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Background:  The present  study  investigated the  effects  of  four  days  of  fasting on colonic
temperature  (CT)  and  body  weight  responses  in  20  adult  male  Rouen  ducks  (Anas
platyrhynchos domesticus) during the hot-dry (12:12 light/dark cycles) and cold-dry (harmattan)
(11:13  light/dark  cycles)  seasons  under  natural  light/day  cycles  in  tropical  conditions.  The
ambient temperature and relative humidity of the pen and the CT of the ducks were recorded
bihourly for four days before fasting and subsequently for another four  days during fasting.
During the fasting period food was completely withdrawn from the ducks at 06:00 h for four days
(96 h), but the ducks were given access to clean drinking water ad libitum throughout the fasting
period. 

Results:  A  major  finding  in  the  present  study  was  that  four  days  of  food  deprivation,
photoperiods,  season  and  duration  of  fasting  did  not  induce  hypothermia  or  changes  in
circadian rhythmic pattern of CT in the Rouen ducks. The result, for the first time, suggests that
circadian modulation of fasting-induced hypothermia was lacking in Rouen ducks. The mesor
and amplitudes of CT obtained during both the harmattan and hot-dry seasons before fasting
were  not  different  (P  >  0.05)  from those  obtained  during  fasting.  The  acrophases  in  both
seasons before and during fasting were restricted to the photophase at 14:00 h, except for the
acrophase in fasted ducks during the hot-dry season, which was delayed to 16:00 h.  Body
weight of the ducks decrease significantly (P > 0.05) only on the 4th day of fasting. 

Conclusion:  Overall,  unlike  other  birds  and  mammals,  the  Rouen  ducks  showed  greater
starvation resilience, apparently due to an unknown component of fasting resistance or regional
heterothermy. Future studies to elucidate the mechanism by which Rouen ducks were resistant
to fasting are still required.
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Animals are known to maintain a constant metabolic

rate under  thermoneutral  environment;  however,  when

energy  intake  is  restricted  or  provided  in  excess,

metabolic rate correspondently reduces or increases to

correct for the energy imbalance (Piccione et al., 2002).

The  down-  regulation  (facultative  hypothermia)  of

metabolic  rate  and  body  temperature  below

normorthermic  levels,  is  a  widespread  physiological

mechanism  adopted  by  birds  to  conserve  energy

(McKechnie and Lovegrove, 2002; Schleucher, 2004). 

Prolong food deprivation causes a decrease in body

temperature (hypothermia) of  homeotherms,  especially

in small birds and mammals, and such hypothermia is

modulated by circadian system (Piccione  et al., 2002).

Generally  hypothermia  occurs  in  animals  primarily

during the inactive period (during the night  for  diurnal

animals  and  during  the  day  for  nocturnal  animals).

Several  research  findings  in  birds  and  mammals,

including  humans,  demonstrated  a  decrease  in  core

body temperature as a result of low energy expenditure

in  animals  subjected  to  food  deprivation  for  prolong

period  of  time  (Piccione  et  al.,  2002).  Although

hypothermia has been shown to  occur in  many avian

species  (McKechnie  and  Lovegrove,  2002),  the  cues

eliciting this phenomenon are not yet well understood. 

Among factors that affect the circadian rhythm of an

organism is the environment in which an organism lives

(Mrosovsky,  1999; Ben-Hamo  et al.,  2010).  It  is  to be

expected that environmental temperature may affect the

oscillatory  pattern  of  core  temperature  and  blood

biochemical  variables  (Giannetto  and  Piccione,  2009;

Piccione  et  al.  2013).  Of recent,  studies on quail  and

ducks deprived of food show that ambient temperature

affects  the  depth  of  hypothermia  (Laurila,  2005;

Tattersall  et al., 2016) and it is likely that the ‘trigger’ to

entering  hypothermia  is  under  the  control  of  multiple

physiological  inputs  (Schleucher,  2004),  which  may

even differ among species. Inspite of numerous studies

on  the  responses  of  animals  and  humans  to  food

deprivation,  such  studies  were  performed  majorly  in

temperate  regions  of  the  world  under  control

environment  (Piccione  et  al.  2013;  Ayo  et  al.,  2017).

