Inventory of aquatic Hemerodromiinae (Diptera: Empididae)
inhabiting tufa stream environments in tropical karst ecosystems
in Thailand

(DBG6180024)
Abstract

An inventory was compiled of aquatic dance-flies (Diptera: Empididae) inhabiting tufa and other
calcareous waters in Thailand. Communities were dominated by species of Hemerodromia Mg. and
species of other genera were rare. 5 new species of Hemerodromia were described; one reported as
new to Thailand and 11 previously known species observed. 6 species had an obligate association
with tufa, 2 with calcareous streams, 3 occurred on both tufa and streams and 6 were eurytopic species
also found away from karst. The 6 obligate tufa species were absolutely associated with rapid shallow
flows of water over tufa at waterfalls but benthic substrate and canopy cover were important
environmental variables for most species. Species richness and abundance varied through the
monsoon cycle but there were few simple correlations with seasonal changes in water temperature,
conductivity and pH. Tufa and its insect communities are severely threatened by human activities
(especially tourism & agriculture).

Local and regional-scale endemism was apparent at species-level in Hemerodromia.
Assemblage similarity in tufa habitats decayed with distance but cluster analysis provided only weak
support for community-level endemism at any geographic scale. The hypothesis that cold-adapted
aquatic Empididae may have been marooned in cold emergent groundwaters at lower elevations was
not supported.

The population genetic structure of an obligate tufa species (H. conspecta) with a fragmented
distribution across northern Thailand was explored. A median-joining (MJ) haplotype network based
on COl sequences indicated a high level of genetic structure and resolved 5 distinct lineages
associated with geographic clusters. Haplotype diversity, nucleotide diversity and pairwise
comparisons of Fsrsuggested considerable differentiation among populations but evolutionary
distance (using Kimura 2-parameter) was too low to establish any lineage as a discrete species but
does provide evidence of ongoing processes of allopatric speciation. Mismatch distribution analysis
and low nucleotide diversity associated with high haplotype diversity in three lineages (endemic to
Lampang + Chiang Rai, Phrae, Tak + Kanchanaburi) was consistent with the sudden expansion model
but very low haplotype diversity of a fourth lineage (Loei) suggested it had historically experienced a
profound population bottleneck. Long path lengths in the MJ network suggested prolonged isolation
of the Lampang + Chiang Rai, Phrae, Tak + Kanchanaburi and Loei lineages and mismatch
distribution analysis indicated that their populations experienced a late Pleistocene expansion
(~10,000 — 100,000 bp), entirely consistent with evidence for a climatically driven period of late
Cenozoic tufa deposition followed by late Quaternary decline. The allopatric distribution of
geographically fragmented and genetically distinct lineages supports the view that vicariant
diversification is driving active processes of speciation and microendemism occurring within multiple
microrefugia set within a wider matrix of unsuitable habitats.

It is concluded that tropical Tufa ecosystems in Thailand support distinctive, rich and often
endemic populations of stenotopic species of considerable biological and conservation interest.
Deteriorative changes linked to tourism, water abstraction and agricultural activity may threaten these
unique communities.

Incidental observations revealed that silk capture nets of Philopotamidae (Trichoptera)
provide accretion sites for calcite deposition and contribute to tufa formation; a rare example of a
biomediation in deposition of new rock.

Keywords
allopatric speciation, bottleneck, diversity, ecology, endemism, habitat specialism, Hemerodromia,
limestone, new species, palaeoclimate , refugia, vicariant diversification



Tyineveunanineddes Hemerodromiinae (Diptera: Empididae)

Tumasihnalwanfivduluszuuiinamadludszmalng

swswdeyanaziaiyinetevoumanineg Empididae fiowdeluumdadumuyh (tufa)
waznnadahiiduuludsamelng 1m%’31&%aaLmaa'Néffj“lmma'amﬁaﬁsﬂuﬁuﬂuuﬁxmaﬂuaqa Hemerodromia Mg. dlummaisu
vagiasluanasun wudesnn msinmiimuuuaned Empididae Tumdsordoiifufiuiu 16 ailsd Tusnouil 5 ailid
FuailidlmivesTan 6 ald nummizluumderdonuuygih 2 dl5d wummzlumdahiddugu 3 dFdnuldlumdeerdon 2 nuu
waz 6 ailidnulumdindotaiifuiivunazimaedudnuuziu wwaned Empididae w6

