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ABSTRACT

Adult African giant rats (Cricetormys gambianus, Waterhouse) were live-trapped in Zaria,
Nigeria over a period of three years, cutting across all the seasons of each yvear. They were sexed
and weighed immediately after capture, with the aim of determining changes in their live weights
with seasons and sex. The overall live weight (Mean+SEM) of the African giant rats was 1.212+0.01
kg (n =363). The live weight of African giant rats captured during the rainy season (1.17£0.02 kg)
was significantly lower than that during the harmattan (1.25¢0.02 kg, p<0.01) and hot-dry
{1.23+0.02 kg, p<0.0B) seasons. The male live weight of 1.2840.01 kg was significantly higher
(p<0.0001) than that of the female (1.14+£0.01 kg). Male-biased sexual size dimorphism was
observed during all the seasons, but was highest during the hot-dry season. The seasonal variation
in live weight may be because food was more available in the wild during the harvest (dry) seasons
{(harmattan and hot-dry seasons) than the planting (rainy) season. The relatively low ambient
temperature and relative humidity of the harmattan season was more favourable to growth, which
may account, for the higher hve weight recorded during the season. The sex variation in live weight
may be as a result of differential growth rate/time between the sexes. In conclusion, the African
giant rats are lightest during the rainy season and the live weight of the male is higher than that
of the female regardless of the season.
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INTRODUCTION

Seasonal variations in the Live Weight (LW) of man (Simondon ef af., 2007), other mammals
(Purusothaman et al., 2008), birds (Sargisson et al., 2007) and fishes {Samsun ef al., 2007) have
been deseribed both in the temperate and tropical regions of the world. In temperate regions
generally, LW has been found to be higher in winter and spring than in summer, while in the
tropies it 1s higher in the dry season than the rainy season. Different reasons have been suggested
for the seasonal variation in LW. For example, most species have been observed to be heavier at
times of cold stress as a result of increased thyreid activity in response to the low ambient
temperature associated with the season (Westerterp, 2001). Hypovitaminosis D, which is most
prevalent in winter, increased foetal birth and neonatal weights in rats (Kyles et al., 2003} and
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guinea pigs (Rummens ef al., 2002). Vitamin D suppresses cell proliferation and promotes cell
elimination via apoptosis in a variety of tissues (DelLuca et al., 1990). Thus, its absence in the
prenatal period may lead to inappropriately high cell numbers, which could subsequently influence
the size of the offspring (McGrath ef al., 2005). In addition, melatonin may have a relationship
with seasonality, vitamin D, growth and bone mass (Cardinali et al., 2003). The nutritional status
of animals in the wild varies with season and may alsc contribute to the seasonal differences in LW
{(Colares et al., 2000).

Sexual dimorphism, widespread in the animal kingdom, describes differences between the sexes
in size, shape and many other traits (Kupfer, 2009). Males and females of nearly all animals differ
in their body size, a phenomencn called Sexual Size Dimorphism (85D). The S5D and seasonal
variation in S5D are commeon among rodents. Kraskov et al. (2005) observed significant SSD in
7 desert rodent. species in both Summer and Winter. In guinea pigs, the larger size of males has
been attributed to significant differences in the activational effects of testosterone on body size
(Czaja, 1984). The subterranean rodent, Ctenomyvs talarum (tuco-tuco) in Argentina differs in
demographic traits and shows significant SSD 1n beth LW and length, with males being larger than
females (Zenuto, 1999). Although, the cause of sex variation in AGRs has not been investigated,
various factors such as genetic selection (Stillwell et al., 2010), phenotypic plasticity in growth rate
(Alonso et al., 2009), sexual selection (Kupfer, 2009), differences in environmental sensitivity
{Irie and Morimoto, 2008), feeding habits (Goldschmidt ef al., 2009), levels of physical activity
{Ghosh, 2004) and sex hormones (John-Alder ef al., 2007) have been suggested as probable causes
for the 55D observed in other species. The 581 has been traditionally described using body size
measures, including LW, single linear measures capturing total length, or the length of some
specific bady part (Hood, 2000). Body size 1s one of the most important quantitative traits of an
animal because of its pervasive effects on physiological, ecological and life-history processes
{John-Alder ef al., 2007). Relative body size (sex with larger body size/sex with smaller body size)
has been used as a measure of SSD (Tamate and Maekawa, 2006). There is a dearth of information
on the effect of season on LW of the African Giant rat (Cricetomys gambianus, Waterhouse).

