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ABSTRACT (THAI) 
 ปรางมาส คุม้ภยั : พฤติกรรมทางเพศของลงิหางยาว Macaca fascicularis อินโดจีน เปรียบเทียบกบัลงิหางยาวซุนดา . ( 

SEXUAL BEHAVIORS OF INDOCHINESE LONG-TAILED MACAQUE Macaca fascicularis IN COMPARISON 
WITH SUNDAIC LONG-TAILED MACAQUE) อ.ที่ปรึกษาหลกั : ศ. ดร.สจุินดา มาลยัวิจิตรนนท ์

  
จากที่มีรายงานเกี่ยวกับการผสมขา้มสายพนัธุ์ในอดีตระหว่างลิงวอก (Macaca mulatta; Mm) และลิงหางยาว (M. 

fascicularis; Mf) ที่เกิดจาก Mm เพศผูรุ้กล า้ลงไปทางใตแ้ละผสมกับ Mf  จึงท าให ้Mf  ที่อาศัยอยู่ในเขตภูมิศาสตรอ์ินโดจีนมีพนัธุกรรม
ของออโตโซมของ Mm มาปะปนสงูกว่า Mf ที่อาศยัอยู่ในเขตภมูิศาสตรซ์ุนดา และจากที่มีรายงานว่า Mf สามารถสบืพนัธุไ์ดท้ั้งปี ในขณะที่ 
Mm มีฤดกูาลในการสบืพนัธุ ์จึงเป็นที่น่าสนใจว่าพฤติกรรมทางเพศระหว่าง Mf อินโดจีนและ Mf ซุนดามีความแตกต่างกันหรือไม่ จึงได้
คดัเลอืกประชากร Mf จากวัดหาดมูลกระบือ จ.พิจิตร (WHM; 16° 51′N) และจากเขานอ้ยเขาตังกวน จ.สงขลา (KN/KTK; 7° 12′N) ที่มี
ระดบัพนัธุกรรมของ Mm มาปะปนรอ้ยละ 50 และรอ้ยละ 15 ตามล าดบั มาเป็นตวัแทน Mf อินโดจีน และ Mf ซุนดา ในการศึกษาครั้งนี ้ท  า
การคัดเลือก Mf เพศเมีย จ านวน 10 ตัว จากแต่ละประชากร ติดตาม สงัเกต และเก็บขอ้มูลความถี่ของพฤติกรรมทางเพศ 3 แบบ 
(proceptivity, attractivity และ receptivity) จ านวนลกูลงิที่เกิดใหม่ การเปลีย่นแปลงของผิวหนังรอบอวัยวะเพศ (มีค่าตั้งแต่ 0-4) และวัด
ระดับฮอรโ์มนในน า้ลายที่เก็บดว้ยวิธีเหยื่อเชือก เป็นเวลานาน 12 เดือน (7วัน/เดือน/ประชากร) ตั้งแต่เดือนมกราคม – ธันวาคม 2561 
พบว่าลงิทัง้สองประชากรแสดงพฤติกรรมทางเพศทัง้ 3 แบบ ตลอดทัง้ปี แต่ WHM มีช่วงการแสดงออกสงูสดุ (พฤศจิกายน – มีนาคม) เร็ว
กว่าของ KN/KTK (ธันวาคม – เมษายน ) 1 เดือน ในการใหก้ าเนิดลกู ถึงแมว้่ามีลกูลงิเกิดใหม่ตลอดทัง้ปี แต่ก็มีช่วงที่มีการใหก้ าเนิดลกูลิง
สงูสดุอย่างสอดคลอ้งกับระยะเวลาตั้งทอ้งนาน 24 สปัดาห ์(หลงัจากการผสมพนัธุ์) โดย WHM มีช่วงการเกิดสงูสดุในเดือนเมษายน-
กรกฏาคม และ KN/KTK สงูสดุในช่วงมิถนุายน-กนัยายน จากระบบการแยกการมีฤดูกาลในการสืบพนัธุ์ในไพรเมทของ van Schaik และ
คณะ (1999) พบว่า Mf ทั้งสองประชากรมีการสืบพนัธุ์แบบ moderately seasonal breeder โดยค านวณจากการนับจ านวนลกูลิงที่เกิด
สงูสดุในรอบ 3 เดือนเมื่อเทียบกบัจ านวนลกูที่ลงิเกิดทัง้ปี ที่มีค่าอยู่ระหว่างรอ้ยละ 33-67 (WHM มีค่าเท่ากบัรอ้ยละ 56 (จ านวนลกูลงิ 5 ตวั 
จากลกูลงิที่เกิดทัง้หมด 9 ตวัในรอบปี) และ KN/KTK มีค่าเท่ากบัรอ้ยละ 52 (จ านวนลกูลงิ 15 ตวั จากลกูลงิที่เกิดทัง้หมด 29 ตัวในรอบปี)) 
การบวมและแดงของผิวหนงัรอบอวยัวะเพศมีค่าคงที่ตลอดทั้งปีในทั้งสองประชากรจึงท าใหไ้ม่มีสหสมัพนัธ์กับค่าพฤติกรรมทางเพศ แต่
อย่างไรก็ตามพบว่าค่าเฉลี่ยของการแดงที่ผิวหนังรอบอวัยวะเพศ (ซึ่งเป็นลกัษณะของ Mm) ใน WHM (2.70±0.82) มีค่าสงูกว่าของ 
KN/KTK (2.00±0.0) ในขณะที่ค่าเฉลี่ยการบวมที่โคนหาง (ซึ่งเป็นลกัษณะของ Mf) ใน WHM (0.70±0.48) มีค่าต ่ากว่าของ KN/KTK 
(1.50±0.85) ดว้ยการวดัระดบัฮอรโ์มนเอสตราไดออลในน า้ลายไม่ประสบความส าเร็จ จึงมีการประเมินถึงปัจจัยอื่น ๆ ที่อาจส่งผลกระทบ
ต่อการตรวจวดั เช่น ระดบัฮอรโ์มนเอสตราไดออลทีต่  ่าเกินไปในน า้ลาย ผลการทดลองที่ไดช้ีใ้หเ้ห็นว่าการเขา้มาปะปนของพนัธุกรรมของออ
โตโซมของ Mm ไม่มีผลต่อพฤติกรรมทางเพศของ Mf แต่มีผลต่อความสามารถในการใหล้กูและการแปลี่ยนแปลงของผิวหนังรอบอวัยวะ
เพศ ดังนั้นจึงท าใหไ้ม่มีความแตกต่างของฤดูกาลในการสืบพนัธุ์ระหว่างประชากรลิงหางยาวอินโดจีน WHM และลิงหางยาวซุนดา 
KN/KTK ในขณะที่ความสามารถในการใหล้กูและการเปลีย่นแปลงของผิวหนงัรอบอวยัวะเพศของลงิหางยาวอินโดจีน WHM มีแนวโนม้ไป
ในทิศทางของ Mm มากกว่าลงิหางยาวซุนดา KN/KTK 
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ABSTRACT (ENGLISH) 
# # 5972004623 : MAJOR ZOOLOGY 
KEYWORD: reproductive patterns, seasonal breeder, sexual behaviors, sex skin, fecundity 
 Prangmas Kumpai : SEXUAL BEHAVIORS OF INDOCHINESE LONG-TAILED MACAQUE Macaca fascicularis IN 

COMPARISON WITH SUNDAIC LONG-TAILED MACAQUE. Advisor: Prof. SUCHINDA MALAIVIJITNOND, Ph.D. 
  

Regarding to the previous studies reported that the past hybridization event between rhesus (Macaca mulatta; 
Mm) and long-tailed (M. fascicularis; Mf) macaques was occurred by the southward introgression of male Mm into Mf 
population, thus the Mf originating from Indochinese region carried higher level of genetic admixture of Mm ancestry than the 
Mf living in Sundaic region. Since it was reported that Mf are non-seasonal breeder while Mm are seasonal breeder, thus, it is 
interesting to compare the sexual behaviors between Indochinese and Sundaic Mf. Mf populations at Wat Haad Moon Kra 

Beau, Pichit province (WHM; 16° 51′N) and Khao Noi/Khao Tangkuan, Songkhla province (KN/KTK; 7° 12′N) who carried 
50% and 15% of Mm genetics were selected as representatives of Indochinese and Sundaic Mf. Ten adult females from each 
population were selected as focal animals and followed for 12 months (7 days/month/population) from January–December, 
2018. Frequency of three sexual behaviors (proceptivity, attractivity and receptivity), number of newborn, changes of sex skin 
(scoring from 0 – 4) and salivary hormonal analysis collected by rope bait method were determined and recorded. Both 
populations showed three sexual behaviors throughout the year, but the peak period of the WHM (November–March) was 
one-month earlier than the KN/KTK (December–April). In association with a 24-week gestation period of Mf, though births 
were observed all year round, the birth peaks occurred in April-July for WHM and June-September for KN/KTK. Following the 
reproductive seasonality classification system of van Schaik and colleagues (1999), both populations were classified as 
moderately seasonal breeder that the birth count with a three-month period was 33-67% (56%; 5 out of 9 birth count for WHM, 
and 52%; 15 out of 29 birth count for KN/KTK). Sex skin swelling and reddening were consistent in both populations and thus 
no correlation with sexual behaviors. However, average score of sex skin reddening (Mm characters) in WHM (2.70±0.82) 
was higher than the KN/KTK (2.00±0.0), while the average score of swelling at the base of the tail (Mf characters) in WHM 
(0.70±0.48) was lower than the KN/KTK (1.50±0.85). Since the measurement of salivary estradiol levels was not succeeded, 
several interfering factors were predicted such as low estradiol levels in saliva. From these results, it indicates that autosomal 
genetic admixture of Mm has no effect on sexual behaviors of Mf, but it can intervene the fecundity and changes of sex skin. 
Thus, the reproductive seasonality was no differences between WHM Indochinese and KN/KTK Sundaic Mf, while the 
fecundity and sex skin reddening of WHM females were more prone to Mm’s pattern than the KN/KTK females. 
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Academic Year: 2020 Advisor's Signature .............................. 
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CHAPTER I  

GENERAL INTRODUCTION 

                                                                                                  

 Rhesus (Macaca mulatta) and long-tailed (M. fascicularis) macaques are the 

two most species commonly used for biomedical research (Bonhomme et al., 2009; 

Osuna et al., 2017) and have the widest distribution range among non-human primates. 

The distribution of rhesus macaques is at 15 – 36N including Afghanistan, China, 

Myanmar, Thailand, Laos and Vietnam (Fooden, 2000, 2006; Malaivijitnond and 

Varavudhi, 2002), while long-tailed macaques live at 20N – 10S including Bangladesh, 

Myanmar, Laos, Cambodia, Vietnam, Thailand, Malaysia, Singapore, Indonesia, the 

Philippines and Timor (Fooden, 1995, 2006; Malaivijitnond and Hamada, 2008).                        

