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ABSTRACT 
Galla goats have great adaptation vigor to different environments. However, the outcomes of 
the ongoing climate change have subjected livestock including the Galla goats to harsh 
environmental conditions like high ambient temperatures. In this study, Galla goats were 
characterized in the selected areas based on phenotypic, physiological, and behavioural 
responses to high environmental temperature. One hundred and forty-nine Galla goats 
selected from Isiolo, Garissa and Tana River were scored for various features such as coat 
colour, horn colour, skin colour, horn shape, horn length, ear orientation, ear length, wattles 
and horn circumference. Data collected were entered in an excel spread sheet then analyzed 
in R statistical software version 4.0.4. White was found to be the dominant coat colour with a 
percentage frequency greater than 60.0% in the studied counties. The study revealed that 
both male and female Galla goats possess horns with more than 88.9% of goats being horned 
across the three counties. There was a strong relationship between horn presence and the 
environmental temperature with p=0.05. A positive correlation was also observed between 
environmental temperature and rectal temperature, horn length, ear length and horn 
circumference. The findings show the presence of an important gene pool from which 
guidelines on conservation of heat stress phenotypes as a result of the ongoing climate change 
can be put in place. 
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1.0 Introduction 
Goats are important in the livelihoods of many pastoralists and agro-pastoralists in developing 
countries especially in Kenya and Africa at large. In developing countries, goats are a source 
of food, income and they play crucial socio-cultural roles (Al-Araimi et al., 2017).  
 
In Kenya, due to their resilience and adaptability to harsh environmental conditions, goats are 
kept across all the agro-ecological regions (Nandolo et al., 2019). Majorly, goats are kept in 
the Arid and semi-arid lands (ASALs) which comprise 80% of Kenya. A major characteristic of 
the ASALs is the high ambient temperature and the long period of dry seasons. The sale of 
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goat milk, meat, and skin contribute to 13% of the national Gross Domestic Product (GDP) and 
42% agricultural GDP contributed by the Livestock sector in Kenya (Nyariki and Amwata, 
2019). 
 
Goats in Kenya are classified into exotic breeds which include Alpine, Saneen and Toggenburg. 
The local breeds include the Small East African and the Galla goat (Kivila et al., 2018). Galla 
goat is a hardy breed locally found in the ASALs of Northern and Northeastern Kenya (Otieno 
et al., 2013). They are managed under extensive systems which subject them to extreme 
temperature changes like heat stress experienced in the horn of Africa as a result of climate 
change. 
 
Breeds that can withstand the challenges of climate change contribute towards food security 
(Assan, 2014). Despite being hardy animals, goats like any other animals also suffer from heat 
stress during extreme high temperatures. This interferes with feeding, immune response and 
production of meat, milk (Gupta and Mondal, 2021). Galla goats are able to produce and cope 
in adverse environments due to morphological, genetic, and behavioral adaptation (Sejian et 
al., 2018). Galla goats can grow to a height of 75cm and 66cm for bucks and does respectively. 
Bucks can gain weight up to70kgs while the does weigh up to 55kgs giving them a pre-
eminence in meat production. Several studies have been done to assess the performance of 
animals, especially in hot areas. A study carried out by Leite (2018) showed that bright coats 
colours were involved in heat stress alleviation in ewes. 
 
The horn and ear phenotypes have been studied in goats and cattle in hot environments (FAO, 
2012). These traits have beneficial effects in heat dissipation during heat stress (Parés-
Casanova et al., 2014). In addition to the mentioned morphological traits, wattles, ear 
orientation, hair type, testicles, and skin colour have also been studied in response to heat 
dissipation in goats (Kolo et al., 2014). Behavioral responses like increased standing time and 
shade seeking have also been linked to high environmental temperatures (Sejian et al., 2018). 
Physiological responses including increased rectal temperature and panting were studied by 
Niyas (2015) in response to thermoregulation.  
 
Since the characterization of breeds is the first step to sustainable utilization of the animal 
genetic resources, this study aimed to describe how Galla goats cope in the hot environment 
of the ASALs by assessing their phenotypic attributes, physiological and behavioural 
responses. Having a deep understanding of the adaptation of goats may yield markers to assist 
in the future to keep goat breeds that produce optimally and survive in adverse environmental 
conditions. 
 
