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Abstract

Mammalian DNA extracted from the invertebrates,  especially  blowfly-derived DNA, has

been suggested as a useful  tool  to  complement  traditional  field  methods for  terrestrial

mammal monitoring. However, the accuracy of the estimated location of the target mammal

detected from blowfly-derived DNA is largely dependent on the knowledge of blowflies'

dispersal range. Presently, published data on adult blowfly dispersal capabilities remain

scarce and mostly limited to temperate and subtropical regions, with no published report on

the adult blowfly dispersal range in the Tropics. We seek to determine the blowfly flight

range and dispersal activity in a tropical plantation in Malaysia by mark-release-recapture

of approximately 3000 wild blowflies by use of rotten fish-baited traps for nine consecutive

days. Out of the 3000 marked Chrysomya spp., only 1.5% (43) were recaptured during the

9-day sampling period. The majority of the blowflies (79%) were recaptured 1 km from the
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release  point,  while  20.9%  were  caught  about  2-3  km  from  the  release  point.  One

individual blowfly travelled as far as 3 km and before being recaptured, which was the

maximum dispersal distance recorded in this study. This result suggests that the estimated

locations of the mammals detected from blowfly-derived iDNA is likely to be within 1-2 km

radius  from  the  origin  of  the  blowfly  sampling  location.  However,  a  more  accurate

estimated distance between the target mammal and the blowfly sampling location requires

further  investigation  due  to  various  factors,  such  as  blowfly  species,  wind  speed  and

direction that may potentially affect the blowfly dispersal activities. This study contributes

further  understanding  on  the  development of  a  blowfly-derived  DNA  method  as  a

mammalian monitoring tool in the tropical forests.
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Introduction

Invertebrate-derived  DNA  (iDNA)  has  recently  been  suggested  as  an  alternative  to

traditional field methods for surveying and monitoring mammalian biodiversity (Schnell et

al. 2012, Calvignac‐Spencer et al. 2013, Calvignac-Spencer et al. 2013, Lee et al. 2015, 

Schnell  et  al.  2015,  Rodgers  et  al.  2017,  Hoffmann et  al.  2018,  Abrams et  al.  2019).

Invertebrates that come into contact with vertebrates or their by‐products as part of their

daily activities represent a promising source of vertebrate DNA for reliable metabarcoding‐

based assessments of terrestrial biodiversity (Gogarten et al. 2019, Srivathsan et al. 2022).

Blowflies  may  have  advantages  over  other  sources  of  iDNA  for  terrestrial  mammal

monitoring (Calvignac-Spencer  et  al.  2013),  such as leeches that  are habitat-restricted

(Schnell et al. 2012, Schnell et al. 2018, Siddall et al. 2019), ticks that feed infrequently

(Humair et al. 2007, Gariepy et al. 2012) and mosquitoes and tsetse flies that have narrow

host preferences (Kent and Norris 2005, Lyimo and Ferguson 2009, Muturi et al. 2011, 

Kocher  et  al.  2017,  Reeves  et  al.  2018),  due  to  their  unique  behaviour,  biology  and

ecology.  For  example,  an  iDNA  study  using  blowflies  detected  small-  to  large-bodied

mammals, including volant and non-volant species in tropical forests of Malaysia (Lee et al.

2016). In addition to high dispersal capability and broad feeding preferences (Bishopp and

Laake 1921, Azwandi et al. 2013, Calvignac-Spencer et al. 2013, Lee et al. 2015, Rodgers

et al. 2017), blowflies usually arrive in large numbers at animal carcasses and faeces in

almost all habitats, which not only pick up host DNA effectively (Norris 1965, Owings et al.

2019), but also increase the chances of being detected.

The mobility of the iDNA-carrying fly species could impact the spatio-temporal resolution of

the iDNA data (Srivathsan et al. 2022). Considering the temporal persistence of mammal

DNA in blowfly guts (Lee et al. 2015) and that the blowfly-derived DNA approach has been

field-calibrated  against  other  traditional  field  methods  (Lee  et  al.  2016),  appropriate

methods for  blowfly  sampling have been recently  suggested (Calvignac‐Spencer  et  al.

2013, Calvignac-Spencer et al. 2013, Lee et al. 2016). However, there has been no unified
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standard on how fly traps should be set up in the field for mammal monitoring studies. For

example, traps by Rodgers et al. (2017) were set up along transects at an interval of 250

m, traps by Gogarten et al. (2019) were set up in one-km intervals along the grid system

and fly traps were set up densely at varying distances from a road in the forest (Srivathsan

et  al.  2022).  In  addition,  some uncertainties,  such  as  blowfly  dispersal  relative  to  the

location  of  species  detected  from  blowfly-derived  DNA,  remain  to  be  addressed

(Calvignac-Spencer et al. 2013, Schnell et al. 2015, Lee et al. 2016).

Knowledge of the invertebrate dispersal range is essential for estimating the location of the

mammal species relative to the location where the invertebrates were collected (Schnell et

al.  2015,  Srivathsan et  al.  2022).  Inadequate information on flight  range and dispersal

activities of blowflies, in particular, can result in great uncertainties regarding the precise

location  of  mammal  species  detected  from blowfly-derived  DNA (Schnell  et  al.  2015).

Blowflies are thought to disperse long distances due to their strong flight ability (Bishopp

and  Laake  1921),  relative  to  other  invertebrates,  such  as  leeches  that  exhibit  little

movements (Calvignac-Spencer et al. 2013, Schnell et al. 2015). However, data on adult

blowfly dispersal capabilities are surprisingly scarce (Braack and Retief 1986, Amat et al.