In Thailand, long-tailed macaques are the most encountered species among 17 existing 

species of non-human primates (Grove, 2001; Malaivijitnond and Hamada, 2008). They 

distribute from the lower northern (Pichit and Mukdahan province) to the southern part 

(Yala and Satun province) of Thailand, at approximately 1630- 630N. Isthmus of Kra, 

Ranong province (ca. 10N) is a proposed biogeographical barrier between two forms 

of long-tailed macaques; Indochinese and Sundaic forms.   

 Based on their distribution range, long-tailed and rhesus macaques lived 

overlapping at 15 - 21N in Southeast Asian region and it was proposed as a hybrid 

zone between the two species revealed by morphological characteristics (Hamada et 

al., 2016), ABO blood group (Kanthaswamy et al., 2017; Malaivijitnond et al., 2008) and 

various genetic markers including mitochondrial (mt) DNA, Y-chromosome, nuclear 

DNA, and microsatellite DNA (Tosi et al., 2002; Street et al., 2007; Kanthaswamy et al., 

2008; Bonhomme et al., 2009; Stevison and Kohn, 2009; Osada et al., 2010; Bunlungsup 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 2 

et al., 2017a). Previously, the hybridization between the two species was proposed as a 

unidirectional introgression of male rhesus macaques into long-tailed macaque 

populations (Tosi et al., 2002; Street et al., 2007), but recently it was confirmed that the 

hybridization occurred two directions (Kanthaswamy et al., 2008; Bonhomme et al., 

2009; Stevison and Kohn, 2009; Osada et al., 2010; Bunlungsup et al., 2017a). Using 

autosomal SNP markers, Bunlungsup et al. (2017a) reported that the introgression of 

male rhesus macaques into long-tailed macaque populations was beyond the Isthmus 

of Kra and the level of genetics admixture of rhesus ancestry declined gradually from 

northern to the southern part of Thailand. For example, Indochinese long-tailed 

macaques at Wat Haad Moon Kra Beau (WHM), Pichit province (1630N) carried 50% 

of rhesus ancestry and Sundaic long-tailed macaques at Khao Noi Khao Tangkuan 

(KN/KTK), Songkhla province (712N) carried 15% of rhesus ancestry (Bunlungsup et 

al., 2017b).          

 The species specific morphological characteristics that have been used to 

identify rhesus and long-tailed macaques are the pelage color and the relative tail length 

(RTL; a proportion between tail length and crown rump length). Rhesus macaques have 

shorter RTL (<70%) whereas long-tailed macaques have longer RTL (>90%) (Fooden, 

1995; Hamada et al., 2006). Rhesus macaques have a bipartite pattern of the pelage 

color (body contrast between back and thigh) that the lower part of their body is more 

reddish-yellowish than the upper part, while it is absent in long-tailed macaques. Thus, 

the hybrid individuals have the intermediate values between the two species; for 

example, 69.6-95.6 %RTL and contrast of pelage color (b* values) as 1.33-2.01 

(Jadejaroen et al., 2015). Regarding the higher level of genetic admixture of rhesus 

ancestry, the morphological characteristics of Indochinese long-tailed macaques were 

similar to those of rhesus macaques, such as shorter RTL and higher body contrast, 
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than the Sundaic long-tailed macaques (Hamada et al., 2008).   

 Rhesus and long-tailed macaques live in multi-male multi-female group in which 

adult males mate with several females and vice versa. The males migrate out of the 

group when they reach maturity age (or male dispersal) and females stay permanently 

in the group (or female philopatry). Thus, changes of sex skin which indicate the fertile 

phase in females and increase attractiveness to male conspecifics are very important 

(Nunn, 1999). Rhesus macaques had large areas of sex skin reddening around 

hindquarter including anogenital area, legs and thighs without swelling (Dixon, 1998; 

Dubuc et al., 2009), while long-tailed macaques show narrow area of sex skin reddening 

from subcaudal to inguinal regions, but a sex skin swelling at the base of tail is 

conspicuous (Engelhardt et al., 2005).       

 In view of the reproductive pattern, rhesus macaques showed strong 

reproductive and birth seasonality (or strictly seasonal breeder) (Vandenbergh and 

Vessey, 1968). They showed a mating peak mostly during the fall and early winter, for 

instance, in November – April for Indochinese rhesus macaques (Gordon, 1981), 

October – February for Chinese rhesus macaques (Du et al., 2010) and October – 

December for Indian rhesus macaques (Lindburg, 1971), and a birth peak in May - June 

(Fooden, 1995). For long-tailed macaques, they are non-seasonal breeder (Hobbs et al., 

1987; Tardif et al., 2012) that can mate throughout the year, although the mating peak 

was detected in January – July for northern Sumatra long-tailed macaques (van Schaik 

and Noordwijk, 1985) and birth peak in July – September (Fooden, 1995). So far, only 

one study reported sexual behaviors of the hybrids between long-tailed and rhesus 

macaques in eastern Thailand, however, the hybridization was occurred by the human-

made introduction of both sexes of few individuals of rhesus macaques into long-tailed 

populations (Jadejaroen, 2016). The breeding season in September – January was 
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observed in this population. Recently, Ito and his colleagues (2020) reported that the 

genes related to reproduction were selected during a natural hybridization between 

these two species.          

 Thus, the basic knowledge on reproductive patterns, fecundity and sex skin 

changes of the wild long-tailed macaques in Thailand that carried different levels of 

genetic admixture of rhesus ancestry are important in view of conservation and species 

identification as well as animal model for biomedical research. Thus, one population 

each of Indochinese (WHM population) and Sundaic (KN/KTK population) long-tailed 

macaques which carried 50% and 15% of rhesus ancestry was selected for this study.  

 

Objectives 

1. To study sexual behaviors of Indochinese and Sundaic long-tailed macaques. 

2. To compare sexual behaviors between Indochinese and Sundaic long-tailed 

macaques in association with the distribution and the levels of genetic admixture 

of rhesus ancestry. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER II  

 LITERATURE REVIEW 

 

Animal studies are essential to basic biological and medical knowledge, 

especially the non-human primate study because they are the closest living organisms 

to humans. They have many aspects that are unique and similar to that of humans such 

as genetic and morphological characters and behaviors. For morphological structures, 

they have large brains comparing to their body sizes, have eye sockets facing forward 

which can produce 3D-visible, and are advance in evolution. Thus, the knowledge 

gained from non-human primates can be applied to the humans. Charles Southwick is 

the first primatologist who began the primate survey in 1959 and many more were 

following him afterwards.  Among 505 species of non-human primates exist across the 

world, rhesus macaques and long-tailed macaques are the two species commonly used 

as animal models for biomedical research. One of the reasons is that they distribute in 

the widest ranges among any other non-human primate species. Although the vast 

knowledge on physiological characters and biomedical results in these two species 

have been reported, the information on their reproductive patterns, especially in the 

wild, is very scarce.          

 As mentioned in Chapter I that these two species hybridized at the areas where 

they lived close to each other (or sympatric) at 15 - 21N, thus the basic knowledge on 

morphological and genetic characters, and reproduction in the pure breed are important 

for species identification. Thus, this chapter summarizes the basic knowledge about 

those characters and also distributions in rhesus and long-tailed macaques which can 

be essential for understanding the existing of the species and the hybrids.  
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1. Distributions of rhesus and long-tailed macaques     

 Rhesus macaques have a broader geographical distribution among all non-

human primates (Southwick et al. 1996), encompassing 11 countries throughout south 

and southeast  Asia. The distribution of rhesus macaques is around 15 - 36N, covering 

Afghanistan, Pakistan, India, Nepal, Myanmar, Thailand, Laos, Vietnam, and China 

(Fooden, 2000, 2006; Malaivijitnond and Varavudhi, 2002) (Figure 2.1). Rhesus 

macaques can be classified into three main groups including China (eastern group), 

India (western group) and Indochina (southern group) (Fooden, 2000; Hamada et al., 

2006), and most of them that have been used in biomedical research came from India 

(Richard et al. 1989). The southern distribution of rhesus macaques was climatologically 

limited by interspecific competition with long-tailed and bonnet macaques (M. radiata) 

(Trewartha,1978; Fooden, 1982; 1997).       

 In Thailand, rhesus macaques are rare to find and mostly live in the northern or 

northeastern part (Lekagul and McNeely, 1988; Malaivijitnond et al., 2007). Since 1998, 

no report on any wild populations in Thailand was found, until in 2002 the wild troop was 

discovered at Wat Tham Pa Mak Ho, Loei province (Malaivijitnond and Varavudhi, 2002). 

Hamada et al. (2006) measured body size, RTL and pelage color of this population and 

proposed the past hybridization with long-tailed macaques. Recently, the new location 

of rhesus macaques at Wat Phrabuddhabat Pa Reau in Chiangrai province was reported 

(Kyes et al., 2018).          

 Long-tailed macaques have the widest geographical range, only next to rhesus 

macaques (Wheatley, 1978), at 20N - 10S in southeast Asia, encompassing 

Bangladesh, Myanmar, Laos, Cambodia, Vietnam, Thailand, Malaysia, Singapore, 

Indonesia, the Philippines, and Timor (Fooden, 1995, 2006; Malaivijitnond and Hamada, 

2008). Long-tailed macaques are the most frequently encountered non-human primate 
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species in Thailand which can be found throughout the country from the lower northern 

(Pichit and Mukdahan province) to the southern part (Yala and Satun province), at 

approximately 1630- 630N. Because they distributed across the zoogeographical 

barrier, namely Isthmus of Kra (ca. 10N), they are divided into two groups of 

Indochinese and Sundaic long-tailed macaques.     

 Regarding the distribution range of rhesus and long-tailed macaques mentioned 

above, the areas at 15 - 21N covering Myanmar, Laos, Vietnam, and Thailand were 

overlapped and proposed as a hybrid zone between the two species. A recent hybrid 

population of these two species has been reported in Khao Khieow Open Zoo (KKZ; 

1321 N, 10106E) in the eastern part of Thailand (Malaivijitnond et al., 2011) which is 

situated further south from the proposed hybrid zone. They are human-made hybrid 

population of which rhesus macaques were released into the long-tailed population 

approximately 20 years ago (Malaivijitnond et al., 2011; Jadejaroen et al., 2015; 

Jadejaroen, 2016).  
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Figure 2.1 A distribution map of rhesus macaques (Macaca mulatta) shaded in green 

color, long-tailed macaques (M. fascicularis) shaded in purple color, and the 

hybrids between these two species shaded in blue color  (Source:  Street et 

al, 2007). 

