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ABSTRACT

	 The means by which animals regulate their body temperature is called thermoregulation and 
during high ambient temperature, wallowing may help to improve homeostasis in animals. Some blood 
parameters have also been used as indicators of stress in poultry. Therefore, the effects of wallowing, 
sex and post-wallowing time on the blood profile and thermoregulatory parameters of geese at high-
temperature humidity index were assessed. Twenty-four geese (12 ganders and 12 goose) were used 
for the assessment and the ganders and goose were randomly divided each into two groups: wallowed 
group and non-wallowed group. Wallowing and thermoregulatory assessment were done every alternate 
day and the experiment lasted for five weeks. Using standard procedures, temperature, humidity, pulse 
rate, respiratory rate and rectal temperature were measured. The blood samples of the animals were 
also collected and analysed for haematological profile at 2 and 4 weeks post-wallowing. The interactions 
showed that non-wallowed goose at 4 weeks post-wallowing had significantly (P < 0.05) lower packed 
cell volume than wallowed and non-wallowed ganders at 2 and 4 weeks. The lymphocyte count with 
lower heterophils in wallowed geese indicates healthy geese and better immunity than the non-wallowed 
geese with higher heterophils and stressed as adjudged by H/L ratio. The wallowing and sex interaction 
effect showed a significantly (P < 0.05) lower respiratory rate in the wallowed goose than in the non-
wallowed goose. Rectal temperature in all the interactions was not significant (P > 0.05) while the pulse 
rate of wallowed ganders and goose were significantly (P < 0.05) lower than what was obtained in the 
non-wallowed ones. The values for their respiratory rate, rectal temperature and pulse rate ranged from 
19.40 ± 4.10 to 22.70 ± 2.50 breaths/minute, 40.30 ± 0.50 to 40.50 ± 0.40 and 141.90 ± 15.90 to 166.90 
± 10.30 beats/minute, respectively. This study indicated that wallowing influenced the respiratory rate and 
pulse rate of the geese. The haematological profile of the geese was improved during high-temperature 
humidity index that could have induced heat stress in the animals with apparently stable reduced and 
stable H/L ratio.
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INTRODUCTION

	 Exposure of animals to adverse environmen-
tal conditions normally hinders them from expressing 
their full genetic potential. Environmental stressors 
are often blamed for this gap in production (Dobson 
et al., 2001). The increase in body temperature due 
to the exposure to ambient temperatures above the 
thermal comfort zone also has a negative effect on 
poultry performance (Deyhim and Teeter, 1991). 
The physiological changes of animals in response 
to high ambient temperature include increased 
pulse rate and dissipation of heat by evaporation 
through an increase in respiratory rate. There may 
also be dissipation of heat through an increase in 
blood flow to peripheral vessels as a result of an 
increased pulse rate. The relative humidity of the 
environment also remains a cogent determinant 
that may influence the ability of animals to accli-
matize to the hot environment. This is because 
there are some physiological responses that the 
animal body automatically brings up when they are 
in such environment and it could be serious to the 
point of death in some instances (Crescio et al., 
2010). Hence, there are a couple of physiological 
maladjustments that excessive heat gain may cause 
such as damage to enzymes, increased dehydration 
and increased oxidative stress (McKechnie and 
Wolf, 2019). 
	 Wallowing has been suggested and proven 
to be helpful in the improvement of homeostasis 
in the animal body and it performs functions like 
maintenance of respiratory rate and rectal temperature 
at physiologically normal level, provision of sunscreen, 
prevention of dehydration, skin maintenance, removal 
of ectoparasites and many other associated functions 
(Geist, 1998; Keck, 2011). Moreover, haematological 
parameters are good indicators of the physiological 
and pathological status of an animal (Ewuola and 
Egbunike, 2008). Changes in blood parameters 
are important in assessing the response of animals 
to various physiological situations (Muhammad  
et al., 2002; Owoyele et al., 2003; Muhammad et al., 
2004). Also, concentrations of corticosteroids in the 
blood have been used as an indicator for monitoring 

environmental stress in birds and the relationship 
between adrenocorticotropic hormone (ACTH) and 
leukocyte response has been examined widely 
(Altan et al., 2000). Leukocyte parameters such as 
heterophils (Altan et al., 2000; Borges et al., 2003; 
Post et al., 2003; Lien et al., 2007), lymphocytes 
(Altan et al., 2000; Yalcin et al., 2004; Lien et al., 
2007), monocytes, basophils and eosinophils (Altan 
et al., 2000) are also used as indicators of stress 
in poultry.