2016).  Studies  suggested  that  the  daily  dispersal  capabilities  of  blowflies  from  the

temperate  and  subtropical  regions  are  0.10-0.15  km  and  1.25-2.35  km,  respectively

(Braack and Retief 1986, Smith and Wall 1998, Tsuda et al. 2009; Table 1). However, there

were no published data on blowfly dispersal ranges in the Tropics. Previous studies of the

dispersal of adult dipterans (Calliphoridae, Sarcophagidae, Muscidae, Drosophilidae and

Tephritidae) by marking techniques, study locations and dispersal ranges are summarised

in Table 1. From these data, there is a clear difference in the dispersal range of blowflies in

terms of species and regions, with environmental conditions acting as barriers to some

species (MacLeod and Donnelly 1960, Tsuda et al. 2009).

Family Species Marking

techniques

Regions Daily

dispersal
Dispersal

range

Recapture

rate

References

Calliphoridae Calliphora 

nigribarbis 

Correction fluid Subtropical

(Ikumo-

Makka,

Japan)

1.250 –

1.789 km

Not

estimated

0.014% -

0.029%

Tsuda et al.

(2009) 

Chrysomya 

albiceps 

P-

orthophosphate

Subtropical

(Kruger

National

Park,

South

Africa)

2.20 km Not

estimated

0.1 - 0.45% Braack and

Retief

(1986) 

32

Table 1. 

Daily  dispersal,  dispersal  range  and  recapture  rate  of  adult  flies  in  published  mark-release-

recapture studies as summarised by dipteran family and species, marking techniques and regions.
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Family Species Marking

techniques

Regions Daily

dispersal
Dispersal

range

Recapture

rate

References

Chrysomya 

marginalis 

P-

orthophosphate

Subtropical

(Kruger

National

Park,

South

Africa)

2.35 km Not

estimated

0.13 - 0.93% Braack and

Retief

(1986) 

Lucilia 

sericata 

Fluorescent

dust

Temperate

(South

West

England)

0.11 -

0.15 km

Not

estimated

4-14% Smith and

Wall (1998) 

Phormia 

regina 
P-

orthophosphate

Subtropical

(West

Virginia,

USA)

Not

estimated

9-16 km < 1% Schoof and

Mail (1953) 

Callitroga 

macellaria 

P-

orthophosphate

Subtropical

(Savannah,

USA)

Not

estimated

1.6-4.8

km

0.8-6.0% Quarterman

et al. (1954) 

Phaenicia

spp.

P-

orthophosphate

Subtropical

(Savannah,

USA)

Not

estimated

2.4 km 0-3.8% Quarterman

et al. (1954) 

Sarcophagidae Sarcophaga

spp.

P-

orthophosphate

Subtropical

(Savannah,

USA)

Not

estimated

2.4 km 0-3.3% Quarterman

et al. (1954) 

Muscidae Musca 

domestica 

Fluorescent

dust

Tropical

(Selangor,

Malaysia)

Not

estimated

2.05 km 0.016-0.023% Nazni et al.

(2005) 

Musca 

domestica 

P-

orthophosphate

Subtropical

(Savannah,

Georgia)

Not

estimated

2.4 km 0.4-3.9% Quarterman

et al. (1954) 

Musca 

autumnalis 

Immunomarking

with egg white

Temperate

(Prosser,

USA)

Not

estimated

≤ 0.1 - ≥

0.45 km

16.3% Peck et al.

(2014) 

Drosophilidae Drosophila

spp.

Fluorescent

dust

Temperate

(New

Jersey,

USA)

Not

estimated

0 - > 0.06

km

10% Worthen

(1989) 

Tephritidae Anastrepha 

ludens 

Fluorescent dye Tropical

(Nuevo

Leon,

Mexico)

Not

estimated

0.1-7 km 0.7-1% Thomas and

Loera-

Gallardo

(1998) 

Zeugodacus

cucurbitae 

Enamel paint Subtropical

(Ishigaki

Island,

Japan)

Not

estimated

≤ 0.1 km 0.26-8.99% Hamada

(1980) 

Considering the implications of the dispersal capabilities of blowflies (Family: Calliphoridae)

might have on the development of a mammal monitoring tool via blowfly-derived DNA, we

32

32

32

32

32

32
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seek to determine the dispersal activities and flight range of blowflies in the tropical forests

by conducting a mark-release-recapture study of Chrysomya spp. in a selected plantation

in Malaysia.

Material and methods

Study site 

Our study was conducted at a rubber plantation in Kuala Kalumpang, Selangor (Fig. 1).

Kuala Kalumpang (3°36'N 101°33'E) is located about 4.8 km south of Tanjung Malim, with

two small  towns, Kalumpang and Kerling connected by highways. It  comprises tropical

rainforest,  especially  in  the  Titiwangsa  Range  of  Peninsular  Malaysia  including  Bukit

Kalumpang. Some of the areas are covered with rubber plantations, oil palm plantations

and orchards (Omar 1981). The rubber plantation is suitable for insect dispersal studies as

it provides a large scale of surface area with ease of access for sampling (Franzén and

Nilsson  2007,  Hassall  and  Thompson  2011)  and  has  an  equatorial  climate  which  is

classified as rainforest climate according to the Köppen classification (Kottek et al. 2006).

The annual temperature range in Kalumpang is 21-33°C (Meteoblue 2023) with a high

humidity (80%-90%) and annual rainfall of 2,850 mm and two distinct wet seasons occur in

April-May and September-November (Nieuwolt 1982).