The aim of the present study was to measure the LWs of captive AGR in order to determine
their seasonal and sex variations in the Northern Guinea Savannah zone of Nigeria. The
occurrence of SSD was also examined and the available information on feed consumption, growth
rate and age at maturity of both sexes of the AGR was used in conjunction with metecrological data
to evaluate the influence of sexual selection on such variability.

MATERIALS AND METHODS

Study species: The African Giant rat (Cricefomys gambianus Waterhouse, 1840) (AGR) is found
throughout tropical and subtropical Africa, south of the Sahara desert down to about 27° South
latitude (Novak, 2009). Their native range stretches from the Atlantic Ocean coast of West, Africa,
east across the Congo Basin to the Indian Ocean coast of East Africa (Peterson et al., 2008) and
southwards into the Transvaal and KwaZulu-Natal provinces of South Africa (Malekanm et al.,
2002). Aside from bushes, AGRs are also found near human habitation, where they live in holes
under garages or under piles of stones or bricks. Mean LW 1s said to vary greatly among groups of
AGRs, but individuals normally weigh between 1 and £ kg, with males being heavier than females
{(Novak, 2009). Available data on 858D in LW of the AGR vary widely and are largely based on a
few numbers of animals. For example, Halerow (1958) used 6 AGRs (1 male and 5 females), Ajayi
{1977y used 17 AGRs (10 males and 7 females) and Perry et al. (2006) used only 5 AGRs (2 males
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and 3 females) to infer sex differences in weight. The present study was performed to undertake
a broad based study on 8SD in LW of AGRs in their natural habitat, spanning over a period of
3 years (2006-2009) and utilizing larger numbers of AGRs of either sex. In addition, attempt has
been made to assess the influence of season on the general LW and S8D in the AGR.

Study area: The study was conducted in Samaru (11°10N, 07°38'E), Zaria, located in the
Northern Cniinea Savannah zone of Nigeria, at an altitude of 686 m above maximum sea level. The

zone is characterised by three major seasons: harmattan (November-February), hot-dry
{March-April) and rainy (May-October) seasons (Igono et al., 1982; Ayo et al., 1999).

Animal trapping: Metal live box traps of various sizes and manufacturers were baited with
peanuts, maize and baked cake made from ground beans. Trapping occurred both in bushes and
residential areas. Since the AGRs are nocturnal animals, traps were set, before dusk and checked
at dawn. The traps were retrieved during the day to prevent capture of diurnal, non-target taxa.
The trap, capture and handling methods utilized in the study were in accordance with the
American Society of Mammalogists’ guidelines (Gannon et af., 2007) and were approved by the
Ahmadu Bello University Animal Care and Use Committee. A total of 363, apparently, healthy
adult AGEs were live-trapped from bushes and residential areas in and around Zaria over a 3-year
period (2006-2009) cutting across all three seasons of each year.

Live weight measurements: Measurements of LWs were taken from each of the 363 captured
AGEs as soon as they were brought from the wild using a weighing balance (50 kgx200 g, Model
250, Salter, Kngland). The difference between the weight of an empty metal cage and that of the
same cage containing each AGR was recorded as the LW of the AGR. Captive AGRs with LWs of
at least 0.8 kg were considered as adult (Ajayi, 1977). LWs of pregnant females were not included
in the data obtained. After the measurements, all the AGRs were housed in metal cages specially
constructed for further experiments.

Statistics: The data obtained were expressed as mean# standard error of the mean (Mean+SEM).
Seasonal variations were analyzed using one-way Analysis of Variance (ANOVA) with Tukey's
post-hoc test, while two-tailed paired Student’s t-test was used to determine sex differences in the
values, using GraphPad Prism, version 4.03 for Windows (GraphPad Software, San Diego,
Califormia, USA, www.graphpad.com). Correlation analysis between LWs of the AGR and
meteorological parameters was done using one-tailed Pearson's correlation. In all cases, values of
p<0.0b were considered significant. 55D was calculated as a function of mean male weight divided
by mean female weight (Lucherini ef al., 2008),

RESULTS AND DISCUSSION

Daily meteorological data for the locahty, covering the experimental period were obtained from
the Meteorological Data Processing Unit, Department of Scil Science, Faculty of Agriculture,
Ahmadu Bello University, Zaria, Nigeria, located about 1 km from the experimental site. The
analyzed meteorclogical data for the study peried are presented in Table 1. The highest ambient
{dry-bulb) temperature of 29.314+0.47°C was recorded during the hot-dry season, while the lowest,
value of 23.3940.36°C was obtained during the harmattan season. The highest relative humidity
value of 66.78+0.48% was obtained during the rainy season, while the lowest value of 16.44+0.28%
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Table 1: Seasonal changes in meteorological conditions prevailing during the study period