2.0 Materials and Methods 
2.1 Study approval 
The study was approved by the institutional animal care and use committee (IACUC) of the 
Veterinary Science Research Institute- Kenya Agricultural and Livestock Research Organization 
(KALRO). The study was given a clearance reference number (KALRO 
VSRI/IACUC022/04062021). 
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2.2 Study area 
We conducted our study in the ASAL regions of Isiolo, Garissa, and Tana River counties in 
February 2021 during the dry season. These regions are considered as ASALs as they 
experience high ambient temperatures and rainfall below 600mm per annum. Pastoralism is 
the main economic activity in the regions (Nyariki and Amwata, 2019). The counties were 
chosen because Galla goats are local to the region and also based on the Kenya-Climate Smart 
Agriculture Project which ranked goat production in ASAL areas as a priority. Isiolo county lies 
between latitude 0°31' 46'' N and longitude 37°41' 33'' E. The county is basically semi-arid 
with an average annual temperature of about 23.3°C and annual rainfall of about 418 mm. 
Garissa is located between 0° 19' 27'' S and 39° 35' 3'' E. It has an average annual temperature 
of 36°C and 280mm rainfall. Tana River County lies between 0°27' 47'' S and 39°36' 27'' E.  
According to (MoALF (2016) the average rainfall is between 280 mm and 900mm. The climate 
is hot and dry with an average annual temperature of 30°C (Figure 1).  
 

 
 

Figure 1. Map of study area source; (Mosomtai et al., 2016) 

2.3 Study design and sample size 
The design was cross-sectional (one-time study) with a purposive sampling method. Closed-
ended questionnaires were administered to farmers to collect phenotypic data. The study was 
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carried out within six populations across Isiolo, Garissa and Tana River counties (Table 1). 
 
 

 
 

2.4 Data collection 
We administered closed-ended questionnaires to the farmers to obtain morphological data 
(physical features which can be observed) and production system information of the Galla 
goats. The sample size was determined as recommended by Hale et al., (2012) where 149 
adult Galla goats were characterized from the three counties. Qualitative traits studied via 
visual appraisal included: horn presence and shape, wattle presence, coat colour (fur colour), 
skin colour, hair type, ear orientation and presence of beards. Quantitative traits such as horn 
length, horn circumference, and ear length were taken using a tape measure in centimetres. 
Physiological responses studied were rectal temperature and panting frequency. Rectal 
temperature was measured using a thermometer while the frequency of panting and 
behavioral responses were determined via visual appraisal. Panting (fast open mouth 
breathing) was scored in the afternoon when temperatures were high. Ambient temperature 
was taken in each region at the time of sampling. Global positioning systems were also 
recorded. 
 
2.5 Statistical analysis 
We entered raw data in excel spreadsheet package 2016. All the statistical analysis were 
performed using R software version 4.0.4 (Harris, 2018). The percentage frequency of each 
trait was computed as follows: 
  

= (Number of individual having the trait / Total number of individual sampled) ×100 
 
The relationship between various traits and the outside temperature in the three regions were 
determined using ANOVA. Correlation statistics was used to determine the relationship 
between the body measurements and the rectal temperature. Box plots were used to 
determine horn length relationship among Galla goats in the three counties.  
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3.0  Results  
3.1 Phenotypes observed and their percentage frequency among Galla goats  
Our study observed six coat colours among the sampled Galla goats across Isiolo, Garissa and 
Tana River counties. The majority of the sampled Galla goats had white coat colour while a 
small population had multicolour coats with white having a greater proportion (Figure 2). The 
percentage frequency for each coat colour and skin colour type across Isiolo, Garissa and Tana 
River was tabulated. The relationship of coat colours and skin colour expressions to the 
environmental temperature was also determined (Table 2) 
 

 

 
 