Collection and marking of blowflies 

Adult  blowflies  were  collected  using  traps  baited  with  ca.  200  g  rotten  fish  (hereafter

referred to as blowfly traps) (Lee et al. 2015) within the campus of University of Malaya,

Kuala  Lumpur  and  Kampong Ulu Dong,  Pahang between 17  December  2015 and  26

Figure 1.  

The map is showing the location of the rubber plantation, Kalumpang, Selangor where the

fieldwork  of  dispersal  range  of  blowflies  is  conducted.  Inset  showing  the  mark-release-

recapture experimental design, with X denoting the release point of blowflies and solid dots

represented recapture points by using rotten fish-baited traps.
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December 2015. Flies were brought back to the laboratory for morphological identification

under a stereomicroscope up to Chrysomya genus (Kurahashi et al. 1997). The identified

wild  Chrysomya blowflies were carefully  transferred into  ten cages (39 x  25 x  33 cm;

approximate 300 blowflies each cage) by using specimen vials. The blowflies were then

provided  with  sugary  solution  and  maintained  at  room  temperature  (27°C-33°C)  and

relative humidity 70-80%. One day prior to release to the field, the blowflies were marked

by orange-coloured fluorescent dust (Transcend Solutions-Selangor,  Malaysia) by mass

dusting (Howard et al. 1989, Nazni et al. 2005). This method has been commonly used in

most of the conventional mark-release-recapture studies of insects (Hagler and Jackson

2001). The fluorescent dust remains detectable for the duration of the life of flies or at least

28 days under natural conditions (Pickens et al. 1967, Moth and Barker 1975, Lillie et al.

1981). Most importantly, the technique does not affect the survival of the flies (Pickens et

al. 1967, Moth and Barker 1975, Chiang et al. 1991).

Release and recapture of blowflies 

On  27  December  2015,  the  marked  blowflies,  approximately  3,000  individuals,  were

released at 10:00 h, i.e. within the active flight activity of blowflies (Das et al. 1978, George

et al. 2012), in the selected rubber plantation at Kalumpang, Selangor (Fig. 1). Recapture

of  blowflies  commenced  24  h  after  release  and  continued  for  nine  consecutive  days

(following Howard et al. (1989), Chiang et al. (1991), Smith and Wall (1998)). The weather

conditions throughout the sampling period were mostly cloudy with slight or no rain. Daily

temperatures during the study period were between 20.7°C and 34.5°C, with dominant

northeast wind (Malaysian Meteorological Department 2023). Blowfly traps were set at 2 m

above ground in five concentric radii of 1, 2, 3, 4 and 5 km with the release point at the

centre. A total of 57 traps were set up, with the number of traps per circle increased with

the increase of every 1 km distance from the release point (Fig. 1). Captured blowflies

were collected from the traps daily between 10:30 and 12:30 h and stored at 0°C for further

examination.

Identification of trapped flies 

Captured blowflies were examined for the presence of fluorescent powder on their bodies

under ultraviolet (UV) light in a dark room. The number of marked blowflies recaptured at

different  days-after-release  (DAR)  and  distance  from  the  release  point  were  recorded

accordingly (Suppl. material 1).

Results

Forty-three  Chrysomya spp.,  representing  1.5% of  the  total  released,  were  recaptured

between 1 3 km radius from the release point during the 9-day experimental period (Fig. 2).

Of these, 34 individuals (79%) and eight individuals (18.6%) were recaptured at 1 and 2 km

radius from the release point, respectively. Only one individual (2.3%) was recaptured at 3

km distance (Fig. 2). No marked blowflies were recaptured beyond 3 km radius from the

release point throughout the 9-day consecutive sampling (Fig. 2).
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The recapture rate of  released marked blowflies showed a clear decreasing trend with

days  after  release.  Of  the  43  blowflies  recaptured  within  6-DAR,  1-DAR recorded  the

highest recapture rate (32.6%; 14 individuals), followed by 2-DAR (25.6%; 11 individuals),

3-DAR (13.9%; 6 individuals), 4-DAR (11.6%; 5 individuals), 5-DAR (9.3%; 4 individuals)

and 6-DAR (7.0%; 3 individuals). The only one blowfly recaptured at 3 km radius from the

release  point  was  recaptured  at  5-DAR.  No  blowflies  were  recaptured  after  6-DAR

although the trapping lasted for nine days following the initial release (Fig. 2).

In terms of directional movement of the marked blowflies after release, at 1 km radius, the

ratio of the 34 recaptured blowflies according to the four cardinal directions (north: east:

south: west) was 1 : 2.4 : 1.8 : 1.6. This showed that more blowflies were heading to the

east, followed by south and west directions and the least recaptured were in the north

direction of the field site. At 2 km radius, out of the eight marked blowflies, there was no fly

recaptured in the north, but only one (12.5%) recaptured in the east. Most of the marked

blowflies headed to the south (50%; 4 individuals) and southwest (37.5%; 3 individuals).

The  single  blowfly  recaptured  at  3  km  radius  from  the  same  release  point  was  also

recaptured in the southwest.

Discussion

This is the first report of blowfly dispersal in a tropical setting, based on mark-release-

recapture. The dispersal range of Chrysomya blowflies was between 1 to 3 km within 6

Figure 2.  

The number of blowflies recaptured at different days-after-release (DAR) and distance from

the release point (1-5 km). The size of the circle indicates the number of blowflies recaptured.
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days after release. Most of the blowflies (79%) were recaptured at 1 km from the release

point throughout the sampling period, whereas approximately 21% were recaptured 2-3 km

away from the release point. No blowflies were recaptured at a distance of more than 3 km

from the release point. This suggests that Chrysomya spp. did not disperse widely, in the

range of six days. The daily dispersal distance of < 3 km recorded for Chrysomya spp. is

similar to the estimated daily dispersal of 2.20 km and 2.35 km reported for Chrysomya 

albiceps and Chrysomya marginalis, respectively in the subtropical region of South Africa (

Braack and Retief 1986).

