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GENERAL INTRODUCTION 

Most people know the ceratopogonid midges as •no-see-mnstt and 

"se.ndf'lies 11 and haw encountered them while on a f'ishing trip or on 

a holiday to the seaside, countryside or to mountain regions. The 

annoyance they give f'rom their bites invariably engenders an abrupt 

f'all in morale and prodnces an instant strong desire to be elsewhere. 

As Kettle (1962) has put it, "one midge is an entomological curiosity, 

a thousand ean be he lU" 

The term 11sandf'l:r• is inappropriate for these insects as it leads 

to a confusion of' the group with the true sandfq Phlebotomus (Psyohodidae) 

and certain blackflies (Simuliidae). "M1dge" or "bi ting midge" is the 

pref'erred term since it is in common usage for the Ceratopogonidae in 

English-speaking eountries (Iee, Raye and D;yce, 1963; Raye, 1963). 

It geœrall:r staDds f'or the whole f'amily rather than strietly for the 

biting members ot the f'amil:r. 

Biting midges as a whole are little known except where the:r become 

a menace to human welfare and health. Their economie and medical imp

ortance are becoming increasingly better known as more attention is being 

paid to them. The ir potential as veetors of' diseases (virus, nematodes) 

among mammals and amphibians, and as pollinators of' tropical economie 

plants like rubber and cacao, is being looked into but to date , no work 

has been carried out on these inseets as vectors of' diseases of' inseets 

and plants, an area of study of' equal importance if' not more so. 

The stibf'amily ForcipomJ!inae contains maD7 species of' economie 

and medical importance. Saunders (1959), f'or example, f'ound two species 



of ProforcipomY!a as pollinators of cacao in Trinidad and three other 

species of Proforcipornyia and one species of Thyridomyia as possible 

pollinators of the plant. Warmke (1951, 1952) round that the Para 

rubber tree, ~ brasiliensis Muell. Arg., in tropical America is 

mainly pollinated by the Forcipomyiinae of which the genera Atrichopogon 

and Forcipomyia were the most frequently found in ~ flowers. Members 

of medical importance in the subfamily belong mainly to the genus ~-

Several man- and oattle-biting species of Lasiohelea 

s. str. have been recorded but only one species, townsvillensis, has 

been definitely identified from male genitalia as belonging to the 

group. Others, that have been correctly identified as belonging to 
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Lasiohelea s. str. , suck blood from amphi bians. For example, on frogs, 

velax (Winnertz) acta as a vector of Icosiella neglecta Diesing (Desportes, 

1941, 1942) and fairfaxensis Wirth acta possibly also as a vector ef 

frog filaria (Pechuman and Wirth, 1961), and on the toad ~asper 

Gravh., Yuen and Chan in Yuen (1962) found a blood-sucking species of 

Lasiohelea, as yet unidentified, infested with the parasite Ieosiella 

innominata Yuan. More recently, 1965, a new species, Dacnoforcipomyia 

anabaenae Chan and Saunders, of the genus Lasiohelea, was deterrnined 

to be a biting species on man in Singapore. According to Downes (195S), 

there are two records of Atrichopogon species biting mammals but these 

require confirmation. 

It is regrettable that the systematics and ecology of the Forci

pomyiinae, in fact of the Ceratopogonidae as a whole, are poorly understood 

and little known. The taxonomy of the Forcipomyiinae has not progressed 

very much beyond the traditional stage of arduous identification and 



classification of species from adult stages alone. Saunders (1956, 

1959, 1964) and Ewen and Saunders (1958) have approaohed the subjeot 

from a new angle by incorporating immature stages witb adults in the 

classification and revision of the group, and have thus opened a new 

and more precise taxonomie avenue to the systematics of the oeratopo

gonids. However, descriptions ot all stages have hitherto be en mainly 

qualitative and do not provide room tor the possibility or separating 

sibling species. 

Very rew non-systematic biologiste trul.y understand what s;ystem

atics is and very otten the subjeot is conf'Used rlth taxonomy, an 

inclusive branob of this discipline (Simpson, 1961). Systematists are 

often looked upon as dilettante biologiste who know nothing but the 

identification and classification of organisme. Systematios is looked 

upon as a specialization or restricted field or biology rather than as 

a discipline or a way of looldng at biology. Olearly, it should be 

pointed .out that systematios is a unifying science, in the same way 

as evolution is a unitying biological theory accounting for the diversity 

of lite on earth. :rt embraces all branches of natural sciences and 

attempts to correlate and ooordinate all known knowledge relating to 

organisms, be this knowledge on individual species or populations or 

groups of genera, familias, etc. , so that natural phenomena and lite 

may be expressed in an orderly, organized and. intelligible mannar. 

Simpson (1961) bas attributed to it a proper status when be remarked, 

that it is na science that is most explicitly and exolusively devoted 

to the ordering of complex data, and in this respect it has a special, 

a particularly aesthetio, and almost a supersoientific place among the 

3 



sciences" • 

At the present time systematics is evolving with the changing 

trends and philosophies in biological concepts and has beoome sufficiently 

sophisticated to embraoe the expression of the theor,r of evolution in 

a practical 'Wa'Y'• This contrasta with the past when the theory of evolu

tion had no effect upon taxonomy and it was "impossible to tell by a 

man's taxonomie work whether he believed in evolution or even knew about 

it" (Blackwelder, 1962). In classificatory aspects of systematics, 

conventional œthods of taxonomy are being increasingly supplemented by 

modern computerized methods of data storage and processing and of mathe

matical analysis of correlations of characters and of funotional relation

ships (Munroe, 1964). The "old systematicsn which is gradually demising, 

has given birth to the "new systematicsn. Non-morphological charaoters 

are now being looked upon as of equal importance, if not more so, than 

morphological ones since they add a whole new dimension to the taxonomie 

picture of a species. In the light of progress in this field, the 

systematics of the Forcipomyiinae must necessarily take a new direction. 

Taxonomie information, once past the identification stage, must be 

accumulated in large quantities and this is best achieved by combining 

the quantitative approach to the qualitative one. Quantitative data 

will enable us to investigate more adequately, using correlation analyses, 

the tunctional relationships that exist in the phylogeny of species. 

Resulta reported here on the study of the Forcipomyiinae contain 

detailed quantitative information used in descriptions of new species 

and is made available with the aim of providing future systematists with 

a basis for separating sibling species with the use of discriminant 
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functions and for working out systematic relationships. An attempt 

bas also been made for the first time to work out the phylogeny of 

the Forcipomyiinae and their geographica1 distribution from the viewpoint 

of establishing their phylogeny. 

For a long time animal populations have been known to regulate 

their numbers, i.e., maintain •a population level which does not differ 

from a long-term average by more than one or two orders of magnitude" 

(Macfadyen, 1963) but the mechanisms bringing about their control are 

still not fully understood although Klomp (1964) bas tried to break 

them down into four main categories. Many theories have been advanced 

by many authors as reviewed by Thompson (1956), Solomon (1957) and 

Nicholson (1958) and theoretical (mathematical),experimenta1 and field 

evidences have been accumulated through the years to explain the natural 

phenomenon of regulation of animal numbers. The general conclusion 

appears to be that the mechanisms of control of population size in nature 

are very comp1ex and vary enormously with different species and under 

different circumstanaes. The factors responsible are manJ and intricate 

but, despite our lack of experience in this field, they can be analysed 

and measured (Macfadyen, 1963). 

It is not the intention here to review the different theories 

on population regulation that have been propounded by various authors, 

notably Thompson, Andrewartha and Birch, Nicholson, Solomon, Milne 

and recently Morris and his fo11owers, nor is it the intention here to 

show which of these is the most acceptable and tenable. Each theory 

has its merita and demerita and cannot fully explain the fluctuations 

of all animal populations under all circumstances primarily because of 
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the complaxity and diversification in the properties of living organ

isme. The student ecologist can orten become biased and prejudiced 

through trying to follow and accommodate a particular theory or, for 

that matter, any system of thought, and thus become convinced that 

that particular theory is most acceptable, e.g., the Red Chinese, indoc

trinated and inculcated with the philosophy of Marxism since childhood, 

truly believe that communism is the only solution to world peace and 

prosperity, and similarly, American democrate believe the democratie 

way is the right way to world problems. The same student can also be

come conf'used when he approaches the same subject from different angles 

and sees œw lights which he would otherwise not perceive if he had 

stuck to the same approach. After weighing the several theories philo

sophically and scientifically he is lert, if he had been considering 

them with an open mind, with the scientific approach to the problem 

and that is to assemble observational and experimental data and deduoe 

from these, .! posteriori, the phenomena opera ting in the system and 

then rormulate a working principle for the natural phenomena involved. 

The present ecological stUdy of three ceratopogonid members 

in a pond community at Morgan Arboretum constitutes a preliminary quan

titative study of these species in all their stages through a reasonable 

sampling period and it shows that such a quantitative approach, though 

in the present rorm incomplete, can provide a body or information on 

the behaviour of insect numbers. It is unf'ortunate that due to lack 

or man-power and time, complete life table studies could not be done. 

Life table etudies could however have been done on a single species, 

say, the predator Palpomzia slossonae ( Coquillett) , but this, no matter 
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how complete, would. not have provided information on, and an insight 

into, the intimate interactional relationship between predator and 

prey species, the effect of interspecific competition with other pre

dators, the types of ceratopogonid adult emergence in inland freshwaters, 

etc. Richards (1961) has pointed out that "a complete lite table tells 

what happened in a particular year but, as it stands does not enable 

prediction of future changes", so that "any attempt to make detailed 

deductions from even several consecutive years of lite tables will 

involve study of the biology of the more important pa.rasi tes and pre

dators in some detail" sinoe Nicholson (1954, 1958) has shown and 

emphasized that the behaviour of parasites and predators toward their 

host or prey at different population levels, is more important than 

the percentage parasitism or predation in a pa.rticular year. A study 

of the parasites and predators will therefore provide a better under

standing of population dynamics of any particular species than studies 

on a single species. It is devoutly hoped therefore that this present 

study be extended in great detail and if possible, enoompass more species 

in the community, so that a rounded picture of an ecological community 

can be understood. This quantitative approach to insect population 

dyna.mies iS important be cause we lack, at present, the necessary precise 

data for working out the dynamies of a whole community. 

? 



SYSTEMATICS 

I. INTRODUCTION 

A. SISTEM.ATIC HJSTŒY OF THE FŒCIPOMYIINAE 

Unti1 1917 the family Ceratopogonidae was considered a subfamily 

of the Chironomidae (Tendipedidae). Early attempts at classitying the 

fami1y in a natural way are reviewed in a later section on the phylogex:w 

of the Forcipomyiinae. 

The subfami1y Forcipomyiinae first recei ved 1 ts name from !enz 

(1934) and the use of the name was subsequently recognized and followed 

by Enderlidn (1936) and others. Wirth (1952) included two genera in 

the subfamily, notably, Forcipomzia and Atrichopogon. The systematic 

histor:r of these two genera antedates that of the subfamily. 

Forcipompa, a large genus of the subfamily Forcipomyiinae, 

first received this name from Mergele (in Meigen, 1818) who, though 

he did not define it, tried to distinguish it from the all-embracing 

genus Ceratopogon which then included a host of blood-sucking and other 

midges. Kieffer {1901) was the first to assign generic characters to 

Forcipomyia but could not accept the genus - "Je ne puis admettre ce 

genre". Goetghebuer (1914) used the name but later (1920.1921) confused 

it with the old name Ceratopogon and still later (1923) went back to 

Foroipomyia. Edwards (vide Saunders, 1924) was the only author to use 

the name consistently. Sinoe in general usage the name Foroipomzia is 

attributed to rœigen (181S), who first pub1ished it as a rejeoted name 
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proposed by J~rgele, it is best for the sake of uniformity to accept 

the name as of this date. Basides, Hardy (1960) has petitioned the 

International Commission for Zoological Nomenclature to validate 

Forcipomyia }idgen, 1818, by placing it on the Official List of Generic 

Names in Zoology. 

Being very large, the genus Forcipom:yia has from the sta.rt pre

sented difficulty to early systematists on this group. Various attempts 

were made to subdivide it by splitting off or creating new genera, 

subgenera, or groups - aU attempts except Saunders' (1925) being based 

on adult char actera. Saunders (1956) , in his revision of the ge nus, 

showed all previous attempts based on adult cha.racters to be inadequate 

and, by incorporating characters of immature stages (both la.rval and 

pupal) in conjunction with those of the a.dults, divided the genus into 

eight subgenera.: Forcipom:via, Prof'orcipomyia, Warmkea, Caloforcipomyia, 

Meta:forcipomyia, S:ynthyridom:rta, Thy:ridomyia and Trichohelea. He con

sidered Lasiohelea. and pterobosca to be closely rela.ted to Forcipomyia 

but not close enough to losa the ir generic statua. Of all the systems , 

Sa.unders' seems most natural and ha.s been adopted by Tokunaga. and Murachi 

(1959) who have further included Lasiohelea and pterobosca as subgeœra 

on the ba.sis of' a.dult cha.racters. In the sa.me yea.r they a.dded yet another 

subgenus, Neof'orcipomzia, chiefly on the basis of' male genitalia, and, 

pending discovery of immature stages, erected tour provisional new 

subgenera, designated as "A", "B", "C", and "D", also based on adult 

characters. Saunders (1964), on discovery of' the early stages, endorsed 

their action with regard to Lasiohelea. and Neoforcipomyia but refrained 

from committing himself with regard to pterobosca whioh still rema.ins 
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UDk.nown except in the adult remale stage. In the same paper Saunders 

(loc. cit.) recognized Kieffer 1s genus Lasiohelea as "an association 

or subgenera or Forcipomzi! having in common an elongated second radial 

cell in the wing11 , and included three subgenera, viz. Lasiohelea, .!!g

rorcipoffilta and Warmkea under the term "Lasiohelea complex". 

Chan and Saunders (1965) erected yet another subgenus wben the 

early stages or a man-biting species in Singapore was discovered by 

Chan in 1961. The females of this species were indistinguishable from 

those or Lasiohelea, in fact conspecif'ic with ~· stimulans according 

to Wirth (pers. com.), but the subgenus is clearly separable on char

actera or the larva and male genitalia. 

In the present stUdy the writer finds Saunders' (1956) system 

or classification based on all stages, not only taxonomically sound 

but also scientifically accurate basides being most natural. He there

fore follows this method and by so doing substantiates the soundness or 

the approach and extends it rurther to include new species or this group 

and a new subgenus , Schizotorcipom:rta. 

Atrichopogon, the other large genu.s of Forcipomyiinae, was, like 

Forcipomyia, originally included in the rag bag genus Ceratopogon, and 

known mainly in the adult stages. Contributions towards the taxonomy 

of the genu.s came chiefly from Kieffer (1925) who worked on the French 

species, Edwards {1926) on the British, Goetghebuer (1923, 1934) on the 

Belgian, and li3.11och (1915) and Johannsen (1931) on the North American. 

Wirth (1952) published an extensive account of the Californian species 

and in 1956 erected a new subgenus, Meloehe1ea, for species which attack 

me1oid beatles and which possess an upourved proboscis. Kieffer (1913) 
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bad previously erected Kempia, as a subgenus or Dasy!lelea, and another, 

Gymnohelea (Kieffer, 1921) on adult characters which are rather indistinct 

and unsatisfactory, Atrichopogon adults being notoriously difficult to 

separate (Edwards, 1926; Nielsen, 1951; Wirth, 1952, 1956a; ben and 

Saunders, 1958) • 

As attention by entomologiste became increasingly rocussed on 

the biting midges due to the economie importance or the group, a number 

or workers concentrated on a study of the immature stages. or these 

etudies, the main contributions came from Lenz (19.3.3, 19.34) and Mayer 

(1934, 1955) on the immature stages of the European speoies of Atricho

pogon, and from Thomsen (19.37) and Boese1 and Snyder (1944) on the 

American species. The descriptions given were unfortunately very brief 

and from the morphologica1 point or view of little value. The first 

accurate and detailed descriptions came :from Nielsen (1951) on eight 

Danish species, and an equa11y excellent account, by Ewen and Saunders 

(1958), on the revision or the genus with descriptions or 19 new speoies, 

mostly Canadian, followed sevan years 1ater. Ewen and Saunders (1958) 

reduoed all previous subge:nera to one subgenus, Atriohopogon s. str., 

and retaiœd Wirth 's Meloehelea as tentatively va1id but subject to 

rurther confirmation from early stages other than me1oesugans, the only 

species described. Tokunaga (1962) and Tokunaga and Murachi (1959) 

described species from Micronesia and Ryukyu Islands but only from adults. 

B. ON THE A.PPROACH TO TAXONOMY 

As taxonomy becomes more sophistioated with the application or 

symbo1ic logio, the setting or theory to classification {Woodger, 1937, 



1948, 1952; Gregg, 1954; Beckner, 1959), and the use of statistical 

methode for evaluating systematic relationships {Soka.l and M'ichener, 

1958) , modern taxonomiste cannot remain insensitive to the evolutiona.r;r 

changes in this field. 

A common practice of the ta.xonomist, still widely used, is the 

habit of describing œw species in an a.lmost entirely qualitative manner. 

Descriptions in ma.ny cases are very brief, and where measurements are 

given, they are limited to a very few characters (e.g. length of insect, 

wing length of adulte and tarsal ratios for Forcipomyia) and a.lmost 

alwa.ys based on a single specimen. The inadequa.cy of such a qualitative 

approach is clearly reflected in the all-too-frequent occurrence of 

synonymy in the group. For example, Forcipomyia (Forcipomyia) fuliginosa 

(M'eigen) has been shown by Wirth (1956) to have a.t lea.st 27 synonymies 

t'rom exa.mina.tions of numerous specimens of both sexes collected t'rom 

N. America, s. America, West Indies, !t'rica, Asia and Australia; f· 

(Neof'orcipom:ria) egues (Johannsen) to have at least seven synonymies, 

etc. 

Such a qualitative approach using a single type specimen in 

descriptions is indicative of the basic concept of species which the 

taxonomist holds, and this is none other than the most widely held 

concept - the typological species concept. Taxonomiste who hold this 

concept fail to understa.nd the true nature of speeies. According to 

this concept whieh ariginated from the idea.listic philosophy of Plato 

and the modifications of it by Aristotle, the vast observed variability 

in nature has no reality and only the eidos (type) ha.s objective reality. 

Thus this concept or the morphologically def'ined species, when translated 
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into practica1 taxonomy, means the description of a species on the 

basis of a single specimen, the type or "arehet,-pe" of Simpson (1961). 

Such a typo1ogical-morphological concept is obviously incompatible with 

evo1utionary thinking (Reiser, 1958; Me.yr, 1963) since it treats the 

individuals of a species as an aggregation of inanimate objecta, a 

singularly inappropriate treatment for a reproductive communit,-. 'More

over it is highly misleading in cases of polymorphie diversity within 

a species or of morpho1ogically extremely similar {sibling) species. 

1. Morphological similarities in different species 

a. Sibling species 

The use of the purely typological-morphological species concept 

fails when applied to sympatric populations wbich have virtually no 

morphological differences (sibling species) but have all the character

istics of good species {genetic difference and reproductive isolation). 

Sibling species are very common among insects, especia11y the Diptera, 

Iepidoptera, Orthoptera and Hymenoptera (Mayr, 1963) and often, as in 

the case of Drosophila (Dobzhansky, 1961), exhibit no morphological 

differences even in a.dult male genitalia. A. re-evaluation of the impor

tance in taxonomy of' the adult male genitalia which offers one of the 

most reliable taxonomie characters in the identification and classifica

tion of species there:f'ore seems appropria te. 

In the Ceratopogonidae the :f'orm of the parameres, aedeagus and 

the structure of the claspettes are basically fairly constant at the 

generic leval and in the Forcipomyiinae at the stibgeneric level as we11 

but these are otten clearly variable and highly modified at the specifie 

leval. Saunders (1956) has successfully utilized (in part) this fact 
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in dividing the genus Forcipomyia into eight subgenera and Tokuna.ga 

and Murachi (1959) have re1ied heavi1y upon the male genita1ia in assign-

ing Lasiohe1ea as a subgenus of Forcipom.yia and in erecting the subgenus 

Neoforcipomyia and two other Forcipomyia subgenera ("B" and "C"). Their 

correct assignment of Lasiohe1ea and Neoforcipomyia has been confirmed 

by Saunders (1964) trom evidence of immature stages. Snodgrass (1957) 

bas pointed out the great variabi1i ty or the claspettes in Diptera and 

believed that they could be used as reliable characters in the separation 

of species. However, a problem arises in the separation or sib1ing 

species having superficially identica1 genitalia. Here, separation is 

possible on the basis of differences in habits, ecology, physiology, 

pathogenecity, parasites, commensale, sym.bionts, host preferences, as 

well as on cytology, biochemical analysis and breeding tests but such 

studies are high1y impractical to the tsxonomist who bas to deal with 

many species. In such cases, the biometrie approach, whether based 

exclusively on metric characters or any type of multiple-character 

analysis, appears most practical and recommandable and has been used 

successtully in etudies on Drosophila pseudoobscura and n- persimilis 

(Reed and Reed, 194S), Etheostoma nigrum and olmstedti (Stone, 1947), 

Boloria species (Petersen, 1947) and Everes species (Lorkovic, 1942). 
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There is no reason why the approach should not be extended to the Cerato

pogonidae. Since the human mind oannot distingUish imperceptible differences 

in combinations of characters through multiple summated judgement while 

the use of mathematics can, the use of discriminant functions (Bigelow 

and Reimer, 1954; Stanley, 196.3) should be employed in the separation 

of sibling species. 



2. Morphological differences in the same species 

a. Within population variations 

Species of the same population have often been described as 

different species on morphological differences due to age, sex, season 

and individual variability (polymorphism and polyphenism) but when they 

are found to belong to the same interbreeding population despite these 

differences, they are surik into synonymy. Such morphological different

iations without acquisition of reproductive isolation necessitates a 

decision as to species statua to be based on a broad evaluation of the 

species in question. 

Morphological differences due to age and sex can be easily solved 

by rearing the early stages right through to adults. It is unfortunate 

that there is still a tendency among systematists of the Ceratopogonidae 

to des cri be new species, reclassify and revise the various groups by 

basing their evidence solely on adult characters. Although a convenient 

and practical classification may be obtained on adult characters alone, 

particularly from the male genitalia, such a classification cannot be as 

natural as it could be without showing the evolutional relationship 

between adults and immature forma and from the evolutionary stand-point, 

such an approach is evidently inadequate. This explains why it is so 

necessary to describe a species in all its stages. Seasonal variability, 

as far as is known, has not been observed in the Ceratopogonidae but 

it behoves taxonomiste on this group to take note of it when performing 

their trade. 

Individual variability which may be entirely genetic or due to 

nongenetic modification of the phenotype caused by local environmental 

15 



conditions, is a very common phenomenon among insects. !mong the 

Ceratopogonidae, individual variability in adults of the same sax of 

the same species is hardly distinguishable by the human eye but measur

ably distinct in all species where extensive measurements have been 

done. Size variation among individuals of the same age within a popula

tion is orten great, especially in species with sexual dimorphism. The 

problem may thus arise when an individual or specimen of a species is 

found. to be unusually large or unusually small due, for exuple, to 

overfeeding or to starvation or to sexual dimorphism, and to have measure

ments lying outside the range of its typical population. Would the 

quantitative approach using the discriminant function in separating 

sibling species be effective in ascertaining its correct assignment to 

the same species? The answer is decidedly yes. Individual variation 

in aize in a population is orten very great but the ratios of measure

ments taken of sclerotized parts do not vary much. Most Forcipomyiinae 

larvae for example may vary considerably in overall length among indivi

duals of the same age but their head capsules which are sclerotized do 

not vary significantly in size and proportions, and ratios of measurements 

made from the head capsules give even smaller variations. The quantit

ative approach tberefore bas great practical taxonomie value in species 

determination. 

b. Between population variations (geographie variation} 

MOrphological differences occur not only within populations but 

also between populations of the same species. Such differences among 

spatially segregated populations of a species very orten are as great 

as between species and sometimes even as great as between genera 
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(Mayr, 1963). 

Geographie variation is very widespread in insecte as is evident 

from Hubbell 1s (1956) review paper, and other papers like those of 

Rensch (1943) and Park (1949) on beatles, of Michener (1947) on Hoplitis 

albif'rons, of Lorkovic (1953) on Erebia and of Sacca (1953, 1956) on 

Musca. In the Ceratopogonidae Kettle (1950) has shown from incompletely 

analysed data, that there are two seasonal races of Cnlicoides impunctatus 

Goetghebu.er in Scotland. The two resulting populations differ in their 

vertical and horizontal distribution and in their sex ratio. 

Where geographie variation is not visible it is in most cases due 

to insufficient study. Adequate biometrie analysis has orten reve &led 

geographie variation where it is otherwise not apparent (Gotz, 1959), 

e.g., even in the morphologically notoriously uniform genus Drosophila 

(Stalker and Carson, 1947; Prevosti, 1954; Teissier, 1958). According 

to Mayr (1963), lack of geographie variation is attributed to (i) limited 

species range, (ii) panmictic condition of the species population, 

(iii) stable phenotype due to developmental homeostatisis, (iv) stable 

genotype due to genetic homeostasie. 

Sinoe geographie variation is a universal phenomenon, it is of 

great practical taxonomie interest to the working systematist. His main 

concern should be centred on characters which are geographically variable. 

The se ina lude any character, external or internal, morphological or 

physiological (Huxley, 1942; Mayr, 1942). In insects, of the external 

morphological characters, size is probably most subject to variation; 

other important cha.racters are the surface of the sclerotie covering, 

such as sculpture and saales of the winge and patterns of coloration. 
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Of' the interna.l morphologica.l characters, little is yet known but in 

well studied cases they are just as great as external ones (Mayr, 1963). 

Cytologieal evidence shows that much intraspecific variation occurs in 

chromosome structure (Dobzhansky, 1961) and that the presence and fre

quency of inversions, the fusion of chromosomes and the existence of 

supernumeraries are all subject to geographie variation (Mayr, 1963). 

Modern approach to taxonomy should therefore be directed also to studies 

on internal ana.tomy and cytology. 

Thus geographie variation again demonstrates the invalidity of 

the typological concept of species. 

C. APPROACH IN PRESENT STUDY 

The weakœsses of the approaches used so far in the systematics 

of Ceratopogonidae are: (i) classification, identification and descrip

tions of new species, based solely on adult characters; (ii) descriptions 

of new species practically entirely qualitative, and even if somewhat 

quantitative, based only on a single specimen, seldom on a large number 

of specimens; (iii) descriptions of new species when based on all stages 

usually too brier and almost entirely qualitative; (iv) classification 

of higher categories in different groups based on different criteria, 

without reference to, and comparison of, the status of the taxa involved 

(see section on "Reclassification of the Forcipomyiina.e"); (v) approaches 

based on the typological concept fail to distinguish species that are 

morphologically identical (sibling species) and fail to relate morpho

logically different individuals (due to differences within and between 

populations) to the same species. It is the writer•s confirmed opinion 

18 



that descriptions or new apecies in all taxonomie work should be (a) 

done on all stages, (b) adequately quantitative and ( c) fu.lly illus

trated. 

In the present study a practical taxonomie application of the 

biological species concept is made in descriptions or new apecies or 

the Forcipomyiiœe and in redescriptions or some species, and systematic 

relationships between species are evaluated by means or statistical 

analyses and between groups by comparative morphology or all stages 

and by other criteria. 

Evary new species is treated in this study as a population or 

populations showing genetic continuity and not as an individual or an 

aggregation or inanimate individuals and population variations are con

sidered real and the type (average) an abstraction in the sense that 

it alone does not describe tully the species. Each species is detined 

on the basis or means, standard deviations and standard errors ot char

actera or ten specimens measu:red tor each stage. Such a quantitative 

approach has the rollowing main advantages: (i) it enables descriptions 

to be scientitically (i.e. statistically) precise and accurate; (ii) it 

provides a means whereby sibling speoies oan later be separated by the 

use or discriminant tunctions; (iii) it enables a statistical treatment 

or systematic relationships between species as well as between groups; 

(iv) it reduces synonymies to a minimum if not perhaps removes them 

entirely. 

It must be pointed out that so rar real ditticulty in separating 

closely related species has not arisen with the immature stages, thus 

supporting Saunders t (1959) claim that "there can be no mistake or 
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specifie identity once the early stages are described and figured"• 

Although Saunders' statement still holds it does not exolude the possi

bility that sibling speoies do oocur in the Ceratopogonidae and that 

genuine diffioulty will arise with the discovery of immature stages 

of more speoies ei ther desoribed or new. As a matter of faot, diffi

culty has already arisen with a few very closely related species, e.g., 

between Neoforoipomyia saundersi n. sp. and !• orinita Saunders, between 

Proforcipomyia ..21!!:! n. sp. and l• ingrami Carter (1919) , between 

Trichohelea nicopina n. sp. and .I• brevis Johannsen, between Trioho

~ grandis n. sp. and !• ~ Johannsen, between Forciponwia 

swezeyana Tok. and Mur. (1959) and !• swezeya.naadfinis n. sp. and 

between !• bipunctata Goetghebuer and !• bipunctatapropinqua n. sp., 

where many morphological oharacters overlap and where distinction 

depends on differences in one or two characters. 

New species are described only when all stages (adult, larval 

and / or pupal) are available. The solitary habit of some species ex

eludes the possibility of obtaining all stages in large numbers and very 

often only a single larval or pupal specimen can be obtained through 

funnelling or direct observation of the substrate. Where the nurnber of 

specimens of all stages are insufficient for a statistical treatment, 

or where one of the immature stages is lacking, or where specimens 

are too damaged for measurements, measnrements are made of whatever 

material is available. Descriptions based on limited measurements are 

considered preliminary and should be supplemented and further sub

stantiated, and speoies thus described are subject to redescriptions 

when adequate material is a.vailable. 

20 



For all descriptions given here, as many eharacters as are essen

tial in, and appurtenant to, each description, are figured. 

It is the writer 1s opinion that the primary eriterion of species 

rank of a population should be reproductive isolation since the degree 

of morphological difference displayed by a natural population is a 

by-product or the genetic diseontinuity resulting from reproductive 

isolation. In this study, allotropie populations of ceratopogonids 

treated, having ecological and other similarities are considered as 

likely belonging to the same species - their minor morphological varia

tions being considered as geographie. To avoid systematie confusion 

they are described as new but descriptions are subjeet to confirmation 

through breeding tests, etc. Morphological differences among sympatric 

isolated populations on the other hand can be used as a good yardstick 

in the evaluation of the taxonomie status of sympatric species since 

sympatry of natural populations indicates reproductive isolation. 
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II. MATERIAL AND METHODS 

A. MATERIAL 

Stages of all species herein described came in patt (a) from 

Wallace Way in Singapore, in part (b) from Gunong Pulai in Johore (South 

Malay-a) and in part (c) from Morgan Arboretum, Macdonald College, Quebec, 

Canada. The exact location of each species is given under the type 

specification following description. 

B. METHOOO 

1. Collection 

Eggs and immature stages of Canadian and Malaysian species were 

obtainad from samples of decaying wood, decaying vegetation (e.g. grass, 

leaves, twigs), algaa and bryophytes (masses, liverworts, lichens) 

growing in damp or moist situations, e.g., on soil, rocks and wood, 

collected in the field by hand, with a spoon or with a knife. 

Malaysian Trichohelea species were obtained from samples of watary 

detritus in treeholes, holes in stumps of bamboo shoots, leaf-axils 

of banana plants, pineapple and aroid leaves, by means of a long glass 

pipette. samples collected were placed into polythene bags or into tins 

and brought to the laboratory for examination under a binocular micro-

scope. 

Extraction of immature stages by Berlese funnel as recommended 

by Saunders (1959) removed Ja rvaa only. Eggs and pupaa, which remain 

attached to the substratum, were obtained by visual examination of the 



mate rials under a binooul.ar microscope. Fine needles were used to 

separate the mate rials, portion by portion. This method, though 

ti.Tile-consuming, bas a positive advantage in that the substrate so handled 

remained sui table far use in subsequent rearing of larvae. Eggs and 

ea.rly larval insta.rs were removed from the substrate with a wet No. 2 

camel-hair brush, and introduoed into petri dishes containing the ir 

original substrate for rea.ring or into vials containing 70f, alcohol 

for storage. 

Extraction by floatation using MgSo4 was found rela.tively un

suocessful. 

2. Rea.ring and maintenance in the laboratory 

Larvae were in a.ll cases suocess.fully rea.red and maintained on 

their original sûbstrate, after the method proposed by Saunders (1959). 

Larva.e were isola.ted one per petri dish and their deve1opment noted at 

regula.r intervals of 12 hours. The substrate in each dish was replen

ished when food supp1y became depleted. 

Saunders' (1959) method of rearing larva.e on artificial cultures 

wa.s also tried but was not f"ound to be as suocessfu.l as the above simpler 

method. In artif"icial cultures, factors suoh as unsuitable substrate, 

wrong pH, presence or absence of other microflora or microfauna, bene

fioial or inimioal to the larvae of the species reared, ~ have accounted 

for this 1aok of success. 

Adults that emerged from these rearings were kept alive using 

the method described by Chan and Saunders (1965). 
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.3. Killing, storage, and examination techniques 

The techniques used in the killing, stora.ge and exa.mination of 

all stages of all species are ma.inly those of Saunders (1959) and 

Wirth and Bla.nton (1959). La.rva.e were killed by boiling them in a. 

little water conta.iœd in a. 2" x t" tUbe held over a strong fla.me of 

a bunsen burner. This extends the whole insect including the pseudopode 

and anal pa.pillae. Living pupa.e were killed directly by immersion in 

70 per cent alcohol. Adulte were killed a.fter they had assumed full 

coloration and the ir integumen:t hardened one or two days after emergence, 

by touching them with an alcohol-wetted ca.mel-hair brush or microspatula. 

and then immersing them in a tube of 70 per cent alcohol. 

All stages were stored in 70 per cent alcohol. Prior to storage 

air wa.s expelled from pupal exuviae to prevent them from collecting 

near the mouth of the storage tubes. This was a.ccomplished by immers

ing exuviae in a storage tube ha.lf filled with alcohol and pressing 

them aga.inst the inner wall of the tube with a. camel-hair brush until 

all air bubbles were removed. 

Preparations for microscopie study were according to Wirth and 

Blanton's (1959) method. Specimens were cleared in lactophenol for 

a.t lea.st one day but for male genitalia they were better clea.red in 

10 per cent warm KOH for a few minutes. For exa.mination, measuring 

and drawing under the microscope, the sloping caver slip technique 

according to Saunders (1959) was used. 
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III. T.E!R.JliNOLOOY 

The terminology used for the adults (male and female) is a 

modif'ication of Tokunaga and M'urachi 1s (1959) while that used for the 

immature stages is original and introduced for the first time in con

junction with quantitative measurements of a11 important taxonomie 

characters. 

The body length for al1 stages, and the wing length and width 

in adulte were measured under low power at 120 magnification where 1 

unit (one division of the eyepiece micrometer) = 0.015 mm., i.e. 15p. 

All other measurements, appearing most1y as ratios in the tables, were 

made under high power (x 480 magnification) where 1 unit = 0.00345 mm., 

i.e. 3.45p. All measurements of larval, pupa1 and adult characters 

were made on relaxed specimens cleared in 1actophenol. 

In the diagnosis of the larval phase only the fourth instar is 

used since 1arval characters based on this instar exhibit without signi

ficant change, but in slightly larger form, al1 key characters found in 

earlier instars. New terminologies are erected for the measurements 

of key taxonomie characters in these immature stages. Explanations and 

illustrations of these as well as of adulte are given as fol1ows: 

A.~ 

1. Whole larva 

(a) Body 1ength (L): Measured from cephalic end of head capsule 

to end of last abdominal segment in relaxed state of specimen. 
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(b) Bodz width (W) to Depth (D) (W/D): The grea test width and 

depth are measured from the dorsal or ventral view and the lateral view 

respectively. 

2. Head (Fig. lA, lB) 

(a) HR (Head Ratio, i.e. length (L) / depth (D): The length is 

measured from the dorsal occipital articulation with the neck to the 

tip of the mouth from a lateral view, and the depth is measured from 

the ventral occipital articulation with the neck to the dorsal surface 

or the head so that the line joining these points is perpendicular to 

the line describing the length. 

(b) œ/v: The length of the head articulation with the neck 

from the dorsal to the ventral points over the length from the latter 

point to the tip of the subgenal band of the mouthparts. 

(c) qt/tsLsq: •qt' 1s the length between the bases or •9• and 
thât 

•t t setae, rts 'jbetween the bases of •t 1 and •s t seta.e and 'sq t that 

between 's' and tq t seta.e, all measured from the centre of one base 

to the other. 

(d) J:L!: The length (L) sean f'.rom the ventral view is measured 

from the anterior extremity to the posterior while the width (W) is 

measured from one lateral edge to the other. 

(e) tt(ant: This ratio representa the length between the centre 

of the bases of the 't' setae over that between the centre of the bases 

of the antennae. 

(f) ssfeY!s: As in (e) for rqr setae and eyes. 

( g) .9.9.L.!!: As in ( e) for tq' and 's ' setae. 
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Fig. 1. Terminologies erected for the measurement 
of key characters in the larval head, using 

the fourth-instar larva of Neoforcipomyia 
saundersi n. sp. as example: 

A, Lateral view 

B, Ventral view 
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(h) AR (Antennal Ratio, i.e. length (L) 1 width (W): The a.ntenna.l 

length is mea.sured from the base of the a.ntenna.l filament (tip of ttibercle) 

to its tip and its width a.t the base. 

(i) 'g' and 's' seta.e: The lengths of the tubercles and fila

ments are measured, respectively, from the base of the tubercle to the 

base of the filament and from the base of the filament to its tip. 

These mea.surements are not made for all species. In the case of the 

filaments which are somewha.t curved, mea.surements are made in sections 

and them a.dded. 

(j) Eye (HtLW): Height (Ht.) of the eye is measured from the 

base to the apex of the dome (cornea) while the width (W) is the greatest 

width at the base. 

The above measurements (a) to (c) are made from the lateral view; 

from (d) to (j) from the ventral view. 

3. Thorax 

(a) Ant. pseud. (Anterior pseudopod): The length (L) and depth 

(D) are measured from the lateral view while the width (W) is measured 

from the ventral view. 

{b) Proth. seta.e (Prothoracic setae): Both ta t and 'b 1 seta.e 

are mea.sured from the lateral view, the length of the tubercle is mea.sured 

from its base to the base of the seta.e; the length of the filament is 

obtained by measuring it in sections from its base to its tip (when it 

is curved). 

Due to the great variation in la.rva.l cha.racters, it is not always 

possible to follow all the above terminologies strictly. This is es

pecially so in species where certain of the setae are absent while in 



others the relative lengths of the bases of tûbercles and filaments 

do not give a ratio of practical value. In auch cases other setae and 

ratios are used and inoluded in the descriptions. 

B.~ 

1. Whole pupa (Fig. 2A) 

(a) Body length (L): Measured from the anterior end (not includ

ing tubercles) to the extremity or the la.st abdominal segment (inoluding 

prooesses). 

(b) Body width (W): The width is the greatest width in the 

cephalothorax. 

{c) Cephalothorax 1 Abdomen (Cph/Abd): The cephalothorax is 

measured ventra.lly from its anterior end to its ventral tip looated 

generally near the end of the second abdominal segment; the length 

or the abdomen is measured from the anterior end or the first abdominal 

segment to the extremity or the last segment (including sexual and 

terminal processes). 

(d) Cephalothorax (Fig. 2A.) 

2. Cephalothorax 

{a) Head/Thorax (Hd/Th): This is the ratio or the head length 

to the thorax length as illustrated in Fig. 2A. 

(b) Respiratory horn: Beat illustrated in Fig. 2B. 

3. Abdomen 

(a) Terminal procesaes and sexual processes: The lengths and 
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widths of the terminal and sexual processes are illustrated in Figs. 2C, 2D. 



Fig. 2. Terminologies erected for the measurement 

of key characters in the pupa, using 

Neoforcipomyia saundersi n. sp. as example 

A, Female pupa, lateral view 

B, Prothoracic horn 

HL = Length of respiratory horn 

HV/ = Width of respiratory horn 

TrL = Tracheal length 

TrW = Tracheal width 

c, Terminal and sexual processes of male pupa 

SL = Length of sexual process 

SW = Width of sexual process 

TL = Length of terminal process 

TW = Width of terminal process 

D, Terminal processes of female pupa 

Abbreviations as in ncn 
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(b) Third and Last abdominal segments: The length (L), width 

(W) and depth (D) of the third and last segments as tabulated in Tables 1 4-31 

are self explanatory. 

c. ~ 

1. Head 

(a) Proboscis/Head (Prob/Hd): The length of the proboscis is 

measured from the lateral view for both male and fe male. The head 

length is also measured from the lateral view, from the base of the 

proboscis to the vertex of the head. 

(b) Antenna: AR is the antennal ratio showing the combined 

length of the distal five segments (10-14) to that of the basal preced

ing eight (2-9) taken together in the female (Fig. JA) and segments 

11-14 to segments 2-10 respectively in the male. 

2. Thorax 

(a) ~: TR is the tarsal ratio obtained by dividing the length 

(L) of the basitarsus by that (L2) of the second tarsomere (Fig. 3B). 