Meteorological parameter (Mean+SEM)

Season Ambient temperature (°C) Relative humidity (%) Rainfall (mm) Wind speed (km day™*) Sunshine (h)
Harmattan 23.38+0.362(8-39) 16.44+0.28% (4-67) 0.0+0.0% 144.0+3.262(42.2-321 4) 8.85+0.172(0-10.8)
Hot-dry 20.31+0.47°(16-41) 21.39+0.96" (1-76) 0.7+0.32(0-39) 160.3+3.83(67.6-317.9) 7.33+0.26° (0-10.8)
Rainy 26.2040.18° (11-40) 66.78+0.48 (12-99) 5.8+0.5° (0-94.9) 149.0+2.6% (35.3-368.1) 6.42+0.22° (0-10.4)
Overall 25.8440.17 42.534+0.60 3.04+0.28 149.2+1.83 7.46x0.14

Mean values of each paramneter with different superscript letters and/or not sharing a letter are significantly different (p<0.05). Range

values (minimum-maximum) are indicated in brackets with means

Table 2: Seasonal and sex variations in live weights of captive African giant rats (Cricetomys gambianus, Waterhonse)

Live weight (MeantSEM, kg)

Bexual size dimorphism
Season Male (n — 192) Female (n = 171) Overall (n = 363) (male size/female size)
Harmattan (n = 89) 1.31+0.0321 (0.8-1.7) 1.20+0.03%1¢0.8-1.5) 1.25+0.02! 1.09
Hot-dry (n = 133) 1.30+0.02%' (0.8-1.7) 1.14+0.02%2 (0.8-1.5) 1.230.02" 1.15
Rainy (n = 141) 1.23£0.021¢0.8-1.7) 1.10+0.02%2(0.8-1.5) 1.17£0.022 1.12
Overall (n = 363) 1.28+0.01° 1.14+0.01¢ 1.214+0.01 1.12

was recorded during the harmattan season. The mean amount of rainfall during the rainy season
was 5.83+£0.52 mm, while only 0.74£0.31 mm was recorded in the hot-dry season. No rainfall was
recorded during the harmattan season. The lowest wind velocity of 144.0£3.26 km day™! was
obtained during the harmattan season, while the highest value of 160.3+53.83 km day™! was
measured during the hot-dry season. The lowest sunshine duration of 6.4240.22 h was recorded
in the rainy season; while the highest value of 8.85+0.17 h was obtained in the harmattan seasocn,
when usually there was no cloud cover. The predominant wind directions during the months
without rainfall (INovember-March) were South-East and North-East, while South-West and
North-West winds deminated during the rainy season. The transition months of April and October
were predominated by south-west and south-east winds.

The LWs of the AGRs recorded throughout the study period are presented in Table 2. The
highest recorded individual LW of the AGRs during the study peried was 1.7 kg. The overall mean
LW was 1.214£0.01 kg (n = 383). The mean LW of the AGRs captured during the rainy season was
1.17+0.02 kg and the value was significantly lower than those obtained during the harmattan
{1.25 £0.02 kg; p<0.01) and hot-dry {1.23+£0.02 kg; p<0.05) seasons. The mean LW of male AGRs
was 1.2840.01 kg and the value was significantly higher (p<0.0001) than that of 1.14+0.02 kg
recorded in the females. The mean LW of male AGRs was higher than that of the females
regardless of season, but the difference was highest during the het-dry season. The overall SSD
was 1.12 in favour of male AGRs. The highest 55D value of 1.15 (p<0.0001) was recorded during
the hot-dry season; while the lowest value of 1.09 (p<0.01) was recorded during the harmattan
season. The LW was negatively correlated with ambient temperature (r = -0.21687; p>0.05), relative
humidity (r =-0.9861; p<0.01), rainfall (r = -0.9891; p<0.01) and wind speed (r =-0.0092; p>0.05),
but was positively correlated with sunshine (r = 0.9097; p<0.05) (Table 3).