Previous studies on the blood profile of 
Canada geese done in the temperate region showed 
that age, sex and weight influenced the white blood 
cell counts, packed cell volume, heterophil and 
lymphocyte of geese (Charles-Smith et al., 2014). 
Also, due to the larger body size of waterfowl, some 
studies have shown that behavioural modifications 
such as huddling, and changes in posture to 
reduce exposure to the sunshine of non-feathered 
areas may be sufficient to maintain normal body 
temperature during inactivity, but the case is not 
so during migration in bar-headed geese (Brodsky 
and Weatherhead, 1984; Hawkes et al., 2013). 

Former few studies done on geese 
thermoregulation and blood profile were conducted 
in the temperate regions of the world. However, in 
the tropical region of the world known to be hotter 
than the temperate region, there is limited information 
on wallowing, blood profile and thermoregulation in 
geese at either high- or low-temperature humidity 
index periods. Hence, this experiment was designed 
to investigate the effects of wallowing, sex and post-
wallowing on the blood profile and thermoregulatory 
parameters of geese during high-temperature 
humidity index.

MATERIALS AND METHODS

Experimental Animal Management and 
Experimental Design 
	 This study was carried out at the Poultry 
Unit, Teaching and Research Farm, University of 
Ibadan, Nigeria, with latitude 7°26’ N and longitude 
3°54’ E. A total number of twenty-four (24) one-
year-old crossbred geese were randomly selected 
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and used; twelve (12) ganders and twelve (12) 
goose, with an average weight of 5.1 ± 0.4 kg for 
males and 4.3 ± 0.30 kg for females. The geese 
were procured from a reputable farm and were 
acclimatized for 2 weeks before the start of the 
experiment. The geese were housed differently 
based on sex and were given feed and water ad 
libitum throughout the experiment. Prior to their 
arrival and commencement of the experiment, 
the pen was thoroughly cleansed with all other 
necessary equipment. The animals were kept under 
a conducive and hygienic condition throughout 
the experimental period. The 12 ganders were 
randomly divided into 2 groups (wallowed group 
and the non-wallowed group) and vice versa for 
the 12 goose too. 

The geese were fed with purchased 
commercial layer mash (brand name: Top Feed) 
during this experiment. The diet contained crude 
protein of 16.5%, digestible energy of 2,500 kcal/kg, 
crude fibre of 6%, crude fat of 5%, calcium of 3.5% 
and phosphorus of 0.41% as nutrient composition. 
Feed and clean water were provided ad libitum and 
served daily throughout the experimental period. 

A wallowing space was provided outside the 
pen for the geese. Wallowing and thermoregulatory 
assessment were done every alternate day in the 
afternoon, over a period of 5 weeks between 12 p.m. 
and 2 p.m. daily. The blood collection was done at 
2 and 4 weeks post-wallowing while restraining the 
birds, by holding their two wings with one hand and 
the two legs with the other hand. Blood samples 
(3 mL) each were collected aseptically from the 
jugular vein of the birds early in the morning into 
vacuumed sterile tubes with anticoagulant. This study 
was conducted under the Animal Ethics Committee 
guidelines of the University of Ibadan, Ibadan, Oyo 
State, Nigeria.

Data Collection
Thermoregulatory parameters

	 Data collected for the thermoregulatory 
responses of each animal were pulse rate, rectal 

temperature, and respiratory rate. The pen’s relative 
humidity and temperature were also recorded thrice 
daily with the aid of a thermo-hygrometer. Pulse rate 
was determined using a stethoscope to measure the 
heart rate of the geese and recorded per minute. 
Rectal temperature was determined by inserting 
the thermometer in the vent of the geese and the 
reading from the thermometer after a minute was then 
documented. Respiratory rate was also determined 
by visual counting of the flank movement from each 
animal per minute. Temperature-humidity index 
(THI) was calculated from the values of pen ambient 
temperature and relative humidity as modified by 
Marai et al. (2001). 

