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LOTIC DIPTERA OF KHAO YAI NATIONAL PARK, THAILAND, WITH 

EMPHASIS ON THE DIVERSITY, TAXONOMY, AND ECOLOGY OF 

BLACK FLIES (SIMULIIDAE) 

 

INTRODUCTION 

 

  Few studies have been made of the diversity of aquatic Diptera in Thailand.  

Consequently, data are lacking on ecosystem structure, especially biodiversity.  The 

Diptera are an interesting group of aquatic insects.  They play an important role in 

aquatic ecosystems, as larvae and pupae are a food resource for other invertebrates, 

fish, amphibians, reptiles, birds, and mammals (Courtney, 1994; Courtney et al, 

1996).  Adults of many aquatic families are important amongst the bloodsucking 

insect.  Many diseases of humans and animals are vectored by aquatic families such 

as Culicidae (mosquitoes), Simuliidae (black flies), Ceratopogonidae (biting midges), 

Psychodidae (sand flies), and Tabanidae (horse flies) (Williams and Feltmate, 1992).  

Biting habits can be a direct health hazard by taking quantities of blood, inflicting 

pain, and sometime causing allergic reactions (McCafferty, 1998).  For example 

nonbiting midges in the family Chironomidae may damage property and create public 

health problems in some people (Hilsenhoff, 1991).  Aquatic Diptera can serve roles 

in the monitoring of water quality as well as scientific research on the structure and 

function of aquatic ecosystems, structural and ecological adaptation to aquatic 

environments, and patterns and mechanisms of evolutionary divergence (Courtney et 

al, 1996). 

 

 Taxonomic characters of Diptera are diverse and complex.  The order is 

recognizable by the presence of only one pair of wings.  This character distinguishes 

the Diptera from other insects.  However, within some groups flies are similar 

morphologically.  For example, some black flies are morphologically 

indistinguishable, but are biologically separate species in nature known as sibling 

species.  In these situations, these groups of species are referred to as species complex 

(Crosskey, 1990).  Chromosome studies have been very important in black fly 

taxonomy (Rothfels, 1979).  They have provided not only a valuable supplement to 
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basic morphological species identification, but have led to the detection of many 

isomorphic sibling species. 

 

This study was conducted on lotic habitats (running water) in Khao Yai 

National Park.  Data on the species richness, abundance, distribution of lotic Diptera 

was expected to provide insights into potential bioindicators of water quality. 

 

Objectives 

 

 The objectives of this study were to:  

 

1.  Characterize streams of various size, altitude, and physical characteristics 

by lotic Diptera species encountered. 

 

2.  Analyze morphologically and identity of the Simuliidae species in Khao 

Yai National Park. 

 

3.  Study chromosomal characters of a selected group of Simuliidae. 

 

4.  Document patterns of species richness and abundance, seasonality, and 

habitat in Simuliidae communities. 
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LITERATURE REVIEW 

 

 The Diptera, two-winged or true flies, is a large order of endopterygote 

Neoptera. It is estimated that the order contains approximately 200,000 species, 

worldwide (Williams and Feltmate, 1992).  Hilsenhoff (1991) estimated that about 

40% of all species of aquatic insects belong to this order, and at least a third of aquatic 

Diptera species are in one family, Chironomidae.  It is difficult to estimate the number 

of species of aquatic Diptera because there exists a lack of knowledge about the 

biology and ecology of some species.  Merritt et al. (1996) noted that aquatic Diptera 

belong mainly to the suborder Nematocera, where 15 of the 25 extant families contain 

aquatic species.  The suborder Brachycera has 15 of 84 extant families with aquatic or 

semiaquatic species. 

 

Life History 

 

 Aquatic Diptera are typical holometabolous insects with complete 

metamorphosis that includes four stages: egg, larva, pupa, and adult.  In general, eggs 

are small and elongate-oval.  The eggs are deposited singly, in small clusters, or 

irregular masses in or near the water and attached to rocks or vegetation (Courtney et 

al., 1996).  They may also be laid in well-defined rafts or rosettes (some Culicidae) or 

in a gelatinous matrix (most Chironomidae) (Colless and McAlpine, 1991).  Hatching 

usually occurs within a few days or weeks, but sometimes much longer, depending on 

species and water temperature.   

 

The number of larval instars varies among Diptera; typically 3 in Brachycera, 

4 in nematocerous Diptera although some species have more (e.g. Simuliidae usually 

have seven) (Courtney et al., 1996; Peterson, 1996).  For a particular species, all 

larval instars usually occur in the same habitat except lentic Chironomidae (Peterson, 

1996).  Larval form is variable but usually elongate and cylindrical or dorsoventrally 

flattened.  The integument usually bears rows of microscopic spines or setae that may 

provide important taxonomic characters.  Segmentation is normally distinct including 

the head, 3 thoracic, and 8 to 10 abdominal segments (these segments are occasionally 
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fused into fewer apparent segments or appear to be subdivided).  The head may be 

well developed or not.  Antennae are variously developed.  Mouthparts are often 

highly modified.  The larval thorax has no true legs, although one or two anterior 

prolegs occur in some family (e.g. Chironomidae and Simuliidae).  The abdomen may 

have prolegs on various segments and the terminal segment may have prolegs or other 

fleshy or filamentous processes (Colless and McAlpine, 1991; McCafferty, 1998). 

 

Diptera larvae have a variety of respiratory adaptations.  Respiration can be 

directly from the atmosphere (e.g. Dixidae, most Culicidae, Tipulidae, and 

Syrphidae), from plant tissues (e.g. some Culicidae), or through absorbing dissolved 

oxygen directly from the water through the skin (particularly Chironomidae, 

Blephariceridae, Deuterophlebiidae, Nymphomyiidae, Simuliidae, and 

Ceratopogonidae).  The presence of haemoglobin in the blood of certain bottom-

dwelling Chironomidae may assist the absorption of oxygen.  

 

The duration of larval development may range from several weeks to as long 

as months depending on the species, water temperature, and food conditions 

(Williams and Feltmate, 1992).  Larval growth of many species fluctuates as a 

reaction to seasonal changes.  It is interesting that among Chironomidae, a few 

species can survive extreme dehydration (a phenomenon known as cryptobiosis), 

freezing, or heat during unfavorable growing conditions.  Many Diptera species have 

both summer and overwintering generations (McCafferty, 1998). 

 

The characters of Diptera pupa are relatively simple and adecticous.  In the 

Nematocera and Orthorrhapha almost all are obtect, whereas the Cyclorrhapha are 

secondarily exarate and coarctate, being enclosed within a hardened puparium 

(capsule like case) that conceals developing wings and legs.  Obtect forms are either 

free-living or live within a structured cocoon.  The pupae are usually immobile, 

though in many Culicomorpha are active.  The pupal thorax has one pair of 

developing wings.  Appendages are either fused to the body or held rigidly apart from 

it.  The puparium or pupa often has a pair of dorsal thoracic respiratory horns or gills.  

Free-living pupae commonly also have a terminal breathing apparatus. 



 5

Pupation sometime occurs in the larval habitat, with current also influencing 

microhabitat selection (e.g. Simuliidae) (Eymann, 1991).  Other species leave the 

water to pupate in marginal areas, usually in thick-matted vegetation or in mud or 

sand (e.g. some Tipulidae, Tabanidae and Dixidae).  The pupal stage lasts for only a 

short time, except in species that overwinter as pupae. 

 

When the adult has become fully formed with the pupal skin, it is called a 

“pharate adult”.  Before adult emergence, the pupa or pharate adult moves to the 

surface (e.g. Culicidae, Chironomidae, and Tabanidae), unless the pupa is attached to 

the substrate in which case the adult emerges under water and floats quickly to the 

surface (e.g. Simuliidae and Blephariceridae).  The pharate adult bursts from the 

pupal skin or puparium usually by the pressure of swallowed air.  It emerges from a 

lengthwise split in obtect pupae; in coarctate forms, however the adult protrudes the 

ptilinum to push off the anterior end of puparium (Colless and McAlpine, 1991; 

Grillott, 1995; Daily et al., 1998; McCafferty, 1998). 

 

Structures of the adult generally include a single pair of membranous wings.  

Hind wings are modified into small knobbed structures, known as halteres whereas 

the fore wings are complete or rarely reduced or absent.  Hairs are sometimes 

variously developed on the wings.  Compound eyes are large, sometimes meeting on 

dorsal side of head.  Antennae are variably shaped.  Adult mouthparts are often 

reduced or modified for piercing and sucking or cutting and lapping.  The thorax is 

well developed and somewhat humplike.  The legs of some flies are very long (e.g. 

Tipulidae), whereas the legs of other flies (e.g. Simuliidae) are quite robust.  Tarsi 

always have 5-segments.  The abdomen is usually elongate but with greatly reduced 

cerci (McCafferty, 1998). 

 

In some newly emerged adults, it takes several minutes before structures 

become hardened enough for flight.  In others, particularly flies in rapid or swiftly 

flowing water (e.g. some Chironomidae, some Simuliidae, and Blephariceridae), the 

adults are adapted for flying immediately upon emergence.  Most adult flies of aquatic 

taxa are found around or very near water but some, such as piercing and sucking 
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feeders that require a blood meal for ovarian development, can occur miles away from 

the nearest watersource (e.g. Ceratopogonidae, Culicidae, Simuliidae, and Tabanidae).   

The adult stage lasts from a few hours to several months, depending on the species. 

 

Mating occurs in flight, on the ground, vegetation, or even occasionally on the 

water.  Many species mating is preceded by various kinds of swarming or courtship 

behavior.  In many Nematocera and some Brachycera have aerial swarming behavior, 

in which males form dense, dancing masses, often near characteristic landmarks or 

over water.  Among some flies (e.g. Ceratopogonidae) mate recognition is a response 

to the wing beat tone made by the female when flying into the swarm.  Other Diptera 

apparently use visual cues.  A female usually enters the swarm, pairs with a male, 

then the coupled pair leaves the swarm.  Some females require a blood before laying 

eggs (Merritt et al., 1996; Daly et al., 1998; McCafferty, 1998). 

 

 Oviposition behavior in Diptera is very variable.  Depending on species, 

females lay eggs directly on the water, submerged substrates, shoreline substrate, 

aquatic vegetation, (McCafferty, 1998).  In most groups, females select oviposition 

sites that are suitable for larval development.  In some groups (e.g. Deuterophlebiidae, 

Nymphomyiidae, and some Simuliidae), the female crawls beneath the water, losing 

its wings in the process of oviposition (Courtney et al., 1996; Peterson, 1996).  The 

hue and intensity of light reflected from substrates can influence ovipositing black 

flies (Golini and Davies, 1974). 

 

 Some aquatic Diptera pass through one (univoltine) or two (bivoltine) 

generations a year and adults are usually present during the spring or summer (e.g. 

some Tipulidae, Tanyderidae, Simuliidae, Blephariceridae, and Stratiomyidae).  Other 

groups may undergo several generations a year (multivoltine) and adults may be 

found during all seasons (e.g. some Culicidae, Ceratopogonidae, and Ephydridae) 

(Merritt et al., 1996; Service, 1996). 
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Habitats 

 

Aquatic habitats can be divided into freshwater and marine ecosystems.  

Freshwater ecosystems are characterized as having lotic (flowing water) habitats and 

lentic (standing water) habitats.  Marine ecosystems include the oceans of Earth, bays, 

and estuaries (Mix et al., 1992; Kormondy, 1996).  Diptera may be found in every 

aquatic habitat except the open ocean (Courtney et al., 1996).  However aquatic 

Diptera have many adaptations to live in a wide variety of aquatic habitats (Table 1) 

including in the drains of kitchens and restrooms (McCafferty, 1998). 

 

Feeding 

 

The taxonomic and ecological diversity of Diptera is reflected in the wide 

range of larval feeding behavior and food preferences (Courtney et al., 1996).  Food 

sources include fine detritus, algae, plants, nectar, decaying wood, microorganisms, 

insects, and other invertebrates.  The food preferences and feeding habits of some 

larvae (e.g. Chironomidae) change with the age of the larvae and the season of the 

year (McCafferty, 1998). 

 

Functional feeding groups are based on food acquisition mechanisms 

(Cummins and Merritt, 1996).  Courtney et al. (1996) discussed larval feeding habits 

among aquatic Diptera, which many include the following functional feeding groups: 

 

1.  Shedders, which consume live plants or decomposing plant fragments, are 

particularly well represented by larvae of the Tipulidae and Ephydridae. 

 

2.  Collector-gatherers feed on decaying, fine organic matter and associated 

microorganisms (e.g. Tipulidae, Ephydridae, Psychodidae, Ptychopteridae, and 

Syrphidae). 
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3.  Collector-filterers consume diatoms, protozoa, plankton, and other small 

organisms using modified mouth-brushes or labral fans to catch particles from the 

water (e.g. most Culicidae and Simuliidae).  Other groups (e.g. Stratiomyidae and 

Syrphidae) lack external filtering devices, but accomplish the same task with a filter-

like pharynx. 

 

 Food particle size may correlate with larval size.  For example, large larvae of 

simuliidae (Simulium noelleri Friederichs, 1920) have a longer gut retention time than 

small larvae, so they can digest particles greater than 52 µm in diameter, whereas 

small larvae are better suited to digest particles smaller than 13µm.  Capture of 

different sized particles by larvae of different ages may be a mechanism for reducing 

intraspecific competition for food (Wotton, 1984).  However, Alencar et al. (2001) 

reported larval sizes of Simulium perflavum Roubaud, 1906 were not associated with 

food type.  Moreover, current velocity has been shown to affect ingestion rates 

(Charpentier and Morin, 1994). 

 

4.  Grazers, which feed on the thin periphytic film of algae and organic matter 

on rocks and other substrates, include the highly specialized families Blephariceridae, 

Deuterophlebiidae, and Thaumaleidae, and various members of the Psychodidae (e.g. 

Maruina Müller), Ephydridae (e.g. Parydra Stenhammar), Simuliidae (e.g. 

Gymnopais Stone and Twinnia Stone & Jamnback), the latter of which lack labral fans 

(Craig, 1973). 

 

5.  Predators feed primarily or exclusively on other animals (e.g. 

Ceratopogonidae, Athericidae, Dolochopodidae, and Tabanidae) whereas the larvae of 

many families (e.g. Chironomidae, Culicidae, Tipulidae, and Ephydridae) contain a 

few predaceous species. 

 

6.  Parasitoid habits are rare among aquatic Diptera larvae.  For example, the 

Sciomyzidae inhabit freshwater snails and fingernail clams, and Dryomyzidae (e.g. 

Oedoparena Curren) feed on barnacles. 
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Table 1  Families of common aquatic and semiaquatic habitats of Diptera

1. Streams and rivers 2. Freshwater ponds, lakes, pools, marshes, and bogs
In moderate to swift current In pools, slow waters, or still

shallow margins
Marginal areas of shallow bodies
of water

Deep, open waters or
bottoms of lakes

Some Tipulidae
Some Psychodidae
Nymphomyiidae
Blephariceridae
Deuterophlebiidae
Thaumaleidae
Some Ceratopogonidae
Many Chironomidae
Simuliidae
Some Tabanidae
Athericidae
Many Empididae
Few Dolichopodidae
Rarely Ephydridae
Few Muscidae-Anthomyiidae
Oreoleptidae

Some Tipulidae
Tanyderidae
Some Psychodidae
Rarely Deuterophlebiidae
Some Dixidae
Some Culicidae
Some Ceratopogonidae
Many Chironomidae
Some Stratiomyidae
Several Tabanidae
Some Empididae
Some Dolichopodidae
Rarely Syrphidae
Some Sciomyzidae
Several Ephydridae
Few Muscidae-Anthomyiidae

Few Tipulidae
Several Psychodidae
Ptychopteridae
Some Dixidae
Several Chaoboridae
Many Culicidae
Some Ceratopoginidae
Some Chironomidae
Some Stratiomyidae
Some Tabanidae
Few Empididae
Some Dolichopodidae
Rarely Phoridae
Syrphidae
Several Sciomyzidae
Many Ephydridae

Few Chaoboridae
Rarely Culicidae
Rarely Ceratopoginidae
Several Chironomidae
Rarely Ephydridae

3. Within underwater parts of emergent vegetation 4. On or within freshwater invertebrates
Few Tipulidae
Few Chironomidae
Rarely Cecidomyiidae
Few Dolichopodidae
Several Ephydridae
Some Scatophagidae

Few Chironomidae
Few Simuliidae
Few Bombyliidae
Many Sciomyzidae
Few Tachinidae
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Table 1  (Continued)

5. Wet marginal areas along bodies of freshwater or on saturated
surfaces

6. Wet marine beaches or intertidal waters

Many Tipulidae
Rarely Tanyderidae
Some Psychodidae
Rarely Ptychopteridae
Some Ceratopogonidae
Few Chironomidae
Many Stratiomyidae
Many Tabanidae
Some Empididae

Some Dolichopodidae
Rarely Phoridae
Rarely Sphaeroceridae
Rarely Tethinidae
Rarely Milichiidae
Many Sciomyzidae
Many Ephydridae
Some Muscidae-Anthomyiidadae

Few Culicidae
Some Ceratopogonidae
Some Chironomidae
Few Dolichopodidae
Some Dryomyzidae
Coelopidae

Few Sphaeroceridae
Tethinidae
Canaceidae
Several Ephydridae
Few Muscidae-Anthomyiidae

7. Salt marshes or estuaries 8. Inland salt water or brackish pools, ponds, or lakes
Few Tipulidae
Few Psychodidae
Some Culicidae
Few Ceratopogonidae
Few Chironomidae

Some Tabanidae
Few Dolichopodidae
Some Sciomyzidae
Several Ephydridae

Rarely Tipulidae
Few Psychodidae
Rarely Chaoboridae
Few Culicidae
Few Ceratopogonidae

Few Chironomidae
Few Tabanidae
Few Dolichopodidae
Few Sciomyzidae
Many Ephydridae

9. In tree holes or plant cups holding water
Some Culicidae
Few Ceratopogonidae
Few Chironomidae
Few Tabanidae
Some Psychodidae

Few Dolichopodidae
Few Phoridae
Several Syrphidae
Few Sarcophagidae

Source: McCafferty (1998)



 11

Classification and Characters 

 

 The order Diptera contains two suborders: Nematocera (long horned flies) and 

Brachycera (short horned flies).  The latter includes taxa, formerly referred to as a 

third suborder, Cyclorrhapha, but now included in the infraorder Muscomorpha.  The 

Nematocera are divided into seven infraorders, the Tipulomorpha, 

Blephariceromorpha, Axymyiomorpha, Bibionomorpha, Psychodomorpha, 

Ptychopteromorpha, and Culicomorpha.  The suborder Brachycera is divided into 

three infraorders, the Tabanomorpha, Asilomorpha, and Muscomorpha, the first two 

corresponding to the Orthorrhapha while the third is the former Cyclorrhapha.  Within 

the Muscomorpha, there are two easily defined but unequally sized sections, the 

Aschiza and the Schizophora.  The latter has two subdivisions, Acalyptratae and 

Calyptratae (Borror et al., 1989; Gillott, 1995). 

 

In the primitive families (Nematocera) larvae have a completely sclerotized 

head capsule (except in most Tipulidae).  The larval mandibles usually move in 

horizontal and bear subapical teeth.  There are several families of Nematocera in 

which all or almost all species have both aquatic larvae and pupae.  In the higher 

families (Brachycera) larvae either lack a head capsule entirely or have one only 

partially formed.  Mandibles in the Brachycera rotate vertically and have no subapical 

teeth.  Most families with aquatic larvae also have large numbers of terrestrial or 

semiaquatic species that pupate on land (Borror et al., 1989; Hilsenhoff, 1991; 

Williams and Feltmate, 1992; McCafferty, 1998; Dudgeon, 1999). 

 

Suborder Nematocera 

 

Larvae have a head that is usually well developed and conspicuous, with the 

mandibles toothed or brushlike and moving horizontally.  In some groups, the head 

may be incomplete or retracted into the thorax.  The body often tapers anteriorly and 

has various lobelike processes posteriorly. 
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Pupae are obtect, and developing adult structures are apparent.  Developing 

antennae usually extend over the eyes and reach the bases of developing wings.  

Thoracic respiratory horns or spiracular gills are usually well developed. 

 

Adults usually have slender antennae with 6 or more segments, plumose in 

some males.  Body is often small and mosquito-like or midgelike.  The medium- and 

large-sized adults usually have very long legs.  Small flies may not have long legs.  

Wing venation varies from complete to greatly reduced.  This suborder only has the 

radius (R) 5-branched.  R2+3 often forked. 

 

Suborder Brachycera: Tabanomorpha and Asilomorpha 

 

Larvae have a body that is more-or-less tapered and pointed anteriorly.  The 

head is usually incomplete and indistinct.  If the head capsule is distinct, as seen in 

dorsal view, then body lacks prolegs.  Mandibles are usually sickle-shaped and move 

parallel to each other in a vertical plane. 

 

Pupae are obtect except soldier flies (Stratiomyidae).  Puparium of soldier flies 

is not capsulelike and is very little changed from the larva.  Developing antennae do 

not reach bases of developing wings and do not lie over the eyes. 

 

Adults are usually stout-bodied and medium-sized.  Antennae have less than 

five, usually three segments, although segment 3 may have numerous annulations and 

a terminal bristle. Wing venation has Rs 3-branched, with R4+5 forked.  No frontal 

suture. 

 

Suborder Brachycera: Cyclorrhapha 

 

Larvae either taper or are blunt anteriorly, and are wrinkled or maggotlike.  

The head is completely reduced.  Mouthparts are hooklike. 
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Pupae are encased in a capsulelike puparium formed from the last larval skin 

and lacking a distinct head. 

 

Adults are typically flylike, and stout-bodied.  Antennae are three-segmented, 

aristate and segment 3 has no annulation.  Wing venation has Rs 2-branched.  Frontal 

suture absent (Aschiza) or present (Schizophora). 

 

Cytotaxonomy 

 

 Studies of larval salivary gland chromosomes have been of major importance 

in the taxonomy of a number of Diptera (Rothfels, 1979).  In addition, Baimai (1986) 

reported that cytological differences are generally useful in studies of taxonomy and 

evolutionary relationships of many groups of insects.  There are many examples of 

closely related species groups of Diptera that were recognized by using detailed 

investigation of chromosomal rearrangements. 

 

The larval silk-gland chromosomes provide important taxonomic characters in 

the family Simuliidae, especially for revealing and identifying morphologically 

similar species known as sibling species or cryptic species (Rothfels, 1988).  Sibling 

species can be a problem for taxonomists who use external features as the sole criteria 

for identification (Baimai, 1986).  Many black fly morphospecies are complexes of 

isomorphic, ecologically unique sibling species (Adler et al. 2004).  Study of larval 

salivary gland chromosomes of black flies frequently reveals the existence of 

taxonomically unresolved sibling species but it may be restricted to homosequential 

siblings (Rothfels, 1979). 

 

Family Simuliidae 

 

 The Simuliidae or black flies in Thailand are not known to be a vector of any 

diseases of man. However, at Doi Inthanon National Park, Chiang Mai province, 

northern Thailand, these flies can cause irritation to the local people, domestic 

animals, livestock, and tourists (Kuvankadilok et al., 1999a).  In some regions, such 
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as Africa, Mexico, and Central America, certain species of black flies act as vectors of 

onchocerciasis or river blindness, a disease caused by a filarial worm (Onchocerca 

volvulus) and characterized by large subcutaneous swellings.  In some patients the 

worms may get into the eye and cause partial or complete blindness (Borror et al., 

1989).  A recent study of female black flies at Ban Pang Fan, Chaing Mai province 

reported that three simuliid species, Simulium nodosum Puri, 1933, S. asakoae 

Takaoka and Davies, 1995, and S. nigrogilvum Summers, 1911 were attracted to 

human, and the first of these was naturally infected with Onchocera larvae (Takaoka 

et al., 2003).  Furthermore, at Tambol Ban Laung, Doi Inthanon National Park, nine 

simuliid species were attracted to a human, with natural infections of two species, S. 

nigrogilvum and S. asakoae by a filarial larva (Fukuda et al., 2003). 

 

External morphology 

 

 The recognition and classification of many flies must be done on adults.  

Black flies are unusual among Diptera because almost all stage can be used for 

species identification, and larvae and pupae are sometimes easier to identify than 

adults.  Morphological features of immature stages provide good taxonomic 

characters for constructing the keys.  Black fly eggs are so simple and uniform, they 

provide no characters useful in identification (Crosskey, 1990).  The general 

morphology and life cycle of black flies has been reviewed by various authors 

(Crosskey, 1990; Peterson, 1996; Service, 1996; Bass, 1998) as below. 