We observed that both male and female Galla goats possess horns in the three counties. Three 
different horn shape types and ear orientations were observed among the sampled Galla 
goats (Figure 3). The percentage frequency of the different horn shapes and ear orientation 
across Garissa, Isiolo and Tana River and the relationship to ambient temperature was 
calculated and recorded (Table 3). 
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The beard and wattle phenotypes were present in both male and female Galla goats across 
the counties although the beard phenotype was more dominant in males. Four hair types 
were also observed across the three counties with the majority having smooth hair (Figure 4). 
The percentage occurrence of the beard, wattle and hair type phenotypes was determined. 
The majority of the sampled Galla goats across Isiolo, Garissa and Tana River did not possess 
beards and wattles and had smooth and glossy hair (Table 4). 
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3.2 Correlation and box plot analysis 
The correlation between different body measurements, rectal and environmental 
temperature showed either a positive or no relationship at all. The horn length and horn 
circumference had a high positive correlation (Table 5). We also used a box plot to determine 
the uniformity and skewness of horn length among the Galla goats across the sampled areas. 
The horn length sizes were not uniform across the three counties since the box plots were not 
the same. Isiolo had the majority of Galla goats with horn length greater than the median with 
the box plot skewed to right. The horn length in Isiolo ranged from two (2) centimetres (cm) 
to 30cm. Tana River had the least horn sizes ranging from 2cm to 15.8cm with many goats 
having horn length distributed below the median horn length. Garissa had uniform horn 
length distribution with no horn length in the extremes. (Figure 5). 
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3.3 Physiological parameter analysis 
Open mouth breathing goats were observed during the study as physiological responses to 
high temperatures. Panting also known as open-mouth breathing of goats was observed in 
the afternoon when environmental temperatures were high. (Figure 6). The occurrence 
proportions of panting Galla goats across Isiolo, Garissa and Tana River and the relationship 
to environmental temperature was calculated and tabulated. Our study observed low 
frequencies of panting Galla goats (Table 6). 
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4.0  Discussion 
4.1 Coat colour 
Coat colour is a quickly recognizable appearance colour that may be used to define a breed. 
It can also be used in characterization and animal selection. In our study, we observed six coat 
colour patterns: plain white, white with a black stripe on the spine, white with brown spots, 
white with black spots, white with brown-black patches and white with brown patches. The 
predominance of white coat colour was reported by Otieno et al., (2013) where Galla goats 
were characterized in Kajiado and  Makueni. 
 
4.1.1 Frequency of occurrence of coat and skin colour traits and their relationship to the 

outside temperature 
We observed that plain white was the dominant coat and ear colour among Galla goats across 
the three counties although there seemed to be no relationship between the predominance 
of white coat colour to environmental temperature (p >0.05). This may be as a result of 
sampling one breed. Galla goats with multi-colours coats had a higher portion of white colour 
mixed with brown patches, black patches, spots, or stripes on the spine. The predominance 
of the white coat colour among the Galla goats was also reported by Otieno et al., (2013). The 
high proportion of white coat may be linked to the advantageous role of bright coat colour in 
hot tropical regions where it reflects 60.0% of direct solar radiation in comparison to dark 
colours (Sejian et al., 2018). The reflection of solar radiation results to less absorption of heat. 
The tendency towards multi-colored goats is also an adaptation to cope with seasonal 
variation of heat intensity and light (Assan, 2014). 
 
Our study observed that black skin colour is dominant among Galla goats. The occurrence 
frequency is similar to studies by Otieno et al., (2013) where Galla goats were sampled in 
Makueni and Kajiado. Also, Assan (2014) reported that dark-colored skin played a role in 
preventing direct penetration of solar radiation. In another study by Darcan et al., (2009), 
pigmented goats showed lower rectal temperature compared to unpigmented since they can 
maintain normal body temperatures at high environmental temperatures. This is because 
darkly pigmented skin shields the inner body tissues from the direct ultraviolet short wave by 
blocking the perforation (Sejian et al., 2018). 
 
4.2 The horn and ear phenotypes 
Horns refer to pointed structures on the head of several animals and have different shapes. 
Our study found out that majority of Galla goats were horned with few being polled. The horn 
phenotype was present in both male and female Galla goats. Studies conducted by Nguluma 
et al., (2016) reported a similar scenario. We observed three different horn shapes among the 
three counties: curved, straight, and deformed shape. Three ear orientations were also 
observed in our study similar to Muigai et al., (2016). 
 