 

2. Hybridization between rhesus and long-tailed macaques    

 Hybridization between rhesus and long-tailed macaques was first discovered in 

Thailand and reported in 1964 (Fooden, 1964) based on morphological observation. 

Afterward, the hybridization between the two species was confirmed by morphological 

measurements (Hamada et al., 2016), ABO blood group (Kanthaswamy et al., 2017; 

Malaivijitnond et al., 2008) and various genetic markers including mtDNA,                               

Y-chromosome gene, nuclear DNA, microsatellite DNA and single nucleotide 
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polymorphisms (SNPs) (Tosi et al., 2002; Street et al., 2007; Kanthaswamy et al., 2008; 

Bonhomme et al., 2009; Stevison and Kohn, 2009; Osada et al., 2010; Bunlungsup et al., 

2017a; 2017b). Using uniparental markers such as Y-chromosome gene or mtDNA (Tosi 

et al., 2002; Bunlungsup et al., 2017a), the hybridization between rhesus and long-tailed 

macaques was detected southerly to the proposed hybrid zone and terminated at the 

Isthmus of Kra (1020N). The hybridization hypothesis based on those genetic markers 

was by the introgression of male rhesus macaques into the populations of long-tailed 

macaques. However, the recent results using the more sensitive markers such as 

genome-wide or autosomal SNPs, the hybridization was found far beyond the Isthmus of 

Kra to the southernmost Thailand, and the genetic admixture of rhesus ancestry into 

long-tailed populations was diluted when it was far from the proposed hybrid zone 

(Osada et al., 2010; Bunlungsup et al., 2017b) (Figure 2.2). 
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Figure 2.2 Genetic admixture panel of the rhesus ancestry (red color) in long-tailed 

macaques (green color) determined by autosomal SNPs markers and 

structure analysis. Nos. 8 to 11 on the upper panel indicate long-tailed 

populations from the north to the south of Thailand.  (Source: Bunlungsup et 

al., 2017b).  

 

3. Morphological characters         

 Rhesus and long-tailed macaques had different morphological characters on 

pelage color, RTL, and cheek hair patterns. Generally, spicies-specific characters of 

rhesus macaques are bipartite pattern of the pelage color that the lower part of their 

body is more reddish-yellowish than the upper part which varies from yellowish gray to 

golden brown to burnt orange, their RTL is <70%, the crown hairs are smoothly directed 

posteriorly, and the cheek hair usually forms a small crest or whorl near the angle of the 

jaw (Fooden, 2000; Malaivijitnond et al., 2005; Jadejaroen et al., 2015; Hamada et al., 

2016). Their body mass is about 6.50 – 9.82 kg for females and 7.29 - 13.95 kg for 

males (Hamada et al., 2016). Long-tailed macaques have evenly pelage color of buffy to 

yellowish gray to golden brown to reddish brown to blackish throughout their bodies 

(Fooden, 1990). Most of them have irregular tuft or crest at the vertex of the crest. Hairs 

on the cheek form a variably prominent lateral facial crest that usually extend from near 
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the angle of the jaw to the crown (Fooden, 1990). Long-tailed macaques, by their 

names, have longer tail than the rhesus macaques (RTL>90%) (Fooden, 1995; Hamada 

et al., 2006), however, they are lighter than rhesus macaques and their body mass is 

about 3.61 – 6.56 kg for females and 5.30 – 10.49 kg for males (Hamada et al., 2016). 

Hamada et al. (2008) reported that the northern long-tailed macaques living close to the 

hybrid zone had the lighter pelage color and shorter RTL than the southern ones.  

 

4. Demography and reproduction        

4.1 Demography and mating system       

 Rhesus and long-tailed macaques live in multi-male and multi-female societies 

with promiscuous mating. The estimated population size was around 40-400 individuals, 

and the male to female ratio was 1:7 to 1:10 for long-tailed macaques (Valerio et 

al.,1969; Fooden, 2000) and 1:1.2 to 1:5.7 for rhesus macaques (Beisner et al., 2012). 

Female macaques remain in their natal group throughout their life (so-called female 

philopatry) whereas male macaques migrate out of the group when they reach the 

maturity age (so-called male dispersal) (Dixon, 1998). Female macaques become 

sexual maturity at 4 years. Estrous cycle was approximately 26-29 days for rhesus 

macaques and 26-38 days for long-tailed macaques (Kumar et al. 2011). Gestation 

length was approximately 5.5 months for both species (146 – 180 days for rhesus 

macaques and 153 – 179 days for long-tailed macaques; Wolfensohn and Honess, 

2005). Normally, a mother gives birth at night time, black hair and pink skin are the 

morphological characters of newborns (Figure 2.3). The newborn babies are cuddled at 

the belly of their mothers during the first three months while they are carried, nursed and 

protected. Infants begin weaning at 4 months of age and complete the nutritional 
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weaning at 12-14 months (the nutritional weaning was as early as 8 months of age for 

captive macaques; Fooden, 2000; Semple et al. 2009). The juveniles stay close to their 

mothers until the next mating season (inter-birth interval is about 1 year). The daughter 

of the high-ranking female is more likely to achieve the high rank when she grows up, 

and the son tends to migrate from their natal group later than that of the low-ranking 

male (Chapais, 1983). 

 

 

Figure 2.3 Newborn and their long-tailed macaque mothers. Black pelage color with 

streak at the crest and pink skin are identifiable morphological characters of 

the newborn. 
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4.2 Reproductive seasonality       

 Based on the reproductive information, rhesus and long-tailed macaques have 

different breeding patterns. Rhesus macaques have strong reproductive and birth 

seasonality (or strictly seasonal breeder) (Vandenbergh and Vessey, 1968), while long-

tailed macaques are both moderately seasonal breeder (M. fascicularis fascicularis; 

Janson and Versolin, 2005; Trebouet et al., 2020, and M. fascicularis aurea; San and 

Hamada, 2009) and non-seasonal breeder (M. fascicularis umbrosa; Hobbs et al., 1987; 

Tardif et al., 2012; Pal et al., 2018). Duration of mating season in rhesus macaques is 

approximately 3-6 months (Lancaster and Lee 1965; Southwick et al. 1965; Lindburg, 

1971). Mating peak period varies in timing and length between locations but most of 

them are during the fall and early winter season. Indochinese rhesus macaques showed 

the mating peak in November – April (Gordon, 1981), while Chinese rhesus macaques 

had the mating season in October – February (at Chongqing, China; Du et al., 2010) or 

in September – November (at Taihang, China; Wenyuan et al, 1991). Indian rhesus 

macaques showed the mating season in October – December (north India; Lindburg, 

1971) or November – January (north India; Dixon, 1998) with birth peak in May - June 

(Fooden, 1995). Generally, the birth season in the natural habitat was around spring. 

Long-tailed macaques, on the other hand, can mate throughout the year, but the mating 

peak varies across their locations (Hobbs et al., 1987; Tardif et al., 2012). The mating 

peak was detected in January – July for northern Sumatra long-tailed macaques (van 

Schaik and Noordwijk, 1985), and birth dispersed in at least 10 months of the year 

(Wheatley, 1978) with birth peak in July – September (for north peninsula long-tailed 

macaques) or May - July (for south peninsula long-tailed macaques; Fooden, 1995).  
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4.3 Sexual behaviors         

 Sexual behaviors of rhesus and long-tailed macaques are similar because both 

of them belong to the fascicularis species group (Fooden, 2006). They are multiple brief 

intromissions culminating in ejaculation at the end of mount (Dixson, 1998), although 

some previous report showed that long-tailed macaques are either multi-mounting or 

single-mounting. Two species have similar sexual pattern such as duration of mounting, 

duration of sequence, number of mounts, and number of thrusts (Shively et al., 1982)

 Sexual behaviors in estrous female macaques can be categorized into three 

main groups, including proceptivity, attractivity and receptivity (Beach, 1976). 

Proceptivity is the behavior that the female approaches to male or that the female has a 

purpose to initiate and sustain sexual interactions with male (Beach, 1976), for example, 

distance-reducing display, lip smacking with eye contact, mounting by female, and 

sexual presentation postures which could be seen in many catarrhine species (Young, 

1941; Beach,1976; Dixson, 1998). A peak of proceptivity occurs during the peri-

ovulatory period of the menstrual cycle (Dixson, 1998). Attractivity is the behavior that 

the male approaches to female or male’s precopulatory behaviors, for example, male 

investigating the anogenital area of female (sniffing, licking, visual inspection), jaw 

thrust, following female, body postures and mating without ejaculation (Figure 2.4) (Hrdy 

and Whitten, 1987; Dixson, 1998). This behavior is influenced by female sexual 

attractiveness or reflects successes of the female. Female macaques practically show 

the physiological or chemical signals (or pheromones) to attract the males. Receptivity is 

the behavior indicating a successful copulation or the male’s attainment of intromission 

with intravaginal ejaculation (Beach, 1976). Normally, the ejaculation is evidenced by 

sperm plug that the semen coagulates or is dense copulatory at the vagina of the female 

(Figure 2.5). The sperm plug is a reproductive advantage seen in multimale-multifemale 
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mating primates which increases the sperm competition (Dixson and Anderson, 2002).

 Previous studies reported that the hierarchy of female macaques affected the 

successful rate of mating from males. High ranking females gained higher possibility of 

successful copulation from males, especially from high dominant ranking male, than the 

low ranking females, while both rhesus and long-tailed macaque males gain benefit from 

choosing dominant female (Smith and Smith, 1988; van Noordwijk and van Schaik 

1999). Thus, the ranking of female may affect the display and frequency of sexual 

behaviors. 

 

 

Figure 2.4 Attractivity behaviour displaying by long-tailed macaque male, mounting 

behavior. This is a complete mounting because male uses double feet to 

clasp the hind limbs and uses his hands to grasp the female’s hips. 
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Figure 2.5 Receptivity behavior indicating by a copulatory sperm plug at the vagina of 

the female. 