 

 Adult 

 

 They are small, about 1.2-6 mm long, dark, stout-bodied and hump-backed 

(Figure 1).  As their vernacular name indicates they are usually black but may be 

reddish brown, gray, orange, or yellow in ground color.  The female is dichoptic with 

frons visible between the separated eyes above the antennae (Figure 2A).  In the male 

is holoptic, almost always without frons, eyes meeting in midline of head above 

antennal bases (Figure 2B).  However, there are a few species in which the male eyes 

nearly meet along the midline below the antennae, or are similar those of the female.  
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Eye facets on the upper half of the head are larger than those on the lower half in the 

male but are the same in the female.  There are no ocelli.  The short horn-like 

antennae are the same in both sexes and distinctly segmented with 9-11 (usually 11 

segments) but without long hairs.  The proboscis is shorter than head.  Both the 

mandibles and the laciniae of the maxillae are serrated or toothed at the tips, and are 

used for cutting and piercing.  In males and in a few species in which females do not 

bite, the mandibles and maxillae are not toothed.  The five-segmented maxillary palps 

hang downwardly and carry on the third segment a large sensory pit (Lutz’s organ).  

The thorax is usually high and strongly arched.  The wings are broad, about 1.4-6 mm 

long, colorless and transparent, with a large anal lobe.  The venation is characteristic, 

with only the veins near the anterior margin well-developed, and the rest of the wing 

with an indistinct venation.  The legs are short and moderately stout with elongated 

basitarsus.  The hind leg basitarsus usually with an anterior process (calcipala) on the 

inner apical surface and second tarsal segment usually with a variably distinct notch 

(pedisulcus) near its base.  The tarsal claws are short and simple or have a basal or 

subbasal tooth.  The abdomen is elongate with ten segments.  The first tergite is 

modified in both sexes to form a projecting collar (basal scale) that bears a fringe of 

long setae.  The female terminalia has a Y-shaped genital fork and paired terminal 

ventral lobes (paraproct and cercus) (Figure 3B and D) and the male terminalia has 

paired gonopod claspers (coxite and style) (Figure 3A and C). 
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Figure 1  Morphological features of female black fly 

Source: Crosskey (1990) 
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Figure 2  Front view of adult heads: A, Simulium female; B,  Simulium (Simulium) 

decorum male 

Source: Crosskey (1990); Peterson (1996) 
 

 

 

A 

B



 18

 
Figure 3  A, B: basic morphology of the terminalia in ventral view.  A, male; B, 

female.  C, D: basic morphology of the terminalia in lateral view.  C, male; 

D, female 

Source: Crosskey (1990); Takaoka and Davies (1995) 
 
 
 
 
 

 

 

A 
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 Pupa 

 

 They are about 2-7 mm long (Figure 4C).  The head is anteroventral to and 

flexed beneath the thorax.  Antennal sheaths of the female usually reach the posterior 

of head, while in male they extend about one-half to three-quarter of that distance 

(Figure 4B).  The thorax is enlarged, strongly arched dorsally, and flattened ventrally.  

The anterior half of the thoracic mesonotum usually have 2-5 dorsal and 1-2 lateral 

pairs of specialized setae (trichomes).  A respiratory gill arises on each anterolateral 

corner of thorax and usually consists of one to many short or long slender filaments.  

The abdomen has nine segments and with a series of setae and small hooks.  The last 

segment often bears a dorsal pair of terminal hooks or tubercles (Figure 4D).  The 

pupa is covered by a cocoon that is attached to the substrate (Figure 4A).  The cocoon 

may be constructed with differing proportions and patterns of coarse and fine silk 

strands.  There are two basic forms of cocoons, which are usually described as shoe 

and slipper shaped. 
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Figure 4  Morphological features of pupa.  A, Simulium (Psilozia) vittatum in lateral 

view; B, head integument in front view; C, obtect condition; D, abdomen in 

lateral view 

Source: Crosskey (1990); Peterson (1996); Takaoka and Davies (1995) 
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 Larva 

 

 Mature larvae are about 3.5-15 mm long (Figure 5A).  They have a 

characteristic dumb-bell shape, slender and somewhat cylindrical.  The body is pale 

gray to pale yellowish brown to nearly black in color.  Some may be tinged with 

irregular splotches of reddish, orange, greenish or purplish color.  The head is 

prognathous with a pair of labral fan (cephalic fan) used in filter-feeding (rarely 

reduced or absent).  The antennae are slender near the base of each head fan.  

Ventrally, the mouthparts include a pair of mandibles with complex teeth and brushes.  

An anteroventral toothed plate or subtriangular, hypostomium bears a series of 

heavily sclerotized teeth along the anterior margin, and has smooth or variously 

serrated lateral margins (Figure 5C and D).  The posteroventral margin of the head 

usually is indented by the postgenal cleft, which varies in size and shape.  Dorsally, 

the head capsule is well-developed and heavily sclerotized, with a variable pattern of 

pale or dark spots (Figure 5B).  Two longitudinal sutures form the edge of a plate-like 

area known as the cephalic apotome.  The thorax has a single proleg having a terminal 

circlet of minute hooks arranged in rows, and a lateral sclerite on each side.  

Developing gill histoblasts are visible in the thorax of last instar.  The abdomen has 

anterior segments that are slender and posterior segments that are variously enlarged.  

A pair of small ventral papillae or a single midventral bulge is present on segment 8.  

The posterior end of the abdomen bears a ring of many rows of minute hooks and an 

X-shaped (sometimes subquadrate, Y-shaped or absent) anal sclerite anterodorsal to 

the ring of hooks (Figure 5E).  The colorless rectal organ is extrusible.  This consists 

of three lobes that sometimes bear varying numbers of secondary lobules.  The cuticle 

of the abdomen is thin, transparent and smooth, and may have fine setae or scales, 

especially posterodorsally. 

 

 Egg 

 

 The eggs are small and range from 0.1-0.54 mm long.  They are oval to 

triangular in shape.  The egg surface is smooth but in some species shows distinctive 

sculpturing and pitting when examined under a scanning electron microscope. 
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Figure 5  Morphological features of larva.  A, lateral view; B, C: head capsule.  B, 

dorsal view; C, ventral view; D, hypostomium; E, posterior tip of larval 

abdomen in posterodorsal view 

Source: Bass (1998); Takaoka and Davies (1995) 
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Life cycle 

 

 The life cycle of black flies is one of complete metamorphosis.  After mating, 

females lay their eggs in a wide range of flowing waters.  Most females average 200-

500 eggs, which are deposited in masses on objects near water or under water.  Some 

species land at the water’s edge, then crawl down a rock or plant to deposit eggs 

under water.  The time required for hatching varies from 2-30 days, depending on 

species and water temperature.  Larvae remain at the site of hatching if substrate and 

food supply are adequate, or spin a silk thread and drift downstream until a suitable 

site is located.  There are 4-9 (usually 7) larval instars, with development requiring 4 

days to 6 or 7 months, depending on water temperature and food availability.  Some 

species overwinter as larvae.  Mature larvae spin variously shaped cocoons that serve 

to anchor and protect the developing pupae while it is attached to the substrate.  The 

pupal stage lasts from 2 to 7 days or 2 to 3 weeks, depending on water temperature.  

At emergence, the adult pulls itself out of the pupal skin through a T-shaped slit in the 

pupal thorax and rises quickly to water surface in a bubble of air.  Mating usually 

occurs shortly after the initial flight.  After mating and if required, a suitable blood 

meal the life cycle begins again.  The number of annual generations varies with the 

species and locality.  There may be 16 or more generations in tropical areas.  In 

temperate regions there may be one to six generations.  There is usually only one or 

two generations in arctic habitats. 

 

Ecology and Distribution 

 

Aquatic insects have been a major focus of many ecological studies in aquatic 

habitats.  A principal reason for this is that they are major food items of important 

commercial and sport fish species (Cummins and Merritt, 1996).  Aquatic insects 

serve as the link between their food and fish, as well as other higher trophic level 

vertebrates.  Their distribution is worldwide.  They usually are abundant, hence they 

have been used widely to evaluate water quality and the food base for fisheries.  The 

distribution pattern of aquatic insect populations is the result of habitat selection and 

physical environmental conditions (Cummins and Merritt, 1996). 
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Diptera are diverse not in only species number, trophic importance, and 

numerical abundance but in terms of morphological and ecological characteristics 

(Courtney et al., 1996).  Although several workers have studied the ecology and 

geographical distribution of aquatic Diptera, there are many species for which details 

are unknown.  Herein detailed information are being confined to Simuliidae, partly 

because they are important from ecological and human health prospectively.  

 

Worldwide, many studies had been done to determine the environment factors 

associated with black flies, such as the distribution of immature black flies related to 

stream size (McCreadie et al., 1995), water temperature, water velocity, food 

materials, substrate types (Ladle et al., 1977; Kuvangkadilok et al., 1999a).  

Moreover, species distributions were predictably correlated with spatial scale, 

geographic location and time (McCreadie and Adler, 1998).  Corkum and Currie 

(1987) reported that sites with no black flies had significantly higher conductivity, 

greater depth, shallower slope and were farther from the Pacific Ocean than sites with 

black flies. 

 

Black fly abundance has been associated with stream size, velocity and 

seasonal variation (Grillet and Barrera, 1997), whereas species richness was greater in 

larger, cooler, faster, more shaded streams with larger substrates (Hamada et al., 

2002).  Furthermore, seasonal changes can influence black flies density, species 

richness and assemblage composition (Burgherr et al., 2001), even though Malmqvist 

et al. (1999) found that neither species richness nor abundance of larvae was related 

to environmental factors. 

 

Black Flies in Thailand 

 

In Thailand, few details on black fly ecology and biology are available.  This 

lack of data may influence future decisions on public health and economic impact in 

regard to both humans and animals. Worldwide, the Simuliidae contains 

approximately 1,720 described species (Crosskey and Howard, 1997), but the fauna of 
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tropical Asia is incompletely known. The Oriental Region contains about 246 

described species (Takaoka and Davies, 1995). Recent interest in the fauna of 

Thailand has led to the discovery of many new species (Takaoka and Suzuki, 1984; 

Takaoka and Saito, 1996; Takaoka and Adler, 1997; Takaoka and Kuvangkadilok, 

1999; Kuvangkadilok and Takaoka, 2000; Takaoka, 2000; Takaoka and Mulla, 2000; 

Takaoka, 2001; Takaoka and Choochote, 2002; Takaoka and Choochote, 2004a, 

2004b, 2004c). At present, at least 40 species are known from Thailand, but new 

species continue to be discovered. Prior to our investigation, only three species of 

black fly had been recorded from Khao Yai National Park (Kuvangkadilok and 

Takaoka, 2000; Kuvangkadilok et al., 2003; Kuvangkadilok, personal 

communication).  Takaoka and Choochote (2004b) provided the most recent list of 

the species of Simuliidae in Thailand, and later added two additional species 

(Takaoka and Choochote, 2004c), see below. 

 

A checklist of black flies of Thailand 

Genus Simulium Latreille s.l. 

 

 Subgenus Daviesellum Takaoka and Adler 

1. Simulium courtneyi Takaoka and Adler, 1997 

2. Simulium pahangense Takaoka and Davies, 1995 

 

Subgenus Gomphostilbia Enderlein 

(A) batoense species-group 

3. Simulium angulistylum Takaoka and Davies, 1995 

4. Simulium decuplum Takaoka and Davies, 1995 

5. Simulium dentistylum Takaoka and Davies, 1995 

6. Simulium gombakense Takaoka and Davies, 1995 

7. Simulium parahiyangum Takaoka and Sigit, 1992 

8. Simulium siamense Takaoka and Suzuki, 1984 

(B) ceylonicum species-group 

9. Simulium asakoae Takaoka and Davies, 1995 

10. Simulium inthanonense Takaoka and Suzuki, 1984 
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11. Simulium sheilae Takaoka and Davies, 1995 

(C) varicorne species-group 

12. Simulium burtoni Takaoka and Davies, 1995 

13. Simulium chumpornense Takaoka and Kuvangkadilok, 2000 

Subgenus Montisimulium Rubtsov 

14. Simulium sp. G 

Subgenus Nevermannia Enderlein 

(A) feuerborni species-group 

15. Simulium feuerborni Edwards, 1934 

(B) ruficorne species-group 

16. Simulium aureohirtum Brunetti, 1911 

(C) vernum species-group 

17. Simulium caudisclerum Takaoka and Davies, 1995 

Subgenus Simulium Latreille s. str. 

(A) griseifrons species-group 

18. Simulium choochotei Takaoka, 2002 

19. Simulium crocinum Takaoka and Choochote, 2004 

20. Simulium digrammicum Edwards, 1928 

21. Simulium grossifilum Takaoka and Davies, 1995 

22. Simulium maenai Takaoka and Choochote, 2002 

23. Simulium mediocoloratum Takaoka and Choochote, 2004 

24. Simulium nigrogilvum Summers, 1911 

25. Simulium rudnicki Takaoka and Davies, 1995 

26. Simulium sachariti Takaoka and Choochote, 2004 

27. Simulium yongi Takaoka and Davies, 1997 

(B) malyschevi species-group 

28. Simulium siripoomense Takaoka and Saito, 1996 

(C) multistriatum species-group 

29. Simulium chainarongi Kuvangkadilok and Takaoka, 1999 

30. Simulium chaliowae Takaoka and Boonkemtong, 1999 

31. Simulium fenestratun Edwards, 1934 

32. Simulium malayense Takaoka and Davies, 1995 
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33. Simulium triglobus Takaoka and Kuvangkadilok, 1999 

(D) nobile species-group 

34. Simulium nobile De Meijere, 1907 

35. Simulium nodosum Puri, 1933 

(E) striatum species-group 

36. Simulium chiangmaiense Takaoka and Suzuki, 1984 

37. Simulium nakhonense Takaoka and Suzuki, 1984 

38. Simulium quinquestriatum (Shiraki, 1935) 

39. Simulium thailandicum Takaoka and Suzuki, 1984 

(F) tuberosum species-group 

40. Simulium brevipar Takaoka and Davies, 1995 

41. Simulium rufibasis Brunetti, 1911 

42. Simulium setsukoae Takaoka and Choochote, 2004 

43. Simulium tani Takaoka and Davies, 1995 

44. Simulium weji Takaoka, 2001 

(G) variegatum species-group 

45. Simulium barnesi Takaoka and Suzuki, 1984 

46. Simulium chamlongi Takaoka and Suzuki, 1984 

(H) Simulium s. str. unplaced to group 

47. Simulium baimaii Kuvangkadilok and Takaoka, 1999 

 

In Thailand, only one report has presented data on the distribution and 

abundance of larvae of black flies (Kuvangkadilok et al., 1999a).  However, 

information on polytene chromosomes of simuliid species can be found in the papers 

by Kuvangkadilok et al. (1998, 1999b, 1999c, 2003). 
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MATERIALS AND METHODS 

 

Materials 

 

Field equipment needed to sample the immature stages of lotic Diptera 

 

1.  D-frame net 

2.  sample containers, white plastic or enamel pan 

3.  forceps, waterproof pen, scissor, turkey baster, notebook 

4.  small vials 

5.  ruler and measuring tape 

6.  map of Khao Yai National Park 

7.  pH-meter (Hanna instruments, model HI 8424 microcomputer pH meter) 

8.  flow meter (Global water GEM, model E U.S. PAT.2.618.986) 

9.  70% ethanol and Carnoy’s solution (1 part glacial acid: 3 parts 95% 

ethanol) 

10.  GPS technology (GARMIN GPS 12XL) 

11.  cameras 

 

Laboratory equipment needed to process samples 

 

1.  forceps, petri dish, slides, pins, and insect boxes 

2.  specimen vials with caps or stoppers 

3.  sample labels 

4.  Olympus SZX-12 stereomicroscope and Nikon E-800 compound 

microscope  

5.  SPOT RT© color digital camera and Adobe Photoshop© 7.0 program 

6.  50, 60, 70, 80, 90 and 95% ethanol 

7.  10% KOH 

8.  50% acetic acid 

9.  1N HCl 

10.  xylene 
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11.  n-butylalcohol 

12.  permount 

13.  feulgen stain 

14.  sulfur water 

15. general references and published keys on aquatic Diptera (Johannsen, 

1934; Takaoka, 1979; Takaoka and Suzuki, 1984; Takaoka and Davies, 1995, 1996; 

Byers, 1996; Courtney et al., 1996; Dudgeon, 1999; Takaoka and Kuvangkadilok, 

1999; Courtney, 2000; Takaoka and Choochote, 2004b, 2004c). 

 

Methods 

 

Sample collection and processing 

 

Each site was sampled for 30-35 minutes by holding a D-frame net 

downstream while the substrate immediately upstream was agitated.  Larvae were also 

hand collected from stones, bedrock, trailing vegetation, twigs, leaves, and assorted 

debris.  All larvae were preserved in 70% ethanol except black fly larvae which were 

preserved in Carnoy’s solution (1 part glacial acetic acid: 3 parts 95% ethanol) in the 

field.  Three to five changes of Carnoy’s were used to ensure removal of water and 

proper fixation of chromosomes.  Samples were then stored at 4ºC until they were 

processed.  Black fly pupae were removed from the substrate, placed on damp tissue 

in small vials, and returned to the laboratory for rearing.  Larvae, pupae and emerged 

adults were identified to genus and species using published keys and keys constructed 

through a combination of these keys.  The concept of genera and species groups 

follows primarily the classification of Crosskey and Howard (1997).  Morphological 

identifications were based on descriptions by Takaoka and Suzuki (1984) and 

Takaoka and Davies (1995).  Morphological features of black fly stages were 

photographed.  Procedures for slide mounting are detailed in Appendix 1. 
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Cytotaxonomic study 

 

 Larvae for chromosomal analysis were dissected and stained with the Feulgen 

method (Rothfels and Dunbar, 1953), a standard technique used in black fly 

cytogenetics.  Chromosomal terminology follows that of Rothfels et al. (1978), 

Rothfels (1988), and Adler et al. (2004).  Most black flies have three chromosomes, 

labeled I, II, and III in decreasing order of length, with S (short) and L (long) 

designating chromosome arms, each of which can be identified by major landmarks.  

Chromosome I has no universal landmarks for the family, but the banding patterns of 

the IS base and end are highly conserved.  The IIS arm is characterized by the Ring of 

Balbiani, the “shoestring” usually central in the “bulge,” and the basal “trapezoid.”  

The IIL arm is universally characterized by “3 sharp” bands near the centromere and 

the parabalbiani.  The IIIS arm often has a splayed end and a “blister” with two heavy 

bands on one side.  There is no universal marker in IIIL.  The location of the nucleolar 

organizer can be a useful diagnostic aid for some taxa.  In the present study, 

landmarks in the IIS arm were emphasized.  Chromosomes were photographed under 

oil immersion.  Procedures and directions for preparing and staining larval polytene 

chromosomes are given in Appendix 2. 

 

This study examined the chromosomes of the subgenus Gomphostilbia in 

Khao Yai National Park in order evaluate cytological evidence for sibling species 

among morphologically identical species.  Of particular interest was the ceylonicum 

species-group, which demonstrate similar characters of the pupal gill filaments and 

the shape of postgenal cleft in larval stages (Kuvangkadilok et al., 2003).  The species 

in this problematic group need to be sorted out chromosomally and then linked to 

morphospecies. 

 

 Voucher specimens and detailed collection data are deposited in the 

Department of Entomology, Faculty of Agriculture, Kasetsart University. 
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Data analysis 

 

Relationship between species occurrence and physical factors were determined 

by using with further manipulations using the R system (R Development Core Team, 

2005). 

 

The sampling effort was examined with plots of species accumulation curves 

(Colwell and Coddington, 1994) singleton and doubleton curves (Scharff et al., 2003), 

calculation of sampling intensity (Coddington et al., 1996) and inventory completion 

index (Sørensen et al., 2002). 

 

 The Chao 1 estimator of species richness was chosen to examine from among 

the many proposed estimators reviewed in Colwell and Coddington, 1994. 

 

 Fisher’s α index of diversity was chosen and adopted following the 

recommendations of Southwood and Henderson (2000). 

 

 Canonical Correspondence Analysis (CCA) was used to examine community 

composition patterns related to species among collection sites and physical variables 

(Ter Braak, 1986). 

 

Place 

 

Location 

 

Khao Yai National Park is the oldest national park in Thailand (established in 

1962) and one of the largest (2,168 km2).  The park includes parts of four provinces: 

Nakhon Ratchasima, Saraburi, Nakhon Nayok, and Prachinburi (Figure 6) and is 

known for its biodiversity, especially its vertebrates, invertebrates, and vegetation.  

Much of Khao Yai is covered by tropical and submontane broad-leaved evergreen 

forests (Gray et al., 1994).  The rich biota results, in part, from the park’s altitudinal 
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range (60-1,351 m).  The park is dominated by a large sandstone plateau with many 

streams and waterfalls. 

 

Climate 

 

The climate is under direct influence of the southwest and northeast monsoons 

(Tourism Authority of Thailand, 2000).  The wet season extends from May to 

October.  The dry season occurs from November to February and the hot season from 

March to April (National Park Division, n.d.).  The air temperature, relative humidity 

and rainfall were recorded from July 2000 to June 2001 at Khao Yai National Park 

Headquarters Meteorological Station (Table 2).  The average maximum air 

temperature was 35.14ºC in April and average minimum of 7.94ºC in January.  Annual 

rainfall was 2,030.9 mm.  Highest monthly rainfall in May was 347.2 mm, with the 

lowest of 0 mm between November 2000 to February 2001.  Relative humidity varied 

between 98.41 to 99.29 %. 

 

Vegetation 

 

There are five main forest types in Khao Yai National Park 

(Soontornpitakkool, 1996; Chaikuad, 2000; Tourism Authority of Thailand, 2000). 

 

1.  Mixed deciduous forest: This forest type is shady but sunlight can still 

reach the ground below.  This forest type occurs in the altitude range 400-600 m 

above mean sea level (MASL). 

 

2.  Dry evergreen forest: This type occurs along the lowland in the east 

between 100-400 MASL. 

 

3.  Tropical evergreen forest: Most of park is covered with this forest type 

which is found between 400-1,000 MASL.  This forest type maintains high humidity 

in a dense cover of perennial trees.  Little sunlight can reach no much to the ground 

below.  Vegetation in the lower elevations is the same as in the dry evergreen forest. 
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4.  Hill evergreen forest: This forest occurs at altitudes over 1,000 MASL.  

Most vegetation consists of gymnosperms.  The ground flora is typically shrubs, ferns 

and orchids. 

 

5.  Grassland and secondary forest: This vegetation is a result of human 

activities such as shifting cultivation, road construction, and fires. 

 

Wildlife 

 

Khao Yai National Park is covered with a variety of forest types and very suitable as wildlife habitat.  The 

number of wildlife (i.e., vertebrate) species includes 71 species of mammals, 315 or more species of 

birds, and 70 species of reptiles and amphibians.  Data on the number of insect species in the park is scarce.  The 

species of butterflies recorded during 1961-1966 was 182, but recent data suggest more should be 

present (Tourism Authority of Thailand, 2000).  

 

Collection sites. 

 

The study area included a range of lotic habitats, from temporary roadside 

creeks to permanent waterfalls.  Monthly collections were made at 20 sites; half of the 

sites were sampled alternate week.  Most sampling sites were relatively undisturbed 

by human activity, though three sites sampled that were disturbed by tourist activity.  

Levels of disturbance were assessed following Damrak (2004).  A site description 

conducted qualitative assessment of canopy cover and primary substrate, the latter 

including the categories bedrock (B), rock (R), gravel (G), and sand (S).  Based on 

relative abundance of different substrates, five substrate classes were recognized: R-

G-S, B-R-G, G-R-S, G-S-R and S-R-G.  Substrate assessments here differ slightly 

from those of Damrak (2004) because individual assessments were made with 

particular attention to the different target taxa.  Collecting site descriptions and 

photographs are shown in Table 3.  Stream width, depth, velocity, temperature, pH, 

and site location (latitude, longitude and altitude) were measured at the time of each 

sample. 
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Duration 

 

 Sites were sampled every month from June 2000 to July 2001, with sporadic 

sampling also being carried out from 2003 to 2004, in order to obtain additional 

specimens or life stages that were rare during the year of intensive sampling.  

Specimen identification and data analysis were conducted over 3 years in the 

laboratory. 
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Figure 6. Khao Yai National Park, showing black fly collection sites  

Source: National Park Division, n.d. 
 