The maximum estimated flight  distance for  blowflies  varied depending on species and

regions (Braack and Retief 1986). The maximum dispersal distance of tropical blowflies

recorded in the present study was 3 km. In a subtropical South Africa study, Chrysomya 

albiceps and Chrysomya marginalis were found to disperse up to 37.5 km and 63.5 km,

respectively, upon release for a week (Braack and Retief 1986), whereas the maximum

dispersal distance of Chrysomya rufifacies was 16 km over 12 days in New South Wales,

Australia (Gurney and Woodhill 1926). This may be due to each blowfly species having a

distinct dispersal rate and flight capability under different climatic conditions (MacLeod and

Donnelly 1960, Tsuda et al. 2009).

The recapture rates of  blowflies at  different  distances from the release point  were low

(0.02-1.1%) throughout the sampling period. This result is similar with the widely-reported

low recapture rates in most of the blowfly dispersal studies (see Table 1). Fly dispersal

studies  using  mark-release-recapture  are  difficult  to  perform,  requiring  relatively  large

number of flies to be released due to low recapture probabilities (Leak 1998). Considering

these challenges, our study utilised Chrysomya spp. instead of a single species in order to

have sufficient numbers for the study. The marked blowflies were not detected beyond 6-

DAR, suggesting the longevity of the released blowflies after capativity in the field is less

than a week. This, however, may not represent the actual longevity of wild blowflies due to

the unknown age of the wild flies used. Hence, this may have partly contributed to the low

recapture rate as older flies may fly a shorter distance and die earlier than the younger

ones.

The majority of Chrysomya spp. blowflies in our study appeared to disperse to the east,

followed by south and west at 1 km radius. This could be due to blowflies being attracted

towards a small town that is located in the direction of east, where human activities, such

as garbaging and farming, are apparent. However, further at 2 km radius from the release

point, most of the blowflies were recaptured at the south and southwest direction and the

only one marked fly found at 3 km was also in the direction of southwest. The dominant

wind direction during the first three days of fieldwork period was northeast, but whether it

contributed towards blowfly directional movement remains to be investigated considering

the low daily mean wind speed of 0.4-1.0 m/s throughout this first 3 day period (Suppl.

material 2). Mixed effects of wind speed on blowfly flight activity have been reported (Mohr

2012). Calliphora vicina was capable of initiating voluntary flight at wind speeds below 8.0

m/s,  although  at  above  0.5  m/s,  their  flight  resulted  in  displacement  downwind  more

commonly than upwind in a wind tunnel (Digby 1958). The log capture rates of Lucilia 

cuprina declined  linearly  at  wind  speeds  above  2.5  m/s  ( Vogt  et  al.  1983).  This  is  in
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contrast with two other studies that showed no significant effect of wind speeds on capture

rates of Chrysomya rufifacies and Musca vetustissimu (Vogt 1986, Vogt 1988).

Detectable mammalian DNA in blowfly guts is only limited to 4 days post-feeding (Lee et al.

2015).  Our  study  suggested  that,  within  this  limited  period  of  4  days,  blowflies  could

possibly sample DNA from the tissues and faeces of mammals and travel up to 1-2 km

away from the mammals. This implies that the targeted mammal species, as detected in

blowfly-derived DNA, could be present within 1-2 km radius from the site where the blowfly

was sampled. This is particularly useful for the monitoring of rare and threatened mammal

species,  as  blowfly-derived  DNA can  potentially  overcome  ecological  and  taxonomical

challenges associated with traditional methods (Calvignac‐Spencer et al. 2013, Lee et al.

2016). One advantage of blowfly-derived DNA as compared to other invertebrates could be

the short temporal persistence of mammal DNA in blowfly guts (24-96 h) as this precludes

mammal species detected in blowfly-derived DNA from being far away from the blowfly

sampling location (Lee et al. 2015).

The use of blowfly-derived DNA mammal monitoring tool, together with the knowledge on

short  temporal  persistence of  detectable mammal DNA and blowfly  dispersal  range as

indicated from our study,  may increase the possibilities of  detecting and locating more

mammal species in  future biodiversity  assessment  and monitoring.  However,  there still

remains  the  knowledge  gap  on  blowfly  dispersal  activities  under  the  influences  of

surrounding environmental factors, such as solar radiation, rainfall, temperature and wind

activity (Von Aesch et al. 2003, Tsuda et al. 2009).

Conclusions

This study represents the first experimental indication of blowfly dispersal in the Tropics,

based on mark-release-recapture method. The estimated location of the targeted mammal

via detection from blowfly-derived DNA is likely to be 1-2 km radius and not exceeding 3

km from the location where blowflies  were sampled.  A more precise estimation of  the

distance between the targeted mammal and sampled blowflies for monitoring mammals

requires more in-depth studies and with inclusion of other environmental factors that could

be  potentially  influencing  blowfly  dispersal  activities  and  flight  range.  This  certainly

warrants future investigation.

Acknowledgements

Special thanks to Lee Yoon Hin, Lee Sueh Loong and Ng Eain Yi in assisting the fieldwork.

Funding program

National  Natural  Science  Foundation  of  China  (32001222),  Nagao  Environment

Foundation  Japan  and  National  Innovation  and  Entrepreneurship  Training  Program for

Undergraduates (2022058011) supported the study.