THI = t – [(0.31 – 0.31 × RH/100) (t – 14.4)] 

where THI = temperature-humidity index, RH = 
relative humidity and t = temperature. The implications 
of the THI values are: < 27.8 = absence of heat 
stress, 27.8–28.9 = moderate heat stress, 29.0–30.0 
= severe heat stress, and > 30.0 = very severe 
heat stress

Blood parameters
	 Blood samples collected into tubes with 
anticoagulants were used for haematological analysis 
of packed cell volume (PCV), haemoglobin (Hb) 
concentration, red blood cells (RBC), platelets, white 
blood cells (WBC), lymphocytes, neutrophils, mono-
cytes and eosinophils determination as described 
by Feldman et al. (2000). The ratio of heterophils 
to lymphocytes (H/L ratio) was estimated from the 
value of heterophils and lymphocytes.

Data Analysis
	 The experiment was designed in a 2 × 2 × 2 
factorial arrangement in a completely randomized 
design for the haematological assessment 
(factor 1: wallowing, factor 2: sex, and factor 
3: post-wallowing time) and in a 2 × 2 factorial 
arrangement in a completely randomized design 
for the thermoregulatory assessment (factor 1: 
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wallowing and factor 2: sex). Data were analyzed 
using descriptive statistics and ANOVA at α = 0.05 
using the general linear model of SAS (2011) and 
means were separated using Tukey-Kramer mean 
separation procedure at a level of significance of 
P < 0.05 for the main effects and the interactions.

 
RESULTS AND DISCUSSIONS

Figures 1A–1C show the daily temperature, 
relative humidity and THI of the experimental pen 
during high THI. The THI in the morning, afternoon 
and evening ranged from absence of heat stress to 
very severe heat stress according to the definition and 
classification of the study done by Marai et al. (2001), 
who reported that some thermoregulatory parameters 
like rectal temperature are often altered and increased 
during severe heat stress. In the morning, heat 
stress was absent while in the afternoon when the 
thermoregulatory parameters were recorded; there 
was a rise in the temperature values recorded. Birds 
have to maintain balance with their environment 
to diminish heat loss, especially during high THI. 
The THI is often expressed as an indicator of the 
thermal comfort level of animals in an enclosure 
(Marai et al., 2001). Temperature is a major ambient 
factor and for the animals that are homeotherms, 
their thermo-neutral zone is the point in which 
the ambient temperature range causes energetic 
expenses that are minimal in the animals and their 
body reserves are not also compromised, thereby 
leading to the maintenance of body temperature 
that is constant which is referred to as the basal 
metabolic rate (Góngora and Hernández, 2010). 
If the body of the animal is unable to maintain 
a normal temperature and it increases significantly 
above normal, hyperthermia occurs.

The main effects of wallowing, sex and 
post-wallowing time on geese haematology at high 
THI are shown in Table 1. There was no significant 
difference in the main effect of wallowing on all the 
haematological parameters except the lymphocyte 
counts which was significantly (P < 0.05) higher in 

the wallowed group than the non-wallowed group. 
However, the sex effect significantly (P < 0.05) 
influenced the packed cell volume, haemoglobin, red 
blood cells, platelets, lymphocytes and heterophils 
with the ganders having significantly (P < 0.05) higher 
values than the goose except in the heterophils. 
Although the H/L ratio was not significantly different 
among the treatments but was apparently lower in 
wallowed geese at the post-wallowing stage than 
in non-wallowed geese. The mean value of PCV 
has been reported to be 44% in graylag geese 
according to the findings of Jahantigh and Zamani-
Ahmadmahmudi (2016) and this is similar to the 
value obtained in this study. Increased values in the 
ganders compared to the goose, in most of the blood 
parameters could be due to the heavier average 
weight of the ganders above the goose which may 
be associated with males having a higher level of 
the special sex hormone called androgen that works 
to influence rapid growth and body weight in males 
thus contributing to the anabolic status of somatic 
tissues than in females and in the development of 
male secondary sexual characters (Tatli-Cankaya et 
al., 2014; Handelsman, 2020). The sexual differences 
in the blood profile of the geese could also be due 
to the physiological condition of the females at the 
period of the experiment owing to the egg-laying 
experience since the experiment was done during 
their breeding season at high THI. 