 

Khao Yai National Park 

 

North 

List of collection sites 
1. Creek 2.3 km. above S gate 
2. Creek 3.0 km. above S gate 
3. Creek 3.2 km. above S gate 
4. Than Rattana Waterfall 
5. Creek 5.3 km. above S gate 
6. Creek 6.0 km. above S gate 
7. Creek under wood bridge at Haew 

Narok Waterfall 
8. Creek under concrete bridge at 

Haew Narok Waterfall 
9. Creek under 1st concrete bridge 

before Khao Kheow Rd. 
10. Pa Tabak creek 
11. Pa Krajai Waterfal 
12. Creek under 2nd concrete bridge 

before Khao Kheow Rd. 
13. Huai Lam Takrong at Wang 

Jumpee 
14. Creek 29 km. above S gate at 

Khao Kheow 
15. Pa Kluai Mai Waterfall 
16. Tad Tapoo creek 
17. Creek 5.8 km. Up Haew Suwat 

Waterfall Rd. 
18. Creek 1.3 km. Up Haew Suwat 

Waterfall Rd. 
19. Huai Lam Takrong below at 

Haew Suwat Waterfall 
20. Tributary of Huai Lam Takrong at 

Haew Suwat Waterfall 
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Table 2  Air temperature (ºC), relative humidity (%) and rainfall (mm) at Khao Yai 

National Park between July 2000 and June 2001 

 
Month  Air temperature  

(ºC) 

Average relative 

 humidity (%) 

Rainfall 

 (mm) 

  Average 

 minimum 

Average  

maximum 

  

July 2000 - 29.70 99.09 297.3 

August  - 29.47 99.12 319.2 

September  10.48 31.69 99.1 327.8 

October  10.10 31.45 99 318.6 

November  10.29 31.36 99 0 

December  8.63 30.00 98.54 0 

January 2001 7.94 30.42 98.41 0 

February  9.40 31.17 99.14 0 

March  11.16 31.25 99.29 36.4 

April  11.26 35.14 98.66 114.9 

May  11.01 32.98 98.87 347.2 

June  11.05 32.82 98.93 269.5 

Total     2,030.9 
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Table 3  Collection site descriptions at Khao Yai National Park and photographs 
 
Site Image of site Canopy Primary  

substrata 
Disturbance 

 
1. Creek 2.3 km. 
above S gate 

 

 

 
Closed 

 
Rock 

Gravel 
Sand 

 
Undisturbed 

 
2. Creek 3.0 km. 
above S gate 

 

 

 
Closed 

 
Rock 

Gravel 
Sand 

 
Undisturbed 

 
3. Creek 3.2 km. 
above S gate 

 

 

 
Open 

 
Rock 

Gravel 
Sand 

 
Undisturbed 

 
4. Than Rattana 
Waterfall 

 

 

 
Open 

 
Bedrock 

Rock 
Gravel 

 

 
Disturbed 

 
5. Creek 5.3 km. 
above S gate 

 

 

 
Closed 

 
Gravel 
Rock 
Sand 

 
Undisturbed 
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Table 3  (Continued) 
 

Site Image of site Canopy Primary  
Substrata 

Disturbance 

 
6. Creek 6.0 km. 
above S gate 

 

 

 
Closed 

 
Gravel 
Rock 
Sand 

 
Undisturbed 

 
7. Creek under wood 
bridge at Haew 
Narok Waterfall 

 

 

 
Closed 

 
Gravel 
Sand 
Rock 

 

 
Undisturbed 

 
8. Creek under 
concrete bridge at 
Haew Narok 
Waterfall 

 

 

 
Open 

 
Rock 

Gravel 
Sand 

 
Undisturbed 

 
9. Creek under 1st 
concrete bridge 
before Khao Kheow 
Rd. 

 

 

 
Open 

 
Rock 

Gravel 
Sand 

 
Undisturbed 

 
10. Pa Tabak creek 

 

 

 
Closed 

 
Rock 

Gravel 
Sand 

 
Undisturbed 
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Table 3  (Continued) 
 

Site Image of site Canopy Primary  
Substrata 

Disturbance 

 
11. Pa Krajai 
Waterfal 

 

 

 
Open 

 
Bedrock 

Rock 
Gravel 

 
Undisturbed 

 
12. Creek under 2nd 
concrete bridge 
before Khao Kheow 
Rd. 

 

 

 
Open 

 
Rock 

Gravel 
Sand 

 
Undisturbed 

 
13. Huai Lam 
Takrong at Wang 
Jumpee 

 

 

 
Open 

 
Rock 

Gravel 
Sand 

 
Undisturbed 

 
14. Creek 29 km. 
above S gate at Khao 
Kheow 

 

 

 
Closed 

 
Rock 

Gravel 
Sand 

 
Undisturbed 

 
15. Pa Kluai Mai 
Waterfall 

 

 

 
Open 

 
Rock 

Gravel 
Sand 

 
Disturbed 
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Table 3  (Continued) 
 

Site Image of site Canopy Primary  
Substrata 

Disturbance 

 
16. Tad Tapoo creek 

 

 

 
Closed 

 
Sand 
Rock 

Gravel 

 
Undisturbed 

 
17. Creek 5.8 km. 
Up Haew Suwat 
Waterfall Rd. 

 

 

 
Open 

 
Gravel 
Sand 
Rock 

 
Undisturbed 

 
18. Creek 1.3 km. 
Up Haew Suwat 
Waterfall Rd. 

 

 

 
Closed 

 
Gravel 
Sand 
Rock 

 

 
Undisturbed 

 
19. Huai Lam 
Takrong below at 
Haew Suwat 
Waterfall 

 

 

 
Open 

 
Bedrock 

Rock 
Gravel 

 

 
Disturbed 

 
20. Tributary of 
Huai Lam Takrong 
at Haew Suwat 
Waterfall 

 

 

 
Open 

 
Rock 

Gravel 
Sand 

 
Undisturbed 
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RESULTS AND DISCCUSION 

 

1.  Physical variables 

 

1.1  Altitude 

  

The twenty sample sites ranged over 764 m, from the lowest site at 188 m 

(site 1) to the highest at 952 m (site 14).  The 952 m was considered an outlier, with 

no other sites near this altitude, with most of the high altitude sites being in the 650-

750 m range (Table 4). 

 

1.2  Drought 

 

Not all streams were perennial, with most of the lower altitude streams 

experiencing drought of more than four months during the dry season (Table 4).  Most 

of the higher altitude streams did not experience drought although the highest altitude 

site (site 14) was an exception experiencing 4 months of drought. 

 

All streams were impacted by the diminishing rains of the dry season, 

some to the extent that all surface water disappears from the streambed.  However, the 

onset and lifting of drought periods varied between sites.  Most streams (six of the ten 

streams experiencing drought) first experienced drought during December-January 

although site 6 experienced drought as early as late November.  Drought had lifted at 

site 1 (lowest altitude), the last to receive drought relief in late June, while site 14 was 

relieved as early as mid April. 

 

1.3  Water temperature 

 

Annual median water temperatures ranged from a low of 21.5ºC (site 4) to 

24.7ºC (site 14) (Table 4).  Generally water temperature and altitude showed a 

monotonic inverse relationship (ρ = -0.6326, p < 0.01) which was quite linear (r2 = 

0.5696, p < 0.001).  However, sites 17 and 18 were much warmer than expected for 
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their altitude, without these sites the relationship is even stronger (ρ = -0.7778, p < 

0.001; r2 = 0.7662, p < 0.001). 

 

There was considerable seasonal variation in water temperature with most 

sites having variation greater than 4ºC while site 13 had a range of 8ºC (Figure 7). 

 

1.4  pH 

 

Median site pH ranged from 5.69 (site 14) to as high as 7.91 (site 6), 

though most sites were in the range 6.69-7.32 with a median of 6.84 (Table 4). 

 

There was little seasonal variation in pH (Figure 8) and no clear pattern 

although there was trend for “drying” sites to experience decreasing pH-presumably 

as a result of increasing concentrations of organic acids. 

 

1.5  Stream size 

 

“Stream size” per se was not measured.  However, stream width 

(maximum and minimum), stream depth (maximum and minimum) and current 

velocity (maximum and minimum) were all measured as separate parameters.  

However, all six of these parameters were found to be highly multicollinear (Table 5) 

and so collectively can be treated as indicators of “stream size”, the high collinearity 

of all the parameters meaning that only one parameter need be examined as a stream 

size measure.  Maximum stream width was chosen. 

 

Median maximum stream width ranged from the smallest stream at site 

18 with a stream width of only 1 m to the largest stream at site 19 with a maximum 

width of 20 m (Table 4). 

 

There was a good deal of seasonal variation in maximum stream width 

with different sites also having different levels of variation (Figure 9).  The greatest 

variation was seen at site 8, which had a spate width of 35 m during July 2000 but 
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was reduced to only 1 m during the dry season (March-April 2001).  Of course, those 

sites that experienced drought (stream width maximal of 0 m) could be regarded as 

having even greater relative variation in stream width. 
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Table 4  Map co-ordinates and environmental data from Khao Yai National Park between July 2000 and June 2001 (“Drought” = without
flowing water)

Site Latitude
(N)

Longitude
(E)

Altitude
(MASL)

Water
temperature

pH Stream width
(m)

Stream depth
 (m)

Water  velocity
(m s-1)

Drought
(month)

(ºC) Average
minimum

Average
 maximum

Average
minimum

Average
 maximum

Average
minimum

Average
 maximum

1 14º14' 101º23' 188 23.75 7.02 2.00 3.50 0.15 0.45 0.55 0.70 8
2 14º14' 101º23' 199 24.55 6.74 1.00 2.50 0.15 0.48 0.28 0.50 7
3 14º14' 101º23' 200 24.30 6.76 1.00 4.00 0.08 0.30 0.30 0.50 7
4 14º14' 101º23' 223 24.70 7.55 2.00 4.00 0.05 0.30 0.50 0.90 4
5 14º15' 101º23' 256 24.55 6.48 0.75 2.25 0.10 0.30 0.30 0.40 5
6 14º15' 101º23' 297 24.20 7.91 1.00 2.00 0.15 0.30 0.20 0.40 8
7 14º17' 101º23' 404 24.00 7.30 0.50 1.50 0.03 0.15 0.10 0.20 0
8 14º17' 101º23' 404 24.40 6.91 3.00 5.00 0.15 0.60 0.50 0.90 0
9 14º20' 101º21' 604 23.00 6.84 1.00 3.00 0.03 0.20 0.30 0.40 0

10 14º19' 101º21' 505 23.00 6.60 2.00 5.00 0.15 0.30 0.30 0.60 1
11 14º21' 101º20' 654 23.30 7.62 1.00 5.00 0.15 0.30 0.60 1.50 0
12 14º21' 101º20' 683 22.60 6.74 1.00 5.00 0.15 0.30 0.50 0.60 0
13 14º26' 101º22' 751 23.50 6.54 1.50 10.00 0.15 0.30 0.50 0.90 0
14 14º22' 101º24' 952 21.50 5.69 0.50 2.00 0.15 0.45 0.10 0.20 4
15 14º25' 101º24' 695 23.50 6.84 2.00 15.00 0.15 0.45 0.50 0.90 0
16 14º24' 101º22' 744 22.50 6.72 2.00 4.00 0.15 0.30 0.30 0.50 0
17 14º25' 101º24' 688 24.00 7.18 1.00 3.00 0.15 0.30 0.30 0.50 2
18 14º24' 101º22' 722 24.30 6.26 0.60 1.00 0.03 0.15 0.15 0.30 2
19 14º26' 101º25' 633 23.00 7.56 3.00 20.00 0.15 0.75 0.70 1.00 0
20 14º25' 101º25' 646 22.90 7.36 3.00 5.00 0.15 0.45 0.40 0.80 0
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Figure 7  Water temperature of 20 collection sites at Khao National Park.  Gray =

2000, Black = 2001

Figure 8  pH of 20 collection sites at Khao National Park.  Gray = 2000, Black = 2001
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Table 5  Measured physical variables correlation matrix (* = p < 0.05)
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Current velocity  maximum 1.00

Current velocity  minimum 0.88* 1.00

Depth maximum 0.42 0.56* 1.00

Depth minimum 0.37 0.37 0.59* 1.00

Width maximum 0.56* 0.69* 0.63* 0.35 1.00

Width minimum 0.55* 0.65* 0.70* 0.38 0.58* 1.00
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Figure 9  Stream width (max.) of 20 collection sites at Khao National Park.  Grey =

2000, Black = 2001
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2.  Simuliid taxonomy and description

2.1  Summary and checklist of Simuliidae of Khao Yai National Park

Twenty-two species of black flies were collected during a 2000-2001

survey of 20 streams at Khao Yai National Park, Thailand.  These 22 consist of 16

formally described species, including one newly recorded from Thailand (Simulium

novemarticulatum), and 6 undescribed species (S. sp. A, S. sp. nr. sheilae, S. sp. B, S.

sp. C, S. sp. D, and S. sp. E).  Species belong to the subgenera Gomphostilbia

Enderlein (12 spp.), Nevermannia Enderlein (1 sp.) and Simulium Latreille s.str. (9

spp.) of the genus Simulium Latreille s.l.  The following analysis was based mostly on

morphological characters of mature larvae and pupae.

Checklist of black flies of Khao Yai National Park

Genus Simulium Latreille s.l.

Subgenus Gomphostilbia Enderlein

(A) batoense species-group

1. Simulium angulistylum Takaoka and Davies, 1995

2. Simulium decuplum Takaoka and Davies, 1995

3. Simulium dentistylum Takaoka and Davies, 1995

4. Simulium gombakense Takaoka and Davies, 1995

5. Simulium siamense Takaoka and Suzuki, 1984

6. Simulium sp. A

(B) ceylonicum species-group

7. Simulium asakoae Takaoka and Davies, 1995

8. Simulium sheilae Takaoka and Davies, 1995

9. Simulium sp. nr. sheilae Takaoka and Davies, 1995

(C) varicorne species-group

10. Simulium novemarticulatum Takaoka and Davies, 1995

(D) ungrouped species

11. Simulium sp. B



49

12. Simulium sp. C

Subgenus Nevermannia Enderlein

(A) feuerborni species-group

13. Simulium feuerborni Edwards, 1934

Subgenus Simulium Latreille s. str.

(A)griseifrons species-group

14. Simulium grossifilum Takaoka and Davies, 1995

15. Simulium rudnicki Takaoka and Davies, 1995

(B) multistriatum species-group

16. Simulium chainarongi Kuvangkadilok and Takaoka, 1999

17. Simulium fenestratun Edwards, 1934

(C) striatum species-group

18. Simulium nakhonense Takaoka and Suzuki, 1984

19. Simulium quinquestriatum (Shiraki, 1935)

(D) tuberosum species-group

20. Simulium tani Takaoka and Davies, 1995

(E) ungrouped species

21. Simulium sp. D

22. Simulium sp. E
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2.2  Keys to the species of Simuliidae of Khao Yai National Park

Only one genus, Simulium Latreille was found in this study.  This genus

is distinguished from other genera by the following character: adult antenna with 7-9

flagellomeres; anterior wing veins with spinules as well as hairs, radial sector not

forked; hind basitarsus with well-developed calcipala, and second segment of hind

tarsus with distinct pedisulcus; hypogynial valves short, not longer than wide; pupa

with cocoon wall-pocket-, shoe-, or boot-shaped; larva with hypostomal teeth rather

low, median tooth not trifid, and anal sclerite with posterior arms subequal to, or

longer than, anterior ones (Davies and Györkös, 1987; Takaoka and Davies, 1995;

Takaoka and Davies, 1996).

Keys to subgenera of Simuliidae were given by Takaoka and Davies

(1995, 1996) and Takaoka and Choochote (2004b).

Mature larvae

1. Last abdominal segment without ventral papillae or with small

ventrolateral tubercles…………………………….…………………...2

1'. Last abdominal segment with a pair of ventral papillae……………...10

2(1). Abdominal segments I-VI (or up to VIII) each with a pair of

protuberances dorsally or dorsolaterally…………………….………...3

2'. Abdominal segments without any protuberances……………....……...5

3(2). Abdominal segments I-VI each with a pair of protuberances

dorsolaterally………………………………………………chainarongi

3'. Abdominal segments I-VIII each with a pair of protuberances dorsally

…………………………………………………………………………4

4(3'). Gill histoblast with coiled filaments, somewhat inflated filaments at

base (Figure 61B), arranged in groups of 2+2+ 2+2+2 from dorsal to

ventral in pharate pupal gill………………………….……..nakhonense

4'. Gill histoblast with coiled filaments, not inflated filaments at base

(Figure 65B), arranged in groups of 2+3+3+2 from dorsal to ventral in

pharate pupal gill……………….…………………..….quinquestriatum
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5(2'). Pharate pupal gill with 6 filaments………………………...…………..6

5'. Pharate pupal gill with 8 or more filaments ………………….……….8

6(5). Pharate pupal gill with 6 inflated tubular filaments…......….grossifilum

6'. Pharate pupal gill with 6 thread-like filaments………………..………7

7(6'). Body color reddish brown; cephalic apotome pale yellow……..…..tani

7'. Body color dark grey; cephalic apotome dark brown .………...rudnicki

8(5'). Postgenal cleft moderately widened medially, its greatest width much

larger than the wide at base (Figure 57D); pharate pupal gill with 8

filaments……..………………………………………..……fenestratum

8'. Postgenal cleft very long; pharate pupal gill with 19 or 27-34

filaments……………………………………………………………….9

9(8'). Pharate pupal gill with 19 filaments; mandibular serrations composed

of 1 well developed and 1 small teeth and with supernumerary

serrations on each side (Figure 73F)………………………...…….sp. D

9'. Pharate pupal gill with 27-34 filaments; mandibular serrations

composed of 1 well developed and 1 small teeth and without

supernumerary serrations on each side (Figure 75F)………..…….sp. E

10(1'). Postgenal cleft shorter than postgenal bridge (Figure 48D); lateral

serrations of hypostomium well developed; abdomen with

characteristic reddish brown markings dorsally (Figure 48A)

..………………………………………………..………….....feuerborni

10'. Postgenal cleft variable length, subequal or longer than postgenal

bridge; lateral serrations of hypostomium weakly developed or absent;

abdomen without such colored marking dorsally.……………….…...11

11(10'). Postgenal cleft subequal to postgenal bridge (Figure 30C)…….asakoae

11'. Postgenal cleft longer than postgenal bridge…………………...…….12

12(11'). Abdominal segments I-V each with a pair of small dorsolateral

protuberances…………………………………………………….…...13

12'. Abdominal segments I-V each without any protuberances…...……...14

13(12). Thoracic segment III and abdominal segments I-IV each with a pair of

small dorsolateral protuberances; thoracic cuticle bare dorsally

………………………………………….….……..….novemarticulatum
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13'. Thoracic segment III without protuberances and abdominal segments

II-V each with a pair of small dorsolateral protuberances; thoracic

cuticle sparsely covered thick, dark, unbranched and 2 or 3 branched

setae dorsally……………………………………..……...……..….sp. B

14(12'). Abdomen distinctly constricted between segments IV and V, with a

cluster of dark setae on the frontolateral surface of segment V (Figure

18D)..………………………………………………..……...dentistylum

14'. Abdomen not constricted between segments IV and V, without a

cluster of dark seate on the frontolateral surface of segment V……...15

15(14'). Abdominal cuticle almost bare dorsally……………………………...16

15'. Abdominal cuticle sparsely to densely covered with unbranched or

branched dark setae dorsally on segments V-VIII…………………...17

16(15). Gill histoblast with broad, somewhat inflated structure, filaments not

coiled (Figure 20B); cephalic apotome pale with positive head

spots…...…………………………………………………...gombakense

16'. Gill histoblast with short basal common stalk and stalk of upper triplet,

filaments coiled (Figure 47B); cephalic apotome brownish yellow with

distinct positive head spots (Figure 47C)...……………………......sp. C

17(15'). Thoracic cuticle sparsely or moderately covered with branched dark

setae dorsally………………………………………………….……...18

17'. Thoracic cuticle bare……………...………………………………….19

18(17). Pharate pupal gill with 8 filaments………………...………….siamense

18'. Pharate pupal gill with 10 filaments………………………….decuplum

19(17'). Minute dark setae on abdominal segments V-VIII somewhat flat and

stout basally, scalelike setae with 3-6 branches (Figure 26D).……sp. A

19'. Minute dark setae on abdominal segments V-VIII slender and hair-like

basally, with long branches apically..………...…………...………….20

20(19'). Gill histoblast with very short-stalked, three pairs of coiled filaments

(Figure 10G); abdomen densely covered with minute seate branching

into 5-12 slender hairs dorsally on segments V-VIII (Figure 10D)

……....……………………………………………..……...angulistylum
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20'. Gill histoblast with short basal common stalk and stalk of upper triplet,

coiled filaments (Figures 30I, 34G, 38I), abdomen sparsely or densely

covered with minute unbranched setae and branching into 2-6 slender

hairs dorsally on segments V-VIII..………………………………….21

21(20'). Postgenal cleft 3X as long as postgenal bridge (Figures 30G, 38C);

abdomen sparsely covered with minute unbranched setae and

branching into 2 or 3 slender hairs dorsally on segments V-VIII

(Figures 30E, 38E)…………….………..….asakoae and sp. nr. sheilae

21'. Postgenal cleft nearly approaching posterior margin of hypostomium;

abdomen sparsely or densely covered with minute unbranched setae

and branching into 2-6 slender hairs dorsally on segments V-VIII.....22

22(21'). Abdominal cuticle sparsely covered with minute unbranched setae and

branching into 2 or 3 slender hairs dorsally on segments V-VIII

(Figure 38E)…...………………………...…..……..…….sp. nr. sheilae

22'. Abdominal cuticle densely covered with minute setae branching into 2-

6 slender hairs dorsally on segments V-VIII (Figure 34D).…….sheilae

Pupae

1. Each gill of inflated form…………………………………..………….2

1'. Each gill filamentous…………………………………...……………...3

2(1). Gill markedly inflated at base, with 2 triplet groups of finger-like

projection and 8 slender filaments (Figure 21B); dorsal spine-combs

present on abdominal segments VI-VIII…………..………gombakense

2'. Gill with 6 inflated filaments (Figure 52D); dorsal spine-combs present

on abdominal segments VIII-IX.……………………………grossifilum

3(1'). Gill with 6 filaments………………………………….………..………4

3'. Gill with 8 or more filaments………………………...……….……….6

4(3). All filaments extending forward close together, 4 dorsal filaments and

2 ventral filaments, latter with rather long stalk (Figure 49B); cocoon

wall-pocket-shaped with anterodorsal projection (Figure 49A)

..…………………………………………………………..….feuerborni



54

4'. Gill filaments arranged in pairs; cocoon wall-pocket-shaped without

anterodorsal projection…...……...…………………………………….5

5(4'). Gill filaments almost sessile (Figure 55B); dorsal spine-combs present

only on abdominal segment VIII; cocoon with an anterolateral window

on each side (Figure 55A)…………...……………..…..…...….rudnicki

5'. Gill filaments short-stalked (Figure 70F); dorsal spine-combs present

on abdominal segments VII-IX; cocoon without lateral windows….tani

6(3'). Gill with 8 filaments…………………………………………………...7

6'. Gill with 10 or more filaments……………………………...………..16

7(6). Gill filaments arranged in pairs……………………………...………...8

7'. Gill filaments otherwise…………………………...…………………..9

8(7). Cocoon wall-pocket-shaped with an anterolateral window on each side

(Figure 58B)………………………………………….….…fenestratum

8'. Cocoon shoe-shaped without lateral windows………...…...chainarongi

9(7'). Gill filaments arranged in groups of 2+1+3+2 from dorsal to ventral

(Figure 19B); antennal sheath with tubercles……………....dentistylum

9'. Gill filaments arranged in groups of 3+3+2 from dorsal to ventral;

antennal sheath smooth……………………...…………….…………10

10(9'). Gill filaments all shorter than pupal body, short-stalked (Figure

11E)………………………………………………………..angulistylum

10'. Gill filaments subequal to, or longer than pupal body, moderately-

stalked………………………………………………………………...11

11(10'). Dorsal and middle triplet groups and ventral pair group arising, basally

at the same level………………………..………………..…………...12

11'. Dorsal and middle triplet groups sharing a short stalk, which arises

with a stalk of ventral pair group, from short common basal stalk…..13

12(11). Dorsal spine-combs present on abdominal segments VI-IX.…siamense

12'. Dorsal spine-combs present on abdominal segments VI-VIII…………

…………………………………………………….....novemarticulatum

13(11'). Dorsal and middle triplet groups composed of 1 individual filament

and 2 paired filaments with long stalk (Figure 27E)…...…….....…sp. A
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13'. Dorsal and middle triplet groups composed of 1 individual filament

and 2 paired filaments with a short or medium stalk………..……….14

14(13'). Terminal hooks plate-like (Figure 39B)………………… sp. nr. sheilae

14'. Terminal hooks irregular triangle-shape…………………...………...15

15(14'). Terminal hooks distinct large (Figure 35B), weakly undulate on outer

margin ………..……………………………………………....…sheilae

15'. Terminal hooks moderate (Figure 31B), weakly serrate on outer

margin……….………………..……………………..…...…..…asakoae

16(6'). Gill with 10 filaments…………………………...……………………17

16'. Gill with 19 or 27-34 filaments…………………………...………….19

17(16). Cocoon simple wall-pocket-shaped; gill filaments arranged in groups

of 4 (or 3+1)+4+2 from dorsal to ventral (Figure 15E)……....decuplum

17'. Cocoon shoe-shaped; gill filaments otherwise………………...……..18

18(17'). Gill filaments arranged in groups of 2+3+3+2 from dorsal to ventral

(Figure 66F); all filaments subequal in thickness to one another;

cocoon shoe-shaped with high neck (Figure 66B)…….quinquestriatum

18'. Gill filaments arranged in pairs, upper 5 or 6 filaments inflated at base

while others slender (Figure 62F); cocoon shoe-shaped with low neck

(Figure 62B)..…………………………………………..…..nakhonense

19(16'). Gill with 19 filaments (Figure 74C)..………………...…………....sp. D

19'. Gill with 27-34 filaments (Figure 76B)..……………...…………...sp. E
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2.3  Descriptions of species and ecology of the aquatic stages

In this study, morphological features were identified and formed the basis

for taxonomic keys based on mature larvae and pupae.  However, confirmation of

identification of some species required adult stages.  Characters used in larval

taxonomy included the shape of the body, the general ground-color of the head

capsule, the shape and relative size of the postgenal cleft, mandibles, hypostomium

and gill histoblast.  Characters of pupal taxonomy included the number and the

branching configuration of gill filaments, the shape and texture of the cocoon, the

surface texture of head integument in the pupal exuviae, the form and disposition of

abdominal spines and hooks, and the size and shape of terminal hooks.  Adult

taxonomic characters included features of genitalia, antenna, maxillary palp, claws,

and the shape and color pattern of legs.  Photographic images of morphological

characters were obtained directly from specimens used in the construction of keys.