(b) Wing: Wing venation is based on the system of Tillyard 

(1926), Lee (1947), Wirth (1952) and Tokunaga (1937, 1959, 1962). Wing 

veins are denoted by small letters while the cells are denoted by capital 

letters (Fig. 30). All measurements are done along the veina, directly 

in soma (straight vains) and in seotions,whioh are adde~ in others 

(curved vains). Wing length (L) is measured from the basal arculus 

to the wing tip and the width (W) representa the greatest width. The 

costal ratio (CR) is the length of the costa (measured from the basal 



Fig. 3. Some important terminologies employed in the 
measurement of key characters in the adult 
female and male, using NeoforcipomYia saundersi 
n. sp. as example 

A, Female antenna 
B, Female hind leg showing two basal tarsomeres 
C, Female wing: 

A, anal cell 
an, anal velîl 
arc, ar cul us 
C, costal cell 
c, costa 
cu1 , cubitus 1 
cu2 , cubitus 2 
fi, intercalary fork 
fm, median fork 
fmcu, medio-cubital fork 
Ml, cell Ml 
M2, cell M2 
M4, cell M4 
m1 , media 1 
m2 , media 2 
m, +2 , media 1 and 2 
meu, medio-cubital vein or stem of 

medio-cubital fork 
R, basal radial cell 
R1, first radial cell 
R2, second radial cell 
R3, cell R3 
R4, cell R4 
R5, cell R5 
r, radius 
r 1 , radius 1 
r 2+3, radius 2 and 3 
r

4
, radius 4 

r , radius 5 
râ, radial sector vein 
sc, subcosta 

D, Female anterior wing venation 
r-m, radio-median cross vein 
Other abbreviations as in "C" 

E, Male genitalia (hypopygium): 
Aed, aedeagus: 

ar, basal arm of aedeagus 
ba, basal arch of aedeagus 
cs, caudo-lateral shoulder of aedeagus 
mp, mes al point of' aedeagus 

clsp, claspettes: 
b, basal arm of claspette 
be, posterior extension of basal arm of 

cl aspet te 
c, basal union of claspettes 

Par, paramere: 
Bmr, basimere 
Tmr, telomere 

cer, cercus 
IXS, 9th sternite 
IXT, 9th tergite 
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arculus to the extrema tip of the costa) to the wing length. vLR is 

the relative length of veina r, m
1
+

2 
and meu. RR is the radial ratio 

showing the relative length of the second radial cell (R2) to the first 

radial cell (Rl) (Fig. 3D). rsjr1 is the ratio of the lengths of vein 

rs to vein r 1 and m3.Jc~ that of vein m3+4 to vein C"1_. 

3. Abdomen 

(a) Male genitalia: Attention is here drawn to the incorrect 

usage or some terminologies for certain structures of the male genitalia. 

Students of the Oeratopogonid male genitalia, "without checking on their 

credentials" (Snodgrass, 1957, DuPorte, 1965) have been using erroneous 

terminologies tor the varied and complex structure. Snodgrass (loc. ait.) 

bas shawn in tbese insecte the two-segmented claspers (variously called 

"caxites and their styles«, ttforcep-like genital appendages«, "gonopods 

of the ninth segment") are in a.ctual tact the pa.ra.meres which closely 

resemble those of Trichoptera and Mecoptera. The basal segment of these 

claspers have been called "side-piecett, "basistyle" and the distal segment 

the "clasper" or "distityle". In a.ctual tact they are respectively the 

"basimeren and "telomere" of the para.meres. 

Wba.t bave been called the «pa.rameres" {gonopophyses, harpes, 

inner processes) in these insects are really the 11 claspettes" or "clasp

ette lobes" (Snodgrass, loc. cit.). In his descriptions of Proforcipo!JlY!a 

species, Saunders (1956) bas introduced the term "basistyla.r apodemes" 

for the "inner arch" to distinguish them from the "rudimentary pa.rameres 11 • 

He bas defined "parameresn as ttslender structures extending ba.ckwa.rds 

above the a.egeagus, performing soma runction at copulation, e.g., in 

Forcipomyia (Forcipomyia)" (pers. com.). Most authors have used the 
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terms nparameresn and "basistylar apodemes" synonymously. In t'act 

Saunders in his paper wi th Ewen (Ewen and Saunders, 1958) and in his 

later paper (Saunders, 1964) bas equa.ted the two terms but in his 1959 

paper, in his paper with Chan (Chan and Saunders, 1965) and in his 

personal communication with Chan, he states that he would now describe 

the "inner arch" in the Forcipornz;a subgenera Lasiohelea, Neoforcipomyia, 

Dacnoforcipoffilia and other forms as "basistylar apodemesn and append 

"parameres absent 11 for these forms. Confusion over the precise termin

ology of the apparently single, composite structure, (i.e. "basistylar 

apodemes" and their backwardly extending processes or "parameres") is 

thus evident. This contusion should no longer exist if we resort to 

Snod.grass 1 1957 paper for clarification. As Snodgrass bas shown, the 

claspettes may take on various forms and become greatly mod.ified. His 

figures of the Forcipomyia (Forcipomyia) claspettes (Snodgrass 1 1957, 

Figs. 13.F, 13G) show that the basal arms (b,b) and the basal union (c) 

of the claspettes correspond to the "basistylar apodemes" of Saunders 

and the claspette processes ( clasp) to the "parameres" of Saunders in 

Forcipomrl,a (FmipQJ!liia.) species. Thus, in the above Forcipomyia 

subgenera where the "inner arch" alone is present, the claspettes are 

represented by the basal arms and the basal union of the claspettes, 

the claspette processes being absent. In Neoforcipof!lli:a, however, the 

basal arma of the claspettes in most species are extended backwards to 

form the spoon·shaped caudal lobes (Fig. Jm, "b") as in Trichohelea. 

The long-established, incorrect usage for the parameres and 

claspettes should therefore now be rectified. 
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IV. THE Si.,'BFAMILY FORCIPOMYIINAE LENZ (1934) 

The monophy1etic subfami1y Forcipomyiinae has been variously 

divided and classified as follows: 

"Genuine Group" Kieffer (1925), Faune de France 11: 1-139 

Forcipomyinae Lenz (1934), in Lindner's Der Fleigen der Pal. Reg. 13a:97 

Forcipomyiinae Enderlein (1936), Tierwe1t I;!itteleur .§: 50; 
Wirth (1952), Univ. Calif. Publs. Entomol. 2: 116 

Atrichopogon and Forcipomfia Groups of I·.:Tayer (1934), IJacfie (1940), 
Johannsen 1943), Lee (1947) and others rnentioned 
in the text. 

Diagnosis (originall.-

Larvae terrestrial or aquatic, with both prothoracic and anal 

pseudopods (prelegs), bearing one or more rows of hooklets; all body 

segments with short or long spines. Head typica1ly hypognathous but may 
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be prognathous {Warmkea, T.richohe1ea) or semi-hypognathous (Proforcipomyia); 

mouthparts well developed, pharyngeal skeleton with about six combs, 

angulus with brist1es. 

Pupae typically retaining last larval exuviae, body segments bearing 

tubercles or stu~p-like projections or branched projections on first five 

abdominal segments (most Atrichopogon) or on all but last segment. 

Prothoracic respiratory horns (trumpets) typically short and knob-like. 

Adults rather short and stout bodied, slightly hairy (Atrichopogon) 

or very hairy ( others). Eyes pubescent or bare. Antennae typically 

14-segmented but 10-segmented in some females of Trichohelea; last five 

to seven flagellar segments in females and last four in males usually 

elongate with last segment usually ending in a nipple. :·.·Taxi1lary palps 

typically 5-segmented, rarely 4-segmented, with last two segments fused; 
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third segment typically largest and bearing sensilla scattered over its 

surface or concentrated in a sensorium. Legs with well-developed or 

very large empodium except Trichohelea males where it is vestigial or 

absent; claws present or absent (some Fterobosca). Wings with microtrichia 

well-developed (Atrichooogon) or minute (others); macrotrichia sparse, 

suberect, fine and confined to wing tip or absent (Atrichopogon), or dense, 

depressed, elongate, sometimes scale-like (others); costa reaching just 

short of or to middle or beyond or to two-thirds of wing, with second 

radial cell open or almost obliterated and longer or shorter than first 

which is usually narrow and almost obliterated. One or two spermathecae. 

Male hypopygium with claspettes absent or small and hook-shaped 

(Atrichopogon) or variously modified (others); aedeagus more or less 

shield-shaped or bipartite or complicated with outward-turning hooks. 
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V. RECLASSIFICATION OF 'IHE FORCIPOrtCYIINAE 

The fluidity and lack of objective methods of assigning different 

taxa to their appropriate ~osition in the hierarchy in inseets (as well 

as in other animals) are weaknesses in systematics (Blackwelder 1 1959; 

Kevan, 1961). Most specialiste tend to elevate their groups, without 

reference to other groups, to higher and higher levels in the hierarehy, 

or in soma cases, fail to give their groups the appropriate level in the 

hierarchy. Since opinions often differ, even among specialists, on the 

proper recognition of a particular group at one level in the hierarchy or 

another it is of relatively little importance in the initial classification 

of a group not sufficiently well known, whether it is placed at one leval 

in the hierarchy or another, so long as it is reasonably homogeneous. 

According to Curran (1934) and Kevan (1965, pers.com.) for example, 

subgenera "are superfluous" (Curran, loc.cit.) and are often "proposed 

as a rule because the author hopes that sorne day sorne character may be 

found upon which a distinct genus may be based." The latter emphasizes 

that it is of importance that the group in question should be 11approxi

mately equated with comparable related groups" (Kevan, 1961). An 

objective approach to the problem of statua is therefore needed. 

In the Ceratopogonidae, the 1~ polytypic genus Culicoides has 

received more attention than any other group and, as a result, its 

systematic position and classification are relatively bet.ter developed 

than for other genera in the family. Characters in all stages in this 

genus are remarkably homo~eneous and the division of the genus into 

subgenera is difficult. Foote and Pratt (1954) bas remarked that "it is 

nearly impossible to divide the genus Culicoides ••• into well-marked 



subgenera on the basis of more than a single character; therefore the 

authors have made no attempt to erect subgenera." Kha1af (1954), Fox 

(1955), Vexgas (1960) and Wirth and Hubert (1959) have however attempted 

to divide the genus into a number of subgenera but al1 these authors have 

likewise shown the lack of distinct good subgeneric characters. 

In the immature stages, for example, variation in morphological 

characters, especially in larvae, is so small that even differentiation 

on the specifie level is often difficult, and no one has as yet succeeded 

to divide the genus into subgenera on basis of the early stages although 

the genus is better known than Forcipomyia. Similarly, in the adult, 

Culicoides males have such homogeneous genita1ic structures that division 

of the genus into subgenera on these structures alone is unreliab1e. In 

the female, variation in color patterns appears to be great and fair1y 

distinct but this is only of specifie value. 

In contrast to Culicoides, the genus Forcipomyia has been shown by 

Saunders (1956, 1959, 1964) to be very variable in both immature and 

adult characters so that its division into a number of subgenera is 

readily ascertained. Each subgenus in the genus is distinct and readily 

separated from every other subgenus and is complete1y homogeneous within 

itself. On the basis of immature stages alone, no difficulty has been 

experienced in separating the subgenera except in the pupae of Lasiohelea s. 

str., Dacnoforcipomyia, Thyridomyia and Synthyridomyia and in sorne larvae 

of Thyridomyia and La~iohelea s. str. In the adu1t, male genita1ia are 

so distinct in each subgenus, except Forcipomyia s. str. and Warmkea, 

that division of the genus into subgenera on genitalic characters alone 

was entirely justifiable. Adult females of the subgenera, however, can be 



separated only by combinations of characters. Nevertheless, compari

sons in all stages between the two large polytypic genera, Culicoides 

and Farcipomyia, show clearly that the critera used for subgeneric 

assignment in the two genera are widely different. For Forcipomyia 

subgenera, the criteria used being more reliable are unquestionably far 

higher than, and not equivalent to, those used for Oulicoides subgenera 

so that wben the former group (Forcipomyia) is equated to the latter 

(Culicoides), particularly with reference to male genitalia, ~

pomyia subgenera warrant generic status. In other words, Forcipomyia 

genera are based on morphological characters that have such a high 

degree of reliability that they warrant generic status (Curran, 1934J 

Kevan, 1965, pers.com.). 

A further consideration in support of the elevation of Forcipomzia 

subgenera to generic status is the evidence from the other genus of the 

subfamily Forcipomyiinae, namely Atrichopogon. As shawn by Ewen and 

Saunders (1958) there is no single character in the immature stages of 

Atrichopogon that can separate these stages from those of Forcipomyia. 

Also differences between the immature stages in the Forcipomyia, as for 
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example between Trichohelea and Farcipomyia s. str. or Neoforcipom.yia and 

Thn;:idom.yia, are far greater than those between sorne Forcipomyia species 

and soma Atrichopogon species. On characters of immature stages therefore, 

e.g. between Forcipomyia s. str. spp. and Atrichopogon crinitus or between 

ThlFidomyia spp. and Atrichopogon fuscus, Atrichopogon may well be classified as 

a subgenus of Forcipomy:ta. Ewen and Saunders (1958) pointed out that "most 

Atrichopogon larvae are unmistakable in their flattened spiny sta.te.n 

This is a good generalization on the whole but sorne species are practically 

cylindrical and others squarisb in cross section. In the genus Forcipomyia 

sorne Tbyridomyta species also bave the flattened spiny condition so tbat in 



reality there is no single chara.cter in the i'lllna.ture stages (including the 

pupa. as show:n by Ewen and Salmd.ers) which can separate the two genera. 

It may of course be argued that the two genera are distinct in the 

vena.tion and cha.etotaxy of the adult wing. These distinctions could 

however be due to evolutionary divergence (adaptive radiation) of the seme 

phenotype and besides, they are actua.lly not as great as generally believed. 
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The elongated second radial oell due to extension of the costa to two-thirds the 

length of the wing in Atrichopogon is also found in ForcipomYia (Lasiohelea), 

and Forcipomyia (Da.cnoforcipomYia), and Wa.rmkea species, although the cell 

in Lasiohelea and Dagnoforç1pomyia species is distinctly narrower. The 

chaetotaxy of the wing in ForcipO!I\Yia is different from that of' Atrioho;pogon 

in the generally denser and thicker and more decumbent macrotrichia and more 

minute microtrichia but w.ithin the genus these f'eatures very somewhat from 

group to group, especially in Lasiohelea where they are intermediate between 

Forci;pomYia s. str. and Atricho;pogon (Kief'f'er, 1921; Edwards, 1922; Lee, 1954). 

The possibility exista that form.s with ohara.cters intermediate between 

Atrichg;pogon end La.siohelea might be discovered. In any case, the 

distinction between the two genera based solely on wing characters should 

be subordinate to tha.t based on a sum total of charaoters of all stages. 

A full disoussion of the status of Atriohopogon is given in Section V from 

which it will be olear that the genus has only equivalent status to most 

subgenera of Forci;pomyia. But since Atrichopogon has alwa.ys been reoognized 

as a distinct genus in the subf'amily, end the wri ter agrees tha.t this has 

been appropriate, the status of Forci;pomvia subgenera should be re-evaluated, 

i.e. raised. It does not merit a generic status according to Sa:unders' 

(1956) criteria for Forcipomyia subgenera. 

Another point in favour of raising the statua of Forcipomyia subgenera 



to the generic level (for some of them, not all) is that the temporary 

artif'icial classification of the "Lasiohelea. complex" of' Saunders (1964) 

could be e.pproa.ched more objective1y. Saunders (1964) he.s coined the term 

"Le.siohelea. complex" to include Forcipomvia subgenera having in common 

"an e1ongated second radial cell in the wing." This complex would now 

include the following subgenera: Lasiohelea, Neoforcipomvia, Wa.rmkea, 

Dacnoforcipom.y:ia, "New subgenus" (Lane' s (1947) La.siohelea stylif'er Lutz) 

if' correct1y identif'ied, Ca.loforcipomyia, and perhaps some Trichohelea 

species and some Thvridomyia species like esakii Tokunaga, hagta Tokunaga 

etc, as well. If Fterobosca 1I.acf'ie were to be included as a subgenus of 

Forcipomyia, as proposed by Tokunga and 11urachi (1959) and if' Harant and 

Huttel' s (1951) genus Fe.rapterobosoa were to be included as a subgenus 

of' Forcipomyia, these two "subgenera" should a.lso be inc1uded in the 

"La.siohelea com:plex". Since the characters of immature stages and of 

the adults differ considerably in all these subgenera, except in Lasiohelea, 

Dacnoforcipomyia, Lane' s Lasiohelea atylifer Lutz and Thyridomyia, this 

classification is artif'icial and serves at best to pool unknowns for which 

a natural classification can eventually be determined. Similarity in the 

elongated aecond radial cell in these apparently unrelated subgenera is 

indicative here not of really close affinity but of convergence resulting 

from adaptation to a similar mode of 1if'e, probably tbat of effective 

flight associated wi th bi ting habit whicb is particularly pronounced in 

Lasiohelea, Dacnoforcipomyia. and Neoforcipomyia but not yet known in other 

subgenera. 

In the case of Lasiohelea and Dacnoforçipomyia Lane's Lasiohelea 

s1;ylifer Lutz and Th:n:;idomyia, however, the many similar characters shared 

by them in immature as well as adult stages do show close affinity because 
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this conclusion is based on a sound principle of all taxonomy with regard 

to conclusions on a:f'finities (based. largely on homologies, not homoplasies) 

i.e. the greater the number of similar charaoters involved between two 

groups, the stronger is the a:f':f'ini ty. Their extreme close a:ffini ty, 

as has been made clear in Sa.unders• (1956) revision of Forcipom,yia and in 

Chan and Saunders• (1965) paper on Dacnoforcipgmyia anabaenae, denies 

them as a group together with the similarly closely related Synthyridomyia 

and Lane' s Lasiohelea styli:f'er Lutz, the status gi ven to most of the 

other Forcipomy;ia "subgenera". The status of the various groups in the 

"Lasiohelea complex" can thus be brought out and approximately equated. 

A final point in support of the change in taxonomie status of the 

Forcipomyia subgenera (some, not all) is the consistent uniformity of 

subgeneric characters that can be dependably relied upon in separating 

the groups distinctively. The characters that have been found most 

reliable are those of the immature stages and male geni talia as shown by 

Saunders (1956). Characters of imma.ture stages are relieble because 

immature stages of phylogenetically related. fonns are commonly more similar 

than those of the adults, a fact noted by von Baer even before the 

phylogenetic implications were known. The opposite can nevertheless 

occur (Simpson, 1961). Warmkea is considered such a case, the subgenus 

being considered as having secondarily adapted to a semi-aquatic sort of 

1ife in the leaf axils of water-holding plants - hence the divergence of 

immature forms from the basic Forcipomrta s. str. phenotype. Those of 

the male geni talia are also reliable because geni talic structures are 

generally considered to be good indicators of common ancestry due to their 

nonadaptive nature (and hence less labile) in response to varying eco1ogy. 

This, however, is only a broad generalization since truly nonadaptive 

characters seem to be extrerne1y rare and are seldom if ever certainly 
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identifiable as such (Simpson, 1961). Female characters have not been 

found reliable at the subgeneric leval. They have been found to overlap. 

Gombinations of characters however can be used for subgeneric separation 

but they are not practical in normal taxonomie work. 

Since adult Atrichopogon and Forcipomyia females as a whole are 

remarkably uniform even between species aside from soma quantitative 

variation, the prevailing phenotype must obviously be the female. This 

morphological monotony of Forcipomyiinae female adulte with their great 

proliferation of species somewhat parallels that of Drosophila (Dob

zhansky, 1961) and like the latter genus, seems to be an indication of a 

high degree of perfection of external morphology due to environmental 

adaptat!Qn. Lerner (1954) has pointed out that natural selection acts 

on populations to maintain optimal phenotype and discriminates any 

phenodeviants. Mayr (1963) has similarly pointed out that phenotypic 

stability is a means whereby genetic variation is protected ecologically 

against elimination by selection. Since selection acts on phenotypes, 

and sinee phenotypes are produced by genes that are intimately welded 
0 

together into a single elosely knit whole through ple\tropy, dominance 

(and overdominance), epistasis, and polygeny (Mayr, 1963), any selection 

for a new phenotype will foree the abandonment of the previously inte-

grated genotype and will thus lead to lowered fitness, due to either 

an accumulation of homozygous recessives or a disharmony between the 

newly favoured genes and the remainder of the genotype. In Atrichopogon 

and Forcipomyia it is clear that phenotypie stability or lack of pheno

deviants shows that stabilizing (normalizing plus eanalizing) selection 

(Waddington, 1957, 1960) due to genetic homeostasie is strong. The 

Foreipomyiinae as a group is therefore evolutionary suecessful in terms 

of fitness. 



From comparative morphology, with particular reference to male 

genitalia in 'Forcipomyia•, and from the criteria used in their 

separation with reference to those used in the better studied and 

comparable genus Culicoides as well as from considerations of 

Atrichopogon characters, the following classification of the sub

family Forcipomyiinae, is proposed. 

Proposed Classification of the Subfamily Forcipomyiinae 

Genus Proforcipomyia Saunders (1956) 

Genus Caloforcipomyia Saunders (1956) 

Genus Metaforcipomyia Saunders (1956) 

Genus Forcipomyia Meigen 

Subgenus Forcipomyia Meigen (1818) 

Subgenus Warmkea Saunders ( 1956) 

Subgenus Schizoforcipomyia Chan (1965), new subgenus 

Genus Atrichopogon Kieffer 

Subgenus Atrichopogon Kieffer (1906) 

Subgenus Me1oehelea Wirth (1956) 

Genus Lasiohelea Kieffer 

Subgenus Lasiohelea Kieffer (1921) 

Subgenus Dacnoforcipomyia Chan and Saunders (1965) 

New Subgenus (Lane's Lasiohelea stylifer Lutz) 

Subgenus Thyridomyia Saunders (1956) 

Subgenus §Ynthyridomyia Saunders (1956) 

Genus Neoforcipomyia Tokunaga (1959) 

Genus Trichohelea Goetghebuer (1920) 

Genus Fterobosca Macfie (1932) 

Genus Parapterobosca Harant and Huttel (1951) 
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Tok:unaga and 1>1uracbi' s (1959) subgenera 1'A", "B", "c• and "D" 

require conf'innation from immature stages as do the genera Parapterobosca 

and Fterobosca. 

The above proposed classification ot the subfamily Forcipomyiinae 

may prove generally acceptable but more knowledge especially of the early 

stages representing a wide range ot species, is necessary for a more 

cri tical evaluation of the present treatment. 

A key for the determination of genera and subgenera represented in 

the proposed classification follows. All known species in these categories 

are not included as the identification ot many species is still in an 

unsatisf'actory state. 
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VI. DIAGNO:::-'IS OF .Al:i'D KEYS TO G.Et'i'ERA AND SUBGENERA OF 

FORCIPOMYIJNAE TOGEl'HER WITH DESCRIPI'ION OF lil1'W SPECIES 

A(i). KEY TO GENERA OF FORC:rroMY!rnAE (LARV.A) 

l. Head prognathous, dorso-ventrally flattened ••••••••••••• Triehohelea 
Head prognathous, semihypognathous or hypognathous, 

never dorso-ventrally flattened ••••••••••••••••••••••••••••• 2 

2(1). Head semihypognathous, profile scalloped, with two 
slight hollows or flat regions, antennal 
filament long; eauda long, pointed., fringed 
with setae••••••••••••••••••••••••••••••••••••• Proforcipgmyia 

Head prognathous or hypognathous, profile smoothly 
rounded, antennaJ. filament long or short; 
cauda short or absent or moderately long but 
without fringe of setae ••••••••••••••••••••••••••••••••••••• 5 

5(2). Head and body with knob-like ehaetae bearing tubes 
and eones of wax ••••••••••••••••••••••••••••• Metaforcipgmyia 

Head and body wi thout knob-like chaetae bearing 
tubes and cone~ of wax•••••••••••••••••••••••••••••••••••••• 4 

4(5). Last abdominal segment bearing large dorsal chitinous 
process with two basal and two long terminal 
stout setae •••••••••••••••••••••••••••••••••• C§loforcipomyia 

Last abdominal segment wi. thout large dorsal 
chitinous prooess;•••••••••••••••••••••••••••••••••••••••••• 5 

5(4). Body with two pairs prothoracic large, hook-tipped 
setae and one similar or modified pair on 
penul timate segment, and wi th complex, 
rosette-~ike ~ateral setae••••••••••••••••••••• Neoforcipomyia 

Body with setae not arranged as above•••••••••••••••••••••••••••• 6 

6(5). ~ setae spear-shaped •••••••••••••••••••••••••••••••••• Forcipomyia 

~ setae not spear-s~~ped••••••••••••••••••••••••••••••••••••••••• 7 

7 ( 6). Prothoracie pseudopod al ways di vided; body usually 
flattened with lateral processes at least as 
long as segments; antennae usually with 
:filaments borne on long tubercles; head with 
:four pairs of pits •••••••••••••••••••••••••••••• Atriohqpogon 

Prothoracic pseudopod usually undivided, rarely 
divided.; body usually cylind~rieal, rarely 
flattened; lateral proceases rarely as lang 
as segmenta; antennae usually with :filaments 
borne on short tuberoles or wi th very reduced 
filaments; head with two pairs of pits •••••••••• ~iohelea 
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A( ii). IŒY TO GENERA Ol~ FORCIFOlffill~AE (PUPA) 

1. Posterior median point of mesothorax not overlapping 
first abdominal segment•••••••••••••••••••••••••••••••••••••••••••• 2 

Posterior median point of mesothorax overlapping 
first abdominal segment•••••••••••••••••••••••••••••••••••••••••••• 3 

2(1). Terminal processes of last abdominal segment with 
seta on outer surface ••••••••••••••••••••••••••••••••• Trichohe1ea 

Terminal processes of 1ast abdominal segment without 
seta on outer surface•••••••••••••••••••••••••••••••••Atrichopoion 

5(1). Male se:x:ua1 processes ventral••••••••••••••••••••••••••••••••••••••••••• 4 

:::.~ale se:x:ua.l processes dorsal •••••••••••••••••••••••••••••••••••••••••••• 5 

4(5). Rupa yel1ow: Male sexua1 processes rather long, closely 
appressed; posterior median point of mesothorax at 
or just over1apping anterior border of first 
abdominal segment•••••••••••••••••••••••••••••••••••••Neoforcipomyia 

Rupa orange: Male sexual processes re1ative1y shorter 
or very short; posterior median point of meso
thorax over1apping first abdominal segment more 
or 1ess to middle of segment or b~yond, rare1y 
just over1apping•••••••••••••••••••••••••••••••••••••••Lasiohelea 

5(5). Terminal processes long; usually with a prominent pair 
of setigerous processes on thorax just above and 

6(5). 

behind prothoracic homs••••••••••••••••••••••••••••••••••••••••••• 6 

Terminal processes short or relatively shorter; rarely 
wi th a prominent pair of setigerous processes on 
thorax just above and behind prothoracic homs ••••••••••••••••••••• 7 

Prothoracic horn usual1y ex.panded apically, always 
bearing a double palisade' of spiracu1ar papillae 
in partial or complete circle •••••••••••••••••••••••••• Proforcipomyia 

Prothoracic horn slender, not expanded apical1y, with 
a row of spiracular papi11ae across extremity •••••••• Caloforcipomyia 

7 ( 5). Prothoracic horns slender, wi th a row of spiracular 
papillae over apex to halfway down stem ••••••••••••• l't:etaforcipomvia 

Prothoracic homs wi th a row of spira.cular papillae 
over apex only •••••••••••••••••••••••••••••••••••••••• Forcipgmyia 

The immature stages of the provisional genera Parapterobosca 

and Fterobosoa are as yet unk:nown. 

' Te:rm used by Saunders to mean "leaf-like layer" 



A( iii). KEY TO GEl.\r:ERA. OF FORCIPOMYIINAE (ADULT :&iALE) 

1. Claspettes lacking or when present simple and 
hook-shaped•••••·••••••••••••••••••••••••••••••••••• Atrichopogon 

Claspettes always present, not simple and hook-shaped •••••••••••••••• 2 

2(1). Basal arms of claspettes extended posteriorly into 
caudal lobes •••••••••••••••••••••••••••••••••••••••••••••••••••• 5 

Basal arms of claspettes not extended posteriorly 
into caudal lobes•••••••••••••••••••••••••••••••••••••••••••••••4 

3(2). Claspettes H-shaped, with horizontal cross bar 
joining bases of basal arms of claspettes •••••••••••• Triohohelea 

Claspettes not H-shaped but a massive arch-like 
structure•••••••••••••••••••••••••••••••••••••••••Neoforcipgmyia 

4(2). Claspette processes entirely fused in mid-line, 
forming a long, lanceolate, median common lobe ••• Metaforoipomyia 

Claspette processes not entirely fused or fused at 
base or entirely separate or absent •••••••••••••••••••••••••••• 5 

5(4). Claspettes without basal union and processes; basal 
arms united apically forming an inverted V 
with sharply pointed top ••••••••••••••••••••••••• Calaforcipomyia 

Claspettes (i) with basal arms, basal union and 
with or without processes or (ii) with basal 
arms and basal union (without processes) or 
without basal union (with processes) or (iii) 
with basal arms, without processes and with 
or without basal union•••••••••••••••••••••••••••••••••••••••••6 

6(5). Claspette processes usually long, :fili.form and 
parallel, fused at base or entirel.y separa te 
or when absent, claspettes arch-like with 
aede~gUs a V, bearing small scleri tes at 
posterior apex••••••••••••••••••••••••••••••••••••••Forcipomyia 

Claspette processes absent or when present, short; 
processes separate and trianguler or olub
shaped, or filiform, separate or joined 
mediallY•••••••••••••••••••••••••••••••••••••••••••••••••••••••7 

7(6). Claspette processes always present, olub-shaped, 
hook-shaped, triangular or filiform •••••••••••• Lasiohelea (part) 

( Subgenera §vnthvridom,yia, 
Thyridomyia) 

Cl.aspette processes absent or vestigial ••••••••••••••••••••••••••••• 8 



8(7). Cla.spettes slender, a.roh-like or an inverted 
V with small, round top; aedeagus usually 
shield-shaped, subtriangula.r md sometimes 
oonsisting of small solerites; wing with 
second radial oell short and ba.re areas along 
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veins absent or indistinct •••••••••••••••••••••••••• Profor~ip~s.i~ 

Claspettes o;1enél.er, arch-like; ae4eagus complicated, 
usually with outward-turning sclerites at apex; 
w:i.ng with second radial cell elonga.ted and 
narrow and with bare areas along veins distinct •••••• Lasiohelea (part) 

( Subgenera Lasiohelea., 
Da.cnof orcipo,pryia, Lane' s 
La.siohelea stylifer Lutz 
New Subgenus) 

A(iv). ~ TO GENERA OF FORGIP01ffiiNAE (ADULT m.IALE) 

l. Wing without vein m2•••••••••••••••••••••••••••••••••••••Metaforcipomœia 

Wing always with vein m2 ••••••••••••••••••••••••••••••••••••••••••••••• 2 

2(1). Apical six or seven antennal segments distinctly 
longer than preceding basal segments •••••••••••••••••••••••••••••• 5 

Fewer than six antennal segments distinctly longer 
than preceding basal segments ••••••••••••••••••••••••••••••••••••• 4 

5(2). Legs with empodia very broad and scallo:ped; hind 
TR 5.0 or greater••••••••••••••••••••••••••••••••••••Fterobosca 

Legs wi th empodia well-developed but not very broad 
and scalloped; hind TR 2.2 •••••••••••••••••••••••••• Parapterobosoa 

4(2). Wing with sparse, erect ma.crotrichia over su.rfa.ce, 
sometimes absent or only at wing tip; micro
trichia well-developed; costa reaching well 
beyond middle of wing 1 usually extending to 

two-thirds of wing; second radial cell elongate 
and always open•••••••••••••••••••••••••••••••••••••••Atriohopogon 

Wing with dense, decumbent, elongate or often scale
like, macrotrichia; microtrichia minute; costa 
reaching near middle of wing or beyond, rarely 
extending to two-thirds of wing; second radial 
cell short or when elongate, usually practically 
closed••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••5 

5(4). One spermatheca••••••••••••••••••••••••••••••••••••••••••••••••••••••••6 

Two sper.n~thecae ••••••••••••••••••••••••••••••••••••••••••••••••••••••• e 



6(5). Second radial cell elongate; maxillary palpal 
segments 4 and 5 incompletely segmented, 
partly or completely fused ••••••••••••••••••••• Forcipomyia (part) 

Second radial cell short or elongate; maxillary 
palpal segments 4 and 5 completely segmented 
or completely fusea ••••••••••••••••••••••••••••••••••••••••••••• 7 

7( 6). :Maxillary pal pal segments 4 and 5 completely 

8(5). 

segmented•••••••••••••••••••••••••••••••••••••••••••Lasiohelea 

Maxillary palpal segments 4 and 5 completely 
fused••••••••••••••••••••••••••••••••••••••••••Forcipomyia 

Basal flagellar segments slender, elongate, two 
or even three times as long as wide. (li:ost, 
not all, with metallic jade green or deep 

(part) 

blue pigmentatian) ••••••••••••••••••••••••••••••• Caloforcipornyia 

Basal fla.gellar segments shorter th.an twice of 
width, flask-shape, short-oval, subspherical 
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or more or less flattened and discoidal •••••••••••••••••••••••••• 9 

9( 8). Costa reaching well beyond middle of wing; TR of 
hind legs larger than 2.0 in both sexes ••••••••••••••••••••••••• lO 

Costa reaching near, at or slightly beyond middle 
of wing; TR of hind legs less than 2. 0 in 
both sexes••••••••••••••••••••••••••••••••••••••••••••••••••••••ll 

10( 9) • Basal flagellar segments of antenna compressed and 
distinctly discoidal, reduced in number or 
normal; fla.gellar segment 10 longer than twice 
length of 9; scutellum with few bristles ••••••••••••• Trichohelea 

Basal flagellar segments of antenna very slightly 
transverse, but gradually elongate distally, 
becoming slightly longer than wide at segment 
9 and generally subspherical, rarely discoidal; 
flagellar segment 10 shorter than twice length 
of 9; scutellum with many bristles •••••••••••••••• Neoforcipgmyia 

11(9). 1Uixillary palpal segments 4 and 5 broadly joined 
together, becoming completely fused in sorne, 
segment 5 wi th shallow sensorium or wi th 
scattered sensillae wi thout sensorium; wing 
unadorned, macrotrichia slender, costa usually 
reaching middle of wing or slightly beyand; 
legs never marked with colored spots or bands 
and without broad scales (sometimes with very 
slender scales); hind TR 0.6-2.0 •••••••••••••••••• Proforcinomyia 



Ma:xilla.ry palpal segments 4 and 5 na.rrowly joined 
together, never ~sed, segment 5 with deeply 
or distinotly sunken sensorium.; wing almost 
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al ways adorned wi th light and dark :ma.orotrichia 
(of'ten broad scales), costa usually reacr.ing 
before middle of' wing; legs usually with oolored 
bands of markings and rather broad scales; hind 
TR usually 0.5-1.5B •••••••••••••••••••••••••••••••• Forcipomyia (part) 

B. GENUS ffiOFORCIPOMYIA SAU:f:.llJERS (1956) 

Type speoies wj.rthi Saunders (1956) 

DIAGi"'fOSIS 

The following diagnosis of the immature stages is Saunders' (1956): 

"Larva.- Head semihypognathous; profile with two slight hollows or flat 

regions, not smoothly rounded; labrum with nose-like protuberances; 

mandibles broad apioally, with right-angled twist; antermae usually 

slender, long and backward-curving. BOdy often with faint reddish 

pigment pattern in suboutaneous fat body. Prothora.oio pseudopod a simple 

spinose cushion rarely surmounted by a pair of papillae bearing longer 

hooklets. Anal pseudopod a transverse ridge bearing two r~rs of hooklets, 

sometimes large and long. Cauda long, pointed, fringed with setae. 

Pupa.- Without large cuticular spine-like processes; rarely retaining 

larval exuviae. Prothoracic homs variable in size and shape, al ways 

bearing a double palisade of spiracular papillae in partial or complete 

ci rel et. l&l.J.e sexual processes dorsal. " 

Adult female.- Basal eight flagellar segments flask-shaped, distal five 

elongate. Ma:xilla.ry palp five-segmented, last two segments rarely 

incom.pletely fused; segment 5 usually with small shallow sensorium. Wings 

and legs unadomed. Yfings rather densely haired, wi th slender macrotrichia, 

bare areas along veina indistinct; costa reacl:>.ing middle of wing or slightly 

more, first radial cell slit-like or absent, second radial cell subtriangular, 

not very long and rarely absent. TR of' hinli legs 0.6-2.0. Two spermathecae. 



Adult Male.- Antennae with basal nine flagellar segments flask-shaped 

only four distal segments elongate. other features as in female, with 

usual sexual differences. Genitalia with aedeagus subtriangular, 

shield-shape and rarely serrate on caudal margin or transverse and band

like; claspettes arch-like, rarely with rudimentary processes. 

Pro:torcipomyia ~CHAN NEW SPECIES 

~--
Length of full grown fourth instar 2.76 mm. Color (preserved) 

pale, with reddish brown pigment pattern in dorsal fat body of thorax. 
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Head light brown, with usual scalloped profile. 2 hairs lanceolate, 

g hairs spoon-shaped, all other hairs simple (Fig. 48). HR 1.56; OH/v 

1.75; ~qt/ps 1.18: 1: 2.18; ttjant 0.37; qqjeyes 0.4; qq/ss 0.34; ppjant 
0.74. 

Chaetota.xy on first ten body segments similar, each segment with 

the usual pair of lanceolate ~ hairs, five pairs long, fine lateral hairs 

and one pair minute hairs (Fig. 4A). Penultima.te and last segments each 

with only three pairs of the long, fine lateral hairs. Prothoracic 

pseudopod (Fig. 40) the usual spinulose cushion with length, width and 

depth in pnportion of 2.05: 1.95: 1. Posterior pseudopod (Fig. 4D) a 

transverse ridge bearing a posterior row of eight long black hooklets and 

an anterior row of ten smaller hooklets; anal blood gills four, rather 

small and pointed at tip. Cauda long, tapering, fringed with small 

seta.e, slightly longer than last abdominal segment. 

~·-
Length 2.01 mm. in female and 1.98 mm. in male. 

Median head sclerite bearing three ttibercles and lateral sclerites 

each bearing one tubercle. Cephalothorax 1.59 as long as its width in 

female and 1.81 in male; ratio of length of head to that of thorax 0.46 

in ventral aspect and 0.18 in dorsal aspect in female and respectively 



Fig. 4. Proforcipomyia clara n. sp. 

A-D, Fourth-instar larva: 

A, Anterior and posterior portions 

B, Head 

c, Prothoracic pseudopod 

D, Anal pseudopod 

E-G, Pu pa: 

E, Pupa, dorsal view 

F, Prothoracic horn 

G, Third abdominal segment 
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0.45 and 0.22 in male. 

Thorax bearing on dorsum two median ridges and six pairs of 

tubercles, the anterior.most pair just in front of prothoracic respiratory 

homs; largest pair just posterior to horn and setate, the rest non

setulose. J?rothoracic horn (Fig. 4F) with typical rounded expansion 

at apex and bearing 22 spiracular papillae in the upper palisade and 56 

in the lower palisade in the female and respectively 11 and 22 in the male; 

horn length 1.92 times its width in female and 2.59 in male; tracheal length 

to horn length 0.75 in female and 0.79 in male. 

Abdominal segments 5-7 similar in chaetotaxy, each segment bearing 

two pairs dorsal, two pairs ventral and five pairs lateral tubercles 

(Fig. 4E, 4G); segments 2 and 8 also each bearing two pairs dorsal 

tuberc1es but only three pairs lateral and two pairs ventral tubercles 

respectively (Fig. 4G). Terminal processes sharply pointed, divergent 

in female, closely appressed in mâ.le, with 1ength, width and depth in 

proportion of 5.25: 1.67: l in female and 4.15: 1.20:1 in male. Male 

sexua.l processes dorsal, small, short, with 1ength, width and depth in 

proportion of 2.5:2.5: 1. 

Adu1t Female.-

Length 1.52 mm. Wings (Fig. SD) 0.78 x 0.56 m.r:1. 

Head with antennae and mouthparts light brown, eyes and pedicels 

dark brow.n; cly:peus (Fig. 5B) with 14 bristles; proboscis more than half 

1ength of head capsule (0.57: 1); antenna. (Fig. 5A) with segment 5 wider 

than long, segment 4 about as wide as long and segments 5-9 longer than 

wide; segments 10-14 elongate; AR 1.15. Maxi11ary palp (Fig. 50) rather 

slender with segments in proportion of 5.5: 8: 19: 11: 'l; last two segments 

united broadly at joint; segment 5 long, slightly swollen a.t base and 

bearing a deep sensoriurr; with sessile sensi11a; PR 2.71. 
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Fig. 5. Proforcipomyia clara n. s:p. 

A-H, Adult female: 

A, Antenna 
B, Clypeus 
c, Maxillary palp 

D, Wing 

E, Anterior wing venation 
F, Hind tibial comb 
G, Scutellum 

H, Spermathecae 

I-N, Adult male: 

I, Maxillary pal:p 
J, Antenna 
K, Wing 

L, Anterior wing venation 
M, Scutellum 
N, Genitalia 
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Thorax dark brown; scutellum bearing 11 large bristles in row 

across posterior margin, other smaller bristles arranged as shawn (Fig.SG). 

Legs uniformly light brown, with TR 1.68 in fore leg, 1.28 in middle leg 

and 1.17 in hind leg; tibial comb in hind leg bearing seven bristles. 