Blowfly-derived mammal DNA as mammal diversity assessment tool: Determination ... 9



Author contributions

JJW  and  SLW  designed  the  research.  PSL  performed  the  fieldwork.  PSL  and  SLW

performed genus identification of blowflies. PSL analysed the data. PSL, MHD and TYH

wrote the manuscript with the input from all the authors. All authors edited the manuscript.

Conflicts of interest

The authors have no conflicts of interest to declare. All co-authors have seen and agree

with the contents of the manuscript.

References

• Abrams JF, Hörig LA, Brozovic R, Axtner J, Crampton‐Platt A, Mohamed A, Wong S,

Sollmann R, Yu D, Wilting A (2019) Shifting up a gear with iDNA: from mammal

detection events to standardised surveys. Journal of Applied Ecology 56 (7):

1637‑1648. https://doi.org/10.1111/1365-2664.13411

• Amat E, Marinho MAT, Rafael JA (2016) A survey of necrophagous blowflies (Diptera:

Oestroidea) in the Amazonas-Negro interfluvial region (Brazilian Amazon). Revista

Brasileira de Entomologia 60 (1): 57‑62. https://doi.org/10.1016/j.rbe.2015.10.002

• Azwandi A, Nina Keterina H, Owen LC, Nurizzati MD, Omar B (2013) Adult carrion

arthropod community in a tropical rainforest of Malaysia: analysis on three common

forensic entomology animal models. Tropical Biomedicine 30 (3): 481‑494. 

• Bishopp FC, Laake EW (1921) Dispersion of flies by flight. Journal of Agricultural

Research 21 (10): 729‑766. 

• Braack LE, Retief PF (1986) Dispersal density and habitat preference of the blow-flies 

Chrysomyia albiceps (Wd.) and Chrysomyia marginalis (Wd.) (Diptera: Calliphoridae).

Onderstepoort J Vet Res 53 (1): 13‑18. 

• Calvignac-Spencer S, Leendertz F, Gilbert MTP, Schubert G (2013) An invertebrate

stomach's view on vertebrate ecology. BioEssays 35 (11): 1004‑1013. https://doi.org/

10.1002/bies.201300060

• Calvignac‐Spencer S, Merkel K, Kutzner N, Kühl H, Boesch C, Kappeler P, Metzger S,

Schubert G, Leendertz F (2013) Carrion fly‐derived DNA as a tool for comprehensive

and cost‐effective assessment of mammalian biodiversity. Molecular Ecology 22 (4):

915‑924. https://doi.org/10.1111/mec.12183

• Chiang GL, Loong KP, Chan ST, Eng KL, Yap HH (1991) Capture-recapture studies with

Anopheles maculatus Theobald (Diptera: Culicidae) the vector of malaria in Peninsular

Malaysia. The Southeast Asian Journal of Tropical Medicine and Public Health 22 (4):

643‑647. 

• Das SK, Roy P, Dasgupta B (1978) The flying activity of Chrysomya megacephala

(Diptera: Calliphoridae) in Calcutta, India. Oriental Insects 12 (1): 103‑109. https://

doi.org/10.1080/00305316.1978.10434557

• Digby PB (1958) Flight activity in the blowfly, Calliphora erythrocephala, in relation to

wind speed, with special reference to adaptation. Journal of Experimental Biology 35

(4): 776‑795. https://doi.org/10.1242/jeb.35.4.776

10 Lee P et al

https://doi.org/10.1111/1365-2664.13411
https://doi.org/10.1016/j.rbe.2015.10.002
https://doi.org/10.1002/bies.201300060
https://doi.org/10.1002/bies.201300060
https://doi.org/10.1111/mec.12183
https://doi.org/10.1080/00305316.1978.10434557
https://doi.org/10.1080/00305316.1978.10434557
https://doi.org/10.1242/jeb.35.4.776


• Franzén M, Nilsson SG (2007) What is the required minimum landscape size for

dispersal studies? Journal of Animal Ecology 76 (6): 1224‑1230. https://doi.org/10.1111/

j.1365-2656.2007.01285.x

• Gariepy TD, Lindsay R, Ogden N, Gregory TR (2012) Identifying the last supper: utility

of the DNA barcode library for bloodmeal identification in ticks. Molecular Ecology

Resources 12 (4): 646‑652. https://doi.org/10.1111/j.1755-0998.2012.03140.x

• George K, Archer M, Toop T (2012) Nocturnal colonization behavior of blowflies

(Diptera:Calliphoridae) in Southeastern Australia. Journal of Forensic Sciences 58 

https://doi.org/10.1111/j.1556-4029.2012.02277.x

• Gogarten J, Hoffmann C, Arandjelovic M, Sachse A, Merkel K, Dieguez P, Agbor A,

Angedakin S, Brazzola G, Jones S, Langergraber K, Lee K, Marrocoli S, Murai M,

Sommer V, Kühl H, Leendertz F, Calvignac‐Spencer S (2019) Fly‐derived DNA and

camera traps are complementary tools for assessing mammalian biodiversity.

Environmental DNA 2 (1): 63‑76. https://doi.org/10.1002/edn3.46

• Gurney WB, Woodhill AR (1926) Investigations on sheep blowflies. Part I. Range of

flight and longevity. Science Bulletin Department of Agriculture New South Wales 27:

1‑19. 