Subgenus Gomphostilbia Enderlein

(A)  batoense species-group

1.  Simulium (Gomphostilbia) angulistylum Takaoka and Davies, 1995

(Figures 10, 11, 12, 13)

Simulium (Gomphostilbia) angulistylum Takaoka and Davies, 1995: 42-46 (female,

male, pupa, and mature larva).

Description.

Larva (Figure 10).  See Takaoka and Davies (1995).

Pupa (Figure 11).  See Takaoka and Davies (1995).

Female (Figure 12).  See Takaoka and Davies (1995).

Male (Figure 13).  See Takaoka and Davies (1995).

Collection sites.  Thailand.  Prachinburi, Khao Yai National Park; Creek 2.3

km. above S gate, 14°14’N 101°23’E; Creek 3.0 km. above S gate, 14°14’N 101°

23’E; Creek 3.2 km. above S gate, 14°14’N 101°23’E; Than Rattana Waterfall, 14°

14’N 101°23’E; Creek 5.3 km. above S gate, 14°15’N 101°23’E; Creek 6.0 km. above
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S gate, 14°15’N 101°23’E; Creek under wood bridge at Haew Narok Waterfall, 14°

17’N 101°23’E; Creek under concrete bridge at Haew Narok Waterfall, 14°17’N 101°

23’E.  Nakhon Nayok, Khao Yai National Park; Creek under 1st concrete bridge

before Khao Kheow Rd., 14°20’N 101°21’E; Pa Tabak creek, 14°19’N 101°21’E; Pa

Krajai Waterfal, 14°21’N 101°20’E; Creek under 2nd concrete bridge before Khao

Kheow Rd., 14°21’N 101°20’E.  Nakhon Ratchasima, Khao Yai National Park; Huai

Lam Takrong at Wang Jumpee, 14°26’N 101°22’E; Creek 29 km. above S gate at

Khao Kheow, 14°22’N 101°24’E; Pa Kluai Mai Waterfall, 14°25’N 101°24’E; Tad

Tapoo creek, 14°24’N 101°22’E; Creek 5.8 km. up Haew Suwat Waterfall Rd., 14°

25’N 101°24’E; Creek 1.3 km. up Haew Suwat Waterfall Rd., 14°24’N 101°22’E;

Huai Lam Takrong below at Haew Suwat Waterfall, 14°26’N 101°25’E; Tributary of

Huai Lam Takrong at Haew Suwat Waterfall, 14°25’N 101°25’E.

Ecological notes.  This species occurred in all seasons.  Pupae and larvae were

collected from fallen leaves, trailing grasses, leaves and roots, rocks and sticks, in

streams of various width (0.15-35 m.) and flow velocity (0.1-2.0 m s-1), and ranging

from fully exposed to shaded in natural forest.  Half of inhabited streams were

ephemeral, lacking flowing water for 1-8 months during the survey.  When the water

level in streams was low and dried up, this species was absent.  Altitudes, water

temperatures, and pH for collection sites ranged from 188-952 m, 18.4-26.4 °C, and

5.04-7.95, respectively.  This species was found with S. (G.) decuplum, S. (G.)

dentistylum, S. (G.) siamense, S. (G.) sp. A, S. (G.) asakoae, S. (G.) sheilae, S. (G.) sp.

nr. sheilae, S. (G.) gombakense, S. (G.) novemarticulatum, S. (G.) sp. B, S. (G.) sp. C,

S. (N.) feuerborni, S. (S.) grossifilum, S. (S.) fenestratum, S. (S.) chainarongi, S. (S.)

nakhonense, S. (S.) quinquestriatum, S. (S.) tani, S. (S.) sp. D, and S. (S.) sp. E.

Remarks.  This species was originally described based on the female, male,

pupa, and mature larva from West Malaysia (Takaoka and Davies, 1995).  The pupal

gill has eight short, slender filaments arranged in groups of 3 + 3 + 2 from dorsal to

ventral.  Larva can be identified by the presence of delicate setae with 5-12 (mostly 8-

10) branches on abdominal segments V-VIII.
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Figure 10  Larval structures of Simulium angulistylum.  A, lateral view of mature

larva; B, hypostomium; C, apical tip of mandible; D, setae on abdomen;

E, F: head capsule; E, dorsal view; F, ventral view; G, gill histoblast
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Figure 11  Pupal structures of Simulium angulistylum.  A, dorsal view; B, terminal

hooks; C, D: head integument in front view; C, female; D, male; E, gill

filaments
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Figure 12  Adult structures of Simulium angulistylum female.  A, genitalia in ventral

view; B, claws; C, antenna; D, maxillary palp; E, mandible; F, legs (fore,

mid and hind legs from left)
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Figure 13  Adult structures of Simulium angulistylum male.  A, genitalia in ventral

view; B, claws; C, antenna; D, maxillary palp; E, legs (fore, mid and hind

legs from left)
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2.  Simulium (Gomphostilbia) decuplum Takaoka and Davies, 1995

(Figures 14, 15, 16, 17)

Simulium (Gomphostilbia) decuplum Takaoka and Davies, 1995: 46-50 (female, pupa,

and mature larva).

Description.

Larva (Figure 14).  See Takaoka and Davies (1995).

Pupa (Figure 15).  See Takaoka and Davies (1995).

Female (Figure 16).  See Takaoka and Davies (1995).

Male (Figure 17).  No description.

Collection sites.  Thailand.  Prachinburi, Khao Yai National Park; Creek 3.0

km. above S gate, 14°14’N 101°23’E; Creek under wood bridge at Haew Narok

Waterfall, 14°17’N 101°23’E.  Nakhon Nayok, Khao Yai National Park; Creek under

1st concrete bridge before Khao Kheow Rd., 14°20’N 101°21’E; Pa Tabak creek, 14°

19’N 101°21’E; Creek under 2nd concrete bridge before Khao Kheow Rd., 14°21’N

101°20’E.  Nakhon Ratchasima, Khao Yai National Park; Huai Lam Takrong at Wang

Jumpee, 14°26’N 101°22’E; Pa Kluai Mai Waterfall, 14°25’N 101°24’E; Tad Tapoo

creek, 14°24’N 101°22’E; Creek 5.8 km. up Haew Suwat Waterfall Rd., 14°25’N

101°24’E; Tributary of Huai Lam Takrong at Haew Suwat Waterfall, 14°25’N 101°

25’E.

Ecological notes.  This species was most abundant in the cold season

(November 2000-January 2001).  Pupae and larvae were collected from fallen leaves,

trailing grasses and leaves in small to large streams (0.15-20 m width) with slow to

fast flowing water (0.1-2.0 m s-1), and ranging from fully exposed to shaded.

Altitudes, water temperatures, and pH for collection sites ranged from 199-751 m,

18.4-24.5 °C, and 6.01-7.75, respectively.  This species was found with S. (G.)

angulistylum, S. (G.) dentistylum, S. (G.) siamense, S. (G.) sp. A, S. (G.) asakoae, S.

(G.) sheilae, S. (G.) sp. nr. sheilae, S. (G.) novemarticulatum, S. (S.) fenestratum, S.

(S.) chainarongi, S. (S.) nakhonense, S. (S.) quinquestriatum, and S. (S.) tani.
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Remarks.  Simulium (G.) decuplum was described from the female, pupa and

mature larva from West Malaysia (Takaoka and Davies, 1995).  The pupa is

recognized by 10 gill filaments are slender, short, and arranged in groups of 4 (or

3+1) + 4 + 2 from dorsal to ventral.  The larva has a deep postgenal cleft almost

reaching the posterior border of the hypostoma and abdominal cuticle bearing dark

setae with 10-14 branches.
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Figure 14  Larval structures of Simulium decuplum.  A, lateral view of mature larva;

B, hypostomium; C, apical tip of mandible; D, setae on abdomen; E, F:

head capsule; E, dorsal view; F, ventral view; G, gill histoblast
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Figure 15  Pupal structures of Simulium decuplum.  A, dorsal view; B, terminal hooks;

C, D: head integument in front view, C, female, D, male, E, gill filaments
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Figure 16  Adult structures of Simulium decuplum female.  A, genitalia in ventral

view; B, claws; C, antenna; D, maxillary palp; E, mandible; F, legs (fore,

mid and hind legs from left)

A B

C

D

F

E



67

Figure 17  Adult structures of Simulium decuplum male.  A, genitalia in ventral view;

B, claws; C, antenna; D, maxillary palp; E, legs (fore, mid and hind legs

from left)
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3.  Simulium (Gomphostilbia) dentistylum Takaoka and Davies, 1995

(Figures 18, 19)

Simulium dentistylum Takaoka and Davies, 1995: 51-55 (male, pupa, and mature

larva).

Description.

Larva (Figure 18).  See Takaoka and Davies (1995).

Pupa (Figure 19).  See Takaoka and Davies (1995).

Female.  Unknown.

Male.  See Takaoka and Davies (1995).

Collection site.  Thailand.  Nakhon Ratchasima, Khao Yai National Park; Tad

Tapoo creek, 14°24’N 101°22’E.

Ecological notes.  This species was found in the cold season (November 2000-

February 2001).  Pupae and larvae were collected from fallen leaves and trailing roots

at only site 16, a small shaded stream (1-4 m width) with slow to moderately flowing

water (0.1-0.8 m s-1) in natural forest.  Altitude at this site is 744 m.  Water

temperatures and pH for collection sites ranged from 19.3-23.1 °C, and 6.72-6.85,

respectively.  This species was found with S. (G.) angulistylum, S. (G.) decuplum, S.

(G.) siamense, S. (G.) sp. A, S. (G.) asakoae, S. (G.) sheilae, ceylonicum species-

group, S. (S.) fenestratum, and S. (S.) tani.

Remarks.  This species was described based on male, pupa, and mature larval

specimens from West Malaysia (Takaoka and Davies, 1995).  Pupa is recognized by

the eight short, slender gill filaments are arranged in groups of 2 + 1 + 3 + 2 from

dorsal to ventral.  The larva is characterized by a deep postgenal cleft; a marked

constriction between abdominal segments IV and V; and both flat, scalelike setae and

dark, unbranched or bifurcated setae on the cuticle of abdominal segment V.
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Figure 18  Larval structures of Simulium dentistylum.  A, lateral view of mature larva;

B, hypostomium; C, apical tip of mandible; D, setae on abdomen; E, F:

head capsule; E, dorsal view; F, ventral view; G, gill histoblast
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Figure 19  Pupal structures of Simulium dentistylum.  A, dorsal view; B, gill filaments

A B
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4.  Simulium (Gomphostilbia) gombakense Takaoka and Davies, 1995

(Figures 20, 21)

Simulium (Gomphostilbia) gombakense Takaoka and Davies, 1995: 82-84 (mature

larva).

Simulium (Gomphostilbia) gombakense: Takaoka, 2000 (male and pupa).

Description.

Larva (Figure 20).  See Takaoka and Davies (1995).

Pupa (Figure 21).  See Takaoka (2000).

Female.  Unknown.

Male.  See Takaoka (2000).

Collection sites.  Thailand.  Prachinburi, Khao Yai National Park; Creek 6.0

km. above S gate, 14°15’N 101°23’E.  Nakhon Nayok, Khao Yai National Park;

Creek under 1st concrete bridge before Khao Kheow Rd., 14°20’N 101°21’E; Pa

Tabak creek, 14°19’N 101°21’E; Pa Krajai Waterfal, 14°21’N 101°20’E.

Ecological notes.  Larvae were collected from fallen leaves and rocks.  Only

one pupa was found on a fallen leaf.  This species occurred in small to medium-sized

streams (0.15-5 m width) with slow to moderately flowing water (0.1-0.7 m s-1), and

ranging from fully exposed to shaded.  Altitudes, water temperatures, and pH for

collection sites ranged from 297-654 m, 23.0-25.0 °C, and 7.10-7.90, respectively.

This species was found with S. (G.) angulistylum, S. (G.) asakoae, ceylonicum

species-group, S. (G.) sp. C, S. (S.) fenestratum and S. (S.) tani.

Remarks.  Simulium (G.) gombakense was described from pharate pupae and

mature larvae from West Malaysia (Takaoka and Davies, 1995).  The male and pupa

were later described by Takaoka (2000).  The pupal gill is much inflated with six

fingerlike projections and eight slender filaments.  The postgenal cleft of the larva is

longer than the postgenal bridge and the abdominal cuticle is almost bare except the

last segment, which has short, colorless, unbranched setae on each side of the anal

sclerite.
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Figure 20  Larval structures of Simulium gombakense.  A, lateral view of mature

larva; B, gill histoblast; C, D: head capsule; C, dorsal view; D, ventral

view; E, hypostomium; F, apical tip of mandible
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Figure 21  Pupal structures of Simulium gombakense.  A, dorsal view; B, gill

filaments

A B
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5.  Simulium (Gomphostilbia) siamense Takaoka and Suzuki, 1984

(Figures 22, 23, 24, 25)

Simulium (Gomphostilbia) siamense Takaoka and Suzuki, 1984: 14-18 (female, male,

pupa, and mature larva).

Description.

Larva (Figure 22).  Takaoka and Suzuki (1984).

Pupa (Figure 23).  Takaoka and Suzuki (1984).

Female (Figure 24).  Takaoka and Suzuki (1984).

Male (Figure 25).  Takaoka and Suzuki (1984).

Collection sites.  Thailand.  Prachinburi, Khao Yai National Park; Than

Rattana Waterfall, 14°14’N 101°23’E; Creek under wood bridge at Haew Narok

Waterfall, 14°17’N 101°23’E; Creek under concrete bridge at Haew Narok Waterfall,

14°17’N 101°23’E.  Nakhon Nayok, Khao Yai National Park; Creek under 1st

concrete bridge before Khao Kheow Rd., 14°20’N 101°21’E; Pa Tabak creek, 14°

19’N 101°21’E; Creek under 2nd concrete bridge before Khao Kheow Rd., 14°21’N

101°20’E.  Nakhon Ratchasima, Khao Yai National Park; Huai Lam Takrong at Wang

Jumpee, 14°26’N 101°22’E; Pa Kluai Mai Waterfall, 14°25’N 101°24’E; Tad Tapoo

creek, 14°24’N 101°22’E; Creek 5.8 km. up Haew Suwat Waterfall Rd., 14°25’N

101°24’E; Creek 1.3 km. up Haew Suwat Waterfall Rd., 14°24’N 101°22’E; Huai

Lam Takrong below at Haew Suwat Waterfall, 14°26’N 101°25’E; Tributary of Huai

Lam Takrong at Haew Suwat Waterfall, 14°25’N 101°25’E.

Ecological notes.  Larvae were found in all seasons and collected from

bedrock, fallen leaves, trailing grasses, leaves and roots, rocks, and plastic tubes in

streams of various width (0.2-35 m) and flow velocity (0.1-2.0 m s-1), and ranging

from fully exposed to shaded.  Altitudes, water temperatures, and pH for collection

sites ranged from 233-751 m, 18.4-28.2 °C, and 5.88-7.70, respectively.  This species

was found with S. (G.) angulistylum, S. (G.) decuplum, S. (G.) dentistylum, S. (G.) sp.

A, S. (G.) asakoae, S. (G.) sheilae, S. (G.) sp. nr. sheilae, S. (G.) novemarticulatum, S.



75

(G.) sp. B, S. (S.) fenestratum, S. (S.) chainarongi, S. (S.) nakhonense, S. (S.)

quinquestriatum, and S. (S.) tani.

Remarks.  Simulium (G.) siamense was described from specimens collected in

Mae Hong Son, Thailand (Takaoka and Suzuki 1984).  The present specimens differ

slightly from those in the original description by having minute black setae on the

larval thorax.  The eight-filamented pupal gill is arranged in groups of 3 + 3 + 2 from

dorsal to ventral.  The larva can be identified by the presence of dark setae with 6-8

branches on abdominal segments V-VIII.



76

Figure 22  Larval structures of Simulium siamense.  A, lateral view of mature larva; B,

hypostomium; C, apical tip of mandible; D, setae on abdomen; E, F: head

capsule; E, dorsal view; F, ventral view; G, gill histoblast
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Figure 23  Pupal structures of Simulium siamense.  A, cocoon in dorsal view; B,

terminal hooks; C, D: head integument in front view; C, female; D, male;

E, gill filaments
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Figure 24  Adult structures of Simulium siamense female.  A, genitalia in ventral

view; B, claws; C, antenna; D, maxillary palp; E, mandible; F, legs (fore,

mid and hind legs from left)
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Figure 25  Adult structures of Simulium siamense male.  A, genitalia in ventral view;

B, claws; C, antenna; D, maxillary palp; E, legs (fore, mid and hind legs

from left)
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4. Simulium (Gomphostilbia) sp. A

(Figures 26, 27, 28, 29)

Description.

Mature larva (Figure 26A).  Body length 3.8-4.5 mm (mean = 4.1 mm, n = 4).

Body greyish yellow with transverse reddish brown markings on each abdominal

segment.  Head capsule yellow with faint positive head spots (Figure 26E).  Labral

fan with 44-46 main rays (n = 2).  Postgenal cleft (Figure 26F) deep, 4.7-7x as long as

postgenal bridge.  Hypostomium (Figure 26B) with a row of 9 apical teeth; median

tooth and each corner tooth longer than others; lateral margin smooth; hypostomal

bristles 4 in number lying subparallel to lateral margin on each side.  Mandible

(Figure 26C) with comb-teeth decreasing in size from 1st to 3rd; mandibular serrations

composed of 1 large and 1 small teeth, without supernumerary serrations.  Thoracic

cuticle bare.  Abdominal cuticle bare on segments I-III, densely covered with minute,

dark, scalelike setae with 3-6 branches dorsally on segments IV-VIII (Figure 26D).

Ventral papillae well developed.  Rectal organ with three simple lobes.  Anal sclerite

of usual X-form.  Posterior circlet bearing 10-12 hooks in 65-70 rows (n = 2).  Gill

histoblast (Figure 26G) with short basal common stalk; upper triplet with short stalk,

composed of 1 individual and 2 paired, coiled filaments.

Pupa (Figure 27A).   Body length 2.2-2.8 mm (mean = 2.5 mm, n = 6).  Gill

(Figure 27E) with 8 filaments arranged in groups of 3+3+2 from dorsal to ventral;

stalk of lower paired filaments long but much shorter than combined length of

primary and secondary stalks of upper and middle triplet and their common stalk; all

filaments subequal in thickness; lower pair of filaments longer than other 6 filament

of upper and middle triplets, as long as or a little longer than pupal body.  Head

integument (Figures 27C, D) trichomes 4 pairs, all long and simple with abundant,

irregularly distributed, rounded granules.  Thoracic trichomes simple.  Tergite I and II

pale yellow; tergites III and IV each with 4 hooklike setae directed forward per side;

tergites VI-IX each with well developed spine comb; tergite IX (Figure 27B) with a

pair of terminal hooks.  Sternite IV with 1 distinct simple hook; sternite V with a pair

of bifid hooks per side; sternite VI and VII each with a pair of inner bifid and outer

simple hooks per side; sternite IX with a few grapnel-shaped hooks on each side.
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Cocoon simple, wall-pocket-shaped, moderately woven, somewhat extended

ventrolaterally, often somewhat produced anterodorsally forming short bulge.

Female (Figure 28).  No description.

Male (Figure 29).  No description.

Collection sites.  Thailand.  Prachinburi, Khao Yai National Park; Creek under

wood bridge at Haew Narok Waterfall.  Nakhon Ratchasima; Tad Tapoo creek, 14°

24’N 101°22’E; Creek 1.3 km. up Haew Suwat Waterfall Rd., 14°24’N 101°22’E.

Ecological notes.  This species occurred during November 2000 to January

2001 and June 2001.  Pupa and larvae were collected from fallen leaves in small

shaded streams (0.5-3 m width) with slow to moderately flowing water (0.10-0.8 m s-

1).  Altitudes, water temperatures, and pH for collection sites ranged from 404-744 m,

19.3-24.3 °C, and 6.07-7.41, respectively.  This was found with S. (G.) angulistylum,

S. (G.) decuplum, S. (G.) dentistylum, S. (G.) siamense, S. (G.) asakoae, S. (G.)

sheilae, S. (G.) sp. nr.  sheilae, and S. (S.) tani.

Remarks.  The arrangement of gill filaments of this species is similar to that of

S. varicorne from West Malaysia (Takaoka and Davies 1995), but the adults differ by

having antennae with 11 flagellomeres. The dorsal and middle groups of the gill, each

with three filaments, share a short stalk, and the ventral group of two filaments arises

from an independent stalk.  The larva has minute, dark, scalelike setae with 3-6

branches on abdominal segments IV-VIII.  The larva is characterized by a deep

postgenal cleft, 4.7-7.0 times as long as the postgenal bridge.
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Figure 26  Larval structures of Simulium sp. A.  A, lateral view of mature larva; B,

hypostomium; C, apical tip of mandible; D, setae on abdomen; E, F: head

capsule; E, dorsal view; F, ventral view; G, gill histoblast
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Figure 27  Pupal structures of Simulium sp. A.  A, dorsal view; B, terminal hooks; C,

D: head integument in front view, C, female, D, male, E, gill filaments
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Figure 28  Adult structures of Simulium sp. A female.  A, genitalia in ventral view; B,

claw; C, antenna; D, maxillary palp; E, mandible; F, legs (fore, mid and

hind legs from left)
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Figure 29  Adult structures of Simulium sp. A male.  A, genitalia in ventral view; B,

claws; C, antenna; D, maxillary palp; E, legs (fore, mid and hind legs from

left)
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(B)  ceylonicum species-group

7.  Simulium (Gomphostilbia) asakoae Takaoka and Davies, 1995

(Figures 30, 31, 32, 33)

Simulium (Gomphostilbia) asakoae Takaoka and Davies, 1995: 55-60 (female, male,

pupa, and mature larva).

Simulium (Gomphostilbia) sp. C Takaoka and Suzuki, 1984: 21-22 (male).

Description.

Larva (Figure 30).  See Takaoka and Davies (1995).

Pupa (Figure 31).  See Takaoka and Davies (1995).

Female (Figure 32).  See Takaoka and Davies (1995).

Male (Figure 33).  See Takaoka and Davies (1995).

Collection sites.  Thailand.  Prachinburi, Khao Yai National Park; Creek 6.0

km. above S gate, 14°15’N 101°23’E; Creek under wood bridge at Haew Narok

Waterfall, 14°17’N 101°23’E; .  Nakhon Nayok, Khao Yai National Park; Creek

under 1st concrete bridge before Khao Kheow Rd., 14°20’N 101°21’E; Pa Tabak

creek, 14°19’N 101°21’E; Creek under 2nd concrete bridge before Khao Kheow Rd.,

14°21’N 101°20’E.  Nakhon Ratchasima, Khao Yai National Park; Creek 29 km.

above S gate at Khao Kheow, 14°22’N 101°24’E; Tad Tapoo creek, 14°24’N 101°

22’E; Creek 5.8 km. up Haew Suwat Waterfall Rd., 14°25’N 101°24’E; Tributary of

Huai Lam Takrong at Haew Suwat Waterfall, 14°25’N 101°25’E.