Wings brown, CR 0.45. Venation: vLR 1.11: 1: 2.49; rs/l'J. 1.88; 

first radial cell obliterated, second radial cell narrow, slightly longer 

than first (1.29: 1) (Fig. SE); t'meu under slightly beyond middle of 

second radial cell; m5+4f cul l. 97. 

Abdomen brown. Spermathecae (Fig. 5H) two, subequal, oval, with 

short ducts, measuring 69/' x 51.7~ and 58.65JL x 45.15)1 . 

Adult Male.-

Length l.S8 mm. Wing (Fig. SK) 0.96 x 0.50 mm. Color as in 

female. 

Antenna (Fig. 4J) with segment 5 and 4 about as long as wide, 
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segments S-10 longer than wide and segments 11-14 elongate; AR 1.01 (0.99-1.02). 

Maxillary palp (Fig. SI) somewhat slender, with third segment long and 

swol.len at third and bearing small, shallow sensorium; last two segments 

united broadly at joint as in female; PR 5.85. 

Thorax with scutellum bearing eight large bristles (Fig. 5M). Legs 

light brown; TR 1.06 in fore leg, 0.56 in middle leg and 0.74 in hind leg; 

hind tibial comb bearing eight bristles. 

Wings brown, CR 0.44. Venation : vLR 1.05: 1: 2.19; rs/r1 1.58; 

first radial ce11 complete1y obliterated, second radial cel1 smal1, 

moderately wide; RR 0.50; t'meu under about middle of wing from arculus to 

tip along costa; m5+4/c~ 2.45. 

Genitalia (Fig. 5N): ninth stemite 0.84 as long as wide; ninth 

tergite 0.47 as long as wide; parameres with basimere 1.69 as long as 

wide and telomere 4.44 as long as wide; aedeagus V-shaped, shorter than 



width a.t base (0.76: l) with lateral edges more hea.vily sclerotized end 

tip pointed; claspettes the usual slender arch wi th b/ c/b in proportion 

of 1.58: 1: 1.58. 

Holotype (fourth instar lary;a) .- Collected from decaying grass at 

Wallace Yfay, Si.ngapore in ],fay 1962. 

Museum, Macdonald College, Quebec. 

Deposi ted in Lyman Entomological 

Paratypes.- Collected from sa.me locality as holotype; l pupa, 

62 females and 60 males in personal collectione. 

P. clara is close to P. sauteri (Ki.eff er) ( Tokuna.ga and Murachi, 

1959) in structure of the male geni talia but differs from the latter in 

the pointed tip of the aedeagus and the narrower base of the telomere 

and more slender claspettes. The tarsal ratios of fore and bind legs 

are significantly smaller in the male of this species, 1.06 and 0.56 

respectively to 1.2 and 0.76 in sauteri. 

Comparison wi th the immature stages of sauteri is not possible 

since Tokunaga ha.s not collected nor described these stages. 

P, clara a.lso resembles P. ingrami(Carter) (1919) from West Africa, 

Indonesia, llfulaya, British West Indies, 1:1arquesa.s Is., and Hawaii in 

structure of the male genita.lia., but from the description of ~ (1960) 

for Hawaii an specimens, differa from ingrami in a number of characters: 

the male antenna.l segment 12 (Ma.cfie' s 15th segment) is much shorter than 

the last two segments combined instea.d of almost equal as in ingrami; 

the tarsal ratios of the fore, middle and hind legs are, respectively, 

1.06, 0.56 and 0.74 instead of about 1.5, 1.0 and 1.0 respectively, in 

ingrami; the female is a much smal1er species mea.suring 1.5 mm. 

for body 1ength and 0.78 mm. for wing 1ength against 1.5-1. 7 mm. and 

1.4-1.6 mm. respeotively for the Iiawa.iian ingrami. 
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Carter's (1919) original descriptions and 'figures show clearly that 

ingrami di:t':t'ers :t'rom this speoies distinotly in pupal c~dUracters; there 

are only four pairs of tubercles on the oephal.othoraoio dorsum instead of 

six in ingrami and the innermost pair of' tubercles on the dorsum of the 

abdominal segments are simple and not torch-like. 

f:roforcipamyia :Eennielongata CHAN NEW HP.ECIES 

Larva..-

Length of 'full grown fourth instar 5.15 mm. Color (preserved) 

pale white, without pigments. 

Head light brown, not markedly scalloped; ~ hairs spear-shaped, 

.9. hairs small, spoon-shaped, all ether hairs simple (Fig. 6B). HR 1.60; 

OH/v 1.47; pq/qt/pt 1.14: 1: 2.16; tt/ant 0.44; qq/eyes 0.29; qq/ss 0.28; 

pp/ant 1.05. 

Chaetotaxy on first ten body segments simi.lar, each segment with the 

usual spear-shaped.! hairs, five pairs fine lateral hairs and one pair minute 

ventral seta, the latter compound in the thoracic segments and simple in the 

abdominal. Segment 8 with only three pairs of lateral seta.e; segment 9 as 

:figured (Fig. 6A). Prothoracic pseudopod the usual spinulose cushion, the 

anterior end with about 15 stron.ger hooklets; length, width and depth in 

proportion of 1.62: 1: 1.18. Posterior pseudopod (Fig. 6D) bearing a 

posterior row of eight long black hooklets and an anterior row of ten 

smaller hooklets; anal blood gills four, pointed. Cauda long, tapering, 

fringed laterally with minute setae, slightly longer than last abdominal 

segment. 

~.-

Length 2.58 m.:n. in female and 2.66 (2 .. 65-2.69) mm. in male. Color 
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Fig. 6. ProforcipoffiYia pennielongata n. sp. 

A-D, Fourth-instar larva: 
A, Larva, lateral view 
B, Head 

C, Mandibles 
D, Posterior pseudopod 

E-H, Pupa: 
E, Female, dorsal view 

F, Prothoracic horn 
G, Last segment, dorsal view 

H, Fifth abdominal segment, lateral view 
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dark brown, same as that of substratum, thorax darker brown. 

Head bearing three tubercles on median head sclerite; lateral 

sclerites devoid of tubercles. Cephalothorax length to width 1.60 in 

female a~a 1.72 (1.67-1.76) in male; ratio of length of head to thorax 

0.55 in ventral aspect and 0.11 in dorsal aspect in female and 

respectively 0.40 (0.59-0.41) and 0.15 (0.15-0.16) in male. 

Thorax bearing median ridge anteriorly and six pairs of tubercles 
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on dorsum, largest pair just posterior to respiratory horns and bearing 

short seta apically ru1d tubercle-like projection posteriorly. Prothoracic 

horn (Fig. 6F) trumpet-shaped, with twenty-two spiracular papi11ae on upper 

palisade and 56 in lower palisade in female ana respectively 25 and 59.55 

(58-42) in male, the spiraoular papillae forming an almost spherical ring; 

horn 1.57 times its width in female and 1.57 (1.47-1.62) in male; tracheal 

length to horn length 0.77 in female and 0.75 (0.75-0.75) in male. 

Abdominal segments 5-7 similar in chaetotaxy, each with two pairs 

of dorsal tubercles, five pairs lateral and two pairs ventral (Fig. 6E); 

segments 2 and 8 also each bearing two pairs of dorsal tubercles but 

segment 8 bears only two pairs lateral ar.d two pairs ventral while segment 

2 bears three pairs lateral and lacks ventral tubercles. Terminal 

processes sharply pointed, divergent in female and closely appressed in 

male (Fig. 6G), the inner edge at basal third touchi:ng by slight inward

growing projections of either processes; length, width and depth in 

proportion of 4.19: 1.50: 1 in female and respectively 4.97 {4.76-5.28): 

1. 28 ( 1. 21-1.59): 1 in !!'.ale. Ilale sexua1 processes dorsal, srnall, short, 

with length, width a~d. d.epth in proportion of 2.96 (2.55-5.17): 2.95 

(2.67-5.17): 1. 

Larval exuviae not retained. 



Adult Female.-

Length about 1.5 mm. Wing (Fig. 70) 1.02 x 0.42 mm. 

Head with a:ntennae and mouthparts brown, eyes dark. .Antenna 

(Fig. 7A) with segment 5 as long as wide, segments 4-9 longer tha:n wide 

ana last five segments elongate; sensilla in segments 2-9 slender, as long 

as respective segments bearing them; AR 1.10. Ma.xillary palp (Fig. 7B) 

slender, third segment longest; bearing shallow, sensorium ..,vi th irregular 

outline at basal swollen third; segments in proportion of 15: 17: 59: 21: 

15; PR 5.81· 

Thorax brown. Legs lighter brown; TR 1 • 00 in hind leg; hind tibial 

comb bearing five bristles. Wings brown; CR 0.53. 

Spermathecae (Fig. 7E) two, subequal, oval, mea~: 68.09 x 57 .. 23 .M 

and 54.26 x 4,2. 55 }.l. 

Adult Ma.le.-

Length 1.80 mm. Wing (Fig. 7H) 1.08 x 0.55 mm. Color as in female. 

Antenna (Fig. 7F) with segments 5-4 about as long as wide, segments 

5-10 longer tha:n wide and segments ll-14 elongate, segment ll longest; 

AR 0.92. 1~llary palp (Fig. 7G) slender, segment 5 longest but not 

wider than the rest, ana bearing scattered sessile sensilla on swol1en 

basal portion; segments in proportion of' 9; 10: 28: 14.5: 9; PR 4.67. 

Thorax light brown with scutel1um bearing 11 large bristles in row 

aerees posterior m.a.rgin (Fig. 7J). Legs light brown, TR 1.10 in fore leg, 

0.44 in middle 1eg and 0.75 in hind leg; tibial comb of' hind. leg bearing 

seven bristles. 

Wings brown, CR 0.42. Venation: vLR 1.07: 1: 2.25; rs/r1 1.55; 

first radial cell completely obliterated, second radial cell small, 

elliptical (Fig. 7I), RR 0.42; fmcu under beyond end of costa; m5+~ou1 2.42. 
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Fig. 7. Proforcipomyia pennielongata n. sp. 

A-E, Adult female: 

A, Antenna 

B, Haxillary palp 

c, Wing 

D, Hind tibial comb 

E, Spermathecae 

F-1:, Adult male: 

F, .Antenna 

G, Maxillary palp 

H, Wing 

I, Anterior vdng venation 

J, Scutellum 

K, Genitalia 
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Genitalia (Fig. 7K): ninth sternite 0.58 as long as wide; ninth 

tergite 0.75 as long as wide; parameres with basimeres wide basally, 

tapering to narra<'; apical end, 1.76 times as long as basal width, and with 

telomeres boat-shaped, curved and pointed apically, 5.60 times as long 

as greatest width; aedeagus narrowly shield-shaped, much lo!'lf':er than basal 

width (1.53: 1) and bearing near caudal tip two heavily sclerotizea peg-

like carinae; claspettes a slender, tall arch with basal arms, basal 

union in proportion of 3.00: 1: 3.00. 

~olotype (adult male).- Reareà from larvae collected from a heap of 

decayi:ng lallang (Imperata cylindrica Beauv. Agrost) and leaves at 

Wallace Way, Singapore in June 1962. 

Para.tv~.- 10 larvae, 10 pupal exuviae, 10 males ana 4 females in 

personal collections. Collected from same locality ana. habitat as 

holotype. 

This species is distinct from all ether species recorded a..'îd 

described in the presence of peg-like carinae at the tip of the aeàeagus 

and in the very long, shield-shaped aedeagus, of the œale genitalia. 

Qther species.-

Species described in all stages include the following: 

bromeliae (Saunders) (1956); Gan. J. Zool. 54: 665 

falcifera (Saunders) (1959); Can. J. Zool. ~: 59 

ingrami (Carter) (1919); An:n. Trop. rled. Parasitol. 12: 290 

longisuina (Saunàers) (1956); Can. J. Zool. ~: 669 

mortuifolii (8aunders) (1959); Can. J. Zool. ~: 55 

J2h.lebotomoides (Bangerter) (1953); Konowia 12: 252 

setigera (Saunders) (1959); Can. J. Zool. 57: 58 

spatulifera (Saunders) (1956); Can. J. Zool. 54: 667 

wtrthi (;~aunélers) (1956); Gan. J. Zool. 54: 665 

l.~' sug::;;ested by Saunders (1959), Proforcir;.omyia C811 be divideà 

into groups on the basis of la.rva.l anà. pu:pal characters. Feur groups 



are sepa.rated: 

Group ~ 

Larvae with long tail setae and compound hairs on head and ta.il. 

Pupae with setigerous tubercles on thorax and terminal processes are 

attenuated. Three species included: setigera, longispina and 

phlebotomoides. 

Group 2 

Larvae with terminal hooklets on prothoracic pseudopod. Pupae 

highly tuberoulate and with complete oircle of spiracule.r papilla.e in 

respira.tory horn. Two species: faloifera, bromeliae. 

Group 5 

Larvae with dorstù pa.ired setae spatulate. Pupe. with ringed 

tubercles on dorsum of abdomen. 

Group 4 

One species: spatulifera. 

Other species. 

These groups may provide a basis for the establishment of subgenera 

when more materiel. beoomes ava.ilable. 

C. GENUS CALOFORCIPOMYIA SAUNDERS (1956) 

Type species caerulea Saunders (1956) 

l. DIAGNOSIS 

The following diagnosis of the immature stage is taken from Saunders 

(1956) "Revision of the genus Forcipomyia": 

"Larva.- Cylindrioal, more elongate than subgenus Forcipomyia larvae. 

Head strongly hypognathous, with long, forward-curving .E hairs. Prothoracic 

pseudopod a simp~e spinulose cushion. Cha.etotaxy of body: each normtù 

segment bears dorsal ~ hairs; dorsolateral ha.irs arbitre.rily homologized 

with ~ hairs of subgenus Forcipomyia, in which case B. and~ hairs are absent; 

64 



65 

two fine lateral hairs, probably ~ and f. Last abdominal segment bearing 

a large dorsal chitinous process extending up and back beyond cauda and 

anal gills, with two basal and two long terminal stout chàetae. Cau da 

moderately long and pointed, much like that of subgenus Proforcipomyia 

vd.thout the lateral fringe of short hairs. .JI.na.l blooa. gills two, bifid. 

Anal pseudopod normal. 

Pupa.-
le 

Rela.tively spin~s, with a prominent pair of setigerous processes, 

conical at base, on dorsum of thorax just a.bove and behind the prothoraoic 

homs. .Abdominal setae fevr, very sm.all, no different on last segrnents, 

which retain the larval exuviae. Terminal abdominal processes in both 

sexes greatly attenuateél, makin1; the last segment equa.l to or longer 

than the three preceding segments together. 1,Iale sexue.l processes dorsal. 

Prothoracic hor.ns slender, vdth row of spiracular papillae aoross extremity, 

not greatly different from those of sorne species in the subgenus }<'orcipomyia." 

Adult Female.-

11ediurn-sized or small. Thorax and abdomen \'V'Î th subcutaneous 

indigo-blue pigmented granules. l~illary palp with last two segments 

completely segmented or fused and segment 5 with sensorium or scattered 

sensilla. Antenna with basal flagellar segments elongate, two to three 

times as long as vfide and with hyaline sensory hairs as long as segments. 

Legs banded by dark sca.les; claws and empodia normal. Wings usue.lly with 

scales on costal and radial cells, unma.rked or adorned with dark and pale 

spots; costa reaching well beyond middle of •T.ing; second radial cell 

opened and elongate, first radial cell slit-like. Two spermathecae. 

Adult Male.-

Same as fer:1ale vr.ith usual sexual differences. Hypopygium with 



claspettes V-shaped, pointed at middle; sternite 9 transverse or subsquare 

and usually without caudal emargination. 

§pecies described in all stag;s 

caerulea(Saunders)(l956), Can. J. Zool. ~:681 

varicolor(Saunders)(l956), Can. J. Zool. 34: 683 

Species described in adult stages 

Speoies attributable to this genus on adult characters include: 

sguamianulines Tokunaga and Mura.chi (1959), Insects ar Micronesia 
12(3): 194 

ta.kahashii Tokunaga (1940) ,Tenthredo ~: 88 

Aocording to Samlders (1956) the following two species in all 

probability be1ong to the genus Caloforcipogyia: 

auripes Ingram and Macfie (1924), Ann. Trop. Med. Parasitol. 18: 560 

p1u•Jialis 1Ual1och (1925), Entomol. News 54: 4 

D. GENUS lJETAFORCIPO:MYIA SAUNDERS (1956) 

Type species cerifera Saunders (1956) 

DIAGNOSIS 

Saunders' (1956) diagnosis is reproduced aa follows: 

"Larva .- Cylindrical, in general fonn like larvae of subgenus 

Forcipomyia, but wi th knob-like chaetae on head and body bearing tubes 

and cones of white wa:x: and 1iquid globules powd.ered wi th wax. Antennae 
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situated on long socles like many Atrichopogon larval a.ntennae. Prothoracic 

pseudopod a coarsely spinose oushion. Anal pseudopod normal. Cauda short, 

lobose. 

~.- Praotioally devoid of chaetae; thorax with an anterior 

pair of slender, spinulose, setigerous processes and four other law 

spinulose processes. Prothoraoic homs slender, with row of spiracular 



papillae over top to halfway down stem. Larva.l e:mviae retained. (This 

diagnosis stibject to modification when more species of the subgenus are 

round). 

Adults.- TR 2.0. Basal flagellar segments of female antenna 

flask-shaped, each with one hyaline sensor:r hair twisted diagona.lly around 

segment; segments 9-15 no longer, but last three stout. Pa.lpal segments 

4 and 5 fused inseparably. Costa reaching barely to middle of wing; first 

radial cell narrowly open, second open, short; vein M2 absent. Spermathecae 

two. M".a.le genita.lia with curved basistyla.r apodemes joined in a square-

topped arch, with parameres (claspette processes) fused in mid-line, 

extending back to tip of aedeagus." 

Species described in all stages 

Forcipaqyia (:Metaforcipomyi.a) cerifera Saunders (1956), 
Gan. J. Zool. 34: 685 

Other species recorded 

M. fuscim.aculata(Hard.y )(1960), Hawaii, but this species is a 
Schizof orcipomyia . 

E. G~uS FORCIPOIIUIA MEIGEN ( 1818) 

l. DIAGNOSIS 

Larva.-

El.ongate, cylind.rica.J., segmentally constricted. Head 

prognathous or ~gnathous; antennae normal, with short socle1(i.e. 

tubercle) and moderately long filament tapering to pointed tip. Bo~ 

cl~etae variable in number and size, most simple, sorne bifid or multiple; 

~ hairs spear-shaped. Prothoracic pseudopod abruptly conical or 

medially divided into two lobes. Anal blood gills two, double or 
-~~----------------------------------------------------------------
~he term "socle" has been ad.opted from Nielsen (1951), subsequently 
used by Ewen and Saunders ( 1958), Saunders ( 1959, 1964) and Chan and 
Sa.unders (1965) as a valid and concise name for the antennal base. 
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four, inner pair single. 

finely setulose. 

Cauda. short, bluntly conica.l or more ta.pering, 

Pupa.-

Cuticula.r processes on cephalothorax and abdomen variable in 

number and size. Prothoracic respiratory homs narrow or bread and 

projecting a.t base, with or <vithout narrow neck, distal knob not ffivollen 

or more or less swollen, with row of spiracular papillae curving over it. 

:=ale sexual processes dorsal on last abdominal segment. Larval exuviae 

retained on last 5-5 segments or not retained. 

Adult Female.-

Sms.ll to rather large; more or less hail-y, with pale coloration 

or with scales and colored markiP~s variously developed, especially on 

legs and wings. Antenna.e 14-segmented, segments 2-9 pyrif'orm or 

va.siform, with hyaline sensory hairs; segments 10-14 abruptly or 

gradua.lly elonga.te. Palpa.l segments 4 and 5 distinct or ~artially or 

oompletely fused; segment 5 with distinotly chitinised common sensorium 

or with a group of capitate sensilla without enolosing chitinous ring. 

Wings thinly or thickly clothed with maorotrichiae; costa hardly reaching 

middle 'Wing or to two-thirds length of wing; second rad.ial cell short 

or elongated, open or closed or almost olosed. Hind TR usua.lly more 

than 1.5 in one group or less than 1.55 in the rest; 

developed. One or two spermathecae. 

Adult :Male.-

empodia. well-

As in ferr..ale with usuel sex differences. I,J:ale genitalia 

with aedeagus typically shield-shaped or a V or T with sclerites at 

apex; clas:pettes with or without backwardly-directed prooesses, with or 

without basal union. 
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1. Head prognathous, prothoracio pseudopod abruptly oonioa.l, 
transversely ridged and finely setulose, bearing 
three pairs long, ourved, hyaline hooklets at tip 
and three pairs short, black hooklets and one pair 
short sinuous prooesses in middle •••••••••••••••••••••••• Warmkea 

Head hypognathous, prothoracio pseudopod medially 
divided, a orown of hooklets on eaoh ha.lt •••••••••••••••••••••• 2 

2 ( l). Anal pseudopod unài vided, a transverse ridge wi th 
two rows of hooklets ••••••••••••••••••••••••••••••••• F9roipomyia 

Anal pseudopod di vided into two lobes, each lobe 
hook-orowned••••••••••••••••••••••••••••••••••Sohizoforoipomyia 

KEY TO SUBGENERA OF FORCIPOMYIA ( PUPA) 

l. Body with knobby and spiny prooesses; prothoracio 
homs broad at base, projecting to angular knob 
on posterior surface, neck narrow, head rounded 
wi th many spira.oular papillae in row over top; 
larval exuviae not reta.ined••••••••••••••••••••••••••••••Warmkea 

Body usually not knobby or spiny; prothoraoio homs 
typically narrow at base, neck typically not 
narrow and distinct, head narrow or more or less 
swollen, wi th row of spiracular papillae ourving 
over it; larva.l exuviae retained on last 5-5 
segments••••••••••••••••••••••••••••••••••••••••••••••••••••••••2 

2 ( l). Prothoracic homs very short; thorax and a.ll :t'irst 
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seven abdominal segments bearing long processes •••• Schizoforoipgmyia 

Prothoraoio homs relatively longer; thorax with 
low tubercles or long prooesses; abdominal · 
segments never with a.ll :first seven segments 
bearing long prooesses •••••••••••••••••••••••••••••••• Forcipomvia 

KEY TO SUBGENERA OF FORCIPOMYIA (ADUL'l' FEtMI.Ji.:) 

l. Wing costa reaching to two-thirds length of wing, 
second radial cell elongate; maxillary pa.lpal 
segments 4 and 5 partially or oompletely 
fused; spermatheca one•••••••••••••••••••••••••••••••••••••Warœke~ 

Wing costa not rea.ching to two-thirds length of 
wing; second radial oell short; maxillary pa.lpal 
segments 4 and 5 distinct or fused; spermatheoa 
one or two ••••••••••••••••••••••••••••••••••••••••••••••••••••••• 2 



2(1). 1J.axillary pa.lpa.l segment 5 distinctly longer 
than 4; segments 4 and 5 completely 
segmented or completely f'used; one or two 
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spermathecae ••••••••••••••••••••••••••••••••••••••• Schizoforcipomyia 

l~llary palpal segment 5 distinctly 
shorter than 4 or about equal or rarely 
slightly shorter than 4; segments 4 and 
5 completely segmented; two sper.rnathecae •••••••••••••••• Forcipomyia 

KEY TO SUBGENERA OF FOROIPOMYIA (ADULT Il!ALE) 

1. Genitalia with aedea.gus in the f'orm of' a V 
or T, bearing outward-turning scleri tes at 
apex; claspettes with or without processes ••••••.... Schizof'orcipomyia 

Genitalia with aedea.gus typically shield-shaped, 
without outward-turning solerites at apex; 
claspettes always with processes ••••••••••••••••••••••••••••••••••• 2 

2(1). Max. palpal segments 4 and 5 partially or 

Larva.-

completely fused•••••••••••••••••••••••••••••••••••••••••••• Warmkea 

Max. palpal segments 4 and 5 distinct.................... Forcipamyia 

5. SUBGEr,ru.s FORCIPOMIIA S. SJ?R. MEIGEN (1818) 

Subgenus type bipunctata (Linnaeus) (1767) 

DI.AGKOSIS 

Head hypognathous, profile smoothly rounded. Body chaetae many, 

rarely long; a hairs typically spear-sha'f!ed, hygroscopie. Prothoracic 

pseudopod medially divided, a crown of' hooklets on each half'. Anal 

pseudopod a transverse ridge bearing two rows of hooklets. Anal blood 

gills two, each bluntly bilobed. 

Pupa.-

Cuticular processes and spines on body varia:ble in number and size, 

when long never borne on all f'irst seven abdominal segments. Prothoracic 

horns swollen, bearing rCJW of spiracular papillae curving over it. 

Ad.ult Female.-

&!.all to rather large, typically with colored marld.ngs variously 



developed on wings and legs. Antennal segments 2-9 flask-sha.ped, with 

more or less well-developed neck parts, never compressed, with two 

hyaline sensocy hairs; segments 10-14 typically elongate, segment 10 

as long as 9 or longer. 1~xilla!jT palp almost always distinctly five

segmented and palpal segment 5 with distinct chitinised sensorium. Wings 

densely olothed with macrotrichi~ no bare areas along veina; costa 

reacrJ.ng near or at middle of wing or to three-fifths of wing; first 

radial cell present or absent, second radial cell short. Hind TR less 

than 1. 55. Two spermathecae. 

Adult Male.-

As in female with usual sexual differences. Geni talia wi th 

typically shield-shaped aedeagus, variable in fo:rm but never in fo:rm of 

V or T with sclerites at apex; claspettes always with processes arising 

from basal union or wben basal union is absent, from tips of basal arms. 

Forcipomyia (Forcipomyia) bikanni CHAN :N""EW SF.GCIES 

The writer takes great pleasure in naming this species after 

Dr. Lawrence Lau Bik Ann in appreciation of the help and inspiration he 

bas given. 

Larve..-

Length of full-grown fourth instar (Fig. SA) 4.20 mm. Color pale 

brown with intestinal contents brown. 

Head (Fig. SB) d.ark brown, .E. hairs spear-shaped, ..9. hairs sword

sha.ped, curved; antennae long, tapering to pointed tip; HR 1.52; AR 2.59; 

qt/ts/sq in proportion of 1.05: 1.50: 1; tt/antennae 0.49; qq/eyes 0.24; 

qqfss 0.22. Eyes small and. low. 

Prothoracic .! setae spear-shaped, b setae filamentous and long; 

prothoracic pseudopod (Fig. SC) bifid at apical end, each branch bearing 

71 



Fig. 8. Forcipomyia (Forcipomyia) bikanni n. sp. 

A-D, Fourth-instar larva: 
A, Larva, lateral view 
B, Head 
c, Anterior pseudopod 
D, Anal pseudopod 

E-F, Pupa: 

E, Pupa, dorsal view 

F, Pu pa, lateral view 
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at apex a ring of eight da.rk brown hooks; its length, width and depth 

in proportion of 2.09: 2.51: l. 

Chaetota.xy as illustrated (Fig. SA), similar in abdominal segments 

1-7; a setae apear-shaped and hygroscopie, other setae filamentous as 

figured. 

Abdomen with posterlor pseudopod (Fig. 8D) bearing anterlor row of 

eight small, curved hooklets and posterior row of eight large, curved 

hooklets; anal blood-gills two pairs, bilobed. 

~.-

Cauda short, pointed. 

Length 2.18 mm. in female and 5.50 mm. in male. Color pale yellow, 

da.rker yellow in thorax but tuming dark just prior to adult emergence. 

Pupa retaining larva.l exuviae in last three segments. 

Head sclerites without tubercles. Cephalothorax l. 75 times longer 

than its greatest width in female and 1.45 times in male. Head length to 

thorax length 0.55: 1 in dorsal aspect anà. 0.59: 1 in ventral aspect in 

female and respectively 0.29: 1 and 0.48:1 in male. 
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Thorax bea.ring four pairs of tubercles on dorsum (Fig. 8E), the 

anterio:rmost with a seta 1~ times length of elongate tubercle, the second 

and third pairs non- set a te, elongate and the posteriormost pair only 

rudimentary. Prothoracic horn short, spindle-shaped, with short pedicel 

and bearing about 20 spiracular papillae running antero-dorsally from apex 

to base; horn length to width 2.45:1 in female and 2.58: l in male; tra.cheal 

length about equal to horn length in both sexes. 

Abdomen with chaetota.xy as shown (Fig. 8E, 8F). Segments 1 ana. 

2 each with three pairs small tubercles, antero-dorsal pair rudimenta.ry; 

segments 5-7 each with a pair of spiracles and seven pairs of tubercles of 

which two pairs are dorso-median, four pairs lateral and one pair ventral; 



segment 8 with two pairs non-setate dorsa-median, two pairs lateral. 

and one pair ventral. Terminal processes on last segment longer and 

appressed in male, shorter and divergent in female, tapering gradually 

to tip in bath sexes. :Male sexuaJ. processes small and dorsal. 

Adult Female.-

Length 1.99 (1.75-2.25)/9* mm. Wings (Fig. 9D) 0.99 

(0.85-1.08)/10 mm. by 0.45 (0.59-0.50)/10 mm. 

Head wi th mouthpart s dark-brown, antennae e:x:cept pedicels and 

scapes light brown, eyes dark, separated at vertex by narrow sl.it. 

Ma.xillary palp (Fig. 9B) large, five-segmented, with third segment 

broad at basal half and narrow at distal half and with PR 2.65 

(2.55-2.80)/10. Antenna.e (Fig. 9A) uniformly light brown from 

segments 2-14; AR 0.69 (0.61-0.80)/10. Hairs on vertex long, 

forwardly directed. 

Thorax dark brown with scutellar bristle arrangement as shawn 

(Fig. 9K). Legs pale brown, hind legs with femur and tibia bearing two 

dark brown patches near femo-tibial joint, the former the larger; TR 

1.26 (1.25-1.55)/9 in fore leg, 0.94 (0.88-0.96)/9 in middle leg, and 

0.85 (0.79-0.89)/10 in hind leg; apical tibial comb with eight to ten 

bristles (Fig. 9C). 

Wings pale brown, densely covered w:i.th brown, almost scale-like 

hairs, especially on costa and fine, rather long hairs over entire 

surface; CR 0.46 (0.44-0.48)/10. Venation: vLR 1.14 {1.09-1.21): 1: 

1.86 (1.75-1.99)/10; rs/Ti 1.56 (1.48-1.67)/10; first radial ce11 

obliterated, second radial cell moderately wide, slight1y longer than 

first (1.02 (0.70-1.27): 1/10) (Fig. 9E); m5+4fcu1 1.81 (1.75-1.90)/10; 

* mean (range) /no of specimens measured 
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Fig. 9. Forcipomyia (Forcipom.yia) bikanni n. sp. 

A-F, Adult female: 

A, Antenna 

B, Maxillary palp 

c, Hind tibial comb 

D, Wing 

E, Anterior wing venation 

F, Spermathecae 

G-L, Adult male: 

G, Antenna 

H, Maxillary pal p 

I, Wing 

J, Anterior wing venation 

K, Scutellum 

L, Genitalia 
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tip of fmcu under about end of costa (Fig. 9D). Ha1teres 1ight brown. 

Abdomen brown, covered with dense, thick hairs. &'permathecae 

(Fig. 9F) two, unequa1, oval, measuring 155.86 (117.50-148.55)/10 }l by 

88.15 {75.90-96.60)/10}1 in the 1arger and 98.55 (82.80-117.50)/10 p by 

68.48 (62.l0-75.90)/10p in the sma11er. 

Adul t lvia.le.-
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Length 2.05 {1.88-2.18)/4 mm. Wings (Fig. 9I) 0.99 (0.95-1.07)/4 mm. 
by 0.35 (0.32-0.36)/4 mm. 

Color as in female. 

Antenna (Fig. 9G) with AR l.Ol (0.97-1.08)/4. Maxillary palp 

(Fig. 9H) distinctly five-segmented, PR 5.50 (5.06-5.50)/4. 

Thorax with color of legs as in female. TR 0.96 (0.85-1.08)/4 

in fore leg, 0.75 (0.72-0.78)/4 in middle leg and 0.71 (0.67-0.74)/4 

in hind leg; apical tibial comb with eight or nine bristles. 

Wings (Fig. 9I) with CR 0.45 (0.42-0.45)/4. Venation: vLR 

1.15 (1.11-1.14): l: 1.89 (1.86-1.96)/4; rs/rr 1.59 (1.59-1.82)/4; 

first radial cell obliterated, second radial cell moderately wide, 

0.92 (0.85-1.20)/4 times longer than first (Fig. 9J); fmcu under slightly 

beyond tip of costa. 

Abdomen light brown with genitalia darker brown. Genitalia 

(Fig. 9L): sternite 9 about half as long as wide (0.45 (0.40-0.54): 1/4); 

tergite 9 more than half as long as wide (0.62 (0.56-0.69): 1/4). 

Basimeres large, broa.d, about twice as long as wide (1.98 (1.87-2.10): l/4); 

telomeres 0.82 (0.77-0.88): l/4 times shorter than basimeres, gradually 

tapering to curved na.rrow pointed tip and 5.58 {5.59-5.92)/4 times as 

long as wide. Aedea.gus shield-shaped, large, length at base shorter 

than width (0.67 (0.65-0.69): l/4) and bearing at apex a median sharp 



point; claspettes '\videly separated at base, basal arros bearing 

apically a backwardly-directed process reaching to tip o~ basimeres. 

:Iolotype (~ourth instar larva) .- Collected under decaying leaves 

in Septenfuer, 1961, at Wallace Way, Singapore. Deposited in 

Lyman Entomological I:luseu.m. 

Paratypes.- 19 larvae, 8 pupae, r.J.any males and ~emles in personal 

collections. Oo1lected from s~~e 1ocalit~ and habitat. 

Porcipomyia (Forcipomyia) bipunctata:J?ropingua CI:W'J NEW SP.C:CIES 

L~.-

Length of full grown fourth instar (Fig. lOA) 4.26 + 0.55 mm. 

Oolor in life whitish yellow. 

Head yellowish brown; eyes, antennae ana setae as in Fig. lOB. 

HR 1.71 .± 0.04; lŒ 2.59 :1:, 0.25; qt/ts/sq in proportion of 1.74 + 0.15: 
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1.90 .± 0.20: 1; tt/ant 0.46 .± 0.02; qq/eyes 0.25 ~ 0.02; qq/ss 0.24 .± 0.01. 

Prothoracic a and b setae with filament and tubercle in proportion 

of 8.22 ± 0.57 and 12.89 .± 0.48 respective1y; prothoracic pseudopod 

(Fig. lOC) bifid, with length, width and depth in proportion of 

2.61 ± 0.24: 1.85 .± 0.18: 1 and bearing on apex of each branch six 

black, bacbrard-directed hooks and three weak central cnes. 

Chaetotar.r on abdominal segments 1-7 similar (Fig. lOA) and that 

on segments 9 and 8 as figured (Fi,§;. lOA, Fig. lOD). Anal pseudopod 

(Fig. lOD) armed vnth two rows of four hooks each on either side of 

median line; anal blood gills two, bi1obed; oauda short, conical. 

In full-grown larva near pupation, abdominal segments 1-8 bear a 

transverse cuticular bar connecting the bases of the ~ hairs. 

Outicular armature confined to dorsum and dorsal half of pleura 



Fig. 10. Forcipomyia (Forcipomyia) bipunctatapropingua a. sp. 

A-D, Fourth-instar larva: 

A, Larva, lateral view 

B, Head 
c, Anterior pseudopod 

D, Anal pseudopod 

E-F, Pupa: 

E, Pupa, dorsal view 

F, Prothoracic horn 
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consisting or minute hooks; ventral integument smooth. 

Pupa.-

Length 2.29 .± 0.21 mm. in female and 2.48 .:!. 0.17 mm. in male. 

Col or as in larve. but de.rk brown just prior to emergence of a.d.ul t. 

Head sclerites devoid of tubercles. Cephalothorax 1.71 .:!. 0.08 

times lor:a.e;er than its gree.test width in female and 1.81 ± 0.07 in 

male. Head to thorax 0.25 .:!:. 0.05: l in dorsal aspect and 0.45 .!:. 0.05: 

l in ventral aspect in f'ema.le and respectively 0.27 + 0.05 : l and 0.45 .±. 

0.05 : l in male. 

Thoracic dorsum with three pairs long, te.pering tubercles and 

two pairs rudimenta.ry (Fig. lOE), the a.nterior pair or long tubercles 

with short sete.e at apex. Prothoracic hom (Fig. lOF) knob-like, 

smooth, with short stem and bearing 20.5 (17-25) and 22.55 (17-29) 

spiracular papillae in female and male respectively in a row curving 

along posterior. side;hom length to width 2.14.:!. 0.19: l in f'emale 

and 2.50 .:!. 0.15: l in male; tracheallength about equal to hom 

length in both sexes, 1.00 .±. 0.05 in female and 0.98 .±. 0.05 in male. 

Abdominal segments l-4 with two pairs of tubercles on dorsum, 

posterior pair setigerous, setae directed posteriorly; segments 5-7 

with single pair of setigerous tubercles, setae direoted anteriorly, 

and with a median pair of f'aint cuticular markings, suggesting 

rudimenta.ry tubercles; segment 8 with single medial and paired dorsa

lateral cuticular markings and segment 9 with pa.ired tubercles, at 

extremi ty just anterior to base of' terminal processes, which are 

closely a.pproximated in male and wider apart in female. Male 

sexual processes dorsal, short. Terminal processes with length, wi''th, 
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and depth in proportion of 2.19 .±. 0.75: 1 : 1.02 .±. 0.55 in f'emale 

and 5.55 .±. 0.25: 1 : 1.07 .±. 0.09 in male. 

Cuticular armature finely shagreened. 

Aa.ul t Female.-

Length 2.12 .±. 0.14 mm. Wing (Fig. llO) 1.07 .:t 0.08 mm. by 

0.47 .±. 0.04 mm. 

Head wi.th mouthparts and antennae brown; eyes dark, oontiguous. 

Ma.xillary palp (Fig. llB) atout, with third segment bearing large, deep, 

oonioal sensory pit at proximal third of segment; P.R 2.45 .:t 0.12. 

Antenna (Fig. UA) wi.th segments 5-9 pyriform and segments 10-14 

ta.pering; AR 0.74 .±. 0.02. 

Thorax brown with mesonotum and soutellllm (Fig. llF) shining and 

bearing numerous long ereot dark bristles and short subereot yellowish 

hairs. Postsoutellum and pleura shining brown; humeri and region 

around and ventral to wing base yellow. Legs brown wi th knee, basal 

half of femur and tip of tibia yellowish; mid and hind tibiae with row 

of lanoeolate brown saales on hind margin; TR 1.45 .:t 0.05 in fore leg, 

1.17 .±. 0.08 in middle leg and 1.11 .:t 0.05 in hind leg; apical tibial 

comb wi.th 8.2 (8-9) bristles. 

Wings brown, with veins darker brown, very densely covered with 

long, brown ma.crotrichiae; two prominent yellow costal spots, covered 

with yellow hairs, one at wing base before humeral vein, and the other 

covering end of second radial cell; CR 0.44 ±. 0.02. Venation: vLR 

1.16 + 0.02: 1 : 1.87 ±. 0.12; rs/Z'J. 1.54 ±. 0.08; first radial oell 

completely obliterated, second radial oell narrow, elliptical, about 

as long as first (1.02 ±. 0.19: 1) (Fig. llD); m314 about twice length 
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Fig. 11. Forcipomyia (Forcipomyia) bipunctatapropingua n. sp. 

A-G, Adult female: 
A, Antenna 
B, Maxillary palp 
c, Wing 
D, Anterior vdng venation 
E, Hind tibial comb 
F, Scutellum 
G, Spermathecae 

R-N, Adult male: 
R, Antenna 
I, Maxillary palp 
J, Wing 
K, Anterior wing venation 
L, Hind tibial comb 

M, Scutellum 
N, Genitalia 
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of cul (1.90 ~ 0.15: 1); fmcu under about middle of second radial 

ce11 (Fig. 110). Halteres ye1lowish white with stems s1ight1y 

infuscated. 

Abdomen brown, covered with brown hairs; cerci and middle of 

ventral scleri tes ye11ow, pleura of first abdominal segment also 

ye11ow. Spermatheca.e (Fig. llG) two, oval, subequal, mea.suring 

73.85 ~ 8.16 p. x 44.51 ~ 5.45 J.l and 80.04 ~ 7.46 p x 44.51 ~ 2.12 Jl· 

Adl,llt lvlale.-

Length 2.46 ~ 0.21 mm. Wing (Fig. 11 J) 1.18 ~ 0.06 x 0.41 .±. 

0.05 mm. Color as in fema1e. 
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Head brown. Antenne. (Fig. llH) with da.rk brown hairs, plume 

reaching to end of segment 15; AR 1.10 .±. 0.07. Jiaxilla.ry palp (Fig. 11I) 

slender wi th segment 5 bea.ring sha.l1ow, smaJ.l sensory pit at basal 

third; PR 5.52 .±. 0.15. 

Thorax with scute11um bearing bristles as shown (Fig. llM). Legs 

brown, with only knees and tips of tibia ye1lowish; TR 1.29.:!:. 0.05 in 

fore leg, 1.01 .±. 0.05 in middle 1eg and 1.00 .±. 0.05 in hind 1eg; 

apical tibial comb (Fig. 11L) with 9.1 (9-10) bristles. 

Wings as in f'emale; CR 0.45 .:t 0.01. Vene.tion: vLR 1.11 + 

0.04: 1: 1.82 .±. 0.07; rs/~ 1.65.:!:. 0.12; first radial cell obliterated, 

second radial cell elliptica1, about as long as first (0.95 + 0.10: 1) 

(Fig. llK); fmcu under about tip of costa. (Fig. llJ). 