 

4.4. Sex skin: a visual cue of peri-ovulatory period for males    

 Rhesus and long-tailed macaques live in a multi-male multi-female social group 

in which adult males mate with multiple females and vice versa.To increase a possibility 

of successful copulation, the females use both olfactory (pheromones) and visual 

(changes of sex skin) cues to convey the message of the fertile phase and to attract the 

male conspecifics (Nunn, 1999). Changes of sex skin during peri-ovulatory period are 

different between rhesus and long-tailed macaques. Rhesus macaques have large 

areas of sex skin reddening around hindquarter including anogenital area, legs and 

thighs without swelling (Dixon, 1998; Dubuc et al., 2009) (Figure 2.6), while long-tailed 

macaques show the narrow area of sex skin reddening from subcaudal to inguinal 

regions and the conspicuous swelling at the base of the tail (Engelhardt et al., 2005) 

(Figure 2.6).          
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Exaggerated sex skin swelling in long-tailed macaques and large reddening 

area in rhesus macaques reflected high estrogen levels and ovulation time. These 

changes can transmit the visual signals to male conspecifics. In rhesus macaques, 

there are a plexus of large, thin-walled blood vessel below the epidermis around sex 

skin (Collings, 2005), thus, sex skin reddening covers a large area (Dixon, 1998). Sex 

skin reddening in rhesus macaques indicates the start of the mating season (Fooden, 

2000), and sex skin swelling at the base of the tail in non-seasonal breeders as long-

tailed macaques indicates the ovulation time (Fooden, 1995; Engelhart et al., 2015). It is 

possible that the genetic admixture of rhesus ancestry into long-tailed macaques could 

affect the pattern of changes of sex skin of female long-tailed macaques in Thailand 

(Bunlungsup et al., 2017). 

 

 
 
 
 
 
 
 
 
 

Figure 2.6 Representative photos of patterns of sex skin reddening of rhesus macaques 

(left) and sex skin reddening and swelling at the base of the tail of long-tailed 

macaques (right)    
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5. Environment factors and reproduction      

 Long-tailed macaques live in several types of habitats, but most commonly 

found at the mangrove forest and swamp forest (Fooden, 1995). They inhabit the non-

broadleaf evergreen forest (Fooden, 1982) and can adapt to live with other species 

(Gumert et al., 2011). Long-tailed macaques are arboreal or semiterrestrial primates that 

prefer the low elevations of the habitats (Henderson, 2017). They use their long tail as 

balancers during long leaps (Rodman 1991). Their feeding habit is a frugivore and 

omnivore (Wilson and Wilson, 1977); 86% for fruits and 14% for grass, leaves and some 

insects (Wheatley, 1976; Rijksen, 1978). Rhesus macaques are semi-terrestrial primates 

(Vanhoof et al., 2020), however, the ones who live in forest tend to be somewhat more 

arboreal than the non-forest ones. Rhesus macaques can feed on a variety of foods 

(Majumder et al., 2012) such as fruits, seeds, flowers and leaves (Fooden, 2000) and 

occasionally eat termites, grasshoppers, ants and beetles (Lindburg,1971).  

 With regard to their seasonal reproductive pattern, the behaviors of rhesus 

macaques varied between seasons. They spent the greatest proportion of their diurnal 

time for feeding and resting in spring (33.3% and 22.9%), moving in summer (20.0%), 

and social behaviors (e.g. grooming, sexual interaction, and playing) in winter (35.9%) 

(Khatiwada et al., 2020). This indicates that environmental factors could influence the 

behaviors including reproductive behaviors, especially in temperate non-human primate 

species such as rhesus and Japanese macaques (M. fuscata). Kappeler and 

colleagues (2003) explained that the primate species that had slow reproduction and 

long gestation period exhibited longer periods of infant dependency which associated 

with the availability of foods. This is so-called an income – capital continuum theory 

which is the model to predict or illustrate the diversity of primate reproductive response 

to seasonality (Brockman and van Schaik, 2005). For instant, female long-tailed 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 19 

macaques showed a peak period of pregnancy and births in a peak period of food 

abundance which is a character of capital breeder (van Schaik and van Noordwijk, 

2005). Thus, the same species of macaques that live in different environmental factors 

such as rainfall, photoperiod, temperature and humidity may show the inconsistency of 

the reproductive patterns across populations.  

     
                                                  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER III 

 MATERIALS AND METHODS  

 

1. Animals and study sites         

 Two (WHM and KN/KTK) populations of long-tailed macaques which carried 

different levels of genetic admixture of rhesus ancestry analyzed by autosomal SNP 

markers (Bunlungsup et al., 2017) were selected for this study. WHM population lived at 

Wat Haad Moon Kra Beau, Pichit province, Thailand (163021N, 1001655E), and 

was counted as Indochinese long-tailed macaques. KN/KTK population lived at Khao 

Noi Khao Tangkuan, Songkhla province (71233.2N, 1003549.8E) and was counted 

as Sundaic long-tailed macaques. WHM carried 50% of the rhesus ancestry, while 

KN/KTK carried 15% of the rhesus ancestry.      

 WHM was a temple near Nan river which was surrounded by a fragmented 

forest. Various kinds of trees were found in the forest such as Ficus sp. of which 

macaques could access to their leaves and fruits throughout the year, and Afzelia sp. 

that the flowers were blooming during February to March (Figure 3.1). KN/KTK was two 

small hills of KN and KTK that located near the sea. Its elevation was approximately 15 

meters above sea level. The hills were covered with a tropical rain forest including 

Callerya sp. and Garcinia sp. trees and recreational park (Figure 3.2). Home range of 

the WHM population was 9 ha, and that of the KN/KTK population was approximately 33 

ha but the foraging area was only 8 ha (see Figure 3.2)   
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Figure 3.1 Home range of the Wat Haad Moon Kra Beau (WHM) population at Pichit 

province, Thailand (framed by red line). It covers with fragmented forest and 

temple ground.  (Map from Google Earth, accessed December 2019).  

 

 
 
 
 
 
 
 
 
 

Figure 3.2 Home range of the Khao Noi (right hill) and Khao Tangkuan (left hill) 

population at Songkhla province, Thailand (framed by red line). It covers 

with a forestry recreational park.  (Map from Google Earth, accessed 

December 2019). 
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2. Population demography and selected subjects     

 WHM population consisted of 52 macaques including 26 adult females and 7 

adult males, and the KN/KTK population consisted of 125 macaques including 55 adult 

females and 16 adult males. Note that more than 4 groups of macaques were found at 

KN/KTK, but only the targeted group was counted and studied. Both WHM and KN/KTK 

populations were habituated with human appearance. Ten females in each population 

were selected. The major criterion of group and animal subject selection for this study 

was that they were often encountered and they must carry some unique morphological 

characters, e.g., scar, distinct color of nipples, or some unique behaviors which could 

be easily identified and recognized. The selected macaques were divided into two 

groups, high and low rank, according to their social organization. The social rank was 

identified by observing their behaviors such as agonistic behaviors (supplant, threat, 

chase, attack) and submissive behavior (grimace). All selected 10 female monkeys were 

named and the name list was arranged in alphabetical order (see Table 3.1 and Figure 

3.3 and 3.4). The female monkeys were selected as representatives of the populations 

for sexual behavior observation based on the knowledge that female lives permanently 

in the group while male migrates out of the group when he reaches maturity age. For the 

long-term observation, the female subjects should suit best to the study. The 

experimental protocol was approved by the Institutional Animal Care and Use 

Committee of Faculty of Science, Chulalongkorn University, Thailand (Protocol Review 

no. 1723017).   
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Table 3.1 Ten selected female long-tailed macaques from WHM and KN/KTK population 

for the study. The names are listed in alphabetical order and the rank is given 

in the parenthesis. 

Number WHM KN/KTK 

1 Gorilla (high rank) Bob (low rank) 

2 Hang (low rank) Ceasar (low rank) 

3 Jaime (low rank) Dragon (high rank) 

4 Leam (low rank) Fu (high rank) 

5 Mhob (low rank) Jam (low rank) 

6 Red (high rank) Lord (low rank) 

7 Rhino (low rank) Milk (low rank) 

8 Tarly (high rank) Pang (low rank) 

9 The hound (low rank) Raven (high rank) 

10 Yib (high rank) Tumkhaw (high rank) 
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Figure 3.3 Ten selected female long-tailed macaques from WHM population.  
  

No. 1 (Gorilla) No. 2 (Hang) No. 3 (Jaime) 

No. 6 (Red) 

No. 4 (Leam) 

No. 5 (Mhob) No. 7 (Rhino) No. 8 (Tarly) 

No. 10 (Yib) No. 9 (The hound)  
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Figure 3.4 Ten selected female long-tailed macaques from KN/KTK population. 
  

No. 1 (Bob) No. 2 (Ceasar) No. 3 (Dragon) No. 4 (Fu) 

No. 5 (Jam) No. 6 (Lord) No. 7 (Milk) No. 8 (Pang) 

No. 10 (Tumkhaw) No. 9 (Raven) 
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3. Behavioral observation and data collection      

3.1 Behavioral observation       

 Behavioral observation was divided into two phases. Phase I was for group and 

animal subject selection which was done in October – December 2017. In this session, 

the animals were also habituated to the appearance of the observer. Phase II was the 

main data collection period which was in January to December 2018. Note that no food 

provision from the observer and at least 3 m of the distance between the observer and 

monkeys were performed during behavioral observation (Altmann, 1974). This aimed to 

avoid the disturbance of the daily activities of the animal subject.   

 Sexual behaviors were collected using focal animal sampling method (Altman, 

1974). Behavioral data collection was initiated when one of the selected female monkeys 

in the name list was first encountered. After the observation was completed, the 

subsequent female was alphabetically selected and followed (see Table 3.1). The 

procedure was done until the last animal in the list was observed and another round of 

the observation was begun again. However, if the selected subsequent monkey could 

not be found within 10 minutes, it would be shifted to the next order of the monkey. Each 

monkey was followed for 1 hour or until she could not be followed further such as she 

climbed to the very steep area or moved to restricted areas. However, during the focal 

follow, if another female monkey in the list appeared within the sight distance, the 

observer simultaneously recorded the behaviors of two animals at the time, but no more 

than two females were conducted for a simultaneous observation. The period of 

observations was from the sunlight to the sunset (approximately from 0600 am – 0600 

pm). Focal female monkeys were followed for 7 days in each month for 12 consecutive 
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months, from January to December 2018. The first week of the month was spent for the 

KN/KTK population and the third week of the month was for the WHM population.  

3.2 Behavioral data collection       

 The sexual behaviors included in this study were followed that of Jadejaroen 

(2016) with a slight modification. Sexual behaviors were categorized into three groups; 

proceptivity, attractivity and receptivity. Proceptivity was the behaviors acted by the 

females including female solicitation, affiliative behavior, contact behavior, and female 

following adult male (Figure 3.5). Attractivity was the behaviors acted by the males 

consisting of male solicitation, male genital inspection, male grooming, masturbation, 

male following adult female, and mating (Figure 3.6). Receptivity was the behavior 

cooperated by both sexes which indicated a successful copulation. Frequency of these 

three sexual behaviors were recorded. Ethogram of the three behaviors was described 

in Table 3.2 and the representative pictures were shown in Figure 3.5, 3.6 and 3.7.  
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Table  3.2 Ethogram of three sexual behaviors (proceptivity, attractivity and receptivity) 
 

Behaviors Definition 

Proceptivity 
(P) 

 

Female solicitation 
Female invites male by presenting her anogenital region 
towards the male (or sexual context) 

Affiliative behavior 
Female stays beside the male without contacting his body (if it 
occurs during feeding, it is not recorded). 

