a significant
difference in temperature between the fall and summer for 14:00 (P = 0.003), 15:00 (P =
0.03), 21:00 (P = 0.02), 22:00 (P = 0.01), and 23:00 (P = 0.03).
Rainfall varied throughout the summer and fall sampling periods (Appendix 2).
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Figure 3: illustrates the difference in temperature between the summer (black) and fall (grey) sampling
periods. The summer temperatures were statistically higher than the fall temperatures (P = 0.01). The
thermoneutral zone for Eulemur lies between 22°C and 30°C.

The percentage of time during which the lemurs were active each hour was not
statistically different between the summer and fall sampling periods (P = 0.32) (Figure
4). However, the lemurs were more active at 6:00 during the fall months (P = 0.04). They
were also statistically less active at 20:00 (P = 0.04) and 21:00 (P = 0.02) during the fall
sampling period.
In the fall months, the sun rose between 7 and 7:30, setting between 19:00 and
19:30. During the summer, it rose between 6:30 and 7, setting between 20:00 and 20:30.
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Figure 4: depicts the difference in the percentage of time that the lemurs were active each hour during the
summer (black) and fall (grey) periods. There was no statistical difference overall (P = 0.32). However, the
lemurs awoke one hour earlier (P = 0.04) and went to sleep about one hour earlier (P = 0.04; P = 0.02)
during the fall sampling period.

Between the summer and fall sampling periods, the percentage of time that the
lemurs spent in heat-dissipating postures did not differ for overall or hourly data (P =
0.36) (Figure 5).
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Figure 5: the percentage of time spent in heat-dissipating postures was not statistically different between
the summer (black) and fall (grey) sampling periods for overall or hourly data (P = 0.36).
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Overall, the percentage of time spent in heat-conserving postures did not differ
between the summer (30%) and fall (23%) sampling periods (P = 0.23) (Figure 6).
However, the lemurs spent a higher percentage of time in these positions during 6:00 (P =

Percentage of Time in Posture

0.03), 20:00 (P = 0.0003), and 21:00 (P = 0.02).
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Figure 6: the percentage of time spent in heat-conserving postures was not statistically different between
the summer (black) and fall (grey) sampling periods overall (P = 0.23). However, the lemurs spent a
statistically higher percentage of time in these positions during 6:00 (P = 0.03), 20:00 (P = 0.0003), and
21:00 (P = 0.02).

