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Abstract. Saputra AW, Yuda P. 2020. Low genetic diversity and no genetic differentiation between maleo hatched at coastal and inland 

nesting grounds in North Sulawesi, Indonesia. Biodiversitas 21: 4772-4777. Maleo Senkawor (Macrocephalon maleo), an endemic and 
endangered bird of Sulawesi (Indonesia), is burrow-nesting megapodes that incubate its eggs in communal nesting sites in soils heated by 
sun on beaches and by volcanic activity in inland. The aims of this study were to assess genetic diversity of the Maleo and examine whether 
those which have different nesting sites have become genetically differentiated. In total, 24 eggshell membranes of Maleo were collected 
from Tanjung Binerean (coastal nesting ground) and Tambun (inland nesting ground), and the DNA was extracted using silica spin-column 
kit. PCR was applied to amplify the hypervariable region 1 (HV1) and partial mtDNA control region of HV2 using a specific primer set 
designed for Maleo. The PCR products were sequenced, resulted in 612 bp, and showed 9 polymorphic sites and 9 haplotypes (H). Further 
sequences analysis suggested that there was no genetic differentiation between coastal nesting population and inland nesting population (Fst 
= 0.0009; P = 0.431). As expected, the genetic diversity of Maleo was relatively low (coastal nesting population, Hd: 0.727270, ℼ: 0.002377 

and inland nesting population Hd: 0.848480, ℼ: 0.002203). 
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INTRODUCTION 

Maleo (Macrocephalon maleo) is an endemic 

megapode (family Megapodiidae) of Sulawesi, Indonesia. 

Most megapodes build mounds of rooting leaves for their 
egg incubation. However, Maleo is the only megapode that 

burrows the eggs into soils both at volcanic heated soils 

and at sun-exposed beaches (Dekker and Brom 1992). The 

other megapodes which incubate their eggs at beaches are 

the Moluccan Scrubfowl (Eulipoa wallacei) (Harris et al. 

2014) and Philippine Scrubfowl (Megapodius cumingii) 

(Bashari et al. 2017). Meanwhile, Tongan Scrubfowl 

(Megapodius pritchardii) also incubates in geothermal sites 

(Harris et al. 2014).  

It was assumed that the incubation strategies in 

megapodes were correlated with their phylogeny. Burrow 
nesting megapode was believed to have derived from 

mound-building species, in which the latter represents the 

plesiomorphic condition in Galliformes (Dekker and Brom 

1992). Furthermore, burrow-nesting at sun-exposed 

beaches were believed to have evolved from burrow-

nesting in volcanic heated soils (Dekker and Brom 1992; 

Mayr 2017). This hypothesis was supported by previous 

biogeography analyses based on molecular dating (Harris 

et al. 2014). However, further analysis of Maleo which has 

two different incubation strategies were not included in the 

previous study. Do the different incubation strategies 

influence the population genetics of Maleo? Are they two 

different or separated populations?  

The genetic variation of small population was assumed 

to reduce (Fraser 2017; Linløkken 2018). Maleo was listed 
in IUCN’s Red List as endangered species, due to its small 

populations, severe fragmented, and continual rapid 

declines (BirdLife International 2020). Does Maleo also 

have low genetic variation? Based on nuclear DNA 

(rhodopsin RDP1) and mitochondrial DNA 

(dehydrogenase sub-unit2, ND2), previous studies revealed 

that Maleo has low genetic diversity (Budiarsa et al. 2009a; 

2009b). Their nucleotide diversity of ND2 was 0.01-0.02 

and 0.0037-0.013 of RDP1. However, the study was 

limited in samples, having only 3-4 samples in each of the 

four study sites, and there was no analysis on genetic 
differentiation among the four populations studied 

(Budiarsa et al. 2009a; 2009b). Thus, in this study, the 

researcher reported more samples and used mitochondrial 

DNA control region (mtDNA CR) or D-loop to assess 

whether the different nesting strategies in Maleo could 

cause genetic differentiation. mtDNA CR has been 

considered as standard for this kind of study due to its rapid 

mutation compared to other parts of mtDNA (Smith et al. 