Abdomen with dorsal and ventral sclerites brown and pleura 

yellowish white; dorsal sclerities with thin median longitudinal streak 

of whitish yellow running from first segment to about seventh where it 

disappea.rs; two longitudinal yellowish-white bands running on ventral 



sclerites of segments l-5. 

Genitalia (Fig. lUT): sternite 9 about half as long as wide 

(0.46 ± 0.05: 1), tergite 9 also about half as long as wide (0.48 ± 

0.07: 1). Parameres with basimeres broad basally, gradually tapering 

to narrow distal end, about twice as long as wide (2. 21 ± 0.07: l), and 

telomeres ~ times as long as wide (5.47 + 0.51: l); telomeres slends-

wi th curved tips and about 0. 8 times as long as basimeres (o. 81 + 0. 05: l) • 

,4edeagus shield-shaped, about O. 7 times as long as width at base ( 0.67 ± 

0.15: l); basal arch very shallow; apex bipartite, parts closely 

approximated and appearing as bbmtly pointed, tip bearing a filamentous 

long process which is easily broken off. Claspettes widely separated 

at base, basal union a narrow sclerotized band, claspette processes broad 

at anterior half and filifonn at posterior half, reaching to beyond ends 

of cerci and before ends of basimeres. 

Holotype i,fourth instar larva): Collected in June 1965 under dry cowdung 

heaps at Morgan Arboretum, Macdonald College, Quebec, Canada. Deposited 

in Lyman Entomological Museum, Macdonald College. 

Paratypes: Collected from the seme habitat. :Many larvae, pupae, 

and females,associated pupal exuviae in personal collections. 

males 

This species is very close to bipun.ctat~Linnaeus) (1767) but 

differs from the latter in that the larva possesses on its anal pseudopod 

four hooks on either side of the median line vr.ithout the additional pair 

of"small hooks in the middle", all these hooks being directed forward 

and not backward as described by Saunders (1924). The larva is also 

different from that of bipunctata in having three weak central hooklets 

on each branch of the bifid prothoracic pseudopod instead of just "two 



weak central ones" as described by Saunders (1924). The genitalia are 

also different in that they have a long f'ilamentous process at the apex 

of' the aedeagus, which, however, is easi1y broken. 

Forcipomrla (Forcipomyia) intonsa CJiAN I'fl!.'W SP.Em:ES 

Larva.-

Length of' third instar larva 2. 61 mm. Color in 1if'e pale brown 

with head and setae of' dark brown. 
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Head wi th chaet otaxy as shawn (Fig. 12A); setae ,)2, .9., _ê., ! and .:!:! 

spiny. BR 1.54; AR 2.55; qt/ts/sq in proportion of 1.58: 1.71: 1; tt/ant 

0.45; qq/eyes 0.28; qq/ss 0.27. 

Prothorax bears a pair of typical hygroscopie spear-shaped~ setae 

and six other pairs of setae; ]2, and S! setaes joined at base; setae ]2,, E. 

and d spiny and atout; ~ and f_ smooth, long; h (?) setae paired, minute 

and one minute pair of setae on one side of prothoracic pseudopod. 

Prothoracic pseudopod (Fig. 12D) divided medially at about 2/5 its length 

from base, each lobe bearing on inner side f'ive hooklets; length, width 

and depth in proportion of' 1.58: 0.86: l. Mesa- and meta-thorax 

basically similar in chaetotaxy to prothorax, with eight pairs of' setae, 

one minute pair wi th paired seta.e. 

Abdominal segments l-7 similar in chaetotaxy, with nine pairs of 

setae (Fig. 120); segments 8 and 9 with chaetotaxy as shawn (Fig. 12B). 

Posterior pseudopod (Fig. 12E) with transverse ridge bearing two rows of 

hooks, anterior row vvith eight hooks and posterior row with 10 hooks. 

Outicular armature comprised of' minute spines (Figs. 12, 3,0). 

Pupa .-

Length 5.06 mm. in f'emale and 5.05 mm. in male. Oolor pale orange, 



Fig. 12. Forcipomyia (Forciporoa) intonsa n. sp. 

A-E, Third-instar larva: 
A, Head 
B, Last two segments 
c, Third abdominal segment 

D, Prothoracic pseudopod 
E, Anal pseudopod 

F-G, Pu pa: 

F, Pu pa, dorsal view 

G, Pu pa, lateral view 
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darker orange on thorax, and dark just prior to adult emergence. 

Median head scleri te wi th a. small median tubercle; lateral 

scleri tes each wi th a set a te tubercle, the antero-dorsal tubercle. 

On the postero-ventra.l region of each side of the head near the mid-line 

is a pair ~ minute setae, the ventro-median tubercles; the ventro

lateral tubercles are absent. Cephalothorax 2.02 times its greatest 

width in female and 1.96 in male. Ratio of length of head to thorax 

O.M in ventral aspect and 0.20 in dorsal aspect in :f'emale end 

respective1y 0.35 and 0.22 in male. 

Thorax bearing five pairs of tubero1es with e1ongate setae 

(Fig. 12F ,G) and a median ridge (Fig. 12F). Prothoracic horn small, 

olub-shaped, bearing 18-22 spiracular pa.pilla.e curving up baek and over 

top in an 8-shape, 2.51 times as long as greatest width in female and 

2.56 in male; tracheal length in horn to horn length 0.85: 1 in female 

and 0.85: l in male. 

Abdominal segments l-7 with two pairs ~ tubercles on dorum, 

the dorso-median and the dorso-lateral (Fi,s. l2F). Segment 2 has, in 

addition, a pair of ventro-lateral tubercles (Fig. l2G) and segments 5-7 

have, in addition, to the ventro-lateral, a pair of ventro-median tubercl'es 

(Fig. 12G). Segments 8 and 9 do not bear tuberc1es. Terminal processes 

of last segment in both sexes e1ongate and tapering to pointed tip, those 

86 

of the male longer than those of the female; length, width and depth in 

proportion ~ 4.20: 1: 1.44 in female and 5.12: 1: 1.23 in male. Similar 

ratios for third abdominal segment 1: 1.84: 1. 74 in female and 1: 1.86: 1. 76 

in male. Sexual processes in male dorsal, small; length, width and depth 

in proportion of 3.25: 1.00: l. 



Pupa rete.ining larval exuviae in last six abdominal segments. 

Adult Fema.le.-

Length 2.45 nnn. Wing 1.40 x 0.56 nnn. 

Head and mouthparts unif'o:rmly dark brown; clypeus (Fig. l5C) with 

seven setae. 1:faxilla.ry palp (Fig. l5B) long, with segment 5 large, 

swollen, narrawed at apical quarter and bearing a deep sensory pore 
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with small opening; five segments in proportion of 12: 19.5: 39: 21.5: 10; 

PR 3.11. Antenna. (Fig. 15A) with scape and pedicel dark brown, basal 

flagellar segments short; segment 2-9 yellow brown and apical t'ive 

segments brown; AR 1.52; segments 2-14 in proportion of 15: 11;11.5: 

11.5: 11.5: 11.5: 11.5: 15: 28: 30: 28: 28.5: 36; segments 2-5 somewhat 

globula.r, as wide as long; segments 6-9 slightly longer than wide. 

Thorax uniformly dark brown; scutellum with 15 strong bristles. 

Legs with narrow scales on entire length, rnainly yellow brown, with da.rk 

brown bands at distal and proximal ends of femur and tibia respectively 

on both middle and hind legs, occupying about distal ha.lf' of femur and 

proximal one-eighth of tibia of middle; claws slender, empodia thick; 

TR 0.70 in fore leg, 0.44 in middle and 0.52 in hind leg; leg segments 

except for basal two in proportion of llO: 125: 38: 54: 27: 21.5: 17 în 

fore leg, 155: 160: 61: 50: 24: 18 in middle, and 144: 152: 55.5: 68: 54: 

27: 19 in hind leg. 

Wing brown, costa and radius da.rker brown, with black scales and 

ha.irs. CR 0.54. Venation: rs/r1 2.08; first radial cell slit-like, 

almost obliterated, second radial cell rather long, narrow, longer than 

first (1.91: 1); fmcu just under end of first radial cell; m5+4icu1 2.00. 

Halteres yellow. 



Fig. 13. Forcipomyta {Forcipomlia) intonsa n. sp. 

A-F, Adult f'emale: 
A, Antenna 

B, Maxillary palp 
c, Clypeus 

D, Anterior wing venation 

E, Hind tibial comb 

F, Spermathecae 

G-M, Adult male: 

G, Antenna 

I:I, Maxillary palp 

I, Clypeus 

J, Wing 

K, An teri or wing venation 

L, Scutellum 

M, Genitalia 
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Abdomen dark brown; tergites and pleural membranes with dark brown, 

na.rrow scales, sternites with da.rk brown hairs and na.rrow scales; cerci 

yellow brown. Spermathecae two, aval, subequal, brown, 79.51 x 55.17 p 

and 72.41 x 55.17 ,;u, with na.rrow necks and short sclerotized ducts. 

Adult Male.-

Length 2.59 mm. Wings 1.42 x 0.44 mm. 

Head inc1uding mouthparts dark brown; clypeus (?ig. 151) with saven 

setae; proboscis about as 1onp: as head capsule (O. 95: 1), 11a.xilla.ry palp 

(Fit:;. 15H) rather slender, segment 5 swollen in middle and bea.ring deep 

sensory pore wi th very small opening, length of segments in proportion o~ 

8: 15: 29: 15: 10; PR 5.89. Antenna (Fig. 15G) with pedicel da.rk brown, 

ether segments including plume 1ighter brown; segments 2-14 in proportion 

of 25: 14: 14: 14: 14: 15.5: 15.5: 14: 16: 52: 54: 29: 52; AR 1.19. 

Thorax unif'ormly brown; scutellum (Fig. 15L) with 12 strong 

brist1es in posterior rœ. Legs with coloration generally similar to 

those of female but middle femoral preapical da.rk brown bands smaller, 

and middle a:tfl hind tibiae with sub-basal, small brown bands, sometimes 

obscure; c1aws large, slender, and strong1y curved.; empodia moderately 

large; TR 0.56 in fore leg, 0.54 in middle leg and 0.40 in hind leg. 

Wings brown with grey hairs. CR 0.47-0.54. Venation: vLR 1.09: 

1: 1.56; rs/T! 1.48; first radial oell obliterated, second radial oell 

sma.ll, rather wide, shorter than f'irst (0.69: 1); f'mou under about 

middle of second radial cell; ms+4/cu1 2.42. &l.lteres pale brown. 

Abdomen da.rk brown, with intersegmental yellow bands and basal 

tergites with median broad ye1low stripe and bea.ring narrow scales. 

Genitalia (Fig. 15M) entirely dark brown; sternite 9 0.46 times as long 

as its greatest width, tergite 9 0.54 times as long as its ·,vidth. 



Parameres with basimeres short and wide, about twice as long as wide 

(2.09: 1), and telomeres boa.t-sha.ped, curved a.t pointed tip, gradual.ly 

ta.pering from broa.d base to tip, 5.45 times as long as greatest width. 

Telomeres shorter than basimeres (0.84: 1). Aedeagus shield-shaped, 

longer tha.n wide (1.15: l), mesal point bluntly pointed, basal arms 

rather slender, produced latera.lly. Cla.spettes rather widely 

separated at base, wi th basal union short, ex.tending and connecting 

posteriorly with cla.spette processes which are about as long as their 

common union from the basal union and which rea.ch to slightly beyond 

tip of cerci. 

Holotype (pupa) .- Collected from mosses, liverworts a:n:'o bluegre~ algae 

on claybank at Wallace Way, Singa.pore in May 1962. Deposited in Lyman 

Entomological :MUseum, Macdonald Col lege, Quebec. 

Paratypes.- Collected from same locality and habitat as holotype; 

17 larvae, 4 females, 9 males and 14 associated pupal exuviae in 

personal collections. 

This species is distinct from all other species described in 
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the very long thoracic processes of the pupa. The male genitalia are 

typical of the subgenus, thus offering no really good taxonomie ch.aracter. 

They resemble closest those of e~ki~ Tokunaga (1940) and flavitibialis 

Tokune.ga and. 11urachi (1959), among a host of other species with similar 

types of claspettes and aedeagus. It however differa from esakiana 

in tht:: lmer palpal ratio of the female (5.1 against 2.0) and in other 

minor cha.racters. In the male, its hind TR is smaller tha.n that of 

esakiana (0.40 to 0.44). 

It also differa from flavitibialis,in the female, in the narrower 



third palpal segment and in the much longer fourth, and in the smaller 

AR (1.52 to 1.83), and in the male, in the smaller hind TR (0.40 to 

0.47), the slig;htly curved basal a.rms of the aedea[;US and the straight 

tips of the claspette processes. In flavitibialis the basal a.rms of 

the aedeagus are straight and the tips of the claspette processes 

slightly outward-turning. 

Forcipomyia (Forcipomyia) swezeyanaadfinis CHAN NEW SPECIES 

Larva.-

Length of full-grown fourth instar larva 2.58 mm. Color whitish 

with gut contents dark. 

Head brown; eyes, antennae and setae as figured (Fig. 14B). HR 

1.84; AR 2.17; pq/qs/sp 1.46: 0.71: 1; tt/ant 0.57; qq/eyes 0.27; 

qq/ss 0.23. 

Prothoracic a and b setae with filament and tubercle in 

proportion of 10.8 and 9.8 respectively; prothoracic pseudopod bifid, 

>'Vith length, width and depth in proportion of 1.67: 1.33: 1 and bearing 

on apex of each branch six black hooks. 
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Chaetotaxy on abdominal segments 1-7 si~ilar (Fig. 14D), that on 

segments 8 and 9 as figured (Figs. 14A, 14E). Anal pseudopod (Fig. 14E) 

armed with two rows of four hooks each on e ither si de of median line; 

anal b1ood gills two, each unequally bilobed. 

Cuticular armature confined to dorsum (Fig. 14D), consisting of 

minute, scales; ventral integu.•·nent smooth. 

ln i'ull-grown larva near pupation, abdominal segments l-8 

develop a transverse cuticular bar conne 

Pu. pa (Eale ) • -

the bases of the a hairs. 

length 2.40-2.45 mm. Color as in larva but dark just prior to 



Fig. 14. Forcipomyia (Forcipomyia) swezeyanaadfinis n. sp. 

A-E, Fourth-instar larva: 
A, Larva, lateral view 
B, Head 
c, Prothoracic pseudopod 
D, Third abdominal segment 
E, Anal pseudo pod 

F, Pu pa: Dorsal view 



1 

~ A_'~') 
~/ 

.. / ,__ , 

92 

Fig. 14 

A 
-~-;;·~ . ' .. ' 



emergence of adult. La.rval exuviae retained in last segments. 

1~dian head sclerite with low tuberole and lateral sclerites each 

~'ith an elongate tubercle (Fig. 14F). Cephalothorax 1.80-1.97 times 

longer than its greatest width. Ratio of head to thorax 0.21 in 

dorsal aspect and 0.37 in ventral aspect. 

Thorax with five pairs of tubercles on dorsum (Fig. 14F), 

anterior two pairs bearing seta on short tubercle, last pair 

rudimenta.ry and third and fourth pairs elongate, l'li thout setae. 

Prothoracic horn club-shaped, twice as long as wide (1.92-2.00: 1), 

and bearing about 12 spiracular papil1ae along posterior 

Abdominal segments 2-5 and 6 and 7 with similar chaetotaxy 

arrangement on dorsum (Fig. 14F); segment 8 with three cuticular 

markings, only on d.orsum, 1'li thout tubercles. Segments 3-8 each with 

two pairs of tubercles on ventral surface. Terminal processes 

J&losely approximated, vfith length, width and d.epth in proportion of 

4.22: 1: 1.22; sexual processes in male dorsal, short ~~d simi1ar 

ratios in proportion of 1.22: 1.q2: 1. 

Cuticular armature finely shagreened, composed of short 1 minute 

aetae. 

Adult Female .

I.ength 1.70 mm. (Fig. 150) 0.79 x 0.35 mm. Color brown 

vrith head and thorax darker brown. 

Head with antenna and mouthparts brovm; eyes black, contiguous. 

14axillar~r palp (Fig. 15B) short, with third segment bearing 1ar ge, 

moderately deep sensory pit in middle; PR 1.90. .t"mtenna (Fig. 15A) 

with segments 2-9 pyriform and segments 10-14 L~radually e 

last segment longest; .AR 0.82. 
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Fig. 15. Forcipomyia (Forcipomyia) swezeyanaadfinis n. sp. 

A-G, Adult female: 

A, Antenna 

B, Maxillary palp 

c, Wing 

D, Anterior wing venation 

E, Hind tibial comb 

F, Scutellum 

G, Spermathecae 

H-M, Adult male: 

H, Antenna 

I, Maxillary palp 

J, Wing 

K, Anterior wing venation 

L, Scutellum 

M, Genitalia 
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Thorax brown with scutellum da.rker brown and be.a.ring setae as 

a.rranged in • l5F. Ler~s brown, with base of femur, femo-tibial joints 

of all legs and distal end of tibia of hind leg pale; fore TR 1.35, mid 

TR 0.92, hind TR 0.90; apical tibial comb with eight bristles. 

Wings brown, covered densely vl'ith brown hairs. CR 0.42. Venation: 

vLR in proportion of 1.20: 1: 2.00; rs/r1 1.55; first radial cell 

obliterated, second radial cell narrow, shorter than first (0.65: 1) 

(F'ig. 15D); fmcu ending just under before tip of costa; m3t4f'ou1 1.98. 

Halte res brovm. 

Abdomen, incluè.ing cerci, brown, covered with brow:n hairs. 

Spermathecae (l''ig. l5G) two, subequa.l, vl'ith very narrow ducts, 48.3 x 

31 p, and 41.4 x 31.1 p. 

Adult l:Iale.-

Lenzth 1.88 :mm. Wing (Fig. 15J) 0.90 x 0.45 :mm. Color as in 

fema1e. 

IJ.ead brovm, vlith a..'1tennae and mouthpa.rts brown; e;y-es dark, contie.;uous. 

A:ntenna (Fig. 15H) with da.rk brcmn hairs; AR 1.02. Kaxilla.ry palp 

(Fig. 15I) s1ender, with third segment long and bea.ring large, sha.llow, 

sensory pit in rridd1e; PR 2.80. 

Thorax with scutellurn bearinc bristles as shawn (Fig. 151). Col or 

of legs as in female; fore TR 1.19, mid TR 0.71, hind TR 0.67; apical 

tibial comb with eight bristles. 

Wings with CR 0.41. Venation: vLR 1.18: 1: 2.00; rs/r1 1.61; 

first radial cell obliterated, second radial cell srnall, rather narrow, 

about equal in length to first (0.93: l) (Fig. 15K); frncu under some 

distance beyond tip of costa. 

Abdomen brown, bread basally and tapering to small s~nitalia. 



Genitalia (Fig. 15111): sternite 9 about 0.4 times as lon;_; as wide 

(0.36: 1); tergite 9 two-fifths as long as wide (0.40: 1). Parameres 

with basimeres very slip~htly curved, about tvtice as long as wide 

(2.12: l) and telomeres shorter than basimeres (0.83: 1), almost 

strai~ht, curving at apex, and about six times as long as its 0reatest 

width at base (5.80: 1). Claspottcs very widely separated basall~r, 

basal union short, with claspette processes reaching to beyond of 

cerci, b/c/b 2.83: 1: 2.83. 

l1olotype (fourth instar larva).- Collected bstween bark and wood 

of decaying tapioca (:Manihot u-l:;ilissima Pohl) ster;1, at Wallace Yiay, 

Singapore, 1963. 

Paratypes .- Collected from sare locality and habitat as holot;;,rpe; 

4 fenales, 30 males, 4 pupae and 33 pupal exuviao, in personal 

collections. 

This species is very close to Forcipomyia (Forcipomyia) swezeyana 

Tokuna;;a (, I.~u.rachi (1959), but c.liffers from the latter in the 

followinc points: (i) the ~ setae of the larva are not joined to the 

~ setae, (ii) the larval anterior pseudopod bears six hooklets instead 

of 16 on each of' the bifid branches, (iii) pupal abdominal s 

·Hith four pairs, instead of five, of large tubercles, (iv) the male 

genitalia with distinct basal union instead of an indistinct one, (v) 

the basimeres are unifor:mly cylindrical and much narrovier instead of 

broad basally and narr~N distally and wide. 

Forcipomyia (Forcipom;rî;a) securis CHAJ:J NEW SPECIES 

Larva.-

length of full-grown fourth instar 3.44 m.rn. Color pale yellow 
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vdth gut contents brown. 

Head light brovm, with mouthparts dark; eycs, antennae and setae 

as in Fig. 16B. E. and .9:. setae lanceolate, othern simple; ER 1. 76; 

AR 3.10; qt/ts/sq in proportion of 1.61: 2.00: 1; tt/ant 0.44; 

qq/eyes 0.26; qq/ss 0.25. 

Prothoracic ~ sctae sword-shaped, .!::_ setae sim.ple, curved, with 

anterior side frin[;ed; prothoracic pseudopod bifid from about middle 

to apex and bearint; on apex of each ~ranch eight (5 stronger, curïred, 

and 3 weak3r, less curved) black hooks (fig. 160). 

Chaetotaxy on abdominal segments 1-7 similar (Fig. l6A), tha.t on 

se&ment 8 and 9 as figured (Fig. l6A). Anal pseudopod (Fis• l6D) 

armed with two rows of four curved hooks ea.ch on either side of median 

line; anal blood gills two, bilobed; cauda short, bluntl~r pointed. 

Cuticular armature confined to dorsum, scale-lilce; ven·cral 

inte i:JUment smooth. 

In full-grown fourth instar near pupation, abà.onùnal segments 1-8 

be ar a transv8rse cuticula.r bar connectint; the bases of tl:c a hairs. 

Pupa.-

Len[th 2.48m.l11. in male and 2.40 mm. in i'emale. Col or as ~-n larva 

but ciark just prior to emergence of adult. .:.:xuviae oclu-eous, ',}it~ 

prothoracic horn brown. Larval exuviae retained in last four segments. 

Head sclerites without tubercles. Cephalothorax 1.53 times 

longer than its greatest width in female and 1. 70 in male. Ratio of 

head length to thorax leng;th 0.44 in ventral aspect e..nd 0.20 in dorsal 

aspect in fem~}e and r~cpecthrcl:r 0.45 and 0.20 in ::na.le. 

Thorax vii th six pairs of tubercles on dorsum (Fig. 16:~), anterior 
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Fig. 16. Forcipomyia (Forcipomyia) securis n. sp. 

A-D, Fourth-instar larva: 

A, Larva, lateral view 
B, Head 
C, Prothoracic pseudopod 
D, Anal pseudopod 

E, Pupa: dorsal view 

a, Fifth abdominal segment, ventral view 
b, Eigth abdominal segment, ventral view 
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two pairs setigerous. Prothoracic horn axe-shaped, about three times as 

long as wide (3.13: 1 in female and 3.63: l in male). and bearing 17-18 

spiracular papillae along curved 2osterior edce. 

Abdominal segments 1-4 Tlith three pairs of tubercles on dorsum 

(J:'i.;. 16E); se 5-7 with two pairs of tubercles on dorsun and a 

median pair of cuticular markings; se s 3-7 similar in cha.etota.xy 
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ventrally, wi th three of minute lateral setae and one pair of minute 

latero-ventral and one pair of minute ventral tubercles (Fit;. l6E, a); 

segment 8 similar to se s 3-7 but ·with only one pair lateral tubercles 

(l:'ig. 16E, b). Terminal processes closelyapproximated in male, 

diverGent in female, vlith length, width and depth in proportion of 1.92: 

2.16: 1 in female and 3.33: 0.92: 1 in rr.ale. I.Œa.le sexual processes 

dorsal 1 short, with 1ength, Yvidth and depth in proportion of 1.04: 1.18: 1. 

Cuticular armature finely shagreened, composed of short, minute setae. 

Adult Female .

Length 1.49 nun. (li'ig. l7B) 0.81 x 0.36 mm. Color brown. 

ff..ead wi th eyes dark and antennae and. mouthparts brown. Eaxillary 

palp (:B'ig. 17D) rather slender, with segment 3 lone; and be shallow 

sonsory pit in middle of basal third portion; PR 2.33. Anterma (l•'ig. 17A) 

with s 2-9 flask-shaped and segments 10-13 longer, also flask-

d and se 14 distinctl~r lonu~r than the rest; A;.':{ 0.51. 

Thorax dark brown with scutellum bearin~; e 

caudal margin (Fig. 17F). Legs broi'Vn, vd 

strong bristles in 

TH of fore leg 1.13, 

leg 0.76 and hind le 0.30; tibial comb nith e bristle s. 

Wi:ngs brœm, vovered with dense brCYIIill hairs; CR 0.41. Venation: 

vLH. 1.22: 1: 2.33; rs/rl 1.60; first radial cell d, second 

radial ce 11 short, rather wide, lont;:~r th~m first (1,.26: l) (Fig. 17C); 



Fig. 17. Forcipomyia (Forcipomyia) securis n. sp. 

A-G, Adult female: 

A, Antenna 

B, Wing 

c, Anterior wing venation 

D, Maxillary palp 

E, Hind tibial comb 

F, Scutellum 

G, Spermathecae 

H-M, Adult male: 

H, Antenna 

I, .M.axillary palp 

J, Wing 

tC, Anterior venation of wing 

L, Seutellum, 

H, Genitalia 
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m3+~cu1 1.95; fmcu under about end of costa. 

Abdomen brovm, covered with brown hairs. Spermathecae (Fig. 17G) 

two, subequal, without necks, 1'1ith Very narrow ducts, and measuring 

69 x 58.65 p and 62.1 x 55.2 p. 

Adu1t lfill.le .-
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Length 1.77 :m:m. Wing (I<,ig. 17J) 0.98 mm. by 0.33 mm. Color brown. 

ne ad wi th eyes dark, pedicels dark brown and antennae and mouthparts 

lighter brown. Antenna (Fig. 17H) vdth plume brown, .t-'llè 1.16. Laxillary 

(l"ig. 17I) long, slender, with third se long and small 

sensor~r in middle of swollen basal third portion; PR 3.13. 

Thorax dark brown, with scute llum bearing eight stronz bristles 

171). gs pale brovm, jcibiae bearing hairs; TR 1.00 in 

fore leg, 0.63 in middle leg and o. 70 in hind leg; apical tibial comb 

bearing nine bristles. 

Wings brown, densely covered with brown hairs and be three 

black s as shown in Fig. 17J; CR 0.40. Venation: vLR 1.10: 1: 1.90; 

rs/r1 1.46; first radial cell obliterated, second radial cell smull, 

noderate1y wide, longer than first (1.29: 1) • 17K); fmcu under 

slig:ht 

Abdomen pale brown. Genitalia • 171..>1): sternite 9 about half a.s 

long; as wide (0.51: 1); terg;ite 9 about three-quarters as as wide 

(o. 77: 1). Parameres vii th basimeres long;, about times as lon~; as 

width at base (2.56: 1). gradually from base t o tip; telomeres 

curved inwards a-t.:; middle and at distal end, shorter than basimeres 

(0.68: 1) and about six times as as wiéith o.t base (6.22: 1). 



.Aedeagus shield-shaped, with mesal point bluntly pointed and basal arms 

curving backwards at distal ends. Claspettes widely separated at base 

and bearinr; at ends backward-directed claspette processes reaching to 

about end of basimeres. 

102 

11olotype (pupa) .- Collected from decayinr:; wood at base of a fallen 

rotting fit; tree at Wallace ·Hay, Singapore in 1962. Deposited in the 

Lyman Entomological I!luseum~ hacdonald College, Q.uebec, Canada. 

Paratyp;: s.- Collected from sruoo habitat and localit;<r as holotype; 

11 larvae, 9 fe males, 12 males a.'1d 11 as s ociated pupal exuviae 1 in 

personal collections. 

This speci~s, ins structure of male genitalia and in female hind 

TJ{, is close to Forciponyia (Forcipomyia) ~ Johannsen (1932) from Java. 

Johannsen 1 s (1932) original description of mira is insufficie.ntly 

quantitati-ve to make adequate comparisons betvreen the t1Yo cies. Hovrever, 

this species differs from nira in the ll!tJ.Ch smaller il'R. of the female (0.51 

against 1.14), and in the narrower aedeagus in the male. The male 

cenitalia also diff'er from those of mira in that the cla.spette processes 

have outward-turnin0; tips instead of strait;ht onet• Eü'ld the basimeres are 

broad basally, tapering to narrov.r distal ends instead of roughly uniformly 

cylindrical, and the telomeres are curved apically instee.d of roughly 

straight. 

Since larval habitat is often very specifie, the presence of mira 

larvae in tree sap and those of this species in decs.ying wood, furnishes 

an ecolot;ical distinction between the two cies. 

Other Species.-

This subgenus is very >üdespread. and contains the great majority 



of the Foroipomyiinae. Although a considerable number of species 

descriptions attributable to this subgenus are found in the literature, 

only those species from which immature stages have been described are 

listed here. These inc1ude: 

bipunctata Linnaeus (176~); B,yst. Nat., 12th ed., 2: 978; 
Wirth (1952), Univ.Calif. Publ. 
Entomol. _g: 134 
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braueri Wasmann (1895); Wien. Ent. Zeitg. 12: 277; 
Saunders (1924}, Parasito1ogy 16: 205 

brevipennis 1Uicquart (1826) Rec. Soc.Sci.Agr. Lille, p.l79 
Wirth (1952), Univ.Calif. Publ. Entomol. 
9: 131 

ciliata Winnertz (1852}; Linn. Ent. 6: 1-80; Saunders (1924), 
Parasito1ogy 16: 200 

cinctipes Coqui11et (1905); Journ.N.Y. Entomol. Soc. ~: 64; 
Wirth (1952), Uni v. Oa.lif. Publ. Entomo1. 
9: 128 

corticis Kieffer (1911); Bull. Soc. Metz. 27: 1-60; 
Saunders (1924), Parasito1of!,Y 16: 205 

nigra Winnertz (1852); Linn. Ent. 6: 1-80; Saunders (1924), 
Parasito1ogy 16: 197 

picea Winnertz (1852); Linn. Ent. 6: 1-80; Saunders (1924), 
Parasitology 16: 188 

;eu1chrithorax Ed.wards (1924); Parasito1ogy 16: 209; Saunders (1924), 
Parasito~ogy ~: 202 

raàicicola Edwa:rds (1924); Parasito1ogy 16: 208; Saunders (1924), 
Parasito1ogy 16: 195 

raleighi Macfie (1958); Pree. Roy. Entomol. Soc. London 7: 160; 
Saunders (1956), Can.J. Zoo1.-34: 660 

sgpamjpes Coqui11et (1902); Proc. U.S. N8.t. Mus. 25: 58; 
Wirth (1952), Univ. Calif'. Pub1. Entomo1. 
9: 156 

swezevana Tokunaga and Murachi ( 1959); Insect s of l:Iicrone si a 
12(5): 145 

texana Long (1902); Bio1.Bul1. 5: 10; Wirth (1952), Univ. Calif. 
Pub1. Entomo1. 9: 158 
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4. SUBGm:ros Xi-JIZOFORCIFOJI.!YIA J:.!"Eri SUBGENUS 

Subgenus type lerouxi new species 

I take great pleasure in naming this type species after 

Dr. E. J. Leroux. 

Subgenus Schizoforcipomyia C:a.AN ~'Œ.i 61JBGENUS 

Saunders (1956) has diagnosed larvae of Forcipomyia s. str. 

species e.s possessing anal pseudopode described as tt a transverse 

ridge bea.ring two rows of hooklets; rarely divided into two lobes, 

each hook-crowned", but in none of his species has he descrlbed a 

larva with the latter condition, i.e. with a divided anal pseudopod 

and figured the male genitalia of such a species. 

Larvae of a species having divided posterior pseudopod were 

collected under the bark of a rotten erect branch of an angsana tree. 

They resemble typical Forcipomyia s. str. larvae in most characters but 

differ in the presence of a secondary seta on the tubercle of the .E 

hairs on the head, the absence of the.! hairs, the longer, stouter 

b hairs of the body, and in the presence of four anal blood gills 

instead of two. In the adult male the claspettes are arch-like, 

resembling those of Proforcipomyia and lacking the backwardly directed 

claspette processes of Forcipamyia s. str. species. The aedeagus is 

V-shaped, joined only at the tip which bears two hooklets, a structure 

nmt seen elsewhere in the Forcipomyia although remotely resembling 

similar modifications in sorne Lasiohelea species. The male genitalia 

of this species are thus widely diîferent from those of the typical 

Forcipamria s. str. and inclusion of this species in Forcipomrta s. str • 

is unjustifiable. 

A new subgenus, Schizoforcipomrta ("schizo", Greek for "split" 
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referring to the larval posterior pseudopod)i is therefore ereoted to 

aocommodate the new species. 

Like Warmkea Saunders this subgenus apparently is a "young" 

offshoot from the parent stock of Forcipamyia. 

Dia.gnosis 

Larva.-

Large, about 5 m;r,. long when fully grown. Head large, hypog-
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nathous, profile smoothly rounded; .E hairs with seoondary seta on 

tubercle, .! hairs absent; antennae as in Forcipomyia s. str. but filament 

longer and more pointed. Body chaetae :many, fairly long; !:. hairs spear

shaped, not so rounded as in Forcipamyia s. str. but more like those of 

Proforcipomyia. Prothoracic pseudopod medially divided, each half 

again subdi vided but unequally and indistinctly, the larger outer 

quarter bearing a crown of hooklets on apex. Anal pseudopod bilobed, 

each lobe bearing eight hooks. Anal blood gills four, outer pair unequally 

bilobed. Cauda small, bluntly conical. 

Pupa.-

Length about 2.4 mm. Spiny with many tubercles, most bearing 

short seta at apex. Ls.rval exuviae retained in last few segr:1ents. 

Prothoracic homs thumb-shaped, short, with about 11 spiracular papillae 

curving across apex and posterior margin. 

dorsal, on last abdominal segment. 

Female.-

Male sexual processes small, 

Length about 1.5 mm. TR about 1.5 in fore leg, 0.8 in middle 

leg and 1.0 in hind leg. Palps relatively short but stout, third 

segment very broad, \'rith very deep, flask-shaped sensorium, fourth 



and :f'ifth segments distinct, :f'ifth longer; PR about 2. A:ntennae wi th 

basal :f'lagellar segments 2-9 longer than wide, bearing paired hyaline 

setae slightly shorter than respective segments; distal five flagellar 

segments except longest last segment about equal in length; AR about 1.0. 

Wings with CR about 0.6, first ra.dial cell completely obliterated, second 

radial cell small, moderately wide, about lt times as long as stem of 

first. Spermathecae two, almost equal, pyriform. 

Male.-

Length about 2 mm. TR about 1.2 in fore leg, 0.6 in middle leg 

and 0.8 in hind leg. Palps short, slender, third segment only slightly 

swollen, with rather shallow sensorium containing sessile sensilla. 

A:ntennae with basal flagellar segments 5-6 wider than long and segments 

7-10 longer than wide; distal four segments elongate with segment ll 

longest; AR about 1.1. Hypopygium with sternite 9 slightly more than 

half as long as wide, tergite 9 about half as long as wide; parameres 

wi th basimeres about lf times as long as wide and telomeres short er than 

basimeres, curved; aedeagus V-shaped, bearing outward-turning hooklets 

at tip; claspettes an arch, narrowly separated at base, with broad arms 

and union moderately thick, the latter less heavily sclerotized. 

The above diagnosis is preliminary and will be revised when other 

species are added to the subgenus . 

Forcipomyia (Schizoforcipomyia) lerouxi CHAN r;Eîi .::.PECIES 

Larve..-

Len.gth of full-grown fourth instar 2.94 mm. 

brown with intestins.l contents brown. 

Color in life yellow 

Head brown to dark brown; eyes small, disappearing; p, Sl and!. 
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hairs simple, long; ~ hair with secondary short sete. on tubercle; .! 

seta absent; antenna.e vri th filament long, taperir:tg, intermediate between 

those of Forcipomocia s. str. and ProforcipoffiY!a (Fig. 183). ER 1.60; 

OH/v 0.98; AR 5.89; qt/tu/uq 1.59: 1: 1.68; tt/ant 0.52; qq/eyes 0.55; 

qq/pp 0.50. 

10? 

Prothoracic ~ and ~ setae with filament and tubercle in proportion 

of 5.86: l and 20 : l respectively; prothoracic pseudopod vdth distal half 

bifid, and length, width and depth in proportion of 2. 24: 1. 71: 1 and 

bearing on apex of ea.ch branch five black hooks (Fig. 180). 

Abdominal chaetotaxy as illustrated (Fig. l8A), that of abdominal 

segments 1-7 sim:ilar. Anal pseudopod (Fig. 18D) divided into two lobes, 

each lobe bearing eight hooks; anal blood gills four, outer pair unequally 

bilobed. 

Cuticular armature confined to dorsum and dorsal half of pleura, 

consisting of sma.ll, short seta.e; ventral integument smooth. 

Puua (Female) .-

Length 2.58 m."!l. 

emergence of adult. 

Color as in larva but da.rk just prier to 

L:edian head solerite with three tuberc1es, median elongate, lateral 

rudimentary; lateral sc1erites each with an e1ongate tuberc1e bearing a 

short sete. at apex. Cephalothorax 1.71 times as long as its greatest 

width. Head length to thorax 1ength 0.17: 1 in dorsal aspect and 0.41: l 

in ventral aspect. 

Thorax bearing seven pairs elongate and two pairs rudimentary 

tubercles on dorsum (Fig. 18E) arranged in six tra..."l.sverse rows; elonr;ate 

tuberoles in first, third and fifth row each bearing a short seta. 



Fig. 18. Forcipomyia (Schizoforcipomyia) lerouxi n. sp. 

A-D, Fourth-instar larva: 

A, Larva, lateral view 

B, Head 

c, Prothoracic pseudopod 

D, Anal pseudopod 

E, Pupa: dorsal view 

a, Fifth abdominal segment, ventral view 

b, Seventh abdominal segment, ventral view 
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Prothoracic horn (Fig. l8E) club-shaped, short, with rem of about 

ll spiracular papillae curving around posterior edge; horn length to 

width 2.15: 1: ratio of tracheal length to horn length 0.79. 
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Abdominal segments 2-7 each with four pairs of tubercles on dorsum, 

arranged in two rows of two pairs per row, anterior row rudimentary and 

posterior row elongate, inner pair of which are non-setate and outer 

pair with short setae; segment 8 with two pairs rudimentary tubercles 

on dorsum; segment l with four pairs tubercles, two pairs rudimentary; 

segments 2 and 8 each with two pairs lateral tubercles and segments 5-7 each 

with three pairs; segments 5-8 each with two pairs of ventral tubercles. 

Adult Female.-

Length 1.55 mm. Wing (Fig. 19C) 0.85 x 0.55 mm. 

Head with antennae and mouthparts brown, eyes black, practically 

contiguous dorsally. Maxillary palp (Fig. l9B) large, base of last 

segment at tip of proboscis; segment 5 very stout a.t basal three-quarters 

and narrow at apical quarter, bearing large, very deep sensory pit; 

PR 2.09. .Antenna (Fig. l9A) uniformly brown, with segments 2-9 

pyriform and segments 10-14 elongate; AR 1.00. 

long and bent forward. 

Hairs on vertex 

Thorax brown with scutellum bearin,c:; 11 strong bristles (Fig. l9F). 

Legs brown, with fore tibiae bearing a row, and mid and hind tibiae 

bearing two rows, of long setae; basal two-thirds of fenrur, two- and 

four-fif'ths of tibia and basal ends of tarsal segments pale yellow; 

TR 1.46 in fore leg, 0.80 in middle leg and o. 96 in hind leg; apical 

tibial comb with nine bristles. 



Fig. 19. Forcipomyia (SchizoforcipoffiYia) lerouxi n. sp. 

A-G, Adult female: 

A, Antenna 

B, Maxillary palp 
c, Wing 

D, Anterior wing venation 

E, Hind tibial comb 

F, Scutellum 

G, Spermathecae 

H-L, Adul t male: 

H, Antenna 

I, Maxillary palp 

J, Wing 

K, Anterior wing venation 
L, Genitalia 
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Wings brown, densely clothed with ha.ir-like and scale-like trlchiae, 

and b~ng f'ive dark spots as illustrated (Fig. 190); CR 0.64. Venation: 

vLR 1.19: 1: 1. 76; rs/lJ. 1.69; first radial cell oblitera.ted, second 

radial cell moderately wide, 1.45 times as long as first; m5+4 less 

than twice length of cul. (1.87: 1); fmcu ending under about middle of 

second radial cell (Fig. 190). Halteres light brown. 

Abdomen brown; spermathecae (Fig. 19G) two, almost equal, pyriform, 

measuring 55.20 x 57.95 p. and 51.75 x 54.50 p.. 

Adult :Male.-

Length 1.95 mm. Wings 1.05 x 0.52 mm. Oolor brown to yellow-

brown. 

Head brown, with eyes and antennal scapes dark; antennal segments 

lighter brown, antennal plume dark brown, reaching to end of segment 15; 

AR 1. 06; proboscis li;:;ht brown; maxillary palps short, slender, third 

segment longest, slightly swollen at basal half and containing rather 

shallow, small sensorium with sessile sensilla; PR 5.07. 