Studies on the effect  of  food deprivation and different

seasons  on  birds  under  tropical  conditions  are  still

limited. The Northern Guinea Savannah zone where this

study was conducted has three distinct seasons, viz: the

raining (late May to late October), the hot-dry (March to

May) and cold-dry or harmattan (early November to late

February) seasons. The raining season is characterized

by rainfall and relatively moderate ambient temperature

(Odekunle,  2004). The hot-dry is characterized by high

ambient temperature, intense sunlight with no rain, and

the  season  is  known  to  cause  heat  stress  in  birds

(Donkoh,  1989;  Minka  and  Ayo,  2016),  while  the

harmattan  season is  characterized  by  a  very  cold-dry

and heavy dust-laden wind, blowing northeast and west

off the Sahara desert into the Gulf of Guinea, towards

the  Caribbean  and  South  America  (Oladele,  2007;

Minka and Ayo, 2014). The cold-dry and dust-laden wind

has also been shown to be stressful to animals (Igono et

al.,  1982; Ayo  et al.  1998; Minka and Ayo,  2014). It is

hypothesized that food depravation during the stressful

hot-dry  and  harmattan  seasons  may  have  negative

impact  on  bird’s  physiology.  The  aim  of  the  present

study  was  to  evaluate  the  effects  of  food  deprivation

under the  hot-dry and cold-dry (harmattan) seasons on

circadian  rhythm in  core  body  temperature  and  body

weight of  Rouen ducks under natural  tropical  day/light

cycles.

MATERIALS AND METHODS

Study area and environmental conditions

The study was carried out in  Livestock Farm of the

College  of  Agriculture  and  Animal  Science,  Ahmadu

Bello University, Kaduna (11ο 10/N, 07ο 38/E), located in

the Northern Guinea Savannah zone of Nigeria during

the hot-dry (March) and cold-dry harmattan (December)

periods of the year. 

Birds and management 

A total  of  20  clinically  healthy,  adult  male  Rouen

ducks (Anas platyrhynchos domesticus), aged 7 mouths

and weighing between 1.2 to 1.5 kg served as subjects

during  the  hot-dry  and  harmattan  periods.  The ducks

were obtained from a commercial farm one month to the

experimental  period  and  were  housed  in  individual

cages  (1  m3)  under  natural  12:12  L/D  (0700-1900)

during the hot-dry, and 11:13 L/D (0730-1800 h) during

the harmattan  periods.  The ducks were provided with

feeder and water through spaces of 1.30 cm and 0.6 cm,
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respectively.  Before and after the fast, ducks were fed

ad libitum with  a  commercial  poultry  mash  from Vital

Feeds PLC, Inc, Kaduna, Nigeria. The ducks were given

free access to clean drinking water ad libitum. 

Experimental procedures

Two weeks  to  the  start  of  fasting  date  the  ducks

were  acclimatized  to  the  experimental  procedures,

which included repeated handling and measurements of

core  body  temperature,  and  liveweight.  The  thermal

environmental data and length of photoperiods in both

seasons were also recorded using standard procedures.

The average values  for  the physiological  and  thermal

environmental data were later used as reference control

values. The experiment was divided into two equal, four-

day time periods: feeding and fasting periods. During the

fasting periods food was completely withdrawn from the

ducks at 06: 00 h for four days (96 h), but clean drinking

water  was  provided  throughout  the  fasting  periods

(Oismenu et al., 1992;  Tattersall  et al., 2016). The four

days  of  food  deprivation  followed  the  welfare  guides

of CCAC  (1991)  and  OECD  (2000).  These  guides

clearly states that  bodyweight lost and hypothermia in

experimental animals should not be more than 20% and

10% from normal  body weight and body temperature,

respectively. The AT and RH inside the pen, and the CT

of the ducks were recorded bihourly during the 4 days of

fasting, starting at 06:00 h on day one during both hot-

dry and harmattan periods to the final day (4th day) at

06:00 h. 