Contact behavior  
Female touches, but does not groom, any part of the male’s 
body including mounting by the female. 

Female following adult male Female keeps following the male within 3-meter distance. 

Attractivity    
(A) 

 

Male solicitation Male presents his erected penis to the female.                            
Male genital inspection Male visually inspects, touches or sniffs of female genitalia. 

Male grooming 
Male cleans the female’s fur (if the focal animal pauses acting 
this behavior longer than 5 seconds and starts again, the 
observation is counted as a new round of the behavior). 

Masturbation 
Male tugs and rubs his penis until it becomes erected with or 
without ejaculation. The tip is usually touched with his fingers 
or any objects and is often sniffed and/or licked. 

Male following adult female Male keeps following the female within 3 meters distance. 

Mating 
Male mounts the female with or without intromission and pelvic 
thrust and without ejaculation. 

Receptivity 
(R) 

Copulation 

Male mounts the female with intromission and pelvic thrust 
resulting in ejaculation. The ejaculation is evidenced by sperm 
plug which often involves an intermission during intromission 
for approximately 3-5 second before the male pulls his penis 
off the vagina of the female and the female usually vocalizes. If 
the observer could not see any evidences mentioned above, it 
is recorded as mating behavior. 
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Figure 3.5 Proceptivity behaviors recorded in this study; (A) female solicitation, (B) 

affiliative behavior, (C) contact behavior, and (D) female following adult 

male. 
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Figure 3.6 Attractivity behaviors recorded in this study; (A) male solicitation, (B) male 

genital inspection, (C) male grooming, (D) masturbation, (E) male following 

adult female, and (F) mating.  
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Figure 3.7 Receptivity or copulation behavior. Male mounts the female with intromission 

and pelvic thrust resulting in ejaculation. Sperm plug can usually be seen at 

the vagina of the female. 
 

4. Birth observation         

 The numbers of newborn were counted in every month for 12 months (January – 

December 2018) from all females in each population, and the pictures of both newborn 

and his/her mother was taken for a record to prevent the newborn recounting. 

Identification of the newborn was relied on the pink facial skin and blackish pelage 

color. Pelage color is generally similar among adult, subadult, and juvenile males and 

females (Fooden, 1995; Hamada et al., 1988; Harrison et al., 2006). The pelage color of 

the infant is changed to be that of the older ages at 2 to 3 months of age, and the 

progression to adult pelage is complete by 1-year-old (Fooden, 1995; Rowe, 1996).  

 

 

  Sperm plug  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 32 

5. Assessment of sex skin swelling and reddening and data collection  

 Focal female monkeys were followed and photographed using a digital camera 

(Canon EOS 700D, lens EF-S18-55mm, Japan) in every month for 12 months (January – 

December 2018) during sexual behavior observation. The photographs were taken in 

the distance of at least three meters from the monkeys in an avoidance to the 

disturbance of their daily activities. To lessen the effect of the different reflection of the 

sunlight, animals should not be under the shade during photographed. As it was 

reported that long-tailed macaques exhibited a sex skin reddening at the narrow area of 

subcaudal to inguinal regions, while sex skin swelling is conspicuous at the base of the 

tail (Engelhardt et al., 2005), and rhesus macaques had large areas of sex skin 

reddening around hindquarter including anogenital area, legs and thighs without 

swelling (Dixon, 1998; Dubuc et al., 2009), the scoring system of sex skin swelling and 

reddening in this study was integrated between two macaque species. Scoring of sex 

skin swelling at the base of the tail was followed Engelhart et al. (2015) with slight 

modification; scoring ranging from 0 to 4 as follows; 0 : no swelling at the base of the 

tail, 1: slight swelling at the base of the tail, 2: protuberant swelling at the base of the tail, 

3: protuberant swelling and small lateral lumps at the base of the tail can be detected, 

and 4: protuberant swelling and large lateral lumps at the base of the tail can be 

detected (see Figure 3.8). Scoring of sex skin reddening was modified from   

Jadejaroen et al. (2015). The scoring of sex skin reddening ranged from 0 to 4 as 

follows; 0: no reddening is detected; 1: reddening area is between ischial callosity 

and/or at the base of the tail; 2: reddening area of (1) plus the inguinal part; 3: 

reddening area of (2) plus the hindquarter area (or outside the ischial callosity); and 4: 

reddening area of (3) plus the thigh (see Figure 3.9).  
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Figure 3.8 Sex skin swelling at the base of the tail, from Level 1 to 4 

 

 

 
 
 
 
 
 
 
 
 
 

Figure 3.9 Sex skin reddening from Level 1 to 4 
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6. Saliva collection and salivary hormonal analysis     

6.1 Rope bait method for saliva collection     

 According to the previous plan, the sex steroid hormone (estradiol) levels were 

proposed to analyze from the fecal samples and to support the sexual behavioral data, 

but collection of the fecal samples from each monkey individual in the natural habitat 

during observation period of January – December 2018 were implausible. This is 

because researcher must patiently follow the targeted monkeys until they defecate 

which is time-consuming (Toyoda et al., 2020), thus determination of estradiol levels in 

saliva was considered for this study. Saliva was collected using non-invasive rope bait 

method which was slightly modified from that of Toyoda et al. (2020). The 2-mm 

diameter polyester ropes (Takagi Corporation, Kagawa, Japan) were cut into 6 cm long. 

When used as bait, the ropes were soaked in 20% sugary water (70 g of cane sugar 

dissolved in 350 ml of distilled water) for 30 min and dried at 120๐C for 2 hours.   

6.2 Saliva collection         

 To stimulate a monkey’s attraction, the rope was wrapped with corn seed (Figure 

3.10A) and dipped into honey (Thai Royal Chitralada Honey, Thailand) at the tip 

(approximately 2-cm long) of the rope. Ropes were scattered on the open ground when 

the focal monkeys appeared. After a targeted monkey picked up the rope, chewed 

(longer than 10 sec) (see Figure 3.10B) and discarded, the rope was quickly collected 

and stored in 8 ml of 95% ethanol of 5-ml tube size. The tube containing rope was kept 

in -20๐C when the researcher returned back to the laboratory until analyzed. Saliva 

samples were collected every month from January to December, 2018 while the 

researcher followed the animals. 
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6.3 Hormone assays        

 Since the commercial kits for estradiol assay available in the market was for 

plasma or serum samples, not for saliva, the assay needs to be validated. Thus, the 

blood plasma and rope-bait-saliva were collected from the same individuals of six 

female long-tailed macaques at the National Primate Research Center of Thailand 

during the time of semiannual health check of the animals. For the preparation of the 

saliva samples, frozen samples (ropes and 95% ethanol) were thawed at room 

temperature for 1 hour, mixed by rotating shaker (40R/min) for 30 min and centrifuged at 

3000 x g at 4๐C for 20 min. The mucus, corn, soil and small leaves were precipitated at 

the bottom of the tube. The 5 ml of supernatant was pipetted into the new 12-ml tube, 

evaporated at 60๐C in bioshaker (180R/min) until the volume was decreased to 1 ml, 

and then 2 ml of ether were added and vortexed for 2 min. After that, the tube containing 

3 ml of sample (saliva mixed in ether) was submersed into 95% ethanol solution with the 

chip of dry ice until the saliva sample was frozen and separated from ether. Ether 

solution was poured into a new 12-ml tube, evaporated in water bath shaker at 60๐C 

until completely dry, and added 250 l of PBS solution (pH 7.2) (Figure 3.11). Plasma 

and extracted saliva samples (50 microliters each) from the same monkey was assayed 

for estradiol levels using Monkey Estradiol (E2) ELISA Kit (no. CSB-E16426Mk, Cusabio, 

Hubei, China). Detection range was 40-1000 pg/ml and intra and inter-assay coefficient 

of variation (%CV) were <15%.  
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Figure 3.10 Rope bait wrapped with corn seed (A). Focal monkey picked up and 

chewed the rope bait (B).  
 

 

Figure 3.11 The procedure of validation of salivary estradiol assay in comparison with 

that of plasma sample.     

  

A B 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 37 

7. Physical data collection       

 Average monthly values of temperature, rainfall, relative humidity and 

photoperiod were retrieved from Thai Meteorological Department. The distance from 

WHM to Pichit Agromet Meteorological Station was approximately 31 kilometers, and 

from KN/KTK to Songkhla Meteorological Station and Khohong Agromet Meteorological 

Station (for photoperiod data) were 3.6 and 36 kilometers, respectively.   

 

8. Data presentation and statistical analyses      

 For individual data presentation, frequency of the proceptivity, attractivity and 

receptivity behaviors of each female in each month was calculated as frequency per 

hour of observation time, and 12 months of data collection was shown. For population 

data presentation, frequency of the sexual behaviors, sex skin scores and physical data 

in each month were averaged values from 10 animals in each population and presented 

as mean  SE for 12 months. Mann-Whitney U test was used to determine the significant 

difference between two populations of three sexual behaviors, sex skin score, and 

physical data. Correlation between three sexual behaviors, between sexual behaviors 

and sex skin scores or physical data were analyzed by Spearman correlation test. 

Statistic tests were conducted with SPSS software program version 22 for Windows and 

a significant level was set at p<0.05.  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER IV 

 RESULTS 

 
1. Sexual behaviors          

 From the behavioral observation of totally 2,016 hours, from January to 

December 2018, 20 focal female macaques at WHM and KN/KTK showed sexual 

behaviors of proceptivity (female solicitation, affiliative behavior, contact behavior, and 

female following adult male), attractivity (male solicitation, male genital inspection, male 

grooming, masturbation, male following adult female, and mating) and receptivity in the 

similar pattern, that is, the behaviors were observed throughout the year (the individual 

data of each P, A, and R behavior were shown in the Appendix). Female macaques at 

WHM showed the scattering of three sexual behaviors (P, A, and R) throughout the year 

and the patterns were similar among 10 animals (Figure 4.1). As a matter of fact, the 

correlation between the average frequencies of P, A and R behaviors of all females were 

significant (r-value: between P and A = 0.872, between P and R = 0.834, and between A 

and R = 0.799; p< 0.01). The frequencies of sexual behaviors were high at the end and 

the early of the year (November and March; surge period), which were highest in 

January, and low in the remaining months of the year (April – October; non-surge 

period) (Figure 4.3). If the data within surge period and within non-surge period of P, A, 

and R behaviors were pooled and compared, the statistically significant differences 

were detected (P: p = 0.018; A: p = 0.003; R: p = 0.030) (Figure 4.5) .  