2017; Song et al. 2017). The aims of this study were to 

assess the genetic variation of endangered Maleo in North 

Sulawesi and to explore the genetic differentiation between 
chicks of Maleo incubated in two different incubation 

strategies.
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MATERIALS AND METHODS 

Study area  

We used post-hatched egg-shell membranes of Maleo 

as DNA materials. They were collected from two different 

semi-natural hatcheries (captive housing in in-situ habitat) 

at two different nesting grounds at Tambun (Bogani Nani 

Wartabone National Park) and Tanjung Binerean, North 

Sulawesi, Indonesia. The first site is the representative of 

inland geothermal heated nesting grounds and the latter is a 

sun-heated sand beach-nesting ground (Figure 1). 

Procedures 

Genetic sampling  

We collected the post-hatched eggshells of Maleo in the 

soil/sand surface around or in the hole-nest. The cleanest 

membrane eggshells were selected, 12 samples were taken 

from different post-hatched eggs for each sampling site. 

Each sample was stored in silica gels inside a separate zip-

lock plastic bags. Sample collecting was conducted from 

4th April until 1st May 2018. In order to prevent the 

degradation of DNA, all samples were placed at -40℃ until 

DNA extraction was completed. 

DNA extraction  

DNA was isolated from post-hatched eggshell 

membranes using gSYNCTM DNA Extraction Kit 

(Genaid). Detailed DNA extraction protocol and its 

quantification were described in our previous work (Yuda 

and Saputra 2020). The average DNA concentration 

extracted from Tanjung Binerean: 213±179 ng/µL,) was 

significantly less than Tambun: 322±153 ng/µL, p=0.004). 
DNA visualization by agarose gel electrophoreses indicated 

some degradation. However, based on absorbance ratio 

quantification (using NanoVue Plus™, Biochrom, Harvard 

Bioscience, Inc), at A260 nm and 280 nm, the ratio of all 

samples ranged from 1.81 to 1.89. This result suggested 

good purity of DNA extracted from eggshell membrane 

samples. All samples were also successfully amplified for 

CHD genes to determine the sex of Maleo (Yuda and 

Saputra 2020). 

 

 

 

  
 
Figure 1. Location of sampling sites at Tambun and Tanjung Binerean nesting grounds, North Sulawesi, Indonesia. Source: Indonesia 
Topographic Map (www.tanahair.indonesia.go.id), Distribution Map of Maleo Nesting Ground. WCS-IP. 2018. 
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mtDNA amplification and sequencing 

We applied several primer sets designed for mtDNA-

CR of domestic chicken, which was L16750/ H547 (Lee et 

al. 2007); L16750/H1255 (Huang and Ke 2017), and 

L16750/CR1b (Zein and Sulandari 2012) to amplify the CR 

mtDNA of Maleo. Unfortunately, none of those primers 

sets successfully amplified the CR mtDNA of Maleo. For 

that reason, we designed a specific primer set for Maleo. 

We used the sequence of mtDNA to complete genome of 

closely related to megapode species, Alectura lathami 
(AY346091) (Slack et al. 2007), and applied a primer 

designer program Primer3Plus (https://primer3plus.com/ 

cgi-bin/dev/primer3plus.cgi) (Untergasser et al. 2012). The 

result was a specific primer set to amplify mtDNA CR of 

Maleo: MalCRa(f) (5’-TGG CTA CAC TCC AAG GAC 

TAT GGC T-3’) and MalCRa(r) (5’- CTG GAA GGG 

CAA TCT GTG AAG ACG G-3’). The primer set was 

expected to amplify ~600 bp of the mtDNA CR. 