DISCUSSION
Because the temperature data revealed a difference between the fall and summer
sampling periods, I was able to focus on fluctuating temperatures as the main variable
tested (Figure 1). Similar to the rainy season in Madgascar, Myakka’s summer
temperatures were warmer than in the fall, or dry season (P = 0.01). Because the
thermoneutral zone for Eulemur lies between 22°C and 30°C, hours with average
temperatures that strayed from this range should have necessitated thermoregulatory
behaviors (Curtis et al., 1999). In the fall, the average temperatures for 6:00, 7:00, and
8:00 fell below the thermoneutral zone. During the summer, the average temperatures for
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13:00 through 16:00 exceeded the thermoneutral zone. While all of these variations were
within 3°C of this zone, they further highlight the temperature differences between the
two samples.
When temperatures exceed the thermoneutral zone, Eulemur rely on behavioral
adaptations. Unable to effectively sweat, many lemur species lick their hands and feet. By
wetting these parts of the body, individuals promote evaporative cooling (LaFleur et al.,
2014). As the saliva evaporates, it absorbs heat and cools the skin. Along with this
behavior, Eulemur implement postural thermoregulation. In E. fulvus, Donati et al. (2011)
observed prone postures more frequently during temperatures above 30°C. Because
elongation increases surface area, this position fosters heat dissipation and cooling.
In addition to heat-dispersing mechanisms, Donati et al. (2011) discuss heatconserving adaptations. For example, in order to prevent cold stress during the coldest
part of the day, before sunrise, Eulemur species increase their activity. The lemurs’ bout
of activity from 6:00 to 8:00, coinciding with Florida’s coldest fall temperatures, supports
this hypothesis (Figure 2). However, the changing time of sunset and sunrise may also
play an important role in the lemurs’ sleep patterns. For example, there was no overall
significant difference in the percentage of time active during the summer and fall periods
(P = 0.32). The only hourly significance fell at 6:00, 20:00 and 21:00, all coinciding with
the sunrise and sunset. During the fall sampling period, the sun set between 19:00 and
19:30. During the summer, it set between 20:00 and 20:30. This hour difference parallels
the lemurs’ reduced activity at 20:00 and 21:00 during the fall period. Going to sleep an
hour earlier in the fall, the lemurs also awoke an hour earlier, illustrated by the statistical
significance at 6:00 (P = 0.03). During the summer, the sun rose between 6:30 and 7,
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while it rose between 7 and 7:30 in the fall. Although the sun rose about a half hour
earlier during the summer months, the lemurs awoke an hour later during this sample. As
previously mentioned, the extra hour of light in the evening probably drove this
discrepancy (Curtis et al., 1999). Thus, this slight shift in activity pattern likely results
from a change in available light, rather than temperature.
Ultimately, accounting for the fall’s shortening days, there is no statistical
difference between the lemurs’ activity during the fall and summer sampling periods.
Despite cooler temperatures in the fall, the individuals’ activity patterns do not undergo
the same shift seen in the wild.
Tattersall and Sussman (1975) describe how during the dry season in Madgascar,
the species are mainly nocturnal, active from 18:00 to 6:00. This wild data diverges from
that observed in the semi-captive environment in Myakka City, Florida. While
temperatures still fluctuated in both environments, even falling outside of the species’
thermoneutral zone, the semi-captive individuals did not shift to night activity. Given that
the temperature fluctuated, but food supply did not, the reserve’s consistent food source
likely prevented this shift.
Because the variation in activity did not occur with temperature fluctuations
alone, resource availability likely plays a larger role than originally thought. As
previously mentioned, in Madagascar, fruit and flowers undergo seasonal fluctuations in
abundance and scarcity (Wright, 1999). In October, immature leaf, fruit and flower
production peak (Curtis et al., 1999). During the dry season, these resources are at their
lowest abundance. Thus, the species must adapt to the seasonal energetic constraints.
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As Curtis et al. (1999) relate, E. mongoz likely consumes more leaf matter during
this time. Thus, increasing activity across the 24 h cycle might aid in processing the
fibrous diet. While Curtis et al. (1999) were unable to conclusively support this
hypothesis, their emphasis on short, interspersed periods of rest parallels Tattersall and
Sussman (1975)’s observations. They found that in the wild, the entire period of
nocturnal activity was interspersed with short bouts of resting. In addition to a slightly
longer rest between 22:00 and 3:00, the lemurs rested for an additional half hour before
traveling to their sleeping site (Tattersall and Sussman, 1975). These data support the
hypothesis that a more folivorous diet plays at least some role in the species’ movements.
In addition to increased fiber content, leaves also provide less energy than fruit
and nectar. Forced to undergo this shift during the dry season, E. mongoz must spend
more time foraging and eating. Because wild lemurs must find more food in order to
obtain the same number of calories, their activity may spill over into the night. This
hypothesis parallels my findings. Because the studied individuals had access to fruit
throughout the year, they did not need to increase foraging time in the fall. Thus, they did
not need to remain active at night, retaining the same diurnal activity instead. In this way,
the minimal difference between summer and fall activity supports this hypothesis.
Ultimately, the variable of food availability requires further research. Because
LCF’s reserve could not exactly mirror the lemurs’ natural diets, it is hard to isolate a
specific element responsible for driving this shift. Future projects should analyze and
compare the nutritional content of E. mongoz’s wet- and dry-season diets in the wild. A
captive environment may also allow researchers to control for diet. If the removal of fruit
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during the wet season still fostered nocturnal activity, the data would further support the
above hypothesis.
Likewise, future research could also focus on E. mongoz’s grouping patterns.
Curtis and Zaramody (1998) relate that grouping patterns may change with the lemurs’
activity cycles as well. Previous observations suggest that E. mongoz live in larger groups
when they are diurnal. During the dry season, they favor small, pair-bonded groups
(Curtis and Zaramody, 1998). Because the focal individuals for this project were the only
members of their species in the forest, I was unable to support or disprove this
hypothesis.
This small sample size was also a major limitation of the project. Future research
should expand upon this data in order to test any relationship between activity patterns
and group size, age, or sex of the individuals. In addition, sampling periods throughout
the entire year would also benefit this research, further exploring seasonality.
Ultimately, if food availability drives this shift in E. mongoz activity patterns,
humans also pose a major threat to the species. Many of the trees that supply the lemurs
with fruit fall victim to illegal logging (Wright et al., 2005). Slash-and-burn agriculture
also decreases the amount of available resources, fragmenting primary habitat. With
limited access to fruit and flowers in the wet and dry seasons, E. mongoz would likely
remain nocturnal all year long. Although this shift may seem like an effective adaptation
to anthropogenic disturbances, it is important to consider that the species favors diurnal
and cathemeral activity in ideal conditions. When flowers and fruit are plentiful,
regardless of temperature, E. mongoz abandons nocturnal activity. This preference
suggests that the species is better suited for diurnal activity. Therefore, encouraging E.
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mongoz to revert to nocturnality may force individuals to spend more time in an
environment for which they have not adapted.
Finally, human disturbances may also jeopardize reproduction. Regardless of
activity patterns, E. mongoz rely on fruit and flower resources for nutrition during
lactation. In fact, yearly births align with the peak in the production of immature leaves,
fruit and flowers (Curtis et al., 1999). By decreasing the amount of highly-caloric food
available to nursing mothers, logging and agriculture perilously threaten the species.
Ultimately, without further research and bans on anthropogenic hazards, Madagascar’s
remaining lemur populations will likely join the mainland species in extinction.
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Appendix 1: Ethogram
Heat Conserving Postures:
Huddling: The body is curled in a ball shape with the legs pulled in and the tail wrapped
around the body. By reducing the surface-area-to-volume ratio, this posture limits heat
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dissipation and conserves energy. Lemurs rely on this posture during seasonal periods of
low ambient temperatures (Terrien et al., 2011).