Experimental measurements

The CT of  the ducks was recorded by inserting a

thermistor probe (Yellow Spring Instruments, Model 46

TUC, Yellow Spring, OH) to a depth of 3-4 cm into the

cloaca. Within the same period of  CT measurements,

the dry- and wet-bulb temperature values were obtained

concurrently with the CT readings at  the experimental

site, using a dry- and wet-bulb thermometer (Hartmann

Company,  England).  Body  mass  of  the  ducks  were

recorded  using  a  digital  weighing  scale  (±0.1  g,

Hartmann  Company,  England),  just  before  and

immediately after fasting. In other to insure accuracy of

measurements,  all  the  instruments  used  in

measurements  were  calibrated  according  to

manufactures’ guidelines.

Ethics statement

The  research  is  approval  by  the  Research  and

Seminar  Ethical  Committee  on  Animal  Welfare  of  the

Department of Animal Health (Ethical No. CAAS/VCN -

2518 - 54b - 2018/2019).  The management of the ducks

were done based on the reviewed Guidelines on Duck

Welfare  Recommendation  (GDWR)  (2018)  and  The

Humane  Society  of  the  United  States  (2008)  on  the

Welfare of Animals in the Duck Industry.

Statistical analysis

Cosinor analysis was used to determine the CT daily

rhythms of individual ducks. The mean mesor (rhythm-

adjusted mean), amplitude (half the range of excursion

or a measure of the extent of predictable change within

a  cycle)  and  acrophase  (time  of  peak)  values  of  the

variables of daily rhythm were calculated for each duck

and for each time series of the study period. Each time

series  was  evaluated  for  rhythmicity  by  repeated-

measures analysis of variance (ANOVA model-3) and by

the  cosinor  procedure  (Refinetti  et  al.,  2007).   The

effects  of  fasting,  season  and  their  interaction  were

compared.  Data  were  analyzed  using  the  software

STATISTICA 5.5  (StatSoft  Inc.,  USA). The  difference

was tested by paired Student’s  t-test.   Values of  P <

0.05 were considered significant.

RESULTS 

During the hot-dry season the ambient temperatures

(AT) of the pens during the study ranged from 22.2°C to

39.5°C, with a mean value of 30.5 ± 0.4°C and during

the harmattan period AT ranged from 10.5°C to 34.7°C,

with a mean value of 22.4 ± 0.2°C. The relative humidity

(RH) ranged from 67% to 80% during the hot-dry and

20%  to  45%  during  the  harmattan  periods.  The

photophase during  the  hot-dry  and harmattan  periods

were 12:12 light/dark (L/D) and 11:13 L/D, respectively.

In fasted ducks, the daily mean CT of 40.3 ± 0.06°C

recorded during the harmattan season was not different

from 40.4 ± 0.05°C recorded during the hot-dry season.

In  general,  the  mean  CT  did  not  differ  between  the

seasons  and  between  fasted  or  fed  ducks.  The

maximum  CT  value  differed  (P  <  0.05)  between

seasons, but not between fasted and non-fasted ducks

(Table 1). 
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The circadian rhythm of CT of the ducks recorded

for four  days before fasting during the harmattan and

hot-dry  seasons  exhibited  rhythmic  pattern.  However,

during the hot-dry  season the circadian rhythm of  CT

had higher amplitude during the afternoon hours of the

day  (Figure  1).  Similarly,  four  days  of  fasting  had no

effect on the circadian rhythm of CT of the Rouen ducks

during  the  harmattan  and hot-dry  seasons  (Figures  2

and 3). The duration of fasting did not exert significant

effect on the oscillatory pattern of CT in the ducks during

the  harmattan  and  hot-dry  seasons;  although  the  CT

decreased on the fourth day of fasting during the hot-dry

season, the decrease was not statistically significant (P

>0 .05).