The PCR was run in a 25 µL reaction, containing 1.7 

µL DNA template (30 ng/µL), 3.8 µL free DNAse H20, 

12.5 µL 2x PCR buffer KOD FX Neo, 5 µL dNTPs (2mM), 
0.75 µL 10 µM Primer MalCRa(f), 0.75 µL 10 µM Primer 

MalCRa(r), and 0.5 µL 1U/µL KOD FX (DNA 

Polymerase). PCR was performed using a Veriti™ 96-well 

thermal cycler (Applied Biosystems™), with the following 

cycles condition: Pre-denaturation 94oC, 2 minutes; 30× 

cycles of denaturation (98oC 10 sec), annealing (62oC, 30 

sec), extension 62oC, 45 sec: and final extension at 68oC, 7 

minutes. The PCR products (1 µL) were resolved on an 

agarose gel (0.8%), in TBE (0.5×) buffer, stained with 

Ethidium bromide (1%), 100 V for 20 minutes. The gel was 

then visualized on Gel Logic 200 Imaging System dan 
Kodak Molecular Imaging Software. Further sequencing 

reaction was applied for all good PCR products, using the 

services of 1stBASE Laboratories (Apical Scientific Sdn 

Bhd), both for forward and reverse primers. 

Data analysis 

We checked manually the quality of all DNA sequences 

on Chromas ver. 2.6.5 (Technelysium Pty Ltd). 

Furthermore, DNA sequences editing and alignment were 

performed on Bioedit version 7.0.5.3 (Hall 1999; Alzohairy 

2011). To confirm the sequence and to know the similarity, 

we used the database on BLAST online 

https://blast.ncbi.nlm.nih.gov/ (Zhang et al. 2000).  

In order to assess the genetic diversity of mtDNA CR of 

Maleo, we measured some parameters including nucleotide 

diversity (ℼ), number of polymorphic or segregating sites 

(S), haplotype number (h), and haplotype diversity (Hd). 

All parameters were assessed using DnaSP version 6.12.01 

(Rozas et al. 2017) and Arlequin ver. 3.5.2.2 (Excoffier and 

Lischer 2010). Other parameters revealed were haplotype 

identity, haplotype frequency, and nucleotide composition. 

To reveal the phylogenetic relationships among samples 

or haplotypes, we conducted haplotype network analysis 
based on Median-Joining Networks on PopART version 

1.7 (Leigh and Bryant 2015). Furthermore, we also 

measured fixation index (Fst) - the proportion of the total 

genetic variance in subpopulation relative to the total 

genetic variance, and analysis of molecular variance 

(AMOVA), in order to reveal the genetic divergence, and 

differentiation between the studied populations (Allendorf 

et al. 2013). Fst and AMOVA were performed in Arlequin 

ver. 3.5.2.2 (Excoffier and Lischer 2010), in 1000 times 

permutation.  

RESULTS AND DISCUSSION 

mtDNA control region of Maleo 

All 24 samples were successfully amplified using the 

primer set of MalCRa(f) and MalCRa(r) (Figure 1). The 

size of bands was about 600 bp, as expected, when it was 

designed on Primer3Plus (Untergasser et al. 2012). Further, 

sequencing reaction resulted in good mtDNA CR 

sequences of Maleo on the size of 612 bp. All of the 

sequences were deposited in the GenBank under accession 

numbers MT899445 to MT899468. Sequence similarity 

searching in GenBank database showed that the sequences 

resulting from this study have similarity with other 
Megapodes species: 94% with partial mtDNA CR of 

Megapodius freycinet (Crowe et al. 2006), 86%-88% 

partial mtDNA CR or mtDNA genome of Alectura lathami 

(Martins et al. 2014). The DNA sequences of Maleo 

revealed from this study were hypervariable region 1 

(HV1) or domain 1 and partial part of domain 2 of mtDNA 

CR of bird species (Huang et al. 2017; Zhang et al. 2017). 

The nucleotides composition consisted of T (28.4%); C 

(30.8%); A (24.7%); and G (16.2%). 