Ecological notes.  Larvae were found in all seasons and collected from fallen

leaves, rocks, and trailing roots in streams (0.3-6 m width) with slow to fast flowing

water (0.1-0.9 m s-1), and ranging from fully exposed to shaded.  Altitudes, water

temperatures, and pH for collection sites ranged from 297-952 m, 19.1-25.0 °C, and

5.88-7.63, respectively.  This species was found with S. (G.) angulistylum, S. (G.)

decuplum, S. (G.) dentistylum, S. (G.) siamense, S. (G.) sheilae, S. (G.) sp. nr. sheilae,

S. (G.) gombakense, S. (G.) sp. A, S. (N.) feuerborni, S. (S.) fenestratum, S. (S.)

chainarongi, and S. (S.) tani.
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Remarks.  This species was described from West Malaysia (Takaoka and

Davies 1995).  Takaoka and Saito (1996) noted that the male was reported as S. sp. C

from Thailand by Takaoka and Suzuki (1984).  The present larval specimens from

Khao Yai National Park differ from Malaysian specimens in the type of the setae on

the abdomen and the shape of the postgenal cleft.  The arrangement of pupal gill

filaments most closely resembles that of S. sheilae.  However, adults of S. asakoae are

distinguished from those of S. sheilae by the mostly white hind tibia and basitarsus,

and larvae are recognized by the sparse, minute, dark, delicate, unbranched (rarely

with 2 or 3 branches) abdominal setae.
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Figure 30  Larval structures of Simulium asakoae.  A, lateral view of mature larva; B,

C and F, G: head capsule, B, F, dorsal view; C, G, ventral view; D, apical

tip of mandible; E, setae on abdomen; H, hypostomium; I, gill histoblast
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Figure 31  Pupal structures of Simulium asakoae.  A, cocoon in dorsal view; B,

terminal hooks; C, D: head integument in front view; C, female; D, male;

E, gill filaments
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Figure 32  Adult structures of Simulium asakoae female.  A, genitalia in ventral view;

B, claws; C, antenna; D, maxillary palp; E, mandible; F, legs (fore, mid

and hind legs from left)
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Figure 33  Adult structures of Simulium asakoae male.  A, genitalia in ventral view;

B, claws; C, antenna; D, maxillary palp; E, legs (fore, mid and hind legs

from left)
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8.  Simulium (Gomphostilbia) sheilae Takaoka and Davies, 1995

(Figures 34, 35, 36, 37)

Simulium (Gomphostilbia) sheilae Takaoka and Davies, 1995: 60-65 (female, male,

pupa, and mature larva).

Description.

Larva (Figure 34).  See Takaoka and Davies (1995).

Pupa (Figure 35).  See Takaoka and Davies (1995).

Female (Figure 36).  See Takaoka and Davies (1995).

Male (Figure 37).  See Takaoka and Davies (1995).

Collection sites.  Thailand.  Prachinburi, Khao Yai National Park; Creek under

wood bridge at Haew Narok Waterfall, 14°17’N 101°23’E.  Nakhon Nayok, Khao Yai

National Park; Pa Krajai Waterfal, 14°21’N 101°20’E; Tad Tapoo creek, 14°24’N

101°22’E; Creek 1.3 km. up Haew Suwat Waterfall Rd., 14°24’N 101°22’E.

Ecological notes.  This was the most abundant species in the cold season

(November and December 2000).  Larvae were collected from fallen leaves, rocks,

trailing leaves, and sticks in small streams (0.09-3 m width) with slow to fast flowing

water (0.05-1.0 m s-1), and ranging from fully exposed to shaded.  Altitudes, water

temperatures, and pH for collection sites ranged from 404-744 m, 19.3-26.4 °C, and

5.59-7.38, respectively.  This species was found with S. (G.) angulistylum, S. (G.)

decuplum, S. (G.) dentistylum, S. (G.) siamense, S. (G.) sp. A, S. (G.) asakoae,

ceylonicum species-group, and S. (S.) tani.

Remarks.  The female, male, pupa, and mature larva of S. (G.) sheilae were

reported from West Malaysia (Takaoka and Davies 1995).  The eight pupal gill

filaments are arranged in groups of 3 + 3 + 2 from dorsal to ventral.  The larva is

characterized by a deep postgenal cleft, which almost reaches the posterior margin of

the hypostoma, and dark, delicate setae with 2-6 branches on abdominal segments V-

VIII.
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Figure 34  Larval structures of Simulium sheilae.  A, lateral view of mature larva; B,

hypostomium; C, apical tip of mandible; D, setae on abdomen; E, F: head

capsule; E, dorsal view; F, ventral view; G, gill histoblast
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Figure 35  Pupal structures of Simulium sheilae.  A, cocoon in dorsal view; B,

terminal hooks; C, D: head integument in front view; C, female; D, male;

E, gill filaments
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Figure 36  Adult structures of Simulium sheilae female.  A, genitalia in ventral view;

B, claws; C, antenna; D, maxillary palp; E, mandible; F, legs (fore, mid

and hind legs from left)

A B

C

D E

F



96

Figure 37  Adult structures of Simulium sheilae male.  A, genitalia in ventral view; B,

claws; C, antenna; D, maxillary palp; E, legs (fore, mid and hind legs from

left)
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9.  Simulium (Gomphostilbia) sp. nr. sheilae Takaoka and Davies, 1995

(Figures 38, 39, 40, 41)

Description.

Mature larva (Figure 38A).  Body length 5.0-5.3 mm (mean = 5.1 mm, n = 4).

Body greyish yellow with transverse reddish brown markings on each abdominal

segment.  Head capsule yellow with faint positive head spots (Figures 38B, F).

Labral fan with 44-47 main rays (n = 3).  Postgenal cleft (Figures 38C, G) of variable

length, 3X as long as postgenal bridge or very deep, nearly approaching posterior

margin of hypostomium.  Hypostomium (Figure 38H) with a row of 9 apical teeth;

median tooth and each corner tooth longer than others; lateral margin smooth;

hypostomal bristles 4 in number lying subparallel to lateral margin on each side.

Mandible (Figure 38D) with comb-teeth decreasing in size from 1st to 3rd; mandibular

serrations composed of 1 large and 1 small teeth, without supernumerary serrations.

Thoracic cuticle bare.  Abdominal cuticle bare on segments I-III, sparsely or

moderately covered with minute, dark, delicate setae, unbranched and 2 or 3 branches

dorsally on segments V-VIII (Figure 38E).  Ventral papillae well developed.  Rectal

organ with three simple lobes.  Anal sclerite of usual X-form.  Posterior circlet

bearing 10-12 hooks in 66-75 rows (n = 4).  Gill histoblast (Figure 38I) with short

basal common stalk; upper triplet with short stalk, composed of 1 individual filament

and 2 paired filaments, coiled filaments.

Pupa.  Body length (pupal exuvia) 3.0-3.5 mm (mean = 3.2 mm, n = 8).  Gill

(Figure 39E) with 8 filaments arranged in groups of 3+3+2 from dorsal to ventral;

upper and middle triplets sharing short common stalk; upper triplet with stalk of

variable length (subequal to or longer, or rare shorter than secondary stalk), composed

of 1 individual filament and 2 paired filaments with short stalk or at the same level;

middle triplet with stalk of moderate length, composed of 1 individual filament and 2

paired filaments with secondary stalk of short length or at the same level; lower paired

filaments with stalk of moderate length, subequal or much shorter than primary and

secondary stalk of middle triplet put together, all filaments subequal in length and

thickness, as long as, or a little longer than pupal body.  Head integument (Figure

39C, D) trichomes 4 pairs, all long and simple with abundant, irregularly distributed,
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rounded granules.  Thoracic trichomes simple.  Tergite I and II pale yellow; tergites

III and IV each with 4 hooklike setae directed forward per side; tergites VI-IX each

with well developed spine comp; tergite IX (Figure 39B) with a pair of terminal

hooks.  Sternite IV with 1 distinct simple hook per side; sternite V with a pair of bifid

hooks per side; sternite VI and VII each with a pair of inner bifid and outer simple

hooks per side; sternite IX with a few grapnel-shaped hooks on each side.  Cocoon

(Figure 39A) simple, wall-pocket-shaped, moderately woven, somewhat extended

ventrolaterally, often somewhat produced anterodorsally forming short bulge.

Female (Figure 40).  No description.

Male (Figure 41).  No description.

Collection sites.  Thailand.  Prachinburi, Khao Yai National Park; Creek under

wood bridge at Haew Narok Waterfall, 14°17’N 101°23’E.  Nakhon Nayok, Khao Yai

National Park; Creek under 1st concrete bridge before Khao Kheow Rd., 14°20’N

101°21’E; Pa Tabak creek, 14°19’N 101°21’E; Creek under 2nd concrete bridge

before Khao Kheow Rd., 14°21’N 101°20’E.  Nakhon Ratchasima, Khao Yai

National Park; Creek 29 km. above S gate at Khao Kheow, 14°22’N 101°24’E; Pa

Kluai Mai Waterfall, 14°25’N 101°24’E; Tad Tapoo creek, 14°24’N 101°22’E; Creek

5.8 km. up Haew Suwat Waterfall Rd., 14°25’N 101°24’E.

Ecological notes.  Larvae of this species were collected from fallen leaves,

stones, and bedrock.  They was found in small to medium streams (0.5-6 m width)

with slow to fast flowing water (0.1-1.5 m s-1), and ranging from exposed to shaded.

Altitudes, water temperatures, and pH for collection sites ranged from 404-952 m,

18.4-24.3 °C, and 5.20-7.43, respectively.  This species was found with S. (G.)

angulistylum, S. (G.) decuplum, S. (G.) siamense, S. (G.) sp. A, S. (G.) asakoae,

ceylonicum species-group, and S. (S.) tani.

Remarks.  This species belongs to the S. ceylonicum group on the basis of an

enlarged basitarsus in the male.  The male is similar to that of S. sheilae in the

coloration of the hind tibia and basitarsus, which are mostly dark, leaving a pale

portion at the base.  The eight pupal gill filaments are similar to those of S. sheilae.
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However, this species differs from S. sheilae by having plate-like terminal hooks in

the pupa and minute setae on the larval abdomen.  Most larval specimens of S. sp. nr.

sheilae had sparse, minute, delicate setae with 2 or 3 branches (rarely simple) on the

dorsal surface of the posterior abdominal segments; however, some specimens had

mostly unbranched setae and were, therefore, similar to larvae of S. asakoae.  The

postgenal cleft is variable in length; moderately deep, about 3 times as long as the

postgenal bridge and a deep postgenal cleft, nearly approaching posterior margin of

hypostomium.  The polytene chromosomes provide resolution of these species.



100

Figure 38  Larval structures of Simulium sp. nr. sheilae.  A, lateral view of mature

larva; B, C and F, G: head capsule; B, F, dorsal view; C, G, ventral view;

D, apical tip of mandible; E, setae on abdomen; H, hypostomium; I, gill

histoblast
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Figure 39  Pupal structures of Simulium sp. nr. sheilae.  A, cocoon in dorsal view; B,

terminal hooks; C, D: head integument in front view; C, female; D, male;

E, gill filaments
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Figure 40  Adult structures of Simulium sp. nr. sheilae female.  A, genitalia in ventral

view; B, claw; C, antenna; D, maxillary palp; E, mandible; F, legs (fore,

mid and hind legs from left)
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Figure 41  Adult structures of Simulium sp. nr. sheilae male.  A, genitalia in ventral

view; B, claw; C, antenna; D, maxillary palp; E, legs (fore, mid and hind

legs from left)
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(C)  varicorne species-group

10.  Simulium (Gomphostilbia) novemarticulatum Takaoka and Davies, 1995

(Figures 42, 43, 44, 45)

Simulium (Gomphostilbia) novemarticulatum Takaoka and Davies, 1995: 77-79

(female).

Description.

Mature larva (Figure 42A).  Body length 3.8-4.2 mm (mean = 4.0 mm, n = 5).

Body pale greyish.  Head capsule whitish yellow with faint positive head spots

(Figure 42E).  Labral fan with with 29-31 main rays (n = 3).  Postgenal cleft (Figure

42F) deep, widely reaching posterior margin of hypostomium, constricted basally.

Hypostomium (Figure 42B) with a row of 9 apical teeth; median tooth and each

corner tooth longer than others; lateral margin weakly serration apically; hypostomal

bristles 4 in number lying subparallel to lateral margin on each side.  Mandible

(Figure 42C) with comb-teeth decreasing in size from 1st to 3rd; mandibular serrations

composed of 1 large and 1 small teeth, without supernumerary serrations.  Thoracic

cuticle bare with a dorsolateral pair of small protuberance on segment III.  Abdominal

cuticle with a dorsolateral pair of small protuberances each on segments I-IV, sparsely

covered by two types of setae on the abdominal cuticle; thick, dark setae with 2 or 3

branches and minute, dark, delicate setae with 2-4 branches (Figure 42D).  Ventral

papillae well developed.  Rectal organ with three simple lobes.  Anal sclerite of usual

X-form.  Posterior circlet bearing 12 hooks in 68-70 rows (n = 3).  Gill histoblast

(Figure 42G) with short basal common stalk; upper triplet with short stalk; middle

triplet with moderate stalk, coiled filaments.

Pupa.  Body length (pupal exuvia) 2.5-3.5 mm (mean = 3.0 mm, n = 8).  Gill

(Figure 43E) with 8 filaments arranged in groups of 3+3+2 from dorsal to ventral;

common stalk short, divided into 3 subsequent stalks; upper and middle groups each

composed of 1 individual and 2 paired filaments; upper triplets with short stalk;

middle triplet with moderate stalk, always longer than that of upper group; lower

paired filaments with longer than primary and secondary stalks of middle triplet put

together; lower pair of filaments as long as or a little longer than pupal body and

longer and thicker than other 6 filaments of upper and middle triplet.  Head
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integument (Figures 43C, D) trichomes 4 pairs, all long and simple with abundant,

irregularly distributed, rounded granules.  Thoracic trichomes simple.  Tergite I and II

pale yellow; tergites III and IV each with 4 hooklike setae directed forward per side;

tergites VI-VIII each with well developed spine comp; tergite IX (Figure 43B) with a

pair of terminal hooks.  Sternite IV with 1 distinct simple hook per side; sternite V

with a pair of bifid hooks per side; sternite VI and VII each with a pair of inner bifid

and outer simple hooks per side; sternite IX with a few grapnel-shaped hooks on each

side.  Cocoon (Figure 43A) simple, wall-pocket-shaped, tightly woven, with anterior

border thickly woven, somewhat extended ventrolaterally, often somewhat produced

anterodorsally forming weakly bulge.

Female (Figure 44).  Takaoka and Davies (1995).

Male (Figure 45).  No description.

Collection sites.  Thailand.  Prachinburi, Khao Yai National Park; Creek under

concrete bridge at Haew Narok Waterfall, 14°17’N 101°23’E.  Nakhon Ratchasima,

Khao Yai National Park; Pa Kluai Mai Waterfall, 14°25’N 101°24’E; Tad Tapoo

creek, 14°24’N 101°22’E.

Ecological notes.  Larvae of S. (G.) novemarticulatum were found in the rainy

season (June-July and September 2000). The larvae were collected from fallen leaves

and trailing leaves in small to large streams (3-35 m width) with moderately to fast

flowing water (0.3-1.0 m s-1), and ranging from fully exposed to shaded. Altitudes,

water temperatures, and pH for collection sites ranged from 404-744 m, 23.1-24.6 °C,

and 6.63-7.19, respectively. This species was found with S. (G.) angulistylum, S. (G.)

decuplum, S. (G.) siamense, S. (S.) nakhonense and S. (S.) quinquestriatum. This is

the first record of this species from Thailand.

Remarks.  The original description of this species was based on female

specimens collected from Malaysia (Takaoka and Davies 1995).  Through association

of larvae, pupae, and reared females from the same stream in Khao Yai National Park,

confirmation of the first known collection of the former two life stages.  The antenna

of the adult is composed of 9 articles, whereas the antenna of S. siamense has 11
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flagellomeres.  The arrangement of pupal gill filaments of this species is similar to

that of S. siamense.  The eight pupal gill filaments of this species are arranged in

groups of 3+3+2 from dorsal to ventral.  However, the stalk of the lower pair is

variable in length.  The larva is distinguished from that of S. siamense by its deep

postgenal cleft, with the apex reaching the posterior margin of the hypostoma, and by

two types of setae on the abdominal cuticle; thick, dark, setae with 2 or 3 branches

and minute, dark, delicate setae with 2-4 branches.
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Figure 42  Larval structures of Simulium novemarticulatum.  A, lateral view of mature

larva; B, hypostomium; C, apical tip of mandible; D, setae on abdomen; E,

F: head capsule; E, dorsal view; F, ventral view; G, gill histoblast

A

B

C

D G

F

E



108

Figure 43  Pupal structures of Simulium novemarticulatum.  A, cocoon in dorsal view;

B, terminal hooks; C, D: head integument in front view; C, female; D,

male; E, gill filaments
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Figure 44  Adult structures of Simulium novemarticulatum female.  A, genitalia in

ventral view; B, claws; C, antenna; D, maxillary palp; E, mandible; F, legs

(fore, mid and hind legs from left)
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Figure 45  Adult structures of Simulium novemarticulatum male.  A, genitalia in

ventral view; B, claws; C, antenna; D, maxillary palp; E, legs (fore, mid

and hind legs from left)
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(D)  ungrouped species

11.  Simulium (Gomphostilbia) sp. B

(Figure 46)

Description.

Mature larva (Figure 46A).  Body length 3.5-3.6 mm (mean = 3.5 mm, n = 3).

Body pale yellow with transverse reddish brown markings on each abdominal

segment.  Head capsule yellow with faint positive head spots (Figure 46E).  Labral

fan with with 37-39 main rays (n = 2).  Postgenal cleft (Figure 46F) very deep, its

apex almost reaching posterior margin of hypostomium, constricted basally.

Hypostomium (Figure 46B) with a row of 9 apical teeth; median tooth and each

corner tooth longer than others; lateral margin smooth; hypostomal bristles 3 or 4 in

number lying subparallel to lateral margin on each side.  Mandible (Figure 46C) with

comb-teeth decreasing in size from 1st to 3rd; mandibular serrations composed of 1

large and 1 small teeth, without supernumerary serrations.  Thoracic cuticle sparely

covered with thick, dark, unbranched and 2-3 branched setae.  Abdominal cuticle

sparely covered with unbranched, thick, dark setae on segments I-IV, covered with

thick, dark, unbranched and 2-3 branched setae moderately on segments V and VI,

densely on segments VII-VIII dorsally and dorsolaterally (Figure 46D); segments II-V

each with a dorsolateral pair of small protuberances.  Ventral papillae well developed.

Rectal organ with three simple lobes.  Anal sclerite of usual X-form.  Posterior circlet

bearing 60-66 hooks in 10-12 rows (n = 2).  Gill histoblast (Figure 46G) with short

basal common stalk; upper triplet with short stalk, composed of 1 individual and 2

paired, coiled filaments.

Pupa.  Unknown.

Female.  Unknown.

Male.  Unknown.

Collection sites.  Thailand.  Nakhon Ratchasima, Khao Yai National Park; Pa

Kluai Mai Waterfall, 14°25’N 101°24’E; Huai Lam Takrong below at Haew Suwat

Waterfall, 14°26’N 101°25’E.
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Ecological notes.  Two larvae were found in October 2000 and June 2001.

They were collected from fallen leaves in exposed streams (3-20 m width) with

moderately to fast flowing water (0.6-1.9 m s-1).  Altitudes, water temperatures, and

pH for collection sites ranged from 633-695 m, 22.3-24.5 °C, and 7.00-7.20,

respectively.  This species was found with S. (G.) angulistylum, S. (G.) siamense, S.

(S.) quinquestriatum, and S. (S.) tani.

Remarks.  The number and arrangement of gill filaments are similar to those

of S. sp. A.  However the larva can be distinguished from that of S. sp. A by the deep

postgenal cleft, almost reaching the posterior border of the hypostoma, and a thick

covering of unbranched and 2-3 branched setae on the abdomen.
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Figure 46  Larval structures of Simulium sp B.  A, lateral view of mature larva; B,

hypostomium; C, apical tip of mandible; D, setae on abdomen; E, F: head

capsule; E, dorsal view; F, ventral view; G, gill histoblast
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12.  Simulium (Gomphostilbia) sp. C

(Figure 47)

Description.

Mature larva (Figure 47A).  Body length 5.0-5.2 mm (mean = 5.0 mm, n = 5).

Body dark gray (or somewhat reddish brown specially on the dorsal abdominal

segments 4-9.  Head capsule brownish yellow with positive head spots (Figure 47C).

Labral fan with with 35-36 main rays (n = 3).  Postgenal cleft (Figure 47D)

moderately developed, 2-2.75X as long as postgenal bridge.  Hypostomium (Figure

47E) with a row of 9 apical teeth; median tooth and each corner tooth longer than

others; lateral margin smooth; hypostomal bristles 4 in number lying subparallel to

lateral margin on each side.  Mandible (Figure 47F) with comb-teeth decreasing in

size from 1st to 3rd; mandibular serrations composed of 1 large and 1 small teeth,

without supernumerary serrations.  Thoracic cuticle bare.  Abdominal cuticle bare.

Ventral papillae well developed.  Rectal organ with three simple lobes.  Anal sclerite

of usual X-form.  Posterior circlet bearing 11-14 hooks in 72-80 rows (n = 2).  Gill

histoblast (Figure 47B) with short basal common stalk; upper triplet with short stalk,

composed of 1 individual filament and 2 paired filaments, coiled filaments.

Pupa.  Unknown.

Female.  Unknown.

Male.  Unknown.

Collection sites.  Thailand.  Nakhon Nayok, Khao Yai National Park; Pa

Krajai Waterfal, 14°21’N 101°20’E.

Ecological notes.  Larvae were found in March and April 2001 and collected

from fallen leaves.  They were at site 11, exposed stream (0.15-1 m width) with slow

to fast flowing water (0.1-1.0 m s-1) in natural forest. Altitude at this site is 654 m.

Water temperatures, and pH for collection sites ranged from 24.2-24.3 °C, and 7.90-

7.93, respectively.  This species was found with S. (G.) angulistylum, ceylonicum-

species group, S. (G.) gombakense, S. (S.) grossifilum, S. (S.) fenestratum, and S. (S.)

tani.
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Remarks.  The number and arrangement of pupal gill filaments of this species

are similar to those of S. asakoae, S. sheilae, and S. sp. nr. sheilae.  However, the

larva differs by having the thoracic and abdominal segments nearly bare of setae.
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Figure 47  Larval structures of Simulium sp. C.  A, lateral view of mature larva; B, gill

histoblast; C, D: head capsule; C, dorsal view; D, ventral view; E,

hypostomium; F, apical tip of mandible
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Subgenus Nevermannia Enderlein

(A)  feuerborni species-group

13.  Simulium (Nevermannia) feuerborni Edwards, 1934

(Figures 48, 49, 50,51)

Simulium (Nevermannia) feuerborni Edwards, 1934: 129-132 (male, pupa, and mature

larva).

Simulium (Nevermannia) feuerborni: Takaoka and Davies, 1996: 10-13 (female, male,

pupa, and mature larva).

Description.

Larva (Figure 48).  See Takaoka and Davies (1996).

Pupa (Figure 49).  See Takaoka and Davies (1996).

Female (Figure 50).  See Takaoka and Davies (1996).

Male (Figure 51).  See Takaoka and Davies (1996).

Collection sites.  Thailand.  Nakhon Ratchasima, Khao Yai National Park;

Creek 29 km. above S gate at Khao Kheow, 14°22’N 101°24’E.

Ecological notes.  This species was found only during October and November

2000. Pupae and larvae were collected from fallen leaves and rocks at only site 14, a

small shaded stream (0.5-2 m width) with slow to moderately flowing stream (0.1-0.4

m s-1).  Altitude at this site is 952 m.  Water temperatures, and pH for collections

ranged from 19.5-21.7 °C, and 5.64-5.88, respectively.  This species was found with

S. (G.) angulistylum and S. (G.) asakoae.

Remarks.  The male, pupa, and mature larva were reported from East Java and

Bali (Edwards, 1934).  Takaoka and Davies (1996) provided a description of the

female and revised descriptions of the male, pupa and mature larva.  The pupal gill

has 6 filaments per side, all filaments extending forwards close together; lower 2

filaments with long stalk.  The cocoon has an anterodorsal projection.  The larval

body is most distinctive by characteristic reddish brown markings dorsally and the

short postgenal cleft.
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Figure 48  Larval structures of Simulium feuerborni.  A, dorsal view of mature larva;

B, gill histoblast; C, D: head capsule; C, dorsal view; D, ventral view; E,

hypostomium; F, apical tip of mandible
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Figure 49  Pupal structures of Simulium feueborni.  A, dorsal view; B, gill filaments;

C, terminal hooks; D, E: head integument in front view: D, female; E,

male
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Figure 50  Adult structures of Simulium feuerborni female.  A, genitalia in ventral

view; B, claw; C, antenna; D, maxillary palp; E, mandible; F, legs (fore,

mid and hind legs from left)
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Figure 51  Adult structures of Simulium feuerborni male.  A, genitalia in ventral view;

B, claws; C, antenna; D, maxillary palp; E, legs (fore, mid and hind legs

from left)
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Subgenus Simulium Latreille s. str.