4.2.1 Frequency of occurrence of horn and ear traits and their relationship to the outside 

temperature 
The horn phenotype was present in more than 88.7% of the Galla goats in the three counties, 
with Tana River having the highest percentage of 97.5%. This phenotype had a p<0.05 in 
relation to the outside temperature. Studies by Kolo et al., (2014) on Nigerian goats reported 
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the role of horns in heat dissipation during high temperatures. The horn occurrence was in 
accordance with studies conducted in Tanzania among the Small East African goats by 
Nguluma et al., (2016) which reported an occurrence frequency of 96.7%. Straight horn 
phenotype was dominant in Tana River while curved horn shape phenotypes were dominant 
across Isiolo, Garissa. Similarly, studies carried out by Manzi et al., (2011) in Rwanda on goat 
phenotypic characterization had similar findings. Our study also observed deformed horns in 
less than 19.4% of Galla goats across the studied regions. Isiolo recorded the lowest frequency 
of deformed horns at 5.00%. 
 
We observed that ear orientation was majorly floppy (pendulous) in Isiolo and Tana River with 
a percentage frequency of 55.6 and 62.5 respectively. Garissa recorded the highest frequency 
of horizontal ear orientation at 43.5%. The same results were reported by Muigai et al., (2016) 
on the characterization of indigenous cattle, sheep and goats in Somalia and northern Kenya. 
 
4.3 Beard, hair type and wattle phenotypes 
Beard refers to the hair growing on the chin. Our study observed the presence of beards in 
both males and females Galla goats. Also, our study scored hair type depending on the nature 
of the hair; curly and rough, smooth, glossy (shining), and dull hair. All the hair types were 
observed across the three counties in our study. We observed the dominance of smooth hair 
in two counties. The hair type, size and structure phenotypes were studied by (Assan, 2014) 
and they were associated with a heat loss role. 
 
Wattles refers to the hanging appendages on the neck. Our study scored Galla goats as either 
wattled or non-wattled with the majority being non-wattled. Studies by Adedeji, (2012) linked 
the presence of wattles in goats to heat dissipation although the mechanism was not 
explained. 
 
4.3.1 Frequency of occurrence of traits and their relationship to the outside temperature 
The majority of goats in our study across the three counties had smooth hair. Curly rough hair 
recorded the least frequency with Tana River recording 0.00%. Despite this, the relationship 
between hair type and the ambient temperature had a p >0.05. The occurrence frequency is 
similar to studies by Castanheira et al., (2010) who studied the role of heat tolerance traits in 
sheep. The study concluded that short and smooth hair facilitated better heat loss to the 
environment as compared to coarse and dull hair by keeping air between the environment 
and the skin.  
 
In each county, bearded Galla goats were less than 35.6%. The relationship to environmental 
temperature had a p<0.05. The occurrence frequency is similar to a study carried out by 
Msemwa et al., (2018) on Pare goats in Tanzania where 38.1% of goats had beards. Similar to 
a study conducted by Nguluma et al., (2016), we observed that both males and females Galla 
goats had a beard. 
 
Our study observed the wattle phenotype to be less than 6.25% among Galla goats in Garissa, 
Isiolo, and Tana River counties. Similar findings were reported by Nguluma et al., (2016) where 
the wattle gene was reported to be at the risk of extinction. The wattles colour takes after the 
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dominant coat colour just as suggested by studies on heat tolerance features of the West 
African goats (Adedeji, 2012). 
 
4.4 Correlation analysis between body parameters 
Our study observed a positive correlation of 0.45 between environmental and rectal 
temperature. This confirms that, as the environmental temperature increases, the rectal 
temperature of the Galla goats increases across the three counties. Similarly, a study involving 
Swedish goats on the effect of thermal conditions on rectal temperature showed an increase 
in rectal temperature with high ambient temperature (Hartmann et al., 2021). 
 
The association between the rectal temperature and ear length had a negative correlation 
across the three counties. The ear length measurements are similar to studies involving 
morphological characterization and selection of Pare goats in Tanzania (Msemwa et al., 2018). 
Our study also reported a p >0.05 for the association between the rectal temperature and 
horn length. 
 