The  mesor  and  amplitude  of  the  CT  were  not

affected  by  fasting  in  both  seasons,  although  the

amplitude  was  lower  during  the  harmattan  season

before and during fasting (Figure 4). During the hot-dry

season, the acrophase of CT in fasted ducks was shifted

from 14:00 h before fasting to 16:00 h during fasting.

Bodyweight of the ducks was not significantly ((P >

0.05) affected by the duration of fasting from day 1 to

day 3, however the effect was significant (P < 0.05) on

the  4th day  of  fasting  during  both  the  hot-dry  and

harmattan seasons (Figure 5). 

Table 1. Colonic temperature (0C) of Rouen ducks (n = 20) for four days before and four days during fasting

                      Fed ducks Fasted ducks

Harmattan Hot-dry Harmattan Hot-dry

Mean ± SEM 40.4 ± 0.02a 40.5 ± 0.04 a 40.3 ± 0.06 a 40.4 ± 0.05 a

Maximum 40.5a 41.2b 40.6a 41.2b

Minimum 40.1a 40.0a 40.1a 39.9a

Range 0.4a 1.2b 0.5a 1.3b

Figure 1. Effects of harmattan and hot-dry seasons on daily rhythms of colonic temperature in non fasted Rouen ducks. 
Each data point represents the mean (±SE) of 20 ducks at each period of measurements. Rhythm 
characteristics of colonic temperature was analysed using cosinor procedure and the application of a 
trigonometric statistical model. The horizontal dark bars denote the dark phase of the prevailing light-dark 
cycle. For each season measurements were made at 2-h intervals for a period of 4 conservative days.

CT = colonic temperature
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Figure 2.  Effects of four days fasting on daily rhythms of colonic temperature in Rouen ducks during the harmattan and
hot-dry seasons. Each data point represents the mean (±SE) of 20 ducks at each period of measurements.
Rhythm characteristics of colonic temperature was analysed using cosinor procedure and the application of a
trigonometric statistical model. The horizontal dark bars denote the dark phase of the prevailing light-dark
cycle. For each season measurements were made at 2-h intervals for a period of 4 conservative days.
CT = colonic temperature

Figure 3.  Comparison of circadian rhythm of colonic temperature in Rouen ducks between fed and fasted for four days
during the harmattan (A) and hot-dry (B) seasons. Each data point represents the mean (±SE) of 20 ducks at
each period of measurements. Rhythm characteristics of colonic temperature was analysed using cosinor
procedure and the application of a trigonometric statistical model. The horizontal dark bars denote the dark
phase of the prevailing light-dark cycle. For each season measurements were made at 2-h intervals for a
period of 4 conservative days.
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Figure 4.  Effects of ad libitum feeding, fasting, harmattan and hot-dry seasons on characteristic of colonic
temperature of Rouen ducks (n = 20) during 96 h record period. For each season measurements
were made at 2 h intervals for a period of 4 days. A trigonometric statistical model was used to
characterize  the  main  rhythmic  parameters  according  to  the  single  cosinor  procedure.  Mesor
results (A) reflect the daily average colonic temperature. Amplitude (B) reflects the peak or nadir
deviation from the mesor. Acrophase (C) reflects the hour of the day when colonic temperature
was at its highest. Each bar corresponds to the mean (±SE) of 20 ducks. In each graph, means
bearing different letters (a, b) are significantly different from each other (P < 0.05).
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Figure  5.  Bodyweight  responses of  Rouen ducks (n = 20) to the effect  of  four  days fasting during the
harmattan  and  hot-dry  seasons.  In  each  graph,  means  bearing  different  letters  (a,  b)  are
significantly different from each other (P < 0.05).