Thorax dark brown, with scutellum bearing ll strong brlstles as 

in f'emale. Legs brown, with fore tibiae bearing a row of long setae, 

mid and hind tibiae bearing two rows of very long seta.e; a.ll tibiae 

wi th basal third and tip pale yellow, second and third tarsal segments 

of hind leg pale yellow at basal end; TR 1.24 in fore leg, 0.61 in 

middle leg and 0.75 in hind leg; apical tibial comb with eight bristles 

(including spur). 

Wings brown, clothed with numerous scal.es and bea.ring four dark 
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spots on anterlor border (Fig. 19J); CR 0.45. Venation vLR 1.14: 1: 1.66; 

rs/~ 1.67; first radial cell obliterated, second radial cell somewhat 

narrow, sli0htly lan[~er than first (1.20: 1) (Fig. l9K); fmcu under slightly 



beyond tip of costa; m5+4 about ~ times length of cul ( 2. 65: l). 

Abdomen light brown with genitalia darker brown and oec.ring long 

setae on basimeres. Genitalia (Fig. 19L): sternite 9 more than half 

as long as wide (0.57: 1); tergite 9 about half as long as wide 

(0.48: 1). Parameres with basimeres large, broad, about li times as 
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long as wide (1.68: 1), and telomeres boat-shaped, relatively slender, 

shorter than basimeres (0.75: 1) and 4.5 times as long as wide. Aedeagus 

a V, with distal tip bearing small outward-turning processes (Fig. 19L). 

Claspettes arch-like, narrowly separated at base, basal arms and basal 

union moderately thick, the le.tter less hea.vily sclerotized; b/c/b in 

proportion of 1.50: 1: 1.50. 

Holotype (fourth instar larva): Collected between bark and wood of 

deca.ying stem of A:ngsana. (Fteroca.rpus indicus Willd.) tree, at Vla.llace 

Way, Singa.pore. Deposited in Lyman :Entomological Museum, :Macdonald 

College, Quebec, Canada. 

Para.types.- Collected from same habitat and locality as holotype; 

2 pupae, 1 male and 1 fem.a.le, deposited in Lyman Entomological Huseum. 

This speoies is close to Forcipomyia (1t:etaf'orcipomyia.) fuscima.culata 

fT.a.rdy (1960) and :B,. (F.) penniornata Tokunaga and }.!urachi (1959) in 

structure cf the male genitalia, especially in the V -shaped aedeagus 

of the former and T-shaped a.edeagus of the latter, both with outward

turning hooks or carinae at the tip, but differs from both in lacking 

claspette processes. 

Hardy' s (1960) diagnosis of Forcioomyia fuscimaculata as a species 

of Metaf'orcipomyia is certainly a misidentification, since the cl.sspette 

processes do not unite in mid-line and the aedeagus is not broa.dly bilobed 
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a."l.d serrate at the distal tip. 

:Prom the structure of the aedeagus the followin,; species m8y be 

recoQ1ized as belonging to thts subgenus: 

.:E.<Jr:cipomyi11 (Fo:ç:g_:iJ2omyia) penniornata Tokunaga anà :·.Iurecht ( 1959); 
Insects of t:icronesia 12(5): 165 

l"orcipomyia (subgenus B) fusc:h,~_§ l':::ieffer (1921); 
Philippine Jour •. (:ci. 18: F,W 
Toku ... "'laga and ~Eurachi (1959) , 
Insects of ~Eicronesia _12(5): 216 

Forcmo:my:ia (:~etaforci;pomyia) fuscimacu"J.s.ta Hard)' (1960); 
Univ. 1..Iawaii 'Prr:L~' 10: 170 

'.~'l:c followint; dia._,onosis is ta.ken from Saunders' (1950) "Revision 

of the genus Forci;pom;t:ia": 

"I,arva.-

Colorless wi.th light or dar1'- head, prognathous; antennae as in 

subgenus Forcioomyia. Chaetae of body consiclerably reduced in nu.rnber 

and size, some bifid or multiple; 2:: hairs minute, spear-s..'mpeà. 

Prothoracic pseudopod abruptly conical, transversely ridged and. finely 

setulose, beariD~ at tip three pairs long, curved, hyaline hooklets, 

tl1ree pairs short, black hooklets, and one pair short sinuous processes 

in middle. Poster:ior pseudopod a tra"'lsverse ridge bearing large, dark 

books arranged in the usual anterior row of five pairs a~d posterior 

rmv of four pairs, but crowded together on either side of media~ lL~e. 

Cauda short, bluntly conical or more tapering, f:inely setulose. 

blood gills two, double. No cuticular armature. 



Pu:ea.-

With vari.ous lmobby and spiny processes on thorax and abdomen. 

r-rothoracic homs broad at base, projecting to anguler lm ob on posterior 

surface; neck narrow, head rounded, beari.ng numerous spiracular 

papillae in rOW' over top. 

exuviae not retained. 

Ad.ults.-

Genital processes of male dorsal. Larval 

TR 1.25-1.75. Lightly-built flies with pale coloration, more 

slender and less bristly than most Forcipomyia adults. Antennal 

segments, particularly of female, more elongate than in any other 

subgenus, wi th fine curved hyaline sens ory hairs on segments 3-10; 

marked increase in length of segments at 11. Palpal segments 4 and 5 

partially or completely fused; sensorium on segment 3 a group of 

capi tate sensilla wi thout enclosing chi tinous ring or cylinder. Wings 

thinly clothed with macrotrichiae, unmarked; costa reaching two-thirds 

the length of the wing, second radial cell closed or almost closed, 

narrow, double the usual length in subgenus Forci;pon;yia. Legs 

slender, moderately bristly, devoid of lanceolate hairs; claws of 

female broad at middle; empodium well developed in both sexes. 

Spermathecf:. one. 1:Iale genitalia with same general plan as in subgenus 

Fo,rcipomrla; parameres (claspettes) slender, with hooked tips extending 

beyond aedeagus; dististyles (telomeres) slender, strongly bowed with 

swollen base in two species, but straight and stout in ether two, and 

stout at base and narrow and curved at tip in a third." 

Species described in a.ll stages.-

aeria :.aunders ~1956); Can.J .Zool. 34: 677 

bicolor :C:iaunders (1956); Can. J. Zool. 34: 675 
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malayae Saunders (1956); Can. J. Zool. 54: 678 

spinosa S.-:n..mders (1956); Gan. J. Zool. 54: 676 

tubercule,ta Saunèiers (1956); Gan. J. Zool. 54: 677 

Other species.-

One species from ~.fa1aya (unnamed) (Saunders,l956); Can. ~T. Zool. 
54: 671 
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One species from Floride. and Puerto Rico ( unnamed) ( Sa.unèers 1956); 
Can. J. Zool. 54: 671 

F. GENUS LASIOHELEA K.I:ï::FFER (1921) 

Larva.-

Small to moderate1y large, typically orange. Head small, hypog-

nathous, vertex wi thout .E ha.irs, rep1aced by variable number of pa.ired 

tubercles; antennae normal in position, small or reduced to basal ring 

or higher tubercle filled by chitinous disk f1a.nked by reduced f1agell~~; 

eyes rather large, typically 1'Yi th ocula.r set a. Body segments bearing 

typically minute or "torch-like" chaetae. Prothoracic pseudopod an 

undivided cushion or divided in one rare case, bearing variable nmnber 

of hooklets. Anal pseudopod a transverse ridge bea_"'Ïng one or two 

rows of hooklets. Cauda absent. Typical habitat a1gae and moss on 

decaying wood. 

Puna.- Head with median sclerite bearing three tubercles. Thorax 

and abdomen with vaxia.ble number of small tubercles, usually very nany. 

Prothoracic horn &'nall, narrow basally, broader apical1y and. bearing 

spiracular papillae of variable number and shape. l:ale se:x:ual processes 

ventral. Larval e:x:uviae retained or not retaL~ed. 

P~ult Female.- Small to rather large. Basal fle.gellar segments 
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of antenne. discoïdal, subspherical or short-oval, without neck parts; 

distal five segments distinctly elong~ate or distal four moderately 

elongate or distal five segments gradually elongate, ·without abrupt 

change between segments 9 and 10. lia:x:illa.ry palp distinctly five-

segmented, with segment 3 bearing sensorium or sca.ttered sensilla. 

i'iings una.dorned, with rather dense macrotrichia, bare areas a.djoining 

veins usually distinct; costa ending about middle or distinctly beyond 

middle of wing; first radial cell closed, second radial cell narrowly 

open or practically closed, short or elongate. Empodium and claws 

normal. TR of hind leg usually lerger than 2.0 and less than 5.0. 

Adult Male.-

Basal flagellar segments of antenna usua.lly flask-sha.ped, distal 

four segments usually distinctly elongate. Genitalia with aedeagus 

complicated, with tendency towards bipartitism; claspettes variable, 

slender, ardh-like with basal union without processes or basal axm with 

slender or triangular processes, or with club-shaped processes; ninth 

sterni te wi th or wi thout me.'llbranous window. 

2. l;EY0 TO LA.SIOiiELEA. 8U.3Ghll.'f.ERA 

LARVA 

1. Antenna reduced to basal ring or higher socle 
beaxing minute flagellum ••••••••••••••••••••••••••••••• Thyridamyia 

Ant~~ normal or well-developed •••••••••••••••••••••••••••••••• 2 

2(1). Antenna prominent with large socle placed 
high on front••••••••••••••••••••••••••••••••••••••• Syn,thyridomyia 

PJltenna normal in position, socle not large •••••••••••••••••••••• 3 

3(2). Hody with~ and~ setae torch-like ••••••••••••••••••••• Lasiohelea 

Body with ~and~ setae not torch-like ••••••••••••••••••••••••••• 4 
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4-(5). .Anal pseudopod with sine;le row of six strong 
black hooklets •••••••••••••••••••••••••••••••••••••• Dacnoforciuomyia 

Anal pseudopod with a large number of hooklets •••••• New subgenus 
{Lane's Lasiohelea stylifer 

Lutz) 

YùPA 

1. Larval exuviae not retained •••••••••••••••••••••••••••••••••••••••• 2 

Larval exuviae retained••••••••··•••••••••••••••••••••••••••••••••• 5 

2(1). Prothoracic horn with an ellipse of spiracular 
papillae whose roots meet centrally in a deep 
fissure.••••••••••••••••••••••••••••••••••••••••••••••••Synthyridomyia 

Prothoracic horn with multiple spiracular papillae 
in row aoross end •••••••••••••••••••••••••••••••••••••••••• Thyridomyia 

5(1). Body with dorsal tubercles and bearing short, 
stellate-tipped setae •••••••••••••••••••••••••••••••• Da.cnoforci nomvia 

3ody with dorsal tubercles small or elongate 
and bearing simple short setae •••••••••••••••••••••••••• New subgenus 

(Lane's Lasiohelea stylifer 
Lutz) 

.ADULT FE.t,clAL:E 

1. .Antennal segments gradually elongating, without 
abrupt change between segments 9 and lO ••••••••••••••••• Synthyridomyia 

Antennal segments with abrupt change in length 
between segments 9 and 10 or with moderate 
elongation of segment 10 or 11 ••••••••••••••••••••••••••••••••••••• 2 

2(1). Wing costa reaching beyond middle of wing but 
second radial cell open and short •••••••••••••••••••••••••• Thyridomyia 

Wing costa reaching distinctly beyond middle 
of wing, second radial cell usually practically 
closed and elongated •••••••••••••••••••••••••••••••••• Dacnoforcipomyia 

Lasiohelea 

ADU1T .MP...LE 

t:-ew subgenus 
(Lane's Lasiohelea stylifer Lutz) 

1. Ninth sternite with membranous window ••••••••••••••••••••• Thyridomyia 

Ninth sternite without membranous window ••••••••••••••••••••••••••• 2 
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2(1). Gaspettes without basal union, processes 
club-shaped or hook-shaped ••••••••••••••••••••••••••••• synthyridomyia 

Claspettes with basal union, processes absent ••••••••••••••••••••••• 5 

5(2). Claspettes arch-like, slender, with delicate 
anterior membranous :t'lange, and short 
anterior projections at corners cf basal union •••••••• Dacno:f'orcipomyia 

Claspettes arch-like, slender, without 
anterior menibranous flange, nor projections 
at corners of basal union •••••••••••••••••••••••••••••••• Lasiohelea 

New subgenus 
(Lane's Lasiohelea stvlife~ 

Lutz) 

5. SUBGENU S &'YNTHYRIDOMYIA SA.Ul'f.DERS ( 1956) 

Gubgenus type acidicola Tok:unaga (1957) 

Diagnosis 

The following diagnosis of the immature stages is taken from 

Saunders' (1956) paper on the revision of the genus Forcip~a. 

"Larva.-

Colorless or strong orange in the two species known. Eea.d. 

hypognathous, dark; antennae prominent with large basal tubercles 

placed high on frons; eyes large, with slender ocellar hair; vertex 

with paired blunt tubercles; frans wrinkled; no distinctive .P or .s1 

hairs. Body segments with small dorsal and dorsolateral rounded 

tubercles bearing w~nute multiple chaetae; no ~ hairs or long setae. 

Prothoracic pseudopod large, und.ivided, bearing d.istally many slender 

and stouter hooklets disposed in several rows. Posterior pseudopod 

a transverse ridge bearing two rows of black hooklets. Cauda absent. 

~.-

Small tubercles on head, thorax and abdomen, no long setae. 

Prothoracic homs slender, slightly enlarged distally to accommodate 
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an ellipse of spiracular papillae whose roots meet centrally in a 

deep fissure. J!JB.le genital processes ventral. Ex:uviae not retained." 

Adult Female.-

Small flies, not exceeding 1.5 mm. in length. .Antennae with 

basal segments subspherical, elongating gradually, without abrupt 

change between segments 10 end ll; distal five segments may be 

provided with reticular relièf on surface a.S in ,Das;}!'l:!~l-~t! species. 

Palpa1 segments à.istinctly five-segmented, segment 5 with deep sensorium 

or with surface group of capitate sensillae. Wings moderately clothed 

with macrotrichia, with very slender non-striped scales or without 

scales; costa end.ing at about middle of wing; first radial cell absent 

or very narrow, second radial cell open; bare areas along veins almost 

absent. Legs with empod.ia long and slender; TR greater than 2.0, less 

than 5.0. Single spermatheca. 

Adult ll!ale.-

Genitalia with claspettes club-shaped or strongly hook-Shaped; 

ninth sterP..ite emarginate or with a semicircular caudal incision; Etedeagus 

subdivided into paired lateral sclerites as in subgenus Lasiohelea or 

undivided, square and broad. 

Species described in all stages.-

Only one species has been describeà in all stages -- acidicola 

whose early stages were taken on the shores of a highly acidic (pH 1.4) 

volcanic lake in Honshu, Japan. 

Other species.-

Species identified by the male geni talia include: 

Oeratopogon murinus Winnertz (1852); Saunders (1925), 
Parasitology ]1: 274 



Forci"Oo:nyia corsoni ll'acfie (1926); Bull. Entomol. Res. 16: 555 

Forcipomyie. knockensis Goetghebuer (1958); 3ull. Jnn. :::,oc. 
Entomol. Belge 78: 575 

l<,orcipomyic tenuiforce12s !.r-acfie (1959); Rev. Entomol. Rio de 
Je.niero 10: 167 

Forcipomyia longi ter sus Tok:u:nage. ( 1940); Tentr.redo ~: 92 

Lasiohelea kii Tokunaga (1940); Tenthredo, ~: 107 
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Forcipomyia :moascari ~.Iacfie (1943); Proc. Roy. Entomol. ::oc • ..i.JOndon, 
42: 147 

Thyridomyia coleme.ni Wïrth (1952); Uni v. Calif. Publ.Entomol. _g: 146 

§ynthvridOIQYie. uni tuberculata Tokunaga (1959); In.sects of 
:l::icronesia l:,g(3): 90 

Subgenus type palustris 2aunders (1925) 

a. DI.AŒ':WSL.: 

La.rva.-

Head hypognathous; eyes rather large T,'ith or vfithout ccular sete.; 

antennae reduced to basal ring or socle bes.rin~ minute flagellum. 

Prothoracic pseudopod undivided, usually with three hyaline apical 

hooklets and variable number of other smaller hooklets; or divided~th 

few hooklets on each ramus; body segments with many low tubercles. 

Cauda ab sent. 

J?u"Oa.-

Head, thorax anA abdomen v<d.th :.1.eny SI!lall low tubercles. 

l?rothoracic horn short, usually bread distally an:.3 bee.rinp: few spiracular 

papillze in row acros.s end. :.:ale sexual :processes ventral. 
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Adult Fe:m.a.le.-

Blil-sal antennal segments subspherical, slightly transverse; 

moderate elongation of segments usuelly at 11, rarely at 10. }/::axillary 

palp distinctly five-segmerted, segment 5 with sensorium or scattered 

sensillae. Wings unadorn.ed, with rather dense macrotrichia; costa 

reaching beyond middle of wing, first radial cell closed, second open, 

usually short, rarely elongate. Empodia ana. claws normal. One 

spermatheca. 

Adult Male.-

Basal flagellar segments usually flask-shaped, distal four segments 

elongate. 1~illary palp slender, distinctly five-segmented, segment 5 

as in f emale. Wings, empodia and claws as in female. G-enitalia with 

elongated ninth segments bearing membranous window of variable shape, 

usually like Moorish arch; claspettes without basal union, with 

triangular or slender processes, the latter united or separate; aedeagus 

complicated, tending towa.rd.s bipartite condition, usually with two slender 

median sclerites. 

b. Description of New Species 

Lasiohelea (Thyridomyia) vertexcava ClW~ NEW .3PECIES 

Larva.-

Length of fourth instar larva (Fig. 20A) 1.59 mm. Color orange 

pink except head which is dark brown to black. 

Head (Fig. 20B) small, with three pairs of low prominences on 

vertex, one small and one large admedian pair and one large pair lateral 

to the large admedien pair, the two large pairs bordered by flap-like 

projections. On each side or the head a.'la. postero-ventral to the s 



Fig.' 20~· Lasiohalea (Th.yridoma) vartaxcava n. sp. 

A-F, Fourth-instar larva: 
A, Larva, lateral view 
B, Head 
c, Prothoracic pseudopod 
D, First abdominal segment, lateral view 
E, First abdominal segment, dorsal view 
F, Anal psaudopod 

G-H, Pupa: 
G, Dorsal view 
H, Si:zth abdominal segment, lateral view 
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Fig. 20 
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haire are two pairs of' sma11 protuberances. Eyes prominent with 

hya.loid dome and basal pigmented portion; antennae typica11y 

thyridomyian, wi thout flagella and close to the eyes as in Forcipomyia 

aspinosa Saunders; setae as in diagnosis (Fig. 20B). HR 1.44; qt/t:s/ sq 

in proportion of 1.56: 1.50: 1; tt/ant 0.49; qq/eyes 0.48; qq/ss 0.59. 

On dor~~ of each body segment except last, the ~ hairs are 

situated on long, tapering tuberc1es (Figs. 20A, 20D, 20E) as in 

F'orcipomYi,! ~1ustris Saunders, the hairs connected across dorsum by 

strong sc1erotized bands f1anked posterior1y by spines the central ones 

of which are shorter and chise1-shaped (Fig. 20E). Thoracic a hairs 

each bears a sma11 sete. at base on ventral side (Fig. 20A). b hairs 

p1aced 1atera11y, situated on conical bases and covered with spinu1es 

as in .!!: hairs, exoept that e.pices are pointed (F'ig. 20D, 20E). 

:l!,irst abdominal setae a and b with filament an.d tuberc1e in 

proportion of 1.90 and 8.00 respectively. Prothoracic pseudopod (Fi§:. 200) 

with 1ength, width and depth in proportion of 1.55: 1. 75: 1 and bearing 

about 24 s1ender hooks in three rows. Al1 body segments except 1ast 

bear _g, i and g_ setae (Figs. 20A, 20D, 20E). Cutiou1ar armature sca1e-

like (Fiz. 20D). Posterior pseudopod with nine pairs dark, curved, hooks 

arranged in two rows and tva pairs of unequal anal papillae. 

absent. 

Pupa.-

(al1 measurements are for the female). 

Cau da 

Length 1.40 mm. Color orange, orange-pink in thorax but dark 

just prior to emergence of adu1 t. 

1/:edian head sc1erite (Fi[;. 200.) with three well-developed tubercles. 
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anterior pair setulose; lateral sclerites each with single setulose 

seta; ventro-median tubercles minute, ventro-lateral tubercles 

absent. Cephalothorax 1.42 times longer than its greatest width. 

Length of head to thorax in proportion of 0.48: l in ventral aspect and 

0.25: l in dorsal aspect. Ratio of cephalothorax to abdomen 0.60. 

Thorax (Fig. 20G) bea.ring an anterior median ridge and seven 

pairs of tubercles, two anterior pairs of which are setulose. Pro

thoracic respiratory horn funnel-shaped with broad apex and narrow base, 

and bearing about thirty-nine spiracula.r papillae in double palisade; 

i ts length about twice great est width; horn tracheal length to horn 

length 0.72: l and tracheal length to width in proportion of 10.29: l. 

Abdominal segment l wi th two pairs of rudimenta.r<J tubercles, 

segments 2-8 with t:b.ree pairs of tubercles on dorsum (Fig. 20G) which 

are the anterior dorso-median (a.d.m.), posterior dorso-median (p.d.m.) 

and dorso-marginal (d.m.) tubercles (Fig. 20H); se~nents 2-4 each with 

three pairs, and segments 5-8 each with two pairs, of lateral marginal 

tubercles (l m., Fig. 20II); segments 5-7 each with one pair ventre

marginal tubercles (v.m., Fig. 20H). Terminal processes directed 

outwards, sharply pointed in both sexes. 

short and united terminally (Fig. 20G). 

Ad.ult f~.-

}:Tale sexual processes ventral, 

Length 0.90 mm. Wing (Fig. 210) 0.55 x 0.29 mm. 

Head with antennae and mouthparts brown; eyes and pedicels dark 

brown. Antennal segments (Fi,s. 2lA) subglobular v'l-1.th only last segment 

distinctly longer than the rest; flagellar segments from base to tip 

in proportion of 6.5: 5: 5: 5:5: 5: 4.5: 4.5: 5: 5: 5: 5.5: 12; 

AR 0.78. :.1axilla.r-.;r palp (Fig. 21B) with segments in proportion oi" 4: 
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Fig. 21. Lasiohelea (Thyridomyia) vertexcava n. sp. 

A-H, Adult female: 

A, Antenna 

B, Haxillary palp 

c, WL11g 

D, Anterior wing venation 

E, Scutellum 

F, Hind tibial comb 

G, Last segment of hind leg 

H, Spermatheca 

I-P, Adult male: 

I, Antenna 

J, Maxillary palp 

K, Wing 

L, Anterior wing venation 

M, Scutellum 

N, Hind tibial comb 
o, Last segment of hind leg 

P, Genitalia 
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11: 15: 8: 5; PR 1.86; segment 5 bearing large, shallow senso~ pit. 

Thorax brown, scutellurn (Fig. 21E) with seven strong bristles. 

Legs pale brown, with TR 2.90 in fore leg, 2.50 in middle leg ~md 5.18 

in hind leg; clavfs and empodia (Fir::. 21G) normal; hind tibia with 

six tibial spines. 

Wings brown; CR 0.55. Venation: vLR 1.22: 1: 2.59; rs/~ 

2.25; first radial cell short, ob1iterated, second radial ce11 very 

narrow, twice length of first (2.00: 1); :t'meu under about i of second 

radial ce11; m3+4 about twice length of cul (2.07: 1). Halteres brown. 

Abdome.11. brown. 

34.50 M by 51.05 ~ • 

.Adul t Male.-

Spermathecae (:B'i,;:::. 21E) si.."lgle, oval, measuring 

Length 1.07 mm. Wing (Fig. 21K) 0.66 x 0.26 mm. Coloras in 

female. 

Antennal flage1lar segments (Fig. 211) from base to tip in 

proportion of 15.5: 8: 8: 8: 7.5: 7: 7•5: 7.8: 8: 52: 15: 9.5: 15.5; 

AR o.84. Maxi11ary palp (Fig. 21J) with segments in proportion of 

4: 8: 15: 8: ô; segment 5 with small, deep pit just beyond middle; 

PR 5.13. 

1'horax brown, with scute11um (Fir:. 21M) bèàring 6-7 large bristles. 

Legs pale brown, with TR 2.97 in fore leg, 2.26 in middle and 2.76 in 

hind leg; claws long, s1ender, empodia fine (Fig. 21 0), hind tibia 

with ô-7 tibial spines (Fig. 2D~). 

Wings brown, CR 0.45. Venation: vLR 1.22: 1: 2.55; rs/Tl 1.88; 

first radial cell short, obliterated (Fig. 21L), second radial cell 

moderately wide; RR 0.97; :t'meu under about tip of costa; m5+4/cu1 2.50. 
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Genitalia (Fig. 21P); sternite 9 abouti as long as wide (0.77: 1), 

tergite 9 about half" as long as wide (0.55: l). Parameres with basimeres 

curved at basal third and less than 2·~ times as long as wide (2.50: l), 

and with telomeres slender, curved at middle and 1'1ith tip rounded, m.ore 

than 5 times as long as greatest width (5.19: l); telomeres slightly 

shorter than basimere (o. 90: 1). Aedeagus funnel-sha.ped, caudo-lateral 

shoulders composed of slender oblique sclerites. Claspettes a triangle, 

with broad bases and recurved slender sclerites (the equivalent of basal 

union in Forcipomyia (Forcipomyia) s. str. forms). 

Holotype (fourth instar larva) .- Collected on moss and liverworts on 

clay bank at Wallace Way, Singapore. Deposited in Lyman Entomological 

1~iuseum, :VJacdonald Col lege, Quebec, Canada. 

Paratypes.- Collected in same habitat and locality as holotype; 2 

larvae, 2 males and 2 fema.les and 16 associated pupal ex:uviae deposited 

in Department of Zoology, University of Singapore. 

In general appearance the larva of this species resembles that 

of Forcipomyia (Thyridomyia) palustris Saunders (1925), especially in 

the short, deep body segments and the long ~ and b setae on prominent 

elongated tubercles. It differs, however, in the shape and number of 

prominences on the head and in the somewhat shorter tubercles of the a 

and b setae. The pupa also resenibles that of palustris in the large 

number of low dorsal tubercles on the thorax and abdomen, but differs 

in the shape, and number of spiracular papillae, of the prothoracic horn, 

~nd in the sharply pointed, outward-turning terminal processes. The 

male genitalia also resemble in general those of palustris but the 

basally curved basimeres immediately distinguish the two species apart. 
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Lasiohelea (ThyridQJAYia) rugosa CHAN If~W SPECIES 

];gg.-

Elongate, ovoid, rounded anteriorly (micropylar end) and bluntly 

pointed posteriorly (Fig. 22A). Color black; exochorion smooth, 

without ornementation. Measurements based on 10 eggs: 249.09 ±. 8.42 ;u 

long by 85.15 .± 5. 26 Jl wide. 

Larva.-

Length o~ third instar l. 26 + 0.04 mm. and 2.10 mm. in fourth 

instar. Color in life orange-red. 

Head brown; chaetotaxy as in Thyridomyia palustris Saunders 

(1925), with two pairs of conspièuous prominences on vertex (Fig. 220). 

Eyes large wi th ocular setae on inner margin; antennae typically 

thyridomyian, with very minute reduced flagella. !ffi. 1.59 ±. 0.04; 

qt: ts: sq in proportion o~ 1.96 ! 0.08: 2.56 ±. 0.10: 1; tt/ant 0.45 ±. 

O.Ol; qq/eyes 0.55 ±. 0.05; qq/ss 0.45 ± 0.02. 

~ ~?etae on body segments short, stout and "torch-like" and 

borne on prominent tubercles (Figs. 22B, 22F); length of a ~ilament 

to tubercle in proportion of 2.60 ~ 0.28: 1. Seta b similar to a 

but founà on thoracic segments onl.y (Fig. 223) and reduced to low 

prominences in other segments except last, where it is absent; 

~ seta on prothorax with filament and tubercle in proportion of 2.76~ 0.27: 

1. Prothoracic pseudopod short, broad, undivided, ~urnished with 

four pairs of distal, slender, hyaline hooklets and six pairs short, 

stouter, black hooklets ~anged in two rows, tnree to ea.ch row on 

each aide (Fig. 22D); its length, breadth and depth in proportion o~ 

1.55 ±. 0.05: 1.46 ±. 0.07: 1. 

(Figs. 22B, 22F). 

Other srr~ller setae as illustrated 
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Fig. 22. Lasiohelea (Thyridomyia) rugosa n. sp. 

A, Egg 

B-F, Fourth-instar larva: 

B, Larva, lateral view 

C, Head 

D, Prothoracic pseudopod 

E, Anal pseudopod 

F, Third abdominal segment 

G, Pupa: dorsal view 
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Pupa.-

Length 1.70 .± 0.12 mm. in female and 1.76 .± 0.10 mm. in male. 

Color as in larva but dark just prior to emergence of adult. 

Ï'tiedian head sclerite with three low tubercles, anterior pair 

setulose; lateral sclerites each with single non-setulose, law tubercle. 

Cephalothorax 1.66 .± 0.22 times longer than its greatest breadth in 

female and 1.88 .± 0.03 times in male. Ratio of head length to 

thorax length 0.42 .± 0.02 (ventral aspect) and 0.25 .± 0.01 (dorsal 

aspect) in female and respectively 0.45 ± 0.02 and 0.30 .± 0.02 in 

male. 

Thorax bearing eleven pairs of rudimentary tubercles and two 

median ridges (Fig. 22G), two anterior largest pairs setulose. 

Prothoracic horn (Fig. 22G) short, with narrow base and distinct 

posterior "heel" and bearing 5-8 spiracular papillae across rounded 

apex; 2-6 rudimentary papillae usually also present proximal to the 

normal distal ones; length of horn to greatest breadth 1.78 .± 0.15 in 

female and 1.82 .± 0.15 in male; tracheal 1ength in horn to horn 

1ength 0.67 ± 0.01 in female and 0.64 .± 0.03 in male. 

Abdominal segments with four pairs of 1ow dorsal tubercles in 

segments 2-7 and three pairs in segments 1 and 8. Segments 2-8 

with median elliptical cuticu1ar marking. Cuticu1ar a.:rme.ture with 

minute, fine setae (Fig. 22G). In female length, bread.th and depth 

of third segment in proportion of l: 1.92 + 0.21: 1.89 ± 0.17 and 

that of last segment 1.26 .± 0.08: 1.00 .± 0.02: 1. In male, similar 

ratios for third segment 1: 1.90 ± 0.15: 1.87 .± 0.12 and for sexual 

processes 1.80 + 0.15: 1.10 + 0.08: 1 - - . 
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Adult Female.-

Length 1.25 .±. 0.11 mm. Wings o. 70 + 0.12 mm. by 0.54 .±. 0.06 mm. 

Head with antenna.e and mouthpa.rts dark brown, eyes black. 

J\iaxillary palp slender wi th third segment bearing large, shallow 

sensory pit (Fig. 233); FR 2.58 .±. 0.29. Antenna uniformly brown, 

AR 1.10 .±. 0.07 (Fig. 2~~). 

Thorax da.rk brown; scutellum with bristle arrangement as shown 

(Fig. 25L). Legs brown; fore TR 2.61 ± 0.08; mid TR 2.59 .±. 0.08; 

hind TR 2.59 .±. 0.15; claws and empodia normal (Fig. 25F); hind tibia 

with 7 or 8 tibial spines. 

Wings (Fig. 250) brown with veins da.rk brown; CR 0.52 + 0.02. 

Venationl vLR 1.28 .±. 0.07: 1: 2.50 ± 0.11; rs/r1 1.94 .±. 0.21: 1; 

first radial cell slit-like, ob1itera.ted, second radial cell somewhat 

narrow, slightly longer than first (1.54 .±. 0.21: l) (Fit;• 25D); fmcu under 

about middle of second radial cell; m5+4 about twice length of cul 

(1.91 .±. 0.05: l). Haltere with knobs white. 

Abdomen brown; spermathecae (Fiz. 25G-) single, pyriform, mea.suring 

49.85 ± 11.65 p. by 44.16 .±. 11.56 p. and its duct 12.25 ± 0.48 p,. 

Adult Male.-

Length 1.42 .±. 0.10 rmn. Wings 0.84 ± 0.14 mm. by 0.29 .±. 0.,04 mm. 

Head with antenna.e and mouthpa.rts brown, eyes black. 1-:laxillary 

palp (Fig. 25I) slender, with segment three bea.ring sma.ll, shallow 

sensory pit a.t middle; FR 5.67 .±. 0.51. Antenna. (Fig. 25H) brown, 

AR 0.96 + 0.05. 

Thorax da.rk brown; scutellum with bristle arrangement as shown 

(Fig. 25L). Legs brown; fore TR 2.82 .±. 0.07; mid TR 2.52 .±. 0.10; 
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Fig. 23. Lasiohelea (Thyridomyia) rugosa n. sp. 

A-G, Adult female: 

A, Antenna 
B, Maxillary pal p 

C, Wing 

D, Anterior wing venation 

E, Hind tibial comb 

F, Last segment of hind leg 

G, Spermatheca 

H-M, Adult male: 

H, Antenna 

I, Maxillary palp 

J, Wing 
K, Anterior wing venation 

L, Scutel!um 

M, Genitalia 
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hind TR 2.85 0.16; claws and empodia normal; hind tibia with 6-8 

tibial spines. 

Wings (Fig. 25J) brown with veins dark brown; CR 0.47 .:t. 0.01. 

Venation: vLR 1.25 .:t. 0.01: 1: 2.21 .:t. 0.10; rs more than l* times 

length of' Tl (1.86 .:t. 0.09: l); first radial cell slit-like, 

obliterated; second radial cell only slightly narrow, shorter than 

first (0.89 .:t. 0.06) (Fig. 25K); fmcu under about tip of costa; m3+4 

about 2~ times length of cu1 (2.28 .:t. 0.15: 1). Haltere with knob 

white. 

Abdomen brown. Hypopygium (Fig. 251:v1) with sternite 9 s1ightly 

shorter than wide { 0.84 ! 0.05: l) and tergite 9 about half as long 

as wide (0.47 .:t. 0.05: 1). Basimere rather straight, slightly more 

than twice as long as wide (2.15 + 0.08: 1); telomere about as long 

as basimere, curved and spoon-shaped at tip and somewhat constricted 

in middle, about six times as long as wide (6.04 .:t. 0.54: 1). Aedeagus 

close to Thyridomyia hamata Tokunaga and Thyridomyia aspinosa Saunders, 

V-shaped with lateral bars strongly curved anteriorly and not united 

at about middle; cross bar at anterior third broad, oval, with two 

median slender apically-hooked sclerites connected in the middle by 

slender curved structures running antero-laterally to middle of 

anterior lateral bars of aedeagus. Claspettes subtriangular,typically 

'thyromydian', vdth broad base and narrow recurved processes; b/c/b 1.03 + 

o.o9: 1: 1.05 .:t. o.o9. 

Ho1otype (fourth instar larva).- Collected on rotting, moss-grown wood 

in llorgan Arboretum, Macdonald Col lege, Que bec. Deposi ted in Lyman 

Entomological l,luseum, I":.a.cdonald College. 
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Parat)rpes.- Collected in same habitat and locality as holotype; 18 larvae 

(mainly third instars) 4 males, 2 f'ernales and 7 associated pupal exuviae 

in personal collections. Two larvae (third instars), 2 pupa exuviae 

(1 male, 1 f'emale), 2 adult males and 2 adult f'emales in L.G.Saunders' 

collection and several of all stages deposited in Lyman Entomological 

Huseum. 

The larva of rugosa in a very general way resembles that of' 

Forcipomyia (Thyridomyia) aspinosa Saunders (1956) in the two pairs 

of elongate tubercles an the vertex of' the head, the general arrangement 

of head chaetotaxy, and the "torch-like" ~ and ~ setae. It diff'ers 

however in havin.; simple _g, Dairs (.E hairs of' Saunders, 1956) of the 

head, without f'eathered tip, in the arrangement of' hooklets on the 

prothoracic pseudopod and in the more well-developed ~ and b "torch-like" 

setae. The pupa also resembles that of aspinosa in chaetotaxy of the 

abdomen, but dif'f'ers in the shape ana number of spiracular papillae of 

the prothoracic horn. The :r.'Ale geni talia too are close to tho se of' 

a§Pinosa especially in the shape and structure of the aedeagus and 

'trianguler' claspettes, but dif'fer in the stouter parameres. In these 

respects they also resemble the genitalia of Forciuomyia (Thyridomyia) 

hamata Tokunaga (1959) and Thyridomyia palustris Saund.ers (1925). 

Rugosa is a very interesting species as it forms a definite link 

between Thyridoszia and Lasiohelea as will be evident from a discussion 

in a later section. From its larvae the writer originally identif'ied 

rugosa as a Lasiohelea s. str. species from the orange-red color and 

hypersensitivity to molestation and, most of all, from the presence 

of "torch-like" a and b setae. 



Lasiohelea (Thyridomyia) gossympina. CHAN ~·Œw SPECIES 

Larva.-

It is regretted that larvae were not obtainable but from 

characters of the pupa and a.dults the larva can be expected to be 

typically thyridom,yian but very spiny. 

Pupa.-

Length 1.52 mm. in male and 1.55 mm. in female. 

i·iedian head sclerite (Fip:. 24A) with three well-developed 

tuberoles, anterior pair large, non-setate; l:;.teral sclerites each 

with two tubercles, the posterior minute. Cephalothorax 1.86 times 

lon,cer than its greatest width in male and 1.73 in female. Length of 

head to thorax in proportion of 0.50 in dorsal aspect and 0.24 in 

ventral aspect in male and respectively 0.44 and 0.18 in fe!nale. 

Ratio of cephalothorax to abdomen 0.69 in male and 0.60 in female. 

Thorax (Fig. 24A) bearing two anterior median ridges and nine 

pairs of tubercles, anteriormost two pairs closely associated with 

prothoracio homs. Prothoraoio respiratory horn rather bread at 

apex and narrow at base, and bearing ten papillae in upper palisade and 

sixteen in lower palisad.e in male, and respectively eleven and f'ourteen 
to width 

in f'emale; its length/2.11 in male and 2.15 in female; horn tracheal 

length to horn length 0.84 in male and 0.79 in female, and tracheal 

length to width in proportion of 9.60 in male and 7.55 in f'emale. 

_\bdominal R~grae::-1.1~ 1 with three pairs of low tubercles; segments 

2-7 with four pairs of tubercles on dorsum (Fi~. 24A, 24B); segments 

5-7 similar in chaetotaxy (Fig. 24A, Fig.24B) with two pairs of dorsal 

tubercles, two pairs of lateral tubercles and two pairs of ventral 
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Fig. 24. Lasiohelea (Thyrido~ia) gossympina n. sp. 

A-B, Pupa: 

A, Pupa, dorsal view 

B, Fourth abdominal segment 

C-H, Adul t female: 

c, Antenna 

D, Maxillary palp 

E, Wing 

F, Anterior wing venation 

G, Scutellum 

H, Spermatheca 

I-N, Adult male: 

I, Maxillary palp 

J, Antenna 

K, Wing 
L, Anterior wing venation 

M, Scutellum 

N, Genitalia 
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tubercles; segment 8 with two pairs dorsal tubercles, one pair of 

lateral and one pair of ventro-lateral and one pair of ventral tubercles. 

Terminal processes directed outwards, sharply pointed in both sexes. :.:ale 

sexual processes ventral, short, rounded and united termin..,lly (Fir~. 24A). 

Adult Female.-

Length 0.90 mm. Wing (24E) 0.60 x 0.52 mm. 

Head with antennae and mouthparts brown; eyes and pedicels dark 

brown. Antennal segments (Fi;. 24C) with segments 2-9 vdder than lonÉ, 

and segments 10-14 longer than wide, only last segment distinctly longer 

than the rest; AR 1.05. Maxillary palp (Fie;. 24D) with segments in 

proportion of 5: 7: 14: 8: 6; PR 2.55; segment.5 bearing moderately large 

shall~· sensory pit. 

'!'hora.x brown, scutel1um (Fit;. 24G) vrith nine strong brist1es. 

Legs paler brown, with TR 2.85 in fore leg, 2.62 in middle leg and 2.75 

in hinê! leg; hind tibial comb with seven tibial spines. 

13? 

Wings brown; CR 0.54. Venation: vLR 1.19: 1: 2.58; rs/!'1 2.00: 

1; first radial cell short, obliterated, second radial cell rather narrow, 

loUf;er than first (1.57: 1); t'meu under end of I'J..; m5+~c~ 1.97: l. 

Halteres brown. 

Abdomen brown. Spermathece (Fi;~. 24H) single, pyriform, with 

relatively 1onr~ neck, measuring 41.40 x 57.95 }l and its duct 10.55 p 1onE~· 

Adu1t Ma1e.-

Length 1.08 (1.02-1.16) mm. Wing (Fir,. 24K) 0.71 (0.69-0.74) 

x o. 26 !Ili11. Color as in female. 

Antennae (Fig. 24J) relatively long with segments 2-9 f1ask-shaped 

and segments 10-14 elongate, segment 10 the longest; AR 0.91 (0.88-0.95). 



Maxi11ary pa1p (Fig. 24I) s1ender, with segments in proportion of 4.5: 

9.5: 17: 9: 6; segment 5 long, narrow, with shallow sensory pit bearlng 

sessile sensilla just beyond slightly swollen portion; FR 5.40. 

Thorax brown, with scutellum (Fig. 24M) bearing seven large 

brist1es. Legs with TR 2.86 (2.85-2.88) in fore leg, 2.59 (2.51-2.50) 

in middle and 2.47 (2.58-2.67) in lund leg; hind tibial comb with 6-7 

tibial spines. 