¥ @

P ] o = ) Y & da < H a 3
ﬁﬂ“ﬁﬁWWﬂLﬂW1$1ullWﬁ\?'E]"IﬁULL‘]JTJ‘KI‘V\l11]?]'311]ﬁll‘wu'ﬁﬂ‘llﬁ"lﬁ151&19]1!‘1/]%?]'31“1,53%@\1ﬂﬁgllﬁuhlgﬂﬁlulﬁﬂﬂ!uhlﬂﬂ

P
Ao

' < o A - & Y 1o A I v o w1 AN Lo
BﬂNlliﬂ@HlJﬂ‘ﬂ‘ﬂﬂﬂﬁumﬁﬂﬂﬂwuﬁ ‘lmm mﬂwummmazmﬁﬂnﬂqmiauﬂaﬂ Lﬂuﬁmamﬂmummsﬂimmawmﬂaﬂ%m%uﬂu

a

)

o ' s o o Ao s Vo o a A Yy a? o 3
mmwmﬂwmﬂua:mmumamﬂa:aﬂﬂsmgﬂiwumquma‘wmJwuﬁﬂqumqmmﬂmwnunmwen u],ﬂl,l,ﬂ aUNHUUN mmim"lwﬂwmm

' <y oA ¥ @ JY o =
uazmanuiunsa-a1 llﬂ’ﬂllﬁllwu‘ﬁuﬁEJlIWﬂﬂﬂﬂﬁlﬂﬂﬁluuﬂﬁﬂ]ﬂﬂq@‘ﬂ1ﬁ

' o { ' o A vo a o A ' { o
lL‘ViﬁNﬂ"IﬁUuV‘hllﬁzlmﬁﬂﬁW‘UiuLLﬂﬁﬂB1ﬁﬂﬁqﬁ}§UWﬁﬂ§$WU§ulLﬁﬁ‘ﬂ"lﬂﬂ‘ﬂﬂﬁill‘llﬁ\illHHEJ Tagmnwizag198991nMsNeUNILaL MR UABATNTTY

¢ 2
A o

wwadluana Hemerodromia dsnguangumsiduailddiszinunslussdufesiunvdiodonazszaugime
v = 1 Aa ' o A ' 2 2
anwadendeveanguiiuluundiderhanauiiossezrinves)ssmnaiuiuy
uamsinngiuangunuanudniusidniossenhapdiulsehioulunnszeemegimand aelimivayuaundguiuwansd

H { (o o < ' o A 3 = Y P 1 '
Empldldae ﬁﬂiummﬁmwmmﬁwunmummJ1mmmmmﬁaﬁagimmmmﬁﬁﬂamwuﬁimmamq&mﬂimummm"lumn

o . % o A o o o ' o
Ay niugmaniszsnnsvesmwas Hemerodromia conspecta safluailddnsume fuunaserdouuuyvh
msannzdeeduiusveaanInalnildrs median-joining network Taulddwuiianale Indvesdu COI
wudilszannsiinnuuandemaiugnssugs Tasuwsndlumeddannnsfivandaiu S seiduiufivdumiimagimaad
anuvanvatevesuan Tnalnil avwwainnatevesiingle Ind tazaruanaamaiugnisuaina Fst
v
VIFINANUUANANMIUFNITUTENIN 523N
e ' o Aoy 4 \ ~o VA aa o RS
uaAInMAnAIMaEnssuild himeaeivzniwenaeiSannmsmariiilualFdnuandaiu 18
uaemegluszninnszuiumsudwenailFduuusalanmin wamsinsz mismatch distribution
a a 7o ' 7 o Y v ao o =
ANuMaINMatevesiiong lo Inas uanumainnatevesanInalndgaluameddannms 3 me Tdun mediannmssnhauezdosis
Ao ' Ao @ 1 =

v ianmsuns uazaiediannmsanuazmynnfi Ianudesndesiuiliingmssimsvesuinaeieadvesznnilueda
P Ao { ' P ' <
dmumedTannmaasiinuihdanunanvatsveawen Tnalnilduiunanamsanvuiavetlsisynsednaimnliingmssinevan
, s 3 ;
Famsvenevinavesszanniedunainiutaiulurivhevesya waa Induilszum 10,000 — 100,000 7 fruan