DISCUSSION

Unique to the present study is the findings that food

deprivation for four days under 12:12 h L/D cycle during

the hot-dry  season and 11:13  h L/D cycle  during  the

harmattan season did not induce hypothermia in ducks

during both the photophase and scotophase. The finding

is  in  contrast  to  several  studies  performed  on  birds

(Hohtola  et al.,  1991; Underwood  et al.,  1999; Laurila,

2005;  Ben-Hamo  et  al.,  2010;  Tattersall  et  al.,  2016),

mammals (Yoda et al., 2000) and humans (Martineaud

et al., 2000), where food deprivation for a short period

caused a significant decrease in core body temperature

below  normothermia  i.e  hypothermia  (during  the

scotophase  for  diurnal  animals  and  during  the

photophase  for  nocturnal  animals).  Hypothermia  was

shown  to  be  as  a  result  of  low  energy  expenditure,

which consequently serves substantial amount of energy

for the bird (Underwood et al., 1999). 

Food-deprived induced hypothermia is observed to

be  modulated  by  circadian  system,  which  occurs

primarily during the dark phase of  the light-dark cycle

(Tattersall  et  al.,  2016).  In  the  present  study  food-

deprived  induced  hypothermia  was  not  modulated  by

circadian system in  the Rouen ducks.  Although some

studies performed in Pekin ducks reported a relatively

stable  decrease  in  core  body  temperature  of  food-

deprived ducks, these experiments were not rhythmicity

studies  in  nature  and  were  conducted  under

thermoneutral  and  controlled  laboratory  environments

(Tattersall et al., 2016). Besides, none of the study was

conducted  on  Rouen  ducks  under  natural  day/light

conditions. The lack of information on thermoregulation

of  food-deprived  Rouen  ducks  does  not  warrant  any

comparison  of  our  results.  Nevertheless,  similar

resistance to fasting hypothermia was reported in food-

deprived  king  penguin  (Fahlman  et  al.,  2005)  and  in

Tegmalm’s  owls  under  controlled  thermoneutral  and

cold  environments  (Hohtola,  2012).  Furthermore,  in

birds  regional  heterothermy  during  fasting  was

suggested  as  an  explanation  for  why  core  body

temperature does not vary much with  fasting in some

species, despite a large metabolic suppression (Hohtola,

2012).  Regional  heterothermy,  apparently,  decreases

thermal  conductance  and  allows  for  relatively  stable

homeothermy (McKechnie and Mzilikazi, 2011).  Hohtola

(2012) observed that the physiological mechanism that

improve fasting endurance include low metabolic  rate,

low core body temperature, high thermal insulation and

capability for hypometabolism.  

The low amplitude (0.2 -  0.6°C) of  the diurnal  CT

observed  in  the  Rouen  ducks  suggests  that  resting

metabolic rate does not vary markedly during the diurnal

cycle  in  ducks.  This  is  especially  true  during  the

harmattan season, when amplitude of CT was between
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0.1 to 0.2 °C against 0.65 °C recorded during the hot-dry

season. Similar low amplitude of core body temperature

was reported in Tegmalm’s owls (Hohtola,  2012),  and

this was suggested as one of the factors responsible for

normothermia in these birds during fasting. Our present

result on amplitude showed no significant increase in the

amplitude of fasted ducks from those of fed ducks. The

result is different from that of Tattersall et al. (2016), who

reported  a  significant  increase  in  amplitude  of  CT  of

Pekin ducks fasted under thermoneutral conditions and

in pigeons fasted under semi-natural conditions (Laurila,

2005).  Furthermore, the fact  that  ducks by nature are

aquatic birds and have excellent thermal insulators may

account for a low-resting metabolic rate,  consequently

preventing  hypothermia  under  food  deprivation.  Good

thermal insulation has been reported to be a factor used

by owls to sustain normothermia under fasting condition

(Hohtola  et  al.,  1991;  Hohtola,  2012).  The  result  of

acrophase  of  CT  before  fasting  in  both  seasons  was

similar to those obtained in quails in the zone of study

(Minka and Ayo, 2016), however the delayed acrophase

reported in fasted ducks suggests that food deprivation

has delayed the increase in CT of the ducks.