Wings brown, CR 0.48 (0.47-0.49). Venation: vLR 1.15 (1.13-1.18): 

1: 2.15 (2.12-2.20); rs/r1 1.84 (1.85-1.85); first radial cell short, 

obli terated; second radial cell rather narrow, about as long as first 

(1.00 (0.89-1.06): l) (Fig. 24L); fmcu under about tip of costa; m5+~c~ 

2.07 (1.91-2.24). 

Genitalia (Fig. 24N): ninth sternite shorter than wide (o. 76 (0.68-
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(0.57 (0.53-0.63: 1); parameres with basim~r_9s about twice as longas wl.de 
0.85): 1), ninth tergite about half as long as widJr (2.22 (2.15-2.50): l) and 

telomeres 4.02 (5.56-4.50) times as long, as wide, telomeres shorter tha.n 

basimeres (0.80 (0.74-0.86): l); aedeagus Y-shaped, bipartite, each 

half curved and pointed at tip and beariP~ on inner side a slender 

vertical sclerite, slightly more than half as long as wide (0.60 (0.55-0.65): 

1); claspettes M-shaped, very slender. h/c/b in proportion of 0.45 

(0.40-0.50): 1: 0.45 (0.40-0.50). 

Holotype (Pupa).- Collected from decaying wood of rotting trunk of 

cotton tree at Wallace Way, Singapore in May 1962. Deposited in Lyman 

Entomological Museum, }:Iacdonald College, Quebec. 

Paratypes.- One female, three males and two associated pupa1 exuviae 

col1ected from the same habitat and loca1ity,deposited in Department 

of Zoology, University of Singapore. 



This species is close to Thyridomyia nodosa Saunders (1959) 

in structure of the male genitalia, especially in the bipartite nature 

of the aedeagus and the low claspettes, but differs from it in that 

the claspettes have a basal union and are more slender than those of 

nodosa. The ninth sternite is &.lso different in being considerably 

longer. The pupa also resembles that of nodosa in its very spiny 

character, in the shape of the respiratory horn and in the larger 

anterior pair of tubercles on the median head sclerite, but is clearly 

different from nodosa in having more pairs of tubercles on the dorsum. 

Because of the close similarities of pupal and adult characters 

between nodosa and .&Q.ssynmina it is reasonable to expect that the 

larva of the latter will be basically similar to those of nodosa, and 

it will bea.r rosette or "torch-like" setae on the body segments and 

possibly on the head as well. 

orange. 

O. Redescription of Lasiohelea (Thyridomy:ia) monilicornis 

(Coquillett) (1905) 

Larva.-

Length of full-grown fourth instar 2.25 mm. Color in life 

Head da.rk brown with four pairs prominences on vertex and 

lateral mark:ings; eyes with ocular setae; antennae and setae as in 

~,ig. 25A; ER 1.27; OB/v 1.52; A..'t 0.44; qt/ts/sq 1.69: 1.69: 1: 

tt/antennae 0.28; qq/eyes 0.55; qq/ss 0.43. 

Prothorax (Fig. 25A) with a setae borne on long tubercles, and 

ratio of length of filament to tubercle 1.20; a tubercles of uro--- . 
thorax and mesothorax nearly approximating at base, those of other 

segments separated but connected posteriorly by sclerotized band 
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Fig. 25. Lasiohelea (Thyridomyia) monilicornis (Goetghebuer) 

A-D, Fourth-instar larva: 

A, Larva, lateral view 

B, Head 

C, Prothoracic pseudopod 

D, Anal pseudopod 

E~F, Pupa: 

E, Pupa, dorsal view 

F, Fourth abdominal segment 
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consisting of plate-like sclerotizations. Chaetotaxy on pro- and meso-

thorax similar, each with the normal large ~ and ~ setae and two pairs of 

minute setae as figured (Fic. 25A). Prothoracic pseudopod (Fig. 250) 

with five anterior end four posterior pairs of hooklets with length, 

width and depth in proportio'1. of 1.77: 1.4'7: 1; :vletathora.x v.ith two 

pairs of minute setae, one pair just ventral to ~ setae end the other 

near mid-ventral surface, as in Fig. 25A. 

Chaetotaxy on abdominal segments 1-7 similar, with three lJairs of 

minute setae as f'igured. Postèrior pseudopod (Fig. 25D) with usual 

nine pairs of hooklets arranged in two r~rs. 

bilobed. 

Anal blood gills two, 

Cuticular armature scale-like, nore prominent on pleura and ventral 

surface. 

Pupa.-

Length 1.49 mm. in female and 1.50 mm. in male. 

but dark just prior to adult emergence. 

Color as in larva 

:!edian head sclerite with three tubercles, anterior pair setigerous; 

lateral sclerites with two small tubercles each (Fig. 25E). Ratio of 

head length to thorax length 0.46 in ventre! aspect and O. 25 in dorsa.l 

aspect in f'emale and respectively 0.49 and 0.25 in male. 

Thorax bearing a median anterior prominence and eight pairs of' 

tubercles on dorsum (Fig. 25E). Prothoracic horn narrow apically, broad 

distally, 1.65 and 2.27 times longer than its greatest \vidth in female 

and male respectively and bearing spiracular papillae in two palisades, 

15 in upper and 18 in lower in female, and 15 in upper and 18 in lcr .. ver 

in male; tracheal length to horn length 6.67 and 9.67 respectively in 

female and male. 



Chaetotaxy on abdominal segments 2-7 similar (Fig. 25E) 

with two pairs dorsal tubercles, one composite lateral tubercle 

consisting of two adjoining tuberoles, and four pairs ventral tubercles 

(Fig. 25F). First abdominal segment with four pairs of tubercles on 

dorsum (Fig. 25E). 

Cuticular a.naa.ture finely shagreened (Fiz:. 25F). 

Adult Female.-

Length 1.47 mm. Wings (Fig. 26D) 0.89 mm. by 0.41 mm. 

Head with antennae and mouthparts dark brown and eyes black. 

Clypeus with 10 brlstles (Fig. 26B). Maxillary palp (Fig. 26C) 

distinctly five-segmented, with third segment rather short and slender 

and bearlng scattered sensilla on inner edge; last segment short, 

connected to preceding segment by rather wide membrenous joint; PR 

5.17. Antenna (Fig. 26A) dark brown with AR 0.87. 

Thorax dark brown with scutellar arrangement as shawn (Fig. 26F). 

Legs uniformly brown, TR 2.55 in fore leg, 2.47 in middle leg and 2.61 

(2.59-2.62) in hind leg; claws and empodium normal; apical tibial 

comb with eight bristles. 

Wings dark brown; CR 0.50 (0.50-0.51). Venation: vLR 1.41 

(1.40-1.42): 1: 2.67; rs/r1 1.66 (1.66-1.68); first radial cel1 

(Fig. 26E) practically obliterated, second radial cell small, slightly 

short er than first; RR 0. 82 ( 0. 78-0. 87); fmcu under about r:ri..dd1e of 

first radial cel1; m5+M cu1 1.84 (1.77-1.92). Halteres light brown. 

Abdomen wi th cerci brown; spernu:ttheca (Fic. 26G) single, 

large, 79.55 fl long by 69.00 )l wide, and wi th neck bent, measuring 

17.25 }l long. 
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Fig. 26. Lasiohelea (Thyrido~ia) monilicornis (Goetghebuer) 

A-G, Adult female: 

A, Antenna 

B, Clypeus 

c, Maxillary pal p 

D, Wing 

E, Anterior wing venation 

F, Scutellum 

G, Spermatheca 

H-M, Adult male: 

H, Antenna 

I, Maxillary palp 

J, Wing 

K, Anterior wing venation 

L, Scutellum 

M, Genitalia 
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Adult !.~ale.-

Length 1.54 (1.50-1.58) mm. Wings (Fig. 26J) 0.94 (o.87-l.Ol) 

mm. by 0.52 (0.28-0.56) mm. 

Head with antennal filament and mouthparts brown and eyes and 

pedicels dark brown to black. i:ta.Xillary palp (Fig. 26I) slender, 

with third segment nerrow and bearlng sensilla in a group, prectically 

in a sensorium; PR 4. Antenna (Fig. 26H) light brown, with pedicel 

dark brown to black; AR 0.96 (0.95-0.96). 

Thorax dark brown; scutellum (Fig. 26L) with bristle errw..gement 

as shawn. Legs unifo:rmly brown; TR 2.57 (2.46-2.69) in fore leg, 

2.59 (2.56-2.42) in middle leg and 2.49 (2.40-2.58) in hind leg; 

claws slender, empodia normal; apical tibial comb with eight bristles. 

Wings (Fig. 26J) brown; CR 0.46 ( 0.45-0.47). Venation: vLR 

1.50 (1.24-1.57): l: 2.55 (2.21-2.90); rs/r1 1.45 (1.56-1.50); first 

radial cell pra.ctically obliterated, second radial cell narrow and 

very short, not exceeding half length of first; RR 0.42 (0.40-0.45); 

fmcu under just beyond tip of second radial cell; m5+4fcu1 1.90 (1.86-

1.95). Ha.ltere light brown. 

Abdomen brown. Genita.lia (Fig. 26:M): sternite 9 bearing 

moorish window, about as long as wide ( 0. 99: l) , end tergi te 9 about 

half as long as wide (0.48: 1). Parameres with basimeres curved at 

basal third, about 2~ times ~s long as wide (2.59: l), and. with 

telomere slightly shorter than basimere ( 0.89: l) and about l5t times 

as long as greatest width at base (5.68: 1). Claspettes typical 

of subgenus, wi th basal arms triangular, bread a.t base and narrow 

apically, end with processes also triangular, with tips fa.cing 
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medially. Aedeagus shield-shaped, •vith narrow, curved, basal arms 

pointing horizontally and two vertical sclerotizeà. meà.ial thickenings, 

the whole appearing essentially bipartite. 

Syntypes.-

Early stages were co11ected from moss growing on soi1 at 

ltorga..YJ. Jl.boretum, I.~acà.onald Co11ege, throughout the summer of 1964. 

Ldults were obtained from rearings of' the early stages. 2 1arvae, 12 

pupae, 5 males, 1 female and 11 asociated pupal exuviae in personal 

collections. 

Other snecies.-

Species described in a11 stages include: 

Thyridomyia palustris Saunaers (1925); Parasitology 17: 269 

Forcipamyia (Thyridomyia) aspinosa Saunders (1956); Gan. J.Zool. 
34: 692 

Forcipomyia (Thyridomyia) nodosa Saunàers (1959); Cen. J. Zool. 
57: 45 

:'3pecies attributab1e to this subgenus on :male genitalic 

characters inc1ude: 

Geretopogon f'rutetorwn .. ïnnertz (1852); Linn. Ent. §.: 1-80 

li'orcipomyia aethioi?iae and ~.Iecf'ie (1.924); lmn. Trop. 
Hed.. parasi tol. 1.§.: 582 

Forcipomyia kitasirakawae Tokunaga (1940); Tenthredo ~: 94 

Lasiohe1ea esakii Tokuna~a (1940); Tenthredo ~(2): 169 

Forcipomyia (Thyridomyia) hamata Tokunaga (1959); Insecte of 
:Eicronesia 12(5): 207 

Lasiohe1ea skiaphi1a C1astrier (1960); Arch. Inst. Pasteur 
Afrique du nord 58: 522 

Lasiohelea ~ }Iacf'ie (1944); 3ull. llitomol. Res. 55: 297 
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5. NEW SUBGENUS (LANE' S LASIOBEIEA STYLIFER LurZ) 

Subgenus type stylifer Lutz (1913) 

Centrorhynchus stylifer Lutz (1913), Mem. Inst. Osw. Cruz. 5:63 

Lasiohelea stylifer Lane (1947), Arq. Fac. Hig. Saude Publ. Univ. 
Sao Paolo 1: 161 

Lasiohelea stylifer Ortiz (1952), Rev. Sam. Assist. Soc. 17: 242 

DIAGNOSIS 

Larva.-

Length of full•grown fourth instar about 4 mm. Body elongate, 

spiny, a hairs short; sever al other dark setae. Head hypognathous, 

distinct, brown, with a reticulate design on posterior portion. ~· t 

and s setae simple, smooth, thin; antennae short, hyaline at apex. 

Prothoracic pseudopod undivided, bearing two rows of curved hooklets, 

12 hooklets in each row; anterior row hyaline, posterior row strongly 

sclerotized. Posterior pseudopod bearing a considerable number of 
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hooklets, 50-60 around the anus in a double ring, all curved and heavily 

sclerotized. Abdominal segments bearing rows of irregular bristles on 

ventral surface. 

Pupa.-

Prothoracic horn small, short, boot-shaped, bearing a row of 

more than 20 irregular spiracular papillae winding acooss the extremity. 

Cephalothorax with anterior and dorsal tubercles elongate, spiny and 

bearing pointed setae, and other tubercles elongate, rugose and pointed 

at apex, with small apical setae in sorne. Abdomen spiny with dorso-

marginal tubercles forming protuberances bearing thin setae. Larval 

exuviae retained in last abdominal segment. 



Adult Female.-

Bod.y length about 1.6 m.'n. Wings about 1.00 mm. by 0.4 mrn. 

Head black, with eyes contiguous. Antennae with segments 2-9 

short, segments 5 and 4 as wide as long, 5-8 a little longer than 

wide and segments 10-14 long; AR about 1.8. lEe.xillary palp distinctly 

five-segrnented, with segment 5 dilated, fusiform and tapered distally 

beyond circular sensoriurn, and wi th segment 4 more than half length 

of third; PR about 2.6. 

Thorax with scutellum bearing 8 small bristles in anterior row 

and 9 large brist1es in posterior row. Legs with TR about 2.2 in 

fore 1eg, 2.0 in middle and 2.1 in hind leg. \ling wi th first radial 

cel1 obli terated, second radial cell e1ongated and narr<:rff; CR about 

0.6. 

Sperrnatheca single, large, With hyaline auct. 

Adult Male.-

Unknown. 

6. SuBGENUS DAC'NO.B10RCIPO.MYili. GHAIT .1\ï:.fD SAU1TDERS (1965) 

Subgenus type anabaenae Chan and Saunders ( 1965) 

DIAGI'iOSIS 

La.rva.-

Slender, wi th sma11 head on long neck. Head hypoghathous, 

with one pair srna11, sharp, forward-pointed prominences on vertex; 

antennae short, stout, on 1ow socle; .9. hairs prominent, curved, 

simple; ~ hairs simple; ! hairs short, straight, simple; océular 

setae absent. Prothoracic pseudopod long, armed distally with two 

147 



stout black hooklets. ~ and :Q. ha.irs of body segments slender, fin ely 

setulose, on long tubercles; last abdominal segment with one pair 

small dorsal homs; ventral surface of most abdominal segments 

divided into creeping ridges. Anal pseudopod with only six stout, 

black hooklets. Ca.uda absent. 

Pupa.-

Eead, thorax, and abdomen with only small tubercles, some 

setigerous. Prothorari.c respiratory horn small strait;ht-sided, with 

narrow-ed base forming slir;ht posterior heel; respiratory papillae in 

row across rounded tip. Last abdominal segment with sharp lateral 

hooks retaining larval exuviae; male sexual processes ventral. 

Adu+_t Female.-

Antennae with basal flagellar segments globular, first five 

somewhat compressed, all bearing pair of hyaline setae moderately 

short; A..l:?. 2. 2. }:a.xillary palps short, third segment bread without 

distal neck, bearing circular sensorium containins sessile
1 

sensilla; 

fourth and fifth segments distinct. TR of hind leg about l. 9. Yvïng 

with first radial cell closed, second radial cell practically closed; 

CR 0.6. One spermatheca •. 

Adult :Male.-

Antennae with basal flagellar segments globular to flask-shape, 

distal four segments elongate, AR about 1.2. l'faxillary palps short, 

slender, segment 3 only slightly swollen, with shallaw circular 

sensorium containinp; sessile sensilla. Wings with beth radial cells 

closed; CR about 0.54. Claws with normal empodium. Hypopygium 

with ninth sternite shorter than wide; parameres with basimeres 

111 sessileu - term denotes "stalkless11 
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about twice as long as wide and telomeres straight, untapered., equal 

in length to basimeres; claspettes a high slender arch with delicate 

anterior flange; aedeagus bipartite, each half with median rounded 

lobe, straight anterior arm, bluntly rounded. posterior tip; joined 

by fine chitinous filament to base of basimere. (This diagnosis is 

preliminary and will be revised when all stages of more species are 

discovered). 

~'pecies described in e~l st~.-

Forcipomyia (Dacnoforcipomyie) anabaena.e Chan and Saunders (1965); 
Gan. J. Zool. 45: 528 

other Species.-

There is a possibility that the following blood-sucking species 

which was recorded from Bornee belongs to DacnoforcipomJ?.ê but its 

systematic position is uncertain (Johannsen, 1952). 

Ceratopogon ~ Rondani (1875); Arm. Mus. Genova 7: 462 

Larva.-

7. SUBGENUS LASIOlfELEA KIEFFER (1921) 

SUbgenus type pilosipennis Kieffer (1921) 

DIAGNOSIS 

Orange-brown, rarely yellow, slender. Head dark, relatively 

small, hypognathous, with four low prominences on vertex; antennae 

small, normal in form and position; .9. andE. hairs pectinate or 

simple; ocular setae present. a and b hairs torch-like, variable 

in length in tubercle and filament; dor~~ of last se~nent and 

sometimes of penultimate segment, with paired horn-like tubercles or 
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rudiments of' same. Prothoracic pseudopod well-developed, undivided, 

with four pairs stout black hooklets and f'ive pairs slender, hyaline 

ones. Anal pseudopod bearing an almost complete double ring of' nine 

pairs of' hooklets. Cauda replaced by low, rounded tubercles across 

tip of' last segment. Cuticular armature scale-like. 

Pupa.-

Orange or yellow. Exuviae f'aintly pigmented. Head wi th three 

small tubercles, &nterior pair setigerous, on median sclerite, and one 

small tubercle on each lateral sclerite. Thœax and abdomen with many 

tubercles, mainly small, non-setigerous or with short setae. Terminal 

processes directed outwards, sharply pointed; male sexual processes 

ventral. Prothoracic homs narrow, ~~th usually distinct posterior 

'heel' and ~~th 4-14 spiracular papillae across distal end. 

Adult Female.-

Anternae ;::rith bau:tl ::;egments dir>coidal, subspherice.l or short

oval, witl::out neck parts; distal f'ive segments cylindrical and distinctly 

elongate; .ill large, 1.5-5.2. Eaxillary palp distinctly f'ive-segmented, 

segment 5 usually stout, with sensorium or scattered sensilla. llind 

TR usually larger than 2.0 and less than 5.0; empodia and claws normal. 

Wing unadorned, with dense macrotrichia, lying less closely than in 

Forcipomyia (Forcipomyia); bare areas along veina distinct; costa 

extending distinctly beyond. middle of win::; (CR 0.56-0. 74); f'irst radial 

cell slit-like or obliterated, second radial cell usually far lonf:er than 

first. One spermatheca. 

Adult Male.-

TR of' ~~nd leg somewhat smaller than in female. I:Iale hypopysium 
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with telomeres somewhat thickened apically or preapically; claspettes 

slender, with basal a.rms and basal union forming an arch, posterior 

extension of basal arms present in only one species (cornuta 

2~unders, 1964); aedeagus complicated, often bipartite, and usually 

with hook-like processes at apex. 

Lasiohelea (Lasiohelea) propria ClibN ~·;.é:Nf SP.ECIES 

Larva.-

Length of full-grown fourth instar larva 2.88 mm. 

life orange to pink. 

Color in 

Head aark brown; eyes, antennae and setae as in Fig. 27A. 

?:R 1.48; OH/v 2.05; AR 2.75; qt/ts/sq 1.80: 1. 87: l; tt/ant 0.47; 

qqfeyes 0.59; qqfss 0.55. 

Prothorax (Fig. 27B) with torch-like ~ a~d ~ setae, their 

lengths of filament and tubercle in proportion of 1.41: l and 1.78: 1 

respectively; prothoracic pseudopod (Fir. 273, 27C) with length, width 
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and depth in proportion of 1.40: 1.55: l. Chaetotaxy similar in thoracic 

segments (Fig. 27B) but metathoracic ~ setae located closer to each other 

dorsally than their position in other segments. 

Abdominal chaetotaxy similar in segments 2-7 (Fig. 27D), with 

~ and ~ setae torch-like, that on segments 8 and 9 as in Figs. 27E and 

27F respectively, Posterior pseudopod typical of subgenus, with 

eight pairs of black curved hooks. 

Cuticular armature scale-like (Fig. 27B, 27D, 27E, 27F), more 

prominently seen on ventral surface and pleura. 

Pupa (!:ale) • -

Length 2. 04 m;'n. Color as in larva but dark just prior to 



Fig. 2?. Lasiohelea (Lasiohelea) propria n. sp. 

A-F, Fourth-instar larva: 

A, Head 

B, Prothorax and neck 

c, Prothoracic pseudopod 

D, Second abdominal segment 

E, Penultimate segment 

F, Last segment 

G-I, Pu pa: 

G, Pu pa, dorsal view 

H, Fifth abdominal segment 

I, Eigth abdominal segment 



D 

Fig. 2? 

.;. . ,. ·,.. 
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emergence of adult. 

":edian head sclerite with three tubercles, anterior pair 

spiniferous; lateral scleri tes wi th one tubercle each, also 

spiniferous (Fi..::. 27G); cep:b...alothorax about tw:ice as long as 

greatest width (1.85: 1). Ratio of' length of head ta thorax 0.40 

in ventral aspect and 0.25 in dorsal aspect. 

Thorax bearing on dorsum two median prominences and seven 

pairs of tubercles, anteriormost pair setigerous (Fig. 27G). Pro

thoracic horn (Fig. 27G) narrow, with posterior heel distinct, 4.25 

times longer than its greatest width; tracheal 1ength ta horn 1ength 

0.79: 1, and bearing at apex 7-8 spiracu1ar papillae. 

Chaetotaxy on abdominal segments 5-7 simi1ar. Segments 2-7 

with f'our pairs of tubercles on dorsum (I"ig. 27G); segment 8 with 

three pairs and segment 9 with one pair. Lateral and ventral tuberc1es 

minute, setigerous, as shawn in Fig. 27H and 27I. 

Cuticu1ar armature f'inely shagreened. 

Adu1t Fe!I'.a1e.-

Length l. 20 mm. Wing (J?ig. 28D) 0.82 x 0.58 m.":l. 

Head with antennae and mouthparts dark brown, eyes black; 

clypeus with 26 bristles (Fi;-=· 2813). M:a.xillary palp (Fig. 28C) rather 

stout, wi th third segment stout and bearing large, shallow sensory pit; 

la st segment narrow, slightly short er than third ( 0. 77: 1); PR l. 65. 

Antenna (Fig. 28A) dark brown, pedicel darker brown; AR 1.69. 

Thorax dark brown, with scute1lar brist1e arrangement as shawn 

(Fig. 28G). Legs unif'ormly dark brown; f'ore TR 2.50; mid TR 1.94 

and hind TR 2.10; claws and empodia normal; apical tibial comb with 
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Fig. 28. Lasiohelea (Lasiohelea) propria n. sp. 

A-H, Adult f'emale: 

A, Antenna 

B, Clypeus 
C, Haxillary palp 

D, Wing 
E, Anterior wing venation 

F, Hind tibial comb 

G, Scutellum 

H, Spermatheca 

I-0, Adult male: 

I, Antenna 
J, Clypeus 
K, Maxillary palp 

1, Wing 
M, Anterior wing venation 

N, Scutellum 

o, Genitalia 

• 
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seven bristles (Fig. 28F). 

~ÏÏrl;CjS d.ark brown; CR 0.62. Venation: vLR 1.18: 1: 2.12; rs/~ 

5.17; first radial cell (Fig. 28E) slit-like, second. radial cell except 

for proximal end also slit-like, longer than first; RR 1.79; fmcu 

under end of first radial cell; m5+~cu1 1.95. Haltere 1ight brown 

with knob white. 

Abdomen wi th cerci brown; spermatheca (Fi,r:-. 28E) single, la.rge, 

subspherical, with narrow duct, and measuring 69 x 55.48 J.l• 

Adult Male.-

Length 1.47 mm. Wings 0.90 x 0.51 mm. 

Head with antennae and mouthpa.rts brown, eyes and pedicels dark 

brown to black; clypeus with 21 bristles (Fig. 28J). Eaxillary palp 

(Fi,c. 28K) rather slender and long, with third segment moderately 

narrow, slightly longer than last segment (1.06: 1), and bearing at 

about middle a shallow, rather small sensory pit; PR 1.97. Antenna 

(Fig. 28I) brown, with pedicel d.ark brown; AR 0.96. 

Thorax dark brown; scutellum with bristle arrangement as shown 

(Fig. 28N). Legs unifonnly brown; fore TR 2.20; mid TR 1.81; hind 

TR 1.88; claws slender, empodia normal; apical tibial comb with 7-8 

brintles. 

Wing (Fig. 28L) brown; CR 0.56. Venation: vLR 1.18: 1: 1.89; 
l 
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rs/r1 2.28; first radial cel1 s1it-like, second radial cel1 narrow, more 

than l~ times longer than first (1.85: 1) (Fig. 2ffi.;:); fmcu under about 

middle of second radial cell; m5+4fcu1 2.58. 

knob white. 

Haltere brown 'vith 

Abdomen brown. Genitalia (Fig. 28 0): sternite 9 slightly more 



than half as long as wide ( 0. 61: 1) , and tergi te 9 about -iç as long 

as wide (0.27: 1). Paramerea with basimere widest a.t base and 

narrowest at tip, 2.84 times as long as greatest width, and with 

telomere shorter than basimere (0.87: l), pointed and curved a.t tip 

and slightly constricted a.t middle. Claspettes arch-like, with 

basal an:ns and basal union slender, b/c/b in proportion of 1.28: 1: 

1.28. Aedea.gus V-shaped, bipartite, ;vith basal arms, basal arch, mesal 

edges and outwa.rd-turninr.:; tips heavily sclerotized; caudo-lateral 

shoulders or lateral edges slightly sclerotized. 

Holotype (fourth instar larva).-

Collected in ~Jarch 1962, on algae growing on leaves of a moss 

growing on rocks on the bank of a fast flowing stream in a forest in 

Gunong Pulai, Johore, I'.Calaya. Deposited in Lyman Entomological Museum, 

~:Ia.cdonald College, Quebec, Canada. 

Paratypes.-

Collected from same habitat and locality as holotj~e; 2 larvae, 

2 males, 5 females and 2 associated pupal exuviae, deposited in the 

Department of Zoology, University of Singapore. 

This species is close to Lasiohelea longicornis Tokunaga. (1940) 

from Honshu and Ryukyu Is, Japan, in wüe genitalic structures, 

eàpecially in the bipartite aedeagus with outward-turning tips and 

the low arch of' the claspettes whose basal arros arise from the same 

place as those of the aedeagus. This species hcwever differs from 

l,ongicornis in the less rcunded top of' the claspette arch and in the 

absence of the rounded swellings of the aedeagus on the outer surface. 

It also differs from longicornis, among other characters, in the smaller 
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FR of 1. o/1 against 5.? of lonrricomis and in the tarsal ratios: 2.20 

in fore 1eg, 1.81 in mid 1eg, and 1.88 in hind 1eg against 1ongicomis' 

1.81, 1.55 and 1.28 respective1y. 

~A-ne~ the ear1y stages of 1ongicornis are discovered comp2risons 

with those of this new species ivill certain1y amplify the differences 

that separate these two species. 

Lasiohe1ea (Lasiohe1ea) !:!lcuspromissa CHAl~ N.L11 SP.E:CIES 

Larva.-

Length ,-:;f third instar larva (Fig. 29A) 2. 68 mm. Co1or in 1ife 

orange-red, head brown and tuberc1es of setae white. 

Head typica11y sma11, hypognathous, wi th two prominences on vertex; 

eyes with ocular setae; antennae and setae as in Fig. 293. HR 1.55; 

OH/v 1.55; AR 1.?7; qt/ts/sq 1.44: 1.40: l; tt/ant 0.51; qq/eyes 0.46; 

qq/ss 0.59. 

Thorax bears on each segment torch-like ~ ana :2, setae with six 

pairs of minute setae (Fig. 290); prothoracic a and~ setae with 

filament and tubercle in proportion of 1.22: 1 and 1.67: 1 respectively; 

prothoracic pseudopod (Fig. 29D) bearing twenty-two hooks and vdth 

length, width and depth in proportion of 1.51: 1.26: 1. 

Abdominal chaetotaxy similEtr in segments 1-? w1.th ten pairs of 

tubercles, setae ~and~ and~ large, the rest minu~e (Fig. 29E). 

:~egments 8 and 9 with chaetotaxy as s hown in Fig. 29F; both with 

paired horn-like tubercles on dorsum. Anal pseudopod (Fig. 29G) 

with two rems oi' slender, curved hooks (anterior rO'N of five shorter 

pairs and posterior row of four longer pairs), and two bilobed anal 

blood gills. 
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Fig. 29. Lasiohelea (Lasiohelea) uncuspromissa n. sp. 

A-G, Fourth-instar larva: 

A, Larva, lateral view 

B, Head 

c, Metathoràcic segment 

D, Prothoracic pseudopod 

E, Third abdominal segment 

F, Last two segments 

G, Anal pseudopod 

H-J, Pupa: 
H, Pupa, dorsal view 

I, Pu pa, lateral view 

J, Sixth abdominal segment 
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Cuticular armature scale-like. 

Pupa (Female) .-

Length 1 .84 mrn. Color orange-red, darker red in thorax. 

:.:edian head sclerite with three tubercles, the anterior pair 

(antero-marginal) setulose; lateral sclerites each with a setulose 

tubercle (antero-dorsal). On postero-ventral head region, both ventre

median and ventre-lateral tubercles present, the former setate, the 
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latter an elongated,indistinct marking. Cephalothorax 1.76 times as long 

as its •vidth. Ratio of length of head to thorax 0.41 in ventral. aspect 

and 0.24 in dorsal aspect. 

Thorax (Fig. 29H) bearing two median ridges and eight pairs of 

low tubercles of which two pairs are anterior to prothoracic horn. Of 

the remaining six pairs on dorsum, the anteriormost three pairs bear 

minute setae, the posterior three pairs non-setate. Prothoracic horn 

(Fig. 29H) club-shaped, with about eight spiracular papillae aerees 

tip, its length 2.80 times its width and the ratio of tracheal length 

to horn length 0.74. 

Abdominal segments l-6 each bearing four pairs of small tubercles 

on dorsum (Fig. 29H, 29J). Segment 1 has, in addition, a pair of' 

lateral tubercles bearing minute setae. Segments 5-6 similar in 

chaetotaxy, each bearing in addition to above-mentioned, four pairs 

of tubercles, three pairs of posterior latero-marginal tubercles 

(p.l.m.), one pair of posterior ventro•lateral tubercle (p.v.l.) and 

three pairs of ventral tubercles (v) (Fig. 29J). Terminal processes 

directed outwards, sharply pointed, retainin;: larval exuviae on last 

three abdominal segments. :!,fale sex:ual processes ventral, short. 



Adult Fema.le.-

Lenr:th 1.51 mm. Wines 0.77 x 0.55 mm. 

Head dark brown, with mouthparts brown; eyes almost contiguous 

dorsally; clypeus (Fic. 50B) with 15 setae. Eaxillary palp (Fig. 500) 

stout, somewhat ovoid and bearing very large, oval, sha.llow sensory pit; 

PR 1.50; five segments in proportion of 4: 8: 15: 7: 9. Antennae 

(Fig. 50A) with pedicel dark brown, other segments uniformly lighter 

brown; basal. flagellar segments short, subspherical to oval, segment 

5 wider than long, segment 4 as wide as long, segments 5-9 slightly 

longer than wide; AR 1.77; segments 2-14 in proportion of 9.5: 6: 6.5: 

7: 7: 7: 7: 8:20: 21: 25: 25: 50. 

Thorax entirely brown, wi th scutellum (Fig. 50F) bearing six 

large bristles. Legs entirely brown; tibial comb with 6-7 anterior 

large spines and 10-12 posterior small spines; claws and empodia 
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slender (Fig. 50C); TR 2.50 in fore leg, 2.25 in mid leg and 2.11 in 

hind leg; leg segments except for basal two, in proportion of 81: 87: 50: 

20: 15: 12: ll in fore leg, 98: 107: 49.5: 22: 17.5: 15: 11 in middle leg 

and 99: 105.5: 64: 28: 22: 17: 11 in hind. 1eg. 

Winr; (Fig. 50D) brown, costa and radius darker brown, bearing 

thick long hairs; bare areas along veins distinct in proximal two-thirds, 

indistinct in distal third; CR 0.66. Venation: rs/r1 2.25; rs longer 

than r (1.56: 1); first radial cell obliterated, second radial cell 

long, very narrow, longer than first (1.31: 1) (Fiz. 50E); mcu/r 1.55: 

1; fmcu under about end of first radial ce1l. Halteres brown, with 

knobs white. 

Abdomen, including cerci, brown; sperma.theca (Fig. 50H) single, 



Fig. 30. Lasiohelea {Lasiohelea) uncuspromissa n. sp. 

A-H, Adult female: 
A, Antenna 
B, Clypeus 
c, Maxillary palp 

D, Wing 
E, Anterior wing venation 
F, Scutellum 
G, Last segment of hind leg 
H, Spermatheca 

I-M, Adult male: 
I, Antenna 
J, Maxillary palp 

K, Wing 
L, Anterior wing venation 
M, Genitalia 



êJ . . . . 
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large, short oval, 62.07 x 51.72 J.l. 

Adult Male.-

Length 1.45 mm. 0.84 x 0.26 mm. Co1or as in female. 

Head with vertex dark brown, fronto-clypeus and mouthparts 

lighter brown; eyes contiguous above; clypeus wi th 13 setae; proboscis 

about two-third.s as long as head capsule (0.66:1). Eaxillary palp 

(:B,ig. 30J) more slender than that of female, with five segments in 

proportion of 4: 6: 10:6.5: 9; segment 3 with shâllow depression 

containinf, a group of sensi1lae; PR 1.88 (1.82-2.00). 1\ntenna (Fig.50I) 

with scape and pedicel dark brown, other segments lighter brcwr.n; AR 0.96 

(0.95-0.99);. segments 2-14 in proportion of 16: 10: 10: 9.5: 9.5:8: 8: 

9: 9: 22.5: 25: 18: 21. 

Thorax entirely brown. Scutellum with six strong bristles along 

caudal margin. Legs entirely brown; tibial comb of hind leg with seven 

anterior large and 10-11 posterior sma1l brist1es; claws re.ther smal1, 

s1ender and curved; empodium thin and slender; 1eg segments except 

basal two, in proportion of 90: 99: 57: 28: 2.15: 14: 10 in hind leg, 

98: 107: 47: 24.5: 17.5: 12: ll in œ~ddle leg, and 92: 85: 50: 22: 17: 

12: 10.5 in fore leg. TR 2.27 in fore 1eg, 1.88 in middle 1eg and 2.03 

in h:i.nd 1eg. 

Wing (Fig. 50K) with veins brown, bare areas along veins distinct. 

CR 0.59. Venation: vLR 1.17: 1: 1.79; rs/Tl 2.40; rs/r 0.86; first 

radial ce1l obliterated, second radial cell very narrow, slight1y 

longer than first (1.15: l); m5+~cu1 2.59; fmcu under about middle of 

second radial cell; mcu/r l. 5·~1;. Iialteres wit.l.t knobs white. 

Abdomen with sclerites brown, membranes pale. 
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sternite 9 rather short and bread, shorter than \vide (0.85: 1); 

tergite 9 about as long as wide (1.03: 1), somewhat round on lateral 

and caudal rr.a.rgins. Par10uneres with basimeres cylindrical, aboèlt three 

times a.s long as wide (2. 75: 1) and with telomeres slender, little 

shorter than basioeres (0.85: 1), narrowed at middle and curved 

inwaràs étt tip. Claspettes arch-like, slender; basal arms and basal 

union in proportion of 1.64: 1: 1.64. Aedeagus bipartite, distal ends 

of each half with long, hook-like,outwardly-directed sclerites; median 

portion trianguler, strongly sclerotized around borders. 

Holoty:oe (Adul t Male).- Reared from la.rva.e col lect ed from messes, 

liverworts and algae growing on clay bank at Wallace Way, ,Singapore, 

in June 1961. 

Paratype s.- Collected from same habitat and locality as holotype; 

3 la.rvae, 4 females, 2 ma.les ana 5 associated pupal exuviae, deposited 

in the Department of Zoology, University of Singapore. 

This species is distinct from recorded species but somewha.t 

resembles Lasiohelea carolinensis Tokuna.ga (1940) from n.cronesia 

in structure of the aedeagus of the male, especially in the long 

outward-turning hooks. It differs from carolinensis in the rouch 

taller arch-like claspettes in the métle. 

It differs from Lasiohelea villosa :,.:acfie (1954) from :~elangor, 

::r:ialaya (in which only the femétle is known) in its much smaller size 

(0.77 ~m. to 1.7 mm. in wing length), higher hind TR (2.1 to 1.8-1.9) 

and in the tb..ird palpal se[~ment which bears a large sensory pit instead 

of "wi thout pit but bearing numerous sens ory hairs on a large depressed 

area about r:'.iddle 11 (Mac fie, 1 934). 
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Other Species.-

Species described in all stages are:-

attenuata (Saundera) (1964); Can.J .Zool. 42: 469 

atratula (Goetghbuer) (1955); Rev. Zool. Bot. Af'r. 27: 149 

cornuta (Saunders) (1964); Can. J.Zool. 42: 464 

flavescens (Saunders) (1964); Can. J.Zool. ~: 471 

fairfaxensis (Wïrth) (1951); Proc. Entomol. Soc.Wash. 55(6): 517 

interrnedia (Saunders) (1964); Can. J .Zool. 42: 468 

longineura (Saunders) (1964); Can. J. Zool. 42: 470 
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~ongicornis (Tokunaga) (1940); Tenthredo ~: 105 
Tokunaga (1962), Pacifie Insects 4(1): 186 

nigeriae (Ingram and liacfie) (1924); Ann.Trop.Eed.Parasitol • .1§.(5)1 582 

guasicornuta (Saunders) (1964); Can. J.Zool. 42: 467 

townsvillensis (Taylor) (1914); Australien Zoologist 1(1): 169 
Saunders (1964), Can.J.Zool. ~: 472 

velox (Winn.) as pilosipennis(Kieffer) (1921); Arch. Inst. Pasteur 
Afrique du Nord 1= 11."5 

8. RE-E.X.Ai;üN.4.TION 01'' THE SYSTEMATIC POSITION OF THYRJ])Ql,:;n:A SAUNDERS 

Saunders (1964) did not include Thyridom;yia species in the 

Lasiohelea complex because of the presence of an elongated second radial 

cell in the wing of the latter group, though the common group character 

of the single spermatheca in the female is shered between the two, and 

from ell characters are much closer to each other than they are to other 

"subgenera" (exoept Dacnoforcipomvia) of the complex. 

In the larva, both the subgenera Thyridomyia and Lasiohelea 

have the characteristically small hypognathous head, large eyes, presence 

of an ocular seta (not in all Thyridomyia species), four or more 



prominences on the vertex, general arrangement of hooks in a double 

ring on the anal pseudopod, scale-like cuticular armature and general 

distribution of the chaetae. The main differences, hitherto supposedly 

constant, are in the antennae anèl the abdominal ~ and .!?. hairs. The 

reduced antennae of Thyridornw}a larvae have been considered as constant 

characters but certainly the presence of reduced flagella. of relative 

sizes on distinct tubercles in palustris Saunders (1925), aspinosa 

Saunders (1956) and 'sp. A' (Saunders, 1956) indicates that they are, 

to a certain e:xtent, variable. Presumably the reduced thyridomyian 

type of antennae has lost sorne specifie chemoreceptive function 

pertaining to life in massy and woody situations or has ~uired a 

different function. 

The torch-like ~ and b setae of Lasiohelea larvae have also been 

considered ta be constant characters of this "subgenus" but these again 

are present outside this "subgenus11 in 'l'hyridomyia rugosa and in 

Thyridomyia aspinosa on the first two thoracic segments and similar 

rudimentary ones on other segments. In Thyridomyia nodosa Saunders 

(1959) they are "rosette-liken (or practically "torch-like"). Cpreful 

examination and comparison of these setae in Thyridomyia rugosa and 

Thyridoma vertexcava shovt that the long setae and their tubercles in 

the latter (Fig. 17 E) when shortened would be essentially torch-like, 

as in the former (Fig. 21B, Fig. 21F). The leaf'-like processes on 

the tubercles of Thyridomyia vertexcava are still retained in 

rudimentary fonn, on the posterior side of the tubercles in x:-x.gosa 

(Fig. 21F). 

Again, the ocular seta is not limited to Lasiohelea (and 
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Neoforcipom:y;ie Tokunaga) alone but is also found in Thvridoroyia 

a.spinosa, 'l'hyridomyia monilicornis Coquillett (1905) and Thyridomyia 

rugosa. The only real difference is the consistent absence of 

oauda in Thyridomyia species described so far and their presence in 

praotically all Lasiohelea speoies, albeit moëlified. In the writer' s 

opinion cauda are variable chara.cters and may be present or absent in 

the same subgenus. For exemple, they ere absent in Lasiohelea 

unouspromissa 7han and present in most ether species. 