The overall mean LW value of the AGR obtained in the present study (1.21+0.01 kg) fell within
the range of mean adult LW reported by other investigators (Ajayi, 1975, 1977, Perry et al., 2008).
The value was higher than that of 0.86+0.03 kg reported by Onyeanusi et al. (2009) in the same
locality. Perry ef al. (2006) used adult AGRs of 1.0-1.4 kg and considered a LW Mean values
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Table 3: Carrelation coefficients between live weight of the African giant rat and meteorological parameters

Correlated parameters Correlation coefficients
Live weight and ambient temperature -(0.2167ns

Live weight and relative humidity -0.9861**

Live weight and rainfall -0.9801**

Live weight and wind speed -0.009214»¢
Live weight and simshine 0.9097*

»*Non significant correlation; * Significant correlation (p<0.05); ** Very significant correlation (p<0.01)

between sexes with different superscript letters are significantly different (**p«<0.01; *4p<0.0001;
*<0.001); Mean values between seasons with different or not sharing superseript numbers (%) are
significantly different (p<0.05). Range values (minimum-maximum; are indicated in brackets with
means of 0.5 kg to be juvenile. Adult LWs of 0.8-1.7 kg were used in the present study. According
to a review on the bioprofile of the AGE (Novak, 2009), mean LW varies greatly among groups of
AGREs, but individuals normally weigh between 1 and 2 kg. However, adult LWs as low as 0.7 kg
{Mott, 2004) and as high as 2.8 kg (Cooper, 2008) have been reported for the AGR. Thus,
geographic variation in adult LW may occur in the AGR as is the case with other species
{Lucherini ¢t al., 2006). In addition, a distinction has to be made between captive and domesticated
AGEs with regards to the availability of quality feed, since this may affect LW at maturity
{Ajayi and Tewe, 1978).

The results obtained in the present study also showed that season had a significant effect on
LWs of the AGRs captured from the wild. Thus, the highest LWs in both sexes were obtained
during the harmattan season. Two reasons may be responsible for this finding. First, the lowest
temperature and humidity were recorded during the harmattan season, indicating that the AGRs
experienced more cold stress during the season compared with the other seasons. Ambient
temperature values during the day as low as 8°C were recorded during the harmattan season and,
since the lower critical temperature for AGRs has been reported to be 21°C {Knight, 1988),
indicating that the AGR would have been under cold stress during the season. Furthermore, the
low relative humidity during the harmattan season favours increased evaporation of water from
the body which is usually accompanied by evaporative heat loss, occurring when heat conservation
1s needed to combat the effects of cold stress. Thus, the relative hurmdity was negatively correlated
with LW (p<0.05) and values as low as 4% were recorded during the harmattan season and this
exacerbated the cold stress. The finding of the present study is in agreement with the result
obtained by Westerterp (2001) that cold stress stimulates thyroid activity through the
hypothalamus, leading to increased metabolic rate, feed consumption and, consequently, increased
LW. Secondly, the harmattan season coincided with the harvest period of the year when food was
most abundant and available in the wild for the AGRs to eat and thus increase their LW. Moreover,
AGRs are known to store a lot of food in their burrows during the harvest season (Novak, 2009).
The observation on food availability for the AGR during the harmattan season agrees with that of
Susic ef ¢l (2005), who reported that food availability plays a key role in the seasonality of LWs
in lambs and the finding of Colares et al. (2000) that the nutritional status of animals in the wild
varies with season and may also contribute to the seasonal differences in LW,

The combined effects of metecrological and nutritional factors may be responsible for the
increased LW recorded during the harmattan season in the present study and this fact 1s in
agreement with the report by Stillwell ef @l (2010), who showed that diet quality and
developmental temperature are arguably the most important ecological and environmental
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variables that influence body size. The long duration of the harmattan season, lasting from
November to February allowed the adequate interaction of the different factors that favour
increased LW. The harmattan season prevailing during the present study period was actually a dry
season with no rainfall and the lowest relative humidity during the yvear (Table 1).

The hot-dry season was actually hot with recorded ambient temperatures some times reaching
41°C during the day, which is well above the upper critical temperature of 34°C for the AGR
{Knight, 1988). The AGRs were, therefore, subjected to heat stress during the season. The effects
of heat stress on LWs of animals are opposite to those of cold stress, decreasing metabolic rate and
feed consumption, leading to decreased body weight (Westerterp, 2001; AL-Mansour, 2004). The
LW of the AGRs during the hot-dry season was less than that of the harmattan season, although
the difference was not. statistically significant. There are many possible explanations for this
non-significant difference. First, the hot-dry season follows immediately the harmattan season,
covering a very short period between March and April. Thus, the duration of the heat stress was
probably too short to impose a significant decrease in LW of the AGEs. Conditions of the hot season
leading to a drop in LW have been shown to be caused by a drop in feed consumption during the
season (Concanncen ef al., 2001), which agrees with our preliminary observations on the AGR
{unpublished data) that a significant drop (p<0.001) in feed consumption occurred during the
hot-dry season. According to Concannon et al. (2001), spontaneous declines in feed consumption
of woodchucks {another large rodent species) during the hot Summer began 2-6 weeks before
resulting in declines in LW. The hot-dry season in the present study lasted only 8 weeks and 5 days
{March-April). It 1s, therefore, conceivable that the effect of the hot-dry season on LW of the AGR
in the present study may have become significant enly towards the end of the short season or even
after the season was over. Secondly, the low relative humidity of the hot-dry season during the
present study favoured evaporative heat loss and became succour for the heat stress, because heat
stress results from the combined effects of high relative humidity and ambient temperature
{Broucek et al., 2008). Thirdly, the AGEs are nocturnal and spend their day time in burrows that
are cool during a hot day (Novak, 2009), therefore, avoiding the thermally stressful conditions of
the hot-dry season. This possibly explains the non-significant correlation between LW and ambient
temperature in the present study.