Mohamed et al. (2012) observed that the 
values of blood constituents are affected by many 
factors such as sex, physiological condition, genotype, 
and season. Also, in some avian species, numbers 
of red blood cells are more in males than females 
as indicated by Albokhadaim (2012) for chickens 
of different ages and sexes. Birds with high levels 
of packed cell volume are likely to be accompanied 
by high haemoglobin levels (Kostelecka-Myrcha, 
1997). The heterophils value in this study that was 
higher in the goose than in the ganders could be 
due to the fact that the goose would have been 
more stressed than the ganders at the period this 
experiment was carried out. 
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Figure 1 Daily temperature (A), relative humidity (B) and temperature-humidity index (C) of the 
experimental pen
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This may be as a result of the physiological 
process of egg formation and egg laying going 
on in the goose at the period of the experiment. 
An increase in heterophils value could be due to 
inflammation or stress (Fudge, 2000), physiologic 
reaction, tissue destruction and necrosis (Fudge 
and Joseph, 2000). The relatively low value of 
H/L ratio is an indication of improved immune 
response and reduced stress in the wallowed 
group possibly induced by evaporative cooling 
due to wallowing in water. Since the higher the 
lymphocytes than the heterophils, the lower H/L 
ratio will be and the more stable the animals in 
terms of immunity and stress. However, immunity 
in males is apparently more pronounced than in 
female geese (Fudge, 2000).
	 Significantly (P < 0.05) higher white 
blood cell, platelet and lymphocyte values were 
observed at 4 weeks post-wallowing than at  
2 weeks post-wallowing. This may be as a result 
of the concurrent increase in the age of the geese. 
Blood biochemical parameters have been shown to 
be subject to changes with increasing age in many 
animal species including birds (Ihrig et al., 2001; 
Mohri et al., 2007; Franson et al., 2009). Significantly 
(P < 0.05) lower heterophils value observed at  
4 weeks post-wallowing than at 2 weeks could be 
a result of haemodilution, due to increased water 
consumption rate at 4 weeks since this experiment 
was carried out in the high THI period. Higher 
temperature can lead to haemodilution (Borges 
et al., 2003; Tolba et al., 2005).

However, all the values were also within 
the normal physiological range for geese. Wallowed 
ganders at 4 weeks post-wallowing, also had 
significantly (P < 0.05) higher white blood cells than 
other ganders and goose at 2 weeks post-wallowing. 
For lymphocyte count, non-wallowed goose at 2 
weeks had significantly (P < 0.05) lower value 
than wallowed males at 4 weeks. Since basophils, 
eosinophils and monocytes were similar in all the 
groups and their interactions, these parameters 
were not significantly different nor influenced by 
wallowing, sex and post-wallowing time. 

Table 2 shows the interactions of wallowing, 
sex, and post-wallowing time on the haematological 
parameters of geese. Non-wallowed female geese 
at 4 weeks that had significantly (P < 0.05) lower 
packed cell volume than wallowed and non-wallowed 
ganders at 2 weeks and 4 weeks could be due to 
sex differentiations since it has been reported by 
Pavlak et al. (2005) that packed cell volume are 
often higher in males than in females. This could be 
due to the higher androgen level in them hastening 
increased body weight in males compared to their 
female counterparts (Tatli-Cankaya et al., 2014). 
Wallowed ganders, especially at 4 weeks post-
wallowing had increased packed cell volume, red 
blood cell, white blood cell and lymphocytes than 
the non-wallowed goose at 2 weeks post-wallowing. 
This could be due to the fact that wallowing could 
help improve the blood profile of birds as it helps 
in thermoregulation and in preventing dehydration 
(Keck, 2011).
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The main effect of wallowing and sex on 
the thermoregulatory response of geese during 
high THI is shown in Table 3. Sex did not have 
any significant effect on all parameters. Male and 
female geese had 20.24 ± 2.48 and 21.15 ± 3.69 
breaths/minute for respiratory rate, 40.43 ± 0.45 
and 40.42 ± 0.35°C for rectal temperature, and 
152.74 ± 22.32 and 156.33 ± 17.43 beats/minute 
for pulse rate, respectively. The wallowing effect 
showed that significantly (P < 0.05) higher values 
were observed in the respiratory rate and pulse 
rate of non-wallowed geese than in the wallowed 
geese. However, there was no significant difference 
in their rectal temperature.