In the :pupa, bath Thyridomyia and ~asiohelea share rr.eny simila.r 

cha.racters: (i) the short d.orsal caudal projection which extends only 

ta the middle of the first abdominal segment, (ii) the ventral male 

sexual processes (described by Saunders (1964) as 'dorsal' for Lasiohelea 

but correoted to 'ventral' in Chan and Saunders (1965)), (iii) the 

many dorsal tubercles on the thorax ana abdome:1, and (iv) the general 

plan of chaetota.x<;. The only pupal character which appears to separate 

Thyridomyia from Lasiohelea is the shape of the prothoracio horn: bread 

distally wi th a ne_rrow base in Thy:r:idomyia and narrow wi th usua.lly 

distinct 'heel' in Lasiohelea. In Thyridomyia ,E!;1$0sa the shape of 

the respiratory horn (Fig. 22 G) is more or less intermediate between 

the two, but actually closer to the latter: the base is narrmv as in 

~idomyia ru1d Lasiohelea but a posterior 'heel' as in~~~.~~ 

is also present. The distinction between the two subgenera is thus 

bridged by Thyridomyia rugosa. 

The antennae of Thyridoroyia and Lasiohelea females, however, 

seem fairly distinct; in femalcs of the former only the distal four 

segments are distinctly lon1~er than the basal ten, while in the latter 
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the distal five are distinctly longer than the rest. In Thyridomyie. 

nodosa and ThY1:,idomyia rugosa the distal fi ve segments are also fairly 

distinctly longer than the basal nine as in Lasiohelea females. As 

for immature stages, the female of' ThYJ;'idomyia :r:ugosa is intermediate 

in this character between the two subgenera. H~«ever, the similarities 

between characters of the females of both subgenera such as the single 

s:permatheca, the wing costa ending beyond middle of the wing, the first 

radial cell slit-like or obliterated and the second radial cell 

distinctly longer tha.n the first, are sha.red only by them (with the 

exception of Dacnoforcipomyia) a~d are distinctly different from the 

rest of the Forcipomyiinae. 

The male genitalia have been considered to be relia.ble diagnostic 

characters in separating the two subgenera. Until recently, Lasiohelea. 

males were reported to be consistent in their possession of a complicated 

aedea.gus with chitinized recurved sclerites bearing hook-like outward

turning processes "highly differing from all other subgenera" (Tokuna.ga 

and l!Iura.chi, 1959). This supposedly relia.ble and constant character 

was sho>v.n by Saunders (1964) to be variable in that a few Lasiohelea 

species do not have outwa.rd-turning aedeagal hooks. 

A close exemination of the male genitalia shows tha.t the basic 

natural components of the a.edeagus are comparable in both Thyridomyia 

and Lasiohelea. Thyridomyia esakii Tokunaga (1940), Thyridesvia 

palustris Saunders (1925) and Thyridomyia nodosa Saunders (1959), for 

examp1e, have aedeagi of essentially the same shape and structure as 

those of Lasiohelea guasicornuta Saunders (1964) and Lasiohelea 

intermedia Saunders (1964). Of singular conformity in all four 
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species are the curved anterior lateral homs of the aedeagus and the 

two median longitudinal sclerites. The latter are of particular 

interest as they shmv tendencies of turning outwards in Lasiohelea 

longineura Saunders (1964), and Lasiohelea attenuata 2aunders (1964), 

and Lasiohelea spinipenis Tokunaga (1959). The same general structure, 

though somewhat modified, is seen in Thyridomyia aspinosa Saunders (1956), 

and Thyridomyia b..amata Tokunaga (1959) and in Thyridomyia rugosa, all 

three at' which, on the basis of the structure of the aedeagus, are more 

close1y related to each other, phylogenetically and taxonomically, than 

to the rest of the group. 

It is therefore not surprising that expert taxonomists have on 

the basis of the male genitalia (immature stages were then not available) 

confused the two subgenera on at least two occasions: for exrunple, 

L?-siohelea ~ Macfie (1924) has been al1ocated to Tbyridomyia ~ 

by Saunders (1956) a.nd Lasiohelea esakj.i Tokuna_ga (1940) to T!:vridorgyia 

esak;;i.i by Tokunaga himself (Tokunaga ana I:iurachi, 1959). 

It would appear then that the male genitalia of the typical 

Lasiohelea and the typical Thyridomocia differ only in the presence 

in the latter and absence in the f'ormer of' the membranous window on 

seg"'Tlent 9 and in the structure of t~:e claspettes - characters 

extremely variable according to Snodgrass (1957), but not without 

evolutionary significance. 

Saunders' (1964) grouping of the subgenera Lasiohelea, 

N:eoforcipomyia and Warm.kea i.n the Lasiohelea cornplex, based on the 

arbitrary character of the elongated second radial cell convenient 

but artificial since this classification does not show that these 
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subgenera are more closel~,r relateà to one another tha:"'l to the rest of 

the :F'orcipomyia 11 subceneran, }_ thor examination of characters in 

all sta::;es of all the Ii'orcipom;yia show 1 beyond reasonable 

doubt, that the 11 nera11 having closest with Lasiohelea are 

Thyridomyia, Synthyridomvia and 

In the of these considerations and from cœjparisons with 

other of ·che lt'orcipomyiinae, as •vell as from the discovery 

of q1e i:rrJnature sta::;e s of' a suffioiently wide rant;e of species # the 

writer is convinced that the distinction between Th;yridomvia and. 

:Lasiohelea is not clear-cut and f'urthernore, tho suo6enera. Sy:.-1-l~hyridonPria 

Sru1nders (1956), Thyridomyia Saunders (l 

and Saunders ) may ]!rOve f:o be aberrant fOI'T:lS Of Iaeffer 1 S (1921) 

:::;enus Lasiohele 

Type Sl)ecies levis (Coquillett) (1901) (s~11. exilis Coq., 1910) 

La.rva.-

IIead , wi th antennae usually prominent, spur-like 

and rising from el socles; eyes prominant, dome d, located 

anterodorsally on sides of head; vertex usually with longitudinal 

rows of rounded nodules; mouthparts '.'Vell deve::.oped; phar;y11geal 

skeleton be about six coffibs, pharyugeal with bristles. 

Pr o-'c hor a cie bilobed, ee.ch lobe vdth nu:mber of 

hooklets arrange in t'HO rmfs, postericr row he sclerotizod, dar~-: 

• and stout, and a....'lterior row hyaline and slender. ior ps::mdopod 



bearing two transverse rows of varying number of hooklets, anterior 

row heavily sclerotized, dark and atout, posterior row hyaline and 

slender; anal papillae two. Body segments oval in cross section, 

with lateral processes often as long as segments; all body segments 

with short spines. 

on dorsum. 

Last abdominal segment with an unpaired sclerite 

Puna.-

Head separated from thorax by d.istinct furrow. Prothoracic 

horn short, boot-shaped, f'lattened or cylinarical depending on the 

aspect, and bearing in a curving row a va.rying number of' spiracular 

pe.pillae on posterior side. Thorax bearing six pairs of processes, 

decreasing in size posteriorly and may vary greatly in size; anterior

most two pairs nearest middle with spur-like seta. Posterior median 

point of mesothorax not overlapping first abdominal segment. 

Abdominal segments 2-7 dissimilarly bristled, first five segments 

usually with branohed or setaceous projections. I.iale sexual processes 

ventral, short, protrudiP~ slibhtly beyond tip of abdomen. 

exuviae retained in last three segments. 

lidult Female.-

Larval 

Body short, stout, slightly hairy; eyes bare or pubescent. 

Antennae .vith basal segments 5-10 globular, transverse and distal 

five segments elongate, usually much longer than basal segments. 

1\:esonotum bare or with only short hairs. Legs slender with few or 

no hairs, end of foretibia usually with a setose anterior lobe; 

hind basitarsus always at least as long as the second segment. 

Winz:.:s bread, anal area rounded; microtrichia well developed, macro-
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trichia rather spa.rse ~ fine and suberect, often confined to wing tip 

or absent; costa reaching two-thirds of wing length; second radial 

cell long, u3ually two or three times as long as the first; cell R5 

wi th conspicuous intercalar:,- or folded fork; median fork with a stout 

stem, lower branch sca.rcely or not interrupted at base; anal vein 

straight; alula and squama bare; fringe on posterior body composed 

of a single row of alternating lon,t:: :::md short, simple straif;ht hairs • 

.Abdomen sanetimes with a median appendage on the si:>,.'th or seventh 

sternite; one or two spermathecae. 

Adult Male.-

.Antennae with vroak verticels on segments 11-14, segment 11 

not creatly lengthened. other charactors as in female 'Ni th usual 

se:cual differences. Genitalia with sternite 9 short, transver::;e, 

tert;;ite 9 usually rounded, with anal processes; aedeagus usually 

simple, trilobed; claspettes absent or highly reduced, usually 

hook-shaped. 

Species described in all stages.-

alveolatus Nielsen (1951); D. Kgl. Danske Viè.enskab. Selskab. 
Biol. Skrifter 6: 53 

bif'idus Ewen (1958); Can. J. Zool. 36: 694 

ca.rribeanus Ewen (1958); Can. J. Zool. 36: 683 

corpulentus Ewen (1958); Can. J. Zool. 36: 681 

cornutus Nie lsen (19511::); D. Kgl. Da..11ske Vid.enskab. Selskab. 
Biol. Sl:rifter 6: 53 

crinitus :Cwen (1958); Gan. J. Zool. 36: 717 

dub~ Eielsen (1951); D. Kgl. Danske Vid~nskab. Selskab. 
Biol. Skrifter 6: 52 

flavus :Swen (1958); Can. J. Zool. 36: 697 



fuscus (:M:eigen) (no data, coll. Goetchebuer) 

hexastichu:s Nie1sen (1951); D. Kg1. Danske Videnskab. Se1skab. 
Biol. Slcrifter 6: 59 

humicolus Ewen (1958); Can. J. Zool. 36: 679 

incultus Ewen (1958); Can. J. Zool. ~: 699 

inconspicuus Ewen (1958); Can. J. Zoo1. 36: 706 

1ongicornis Ewen (1958); Gan. J. Zoo1. 36: 700 

levis (Goquillett) (1901); Proc. u.s. Nat. Mus. 23: 604 
Ewen (', Saunders( 1958), Can. J. Zool. 36: 711 
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minutus (I.ïeigen) (1830); Syst. Beschr. Eur. Zweif'l. Ins. 2= 263 
Ewen ~ Saunders (1958), Gan. J. Zoo1. 36: 704 

maculosus Ewen (1958); Gan. J. Zool. 36: 689 

obscurua Ewen (1958); Gan. J. Zool. 36: 685 

po1ydactylus Nielsen (1951); D. Kgl. Danske Videnskab. Selskab. 
Biol. Slcrif'ter 6: 61 

Ewen c.; Saunders (1958), Gan.-J. Zool. 36: 715 

remigatus Bwen (1958); Gan. J. Zool. 36: 687 

speculiger Nielsen (1951); D. Kgl. Danske Videnska.b. Selskab. 
Biol. Skrifter 6: 52 

saundersi Ewen (1958); Gan. J. Zool. 36: 691 

tuberculatus :Gwen (1958); Gan. J. Zool. 36: 709 

Other Species .-

Ha.ny other species are attributable to this subgenus on adult 

characters but these are not included here. 

Ewen t· Saunders (1958) have pointed out that, from cha.racters 

of early stages, three or four groups in this subgenus ma;;r be 

separa.ted. and. these may with further evidence, be recog;nized as new 

subgenera. 



2. Subgenus 1Jieloehelea Wirth (1956) 

Type species meloesugans Kieffor (1922) 

DIAGNOSIS 

Same as for ll.trichopogon that adult females have lonc, 

upturned proboscis for attacking blister beetles of the family 

Meloidae. The follmving diagnosis is taken from Wirth (1956) and 

according to 'Hirth (loc. oit.) will set them apart from Atrichopogon 

(Atrichopogon) species' 

11Eye s bare; proximal flaGellar segments very short and 

disciform, the last five se s of the antennae together only 1.8 

to 2.5 times as long as the pre eight combined; pit deep, 

near middle of third ses~ent; mesonotum with a distinct light-colored 

area, or fenestra, just ahead of each end of the scutellum, extendint; 

forward as narronrer, slightly impressed lines to the anterior mar gin 

of the rœsonotum; scutellum with four long bristles; costa extending 

0.65 to 0.70 way to tip of wing; hind basitarsus very 2.5 tirr.e s 

as long as the second segment; claws simple, not toothed or 

bifid at empodium long, Yd th many long tenent hairs wi th dise-

like apices; two subequal, pyriform spermathecae 11 • 

Included Species.-

farri Wirth (1956); Proc. Entomol. Soc. on 58: 23 

meloesugans Kieffer (1922); Arch. Inst. Pasteur Afrique du 'Nord 
2: 495 

oedemerarum Stora (1939); Notulae Zn'G. 19: 16 

rostratus Wïnnertz (1852); Linn. Bnt. 6: 1-80 
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3. 'l'riE 3YST:E;,;ATIC P0;:)I1'ION O.B' ATRICliOPOGON 

Atrichopogon has been regarded as a distinct genus in the 

Forcipomyiinae since Edwards (1926) assigned it a generic status. 

This is emphasized by Johannsen (1945) who stated: "I consider that 

Atrichopogon merits a distinct position since it may readi1y be 

distinguished from the others on characters furnished by the larvae 

and pupae, end by the structure of the hypopygium of the male, as 

well as other structural features of the adult." In the light of 

Ewen and Saunders' (1958) recent paper, in which the i~ture stages 

and adu1ts of 19 species of Atricpopoj[on ~ere described, and from 

comparisons of these fon;~ with other Forcipornyiinae, it would appear 

that Johannsen' s staternent requires correction. 

In the classification erected so far the genus Atrichopog,on has 

been separated from all other Forcipomyiinae groups principally by adult 

wing characters. A si de from the se characters wb.ich are genuinely 

different from those of other Forcipomyiinae, there are decidedly no 

other characters in Atrichopogon, by which the genus can be separated from 

the other members of the subfami1y. Nie1sen (1951) and E.'wen a."ld Saunders 

(1958) have pointed out that Atrichopogon should be defined on the ba.sis 

of the larvee and/or pupae rather than on the adults, and the writer 

agrees that the early stages provide a better systematic basis for 

this genus. 
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On immature characters, the deciding difference between Atrichopogon 

and other Forcipomyiinae has been, for a 1onr,:: time, the f1attened 

appearance of the larvae in this genus. This, as has been pointed 

out in the introduction is no longer valid since sorne ThyridoP~ia 



larvae also have the f'lattened appea.rance. Atrichopogon larvae heve 

also been dif'f'erentiated f'rom ether larvae by their lateral processes 

being in this genus at least as long as the body segments, but in 

other groups less than half' the length of' the segments. This 

diff'erentiation is again no longer valid since larvae of' Schizo

(orcipomyia have the ~ setae much longer than each body segment and 

the larvae of Dacnof'orcipomyia and sorne Thyridomyia have the ~ 

(sone times ~) setae as long as each body segment. Trilk:>helea ni copina n. sp. 

also has the body setae longer thau, or as long as, the segments. 

~homsen (1957) has separated Atrichopogon from other 

Forcipomyiinae on pupal characters, in addition to those of the 

larva.e, painting out that in this genus all pupae have on the f'irst 

t'ive abdominal segments projections, branched or setaceous, while 

in other Forcipomyiinae, all but the last abdominal segment bea.r 

either spines or stump-like projections. These characters again no 

longer hold true since Atrichonogon polydactylus has projections on 

all but the last abdominal segments and mAny Atrichopogon species do 

have small spines or projections on the f'ifth to seventh abdominal 

segments, and pupae of' many other Forcipomyiinae do not bear projections 

at all on most abdominal segments. hwen and Saunders' (1958) statement 

that there is no single character in the immature stages of Atrichopogon 

which can infallibly separate them from the early stages of' other 

Forcipomyiinae is perhaps nearest to the truth. Hence, on the basis 

of the above evidence, no au thor has yet shown the true relationship 

between Atrichopogon and other Forcipomyiinae, nor has a true 

systematic position for the genus been reached. 



Kieffer (1921) in his original definition of Lasiohelea, placed 

it as intermediate between Atrichopcgon and Forcipomyia, ascribing to 

it the following: "Alar pilosity as in Ceratopogon (i.e. F_orcipomyia) 

empodium as long as the claws, with short hairs; the rest as in 

Atrichopogon. Type Atrichopogon pilosipennis Y.ieff.". 

Edwards (1922), like Kieffer, came nearest to the systematic 

position of ~trichopogon in the Forcipomyiinae in his discussion of 

Lasiohelea and would have most certainly reached the seme conclusion 

as the writer had he had sufficient information on the immature stagez. 

Ee (loc. oit.) pointed out the close morphological similarity between 

Atrichopogon and Lasiohelea, giving as an exemple the misidentification 

of Winnertz's Lasiohelea velox by Kieffer (1919) as Atrichopogon 

pilosepennis. Edwards (loc. cit.) further stated that Lasiohelea 

is intermediate between Atrichopogon and Forcipomyia~ and that "it 

reseubles the former genus in the structure of the antennae and in 

the venation, notably in the very long second radial cell, which 

extends well beyond the middle of the wing; the cell, however, is 

narrov;er than it is in Atrichopogon, the radius being al..'!lost in 

contact with the costa, while the first radial cell is obliterated 

by the fusion of r 1 and rs. On the ether hand, the rel~ttionship to 

Forcipomyia is shown by the rather densely hai~wings, though the hairs 

are les~3 closely-lying than in 11'orcipomyia, and there are bare lines 

adjoining the veins, as in Atrichopogon. ~l'mlong the larger hairs, 

which are spread over nearly the whole surf'ace, can be distinguished 

small microtrichia, smaller than those of Atrichopogon, but more 

obvious than those of Forcipomyia.n 
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J.:.=acfie (1952) also pointed out that "the genus Lasiohelea is 

intermediate between Forcipomyia and Atrichopogon, but it is not 

easy to find reliable characteristics by means of which it may be 

separated from the former.n He regarded Lasiohelea as a sub-genus 

of r;:orcipom;yia, and. "as one stage beyond Euforcipomyia (i.e. Pro

foroipomyia) in the direction of Atriohopogon. 

In the process of constructing keys for all stages of the 

genera of Forcipomyiinae the writer condar~tly encountered difficulty 

in separating the irrnnature forms of Atrichonogon from those of the 

Lasiohelea group of Forcipomyiinae. This led to a comparative study 

of the two groups and all ether groups of the Forcipomyiinae. As a 

result of the study the writer is now convinced that Atrichopogon, 

on the basis of Saunders' (1956) criteria for division of the 'genus' 

Forcipomyia, can be included as a subgenus of the latter, and that 

Atrichopogon is phylogenetically olosest to the Lasiohelea group of 

:?orcipomyiinae. This will be abundantly cleer from the follmving 

considerations. 

Structural similarities between Atriohopogon ana the Lasiohelea 

group o:f Forcipomyiinae are numerous and are found in e.ll stages of 

both genera. In the larva, the head. capsule in both Atrichopogon 

and Lasiohelea are relatively small in size and are generally similer 

in shape. Atrichopogon larvae have typically a prominent antenna 

with elongated socle hirrh on the head. This condition is found 
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in the Lasiohelea subgenus Synthyridomyia and in the genus Eetaforcipomyia 

which is here considered as very close to Forcipomyia. The ocular seta 

of Atrichopogon, erroneously interpreted as "seta 7" by Ewen and Saunders 



(1958) and considered by them as ttlackinrs in Forcipom;yiatt is always 

present except in Atrichoporr,on crinitus. This sete. is also a~ways 

present in Lasiohelea s. str., Eynthyridomy:ia ana. in sorne Thyridomyia 

species. The only ether genus in Forcipomyiinae sharing this 

chara.cter is Neoforcipomyia which, it must be pointed out, is closely 

related to both Atrichopogon and Lasiohelea. Another feature 

peculiar to these two genera is the irregular sculpture of the vertex, 

and of the lateral surfaces of the head, not found in other 

Forcipomyiinae except Neoforcipomyia. Atrichopogon larvae typically 

have five longitud.inal rovrs of rounded nodules on the vertex. In 

Thytidomyia the number of "nodules" varies somewhat, usually being 

reduced through fusion or modification, to single "tubercles" or to 

complicated protuberances as in Thyridomyia vertexcava. In Lasiohelea 

s. str. these are reduced to four law prominences, in Synthyridomyia and 

Da.cnoforcipomyia to two and in the subgenus represented by Lane 1 s 

La.siohelea. stylifer Lutz, to a "reticulate pattern". 

'l1he body of Atrichopogon larvae is typics.lly flattened in 

appearance due to the elongated lateral tubercles. This flattenea 

appeerance is also found, or at least approximated, in sorne Thyridomyia 

species (monilicornis, vertexcava n. sp. etc.) and also Dacnaforcip~a 

anabaenae; the latter species are also chara.cteristically adapted to 

the same type of habitat, namely moist surfaces covered with a thin 

layer of bryophytes. This flattened candi ti on is absent in all 

other Foroipomyiinae. The anterior pseudopod of Atrichopogon la.rvae 

are divided, each ramus bearing two rows of hooklets, the anterior row 

of hooklets hyaline and slender, the posterior row of hooklets stout ru:1d 
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heavily sclerotized.. The divided pseudopod is also fonnd in 

Thyridomyia asuinosa ;)aunders (1956) and again in all ether 

Lasiohelea species except Dacnoforcipomyia anabaenae, the hooklets 

are composed of hyaline slender anterior ones and heavily sclerotized, 

stout, posterior one s. ~'he divided pseudopod outside of these two 

genera is found only in li,orcipomyia (Forcipomyia s. str., Schizofor

cipomyia) but in these forms the hooklets are almost always monotypic 

and not arrangea in rows but in a circle. 

Another similarity between Atrichopogon and Lasiohelea found 

nowhere else in the Forcipomyiinae is the rare condition where a 

transverse band of sclerotized spines on the dorsum of each segment 

except the last, more or less connects the~ hairs posteriorly as 

in Thyridomyia monilicornis, palustris, vertexcava n. sp. and 

Atrichopogon humicolus Ewen (1958). 

In the pupa, the shape of the respiratory horn in Atrichopo.rron 

and Lasiohelea is not very different, especially between Atrichopogon 

and Lasiohelea s. str. where it is narrow and has a posterior "heel", 

often more prononnced in Atrichopogon. The median head sclerite in 

both genera typically and usually bears three tubercles, the anterior 

pair setigerous and the lateral head sclerites each usually and 

typically bears a setigerous tubercle. This condition is not seen 

in other Forcipomyiinae although the number of tubercles on the head 

sclerities may be the same. Another character found in both genera. 

is the frequent occurrence on the dorsum of the thorax of six pairs 

of tubercles, of which the anteriormost towards the middle are 

setieerous. This condition again is fonnà nowhere else in the 
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Forcipomyiinae. Again, another similarity is seen in the ventral 

position of the sexual processes in the male pupae. In both 

Atrichopo~on and Lasiohelea the seÀ~al processes are short, 

protruding just or slightly beyond the tip of the abdomen. This 

condition is also found in Trichohelea and Heoforcipomyia but the 

processes are much longer in the latter genus. A distinct difference, 

however, e:x:ists between pupae of Atrichopogon end Lasiohelea, notably 

the presence of branched or setaceous lateral processes usually on the 

first five abdomina.l segments in the former genus, and the absence of 

these processes in the latter genus. This difference is hovrever not 

ta:x:onomically import~~t since in Atrichopogon the branched. processes 

are structures adapted to life in moist situations and are modif'ied 

sete.e homologous tc a similar lateral group in Lasiohelea. 

In the adult, simila1jes in characters between Atrichopogon and 

Lasiohelea are trany. In both genera the ma:x:illary palps are distinctly 

five-segmented. The basal antennal s in A trichopogon a.re 

globular or transverse and the distal five segments elO!lf~ate, a 

condition found also in Lasiohelea s. str., Dacnoforcipomyia and the 

new sub.::;enus (Lane's Lasiohelea stylii'er Lutz). This condition is also 

found in Trichohelea, which is closely related to both Atrichopo~on 

and Lasiohelea, despite the a.pparently distinctive immature stages that 

have evolved through adaptation to aquàtic habitats in the leaf a:x:ils 

of plants. 

the winp; of Atrichopogon the costa reBches to two-thirds the 

winrc: length end the second radial cell is elongated ~>1d always open. 

The costa in Lasiohelea s. str., ~cnoforciBomy~a, new Lasiohel~ 
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subgenus (Lane's Lasiohelea stylifer Lutz) a~d sorne Thyridomyia species 

also reaches to about two-thirds of wing length and the second radial 

cell is elongated but usually practically closed .• This conélition 

of the wing is approximated by Ce.l:Ï.forcipomyia, Forcipomyia (WP..rmkea}, 

NeoforcipQffiYia and sorne Trichohelea where the second radial cell is 

practically closed or somewhat open. 

In the legs, the hind TR is larger tha..YJ. 2.0 an:l rarely slightly 

larger than 5.0 in Atrichopop.on. In all subgenera of Lar:;iohe~ 

the hind TR is e.lso larger than 2.0 and usually less than 3.0. This 

large 'l'R value is founrl only in two other genera of Forcipomyiinae, 

namely Trichohelea and Metaforcipomyia where only v·ery few species have 

been described. 

i,lost Atrlchopogon females have only one spermatheca, a 

.fu.tur~ 
characteristiclfound in all Lasiohelea species. Other genera in the 

Forcipomyidnae with a single spermatheca are Neoforcipomyia, Fterobosca 

(some), Parapterobosca., I•1orcipomyia (Warmkea., some Schizoforcipom,yia,). 

3uperficially the genitalia of Atrichopogon would be considered 
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distinctly different from those of Lasiohelea, but thi.s apparent difference 

can be explained on a phylogenetical basis (see section on Phylo?eny). 

The claspettes in Atrichopogon are ei ther absent or usually simple, 

hook-shaped. The latter condition is approxirnated most closely by that 

in Thyridomvia species where the claspettes are triangulBr (or practica.lly 

hook-shaped), which condition can be shown to be derived from the 

hook-shaped type (see Fig. 40). 

The aedeagus in Atrichopogon is usually shield-shaped, trilobed, 

and wi th indications of two sc lerotic thickènings running obliquely 



from the mesal point to the basal arch of the aedeagus. The aedea.gus 

in Lasiohelea is also basically shield-shaped but usually highly 

modified, and often bipartite, with several sclerites, sorne with 

outward~turning tips as in many Lasiohelea s. str. In many species 

of Thyridomyia and Lasiohelea s. str. the aedeagus bears two sclerites 

from the mesal point to the basal arch, suggestin,r- the later evolutionary 

re sul t of similar thickenings in Atrichopogon. 

The above similarities in all the stages between Atrichopogon 

and Lasiohelea, tFken collectively show beyond reasonable doubt that 

these two genera are more closely related to each ether than to ether 

Forcipoymiinae. On the basis of these criteria Atrichopogan should 
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be considered the closest to the Lasiohelea group in the Forcipomyiinae. 

An addi tional similari ty further stren~ens the contention. AtrichoDogon 

species have perasitic habits like Lasiohelea species. Several 

Atrichopogon (Meloehelea) species have been observed to prey on ether 

insects, e.g. Atrichopogon meloesugans on the beetle Melee ma.ialis 

Linnaeus in Algeria (Kieffer, 1922), anël Atrichopoqon rostra_tus (Winn. 

1852) on a closely related beetle, I1':eloe proscarabeus Linnaeus in 

Denmark (Edwards, 1925) 1and. Atrichopogon oedemerarium on ~:ieloe 

violacens l:arsham in Germany and St:veden (Wirth, 1956). From a 

physiological point of view, therefore, Lasiohelea and Atrichopogon 

are closely related. It may therefore be assumed that both Atrichopogon 

and Lasiohelea groups had a common ancestor in the distant past. T~~s 

ancestor through adaptive radiation gave rise to fonns which d.iverged 

from the basic phenotype wAinly along two lines, principally in 

characters of the wing, presumably associated with feeding habits 



of the adults~ and in a few immature characters, e.g. branched processes 

of pupal abdominal segments and flattened larval appearance, presumably 

associated vri th life in semi-aqua.tic habitats like water-soale d 

bryophyles (messes, livervrorts and algae). 

n. GEl:W.., lŒO.B10RCIPOI,lYIL TOKU:NAGA (1959) 

Type species Forcipomyia pectinunguis de Meijere (1925) 

Dii:..G:i:W0I S 

L~a.-

Length of full grown fourth instar about 5 mn:.. Color yellow when 

cleaned of coating of foreign particles. Body rather stout, wi th si des 

of segments projecting when seen dorsally. Head compara.tivel:r small, 

strongly hypognathous, depressed under prominent prothorax; two or four 

low prominences on vertex; eyes prominent, dome-shaped, hBlhvay down 

front ar head, with ocular setae; antennae below eyes, small, slender, 

on lo-u socle; .9., ..ê. and i hairs simple, slender,on low tubercles. 

Prothoracic dorsum with two pairs of large hook-tipped setae on long 

slender tubercles. ~ hairs lacking or when present, small. Abdominal 

segments all except last with lateral tubercles bearing complex rosette 

setae; penultimate segment with one pair dorsal setigerous tubercles 

similar to those on prothorax, or shorter ru1d broader. Prothoracic 

pseudopod undivided, relat:i.vely short, with two groups of hooklets, an 

a:nterior croup of three hyaline, slender ones and a posterior group 

of five strongly sclerotized, stouter ones, on each side of the miel-lins. 

Posterior pseudopod. with r5.!>.E r).s.i~<o black l:ooklet;• i·1 1.l1~>t complete 

d.v;;,ble ring around snus. Ca.uda absent but last se,sment rnay bear 

paired cauda-like structures, setose or smooth. Cut:icular armature 
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hair-like, short or long on ventral surface. 

Pu·oa.-

1.5-2.3 rr.m. Inner color yellow as in larva, exuviae f'aintly 

pigmented on thorax. Uedian head sclerite with well developed tubercles. 

Thorax and abdomen wi th small to rudirGcntary tubercles, abdomen sometimes 

with dia.gnnal cuticular markings. t~edian posterior point of' mesothorax 

just overlapping anterior border of' f'irst abdominal segment. Prothore.cic 

respiratory horn variable in shape and arr~mgement of' spiracular 

papillae. Terminal processes short in bath sexes,sh8rply out-turned 

in male, less so in f'emale. ;.::ale sexual processes ventral. Larval 

ex uviae retained in last three segments. 

Adult I<1emale.-

Basal f'lagellar segments of' a.ntenna subspherical, distinctly 

shorter than distal t'ive segments and never f'lask-shaped. :\laxillary 

palp completely segmented. Hind TR greater than 2.4; empodia and claws 

normal. 7iing:s unadorned, rather densely haired wi th slender macro-

trichiaç costa ree.ching beyond middle of' win,f:, second radial cell narrow, 

long, and at least as long as f'irst, f'irst radial cell ob li terated and 

slit-like. Two spermathecae. 

Adul t }La.le.-

:\R 1.0 or greater. Hind TR 2.3-5.2; empodia of' legs lacking 

or vestigial. Genitalia with claspettes arch-like, as in Prof'orcipomyia 

but massive and usually with spoon-shaped caudal lobes; aedeagus 

somewhat shield-shaped; sternite 9 much shorter than wide and without 

deep caudal emargination. 
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NeoforciPO!l!Yia sa.undersi Ori.AI>l liEW J::îPECIES 

DIAGNOSIS 

This ne-.v species is named in honour of Dr. L.G. S~ders in 

recognition of his great contribution to the taxonomy of the 

:b,orci pomyiinae. 

~.-

Elonga.te, ovoid, well rounded anteriorly (micropyla.r end) and 

less so posteriorly (Fig. 51A). Length 277.59 .:!:. 5.58 p., gree.test 

width and depth 91.05 .:!:. 2.12 p. Color black; exochorion smooth, 

without ornementation. On hatching it splits along the dorsal surface 

from anterior end to about 5/8 of its length. Eggs laid singly or in 

masses of irregular shapes and sizes. 

Larva.-

Length of full-grown fourth instar larva (Fig. 51B) 2.69.:!:. 0.25 mn:. 

Color in life lemon yel1ow to light brown with internal contents brown 

to dark grey. Head black; chaetota:x"'J as in Forcipomyia (I'Teoforcipomyia) 

crinita Saunders (Saunders, 1964) but with a single pair of conspicuous 

prominences on vertex. Eyes, antennae and setae as in Fig. 51C. ER 

1.46.:!:. 0.05; AR 7.45 + 0.97• qt/ts/sq 1.55 ± 0.15: 1.60.:!:. 0.15: 1; 

tt/ant 0.41 + 0.08; qq/eyes 0.52 ± 0.01; qq/ss 0.41 .:!:. 0.0. 

Prothorax with four large hook-tipped setae, seta ~ with filament 

and tuberc1e in proportion of 1.10 ± 0.17: 1 and seta b with filament 

and tuberc1e in proportion of 1.30.:!:. 0.12: l; prothoracic pseudopoa 

(Fig. 5lD) with length, width and depth in proportion of 1.47 .:!:. 0.24: 

1.12 + 0.25: 1. Un1ike crinita the metathorax possesses ~ hairs. 

Abdominal chaetotaxy as in crinita but with a hairs on segments 
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Fig. 31. Neoforcipomyia saundersi n. sp. 

A, Egg 

B-F, Fourth-instar larva: 

B, Larva, lateral view 

c, Head 

D, Protlloracic pseudopod 

E, Third abdominal segment 

F, Last abdominal segment, ventral view 
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1-8 and vlith fine, smaller hairs on ventral surface (l<,ig. 51:3, 51E). 

Last abdominal segment bearing dorsal plate vlith two short, setulose 

spines as in crinita (Fig. 31B) but with paired unequally bilobed 

structures on dorsal extremity, and four anal papillae (Fig, 31F). 

Cuticular armature hair-like (Fig. 513, 31E), >vith definite 

pattern throughout body; those on dorsal surface directed anteriorly 

in prothorax and mesothorax and posteriorly in last two ser;ments, the 

rest of the segments each bearing two groups ( anterior and posterior) 

the anterior group directed posteriorly and the posterior group directed 

anteriorly or vertically. (This arrangement of cuticular armature 

on the dorsal surface is undoubtedly associated with holding of 

foreign particles for cryptic purposes). Cuticular al~ature on 

ventral surface hair-like, hairs long and directed posteriorly. 

Pupa.-

Length 1.94 L 0,09 mm. in female and 2.13 ~ 0.09 mm. in male. 

Color as in larva but dark near emergence of adult. 
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}iedian head sclerite with three well-develo:IEd tubercles, shagreened 

anterior pair spiniferous; lateral sclerites devoid of tubercles 

(Fig. }GA). Cephalothorax 1.75 + 0,02 times longer than its greatest 

breadth in female and 1.77 ± 0,06 in male. Ratio of length of head 

to thorax 0.49 ± 0.05 in ventral aspect and 0.19 ~ 0.03 in dorsal 

aspect in female and respectively 0.51 ~ 0.04 and 0,27 ± 0,06 in male. 

Thorax bearing four pairs of rudimentary tubercles, one pair 

of transverse, elliptical markings suggesting tubercles, and two 

anterior median ridges (Fig. 32A). Prothoracic horn as in crinita 

but with 8-12 spiracular papilla.e, 2.54 ~ 0.29 tirr.es as long as its 



greatest width in fems~e and 2.55 ~ 0.50 in male; tracheal length in 

horn to horn length 0.59 ± 0.08: 1 in female a~d 0.65 ± 0.05: 1 in 

male. 

Abdominal segments 1-8 with one median tubercle flanked by two 

diagonal cuticular markings as in crinita but segments 5-7 each bears, 

in addition, a pair of minute tubercles with setae (Fig. 52A) latertü 

to the diagonal markings; segment 7 bears still another pair of small 

conical tubercles, lateral to the tubercles; lateral tubercles on 

segments 5-7 small, conspicuous and. bear minute setae. Cuticle of 

entire abdomen very finely shagreened. In female length, width, depth 

of third segment in proportion of 1: 2.12 .:!:. 0.10: 1.88 ~ 0.14 and that 

of last segment 1.12 ± 0.12: 1: 1.05 ~ 0.08. In male simi1ar ratios 

for third abdominal segment 1: 2.10 + 0.15: 1.89.:!:. 0.15 and for 

sexual processes 5.51 ± 0.29: 1.01 ± 0.12: 1. 

Adu1t Female.-

Body length 1.56 0.10 rœn. Wings 0.91 ± 0.10 mm. by 0.45 ± 

0.02 mm. 

Head dark, with antem1ae and mouthparts dark brown. lJ,:axi11ary 
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palp stout, with third segment bearing large sha1low sensory pit (Fig. 32C); 

PR 1.45.:!:. 0.10. Antenna dark brown, !ùR 2.20 ± 0.16 (Fig. 32B). 

Thorax dark brown, scute11um wi th bristle arrangement as shawn 

(Fi[. 52G). Legs brown; fore TR 2.81 ± 0.08; mid TR 2.69 ± 0.09; 

hind TR 2.88 ± 0.08; claws (Fig. 32E) normal; empodium large; apical 

tibial comb with 7 or 8 bristles (Fig. 52D). 

Wings pale brown with veina dark brown; CR 0.56 .:!:. 0.01. 

Venation: vLR 1.19 + 0.07: 1: 2.18 ± 0.17; rs/r1 2.04 ± 0.07; 



Fig. 32. Neoforeipomyia saundersi n. sp. 

A, Pupa: dorsal view 

B-H, Adult female: 

B, Antenna 
c, Maxillary palp 

D, Hind tibial comb 

E, Last hL"ld tarsal segment 

F, Stigmal area of wing 

G, Scutellum 

H, Spermatheeae 

I-N, Adult male: 

I, Antenna 

J, Maxillary palp 

K, Last hind tarsal segment 
L, Stigmal area of wing 

M, Scutellum 
N, Genitalia 



189 

Fig. 32 

D 

E 

~ 



f'irst radial cell slit-like, second radial cell somewhat narrow, slightly 

longer than f'irst (1.26 + 0.15: 1); fmcu under about middle of second 

radial cell. m5+4fcu1 1.77 ± 0.06. Haltere light brown with knob 

white. 

Abdomen including cerci entirely brown; spermathecae (Fir,. 52H) 

two, almost spherical, about equal, with short duct, measuring 261 ± 

15.4 }J. by 254 ± 14.5 }J. a.."ld 278 12.8 p by 242 ± 14.9 }J., end their 

ducts respectively 59.5 ± 10.5 }l and 58.5 ± 4.8 )l• 

Adul t },!ale.-

Body length 1.81 ± 0.09 mm. Wings 1.05 ± 0.01 rnrn. by 0.55 ± 

0.02 mm. 

Head dark with antennae and mouthparts brown. Ha.:xillary palp 

(Fig. 52J) rather slender, with segment 5 bearing shallow, small 

sensory pore just beyond. middle; PR 2.25 ± 0.29. Antenna (Fig. 52I) 

entirely brown, A1i. 1.15 .t. 0.04. 

Thorax dark brown; scutellum (Fig. 521-.~) "Ni th variable m.unber of 

bristles (8-10 large). Legs brown, tarsal segments slightly paler br01Nn; 

fore TR 2.42 ± 0.09, w~d TR 2.55 .t. 0.15; hind TR 2.68 .t. 0.11; claws 

(Fig. 52K) slender, empodia lacking; apical tibial comb with seven or 

eight bristles. 

-.iings pale brown, with veina brown; CR 0.51 .t. 0.01. Vena.tion: 

vLR 1.16 0.05: 1: 1.90 .t. 0.15• rs/r1 1.88 .t. 0.12: l; first raàial 

cell slit-like, second radial cell narrow, about as long as first 
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(1.00 0.15: 1) (I•'ig. 52L); fmcu under about the end of costa; m5+4/cu1 

2.53 .±. 0.09. Ealtere brown with l:nob white. 

Abdomen brown. Genitalia (Fig. 52N): sternite 9 about half e.s 



long as wide (0.50 .±. 0.05: 1); tergite 9 more than hal:r as lon~· as 

wide (0.59 .±. 0.05: 1). Parameres with basimeres slightly curved, 

about 2t times as long as wide (2.61 .±. 0.15: 1) and telomeres curved 

and pointed at tip and about seven tirœ s longer than its greatest 

width (7 .55 .±. 0.46: 1); aedeagus funnel-shaped, caudo-lateral 

shoulders and their distal transverse connection heavily sclerotized, 

mesal point diamond-shaped, pointed apica1ly, length and width of 

aedeagus in proportion of 1.02 .±. 0.10: 1; claspettes a massive 

square-topped arch with basal arms extended posteriorly into spoon

shaped lobes, the two basal arms and basal union of claspettes 

subequal in length, right arm to basal union to 1eft arm in proportion 

of 1.09 .±. 0.10: 1: 1.07 .±. 0.15. 

Holotype (fourth instar larva).-

Collected fror:1 :May to September, 1964, on decaying wood with 

a thin growth of' algae and young moss, in Morgan Arboretum, Macdonald 

Col1ege, Quebec, Canada. Deposi ted in Lyman Entomologica1 !:useœn, 

:r.=acdonald Col1ege. 

Paratypes.-

:Many males, fema1es,with associated pupal exuviae, and larvae 

collected from same habitat. In Lyman Entomological M:Useum, 

Dr. L.G. Saunders' and personal collections. 