• Hagler JR, Jackson CG (2001) Methods for marking insects: current techniques and

future prospects. Annual Review of Entomology 46 (1): 511‑543. https://doi.org/10.1146/

annurev.ento.46.1.511

• Hamada R (1980) Studies on the dispersal behavior of melon flies, Dacus cucurbitae

Coquillett (Diptera: Tephritidae), and the influence of gamma-irradiation on Dispersal.

Applied Entomology and Zoology 15 (4): 363‑371. https://doi.org/10.1303/aez.15.363

• Hassall C, Thompson DJ (2011) Study design and mark-recapture estimates of

dispersal: a case study with the endangered damselfly Coenagrion mercuriale. Journal

of Insect Conservation 16 (1): 111‑120. https://doi.org/10.1007/s10841-011-9399-2

• Hoffmann C, Merkel K, Sachse A, Rodríguez P, Leendertz F, Calvignac-Spencer S

(2018) Blow flies as urban wildlife sensors. Molecular Ecology Resources 18 (3):

502‑510. https://doi.org/10.1111/1755-0998.12754

• Howard JJ, White DJ, Muller SL (1989) Mark-recapture studies on the Culiseta (Diptera:

Culicidae) vectors of eastern equine encephalitis virus. Journal of Medical Entomology

26 (3): 190‑199. https://doi.org/10.1093/jmedent/26.3.190

• Humair PF, Douet V, Cadenas FM, Schouls L, Pol IVD, Gern L (2007) Molecular

identification of bloodmeal source in Ixodes ricinus ticks using 12S rDNA as a genetic

marker. Journal of Medical Entomology 44 (5): 869‑880. https://doi.org/10.1093/

jmedent/44.5.869

• Kent R, Norris D (2005) Identification of mammalian blood meals in mosquitoes by a

multiplexed polymerase chain reaction targeting cytochrome B. The American Journal

of Tropical Medicine and Hygiene 73 (2): 336‑342. https://doi.org/10.4269/ajtmh.

2005.73.336

• Kocher A, de Thoisy B, Catzeflis F, Valière S, Bañuls A, Murienne J (2017) iDNA

screening: disease vectors as vertebrate samplers. Molecular Ecology 26 (22):

6478‑6486. https://doi.org/10.1111/mec.14362

• Kottek M, Grieser J, Beck C, Rudolf B, Rubel F (2006) World map of the Köppen-Geiger

climate classification updated. Meteorologische Zeitschrift 15 (3): 259‑263. https://

doi.org/10.1127/0941-2948/2006/0130

Blowfly-derived mammal DNA as mammal diversity assessment tool: Determination ... 11

https://doi.org/10.1111/j.1365-2656.2007.01285.x
https://doi.org/10.1111/j.1365-2656.2007.01285.x
https://doi.org/10.1111/j.1755-0998.2012.03140.x
https://doi.org/10.1111/j.1556-4029.2012.02277.x
https://doi.org/10.1002/edn3.46
https://doi.org/10.1146/annurev.ento.46.1.511
https://doi.org/10.1146/annurev.ento.46.1.511
https://doi.org/10.1303/aez.15.363
https://doi.org/10.1007/s10841-011-9399-2
https://doi.org/10.1111/1755-0998.12754
https://doi.org/10.1093/jmedent/26.3.190
https://doi.org/10.1093/jmedent/44.5.869
https://doi.org/10.1093/jmedent/44.5.869
https://doi.org/10.4269/ajtmh.2005.73.336
https://doi.org/10.4269/ajtmh.2005.73.336
https://doi.org/10.1111/mec.14362
https://doi.org/10.1127/0941-2948/2006/0130
https://doi.org/10.1127/0941-2948/2006/0130


• Kurahashi H, Benjaphong N, Omar B (1997) Blow flies (Insecta: Diptera: Calliphoridae)

of Malaysia and Singapore. Raffles Bulletin of Zoology,Suppl 5: 1‑88. 

• Leak S (1998) Tsetse biology and ecology: their role in the epidemiology and control of

trypanosomiasis. CABI Publishing.568 pp. 

• Lee PS, Sing KW, Wilson JJ (2015) Reading mammal diversity from flies: the

persistence period of amplifiable mammal mtDNA in blowfly guts (Chrysomya

megacephala) and a new DNA mini-barcode target. PLOS ONE 10 (4): e0123871. 

https://doi.org/10.1371/journal.pone.0123871

• Lee PS, Gan HM, Clements GR, Wilson JJ (2016) Field calibration of blowfly-derived

DNA against traditional methods for assessing mammal diversity in tropical forests.

Genome 59 (11): 1008‑1022. https://doi.org/10.1139/gen-2015-0193

• Lillie TH, Jones RH, Marquardt WC (1981) Micronized fluorescent dusts for marking 

Culicoides variipennis adults. Mosquito-News 41 (2): 356‑358. 

• Lyimo I, Ferguson H (2009) Ecological and evolutionary determinants of host species

choice in mosquito vectors. Trends in Parasitology 25 (4): 189‑196. https://doi.org/

10.1016/j.pt.2009.01.005

• MacLeod J, Donnelly J (1960) Natural features and blowfly movement. The Journal of

Animal Ecology 29 (1): 85-93. https://doi.org/10.2307/2272

• Malaysian Meteorological Department (2023) Past weather in Malaysia. http://

www.met.gov.my/. Accessed on: 2023-6-11.

• Meteoblue (2023) Weather forecast data. https://www.meteoblue.com/. Accessed on:

2023-6-11.

• Mohr RM (2012) Female blow fly (Diptera: Calliphoridae) arrival patterns and

consequences for larval development on ephemeral resources. Texas A&M University,

315 pp.

• Moth J, Barker JS (1975) Micronized fluorescent dusts for marking Drosophila adults.