Y o o aa A0 X a = a A A a = a P @
AoAnaoINUNANg IUNNSTAINNNTFIuAeMInlaeunlasanmglioimeanduasumsnaygrh lugadTuTggnneuiszanaslugailaqiiv

a s o a s ' o o ' Ao o a A
ﬂ1ﬁﬂﬁ35]15!‘1/]N{]llﬁ?ﬁﬂisu’ENTJiE%Wﬂiﬁllﬂﬂllﬂﬂ‘ﬂ“gﬂﬁ?ﬁﬂilmxﬂ'ﬂi\llmﬂﬁﬁ‘vnﬂwuﬁﬂﬁillﬁfJTQ"]fﬂL‘i]UGU'ENLmﬁSﬁWﬂllmu1ﬂ13ﬁuﬂﬁHuuu3ﬂﬂﬁ'ﬁ)

a

) a 21 A q¥a s o o 2 A Ada ' o 1A ' )
QﬂWﬁlH_NLlﬂﬂmﬂﬂﬂﬁxﬁﬂﬂi‘ﬂ1ﬂgm?ﬂﬁﬁ5ﬁ\jlﬁiﬂ‘lﬁlﬂﬂﬂWiLLﬁﬂLL"UuQ"UﬂQﬁﬂ%fﬂlﬁzﬂﬁxﬁﬂﬂiﬂﬁxﬂ101!5]’]5]‘11!1/‘1-!1/]“1]llﬁﬁ\i'ﬁ]’]ﬁﬂﬂaUﬂgﬂllﬂ\i!lﬂﬂﬂﬂﬂll

~

' o Ay ' o = = @
‘Hﬁ\i?)1?{8‘1/1‘111mlﬂxﬁllﬂﬂﬂﬁﬂﬁ\i"ﬁwsuﬂﬂﬁ e

Fd ¥
Wﬁﬂ1iﬁﬂlﬂﬁﬁ?ﬂqaﬁ?ﬁxﬂﬂulﬁﬁuw?iumﬂ%’ﬂu%uiuﬂixlﬂﬁq‘ﬂﬂﬁﬂlﬁﬁllfﬂiLLUQ!LﬂﬂﬁUﬂQﬂix‘]ﬂﬂﬁ
Ao 2 PRI P v o A A Ao & o o o 1 = o @
AANMUrAINHALaZIRIIZ D UVSELFANTIANNABIN I TdemeHnAINe1 R I FINANUTIAYADNITANHIATNITOYINY

g ' 13 ' LR @ ' § a ' ' ' o A v g
ﬂﬁl’(’dﬂ’]mﬁ‘ﬂTWGUﬂﬂlLﬁﬁﬂﬂ1ﬁULﬂﬁ1ﬁ‘ﬁl%ﬂMIfNﬂllﬂﬁ‘Vli’]\ilﬁfJ’J Lm:ﬂi}ﬂiill‘ﬂNﬂﬁlﬂHﬁiﬂﬁ]’cﬁwﬁﬂiﬁmﬁ]ﬂllﬁﬁﬂﬁWﬁﬂﬁﬁLﬂﬂﬁﬂHﬁ



msfuny Taetiadylumsanuiinuile lmuveaumasluaed Philopotamidae (Trichoptera)

< ' a d4d g o v &2 o oA 9 o A A '
Lﬂulmﬁ\iﬁxﬁil"l]ﬂ\iﬁuﬂ"u‘mﬂfl’!mE]\iﬂ‘lJﬂ'Iiﬁi'N“{lvT\l'l “INHJUG]'JE]EJN‘VIW'UHE]EJ?J']ﬂﬂJENﬂ'Iiﬂ']mﬂﬂuglﬁil

o o 4 1y = o a a o A o o ' Y
ﬂ1ﬁ1ﬂm”: fﬂilmﬂ!l‘llu\i‘llﬂﬂﬁﬂ%ﬁL!UUﬂﬁIﬁWTﬂﬁﬂ, ﬂi1ﬂ§]ﬂ1ﬁmﬂﬂﬂ]'§ﬂ, ANVHAINNAY, UIAINGT, ﬂi:mau, ANVIUNIENUUHAIDIFY,

. a J ' a ' ¥ o ' a 4
HemerOdromla, ‘Vi‘LI‘]J‘Ll, ﬁﬂ%ﬁal'ﬁll, QUDIMAUIINNIG, UHAIDIAYIUNIL, MTUANLUYUIINMITHUULGANNYUMTAT