Of  recent,  Tattersall  et  al.  (2016)  postulated  that

variability  in  core  body  temperature  may  itself  be  a

source  of  energetic  savings,  thus  maintaining

normothermia  during  fasting,  a  concept  that  has  not

been  formally  tested.   In  fact,  birds  not  showing

hypothermia  during  food  deprivation  have  been

classified  into  a  special  group  (Hohtola,  2012).

Unfortunately,  to  date,  research  towards  this  direction

has  not  been  expanded  (Longo  and  Mattson,  2014).

Although core body temperature rhythm has long been

shown to occur as a result of changes in heat production

or heat loss (Ben-Hamo  et al.,  2010),  the present CT

results obtained in fasted ducks and other findings by

Nagashima  et  al.  (2018)  suggest  that  the  body

temperature rhythm is not simply a result  of  circadian

change in heat loss or production in the body. Rather,

the  rhythm  is  a  result  of  the  coordinated

thermoregulatory  processes  that  maintain  a  specific

body temperature at a given time of the day. The body

temperature  rhythm  may  be  generated  by  the

association between the circadian and thermoregulation

systems.  However,  the  mechanism  is  not  yet  known

(Nagashima  et  al.,  2018).  Thus,  more  studies  are

required  to  timely  elucidate  the proximate  mechanism

undelying fasting resistance in Rouen ducks and other

birds under  natural  tropical  photoperiods,  as this  may

have clinical  significance  in  the  field  of  medicine  and

avian biology.

Another postulation on nocturnal hypothermia is the

combine  effects  of  fasting  and  nocturnal  release  of

melatonin.  Melatonin  released  from the  pineal  glands

during the dark phase has been demonstrated to cause

a  decrease  in  core  body  temperature  virtually  in  all

mammals,  including  humans and birds (Zeman  et  al.,

2001)  and  its  hypothermic  effect  on  core  body

temperature  increases  in  fasted  individuals  during  the

dark phase. In the present study, the level of melatonin

was  not  measured  in  the  Rouen  ducks,  but  the

combined effects  of  fasting  and hypothermic  effect  of

melatonin on CT during the dark phase were not clearly

observed as in other animals. The reason for the effects

was not elucidated in the present study, and it requires

further investigation.  Nevertheless,  findings from study

performed  on  adult  ducks  demonstrated  irregular

rhythmicity  of  melatonin  during  both  photoperiods

(Prusik et al., 2015), and this may be the reason for the

failure  of  melatonin  together  with  fasting  to  induce

hypothermia  on  CT  of  Rouen  ducks  during  the  dark

phase.  This  resilience  ability  of  the  Rouen  ducks  to

withstand fasting without hypothermia suggests that the

ducks  remained  vigilant  and  alert  during  starvation,

which is a good adaptive mechanism against predators.

Nocturnal  hypothermia  has  been  shown  to  decrease

vigilance  and  alertness  making  the  birds’  easy  prey

(Welton et al., 2002). 

The decrease in bodyweight observed only from day

four of fasting differed from several findings in birds and

mammals  where  fasting  progressively  decreased

bodyweight of the animals from day one (Fahlman et al.,

2005;  Ben-Hamo  et  al.,  2010;  McCue,  2010).The

present  result  showed  that  ducks  probably  have  an

efficient/different  metabolic  process  as  compared  to

other birds.

CONCLUSION 

Fasting Rouen ducks for four days failed to induce

hypothermia.  The  Rouen  ducks  showed  greater
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starvation  resilience,  apparently  due  to  a  “hidden”

component  of  fasting  resistance  or  regional

heterothermy. Further studies are required to elucidate

the mechanism by which Rouen ducks show resistance

to fasting.
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