Journal of Natural History 9 (4): 393‑396. https://doi.org/10.1080/00222937500770291

• Muturi CN, Ouma JO, Malele II, Ngure RM, Rutto JJ, Mithöfer KM, Enyaru J, Masiga DK

(2011) Tracking the feeding patterns of tsetse flies (Glossina Genus) by analysis of

bloodmeals using mitochondrial cytochromes Genes. PLoS One 6 (2): e17284. https://

doi.org/10.1371/journal.pone.0017284

• Nazni WA, Luke H, Wan Rozita WM, Abdullah AG, Sa'diyah I, Azahari AH, Zamree I,

Tan SB, Lee HL, Sofian MA (2005) Determination of the flight range and dispersal of the

house fly, Musca domestica (L.) using mark release recapture technique. Tropical

Biomedicine 22 (1): 53‑61. 

• Nieuwolt S (1982) Climate and agricultural planning in Peninsular Malaysia. Institut

Penyelidikan dan Kemajuan Pertanian Malaysia.

• Norris KR (1965) The bionomics of blow flies. Annual Review of Entomology 10 (1):

47‑68. https://doi.org/10.1146/annurev.en.10.010165.000403

• Omar S (1981) Geology of Kalumpang area, Ulu Selangor with some aspects of the

granite geology and mineralization. B.Sc. Thesis in Department of Geology, Faculty of

Science, University of Malaya, Kuala Lumpur. 44 pp.

• Owings CG, Banerjee A, Asher T, Gilhooly WP, Tuceryan A, Huffine M, Skaggs C,

Adebowale I, Manicke N, Picard CJ (2019) Female blow flies as vertebrate resource

indicators. Scientific Reports 9 (1): 1-9. https://doi.org/10.1038/s41598-019-46758-9

• Peck GW, Ferguson HJ, Jones VP, O'Neal SD, Walsh DB (2014) Use of a highly

sensitive immunomarking system to characterize face fly (Diptera: Muscidae) dispersal

12 Lee P et al

https://doi.org/10.1371/journal.pone.0123871
https://doi.org/10.1139/gen-2015-0193
https://doi.org/10.1016/j.pt.2009.01.005
https://doi.org/10.1016/j.pt.2009.01.005
https://doi.org/10.2307/2272
http://www.met.gov.my/
http://www.met.gov.my/
https://www.meteoblue.com/
https://doi.org/10.1080/00222937500770291
https://doi.org/10.1371/journal.pone.0017284
https://doi.org/10.1371/journal.pone.0017284
https://doi.org/10.1146/annurev.en.10.010165.000403
https://doi.org/10.1038/s41598-019-46758-9


from cow pats. Environmental Entomology 43 (1): 116‑122. https://doi.org/10.1603/

en13139

• Pickens LG, Morgan NO, Hartsock JG, Smith JW (1967) Dispersal patterns and

populations of the house fly affected by sanitation and weather in rural Maryland.

Journal of Economic Entomology 60 (5): 1250‑1255. https://doi.org/10.1093/jee/

60.5.1250

• Quarterman KD, Mathis W, Kilpatrick JW (1954) Urban fly dispersal in the area of

Savannah, Georgia. Journal of Economic Entomology 47 (3): 405‑412. https://doi.org/

10.1093/jee/47.3.405

• Reeves LE, Gillett-Kaufman JL, Kawahara AY, Kaufman PE (2018) Barcoding blood

meals: new vertebrate-specific primer sets for assigning taxonomic identities to host

DNA from mosquito blood meals. PLoS Neglected Tropical Diseases 12 (8): e0006767. 

https://doi.org/10.1371/journal.pntd.0006767

• Rodgers TW, Xu CC, Giacalone J, Kapheim KM, Saltonstall K, Vargas M, Yu D,

Somervuo P, McMillan WO, Jansen PA (2017) Carrion fly‐derived DNA metabarcoding

is an effective tool for mammal surveys: evidence from a known tropical mammal

community. Molecular Ecology Resources 17 (6): e133-e145. https://doi.org/

10.1111/1755-0998.12701

• Schnell IB, Thomsen PF, Wilkinson N, Rasmussen M, Jensen LD, Willerslev E,

Bertelsen M, Gilbert MTP (2012) Screening mammal biodiversity using DNA from

leeches. Current Biology 22 (8): R262-R263. https://doi.org/10.1016/j.cub.2012.02.058

• Schnell IB, Sollmann R, Calvignac-Spencer S, Siddall M, Yu D, Wilting A, Gilbert MTP

(2015) iDNA from terrestrial haematophagous leeches as a wildlife surveying and

monitoring tool – prospects, pitfalls and avenues to be developed. Frontiers in Zoology

12 (1): 1-14. https://doi.org/10.1186/s12983-015-0115-z

• Schnell IB, Bohmann K, Schultze S, Richter S, Murray D, Sinding M, Bass D, Cadle J,

Campbell M, Dolch R, Edwards D, Gray TE, Hansen T, Hoa ANQ, Noer CL, Heise-

Pavlov S, Sander Pedersen A, Ramamonjisoa JC, Siddall M, Tilker A, Traeholt C,

Wilkinson N, Woodcock P, Yu D, Bertelsen MF, Bunce M, Gilbert MTP (2018)

Debugging diversity - a pan-continental exploration of the potential of terrestrial blood-

feeding leeches as a vertebrate monitoring tool. Molecular Ecology Resources 18 (6):

1282‑1298. https://doi.org/10.1111/1755-0998.12912

• Schoof HF, Mail GA (1953) Dispersal habits of phormia regina in Charleston, West