The results also showed that the lowest LWs for the AGR were recorded during the rainy
season. Infact, LW was negatively correlated with rainfall (p<0.01). The ambient temperature
conditions of the rainy season were moderate and largely within the thermoneutral zone of 21-34°C
for the AGE (Knight, 1988), therefore, the drastic drop in LW may not be attributed to heat stress.
Limited feed availability may be the apparent cause of the low LW, since the rainy season coincided
with the clearing and planting period when food was most scarce in the wild. The finding agrees
with that of Susic ef al. (2005) who attributed seasonal variation in LW to feed availability. Studies
in humans in tropical Africa also showed reduced LW during the rainy season; which was
attributed to strong physical activity during field work, leading to negative energy balance from
the onset of agricultural labour (Simondon ef al., 2007). Similarly, the duration of gestation in
women reduced during the rainy season (Rayco-Solon et al., 2005), resulting in lower birth weights.

The result of the present study on the AGR is in agreement with that on infants (Prentice et al.,
1983), adult women (Simondon et al., 2007) and avian species {Clark, 1979) in the tropics, in which
LW was found to be higher in the dry season than the rainy season in all cases. The present. study

for the first time reports seasonal variations in LWs of AGRs 1n their natural habitat.
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The fact that the male adult LW was significantly higher than that of the female agrees with
the findings of Ajayi (1977) in the rain forest zone of Nigeria and those of Perry et al. (2008) and
Cooper (2008) in other ecological zones, who have also reported higher LWs in male AGRs,
although seasonal variations in SSD was not considered in the studies. Besides, the researchers
carried out their experiments using few numbers (n = 5-17), whereas the present study utilized
large numbers of AGR (n = 363). No 858D wvalues have been previously given for the AGR.
Cox et al. (2008) reported that 5SD studies are environmentally sensitive even within the same
season.

Hence, it is conceivable that 85D values may differ between domesticated and wild AGRs.

Although, the cause of sex variation in AGRs was not investigated in the present study, various
factors have been suggested as probable causes for the SSD observed in other rodent species.
Differential growth rates in rats from puberty ecnward contribute to the larger size of adult males.
A rise of circulating androgens in males at a critical period has been shown to play a role in this
increased growth (Slob and Bosch, 1975). Gender differences in the circulating GH profiles of rats
are responsible, to varying degrees, for observed sexual dimorphisms including body growth
{Agrawal and Shapire, 2001). According to Ewer (1967), the growth rate of AGRs peaks at about
25 days for body length and 35 days for tail length and is similar between male and female young,
suggesting that males attain their larger size due to a prolonged growing period.

Results of some of our preliminary work on the AGR indicate that feed consumption is
significantly higher in males than females, which may favour male-biased SSD. In the present
study, ambient temperature and relative humidity values were significantly lower during the
harmattan season, favouring growth, which apparently accounted for the significantly higher LWs
in both sexes and, consequently, lower 85D during the season. The male-biased SSD was highest,
during the hot-dry season, implying that male AGEs responded more favourably than female AGRs
to the thermally stressful conditions of the season. Individual ambient temperatures of up to 41°C
were recorded during the hot-dry season. AGRs are sensitive to heat. Ajayi (1975) observed two
captive AGRs that died from heat prostration in temperatures above 32°C. The sexes commonly
respond differently to environmental variation and interactions between environmental variables
have different effects on the sexes, affecting patterns of 55D (Stillwell et al., 2010).

The present study demonstrates, for the first time, seasonal and sex variations in LWs of AGRs
in their natural habitat. The LWs of AGRs captured from the wild in the Northern Guinea
Savannah zone of Nigeria vary with season and SSD is male-biased across all seasons. Geographic
variation in LW of the AGR within its ecological range needs to be investigated, since different.
ranges of adult LWs are reported.
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