 For KN/KTK population, the 10 female macaques also had similar patterns of 

three sexual behaviors throughout the year as seen in the WHM population (except the 

female No. 8 that was lost from the observation since May) (Figure 4.2). The correlation 
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between average frequencies of P, A and R behaviors of all females were significant (r-

value: between P and A = 0.895, between P and R = 0.918, between A and R = 0.826; p 

< 0.01). The frequencies of sexual behaviors were high at the end and the early of the 

year (December and April; surge period), which were highest in March, and low in the 

remaining months of the year (May – November; non-surge period) (Figure 4.4). If the 

data within surge period and within non-surge period of P, A, and R behaviors were 

pooled and compared, the statistically significant differences were detected (P: p = 

0.003; A: p = 0.003; R: p = 0.018) (Figure 4.6).     

 Although averaged frequency of P, A, and R between individuals of the WHM 

and KN/KTK population were not statistically significant differences, if the months with 

the highest three sexual behaviors were analyzed, the significant differences can be 

detected in high ranking females. In WHM population, the high ranking female Nos.6 

and10 showed higher frequencies of the three sexual behaviors than other females 

which were peaked in January. In KN/KTK population, high ranking female Nos. 3 and 

10 showed the peaks of behaviors in January and March.    

 Some males at WHM population ate sperm that attached at the tip of his penis. 

One male at KN/KTK population used his finger and branch for masturbating and 

sometimes scraped his penis by hand until his penis becomes erected in front of the 

females. For copulation (receptivity), only some females called (cue of female 

reproductive status in macaques) during copulation. Besides, female reaching back 

during copulation has appeared only in some females in both populations. 
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Figure 4.1 Proceptivity, attractivity, and receptivity behaviors of 10 female long-tailed 

macaques in WHM population. Nos 1, 6, 8 and 10 were high ranking 

females. 
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Figure 4.2 Proceptivity, attractivity, and receptivity behaviors of 10 female long-tailed 

macaques in KN/KTK population. Nos 3, 4, 9 and 10 were high ranking 

females.  
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Figure 4.3 Average frequency of sexual behaviors (proceptivity, attractivity, and 

receptivity) of female monkeys in WHM population 

 

 

Figure 4.4 Average frequency of sexual behaviors (proceptivity, attractivity, and 
receptivity) of female monkeys in KN/KTK population 
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Figure 4.5 Average frequency of sexual behaviors (proceptivity, attractivity, and 

receptivity) between surge period (November-March) and non-surge period 

(April-October) of WHM population. * and ** represents p<0.05 and p<0.01, 

respectively. 

 

 

Figure 4.6 Average frequency of sexual behaviors (proceptivity, attractivity, and 

receptivity) between surge period (December-April) and non-surge period 

(May-November) of KN/KTK population. * and ** represents p<0.05 and 

p<0.01, respectively. 
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2. Birth observation         

 For WHM population, birth was not observed every month within the observation 

period (only from April to December). One female gave births of twin in April which is the 

month with the highest birth in this population (44.4%) (Figure 4.7). Based on the 

reproductive seasonality classification system of van Schaik and colleagues (1999), the 

percentage of births concentrated in a three-month period were calculated. In three-

month period between April-June, 56% of births (5 births out of 9) were observed in the 

WHM population. Contrarily, in the KN/KTK population, births occurred every month 

throughout the year, except in March and April. Birth surge in a three-month period in 

this population was between June-August (15 out of 29 births or 52%) and highest in 

July (20.69%) (Figure 4.7). This indicates that the WHM population had a narrower birth 

peak than the KN/KTK population.  

 

 

Figure 4.7 Percentage of births of the WHM and KN/KTK population 
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3. Sex skin swelling and reddening       

 Sex skin swelling score of each female in WHM and KN/KTK population was 

fluctuated throughout the year and the surge was not clear, thus the data of all females 

in each population were pooled (Figure 4.8). After the data were pooled, it was found 

that the average score of sex skin swelling of WHM population was lower than 1 in every 

month from January-December (Figure 4.8), and the KN/KTK was higher than 1 in every 

month, except October that it was 0.78 (Figure 4.8). Similar to that of sex skin swelling, 

each female macaque in both WHM and KN/KTK population was not detected any 

significant changes of sex skin reddening score from January-December, however, the 

value of the reddening score of female macaques in the WHM population was mostly at 

score 3 (Figure 4.9 and 4.10A; 60%, 20% and 10% for score 3, 2, and 1/4), while the 

females in KN/KTK population were mostly at score 2 (Figure 4.9 and 4.10B).  

 Neither the averaged sex skin swelling score nor the averaged sex skin 

reddening score showed a statistically significant difference between surge and non-

surge period in both populations (data not shown), the 12-month data of all 10 monkeys 

in each population were pooled and compared between two populations. The significant 

differences of sex skin swelling and reddening between populations were detected. The 

average score of sex skin swelling in the WHM population (0.700.48) was significantly 

lower than the KN/KTK population (1.500.85; p<0.05) (Figure 4.11). Contrarily, the 

average score of sex skin reddening of the WHM population (2.700.82) was 

significantly higher than the KN/KTK population (2.000.00; p<0.01) (Figure 4.11). By 

combining the data of sex skin swelling and reddening together, it indicates that the 

WHM females who carried 50% of genetic admixture of rhesus ancestry had a smaller 

sex skin swelling at the base of the tail but larger sex skin reddening area than the 

KN/KTK females who gained only 15% of genetic admixture of rhesus ancestry. 
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 As the values of sex skin swelling and reddening were consistent throughout the 

year in both populations, no significant correlation between averaged frequencies of P, 

A and R behaviors and averaged scores of sex skin swelling (p-values between P, A 

and R behaviors and sex skin swelling score were 0.481, 0.947 and 0.474 for WHM 

populations and 0.687, 0.820 and 0.766 for KN/KTK population) and reddening were 

detected (p-value between P, A and R behaviors and sex skin reddening could not be 

calculated). 
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Figure 4.8 Averaged score of sex skin swelling of all females in the WHM and KN/KTK 

population. 

 

 

Figure 4.9 Averaged score of sex skin reddening of all females in the WHM and KN/KTK 

population.  
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Figure 4.10 Representative photos of patterns of sex skin reddening (score 3) of WHM 

female (A), and sex skin reddening (score 1) and swelling at the base of the 

tail (score 3) of KN/KTK female (B). Arrow indicates sperm plug. 

 

 

Figure 4.11 Average score of sex skin swelling and reddening of the WHM and KN/KTK 

population. * and ** represents p<0.05 and 0.01, comparing between two 

populations. 
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4. Saliva collection and salivary estradiol analysis    

 Although as many as 176 salivary samples were collected from 20 monkeys (96 

samples for WHM population and 80 samples for KN/KTK population) during the study 

period, but not all monkeys could be collected the saliva samples in all 12 consecutive 

months. For example, Monkey Nos. 1 and No. 3 in the WHM population and No. 2 in the 

KN/KTK population could be collected the saliva only in 11 months. Female No.2 in the 

WHM population and Nos.4 and 8 in the KN/KTK population did not pick up the rope 

bait during 12-month period. Two females (Nos.9 and 10) in the KN/KTK population 

picked up the rope bait, ate the corn, but did not chew the rope, and female No.10 did 

not pick up the rope bait from May onwards (Table 4.1; Table 4.2).    

 Following the salivary estradiol assay validation, the result showed that the levels 

of estradiol in extracted saliva and plasma were not correlated, and thus the 

measurement of salivary estradiol levels could not be continued. There were several 

factors that might interfere with the reaction such as honey and corn which might affect 

an optical density (OD) reading and estradiol levels in saliva was too low under the 

detection limit of the kit (0.3 pg/ml; Lubinsky, 2013).  
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Table 4.1 Number of salivary samples collected from each WHM female. *monkeys 

picked up the rope bait, ate corn, but not chewed the rope. #monkey did not 

pick up the rope bait. 
 

 J   Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total 
1. Gorilla 3 3 0* 2 1 1 3 2 1 1 1 1 19 

2. Hang 0# 0# 0# 0# 0# 0# 0# 0# 0# 0# 0# 0# 0 

3. Jaime 2 2 2 3 2 3 2 2 1 0* 2 1 22 

4. Leam 1 0* 0* 1 1 0* 0* 0* 0* 0* 0* 0* 3 

5. Mhob 3 0# 0* 0* 2 0# 0* 0* 0* 0* 0* 0* 5 

6. Red 3 2 2 1 1 0* 1 0* 0# 0# 0# 1 11 

7. Rhino 0* 0* 0* 0* 0* 0* 0* 0* 1 0* 1 0* 2 

8. Tarly 2 3 1 0* 0* 0* 1 2 0* 1 2 1 13 

9. TH 2 2 3 0* 0* 1 0# 0# 0# 0* 0* 0* 8 

10. Yib 2 0# 0* 3 3 2 0* 1 1 0* 0* 1 13 

Total 18 12 8 10 10 7 7 7 4 2 5 5 96 
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Table 4.2 Number of salivary samples collected from each KN/KTK female. *monkeys 

picked up the rope bait, ate corn, but not chewed the rope. #monkey did not 

pick up the rope bait. Female No.8 was lost from the observation since May. 
 