Virginia. Journal of Economic Entomology 46 (2): 258‑262. https://doi.org/10.1093/jee/

46.2.258

• Siddall ME, Barkdull M, Tessler M, Brugler MR, Borda E, Hekkala E (2019) Ideating

iDNA: lessons and limitations from leeches in legacy collections. PLoS One 14 (2):

e0212226. https://doi.org/10.1371/journal.pone.0212226

• Smith KE, Wall R (1998) Estimates of population density and dispersal in the blowfly 

Lucilia sericata (Diptera: Calliphoridae). Bulletin of Entomological Research 88 (1):

65‑73. https://doi.org/10.1017/s0007485300041560

• Srivathsan A, Loh RK, Ong EJ, Lee L, Ang Y, Kutty SN, Meier R (2022) Network

analysis with either Illumina or MinION reveals that detecting vertebrate species

requires metabarcoding of iDNA from a diverse fly community. Molecular Ecology 00:

1‑18. https://doi.org/10.1111/mec.16767

Blowfly-derived mammal DNA as mammal diversity assessment tool: Determination ... 13

https://doi.org/10.1603/en13139
https://doi.org/10.1603/en13139
https://doi.org/10.1093/jee/60.5.1250
https://doi.org/10.1093/jee/60.5.1250
https://doi.org/10.1093/jee/47.3.405
https://doi.org/10.1093/jee/47.3.405
https://doi.org/10.1371/journal.pntd.0006767
https://doi.org/10.1111/1755-0998.12701
https://doi.org/10.1111/1755-0998.12701
https://doi.org/10.1016/j.cub.2012.02.058
https://doi.org/10.1186/s12983-015-0115-z
https://doi.org/10.1111/1755-0998.12912
https://doi.org/10.1093/jee/46.2.258
https://doi.org/10.1093/jee/46.2.258
https://doi.org/10.1371/journal.pone.0212226
https://doi.org/10.1017/s0007485300041560
https://doi.org/10.1111/mec.16767


• Thomas D, Loera-Gallardo J (1998) Dispersal and longevity of mass-released, sterilized

Mexican fruit flies (Diptera: Tephritidae). Environmental Entomology 27 (4): 1045‑1052. 

https://doi.org/10.1093/ee/27.4.1045

• Tsuda Y, Hayashi T, Higa Y, Hoshino K, Kasai S, Tomita T, Kurahashi H, Kobayashi M

(2009) Dispersal of a blow fly, Calliphora nigribarbis, in relation to the dissemination of

highly pathogenic avian influenza virus. Japanese Journal of Infectious Diseases 62 (4):

294‑297. https://doi.org/10.7883/yoken.JJID.2009.294

• Vogt WG, Woodburn TL, Morton R, Ellem BA (1983) The analysis and standardisation

of trap catches of Lucilia cuprina (Wiedemann) (Diptera: Calliphoridae). Bulletin of

Entomological Research 73 (4): 609‑617. https://doi.org/10.1017/s0007485300009214

• Vogt WG (1986) Influences of weather and time of day on trap catches of bush fly, 

Musca vetustissima Walker (Diptera: Muscidae). Bulletin of Entomological Research 76

(3): 359‑366. https://doi.org/10.1017/s000748530001484x

• Vogt WG (1988) Influence of weather on trap catches of Chrysomya rufifacies

(Macquart) (Diptera: Calliphoridae). Australian Journal of Entomology 27 (2): 99‑103. 

https://doi.org/10.1111/j.1440-6055.1988.tb01154.x

• Von Aesch L, Pellet J, Cherix D, Wyss C (2003) Activity and behavior of blowflies on pig

liver baits in spring. Mitteilungen der Schweizerischen Entomologischen Gesellschaft

76: 201‑206. 

• Worthen W (1989) Effects of resource density on mycophagous fly dispersal and

community structure. Oikos 54 (2): 145‑153. https://doi.org/10.2307/3565260

Supplementary materials

Suppl. material 1: Supplementary Table 1

Authors:  Ping Shin Lee

Data type:  table

Brief description:  The number of blowflies recaptured, based on number of days since released

and distances of blowflies recaptured from the release point (1-5 km).

Download file (16.24 kb) 

Suppl. material 2: Supplementary Table 2

Authors:  Ping Shin Lee

Data type:  table

Brief description:  Records of daily mean wind speed, maximum wind speed and wind direction

during the sampling period.

Download file (11.53 kb) 

 

 

14 Lee P et al

https://doi.org/10.1093/ee/27.4.1045
https://doi.org/10.7883/yoken.JJID.2009.294
https://doi.org/10.1017/s0007485300009214
https://doi.org/10.1017/s000748530001484x
https://doi.org/10.1111/j.1440-6055.1988.tb01154.x
https://doi.org/10.2307/3565260
https://doi.org/10.3897/BDJ.11.e108438.suppl1
https://doi.org/10.3897/BDJ.11.e108438.suppl1
https://doi.org/10.3897/BDJ.11.e108438.suppl1
https://arpha.pensoft.net/getfile.php?filename=oo_864901.docx
https://doi.org/10.3897/BDJ.11.e108438.suppl2
https://doi.org/10.3897/BDJ.11.e108438.suppl2
https://doi.org/10.3897/BDJ.11.e108438.suppl2
https://arpha.pensoft.net/getfile.php?filename=oo_866731.xlsx

	Abstract
	Keywords
	Introduction
	Material and methods
	Results
	Discussion
	Conclusions
	Acknowledgements
	Funding program
	Author contributions
	Conflicts of interest
	References
	Supplementary materials