Figure 7: male and female in huddled postures

Neutral Postures:
Neutral: This posture accompanied activities such as grooming, feeding, and traveling.
As long as the individual was active, or not resting, this category could include any
sitting or standing posture (Donati et al., 2011).

Figure 8: male and female in neutral postures
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Heat Dissipating Postures:
Ventral Prone: The individual lies on its abdomen with its limbs and tail hanging down.
Resting the abdomen on a cooler object, such as a tree branch, facilitates the expulsion of
heat without added energy (Donati et al., 2011).

Erect: The individual is upright with its arms at its sides and its legs and tail hanging
down. This posture maximizes the surface-area-to-volume ratio in order to disperse heat
effectively (Donati et al., 2011).

Figure 9: female (Luisa) in a heat-dissipating, erect posture

Heat Conserving Behaviors:
Body Contact: Close body contact reduces the surface-area-to-volume ratio of each
individual, creating a microclimate between lemurs (Figure 7). In cooler temperatures,
body contact can limit energy expenditure by as much as 53% (Terrien et al., 2011).
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Heat Dissipating Behaviors:
Licking: When an individual runs its tongue along the pads of its hands and feet (Figure
10). This behavior increases evaporation, facilitating heat dissipation (LaFleur et al.,
2014).

Figure 10: male (Lucas) licking his hands to promote evaporation

Appendix 2: Rainfall
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Figure 10: total daily rainfall for the summer sampling period
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Figure 11: total daily rainfall for the fall sampling period