 

 

 
 
Figure 2. Visualization of electrophoresis gel of PCR products of Maleo’s mtDNA control region of in North Sulawesi, Indonesia 
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Genetic diversity and differentiation 

The analysis using 24 sequences of mtDNA CR of 

Maleo was collected from two different nesting grounds in 

North Sulawesi revealed relatively low genetic diversity of 

Maleo. The haplotype diversity (Hd) was 0.79, nucleotide 

diversity (ℼ) 0.002, and 9 segregating/polymorphic sites 

(S). Nine haplotypes were observed across all sequences, 

two haplotypes were found in both sites. Meanwhile, novel 

haplotypes were also found in both sites, respectively 4 

haplotypes in Tambun (inland nesting grounds) and three 

haplotypes in Tanjung Binerean (coastal nesting grounds 
(Tables 1 and 2). The polymorphic sites of each haplotype 

and its frequency are described in Tables 1 and 2. 

The species with small population size were expected to 

have low genetic diversity. Threatened species, including 

Critically Endangered (CR), Endangered (EN), and 

Vulnerable (VU), typically have small population sizes 

and/or declining populations (IUCN 2020). Hence, it was 

expected that threatened species experience low genetic 

diversity. Previous studies (Willoughby et al. 2015; 

Kleinhans and Willows-Munro 2019) agreed with this 

hypothesis, that endangered species have lower genetic 

diversity compared to their non-endangered close-relative 

species. The low genetic diversity of Maleo provided 

additional field evidence in accordance with the hypothesis. 

The results based on all samples revealed that genetic 

diversity of Maleo, both on haplotype diversity (Hd) and 

nucleotide diversity (ℼ) (respectively 0.7899 and 0.0023) 

was lower than other non-endangered species of 

Galliformes. The previous studies on non-endangered 

species reported the mtDNA CR genetic diversity was 

higher than genetic diversity of Maleo including Domestic 

chicken (Gallus gallus domesticus) (Phasianidae, Hd: 0.825 

and ℼ: 0.0060) (Zein and Sulandari 2012), Grey francolin 
(Francolinus pondicerianus interpositus) (Phasianidae, Hd: 

0.818 and ℼ: 0.308 ) (Khaliq et al. 2011), and Chinese 

bamboo partridge (Bambusicola thoracica thoracica) 

(Phasianidae, Hd: 0.942 and ℼ: 0.0052) (Huang et al. 

2010). Furthermore, compared to other endangered species, 

Maleo genetic diversity was relatively lower than Cabot’s 

tragopan Tragopan caboti (Phasianidae, Galliformes) (Hd: 

0.97 and ℼ: 0.0193) (Dong et al. 2010); Green peafowl 

(Pavo muticus) (ℼ: 0.043), but its haplotype diversity was 

relatively the same (Hd: 0.784) (Sawangtham and 

Wiwegweaw 2018). 

 

 

 
Table 1. Haplotypes and polymorphic sites founded in control region mtDNA of Maleo from North Sulawesi, Indonesia 
 

Haplotype 

Nucleotide site Sample per nesting ground 

175 225 239 248 254 376 538 604 609 Tambun 
Tanjung 

Binerean 
Total 

1 A A T C C C G C C 4 3 7 
2 G • • • • • • T • 2 0 2 
3 • • • • • • A • • 1 0 1 
4 • • • • • • • T • 3 6 9 
5 • • C • • • • T • 1 0 1 
6 • • • • • • • • T 1 0 1 
7 • • • T • • • • T 0 1 1 

8 • G • • • T • T • 0 1 1 
9 • • • • T T • T • 0 1 1 

 

 

 
Table 2. Genetic diversity of Maleo in two different nesting grounds in North Sulawesi, Indonesia 
 

Nesting ground n H 
Haplotype frequency 

Hd ℼ 
1 2 3 4 5 6 7 8 9 

Tambun (in land) 12 6 0.33 0.17 0.08 0.25 0.08 0.08 - - - 0.848 0.002 
Tanjung Binerean (coastal) 12 5 0.25 - - 0.50 - - 0.08 0.08 0.08 0.727 0.002 

Note: n: sample size; H: haplotype number; Hd: haplotype diversity; ℼ: nucleotide diversity 