    J   Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total 
1. Bob 5 3 0* 2 2 0* 2 0* 2 2 2 1 21 

2.Caesar 2 2 3 1 1 2 0* 1 1 3 2 1 19 

3.Dragon 0* 2 4 1 2 0* 1 1 2 1 1 1 16 

4. Fu 0# 0# 0# 0# 0# 0# 0# 0# 0# 0# 0# 0# 0 

5. Jam 1 1 2 1 0# 0* 1 1 1 1 0* 0* 9 

6. Lord 1 3 2 0* 1 1 2 0* 1 0* 2 1 14 

7. Milk 0* 0* 1 0* 0* 0* 0* 0* 0* 0* 0* 0* 1 

8. Pang 0# 0# 0# 0# - - - - - - - - 0 

9. Raven 0* 0* 0* 0* 0* 0* 0* 0* 0* 0* 0* 0* 0 

10.TK 0* 0* 0* 0* 0# 0# 0# 0# 0# 0# 0# 0# 0 

Total 9 11 12 5 6 3 6 3 7 7 7 4 80 
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5. Physical data          

 The physical data of temperature, rainfall, humidity and photoperiod were 

accessed from the Meteorological Station during January – December 2018. The values 

were fluctuated throughout the year and not significantly different between two 

populations. However, rain fall in the KN/KTK was higher than the WHM at the end of the 

year (October – December) (Figure 4.12). Monthly rainfall ranged from 0 to 230.2 mm 

(meanSE = 87.983.4 mm; totally 1,054.4 mm) for WHM and from 1.40 to 456.6 mm 

(meanSE = 165.8139.5 mm; totally 1,989.7 mm) for KN/KTK. Monthly photoperiod 

ranged from 3.69 to 8.47 hour (meanSE = 7.031.76 hour) for WHM and from 4.0 to 9.4 

hour (meanSE = 5.901.75 hour) for KN/KTK. Monthly temperature ranged from 26.1 to 

29.5๐C (meanSE = 28.11.1๐C) and from 26.8 to 29.2๐C (meanSE = 28.00.7๐C) for 

WHM and KN/KTK, respectively. Monthly relative humidity ranged from 72 to 83% 

(meanSE =773%) for WHM and from 74 to 85% % (meanSE = 80.33%) for KN/KTK 

(Table 4.3). Significant correlations of physical data and sexual behaviors were detected 

only for the WHM population as follows; rainfall and P behavior (r = -0.690, p < 0.05), 

rainfall and A behavior (r = -0.867, p < 0.01), temperature and A behavior (r = -0.595, p 

< 0.05) and temperature and R behavior (r = -0.737, p < 0.01). The association between 

the number of newborns and the rainfall was also observed that the number of newborns 

tended to be high before the peak period of the rainfall in both WHM and KN/KTK 

population (Figure 4.13). 
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Table 4.3 Ranged (mean SE) monthly temperature (๐C), rainfall (mm), relative humidity 

(%) and photoperiod (hour) at WHM and KN/KTK from January to December 

2018 (Source: Thai Meteorological Department) 

 

    WHM      KN/KTK 

Temperature 26.1 - 29.5 ๐C (28.11.1๐C) 26.8 - 29.2๐C (28.00.7๐C) 

Rainfall 0 - 230.2 mm (87.983.4 mm) 1.40 - 456.6 mm (165.8139.5 mm) 

Relative humidity 72 - 83% (773%) 74 - 85% (80.33%) 

Photoperiod 3.69 - 8.47 hour (7.031.76) 4.0 - 9.4 hour (5.901.75 hour) 
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Figure 4.12 Average monthly temperature (๐C), rainfall (mm), relative humidity (%) and 

photoperiod (hour) at WHM and KN/KTK from January to December 2018. 

Gray box indicates the period of the higher rainfall in the KN/KTK than the 

WHM population  (Source: Thai Meteorological Department). 
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Figure 4.13 Monthly rainfall (mm) and number of newborns from January to December 

2018 of the WHM and KN/KTK population  
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CHAPTER V  

GENERAL DISCUSSION AND CONCLUSION 

                                                                                                                              

Long-tailed macaques are the most encountered species among 17 non-human 

primates in Thailand (Grove, 2001; Malaivijitnond and Hamada, 2008; Malaivijitnond et 

al., 2012). They live closely with rhesus macaques at 15 - 21N, which was proposed as 

a hybrid zone, and a hybridization between the two species was confirmed by 

morphological characteristics (Hamada et al., 2016), ABO blood group (Kanthaswamy 

et al., 2017; Malaivijitnond et al., 2008) and various genetic markers including mtDNA, Y-

chromosome, nuclear DNA, microsatellite DNA and SNPs (Tosi et al., 2002; Street et al., 

2007; Kanthaswamy et al., 2008; Bonhomme et al., 2009; Stevison and Kohn, 2009; 

Osada et al., 2010; Bunlungsup et al., 2017a; 2017b), however, no reports on 

reproductive pattern in hybrid populations were found. Reproduction is essential for the 

existing of the species, thus understanding the influence of hybridization on sexual 

behaviors, fecundity (or birth) and physiological signs of ovulation timing (or sex skin 

swelling and reddening) in hybrid macaques is important. Because rhesus and long-

tailed macaques are the two most species commonly used for biomedical research, 

thus, knowledge on the reproduction and fecundity of the species that carry different 

levels of genetic admixture of another species will help to improve the breeding program 

of the primate centers.        

 Regarding the recent study of Bunlungsup et al. (2017b), long-tailed macaques 

originating at WHM (1651′N; Indochinese region) and at KN/KTK (712′N; Sundaic 

region) carried different levels (50% and 15%, respectively) of genetic admixture of 

rhesus ancestry, analyzed by autosomal SNPs, thus these two populations should be 
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good representatives of the Indochinese and Sundaic long-tailed macaque populations 

to study sexual behaviors and fecundity. 

  

1. Sexual behaviors and birth        

 In this study, mounting by the females (P behavior) and masturbation by males                

(A behavior) were rarely seen; it was observed a few times in January (a highest month 

of sexual behavior performed) in the WHM population. This was in line with the previous 

report in Japanese macaques (M. fuscata) that the masturbation was high in mating 

season and mostly occurred in low-ranking males (Ruth and Soltis, 2004). In consistent 

with the previous study in long-tailed macaques species that copulation calls occurred 

equally in copulations with and without ejaculation (Nikitopoulos et al., 2004). Although 

the sperm plug was the important clue to confirm successful copulation, it was difficult 

to see in free-ranging macaques. Thus, sperm plug was not always visible to the 

observer during focal animal following, and some female macaques ran away 

immediately from their partners after the complete copulation. Some other factors 

affected the sperm plug visibility were depth of reproductive tract (Danzy et al., 2009), 

the volume of seminal fluid which was usually high amount in mating season in male 

rhesus macaques (Zamboni et al., 1974; Settlage and Hendrickx., 1974), and some 

females took the sperm plug on their vagina or ate. The sexual behavior that was 

observed often was female solicitation, male genital inspection, and then mating. Noting 

that long-tailed macaques in this study were aggressive during the peak period of 

sexual behaviors which led to the difficulty on behavioral observation. 

 Although both WHM and KN/KTK populations showed three sexual behaviors of 

proceptivity, attractivity and receptivity throughout the year, the different peak periods 
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were detected between populations; the peak period of the WHM population (November 

– March) was approximately one-month earlier than the KN/KTK population (December – 

April). Following the period of receptive behavior (or copulation), the birth peaks that 

occurred in April - July (for WHM population) and June - September (for KN/KTK 

population) were associated with a 24-week gestation period in long-tailed macaques 

(Fooden, 1995). The birth peaks of Thai long-tailed macaques aligned with that of long-

tailed macaques housed in the primate breeding facility located near Kula Lumpur, 

Malaysia where births occurred throughout the year and peaked during May – August 

(Kavanagh and Laursen, 1982). Although the birth patterns were in line with that of 

sexual behaviors which were scattering throughout the year in both populations, the 

fecundity rate was different between two populations. The KN/KTK population that lived 

in Sundaic region had a higher fecundity rate than the WHM population who lived in 

Indochinese region (29 newborns counted for KN/KTK and 9 newborns for WHM during 

January – December 2018). van Schaik and colleges (1999) classified the reproductive 

seasonality in primates into three groups based on birth count with a three-month 

period, that is, >67% of births is a strictly seasonal breeder, 33-67% is a moderately 

seasonal breeder, and <33% is non-seasonal breeder. The difference between 

moderately and strictly seasonal breeders is that when the moderately seasonal 

breeders are housed in captivity at temperate latitudes they lose their seasonality, but 

the strictly seasonal breeders keep retaining their high seasonality despite abundance 

of foods. Following the classification of van Schaik and colleges (1999), both WHM (56% 

of births between April-June) and KN/KTK (52% of births between June-August) long-

tailed macaques were fallen into the classification of moderately seasonal breeders. This 

finding is discorded with many previous studies concluding that long-tailed macaques 

are non-seasonal breeder (Hobbs et al., 1987; Tardif et al., 2012). Recently, Trebouet et 
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al. (2020) analyzed the effects of environment (ecological hypothesis; (Janson and 

Verdolin 2005)) and genetics (phylogenetic inertia hypothesis; (Hansen and Orzack 

2005)) on reproductive seasonality in 13 out of 23 existing species of macaques (Groves 

2001; Roos and Zinner 2015; Fan et al. 2017). They suggested that a species latitudinal 

location with different environment had strong influenced on reproductive seasonality. 

Their analysis also indicated that the reproductive seasonality in macaques did not 

entirely follow the phylogenetic inertia hypothesis, because some macaques within the 

same genetic clade based on mitochondrial genome analysis (Evans et al. 2020) 

showed large variation of birth seasonality from non-seasonal to moderately seasonal 

breeding (25%< births count <56%). This agrees with the previous studies on the 

reproduction of Old World Monkeys (Tardif et al., 2011; 2012) denoting that the degree 

of seasonality in Old World Monkeys is highly variable and not related to phylogeny. 

Thus, it is not surprise here that WHM and KN/KTK macaques who carried different 

levels of genetic admixture of rhesus ancestry as large as 35% showed a similar pattern 

of moderately seasonal breeding.        

 The slightly shifted peak of sexual behaviors and births between the two 

populations may cause by the different environmental factors. Although the latitudinal 

locations between these two populations were only 9 degrees apart, they belong to 

different zoogeographical regions; Indochina and Sunda. In many primate species, 

environmental factors, such as climate conditions and food availability (van Schaik and 

van Noordwijk, 1985) are associated with reproductive seasonality and birth peak. The 

result in this study is in line with the previous report denoting that long-tailed macaques 

in Peninsular Malaysia which located near a species’ southernmost geographic range 

may give birth any time of years depending on vegetation phenology. Macaques 

inhabiting different locations that had different timings of food abundance presented 
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different timings of birth peak (Kavanagh and Laursen, 1982). A birth window can be 

wider according to the optimal timing of resource availability (Wilson and Mittermeier, 

2009; Stein and Hayssen, 2013). Ridley (1986) also hypothesized that primate species 

who lived in multimale-multifemale group with a higher proportion of operational sex ratio 

showed the short birth season, however the sex ratio in WHM (1 male : 3.7 females) and 

KN/KTK (1 male : 3.4 females) populations were low which should not affect the birth 

season.   