(A)  griseifrons species-group

14.  Simulium (Simulium) grossifilum Takaoka and Davies, 1995

(Figures 52, 53)

Simulium (Simulium) grossifilum Takaoka and Davies, 1995: 105-110 (female, male,

pupa, and mature larva).

Description.

Larva.  See Takaoka and Davies (1995).

Pupa (Figure 52).  See Takaoka and Davies (1995).

Female.  See Takaoka and Davies (1995).

Male (Figure 53).  See Takaoka and Davies (1995).

Collection sites.  Thailand.  Prachinburi, Khao Yai National Park; Creek 6.0

km. above S gate, 14°15’N 101°23’E.  Nakhon Nayok, Khao Yai National Park; Pa

Krajai Waterfal, 14°21’N 101°20’E.

Ecological notes.  Only pupae of this species were found in two samples

collected in July 2000 and April 2001. The pupae were collected from fallen leaves

and rocks in small streams (0.5-2 m width) with slow to fast flowing water (0.2-1.0 m

s-1), and ranging from fully exposed to shaded. Altitudes, water temperatures, and pH

for collection sites ranged from 297-654 m, 24.2-24.3 °C, and 7.93, respectively. This

species was found with S. (G.) angulistylum, ceylonicum-species group, S. (G.) sp. C,

S. (S.) nakhonense and S. (S.) tani.

Remarks.  This species was originally described from specimens collected

from West Malaysia (Takaoka and Davies, 1995).  The pupa is very distinctive by

having 6 inflated tubular gill filaments and a cocoon with large dorsolateral window

anteriorly on each side.  The larva has a medium postgenal cleft, pointed apically,

nearly as long as wide and abdominal segments lacking a pair of small dorsal

protuberances.
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Figure 52  Pupal structures of Simulium grossifilum.  A, B: cocoon and pupal exuviae;

A, dorsal view; B, lateral view; C, head integument of male in front view;

D, gill filaments; E, terminal hooks
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Figure 53  Adult structures of Simulium grossifilum male.  A, genitalia in ventral

view; B, claws; C, antenna; D, maxillary palp; E, legs (fore, mid and hind

legs from left)
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15.  Simulium (Simulium) rudnicki Takaoka and Davies, 1995

(Figures 54, 55)

Simulium (Simulium) rudnicki Takaoka and Davies, 1995: 155-157 (female).

Simulium (Simulium) rudnicki:Takaoka and Choochote, 2004: 311-314 (male, pupa,

and mature larva).

Description.

Larva (Figure 54).  See Takaoka and Choochote, (2004).

Pupa (Figure 55).  See Takaoka and Choochote, (2004).

Female.  See Takaoka and Davies (1995).

Male.  See Takaoka and Choochote, (2004).

Collection sites.  Thailand.  Nakhon Nayok, Khao Yai National Park; Pa

Tabak creek, 14°19’N 101°21’E; Pa Krajai Waterfal, 14°21’N 101°20’E.

Ecological notes.  One larva was found in January 2001 and collected from

bedrock.  One pupa was found in February 2001 and collected from fallen leaf. They

were in small exposed to shaded streams (0.15-2.5 m width) with slow to fast flowing

water (0.1-2.0 m s-1) in natural forest. Altitudes, water temperatures, and pH for the

collection sites ranged from 505-654 m, 20.0-22.4 °C, and 7.75-7.98, respectively.

This species was found with ceylonicum-species group, S. (S.) fenestratum, S. (S.)

chainarongi, S. (S.) quinquestriatum and S. (S.) tani

Remarks.  Simulium (S.) rudnicki was originally described based on a female

from West Malaysia (Takaoka and Davies, 1995).  The male, pupa, and mature larva

were described from Thailand by Takaoka and Choochote, (2004c).  The pupal gill

has 6 filaments arranged in sessile pairs and a cocoon with an anterolateral window on

each side.  The larva has a medium postgenal cleft, pointed apically, head capsule

with mostly dark brown and abdominal segments lacking a pair of small dorsal

protuberances.
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Figure 54  Larval structures of Simulium rudnicki.  A, lateral view of mature larva; B,

gill histoblast; C, D: head capsule; C, dorsal view; D, ventral view; E,

hypostomium; F, apical tip of mandible
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Figure 55  Pupal structures of Simulium rudnicki.  A, dorsal view; B, gill filaments

A B
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(B)  multistriatum species-group

16.  Simulium (Simulium) chainarongi Kuvangkadilok and Takaoka, 1999

(Figure 56)

Simulium (Simulium) chainarongi Kuvangkadilok and Takaoka, 1999: 501-504

(female, male, pupa, and mature larva).

Description.

Larva (Figure 56).  See Takaoka and Kuvangkadilok (1999).

Pupa.  See Takaoka and Kuvangkadilok (1999).

Female.  See Takaoka and Kuvangkadilok (1999).

Male.  See Takaoka and Kuvangkadilok (1999).

Collection sites.  Thailand.  Prachinburi, Khao Yai National Park; Creek 5.3

km. above S gate, 14°15’N 101°23’E.  Nakhon Nayok, Khao Yai National Park;

Creek under 1st concrete bridge before Khao Kheow Rd., 14°20’N 101°21’E; Pa

Tabak creek, 14°19’N 101°21’E; Pa Krajai Waterfal, 14°21’N 101°20’E.  Nakhon

Ratchasima, Khao Yai National Park; Huai Lam Takrong at Wang Jumpee, 14°26’N

101°22’E; Tad Tapoo creek, 14°24’N 101°22’E; Creek 5.8 km. up Haew Suwat

Waterfall Rd., 14°25’N 101°24’E.

Ecological notes.  Only larvae were found from bedrock, fallen leaves, trailing

grasses, leaves, and sticks in streams (0.15-20 m width) with slow to fast flowing

water (0.2-1.5 m s-1), and ranging from fully exposed to shaded. Altitudes, water

temperatures, and pH for collection sites ranged from 256-751 m, 20.0-24.5 °C, and

6.59-7.76, respectively. This species was found with S. (G.) angulistylum, S. (G.)

decuplum, S. (G.) siamense, S. (G.) asakoae, S. (S.) fenestratum, S. (S.) nakhonense,

S. (S.) quinquestriatum, S. (S.) tani, and S. (S.) rudnicki.

Remarks.  Simulium (S.) chainarongi was originally described from female,

male, pupal, and mature larval specimens collected in Thailand (Takaoka and

Kuvangkadilok, 1999).  The eight short slender pupal gill filaments are arranged in

pairs, with the dorsalmost filament twice as thick in the basal portion as the
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lowermost.  The cocoon of this species is distinguished by the shoe-shape with an

anterior collar.  The larva has a pair of small dorsal protuberances on the abdominal

segments 1-6.



130

Figure 56  Larval structures of Simulium chainarongi.  A, lateral view of mature

larva; B, gill histoblast; C, D: head capsule; C, dorsal view; D, ventral

view; E, hypostomium; F, apical tip of mandible
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17.  Simulium (Simulium) fenestratun Edwards, 1934

(Figures 57, 58, 59, 60)

Simulium (Simulium) fenestratun Edwards, 1934: 110-111 (female, male, pupa, and

mature larva).

Simulium (Simulium) sakishimaense (nec Takaoka, 1977): Takaoka & Suzuki, 1984:

39-40.

Description.  See Edwards (1934).

Larva (Figure 57).  See Edwards (1934).

Pupa (Figure 58).  See Edwards (1934).

Female (Figure 59).  See Edwards (1934).

Male (Figure 60).  See Edwards (1934).

Collection sites.  Thailand.  Prachinburi, Khao Yai National Park; Creek 2.3

km. above S gate, 14°14’N 101°23’E; Than Rattana Waterfall, 14°14’N 101°23’E;

Creek 5.3 km. above S gate, 14°15’N 101°23’E; Creek 6.0 km. above S gate, 14°15’N

101°23’E.  Nakhon Nayok, Khao Yai National Park; Creek under 1st concrete bridge

before Khao Kheow Rd., 14°20’N 101°21’E; Pa Tabak creek, 14°19’N 101°21’E; Pa

Krajai Waterfal, 14°21’N 101°20’E; Creek under 2nd concrete bridge before Khao

Kheow Rd., 14°21’N 101°20’E.  Nakhon Ratchasima, Khao Yai National Park; Huai

Lam Takrong at Wang Jumpee, 14°26’N 101°22’E; Tad Tapoo creek, 14°24’N 101°

22’E; Creek 5.8 km. up Haew Suwat Waterfall Rd., 14°25’N 101°24’E.

Ecological notes.  This species was recorded in all seasons but was not found

in April and May 2001. Pupae and larvae were collected from bedrock, fallen leaves,

rocks, trailing grasses, leaves and roots, and sticks in streams (0.15-25 m width) with

slow to fast flowing water (0.1-2.0 m s-1), and ranging from fully exposed to shaded.

Altitudes, water temperatures, and pH for collection sites ranged from 188-751 m,

20.0-25.5 °C, and 6.19-7.90, respectively. This species was found with S. (G.)

angulistylum, S. (G.) decuplum, S. (G.) dentistylum, S. (G.) siamense, S. (G.) asakoae,

S. (G.) sp. nr. sheilae, ceylonicum species-group, S. (G.) gombakense, S. (G.) sp. C, S.
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(S.) chainarongi, S. (S.) nakhonense, S. (S.) quinquestriatum, S. (S.) tani, S. (S.)

rudnicki and S. (S.) sp. E.

Remarks.  This species was originally described from Java and Sumatra

(Edwards, 1934).  The eight short slender pupal gill filaments are arranged in pairs,

three pairs with short stalks and the lower pair sessile.  This species is distinguished

by the shoe-shape cocoon with an anterolateral window on each side.  The larva does

not have a pair of small dorsal protuberances on the abdomen.
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Figure 57  Larval structures of Simulium fenestratum.  A, lateral view of mature larva;

B, gill histoblast; C, D: head capsule; C, dorsal view; D, ventral view; E,

hypostomium; F, apical tip of mandible
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Figure 58  Pupal structures of Simulium fenestratum.  A, dorsal view; B, cocoon in

lateral view; C, D: head integument in front view; C, female; D, male; E,

gill filaments; F, terminal hooks
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Figure 59  Adult structures of Simulium fenestratum female.  A, genitalia in ventral

view; B, claw; C, antenna; D, maxillary palp; E, mandible; F, legs (fore,

mid and hind legs from left)
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Figure 60  Adult structures of Simulium fenestratum male.  A, genitalia in ventral

view; B, claw; C, antenna; D, maxillary palp; E, legs (fore, mid and hind

legs from left)
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(C)  striatum species-group

18.  Simulium (Simulium) nakhonense Takaoka and Suzuki, 1984

(Figures 61, 62, 63, 64)

Simulium (Simulium) nakhonense Takaoka and Suzuki, 1984: 33-37 (female, male,

pupa, and mature larva).

Description.

Larva (Figure 61).  Takaoka and Suzuki (1984).

Pupa (Figure 62).  Takaoka and Suzuki (1984).

Female (Figure 63).  Takaoka and Suzuki (1984).

Male (Figure 64).  Takaoka and Suzuki (1984).

Collection sites.  Thailand.  Prachinburi, Khao Yai National Park; Than

Rattana Waterfall, 14°14’N 101°23’E; Creek 6.0 km. above S gate, 14°15’N 101°

23’E; Creek under concrete bridge at Haew Narok Waterfall, 14°17’N 101°23’E.

Nakhon Nayok, Khao Yai National Park; Pa Krajai Waterfal, 14°21’N 101°20’E.

Nakhon Ratchasima, Khao Yai National Park; Huai Lam Takrong at Wang Jumpee,

14°26’N 101°22’E; Pa Kluai Mai Waterfall, 14°25’N 101°24’E; Tad Tapoo creek,

14°24’N 101°22’E; Huai Lam Takrong below at Haew Suwat Waterfall, 14°26’N

101°25’E.

Ecological notes.  This species was recorded in all seasons but was not found

in May 2001. Pupae and larvae were collected from bedrock, fallen leaves, rocks,

trailing grasses, leaves and roots, and aquatic plant in streams (0.15-35 m width) with

slow to fast flowing water (0.2-1.9 m s-1), and ranging from fully exposed to shaded.

Altitudes, water temperatures, and pH for collection sites ranged from 233-751 m,

19.0-26.1 °C, and 6.19-7.70, respectively. This species was found with S. (G.)

angulistylum, S. (G.) decuplum, S. (G.) siamense, ceylonicum species-group, S. (G.)

novemarticulatum, S. (S.) grossifilum, S. (S.) fenestratum, S. (S.) chainarongi, S. (S.)

quinquestriatum, and S. (S.) tani.
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Remarks.  Simulium (S.) nakhonense was originally described based on

female, male, pupal, and mature larval specimens from Thailand (Takaoka and

Suzuki, 1984).  The pupal gill with 10 filaments are arranged in pairs, upper 5 or 6

filaments inflated at base while others slender.  This species is distinguished by the

shoe-shape cocoon with low neck.  The larva has a pair of small dorsal protuberances

on the abdominal segments 1-8.
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Figure 61  Larval structures of Simulium nakhonense.  A, lateral view of mature larva;

B, gill histoblast; C, D: head capsule; C, dorsal view; D, ventral view; E,

hypostomium; F, apical tip of mandible
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Figure 62  Pupal structures of Simulium nakhonense.  A, dorsal view; B, cocoon in

lateral view; C, terminal hooks; D, E: head integument in front view: D,

female; E, male; F, gill filaments

A

B

C F

E

D



141

Figure 63  Adult structures of Simulium nakhonense female.  A, genitalia in ventral

view; B, claw; C, antenna; D, maxillary palp; E, mandible; F, legs (fore,

mid and hind legs from left)
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Figure 64  Adult structures of Simulium nakhonense male.  A, genitalia in ventral

view; B, claws; C, antenna; D, maxillary palp; E, legs (fore, mid and hind

legs from left)
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19.  Simulium (Simulium) quinquestriatum (Shiraki, 1935)

(Figures 65, 66, 67, 68)

Stilboplax 5-striatum Shiraki, 1935: 27-33 (female and male).

Simulium (Simulium) quinquestriatum: Takaoka, 1979: 396-399 (female, male, pupa,

and mature larva).

Description.

Larva (Figure 65).  See Takaoka (1979).

Pupa (Figure 66).  See Takaoka (1979).

Female (Figure 67).  See Takaoka (1979).

Male (Figure 68).  See Takaoka (1979).

Collection sites.  Thailand.  Prachinburi, Khao Yai National Park; Than

Rattana Waterfall, 14°14’N 101°23’E; Creek under concrete bridge at Haew Narok

Waterfall, 14°17’N 101°23’E.  Nakhon Nayok, Khao Yai National Park; Creek under

1st concrete bridge before Khao Kheow Rd., 14°20’N 101°21’E; Pa Tabak creek, 14°

19’N 101°21’E; Pa Krajai Waterfal, 14°21’N 101°20’E; Creek under 2nd concrete

bridge before Khao Kheow Rd., 14°21’N 101°20’E.  Nakhon Ratchasima, Khao Yai

National Park; Huai Lam Takrong at Wang Jumpee, 14°26’N 101°22’E; Pa Kluai Mai

Waterfall, 14°25’N 101°24’E; Huai Lam Takrong below at Haew Suwat Waterfall,

14°26’N 101°25’E; Tributary of Huai Lam Takrong at Haew Suwat Waterfall, 14°

25’N 101°25’E.

Ecological notes.  This species was found in all seasons. Pupae and larvae

were collected from bedrock, aquatic plant, fallen leaves, rocks, trailing grasses and

leaves, sticks, and plastic tube in streams (0.15-35 m width) with slow to fast flowing

water (0.1-2.0 m s-1), and ranging from fully exposed to shaded. Altitudes, water

temperatures, and pH for collection sites ranged from 233-751 m, 19.0-26.1 °C, and

6.19-7.98, respectively. This species was found with S. (G.) angulistylum, S. (G.)

decuplum, S. (G.) siamense, ceylonicum species-group, S. (G.) novemarticulatum, S.

(G.) sp. B, S. (S.) fenestratum, S. (S.) chainarongi, S. (S.) nakhonense, S. (S.) tani, and

S. (S.) rudnicki.
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Remarks.  Simulium (S.) quinquestriatum was originally described based on

female and male specimens under the name Stilboplax 5-striatum collected from

Taiwan (Shiraki, 1935).  The revised description of all life stages was given by

Takaoka (1979).  The pupal gill with 10 slender filaments are slender, arranged in

groups of 2+3+3+2 from dorsal to ventral, all filaments subequal in thickness.  This

species is distinguished by the shoe-shape cocoon with high neck.  The larva has a

pair of small dorsal protuberances on the abdominal segments 1-8.  The present larva

specimens differ from the original description by the thoracic and abdominal cuticle

bare.
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Figure 65  Larval structures of Simulium quinquestriatum.  A, lateral view of mature

larva; B, gill histoblast; C, D: head capsule; C, dorsal view; D, ventral

view; E, hypostomium; F, apical tip of mandible
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Figure 66  Pupal structures of Simulium quinquestriatum.  A, dorsal view; B, cocoon

in lateral view; C, terminal hooks; D,E: head integument in front view; D,

female; E, male; F, gill filaments
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Figure 67  Adult structures of Simulium quinquestriatum female.  A, genitalia in

ventral view; B, claws; C, antenna; D, maxillary palp; E, mandible; F, legs

(fore, mid and hind legs from left)
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Figure 68  Adult structures of Simulium quinquestriatum male.  A, genitalia in ventral

view; B, claws; C, antenna; D, maxillary palp; E, legs (fore, mid and hind

legs from left)
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(D)  tuberosum species-group

20.  Simulium (Simulium) tani Takaoka and Davies, 1995

(Figures 69, 70, 71, 72)

Simulium (Simulium) tani Takaoka and Davies, 1995: 137-141 (female, male, pupa,

and mature larva).

Simulium (Simulium) nitidithorax (nec Puri, 1932): Takaoka and Suzuki, 1984: 40-41

(mature larva).

Description.

Larva (Figure 69).  See Takaoka and Davies (1995).

Pupa (Figure 70).  See Takaoka and Davies (1995).

Female (Figure 71).  See Takaoka and Davies (1995).

Male (Figure 72).  See Takaoka and Davies (1995).

Collection sites.  Thailand.  Prachinburi, Khao Yai National Park; Creek 3.2

km. above S gate, 14°14’N 101°23’E; Creek under wood bridge at Haew Narok

Waterfall, 14°17’N 101°23’E; Creek under concrete bridge at Haew Narok Waterfall,

14°17’N 101°23’E.  Nakhon Nayok, Khao Yai National Park; Creek under 1st

concrete bridge before Khao Kheow Rd., 14°20’N 101°21’E; Pa Tabak creek, 14°

19’N 101°21’E; Pa Krajai Waterfal, 14°21’N 101°20’E; Creek under 2nd concrete

bridge before Khao Kheow Rd., 14°21’N 101°20’E.  Nakhon Ratchasima, Khao Yai

National Park; Huai Lam Takrong at Wang Jumpee, 14°26’N 101°22’E; Pa Kluai Mai

Waterfall, 14°25’N 101°24’E; Tad Tapoo creek, 14°24’N 101°22’E; Creek 5.8 km. up

Haew Suwat Waterfall Rd., 14°25’N 101°24’E; Huai Lam Takrong below at Haew

Suwat Waterfall, 14°26’N 101°25’E; Tributary of Huai Lam Takrong at Haew Suwat

Waterfall, 14°25’N 101°25’E.

Ecological notes.  This species was found in all seasons. Pupae and larvae

were collected from bedrock, fallen leaves, rocks, trailing grasses, leaves and roots,

and sticks in streams (0.15-25 m width) with slow to fast flowing water (0.1-2.0 m s-

1), and ranging from fully exposed to shaded. Altitudes, water temperatures, and pH

for collection sites ranged from 200-751 m, 19.0-25.7 °C, and 6.19-7.98, respectively.
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This species was found with S. (G.) angulistylum, S. (G.) decuplum, S. (G.)

dentistylum, S. (G.) siamense, S. (G.) sp. A, S. (G.) asakoae, S. (G.) sheilae, S. (G.) sp.

nr. sheilae, S. (G.) gombakense, S. (G.) sp. B, S. (G.) sp. C, S. (S.) grossifilum, S. (S.)

fenestratum, S. (S.) chainarongi, S. (S.) nakhonense, S. (S.) quinquestriatum, and S.

(S.) rudnicki.

Remarks.  This species was originally described from West Malaysia

(Takaoka and Davies, 1995).  The mature larva was previously reported from

Thailand as S. (S.) nitidithorax, which Puri originally described from India (Takaoka

and Suzuki, 1984).  The gill with 6 short-stalked filaments are arranged in pairs.  This

species is distinguished by the simple wall-pocket-shape cocoon.  The larva with a

deep postgenal cleft, is longer than wide.  The body color is reddish brown and

abdominal segments lacking a pair of small dorsal protuberances.  It is noted that the

present larva specimens slightly differ from the Malaysian ones by having 4 or 5

hypostomal bristles diverging posteriorly from lateral border on each side.
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Figure 69  Larval structures of Simulium tani.  A, lateral view of mature larva; B, gill

histoblast; C, D: head capsule; C, dorsal view; D, ventral view; E,

hypostomium; F, apical tip of mandible
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Figure 70  Pupal structures of Simulium tani.  A, dorsal view; B, cocoon in lateral

view; C, terminal hooks; D,E: head integument in front view; D, female;

E, male; F, gill filaments
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Figure 71  Adult structures of Simulium tani female.  A, genitalia in ventral view; B,

claws; C, antenna; D, maxillary palp; E, mandible; F, legs (fore, mid and

hind legs from left)
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Figure 72  Adult structures of Simulium tani male.  A, genitalia in ventral view; B,

claws; C, antenna; D, maxillary palp; E, legs (fore, mid and hind legs from

left)
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(E)  ungrouped species

21.  Simulium sp. D

(Figures 73, 74)

Description.

Mature larva (Figure 73A).  Body length 6.3-6.5 mm (n = 2).  Body dark

purple.  Head capsule pale with dark along posterior margins, and with positive head

spots (Figure 73C).  Labral fan with with 31-32 main rays (n = 3).  Postgenal cleft

(Figure 73D) deep, subtriangular, its apex approaching posterior margin of

hypostomium leaving very narrow bridge.  Hypostomium (Figure 73E) with a row of

9 apical teeth; median tooth longer than each corner tooth; 3 intermediate teeth on

each side shorter and smaller than corner teeth; lateral margin serrate apically;

hypostomal bristles 5 or 6 in number lying subparallel to lateral margin on each side.

Mandible (Figure 73F) with supernumerary serrations, as well as usual 2 mandibular

serrations; comb-teeth decreasing in size from 1st to 3rd.  Thoracic cuticle bare.

Abdominal cuticle bare.  Rectal organ with three simple lobes.  Anal sclerite of usual

X-form.  Posterior circlet bearing 12-14 hooks in 76-77 rows (n = 2).  Gill histoblast

(Figure 73B) with about three groups of coiled filaments.

Pupa.  Body length 3.5 mm (n = 1).  Gill (Figure 74C) with 19 filaments

arranged in various groups.  Cocoon (Figures 74A, B) simple, wall-pocket-shaped,

tightly woven without open spaces in webs, not extending ventrolaterally.

Female.  Unknown.

Male.  Unknown.

Collection sites.  Thailand.  Prachinburi, Khao Yai National Park; Creek 6.0

km. above S gate, 14°15’N 101°23’E.  Nakhon Nayok, Khao Yai National Park; Pa

Tabak creek, 14°19’N 101°21’E.