 

 

 
Table 3. Analysis of molecular variance results for mtDNA control region of Maleo  
 

Source of variation d.f. Sum of squares Variance components Percentage of variance Fst P 

Among population 1 0.708 0.00063 0.09 0.0009 043011 
Within population 22 15..417 0..70076 99..91 

  
Total 23 16.125 0.70139 

   
Note: d.f.: degree of freedom (derajat kebebasan: dk) 
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Figure 3. Haplotype networks of mtDNA CR Maleo from 
Tambun and Tanjung Binerean North Sulawesi using median-
joining networks. H: Haplotype; color red and green indicate the 
origin of samples, red: Tambun; and green: Tanjung Binerean. 
The size of circle indicates the number of samples 
 

 

 

The haplotype network displayed a pattern in the spatial 
distribution of the genetic lineages of Maleo at Tambun 

and Tanjung Binerean (Figure 3). The network revealed 

that all haplotypes were still in one clade. Even though 

there were three novel haplotypes of Tanjung Binerean 

(H7, H8 and H9) and four novel haplotypes of Tambun 

(H2, H3, H5, and H6), they were only one or two site 

differences in the two main haplotypes (H1 and H5). In 

addition, the major haplotypes occurred in both study sites. 

This finding suggested that there is no population 

structuring between Maleo which hatched at coastal nesting 

ground (Tanjung Binerean) and inland nesting ground 
(Tambun). The remnant forest patch surrounding Tanjung 

Binerean (Hunowu and Patandung 2015) may act as 

corridor, connecting the two Maleo populations. 

The analysis of molecular variants (AMOVA) for 

Maleo chicks collected from Tambun and Tanjung 

Binerean nesting grounds revealed that there was no 

significant genetic differentiation between the two 

populations (Table 3). The genetic variation between 

populations was very small (0.09%). Furthermore, the Fst 

value was also very small (0.0009), compared to the 

minimum value (0.2) for populations, and considered to 
have experienced strong structuring or differentiation 

(Allendorf et al. 2013). The P-value (0.43) was more than 

0.05, suggested there were no statistically significant 

genetic differences. These results suggested that based on 

mtDNA sequences data the Maleo in Bogani Nani 

Wartabone Landscape was still a single panmictic (random 

mating) population. In concordance with the haplotype 

network, the AMOVA revealed that the different 

reproduction strategies did not lead to population 

structuring in Maleo. 

The direct distance between the two nesting grounds 

was about 27 km. Between the two sites, forest patch still 

exists and provides a good corridor, allowing gene flow 

between the two populations. This situation may explain 

the lack of structuring in the Maleo populations. In order to 

maintain the connectivity between the two populations 

from two different nesting grounds, it is necessary to 

protect the remnant forest patch.  

In Megapodidae, temporal and spatial variation in 

available heat sources for nesting may have led to the 

lability on evolution of nesting behavior. Some species of 
Megapodius can change their reproduction strategy when 

encountering sudden environmental changes (Harris et al. 

2014). This situation may happen with Maleo Senkawor, 

which nests on two different heat sources for egg 

incubation:i.e. sun radiation at the coastal nesting grounds, 

and geothermal heat at inland nesting grounds (Gorog et al. 

2005). Even though mtDNA-CR is considered a standard 

molecular marker for phylogeographic study (Barker et al. 

2012), to get more robust analyses, further genetic study of 

Maleo is still necessary. This study is still limited in sample 

size and sites, and also only used a single locus molecular 
marker. For conservation of Maleo, which encounters 

habitat fragmentation, broader molecular landscape study 

across Sulawesi and using multi loci markers, such as 

microsatellite or SNPs are recommended. Next-generation 

sequencing technology and analysis tools are now available 

for population genetics study. Among them is a restriction-

site associated DNA sequencing, (RadSeq), which has been 

applied and provides high-resolution population genomic 

data for any organism at reasonable costs (Davey and 

Blaxter 2010; Peterson et al. 2012; Ravindran et al. 2019).  
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