The association between horn length and horn circumference showed a strong positive 
correlation value of 0.839. We noted that as horn length increases, the horn circumference 
also increases similar to studies done on domestic goats to ascertain the role of horns in Bovid. 
Another study carried out by Parés-Casanova et al., (2014) on Watusi cattle reported a positive 
correlation of 0.92. Horn size and circumference are linked to thermoregulation in animals 
(FAO, 2012). Reviews have reported the role of horns in heat dissipation among sheep, goats 
and cattle that are native to Africa where temperatures remain high almost all year round. 
The Watusi cattle horns grow up to 6 feet long compacted with blood vessels. The consistency 
in heat regulation among the bovid is due to the physiology and anatomy of their horns. 
Vasodilation in the highly vascularized inner core has been reported in goats during heat stress 
allowing the flow of blood close to the surface enabling heat loss (Picard et al., 1999). 
 
Ear length and horn circumference had a significant weak positive correlation. It has been 
shown that ears have a thermoregulatory role even in wild animals (Parés-Casanova et al., 
2014). 
 
4.5 Uniformity of horn sizes across Isiolo, Garissa, and Tana River counties 
To check whether horn size was uniform across the three counties, we drew a boxplot using 
the R statistical package. Our study found out that horn size was not uniform across the three 
counties. Horn length among Galla goats in Isiolo was found to be the highest with the 
distribution of the horn length skewed to the right followed by Garissa with the symmetrical 
distribution. This showed that horn length in Isiolo had a wide range of values with goats 
having horn length in the extremes. Tana River was the last with a negatively skewed 
distribution. The results were in accordance with studies carried out among Small East African 
goats’ populations in several ASAL regions in Tanzania where horn size in different sampled 
areas was different (Nguluma et al., 2016). 
 
4.6 Panting as a physiological response 
Panting refers to fast, open-mouth breathing due to increased respiratory rate (Berihulay et 
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al., 2019). Heat is lost from the body through the evaporation of moisture from the lungs. This 
evaporative cooling is a mechanism of regulating the normal temperature in goats (Sejian et 
al., 2018).   
                  
4.6.1 Occurrence frequency of panting goats in response to environmental temperatures 
Tana River recorded the highest percentage of panting/open mouth breathing goats with a 
percentage of 37.5% in our study. Garissa County had the least with a percentage of 31.2%. 
Review studies have described panting as a physiological response to elevated temperatures 
and heat through increased respiration rate. About 66.0% of heat loss is linked to cutaneal 
evaporation while 34.0% is from the respiration mechanism when goats are exposed to solar 
radiation (Dmi’el and Robertshaw, 1983). 
 
In addition to morphological and physiological mechanisms, we observed several behavioural 
responses across Garissa, Isiolo and Tana River counties. They include increased standing time 
and reduced feeding in the afternoon. Similar findings were reported among farm animals 
that showed decreased feeding rate when exposed to high ambient temperature by Shaji et 
al., (2017). Reduced intake in feed is an adaptive way to control the released metabolic heat 
from the body (Berihulay et al., 2019). 
 
Our study observed that Galla Goats in the three counties spend most of the time standing 
especially in the evening when ambient temperatures were high. The same findings were 
reported in dairy cows in Egypt which spent most of the time standing during summer. This 
was associated with the orientation of the goats to prevent direct terrestrial and solar 
radiation (Provolo and Riva, 2009). Standing position also prevents the conductive transfer of 
heat into the animal body and allow heat dissipation due to direct contact of air across the 
large body surface area (Sejian et al., 2018). 
 
5.0  Conclusion 
Our study confirmed that plain white is the dominant coat colour among Galla goats in Isiolo, 
Garissa, and Tana River. Whitecoat colour plays a role in minimal heat absorbance. The 
majority of Galla goats possess horns and the phenotype is present in both males and females. 
Our study confirmed a positive association between environmental and rectal temperature, 
horn length, and horn circumference. Other morphological characteristics did not correlate 
with environmental temperatures. 
 
6.0 Recommendations 
Our study centred on the adaptation responses to natural hot environments therefore further 
controlled research should be done to confirm the responses. The findings of our study pave 
way for further studies to link phenotypes of heat tolerance to the genotypes. Also, similar 
studies should be carried out in other arid and semi-arid areas of Kenya. 
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