Ecological notes.  This species was found in May 2000 and 2004 and collected

from rocks and bedrock in shaded streams with moderately to fast flowing water

(0.37-1.1 m s-1).  Altitudes, water temperature, and pH for collection sites ranged from

297-505 m, 24.2°C, and 8.09, respectively.  This species was found with S. (G.)

angulistylum.
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Remarks.  The pupal gill of this species is a very distinctive, with 19

filaments.  In addition, the pupa is recognized by the simple, wall-pocket-shaped

cocoon.  The larva has a deep bullet-shaped postgenal cleft and abdominal segments

lacking a pair of small dorsal protuberances.
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Figure 73  Larval structures of Simulium sp. D.  A, lateral view of mature larva; B,

gill histoblast; C, D: head capsule; C, dorsal view; D, ventral view; E,

hypostomium; F, apical tip of mandible
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Figure 74  Pupal structures of Simulium sp. D.  A, dorsal view; B, lateral view; C, gill

filaments

A

B

C



159

22.  Simulium sp. E

(Figures 75, 76)

Description.

Mature larva (Figure 75A).  Body length 6.6-7.3 mm (mean = 6.5 mm, n = 3).

Body dark gray.  Head capsule brownish with dark along posterior margins, and with

positive head spots (Figure 75C).  Labral fan with with 38-45 main rays (n = 4).

Postgenal cleft (Figure 75D) deep, triangular, its apex approaching posterior margin

of hypostomium leaving very narrow bridge.  Hypostomium (Figure 75E) with a row

of 9 apical teeth; median tooth longer than each corner tooth; 3 intermediate teeth on

each side shorter and smaller than corner teeth; lateral margin serrate apically;

hypostomal bristles 5-7 in number lying subparallel to lateral margin on each side.

Mandible (Figure 75F) with comb-teeth decreasing in size from 1st to 3rd; mandibular

serrations composed of 1 large and 1 small teeth, without supernumerary serrations.

Thoracic cuticle bare.  Abdominal cuticle bare.  Rectal organ with three simple lobes.

Anal sclerite of usual X-form.  Posterior circlet bearing 12-13 hooks in 76-81 rows (n

= 4).  Gill histoblast (Figure 75B) with about three groups of coiled filaments.

Pupa.  Body length 3.5 mm (n = 2).  Gill (Figure 76B) with 27-34 filaments

(in pharate larvae with 27-32 filaments) arranged in various groups.  Cocoon (Figure

76A) simple, wall-pocket-shaped, tightly woven without open spaces in webs, not

extending ventrolaterally, anterior margin somewhat thickly woven.

Female.  Unknown.

Male.  Unknown.

Collection sites.  Thailand.  Prachinburi, Khao Yai National Park; Creek 2.3

km. above S gate, 14°14’N 101°23’E; Creek 3.0 km. above S gate, 14°14’N 101°

23’E.

Ecological notes.  They were found in May to June 2000 and July 2001 and

collected from fallen leaves and on rocks in small shaded streams (1.0-3 m width)

with moderately flowing water (0.3-0.6 m s-1).  Altitudes, water temperatures, and pH

for collection sites ranged from 188-199 m, 24.7-25.5 °C, and 5.62-7.16, respectively.

This species was found with S. (G.) angulistylum and S. (S.) fenestratum.
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Remarks.  The pupa of this species is distinguished by a gill with 27-32

filaments and a simple, wall-pocket-shaped cocoon.  The larva has deep triangular

postgenal cleft and abdominal segments lacking a pair of small dorsal protuberances.



161

Figure 75  Larval structures of Simulium sp. E.  A, dorsal view of mature larva; B, gill

histoblast; C, D: head capsule; C, dorsal view; D, ventral view; E,

hypostomium; F, apical tip of mandible
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Figure 76  Pupal structures of Simulium sp. E.  A, dorsal view; B, gill filaments

A B
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3.  Morphological characters of polytene chromosomes

In the present study, 215 of 755 Gomphostilbia larvae were analyzed for major

chromosomal landmarks.  All 12 species of Gomphostilbia in Khao Yai National Park

had a chromosome number of n = 3, standard arm associations, tightly paired

homologues, the nucleolar organizer in chromosome I (typically in the base of IS),

and the “trapezoid” landmark in the basal in IIS.  The cytotaxonomy of each species is

briefly described below.  Diagnostic chromosomal and morphological data are

summarized in Table 6.

The following 12 species of Gomphostilbia from Khao Yai National Park

consist of 8 formally described species, including one newly recorded from Thailand

(Simulium novemarticulatum), and 4 undescribed species (Simulium sp. A, Simulium

sp. nr. sheilae, Simulium sp. B, and Simulium sp. C).  The three species in the S.

ceylonicum species group (i.e., S. asakoae, S. sheilae, and S. sp. nr. sheilae) are

morphologically similar; the chromosomes, therefore, provide an essential diagnostic

aid.  Simulium novemarticulatum is a member of the S. varicorne species group, and

the remaining eight species are members of the S. batoense species group.

Simulium angulistylum

(Figures 77, 88A)

The polytene chromosomes of this species were figured by Kuvangkadilok et

al. (2003), although chromosomes II and III were reversed.

In the present study, 15 of 62 larvae were analyzed for major landmarks.

Figure 77 shows the six chromosome arms.  The centromere regions of chromosomes

I and II are slightly expanded, but the centromere region of chromosome III is not

expanded.  In the IIS arm, the bulge is central and the ring of Balbiani subterminal

(Figure 88A).  The IIIS end was splayed and the blister subterminal.
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Figure 77  The karyotype of larval polytene chromosomes of Simulium angulistylum.

CI, CII, and CIII, centromeres of chromosomes I, II, and III; S and L, short

and long arms, respectively; Bl, blister; Bu, bulge; NO, nucleolar

organizer; RB, ring of Balbiani
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Simulium decuplum

(Figures 78, 88B)

The chromosomes of this species were first described by Kuvangkadilok et al.

(2003).

In the present study, 13 of 40 larvae were analyzed for major landmarks.

Figure 78 shows the six chromosome arms.  The centromere regions are not

expanded.  The IIS arm has the ring of Balbiani near the bulge and closer to the

centromere than to the end of the chromosome (Figure 88B).  IIIS was characterized

by being slightly widened with the blister subterminal.

Simulium dentistylum

(Figures 79, 88C)

Two of three larvae were analyzed for major landmarks.  However, the

pictures of the karyotype did not show well spread chromosome arms I and III.

Arm associations were standard (Figure 79).  None of the centromere regions

are expanded.  The bulge is near the ring of Balbiani in the middle of the IIS arm

(Figure 88C).  IIIS was recognized by the end widened and blister subterminal.

Simulium gombakense

(Figures 80, 88D)

Four of five larvae were analyzed for major landmarks.  Figure 80 shows the

six chromosome arms.  The centromere regions are not expanded.  In the IIS arm, the

ring of Balbiani and the bulge are subterminal (Figure 88D).  The end of IIIS was

splayed and was recognized by the blister subterminally.
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Simulium siamense

(Figures 81, 88E)

The chromosomes of this species were described by Kuvangkadilok et al.

(2003).

Sixteen of 52 larvae were analyzed for major landmarks.  Figure 81 shows the

six chromosome arms.  None of the centromere regions are expanded.  The IIS arm

has the ring of Balbiani near the subterminal bulge (Figure 88E).  The IIIS end was

slightly widened and the blister subterminal.

Simulium sp. A

(Figure 88F)

The chromosomal quality of the slide preparations for this species was poor.

Two of 12 larvae were analyzed for major landmarks.  The IIS arm has the

bulge near the subterminal ring of Balbiani (Figure 88F).
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Figure 78  The karyotype of larval polytene chromosomes of Simulium decuplum.  CI,

CII, and CIII, centromeres of chromosomes I, II, and III; S and L, short

and long arms, respectively; Bl, blister; Bu, bulge; NO, nucleolar

organizer; RB, ring of Balbiani
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Figure 79  The karyotype of larval polytene chromosomes of Simulium dentistylum.  I,

II, and III, chromosomes; S and L, short and long arms, respectively; C,

centromere; Bl, blister; Bu, bulge; NO, nucleolar organizer; RB, ring of

Balbiani
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Figure 80  The karyotype of larval polytene chromosomes of Simulium gombakense.

CI, CII, and CIII, centromeres of chromosomes I, II, and III; S and L, short

and long arms, respectively; Bl, blister; Bu, bulge; NO, nucleolar

organizer; RB, ring of Balbiani
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Figure 81  The karyotype of larval polytene chromosomes of Simulium siamense.  CI,

CII, and CIII, centromeres of chromosomes I, II, and III; S and L, short

and long arms, respectively; Bl, blister; Bu, bulge; NO, nucleolar

organizer; RB, ring of Balbiani
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Simulium asakoae

(Figure 82, 88G)

The chromosomes of this species were described by Kuvangkadilok et al.

(2003).

A total of 67 larvae of S. asakoae were analyzed for major landmarks.  Figure

82 shows the six chromosome arms.  The centromere regions are not notably

expanded.  The IIS arm has the bulge near the ring of Balbiani, which is subterminal

(Figure 88G).  The IIIS end was widened and the blister subterminal.

Simulium sheilae

(Figure 83, 88H)

Five of 35 larvae were analyzed for major landmarks.  However, the pictures

of the karyotype were not clear to interpret each of chromosomes I and III.  Arm

associations were standard (Figure 83).  The centromere region of chromosome I is

not expanded.  In the IIS arm, the ring of Balbiani is basal and the bulge subterminal

(Figure 88H).

Simulium sp. nr. sheilae

(Figure 84, 88I)

For this species, 79 larvae were analyzed for major landmarks.  Figure 84

shows the six chromosome arms.  The centromere region of chromosome I is

expanded, whereas the centromere regions of chromosomes II and III are not.  The IIS

arm has the bulge and ring of Balbiani in the same locations as in S. sheliae (Figure

88I).  The end of IIIS was slightly widened and the blister subterminal.
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Simulium novemarticulatum

(Figures 85, 88J)

Three of 77 larvae were analyzed for major landmarks.  However, the pictures

of the karyotype were difficult to see some landmarks on the chromosome arms.

Figure 85 shows the six chromosome arms.  The IIS arm has the ring of Balbiani near

the subterminal bulge (Figure 88J).  The IIIS end was slightly widened.

Simulium sp. B

(Figures 86, 88K)

All 3 larvae were analyzed for the major landmarks.  Figure 86 shows the six

chromosome arms.  The centromere regions are not expanded. The IIS arm has the

ring of Balbiani located basally and the bulge somewhat centrally (Figure 88K).  The

end of IIIS was widened and the blister subterminal.

Simulium sp. C

(Figures 87, 88L)

Six of 7 larvae were analyzed for the major landmarks.  However, the pictures

of the karyotype were not clear to identify the arms of chromosome I.  Figure 87

shows the six chromosome arms.  The centromere bands were faint and the

centromere regions were not expanded.  In the IIS arm, the ring of Balbiani and bulge

were subterminal (Figure 88L).  The IIIS end was widened and the blister

subterminal.
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Figure 82  The karyotype of larval polytene chromosomes of Simulium asakoae.  CI,

CII, and CIII, centromeres of chromosomes I, II, and III; S and L, short

and long arms, respectively; Bl, blister; Bu, bulge; NO, nucleolar

organizer; RB, ring of Balbiani
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Figure 83  The karyotype of larval polytene chromosomes of Simulium sheilae.  II,

chromosome; S and L, short and long arms, respectively; C, centromere;

Bu, bulge; NO, nucleolar organizer; RB, ring of Balbiani
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Figure 84  The karyotype of larval polytene chromosomes of Simulium sp. nr. sheilae.

CI, CII, and CIII, centromeres of chromosomes I, II, and III; S and L, short

and long arms, respectively; Bl, blister; Bu, bulge; NO, nucleolar

organizer; RB, ring of Balbiani
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Figure 85  The karyotype of larval polytene chromosomes of Simulium

novemarticulatum.  I, II, and III, chromosomes; S and L, short and long

arms, respectively; C, centromere; Bu, bulge; NO, nucleolar organizer;

RB, ring of Balbiani
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Figure 86  The karyotype of larval polytene chromosomes of Simulium sp. B.  CI, CII,

and CIII, centromeres of chromosomes I, II, and III; S and L, short and

long arms, respectively; Bl, blister; Bu, bulge; NO, nucleolar organizer;

RB, ring of Balbiani



178

Figure 87  The karyotype of larval polytene chromosomes of Simulium sp. C.  I, II,

and III, chromosomes; S and L, short and long arms, respectively; C,

centromere; Bl, blister; Bu, bulge; NO, nucleolar organizer; RB, ring of

Balbiani
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Table 6.  Summary of larval characters for 12 Simulium species in the subgenus
Gomphostilbia

Species IIS arm Abdominal
setae

Gill
filaments

Depth of
postgenal clef

1.Simulium angulistylum Bulge central
and ring of
Balbiani
subterminal

Delicate, with
5-12 (mostly 8-
10) branches

3 + 3 + 2 Deep; apex
nearly
reaching
posterior
margin of
hypostoma

2.Simulium decuplum Ring of
Balbiani near
bulge and closer
to centromere
than to end of
chromosome

Dark, with 10-
14 branches

4 + 4 + 2 Deep; apex
nearly
reaching
posterior
margin of
hypostoma

3.Simulium dentistylum Bulge near ring
of Balbiani in
middle of IIS
arm

Two types: flat
scalelike; and
dark,
unbranched or
bifurcated

2 + 1 + 3 + 2 Deep; broadly
reaching
posterior
margin of
hypostoma

4. Simulium gombakense Ring of
Balbiani and
bulge
subterminal

Bare Inflated with
6 fingerlike
projections
and 8
slender
filaments

Moderately
deep; 3.0-3.5×
as long as
postgenal
bridge

5.Simulium siamense Ring of
Balbiani near
subterminal
bulge

Dark, with 6-8
branches

3 + 3 + 2 Deep; apex
nearly
reaching
posterior
margin of
hypostoma

6.Simulium sp. A Bulge near
subterminal
ring of Balbiani

Thick, dark,
with 3-6
branches

3 + 3 + 2 Deep; 4.7-
7.0× as long
as postgenal
bridge

7.Simulium asakoae Bulge near
subterminal
ring of Balbiani

Sparse, dark,
delicate,
unbranched
(rarely 2 or 3
branched)

3 + 3 + 2 Shallow to
moderately
deep; 1-3× as
long as
postgenal
bridge
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Table 6  (Continued)

Species IIS arm Abdominal
setae

Gill
filaments

Depth of
postgenal clef

8.Simulium sheilae Ring of
Balbiani basal
and bulge
subterminal

Dark, delicate,
with 2-6
branches

3 + 3 + 2 Deep; apex
nearly
reaching
posterior
margin of
hypostoma

9.Simulium sp. nr. sheilae Bulge and ring
of Balbiani in
same locations
as in S. sheilae

Similar to S.
asakoae

3 + 3 + 2 Moderately
deep to deep;
3× as long as
postgenal
bridge or apex
nearly
reaching
posterior
margin of
hypostoma

10.Simulium
novemarticulatum

Ring of
Balbiani near
subterminal
bulge

Two types:
thick, dark, with
2 or 3 branches
and minute,
dark, delicate,
with 2-4
branches

3 + 3 + 2 Deep; broadly
reaching
posterior
margin of
hypostoma

11.Simulium sp. B Ring of
Balbiani basal
and bulge
somewhat
central

Unbranched
and 2- and 3-
branched

3 + 3 + 2 Deep; apex
nearly
reaching
posterior
margin of
hypostoma

12.Simulium sp. C Ring of
Balbiani and
bulge
subterminal

Bare 3 + 3 + 2 Moderately
deep; 2.00-
2.75× as long
as postgenal
bridge
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Figure 88  Idiograms of chromosome arm IIS for 12 Simulium species in the subgenus Gomphostilbia from Khao Yai National Park, showing

relative locations of Ce, centromere; RB, ring of Balbiani; Bu, bulge; Sh, shoestring. A, Simulium angulistylum; B, S. decuplum; C, S.

dentistylum; D, S. gombakense; E, S. siamense; F, S. sp. A; G, S. asakoae; H, S. sheilae; I, S. sp. nr. sheilae; J, S. novemarticulatum;

K, S. sp. B; L, S. sp. C.
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4.  Simuliid biodiversity and environmental factors

Although 22 simuliid species were collected in total (detailed in 2.1) only 17

of these larval species are considered for detailed analysis here.  Five species were

excluded from detailed analysis because of difficulties with clear identification in the

case of Simulium asakoae and S. sp. nr. sheilae, while S. grossifilum was not found in

the larval stage and S. sp. D and S. sp. E were collected prior to the study period.

4.1  Sampling efficiency

The pooled sample shows a sampling intensity of ≈ 6 with an inventory

completion index of ≈ 98.  There was one singleton (S. rudnicki), two doubletons

(S. gombakense and S. sp. B) and nine species represented by less than ten

individuals.  These data, and the species accumulation curve, with crossing singleton

and doubleton curves, (Figure 89) shows that sampling has been quite effective and

close to completion.
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Figure 89  Species accumulation from 20 collection sites between July 2000 and June

2001 (solid line) with estimated 95% confidence limits (dashed blue) and

singleton (red solid) and doubleton (green solid) curves
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4.2  Environmental factors and biological associations

4.2.1  Abundance

Drought: Unsurprisingly this was the main factor affecting simuliid larval

abundance.  Simuliid larvae were totally absent from streams during drought periods.

This resulted in a strong negative relationship between the period of drought a site

experienced and abundance (ρ = -0.8052, p < 0.001; r2 = 0.5751, p < 0.001; Figure

90).

The strong effect of drought on abundance means caution is required

when examining other factors that may be affecting abundance.

Altitude: Larval abundance generally showed a positive correlation

between total abundance and altitude (Figure 91).  However, this relationship is

mostly a result of the influence of drought, which also had a relationship with altitude

i.e., lower altitude sites typically experiencing longer drought.  Site 14 showed a

marked departure from the altitude-abundance trend, as this site was a high altitude

site that experienced drought.  Site 4 was also unusual in having a high abundance as

a result of a very high number of S. nakhonense at the start of the dry season (late

September-December).

Water temperature: There was no association between median water

temperature and abundance (Figure 92).

pH: Like water temperature there was no association between abundance

and median water pH (Figure 93).

Stream size: Stream size, as indicated by maximum stream width, showed

no strong relationship with abundance (Figure 94).  Minimum stream width shows a

similar pattern.
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Canopy: Sites with an open canopy had significantly higher abundance

than those with a closed canopy (Figure 95, t = -2.8897, p < 0.05).

Substrate: There were no significant differences in abundance among the

different substrate types with the different substrates varying widely (Figure 96).

Human disturbance: Simuliid abundance was significantly higher in

streams subject to human disturbance (Figure 97, t = 4.2593, p < 0.01).
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Figure 90  Drought and black fly abundance

Figure 91  Altitude and black fly abundance.  Black = no drought, blue = less than six

months drought, green = six or more months drought
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Figure 92  Water temperature and black fly abundance.  Black = no drought, blue =

less than six months drought, green = six or more months drought

Figure 93  pH and black fly abundance.  Black = no drought, blue = less than six

months drought, green = six or more months drought
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Figure 94  Stream size (max. width) and black fly abundance.  Black = no drought,

blue = less than six months drought, green = six or more months drought

Figure 95  Canopy and black fly abundance

5 10 15 20

0
50

10
0

15
0

Stream width max. (m)

A
bu

nd
an

ce

12 3

4

5

6

7

8

9 10

11

12
13

14

15

16

17
18

19

20

Stream width maximum (m)

Ab
un

da
nc

e

0
2

4
6

8
10

12

A
bu

nd
an

ce
+

1

Closed Open

n=9 n=11

Closed canopy Open canopy



189

Figure 96  Substrate type and black fly mean abundance.  B = bedrock, R = rock,

G = gravel, and S = sand

Figure 97  Human disturbance and black fly mean abundance
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4.2.2  Species richness

Species richness was analyzed by examination of both species richness

estimators as well as observed species richness.

4.2.2.1  Species richness estimates

The completeness of the sampling is again apparent when examining how

close the observed species count of 17 species was to the various species estimators

(18-24 species) (Table 7).

In addition to this overview of species richness estimates, the Chao 1

estimate of species was used to examine differences among sites and factors in detail.

Drought: The relationship between drought and the Chao 1 estimate of

species richness is broadly similar to that seen between drought and abundance.

There is generally a decreasing trend of estimated richness with increasing drought

length (Figure 98; ρ = -0.8159, p < 0.001; r2 = 0.4093, p < 0.01).  However, there is a

great deal of variation in the richness of sites not experiencing drought ranging from

as low as 2 species at site 18 to 17 species at site 11.

Altitude: The relationship between altitude and the Chao 1 species

estimate is similar to that seen for the altitude and abundance relationship (Figure 99)

with a humped-relationship with middle altitudes sites having higher richness

estimates that both higher and lower altitude sites.  No doubt part of this relationship

is a result of the mid-altitude sites being less drought prone.  However, it is interesting

that drought seems to have had less of a influence on richness than abundance, so this

�hump� appears to be more a result of altitude.  However, it is also worth noting the

much greater than expected species richness estimates for sites 11, 13, and 16.

Water temperature: As with abundance there was no clear relationship

between Chao 1 species estimates and water temperature (Figure 100).
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pH: Again there was no clear relationship between Chao 1 species

estimates and pH (Figure 101).

Stream size: Again no relationship is seen between stream size and the

Chao 1 species estimates (Figure 102).

Canopy: As with abundance, open canopy sites had higher Chao 1

richness estimates than closed sites (Figure 103), although this difference was not

significant (t = -1.9264, p > 0.05).

Substrate: Again, as with abundance, there was no significant difference

in Chao 1 richness estimates among different substrate types (Figure 104).

Human disturbance: Unlike abundance there was no significant difference

between disturbed and undisturbed sites in Chao 1 richness estimates (Figure 105, t =

0.2932, p > 0.05).

4.2.2.2  Observed species counts

Drought: Not surprisingly, given the sample size independence of the

observed species count measure of richness, the relationship between drought and

observed species (ρ = -0.8591, p < 0.001; r2 = 0.6505, p < 0.001) is very similar to

that seen between drought and abundance (Figure 106).

Altitude: Likewise the altitude-observed species count relationship

(Figure 107) is similar to that seen for altitude and abundance (Figure 91).

Water temperature: Again the water temperature-observed species count

relationship (Figure 108) is similar to that seen for water temperature and abundance

(Figure 92).
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pH: The pH and observed species count relationship (Figure 109) is

similar to that seen for pH and abundance (Figure 93).

Stream size: The stream size and observed species count relationship

(Figure 110) is similar to that seen for stream size and abundance (Figure 94) with no

clear relationship being seen.

Canopy: Again, as with the canopy-abundance relationship, sites with an

open canopy had higher observed species counts than those with a closed canopy

(Figure 111), however this difference was not significant (t = -2.0767, p > 0.05).

Substrate: Again, as with all the previous factors, the relationship between

substrate type and observed species count (Figure 112) is essentially a reflection of

the substrate and abundance relationship.

Human disturbance: Sites subject to human disturbance had a slightly

higher, but non-significant (t = 1.0831, p > 0.05), observed species count (Figure

113).  However, while all but one species was found in undisturbed sites, only six

species were found in disturbed sites, with only S. sp. B being restricted to disturbed

sites.
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Table 7  Species counts, estimators and standard errors for the pooled sample.

Estimator Estimate Standard Error

Observed count 17 NA

Chao 19.66 4.88

Jack1 21.75 2.53

Jack2 23.69 NA

Boot 19.17 1.45

Chao1 17.06 0.73

ACE 17.37 2.05
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Figure 98  Drought and black fly estimated species

Figure 99  Altitude and black fly estimated species.  Black = no drought, blue = less

than six months drought, green = six or more months drought

0 2 4 6 8

5
10

15

Dr ought  (mont hs)

Ch
ao

 1
 s

pe
ci

es 
est

im
at

e

12
3

4
5 6

7
8
9

10

11

12

13

14

15

16

17

18

19

20

Drought (months)

C
ha

o
1 

sp
ec

ie
s 

es
tim

at
e

200 400 600 800

5
10

15

Al t i t ude (MASL)

Ch
ao

 1
 s

pe
ci

es 
est

im
at

e

12
3

4
5 6

7
8

9
10

11

12

13

14

15

16

17

18

19

20C
ha

o
1 

sp
ec

ie
s 

es
tim

at
e

Altitude (MASL)



195

Figure 100  Water temperature and black fly estimated species.  Black = no drought,

blue = less than six months drought, green = six or more months drought

Figure 101  pH and black fly estimated species.  Black = no drought, blue = less than

six months drought, green = six or more months drought
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Figure 102  Stream size (max. width) and black fly estimated species.  Black = no

drought, blue = less than six months drought, green = six or more

months drought

Figure 103  Canopy and black fly estimated species

5 10 15 20

5
10

15

St r eam wi dt h max. (m)

Ch
ao

 1
 s

pe
ci

es 
est

im
at

e

12
3

4
56

7
8

9
10

11

12

13

14

15

16

17

18

19

20

C
ha

o
1 

sp
ec

ie
s 

es
tim

at
e

Stream width maximum (m)  

0
2

4
6

8
10

C
ha

o 
1 

sp
ec

ie
s 

es
tim

at
e

Closed canopy Open canopy

n=9 n=11



197

Figure 104  Substrate type and black fly estimated species.  B = bedrock, R = rock,

G = gravel, and S = sand

Figure 105  Human disturbance and black fly estimated species
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Figure 106  Drought and black fly observed species

Figure 107  Altitude and black fly observed species.  Black = no drought, blue = less

than six months drought, green = six or more months drought
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Figure 108  Water temperature and black fly observed species.  Black = no drought,

blue = less than six months drought, green = six or more months drought

Figure 109  pH and black fly observed species.  Black = no drought, blue = less than

six months drought, green = six or more months drought
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Figure 110  Stream size (max. width) and black fly observed species.  Black = no

drought, blue = less than six months drought, green = six or more

months drought

Figure 111  Canopy and black fly observed species
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Figure 112  Substrate type and black fly observed species.  B = bedrock, R = rock,

G = gravel, and S = sand

Figure 113  Human disturbance and black fly observed species
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4.2.3  Fisher�s α

Drought: As with other measures drought had a large influence on a site�s

Fisher�s α diversity index (ρ = -0.7299, p < 0.001; r2 = 0.4618, p < 0.01; Figure 114)

though there was great variation among sites not experiencing drought.