The interaction of wallowing and sex on the 
thermoregulatory parameters of geese is shown in 
Table 4. The wallowing and sex interactive effect 
depicted a significantly (P < 0.05) lower respiratory 
rate and pulse rate in the wallowed goose than in 
the non-wallowed goose. This could be a result of 
the influence of wallowing on thermoregulation, 
although both were within the normal physiological 
range for geese which has been reported to be 
12–30 breaths/minute and 180–340 beats/minute 
(Singh and Bhattacharya, 1991). Wallowing can 
help birds in thermoregulation, promote evaporative 
cooling and in preventing dehydration (Keck, 2011), 
thereby reducing the need for panting in wallowed 
birds. However, the geese did not suffer severe 

heat stress since the high temperature experienced 
during this study did not exceed the critical level for 
birds which can lead to severe heat stress.

No significant difference in rectal 
temperature in all the groups showed that wallowing 
and sex interactions did not influence the geese rectal 
temperature. The values obtained in all treatments 
(39.99–40.72°C) were within the normal physiological 
range for geese (McDowell et al., 1976) and similar 
to the findings of Akinbola and Ewuola (2020), 
Akinbola et al. (2021) and Ewuola et al. (2021) who 
reported a close range of geese rectal temperature 
in both sexes at high and low THI. Isidahomen 
(2012) also reported a range of 40.09–41.27°C 
rectal temperature in three genotypes of Nigerian 
indigenous chickens. Normally, the chicken’s body 
temperature is 41.5°C but will fluctuate depending 
upon the temperature of its environment. Birds 
regulate the balance between heat production and 
heat loss to maintain their deep body temperature 
at approximately 40°C (Mutibvu et al., 2017). In 
this study, the animals were not affected by heat 
stress, and they were able to properly adapt and 
balance to their environment, as indicated in their 
response shown in the rectal temperature. The 
internal thermoregulation process is one aspect 
of homeostasis, a state of dynamic stability in 
an organism’s internal conditions maintained far 
from thermal equilibrium with its environment.

Table 3 Main effect of wallowing and sex on the thermoregulatory response of geese during high 
temperature humidity index

Parameters
Wallowing Sex

Non-wallowed 
geese

Wallowed 
geese

Female Male

Respiratory rate (Brt/min)
Rectal temperature (°C)
Pulse rate (Bts/min)

22.04 ± 2.69a

40.44 ± 0.32 

166.81 ± 14.20a

19.68 ± 3.57b

40.40 ± 0.44 

143.55 ± 15.86b

21.15 ± 3.69
40.42 ± 0.35

156.33 ± 17.43

20.24 ± 2.48
40.43 ± 0.45

152.74 ± 22.32

Note: a,b Means in the same row with the same superscript are not significantly different (P > 0.05).  
Brt/min = breaths/minute, Bts/min = beats/minute, °C = degree Celsius
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Table 4  Interactive effect of wallowing and sex on the thermoregulatory parameters of geese

Parameters
Wallowing and sex

NWF NWM WF WM

Respiratory rate (Brt/min)
Rectal temperature (°C)
Pulse rate (Bts/min)

22.70 ± 2.50a

40.40 ± 0.30
166.90 ± 10.30a

20.30 ± 2.41ab

40.50 ± 0.40 
166.60 ± 22.60a 

19.40 ± 4.10b

40.40 ± 0.40
144.70 ± 16.30b

20.20 ± 2.70ab

40.30 ± 0.50
141.90 ± 15.90b

Note: a,b Means in the same row with the same superscript are not significantly different (P > 0.05).  
NWF = non-wallowed female, NWM = non-wallowed male, WF = wallowed female, WM = wallowed 
male, Brt/min = breaths/minute, Bts/min = beats/minute, °C= degree Celsius

CONCLUSION

This study showed that during high 
THI, wallowing influenced the blood profile and 
thermoregulatory responses of the geese of both 
sexes, increased erythrogenesis, oxygen-carrying 
capacity and boosted immune capability through 
evaporative cooling, conferred by wallowing and 

complete mitigation of heat stress effect in geese 
when temperature humidity index is high. Also, non-
wallowed females showed increased respiratory 
rate and pulse rate than wallowed ones, which 
are indicative of the influence of wallowing. In the 
tropical region, geese reared can still maintain a 
normal body temperature despite the increased 
environmental temperature.
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