 

2. Sex skin swelling and reddening      

 Although rhesus and long-tailed macaques lived in multimale-multifemale group, 

females of these two species transmitted different visual signals of periovulatory period 

to the males. In rhesus macaques, there are a plexus of large, thin-walled blood vessel 

below the epidermis around sex skin (Collings, 2005), thus, sex skin reddening covered 

a large area (Dixon, 1998). Sex skin reddening in rhesus macaques indicated the start 

of the mating season (Fooden, 2000). In long-tailed macaques, the sex skin was swollen 

at the base of the tail with a narrow area of reddening which indicated the ovulation time 

(Fooden, 1995; Engelhart et al., 2015). In this study, the WHM female long-tailed 

macaques who carried 50% of genetic admixture of rhesus ancestry had a smaller sex 

skin swelling at the base of the tail, but larger sex skin reddening area, than the KN/KTK 

females who gained only 15% of genetic admixture of rhesus ancestry. Changes of sex 

skin in the WHM long-tailed macaques were somewhat intervened by that of rhesus 

macaques’ pattern, while that of the KN/KTK population was inclined to the long-tailed 

macaques. This finding confirms the previous study reporting that Indochinese long-

tailed macaques less developed the swelling at the base of the tail, only Level 1 or 2, 
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comparing to the Sundaic ones which were mostly at Level 4 (Malaivijitnond et al., 

2007a). In regard to the scenario of hybridization between long-tailed and rhesus 

macaques (Tosi et al., 2002; Street et al., 2007; Kanthaswamy et al., 2008; Bonhomme 

et al., 2009; Stevison and Kohn, 2009; Osada et al., 2010; Bunlungsup et al., 2017a; 

2017b) was that the male rhesus macaques introgressed into and mated with females of 

long-tailed populations (Tosi et al., 2002; Bunlungsup et al., 2017a). These results 

indicate that the autosomal SNPs genetic admixture of rhesus ancestry had an effect on 

physiological signs of ovulation timing (sex skin swelling and reddening) of female long-

tailed macaques.         

 Although the peak periods of sexual behaviors of the WHM population 

(November – March) and the KN/KTK population (December – April) were detected, the 

scores of sex skin swelling and reddening area were consistent throughout the year in 

both populations. Thus, no correlation between behaviors and changes of sex skin was 

detected. This finding confirms previous study reporting that sex skin swelling was an 

unreliable indicator for the fertile phase in long-tailed macaques, but sexual behavior 

reliably indicated the timing of fertile phase (Engelhardt et al., 2005), thus the period of 

birth peaks of long-tailed macaques in this study was still followed the peak periods of 

sexual behaviors. Another possibility is that female long-tailed macaques might use sex 

pheromones, potential olfactory clues, to signal the fertile phase to male long-tailed 

macaques (Goldfoot et al., 1978; Michael and Keverne, 1968, 1970; Michael et al., 

1971).   
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3. Saliva collection and salivary estradiol assay    

 Although the method developed in this study was not successful for salivary 

estradiol assay, it could give some clues for future studies as follows;  

1. As mentioned earlier that the method of saliva collection was modified from that 

of Toyoda and his colleagues (2020) which was conducted in stump-tailed 

macaques (M. arctoides), because stump-tailed macaques were heavier, the 

size of the rope bait used for long-tailed macaques should be smaller than that 

for stump-tailed macaques; 6 mm in diameter and 10 cm long for stump-tailed 

macaques and 2 mm in diameter and 6 cm long for long-tailed macaques.  

2. The dried sugary rope bait was hard and difficult to be chewed, it should be 

crushed before being scattered on the ground. 

3. To bait the rope to the monkeys, it is important to notice the rank of the monkeys 

before experimenting. Usually, the high-ranking female picked up the rope 

before the low-ranking female and sometimes the discarded rope was re-picked 

and chewed by low-ranking female. 

4. Infant sometimes took the chewed rope from the mouth of his/her mother. 

5. During a peak period of sexual behaviors, animals were very aggressive, and 

difficult to collect the chewed rope. 

6. The researcher should train the targeted monkeys to learn about the rope bait 

(with corn and honey), after they learned to recognize the bait, the corn and 

honey can be omitted afterwards.  

7. To collect the saliva, it should be performed in the morning, this is to eliminate 

the interference of feeding. 

8. The duration of rope-chewing should be recorded.  
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9. This rope bait method may not be suitable for non-habituated monkeys. 

10. After five months of the rope bait method was initiated, the number of salivary 

samples collected was decreased, researcher should create the new bait then.  

11. Because in the present study, the chewed rope was directly immersed in 95% 

ethanol, without measuring the volume of the saliva, thus it is recommended to 

separate saliva from the rope, measure the volume and record before hormonal 

analysis in the laboratory. 

 

4. Hybridization between rhesus and long-tailed macaques and genetic analyses 

 Recently, Ito et al. (2020) used a very sensitive marker, a double-digest 

restriction site-associated DNA sequencing (or ddRAD), to draw the scenario of the 

hybridization between rhesus and long-tailed macaques. They reported that some 

rhesus macaque-biased alleles (especially on autosomal chromosomes) widely 

introgressed into long-tailed macaque populations, while some alleles (especially on X 

chromosomes) infected and concentrated around the hybrid zone of 15 – 21N. In 

agreement with the previous report using autosomal SNP makers (Bunlungsup et al., 

2017b) indicated that an introgression of the rhesus ancestry was far beyond the 

proposed hybrid zone and the rhesus gene flow to long-tail macaques (from north to 

south) declined gradually in proportion to the distance. All in all, it can signify that the 

autosomal genetic admixture of rhesus ancestry into long-tailed populations does not 

affect the reproductive seasonality (or sexual behaviors) of long-tailed macaques, but it 

can interfere their fecundity and pattern of changes of sex skin. Thus, the WHM female 

long-tailed macaques that carried 50% of rhesus genetic admixture showed similar 

patterns of sexual behaviors with that of the KN/KTK female long-tailed macaques who 
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carried only 15% of rhesus genetic, while the fecundity and sex skin reddening pattern 

of WHM females were more prone to that of rhesus macaques than the KN/KTK females.  

 

5. Conclusion          

 In conclusion and in reference to various genetic marker analyses (Tosi et al., 

2002; Street et al., 2007; Kanthaswamy et al., 2008; Bonhomme et al., 2009; Stevison 

and Kohn, 2009; Osada et al., 2010; Bunlungsup et al., 2017a; 2017b; Ito et al., 2020), 

the scenario of the hybridization between rhesus and long-tailed macaques in 

association with sexual behaviors (reproductive seasonality), births (fecundity) and 

changes of sex skin (physiological sign of ovulation) conducted in this study can be 

drawn as follows (see Figure 5.1 and 5.2); 

1. Hybridization between the two species was mainly led by the male dispersal 

of rhesus macaques introgressed into long-tailed macaque populations (the 

direction is from north to south). 

2. Male rhesus macaques who carried rhesus sex chromosomes (ArhArh-XrhYrh) 

hybridized with female long-tailed macaques who carried long-tailed sex 

chromosomes (AlnAln-XlnXln) and the two types of the hybrid offspring could 

plausibly be produced; AlnArh-XlnXrh female and AlnArh-XlnYrh male.  

3. Regarding the meiotic inactivation or heterochromatinization hypothesis 

(Jablonka and Lamb, 1990), the different region of the X chromosome 

between rhesus and long-tailed macaques that lacks of conformational or 

structural homology can cause the failure on the meiotic paring. Thus, the 

fertility of AlnArh-XlnXrh hybrid female was reduced and she could not pass the 

Xrh chromosome along another generation of long-tailed macaques (Xrh is 
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thus concentrated at the hybrid zone; Ito et al., 2020), while the AlnArh-XlnYrh 

male could propagate his genes to the next generations of long-tailed 

macaques (Yrh is thus passed the hybrid zone and terminated at the Isthmus 

of Kra, a zoogeographical barrier between Indochina and Sunda; Tosi et al., 

2002; Street et al., 2007; Bulungsup et al., 2017a). 

4. Since in multi-male and multi-female group of macaques, males left their 

natal group before sexual maturity (or male dispersal) while females lived 

permanently in the group (or female philopatry) and the hybridization 

between these two species was led by the introgression of male rhesus 

macaques (as stated in No.1), the rhesus gene flow was occurred from the 

north to the south of long-tailed population. Thus, the level of autosomal 

genetic admixture of rhesus ancestry (Arh) in long-tailed populations (Aln) was 

diluted in the distant that was far beyond the proposed hybrid zone (15 - 

21N) (Bunlungsup et al., 2017b). As a result of this propagation of the male 

rhesus macaques’ genetics, the WHM long-tailed population (Arh = 50%; Aln 

= 50%) carried higher genetic admixture of rhesus ancestry than the KN/KTK 

long-tailed population (Arh = 15%; Aln = 85%). 

5.  From the above mentioned Nos.3 and 4 combining with the results in this 

study that there were no differences in reproductive seasonality between 

WHM and KN/KTK macaques, while the fecundity and sex skin reddening of 

WHM females were more prone to rhesus macaques’ pattern than the 

KN/KTK females, it can propose that the reproductive seasonality is 

controlled by the X-linked gene and the latter two parameters are controlled 

by the autosomal chromosomes. 
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6. This study indicates that reproduction and its mechanism (including sexual 

behaviors, births, and changes of sex skin in this study) are complicated. It 

is not controlled by a single gene or a single type of gene and the effect of 

environment needs to be included. Thus, the interpretation of the effect of 

the different levels of autosomal genetic admixture of rhesus ancestry into 

WHM and KN/KTK long-tailed macaque populations is not straightforward as 

it was previously thought.   
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Figure 5.1 Scheme of gene flow and genetic admixture between rhesus and long-tailed 

macaques.  Before the hybridization event (left panel), rhesus and long-tailed 

macaques are separated and live closely at the 15-21N. After the 

hybridization event (right panel), male rhesus macaques introgressed into 

long-tailed population and hybridized with female long-tailed macaques. The 

level of autosomal genetic admixture of rhesus ancestry in long-tailed 

populations was diluted in the distant that is far beyond the proposed hybrid 

zone, thus the WHM population carries higher level of genetic admixture of 

rhesus ancestry (Arh = 50%) than the KN/KTK population (Arh = 15%). X-linked 

genetic of rhesus macaques is infected and concentrated at the hybrid zone, 

while the Y-linked genetic of rhesus macaques is terminated at the Isthmus of 

Kra.  A, X, Y, rh and ln = autosome, X chromosome, Y chromosome, rhesus 

and long-tailed macaques, respectively.  
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Figure 5.2 In association with the autosomal genetic admixture event between rhesus 

and long-tailed macaques and the results of that there were no differences 

in reproductive seasonality between WHM and KN/KTK macaques, while the 

fecundity and sex skin reddening of WHM females were more prone to 

rhesus macaques’ pattern than the KN/KTK females, it can propose that the 

reproductive seasonality is controlled by the X-linked gene and the latter two 

parameters are controlled by the autosomal chromosomes. 
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Recommendations  

1. The future study on hybrid macaques that combines various factors such as 

genetic, behavior, morphology, environmental factors and hormonal analysis 

might give a better clue.  

2. Because this study was conducted at the population level, and each macaque 

individual may have different level of genetic admixture and behavioral 

background, thus the comparison at the individual level is recommended. 

Besides the comparison between two populations that live separately in a far 

distance is very difficult for a good data collection from both sites.  
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