Altitude: The relationship between altitude and Fisher�s α was similar to

that seen for the other parameters examined, with a generally increasing trend with

altitude.  However in large part this is probably a result of drought effects which

probably also result in the low Fisher�s α of site 14 (Figure 115).

Water temperature: The relationship between water temperature and

Fisher�s α was essentially the inverse of the altitude and Fisher�s α relationship

(Figure 116), something perhaps not unexpected given the strong inverse relationship

between altitude and water temperature.

pH: As with other parameters there was no association between Fisher�s α

and pH (Figure 117).

Stream size: Again, as with other parameters there was no association

between Fisher�s α and stream size (Figure 118).

Canopy: There was no significant difference in Fisher�s α between sites

with open and closed canopies (Figure 119, t = -1.1808, p > 0.05), though as with

other parameters open canopy sites had higher values.

Substrate: There were no significant differences in Fisher�s α among the

different substrate types (Figure 120).

Human disturbance: There was no significant difference in Fisher�s α

between disturbed and undisturbed sites (Figure 121, t = -0.2533, p > 0.05).
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Figure 114  Drought and black fly Fisher�s α

Figure 115  Altitude and black fly Fisher�s α.  Black = no drought, blue = less than six

months drought, green = six or more months drought
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Figure 116  Water temperature and black fly Fisher�s α.  Black = no drought, blue =

less than six months drought, green = six or more months drought

Figure 117  pH and black fly Fisher�s α.  Black = no drought, blue = less than six

months drought, green = six or more months drought
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Figure 118  Stream size (max. width) and black fly Fisher�s α.  Black = no drought,

blue = less than six months drought, green = six or more months drought

Figure 119  Canopy and black fly Fisher�s α.

5 10 15 20

0.
5

1.0
1.5

2.
0

St r eam wi dt h max. (m)

Fi
sh

er
's α

12

3

4
5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

Fi
sh

er
' s

 α

Stream width maximum (m)  

0.
0

0.
5

1.
0

1.
5

2.
0

Fi
sh

er
's α

Closed Open

n=9 n=11

Closed canopy Open canopy



206

Figure 120  Substrate type and black fly Fisher�s α.  B = bedrock, R = rock,

G = gravel, and S = sand

Figure 121  Human disturbance and black fly Fisher�s α.
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4.2.4  Community composition

The most prominent features of the unconstrained ordination (Figure 122)

were the distinctness of sites 14 and 18 which were both very distinct from the main

cluster as well as each other.  Site 18�s distinctness was largely the result of its low

richness (2 species, Simulium sheilae and S. siamense) with S. sheilae dominating (≈

95%).  Simulium sheilae was unusual in that it was only found at 4 sites with ≈ 86%

of the catch from site 18.  Site 14 similarly had only two species (S. angulitylum and

S. feuerborni), with S. angulitylum dominant (≈ 79%).  However, while S. angulitylum

was dominant at site 14, it was also a common species at all sites except site 18.

Another aspect of the site 14 fauna was the occurrence of S. feuerborni which was

only found at this site.  Aside from these two outlying sites the ordination shows a

rather broad cluster based upon the ordination origin though there are also indications

of small clusters (cluster 1 = sites 4, 8, 11, 13, 15, 19; cluster 2 = 6, 7, 9, 10, 12, 16,

17, 20; cluster 3 = 1, 2, 3, 5) mainly separating on the second axis within this cloud.

The distinctness of sites 14 and 18 (and the species associated with them)

were again clear in the constrained ordination (Figur 123).  Of the physical variables

examined none were clearly indicative of any cluster and only one was clearly

associated with an ordination axis.  Drought was closely aligned to axis 1, this being

the primary axis differentiating site 14 (with S. feuerborni) and also the cluster of sites

1, 2, 3 and 5 (with drought) from site 4, the other low altitude site being marked by

lack of drought.
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Figure 122  Transformed Black fly CCA (without constraint) ordination diagram and

the 20 collection sites.  Black = disturbed, Red = undisturbed
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Figure 123  Black fly CCA ordination diagram and the 20 collection sites.  Black =

collection sites, Red = species
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5  Other Families

In addition to the Simuliidae, ten other families of Diptera were recorded from

Khao Yai National Park, namely the suborder Nematocera: Tipulidae,

Blephariceridae, Psychodidae, Dixidae, Ceratopogonidae, and Chironomidae and the

suborder Brachycera: Tabanidae, Athericidae, Ephydridae, and Muscidae.  The

general characters and larval habitats of each family are shown below.  A list of all

lotic Diptera and their occurrence in this study, are shown in Appendix Table 1.

1.  Tipulidae (crane flies)

Larvae differ from other Nematocera by having only the anterior portion

of head capsule heavily sclerotized, the posterior portion of head being incomplete

and retracted into thorax.  Three genera of this family were identified in this study

including Antocha, Hexatoma and Tipula (Figure 124).  Antocha larvae were found

from fallen leaves and bedrock in fast current while Hexatoma and Tipula were

collected from in fallen leaves and sand in slower current.  Dudgeon (1999) noted that

the Oriental contains around thirty-three genera.  He also gave a summary of the

larval habits of some tropical Asian genera.

2.  Blephariceridae (net-winged midges)

Larvae are dorsoventrally flattened forms and divided into six distinct

body divisions, with a sucker disc ventrally on each.  The head and thorax are fused

with abdominal segment 1 to form the first body division.  There were two genera

from this study, Blepharicera and Apistomyia (Figure 125).  Both were collected from

bedrock while Blepharicera also occurred from the rocks.  The Oriental Region

contains around nine genera (Dudgeon, 1999).
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3.  Psychodidae (sand flies or moth flies)

Larvae are recognized by absent of prolegs and the secondary annulations

on thoracic and abdominal segments, which may have dorsal sclerites on many annuli.

Ventral suckers are present in some taxa.  Neotelmatoscopus and Telmatoscopus were

found in this study (Figure 126).  The latter was found on fallen leaves while

Neotelmatoscopus occurred on fallen leaves, rocks, and trailing leaves.

4.  Dixidae (meniscus midges)

Larvae have two pairs of ventral prolegs on each of the first and second

abdominal segments and the body terminates in two pairs of fringed processes.  This

family was found from fallen leaves.

5.  Ceratopogonidae (biting midges)

Larvae have usually well-developed, sclerotized head capsule, but lack

prolegs.  Most of aquatic species has the body divided into beadlike segments.  There

was only one sample collected in this study from sand.

6.  Chironomidae (non-biting midges)

Larvae have the anterior and posterior pairs of prolegs bearing apical

hooks.  Head capsule is well sclerotized.  They were found from rocks, bedrock,

fallen leaves, and trailing leaves.

7.  Tabanidae (horse flies or deer flies)

Larvae are recognized by a girdle of at least six pseudopods around each

segment.  There was only one sample, which was from fallen leaf.
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8.  Athericidae (snipe flies)

Larvae have paired ventral abdominal prolegs on the first seven abdominal

segments and a single ventral proleg and a pair of fringed caudal projections on the

eighth segment.  They were found from fallen leaves.

9.  Ephydridae (shore flies)

Larvae have a pair of respiratory tubes at the end of the abdomen with a

dark sclerotized ring around the tip.  There was only one sample, which was found

from fallen leaf.

10.  Muscidae (house flies or aquatic muscids)

Larvae have a pair of short respiratory tubes at the end of the abdomen

and the same segment bears a pair of relatively long prolegs that are tipped with a

series of small hooks.  Prolegs are absent on other abdominal segments thought,

creeping welt sometimes are present ventrally.  There was only one sample in this

study from fallen leaf.
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Figure 124  Larval Tipulidae (Diptera) showing lateral view.  A, Antocha sp.; B,

Hexatoma sp.; C, Tipula sp.

A

B

C



214

Figure 125  Larval Blephariceridae (Diptera) showing dorsal and ventral view.  A,

Blepharicera sp.; B, Apistomyia sp.
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Figure 126  Larval Psychodidae (Diptera) showing dorsal, ventral and lateral view.

A, B Neotelmatoscopus sp.; C, Telmatoscopus sp.

C

BA
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CONCLUSIONS

Of the 22 species of black flies (Diptera: Simuliidae) occurring in streams at

Khao Yai National Park, 16, including one species is newly recorded from Thailand

(Simulium novemarticulatum Takaoka and Davies, 1995), are previously recorded

species and 6 represent undescribed species (S. sp. A, S. sp. nr. sheilae, S. sp. B,        

S. sp. C, S. sp. D, and S. sp. E).  All species belong to the genus Simulium Latreille s.l.

and three subgenera, Gomphostilbia Enderlein (12 spp.), Nevermannia Enderlein (1

sp.) and Simulium Latreille s.str. (9 spp.).  Specimens were identified primarily from

morphological characters of mature larvae and pupae, with supplemental characters

from chromosomal data of larval salivary glands.  For most species, identifications

and life stages associations were confirmed by rearing pupae to obtain adults.

Twelve Simulium species of the subgenus Gomphostilbia were analyzed

chromosomally. Major landmarks in the IIS arm were emphasized and compared with

the chromosomes of some reference species described by Kuvangkadilok, et al.

(2003).  All larvae had a chromosomal complement of n = 3.  Positions of landmarks

in the IIS arm, specifically the positions of the bulge and the ring of Balbiani,

distinguished most species, including some that were morphologically

indistinguishable.  Species with landmarks in similar positions differed in larval

morphology.  The combination of chromosomal landmarks in the IIS arm and selected

structural features, especially the form of the cuticular setae on the larval abdomen,

permitted accurate identification of all species in this study. Chromosomal characters

greatly assisted morphological identification of larvae in this subgenus, especially for

morphologically similar species such as S. asakoae, S. sheilae, and S. sp. nr. sheilae.

Seventeen species had sufficient data to allow assessment of biodiversity and

influence of environmental factors.  The species accumulation curve for the sampling

shows that sampling has been quite effective and close to completion.

The main factor affecting simuliid larva abundance was drought, as indicated

by a strong negative relationship between the period of drought a site experienced and
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larval abundance as well as the Chao 1 species estimate, observed species counts, and

Fisher�s α.  Simuliid abundance showed a positive correlation between larval

abundance and altitude.  This relationship is mostly a result of the influence of

drought, which also had a relationship with altitude-i.e. lower altitude sites typically

experiencing greater drought.  The relationship between altitude and the Chao 1

species estimate, observed species counts, and Fisher�s α were similar to that seen for

altitude and abundance.  Abundance, the Chao 1 species estimate, observed species

counts, and Fisher�s α were not associated with median water temperature, median

water pH or stream size.  The relationship between water temperature and Fisher�s α

is essentially the inverse of the altitude and Fisher�s α relationship.  Sites with an open

canopy had significantly higher larval abundance than those with a closed canopy

while there was no significant difference in Chao 1 richness estimates, observed

species count and Fisher�s α between sites with open and closed canopies, though

open canopy sites had higher values.  There were no significant differences in

abundance, Chao 1 richness estimates, observed species count and Fisher�s α among

the different substrate types.  Simuliid abundance was significantly higher in streams

subject to human disturbance while there were no significant differences between

disturbed and undisturbed sites in Chao 1 richness estimates, observed species count

and Fisher�s α.

Unconstrained ordination demonstrated the distinctness of sites 14 and 18,

which are both very distinct from the main cluster as well as being distinct from each

other.  Site 18�s distinctness is largely the result of its low richness (2 species,

Simulium sheilae and S. siamense) with S. sheilae dominating (≈ 95%).  Site 14

similarly had only two species (S. angulistylum and S. feuerborni), with

S. angulistylum dominant (≈ 79%).  Another unique aspect of the site 14 fauna was

the occurrence of S. feuerborni.

The distinctness of sites 14 and 18 (and the species associated with them) were

again clear in the constrained ordination.  Of the physical variables examined none

were clearly indicative of any cluster and only one was clearly associated with an

ordination axis.  Drought was closely aligned to the first axis, this being the primary
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axis differentiating site 14 with (S. feuerborni) and also differentiating the cluster of

sites 1, 2, 3 and 5 (with drought) from site 4, the other low altitude site being marked

by lack of drought.

Ten other Diptera families were recorded in this study area, namely the

nematocerous families Tipulidae, Blephariceridae, Psychodidae, Dixidae,

Ceratopogonidae, and Chironomidae and the brachycerous families Tabanidae,

Athericidae, Ephydridae, and Muscidae.
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Appendix 1  Procedures for mounting techniques ( S. Sing-asa, personal

communication).

1. Place specimen into vial with 10% KOH for 2-3 hours or over night (room

temperature) or place specimen into vial with 10%KOH at 62-65ºC for 10

minutes. (Keep the vial with the acid corked!)

2. Observe vial under scope to ensure that full clearing has occurred.

3. Place specimen in a vial of distilled water (room temperature).

4. Drain off the distilled water and replace it with distilled water twice.

5. Place specimen in a vial of 50% EtOH for about 10 minutes.  Move specimen up

to 60% EtOH for 10 minutes. Repeat with 70% EtOH, 80% EtOH, 90% EtOH.

and 95% EtOH.

6. Place specimen into vial with normal butylalcohol for 10 minutes.

7. Place specimen into vial with 1:1 solution of normal butylalcohol and Xylene for

10 minutes.

8. Place specimen into vial with Xylene for 10 minutes.

9. Carefully dissect the appropriate part using scalpel or dissecting needles.

10. Place one drop of permount in the middle of a microscope slide.

11. Place specimen into permount and apply a coverslip for observation.  Work

quickly!
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Appendix 2  Procedures for staining polytene chromosomes of larval black flies (P.H.

Adler, personal communication).

1. Place live larvae in Carnoy�s fixative (1 part glacial acetic acid: 3 parts absolute

ethanol, with no more than 1 larva per ml of fixative.  Decant the fixative and

replace it with fresh fixative at least once immediately after making the collection

and again an hour later.

2. In a watch glass of Carnoy�s, select larvae with well-developed white histoblasts.

Slit open the posteroventral portion of the abdomen, using dissecting needles or

insect pins.

3. Place larvae in a vial of distilled water for 20 minutes (room temperature).

4. Remove larvae from distilled water and very quickly roll them on bibulous paper

to remove the jellied matter from the silk glands, but do not allow the larvae to

desiccate.

5. Place larvae in a 1N solution of HCl that has been preheated to 62-65ºC.  Larvae

should be in the HCl at 62-65ºC for 10 minutes. (Keep the vial with the acid

corked!)

6. Place larvae in a vial of Feulgen stain for about 1 hour.

7. Replace the Feulgen stain with sulfur water and allow the larvae to remain in the

sulfur water for about 10 minutes.

8. Drain off the sulfur water and replace it with cold tap water twice.  Refrigerate the

material until ready to examine the chromosomes, but use within 5 days.

9. Place one drop of 50% acetic acid in the middle of a microscope slide.  Place a

larva in a drop of cold tap water on one side of the slide.  Pull out one salivary
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gland and one gonad from the posterior portion of the abdomen.  Using needles,

macerate the salivary glands in the acetic acid and remove all large pieces of

tissue. Work quickly!

10. Apply a coverslip and press on it with firm thumb pressure under a piece of

bibulous paper.

11. The slide can be viewed to take photograph for not exceed about 1 hour or place

one drop of 2% filtered carmine at the edge of the coverslip to keep the

preparation from drying out.  The slidemount is now temporary and can be viewed

for about 1 hour.

12. To make the slide permanent, place it coverslip down on dry ice for a least 1-hour.

13. Pop off the coverslip with a razor blade, and immediately plunge the slide into a

petri dish with absolute ethanol for 30 seconds.

14. Remove the slide from the ethanol, blot the edge of the slide only, and quickly

apply a small drop of mounting medium (e.g., Euparal®).

15. Place the slide in a dark place to dry. Expect about 25% shrinkage, with fading

over time.

Directions for preparing Feulgen Stain

1. Add 2 grams of basic fuchsin powder to 400 grams of distilled water that has first

been heated to 80ºC (in flask in microwave).  Mix well by swirling the flask.

2. Cool the solution to 60ºC and add 4 grams of potassium metabisulphite.  Mix well

by swirling the flask.
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3. Cool the solution to 50ºC and add 20 ml of 1N HCl.  Mix well by swirling the

flask.

4. Place parafilm over the top of the flask and place the flask on the counter for 24 h.

The fuchsin solution will, however, still retain a color varying from straw to

brown due to dissolved impurities.

5.  The next day (24 h later), 3 grams of activated charcoal powder should be added to

the solution and shaken thoroughly.  Quickly filter the solution.  The resultant

filtrate should be quite without color and indistinguishable in appearance from

water.  Put this solution in dark plastic bottles and refrigerate.  When handling the

charcoal powder, be extramely careful not to spill any.  It will stain miserably!

Directions for preparing Sulfur Water

1. Add 2 grams of potassium metabisulfite to 400 ml of distilled water.

2. Swirl the container to mix the solution, but be careful not to get solution around

the ground glass stopper.  (It will freeze the stopper).

3. Finally, add 20 ml of 1N HCl, and quickly stopper the bottle of solution to avoid

escape of SO2.  All preparation is done at room temperature.
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Appendix Table 1  List of recorded lotic Diptera taxa at Khao Yai National Park from July 2000 to June 2001. Sites numbers as in table 3.

Site NumberTaxa

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Genus Simulium

   Subgenus Gomphostilbia

     batoense species-group

1.  S. (G.) angulistylum X X X X X X X X X X X X X X X X X X X X

2.  S. (G.) decuplum X X X X X X (X) X X X

3.  S. (G.) dentistylum X

4.  S. (G.) gombakense (X) X (X) X

5.  S. (G.) siamense X X X X X X X X X X X X X

6.  S. (G.) sp. A X X X

     batoense-group X X X X X X X X X X (X) X X X X X X

     ceylonicum species-group

7.  S. (G.) asakoae X (X) X (X) X X X X X X X X X X (X) X

8.  S. (G.) sheilae X X X X

9.   S. (G.) sp. nr. sheilae X X X X (X) (X) X (X)

     ceylonicum-group (X) X X X X X X X X X X X X
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Appendix Table 1  (Continued)

Site NumberTaxa

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

     varicorne species-group

10.  S. (G.) novemarticulatum X (X) X

     ungrouped  species

11.  S. (G.) sp. B X X

12.  S. (G.) sp. C X

   Subgenus Nevermannia

      feuerborni species-group

13.  S. (N.) feuerborni X

   Subgenus Simulium

     griseifrons species-group

14.  S. (S.) grossifilum X X

15.  S. (S.) rudnicki (X) X

     multistriatum species-group

16.  S. (S.) chainarongi X X (X) X X X X

17.  S. (S.) fenestratum X (X) X (X) X X X X X X (X)
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Appendix Table 1  (Continued)

Site NumberTaxa

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

     striatum species-group

18.  S. (S.) nakhonense X X X X X X X X

19.  S. (S.) quinquestriatum X X (X) X X X X X X X

     tuberosum species-group

20.  S. (S.) tani X X X X X X X X X X X X X

     ungrouped  species

21.  S. (S.) sp. D (X) (X)

22.  S. (S.) sp. E (X) (X)

Family Tipulidae

23.  Antocha X X X X X

24.  Hexatoma X X X X X X X

25. Tipula X X X X X X X X

Family Blephariceridae

26. Blepharicera X X X

27. Apistomyia X
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Appendix Table 1  (Continued)

Site NumberTaxa

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Family Psychodidae

28. Neotelmatoscopus X X X X X X X

29. Telmatoscopus X

Family Dixidae X X X X X X X

Family Ceratopogonidae (X) X

Family Chironomidae X X X X X X X X X X X X X X X X

Family Tabanidae X

Family Athericidae X X X X X X X X X X X

Family Ephydridae X

Family Muscidae X

(  ) Specimens were from samples collected prior to July 2000 and later June 2001.
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Appendix Table 2  List of recorded black fly taxa at Khao Yai National Park from July 2000 to June 2001 and environmental data at which

each was collected.

Human disturbance stream Canopy cover Primary substrateTaxa Altitude

 (m)

Water

temperature

(°C)

pH

Disturbed Undisturbed Open Close R-G-S B-R-G G-R-S G-S-R S-R-G

Family Simuliidae

Genus Simulium

   Subgenus Gomphostilbia

     batoense species-group

1.  S. angulistylum 188-952 18.4-26.4 5.04-7.95 X X X X X X X X X

2.  S. decuplum 199-751 18.4-24.5 6.01-7.75 (X) X X X X X X

3.  S. dentistylum 744 19.3-23.1 6.72-6.85 X X X

4.  S. gombakense 297-654 23.0-25.0 7.10-7.90 X X (X) X X (X)

5.  S. siamense 233-751 18.4-28.2 5.88-7.70 X X X X X X X X

6.  S. sp. A 404-744 19.3-24.3 6.07-7.41 X X X X

     batoense-group* X X X X X X X X

    ceylonicum species-group

7.  S. asakoae* 297-952 19.1-25.0 5.88-7.63 X X X X (X) X X

8.  S. sheilae 404-744 19.3-26.4 5.59-7.38 X X X X X X

9.  S. sp. nr. sheilae* 404-952 18.4-24.3 5.20-7.43 X X X X X X X

     ceylonicum-group* X X X X X X X X
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Appendix Table 2  (Continued)

Human disturbance stream Canopy cover Primary substrateTaxa Altitude

 (m)

Water

 temperature

(°C)

pH

Disturbed Undisturbed Open Close R-G-S B-R-G G-R-S G-S-R S-R-G

     varicorne species-group

10.  S. novemarticulatum 404-744 23.1-24.6 6.63-7.19 (X) X X X X X

     ungrouped  species

11.  S. sp. B 633-695 22.3-24.5 7.00-7.20 X X X X

12.  S. sp. C 654 24.2-24.3 7.90-7.93 X X X

   Subgenus Nevermannia

     feuerborni species-group

13.  S. feuerborni 952 19.5-21.7 5.64-5.88 X X X

   Subgenus Simulium

griseifrons species-group

14.  S. grossifilum* 297-654 24.2-24.3 7.93 X X X X X

15.  S. rudnicki 505-654 20.0-22.4 7.75-7.98 X X (X) (X) X

multistriatum species-group
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Appendix Table 2  (Continued)

Human disturbance stream Canopy cover Primary substrateTaxa Altitude

 (m)

Water

temperature

(°C)

pH

Disturbed Undisturbed Open Close R-G-S B-R-G G-R-S G-S-R S-R-G

16.  S. chainarongi 256-751 20.0-24.5 6.59-7.76 X X X X X X X X

17.  S. fenestratum 188-751 20.0-25.5 6.19-7.90 (X) X X X X X X (X) X

     striatum species-group

18.  S. nakhonense 233-751 19.0-26.1 6.19-7.70 X X X X X X X X

19.  S. quinquestriatum 233-751 19.0-26.1 6.19-7.98 X X X X X X

     tuberosum species-group

20.  S. (S.) tani 200-751 19.0-25.7 6.19-7.98 X X X X X X X X

     ungrouped  species

21.  S. (S.) sp. D* 297-505 24.2 8.09 (X) (X) (X) (X)

22.  S. (S.) sp. E* 188-199 24.7-25.5 5.62-7.16 (X) (X) (X)

(  ) Specimens were from samples collected prior to July 2000 and later June 2001.

*    Not include in data analysis

      Primary substrate as B = bedrock, R = rock, G = gravel, S = sand
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