1'he larva of this species is very close to that of crini ta 

Saunders (1964) in the four large hook-tipped prothoracic setae, 

similor setae on the penultimate segment, in the lateral abdominal 

setal complex and in the arrangement of hooks on the prothoracic 

pseudopod; it differs however in the possession of ~ abdominal 

setae, in the finer hair-like ventral cuticular armature, in the 
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single prominer:c e on the vertex of the la.rval head. and in the possession 

of a paired unequally lebed, finely setulosed structure on the dorsal 

extremi ty of the last segment. The pupa of this species also resembles 

that of crinita in the shape of the respiratory horn and in the cuticular 

markings on the abdominal segments; it differa however in the less 

sharply outward-turning terminal processes and in the possession of a 

pair of mihute setae lateral to the cuticular markings on the dorsum 

of the abdominal segments. The male genitalia are also very close to 

those of crinita, especially in the aedeagus but differ in having 

claspettes with spoon-shaped caudal lobes. 

Neoforci;pomyia eqyes ( J ohannsen) 

Ceratopop,;on egues Johannsen, (1908; )Bull New York State Mus. 
124,266 

Pseudocu1icoides egues Smith,(1922}; Cornell Univ. Agr.Exp. 
sta.iviem. 58: 1541 

Forcipomna (Euforciporqyia)egues Edward.s (1924); Notu1ae :Ent. 
4: 97; Forsius (1924) 
iden. 4: 97 

Forcipomna (Ape1ma) egues Edward.s (1952); :Ent. Mo. lf:.ag • .§§.: 114 

Forcipomrta chrysopae J,fayer (1954); Arb. Morph. Tax. Ent. 
Ber1in-Dahlem 1: 259 

Lasiohelea chtxsopivora Tokunaga (1959); Volumen Jubilare pro Prof. 
Sadao Yoshida 2: 571 

Forcipomyia egues Tjeder (1956); Notu1ae Ent. 16: 85; Tjeder, (1944); 
Bergens Eus. Arbok 1944 Nat. Rek. 
! : 10; Wirth ( 1956), Ann. Ent. 
Soc. Amer. 49: 558-9 

Forcipomyia (Neoforoipomna) ~ques Saunders (1964); Gan. J. Zool. 
42: 478 



Eggs, fourth instar larvae and pupae a.re described for the first 

time while adults are redescribed. The following redescriptions of 

males and females, based on measurements of ten specimens of each sex, 

with illustrations of the important chara.oters, is an attempt to 

redefine more accurately males and fernales of this species, which, it 

must be pointed out, has been frequently rnisidentified despite 

Johannsen's detailed original description (vide Wirth, 1956). 

J];gg.-

Elongate, ovoid, well-rounded anteriorly (micropylar end) and 

less so posteriorly. Length 278.22 ± 2.96 p, greatest width and depth 

91.18 ± 1. 97 p.. Color black; exochorion smooth, wi thout ornamentation. 

On hatching it splits along dorsal surface from anterior end to about 

5/8 its length. Eggs laid singly or in masses of irregular shapes 

and sizes. 

LArva.-

Length of full-grown fourth instar (Fig. 55A, Fig. 53B) 2.60 ± 

0.21 mm. Color in life leman yellmv to orange with internal contents 

brown to grey. Head dark, with ~ hairs bearing secondary seta on 

dorsal surface or large basal tubercle. Two pairs of prominences on 

vertex low but distinct; eyes, antennae and setae as in Fig. 530. 

ER 1.40 + 0.05; AR 7.04 .±. 0.59; qt/ts/sq in proportion of 1.57 ± 0.16: 

1.45 .±. 0.15: 1; tt/ant 0.46 .±. O.Ol• qq/eyes 0.55 ± O.Ol; qq/ss 0.47 ± 

o.o1. 

~~othorax with four large hook-tipped setae, seta ~ vdth 

filament and tubercle in proportion of 1.25 ± 0.08 and seta~ with 

filament and tubercle in proportion of 1.20 .±. 0.10; prothoracic 
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Fig. 33. NeoforcipomYia egues (Johannsen) 

A-E, Fourth-instar larva: 

A, Anterior region 
B, Last three segments 

C, Head 
D, Prothoracic pseudopod 

E, Anal pseudopod 

F, Pupa: dorsal view 
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pseudopod (Fic. 53D) >vith length, breadth and depth in proportion or 

1.29 .!. 0.09: 1.88.!. 0.04: 1 and bea.ring three anterior pairs of' hyaline 

hooklets a..11d five posterior pairs of clark hooklets. 

Abdominal chaetotar.t as shown (Fig. 5:'iA, Fig. 55B); a seta of 

penultimate segment torch-like borne on s conical tubercle; last 

abdominal segment bea:ring minute, dorsal plate (F:ir;. 503) with "' ro;:;ctte 

of very miw;.te setae, and with a pair of single-lobed structures on 

dorsal. extrerni ty (Fig. 55E). 

Outicular arme.ture scale-like (Fig. 55A: Fig. 55B, Fig. 55E) with 

the seme arra"lgement on dorsal surface as in saundersi, that on ventral 

surface erranged in groups, all of which ( except the mesothoracic) are 

directed backwards, presumably ror grip during locomotion; mesothoracic 

ventral anterior group as in other segments but posterior group directed 

posteriorly in enterior portion and anteriorly in posterior portion (Fi3. 

50A). 

Pupa.-

Length 1.76 .!. 0.11 ~ .• in female sne 1.94.!. 0.09 ~n. in male. 

Col or as in larva but dark neer emergence of adul t. 

~~edian head sclerite with three well-developed tubercles, 

shagreened; median tubercle (Fig. 53F) without seta; lateral sclerites 

each \vi th a minute, rudimentary tubercle near anterior end on inner edge 

(Fig. 55F). Cephalothorax 1.80 ± 0.05 times longer than its greatest 

width in female and 1.85 .!. 0.07 in nte.le. Length of head to thorax 

in proportion of 0.44.!. 0.04: 1 (ventral aspect) and 0.20.!. 0.05: 1 

(dorsal aspect) in ferr.ale and respectively 0.50.!. 0.02: 1 and 0.25 + 

0.05: 1 in n~e. 
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Thorax bearing four pairs of rudimentary tubercles ana a'! 

anterlor median ridge (Fi;::-. 55F). Prothoracic respiratory horn 

short, .:-:reatest width immediat ely beyond the short narrow base (Fig. 

55F) and bearing six or seven or eight spiracular papillae. 

Respiratory horn 1.66 ~ 0.14 times lon~er than its greatest width 

in female a.>J.d 1.58 .::!:. 0.19 in lil8.1e. Eorn tracheal length to horn 

1ength o.72.::!:. 0.04: 1 in female and 0.75 ~ 0.06: 1 in male. 

Abdominal segments 1-7 with one median dorsal tuberc1e flanked 

by two diagonal cuticular markings as in crini ta and saunèlersi and 

three pairs of dorso-lateral minute tuberc1es le.tera 1 and posterior to 

the markings, the three on each side forming roughly a triangle, the 

foremost bearing a minute seta; segment 8 bearing a dorsal tubercle, 

without die.gona.l IT'.arkings; segments 1-8 each with a group of 2 or 5 

lateral minute tubercles bearing very minute setae (Fi[;. 33F'). In 

female length: width: depth of third segment in proportion of 1: 2.52 + 

0.50: 2.08 ~ 0.58 and in male 1: 2.27 ~ 0.45: 1.92.::!:. 0.27. 3imilar 

ratios for last segment of female are 1.21 ~ 0.13: 1: 0.98 + 0.15 

and for sexual processes of male 3.04.::!:. 0.25: 1.17 .± 0.13: l. 

Adult Female.-

Body length 1.41 ± 0.14 mm. 

by 0.41 .± 0.01 mm. 

Y.ing (Fig. 54D) 0.88 .± 0.07 mm. 

Head inc1uding antennae and mouthparts dark brown; eyes bare, 

contiguous above, occipital setae curved forward. ~laxillary palp 

(Fig. MB) with third segment bearing a small, deep pit; PR 1.75 

0.11. Antenne. (Fig. MA) entirely dark brown, AR 1.50 ~ 0.10. 
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Fig. 34. Neoforcipomyia egues ( Johannsen) 

A-F, Adul t female: 

A, A:ntenna 

B, Maxillary palp 
c, Last tarsal segment of hind leg 

D, Wing 

E, Spermatheeae 

F, Seutellum 

G-L, Adult male: 

G, Antenna 
H, Maxillary palp 

I, Last hind tarsal segment 

J, Scutellum 

K, Wing 

L, Genitalia 
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Thorax brown; scutellum yellowish-brown, with bristle 

arrangement as shown (Fig. 54F); legs light brown; fore TR 2.41 + 

0.09, mid TR 2.56 .±. 0.08, hind TR 2.55 .±. 0.15; claws with stout 

basal swelling (Fig. 54C); empodium normal ana large; tibia with 

seven or eight tibial spines. 

Winr' brown, covered e.ll over W'ith dark hairs, veins brown; 

CR 0.55 .±. 0.02; vLR 1.26 .±. 0.02: 1: 2.51 .±. 0.06; rs/r1 2.16 .±. 0.13; 

first redial cell slit-like, and slightly shorter than second radial 

cell (1: 1.28 .±. 0.50); m3+4/cu1 1.78 .±. 0.02; fmcu under end of first 

radial cell. Halteres pale brown with white knobs. 

Abdooen including cerci entirely brown. Spermathecae (Fig. 34E) 

two, almost spherical, subequal, \'v'ith moderately long, thin, sclero

tized ducts; and measuring 255 .±. 15.8 ,u by 240 .±. 14.8 }l and 222 .±. 11.8,.u 

by 207 .±. 11.8 p. and their ducts respectively 46.5 .±. 4. 7 p. and 40.5 .:t 

5.0 JU· 

Ad.ul t l'tla.le.-

Body length 1.67 .±. 0.06 mm. 

by 0.54 .±. 0.02 mrn. 

Wings (Fig. 54K) 1.00 .±. 0.02 mm. 

Head mainly dark brown with antennae and mouthparts lighter 

brown. I~a:x:illary palp rather slender, with segment 3 not swollen and 

bearing shallow, moderately large sensory pore (Fig. 54H); FR 2.53 + 

0.12. Antenna entirely brown, AR o. 98 .±. 0.05 (Fi(;. 540). 

Thorax darl< brown; scutellum (Fis. 55J) with bristle arrangement 

as shown. Legs pale brown; fore TR 2.19 .±. 0.15, mid TR 1.96 .±. 0.10, 

hind TR 2.30 0.15; claws slender (Fig. 54I), empodia lackinp,; apical 

tibial comb of hind leg with seven or eight bristles. 
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7fing (Fig. MK) pale brown, with veins brown and with narrow 

ba.re areas along veins; CR 0.48 + O.o2. Vena.tion: vLR 1.16 .:!: 0.02: 1: 

2.06.:!: 0.19; rs/r1 2.08.:!: 0.59; first radial cell slit-like, second 

radial cell narrow and longer than first (1.22 + 0.18: 1); fmcu under 

about end of costa; m5+~cu1 2.22 .:!: 0.24. Haltere brown, with knob 

white. 

Abdanen brown. Genitalia (Fig. 54L): sternite 9 more than 

half as long as wide (0.61.:!: 0.01: 1), tergite 9 wider than long 

(1: 0.67 .:!: 0.02) and with convex caudal margin. Parameres wi th 

basimeres slightly curved, more than 2i times as long as wide (2.88 .:!: 

0.20: 1) and with telomeres curved at apical one-third, outer margin 

indented at basal third, f1attened at tip, about 5~ tilnes as long as 

greatest width (5.45 .:!: 0.40: 1); aedea.gus funnel-shaped, anterior ha1f 

sclerotized with marginal and transverse thicke~n~, posterior half 

membranous with elongate median rod. (mesal point), aedeagal length to 

width in proportion of 1.11.:!: 0.16: 1; claspettes a massive arch with 

basal a.rm.s extended cauda1ly into spooo-shaped lobes, the two basal 

arms and basal union of claspettes subequal in length (1.27.:!: 0.12: 1: 

1.27.:!: 0.12). 

8pecies described in al1 stages.-

crinita (Saunders) (1964); Can. J. Zool. 42: 474 

trinidadensis (Saunders) (1964); Can. J. Zool. 42: 476 

Other species.-

The following list is assembled by Saunders (1964): 

nA. Identified. by m&le genitalia 
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:pectinun!Wis (de J,Ieijere) (1925); Tijdschr. Entomol. .§.§.: 158; 
-.. irth (1956); .1\n:n. Entomol. .;;oc •. Am. 49: 560 
Toku.'l'laga and Murachi ( 1959); Insect s-or 
Micronesia 12(5): 200 

eques (Johannsen) (1908); 3ull. N.Y. State J;l'us. 124: 266 
17irth ( 1956); lmn. EntomoL Soc. Am. 49: 558 

ba.siflava (Tokunaga) (1959); Insects of !ficronesia 12(5): 202 

mceteei (Wirth) (1956); P...nn. Entomol. Soc. Am. 49: 359 

Four Australian and Tasmanian s~ecies in U. S.N .i~. 

3. Identified by fema.les ectope..rasitic on insects (a.ata assembled 

by Wirth ( 1956) 

okadai (Tokunaga) (1939); Vol. Jubil. Yoshida 2: 370 

papillionivora (Edwards) (1923); Ann. Trop. Eed. Pa-r~sitol. 17: 23 

aeronautica (:.:e.cfie) (1925); Stylops ,!: 265 

baueri (~'iirth) (1956); Ann. Entomol. ;;)oc. Am. 49(4): 361 

mexicana. (~.firth) (1956); .... 1\..:nn. Bntomol. Soc. Am. 12_: 361 

tipulivora (I::i'acfie) (1936); Proc. Roy. Entomo1. Soc. London (~3) _2:250 

insi,gnicornis (!Œ.cfie) (1947); Pree. Roy. :i:ntomol. ::,oc. London (B) 
16: 29 

equitans (Edwerds) (1953); J. Federated ~hlay states Museu..rns 17: 251 

intrepide. (Hacfie) (1956); Froc. Roy. Entomol. Soc. London (B) ~: 228 

pennambu1a (lfacfie) ( 1952); Tid sc:hr. Entomol. 75: 279 

samoensis (Edwe.rds) (1928); Insects of Samoa 1_(4): 23-102 

oni1ionivora (Lane) (1947); Ârq. F2c. Hig. Saude Publ. Univ. S.Paolo 
1: 159 

I. GE!rû.:) TRICEŒ~ GDl<..'TGrlEBUER ( 1920) 

Type S:fecies auronitens Kieffer (1919) 

DIAGNOSIS 



The following diagnosis of the irmnature stages is taken from 

--:;aunders ( 1956) : 

"LBrva.-

Head flattened, roughly rectangular wi th ratio of length to \7idth 

variable between species, progna.thous; antennae reduced to circular 

"-vvindows" on front cor:1ers cf head, contaL'Yling minute sensoria. 

elongate, vennifonn, cylindrical, with many fine lateral chaetae, 

sclerotized, crossbar on posterior m~rgin of penultimate segment; 

Body 

cuticle devoid of ~<ture. Prothoracic pseudopod conical, bearing 

na~y curved, hair-like hooklets beyond a row of short, stout hookz. 

lUlal pseudopod a transverse rcw; of ten black thorn-like hooks ~~J a 

second rO'N of eight slender, hyaline hooklets, the outermost usua.lly 

stouter ana serrate on inner surface. Body ending in a dorsal, median, 

1Jluntly conical point not turning up but still to be regarded as a 

cauda. Anal blood gills two pairs, bifircate or trifurce.te, fine, 

pointed. 

Pupa.-

Elongate, agile, never retaining larval exuviae. Chaeta.e few 

to none on thorax, numerous spines and short chaetae on sides of abdomen. 

Terminal rami wide-spaced, short, with small chaeta on outer surface; 

ger~tal processes of male ventral short. Prothoracic horn small, 

narrow base, wi th U-shaped row of spiracular papillae at ti p." 

Mul t Fe.rnale. -

Basal flagellar segments of entenna compressed, sometimes reduced 

to five segments, àiscoidal to spherical, distinctly shorter thsn 

distal five segmen-'cs; se[_-ments 7 to 9 sometimes sli.c;htly longer than 
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wide, short-oval. 1:axi1lary pa1p wi th segments 4 and 5 complete1y 

or incomplete1y segmented. Legs without saales; hind TR usual1y 

2.0 ta 3.2, rarely less than 2.0; empodia well developed, claws 

normal. Wïngs unadorned, thinly scaled, bare a.reas along veins 

indistinct; costa reaching at about or beyond middle of wing; first 

radial cell very slightly opened, slit-1ike or closed; second radial 

cell opened, as long as or slight1y longer than first cell. Two 

spermathccae. 

Adult l1ale.-

Empodia usually absent or vestigial, but full y developed in a 

few species. l'!ale genit0lia with sternite 9 broa.d and short; claspettes 

H-shaped, with crossbar joining bases of basal arms and <vith spoon-shaped 

caudal lobes extending posteriorly from bases of basal arms; aede~~s 

shield-shaped, broad and variable, rarely with caudal processes. 

Trichohelea nicopina CHAN NEW SlliCIES 

J.:.,arva.-

Length of full grown fourth instar larva (Fit;;. 35A) 3.45 (3.15-

5. 75 ) mn:. Body cy1indrical, only head f1attened dorso-ventrally. 

tread, yellow-brown with interna1 mouthpart skeleton d.ark brown; 

eyes, antennae and chaetotaxy as in Fig. 35B. fiR 2.02 (2.00-2.05); 

o~y'v 0.98 (0.94-1.02); qt/ts/sq 1.04 (l.o2-l.05): 1.27 (1.24-1.36): 1; 

tt/ant 0.48; qq/eyes 0.97 (0.95-1.00); qq/ss 0.61 (0.60-0.61); ppfqq 

1.45; ss/uu 1.18 (1.17-1.18). 

Body segments with chaetotaxy as shown (Fig. 55A). Prothorax 

with four pairs of very minute setae and four pairs of larger setae; 
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Fig. 35.Trichohelea nicopina n. sp. 

A-D, Fourth-instar larva: 

A, Larva, lateral view 

B, Head 

c, Prothoracic pseudopod 

D, Anal pseudopod 

E-G, Pupa: 

E, Pupa, dorsal view 

F, Fifth abdominal segment 

G, Terminal process 
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meso- and metathorax each with five pairs of minute setae and tp~ee 

pairs of long, fine setae. Prothoracic pseudopod (Fig. 550) bearing 

three rows of books; on each side of the middle and anterionnost row 

consists of about 22 long, slender, hyaline hooks, the middle row of 

eight shorter, slender hyêline hooks and the posterior row of seven 

brownish, short hooks. Length and depth of prothoracic pseudopod in 

proportion of 1.18: 1.80: 1. 
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Abdominal segments 1-7 with similar chaetotaxy as shawn (FiG• 35A) 

eac h segment with seven pairs of short, minute setae and four pairs 

of longer, slender, setae. Seg~::ents 8 and 9 with chaetotaxy as shown 

(Fig. 35A). Chaetae arising from sclerotized bar at posterior margin 

of penultimate segment extending ta about end of last segment or 

sli~~htly beyond. Posterior pseudopod (li'ig. 35D) with two rows of 

hooks, five in the anterior r01v end four in the posterior row and six 

longitudinal ridges anterior to and lying between consecutive hooh" of 

the anterior row. 3oth the stout short hooks of the anterior row a.."l.d 

the slender long ones of the posterior row are serrated on the 

anterior edges. Cauda conical, rather short, bluntly pointed at 

tip. Anal blood gills four, each tripartite fror.:~ basal third ta tip. 

Length 2.70 mm. in female and 2.28 mm. in male. 

:rtedian head scleri te wi th three tubercles and lateral scleri tes 

each with one tubercle bordered on ir.u1er edge by a minute circular 

marking. Cephalothorax about twice as long as greatest ;vidth (2.19: 1) 

in fema.le and 2.18: l in male. Ratio of length of head to thorax 

0.48 in ventral aspect and 0.27 in dorsal aspect in female ruw 



respectively 0.58 and 0.51 in male. 

Thorax bearing on dorsum two median ridges anteriorly snd five 

pe.irs of tubercles (Fig. 55E), none setigerous. Prothoracic horn 

(Fig. 55E) slender, imbricated in middle region and bea.ring a.t apex 

sixteen spiraculer papillae in female and twelve in male; horn 4. 75 

and 6.00 as long as greatest width in female ana. male respectively; 

tracheal length to horn length 0.78 and 0.78 respectively in female 

and male. 

Oha.etotaxy on abdominal segnents 5-7 similar except for shorter 

setae on anterior lateral tubercle in segment 7, each segment wi th 

four dorsal pairs, three lateral pairs and three ventral pairs of 

tubercles (Fig. 55F), segment 8 with two pairs dorsal, three p&irs 

lateral and two pairs ventral tubercles. Cha.etotaxy on other segments 
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as illustrated (Fig. 55E). Terminal processes of last segment (Pi,:. 55E, 

Fig. 55G) rather short and their lderal setae r,J•out equal in len,;th. 

Cuticular armature very finely shagreened (Fil<• 55?). 

Adult Female.-

Lensth 1.65 mm. Winr. (Fig. 56D) 0.75 x 0.55 mm. 

Head with antennae and mouthparts light browr.., eyes and ped.i.cels 

derk brown to black; clypeus (l<.,ig. 563) vd th thirteen bristles. .Antei".nae 

(Fig. 57 A) with nine flagellar segments as in oligarthra Saunders (1956), 

first segment also indicating by its five sets of chaets.e an am.a.lga.rn.ation 

of the normal five segments; AR 5~45. r.::axillary palp (Fig. 56C) 

with unusually stout fourth segment and bea.ring in middle of rather 

stout third segment a large, shallmv sensory pit; PR 2.15; pe.lp 

segments in proportion of 5: 9: 14: 8: 10. 



Fig. 36. Trichohelea nicopina n. sp. 

A-G, Adul t female: 

A, Antenna 

B, Clypeus 

c, Maxillary palp 

D, Wing 

E, Anterior wing venation 

F, Scutellum 

G, Spermathecae 

H-N, Adult male: 

H, Clypeus 

I, Haxillary palp 

J, Antenna 

K, Wing 

L, Anterior wing venation 

H, Scutellum 

N, Genitalia 



B 

c 

H 

v . . 

• • • • • 

206 

Fig. 36 

F 
0 

N 



Thorax dark brown, with scuteller bristle e·rrangerr.ent as shawn 

(
"tl!· 
t'~g. 56F). Legs ur~formly pale brown; TR 2.94 in fore leg, 5.06 in 

middle leg and 5.15 in hind leg; apical tibial comb with seven bristles. 

Wint:;s brown; CR 0.54. Venation: vLR 1.14: 1: 1.94; rs/r1 1.87; 

first radial cell obliterated, second radial cell narrow; RR 1.04 

56E); fmcu under about middle of second radie.l cell; m5+4J" c~ 1.69. 

Abdomen dark brown on dorsum. Spermathecae (Fig. 56G) two, 

practically identical in shape and size and measurlng 56.95 x 44.85 p 

and 56.95 x 48.30p. 

Adult ~Jale.-

Length 1.74 mm. Wings (Fig. 36E) 0.81 x 0.29 :nm. Color as 

in female. 

Clypeus (Fib. 57H) with ten bristles; antennae (Fig. 56J) with 

usual tbirteen flagellar segments; AR O. 94. !:!a.xillary palp (Fi:_::. 56I) 

slender, with fourth segment stout and third segment bearing s!Tlall 

shallow sensory pit at about middle of segment; PR 2. 75. 

Thorax dark brown; scutellum with six large bristles (Fig. 56X:). 

Legs uniformly brown with TR 2.65 in fore leg and middle leg and 5.16 

in hind leg; apical tibial comb of hiPii leg with six bristles. 

Wings brown; CR 0.48. Venation: vLR 1.12: 1: 1.75; rs/r1 

1.59; first radial cell obliterated., second radial cell moclerately 

wide, shorter than first (0.72: l) (Fig. 56L); fmcu under about ena 

of r 1 ; m5+4fcu1 2.15. 

Genitalia (Fig. 56N): sternite 9 shorterthanwide (0.54:1), 

tergite 9 shorter than >vide (0.65: l); parameres with basimeres 2.58 
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times as long as wide and telomeres 4.42 times as long as wide; 

aedeagus broadly shield-shaped, with lateral lobed expansions; 

claspettes the usual curvea, spoon-like structures, b/c/b in proportion 

of 0.61: 1: 0.61. 

Holotype {fourth instar larva) .-

Collected in watery detritus in apical leaf axils of pineapple 

plants at V/allace Viay, Singapore, in Hay 1962. . Deposited in Lyman 

Entomological Museum, :~acdonald College, Quebec. 

Paratypes.-

Collected from same habitat and locali ty; 2 larvae, 5 pupae, 

2 fem:ües, 9 males and 51 assorted pupal exuviae, in ·personal 

collections. 

This speciec is very close to Forcipomyia (Trichohelea) oligaxthra 
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Saunders (1956) in all its stages. The larva resembles that of oligarthra. 

in general appearance but differs from the latter in possessing four pairs 

of long, and seven pairs of short hairs on abdominal segments l-7 instead 

of four pairs of long and. two pairs of short hairs. It also differs from 

oligarthra in the shorter stout setae flanking the cauda, in the shape 

of the sclerotized bar at the posterior margin of the penultimate 

segment and in the triparti te distal two-thirds of the four anal blood 

gills instead of the bipartite distal half in oligarthra. 

The pupa of this species also resembles that of oligarthra but 

differs from the latter in having five pairs of tubercles on the dorsum 

of the thorax instead. of three pairs. The female also resembles that 

of oli~arthra in the reduced number of flagellar segments but differs 

in having a shallow sensory pit instead of a deep one in the third palpal 

segment. 



The male of this species show no real difference in the 

structure of the geni talia from that of oligarthra .• 

~icopina also resembles very closely another pineapple

inhabiting species, AJ2elmr brevis Johan:nsen (1927) from Hawaii, 

but differs from brevis in a number of characters. In the male 

of brevis the second palpal segment is "nearly as long as the third" 

but in picopina the third is distinctly much longer than the second. 

In brevis the third palpal segment is broader tha..11. the following 

segment but in nicopina it is as broad or narrower than the following 

segment; the third palpal segment in brevis is "as long as the two 

succeeding segments taken together" but in nicopina the third segment 

is shorter than the last two taken together. In the male antenna 

brevis has the eleventh segment twice as long as the tenth but in 

nicopina the eleventh is about times as long as the tenth. 

J·ohan:nsen (1927) did not figure the male genitalia in his original 

description but Hardy ( 1960) has figured them. From Hardy 1 s figures 

it is clear that the claspettes of brevis are not precisely H-shaped 

and are slender rather than stout, with spoon-shaped caudal lobes as 

in nicopina. 
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In the female of brevis Johannsen (loc. cit.) describes the second 

antennal segment as "nearly 1.5 times as long as broad". In the female 

of nicopina the second antennal segment is broader than lon~ or about 

as broad as long. 

The pupa of brevi~ also differs from that of this species in 

possessing two pairs of dorsal thoracic tubercles instead of four pairs. 



Trichohelea grandis CE.AE hEW. SPECIES 

Larva.-

Length of full grown fourth instar (Fig. 57A) 5.85 mm. 3ody 

cy1indrica1 with on1y head flattened dorso-ventra1ly. 

Head vdth eyes, antennae and setae as shown (Fig. 57B). 12 and .9. 

setae short. lffi 1.99 (1.89-2.07); o~/v 0.97 (o.96-0.98); qt/ts/sq 1.26: 

1.40: 1; tt/ant 0.54 (0.52-0.55); qq/eyes 0.84 (0.82-0.87); qq/ss 0.61 

(0.58-0.65); ppfqq 1.40 (1.55-1.44); pq(qs/sp 1.41: 1: 1.61. 

Body segments with chaetotaxy as shawn (Fis. 57A). Prothorax 

bearinr; seven pairs of chaetae, two pairs longer than the rest; meso

a...Tld meta-thorax similar in chaetota:xy , each bearing eight pairs of 

setae, also two pairs loP..ger tha...Yl the others. Prothoracic pseudopod 

(Fi;;. 57C) with a row of about twelve hyaline curved hooks and many 

hyaline, long, fine hair-like hooklets be:rond the row. 

Abdominal segments 1-7 simila.r in chaetota...xy, ea.ch segment 

beari.Tlg two pa.irs of long setae a...TJ.d six pairs of shorter ones. See;ments 

8 and 9 wi th chaetotaxy as shovm (Fig. 57A). Chaetae arising from 

sclerotized base at posterior margin of penultimate segment short, 

extending to about two-thirds of last segment. Posterior pseuëlopod 

(Fic. 57D) as in nic2E_ina but vnth shorter cauda. 

Pupe. ("~a.le onlyl.

Length 2.76 w.m. 

:i.~ed.ian head sclerite with two tubercles; lateral sclerites 

without tubercles. Cephalothorax more tha...l"l twice as long as [;reatest 

width (2.48: 1); ratio of length of head to thorax 0.56 in ventral 

aspect and 0.26 in dorsal aspect. 
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Fig. 37. Trichohelea srandis n. sp. 

A-D, iourth-instar larva: 

A, Larva, lateral view 

B, Head 

c, Prothoracic pseudopod 

D, Anal pseudopod 

E-H, Pupa: 

E, Pu.pa, dorsal view 

F, Prothoracic horn 

G, Sixth abdominal segnent 

H, Terminal process 
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Thoracic dorsum bearing a median ridge anteriorly and four 

of minute, rosette-like tubercles (Fic. 57E). Prothoracic horn (Fi.::;. 57?) 

narrow, imbricated except basal and distal ends and bearing about 14 

spiracular pa.pilloe; horn length 5.50 times as long as its sre~test 

width; tracheal length to horn length 0.82. 

Chaetotaxy on abdominal segments 3-7 similar except for shorter 

lateral setae on 7; each secr1ent with four pair;:; àorse.l, three 

pairs lo.teral and two pairs ventra.l tuberclez (Fi2:• 37C'r). 

on other abdominal segments as illustrated (Fi6• 37A). 

~:Uticular armature finely shar;reened (!!,i;~. 57G). 

Adult Female.-

Len,sth 1.45 m.'11. "iV'ing (Fi;_;;. 58C) 0.72 x 0.30 r:llll. 

Chaetotaxy 

Head with antennae end mouthparts light brown; eyes and pedicels 

dark brown. Antennae • 583) with the usual thirteen fla.gellar 

segments, segments 2-6 compressed; AR 1.46 (1.57-1.55). :.~axillar;:v 

palp (Fiz. 58A) with stout secment 5 beflrinp capitate sensilla in some

what triangular shallow sensoriu.'!l; P:?: 2 .1 4; last segment lorl. er thon 

preceding; segments in proportion of 8: 9: 20: 14: 19. 

Thorax dark brown, wi th scuteTlar bristle arra.."'lge:;'.ents as shawn 

(?i.,:;. 58E). Legs unif'orm1y 1ight brown vlith TR 2.E4 in fore leg, 

2. 79 in middle 1eg and 5. 27 in hind leg. 

Win,:::s brown. CR 0.52. Venation: vLR l.J5: 1: l.SE; rs/r1 1.97; 

first rcdial cell ob li terated, second: ·radial cell rather v.ide, slightly 

longer than first (1.3Q:l) (Fi~. 58D); fmcu under about end of rr; 
m5+4f'c~ 2.00. 

Aa.ul t l.:ale.-

Length 1.49 mm. (Fi[~· 58I) 0.80 x 0.27 rrnn. Color as in 



Fig. 38. Trichohelea grandis n. sp. 

A-E, Adult female: 

A, Maxillary palp 

B, Antenna 

c, Wing 

D, Anterior \'ling venation 

E, Scutellum 

F-L, Adult male: 

F, :t-1axillary palp 

G, Clypeus 

H, Antenna 

I, Wing 

J, Anterior Wing venation 

K, Scutellum 

L, Genitalia 
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f'emale. 

Clypeus (Fig. 58G) wi th eight bristles. Antennae (Fig. 58-7) wi th 

segr:ents 3-5 wider than long and the remaining segments lonf~er than 

wide; AR 0 .89. 1·.Iaxillary palp (Fig. 38F) slender, with segment 4 

as wide as segment 3, the latter bearing a small sensoriu~ at middle 

region; segments in proportion of 4: 8: 12: 10: 9; PR 2.67. 

Thorax dark brown; scutellum wi th six large and four small 

bristles (Fig. 38K); legs brown; TR 2.62 (2.56-2.68) in fore leg, 

2.52 (2.32-2.72) in middle leg and 2.85 (2.79-2.92) in hind leg; hind 

tibial comb with six tibial spines. 

Winf~S brown; CR 0.47. Venation: vLR 1.12: 1: 1.83; rs/r1 

1.61; first radial cell obliterated, second radial cell sr::a.ll, rather 

narrow, o. 70 times as lollf, as first (Fig. 38J); fmcu unèer about er:.d 

of costa; m3+~c~ 2.15. 

Genitalia (Fig. 38L): ninth sternite 0.56 (0.55-0.57) times as 

long as wide, ninth tergite 0.78 (0.75-0.80) times as long as wide; 

par~~eres with basimeres 2.88 (2.80-2.95) times as long as wide and 

telomeres 4.75 (4.33-5.17) times as lonr as greatest width at base; 

aedeagus shield-shaped, more heavily sclerotized alon3 edges and 

cup-sheped ir.ner edges of each half, slightly shorter than >vide (0.89 

(0.88-0.89): 1); claspettes the usual spoon-shaped structure but with 

spoon-shaped caudal lobes rather short, b/c/b 0.68 (0.65-0. 71): 1: 0.68 

(0.65-0.71). 

Holotm .. (pupa). Collected in watery detritus in leaf axils of a species 

of aroid plant ( Colocasia species) about ten feet tall wi th large 

cordate-shaped leaves at Wallace Way, Sinp:apore, in l'ay 1962 • 
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Paratypes.-

Collected from same habitat and locality; 9 larvae, 2 pupae, 

1 male and 1 fema1e deposited in the Department of Zoology: University 

of Singapore. 

This species closely resembles Forcipomyia (~~) comis 

Johannsen (1952) from SUmatra, Java and 3ali whose 1arvae were obtained 

from water in 1eaf axils of two species of Colocasia. Johannsen did 

not describe nor fii;:'Ure the early stages of comis and his original 

description of the adults is insufficiently quantitative to allow for 

comparisons wi th grandis. ?;1oreover, his figure of the male genita1ia 

of comis does not show the claspettes. The aedeagus of cOmi§ does not 

show any essential difference from that of ,::rrandis • The latter however 

differs from comis in the srœll•~r AR o"' 0.89 i.n the male. Johannsen' s 

statement ttantennal segments 2-9 com~ined over 0.8 as long as 10-14 

combined" shows that the ~Y. of comis at its greatest is 1.25 since the 

~~~ in the present terminology is taken as the 1ength of segments 11-14 

over that of segments 2-10. Thus the 18 of comis must be above 1.0 

and at most 1.25. The hind TR of this species is also larger than 

(2.85 to 2.60). 

Although t~1.e larval habitats of the two species are roughly 

sircilar and would suggest identity, it is best to a.esignate this species 

as new pending exardmttion of the im.rnature stages). In doing so the 

Wi:"iter is not creating a precedence since several closely related 

species in this tsenus, namely oligarthrs., rri ~opina end are 

knovm. to share in the immature stages the same ldnd of habitat, 

in pineapp1e leaf 8Xi1s. 
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~îpecies descri.bed in all stages.-

anti~ensis (Saunders) (1956); early stages in epiphytie bromeli~ds 
in lmtigua, W. Indies: Can. J. Zool. 54: 700 

brevis Johannsen (1927); immature stages in water in pineapple 
lea:f' axils in Hawaii: Proc. Entomol. ':~oc. Washington, 
29: 205 

bromelicola Lutz (1914); early stages from small bromeliads on 
rocks in Rie Bay. Saunders (1924); Parasitology, 17: 265 

carib';eana ( Saunders) (1956); immature stages in epiphytie 
bromeliads in ·~v. Indies (Trinio.aa.); Gan. J. Zool. 54: 696 

comis Johannsen (1952); early stages in leaf axils of' Colocasia 
species in Sumatra, Java and Bali; .1\.rch. Eydrobid. 11(9) :409 

crinume Tok:unaga ( 1954); (as Dasyhelea crinume); early stages 
in 1eaf bases of' shore p1a~t Crinim asiaticum var. 
,japonicum (Amaryl1id.aceae), Japan. Philip1)ine Journ. 
55: 469 

edwardsi Saunders (1925); ear1y stages in terrestria1 brome1iads 
in S. America (Erazil); Parasito1ogy 17: 260 

.iocosa (Saunders) (1956); early stages in terrestrial Bromelia 
l{ingui,a and pineapp1e in Trinidad, W. Indies. 
Gan. J.Zool. 54: 701 

keilini Saunders (1925); early stages from terrestria1 brome1iads 
in s. America (Brazi1); Parasitology 17: 265 

magna Saunders (1925); early stages from terrestrial bromeliads 
in s. America (Brazil); Parasito1ogy, 17: 266 

oligarthra (Saunders) (1956); early stages in leaf axils of' 
terrestrial brome1iads Bromelia ninguin in Puerto Rico; 
Can. J. Zool. 54: 698 

O,ther species descri.bed in edult stages.-

auroniteus Kieffer (1919); Ann.i:us. Nat. Hung. 17: 64 

hamaticauda Tokunaga (1959); Insects of ?.iicronesia 12(5); 212 

sabrosk;yi Tokunaga ( 1959); Insect s of i.ticronesia 12 ( 5) : 211 

tsutsumii (Tok:unage.) (1960); Akitu Kyoto 76 
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J. GENTJS PrEROBOSCA :M1\.C.B'IE (1952) 

Type species aeschnosuga (De !.Ceijere) (1923) 

DIAGNOSIS 

The f'ollowing diagnosis is taken from Tokunaga's (1959) "Insects 

of 1Qcronesia". 

"Adult Female.-

3asal f'lagellar segments of antenna subspherical or discoidal; 

distal six or seven flagellar segments elongate. :Iaxillary palp 

distinctly five-segmented. Empodia of legs very large, broad and 

with radial structure; claws present or absent; hind TR 3.0 or more; 

scales of legs absent. Wings unmarked, without scale-like hairs, with 

macrotrichia moderately dense as in Lasiohelea; costal vein little or 

distinctly beyond middle of wing, second radial cell usually open, but 

sometirœs obliterated, as long as, or a little longer than first radial 

cell; first radial cell almost closed or slit-like, One or two 

sperme.thecae." 

Fem~?le of known species rnainly ectoparasitic on Odonata and rBrely 

on lacewing flies. I::ales and immature stages unknown. 

Species described.-

aeschnosuga (De :î:{eijere) (1923); Tijdschr. Entomol • ..§§.: 137 
;·,:acf'ie, ( 1932); Tijdschr. Entomol. 15: 267 

adhesipes (!.Iacfie) (1952); Tijdscl:'>..r. Entomol. 75: 270 

aerobates ~~acfie (1936); Proc. Roy, Entomol. .~oc. London (i3) 5: 64 

ariel Eacfie (1932); T:ijl schr. Entomol. 75: 275 

asahinai (Tokunaga) (1962); Pacifie Insects !(1): 188 
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chrysopae (Tokuna.ga) (1959); Insects of Micronesia 3.:2(3): 235 

esakii Toktmaga (1940); Philippine Jour. Sei., 11(2): 210 

feminae Tokunaga (1940); Tenthredo 5(2): 168 
Toktmaga and },·lurachi T 1959); Insect s of !·ficronesia 
12(5): 230 
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fidens I>'Iacfie (1936); Proc. Roy. Entomol. Soc. London .Q.(12): 227 

fusicornis (Coquillett) (1905); Jour. =·I.Y. Entomol. Soc. 13: 63 

incubans Uacfie (1957); Proc. Roy. Entomol. Soc. London (B) §.: 111 

latines Macfie (1956); Proc. Roy. Entomo1. Soc. London (B) .§.: 227 

lairdi '.'firth (1956); Ann. Entomol. Soc. Am • .!§.: 565 

mollipes Jiacfie (1952); Tijdschr. Entomo1. 75: 272 

odonatiphi1a ~.:acfie (1952); Tijdschr. Entomol. 75: 274 

paludis :,racfie (1936); Proc. Roy. Entomol. .>oc. London (3) 5: 65 

tokunagai Oka and Asahina (1948); l'iushi 18: 107 
Tokunaga (1960); Akitu 9:'75 
Tokunasa (1962); ?acifië Insects !(1): 127 

K. GElTUS PAR.A:fTEROBOf~ l{;LR.Al·!T Jl.2'1D HU'.PTl'ili (1951) 

Type species anthropophi1a ~ia.rant and Huttel (1951) 

DIAGI\OSIS 

Ad.ult li1emale.-

Basal f1age11ar segments of anterJla subspherica1 to dizcoidal; 

diste.1 six segments e1onge.te. 1'Iaxi11ary pa1p f'our-segmented, f'irst two 

segments comp1etely f'used, segment 5 (second segment in palp) with 

large sensorium. Legs testaceous
1

, without ornamentation, hinà TR 

2. 2; empodia wel1 a eve lopea but :::1ot verJ• broaa, large ::md w:i th radial 

structure as in :?terobosca; claws simple. 

1
Term use-3 Harant a.'1d Huttel in their original 
description to mear. presu.rnab1y "brow::. Bnd sclerotizeèl". 



macrotrichia moderately denoe, a.YJ.d wi th two rows of mecrotrichia 

on posterior fringe of wing; costa distinctly beyond middle of vr.ing, 

first a.YJ.d second radial cells obliterated; anterior border just beyond 

tip of costa with a. cle~'r t:pot. One spermatheca, Sl.lbglobular. 

Females of the species listed hereunèer, the only species 

recorded, are blood-suckers of ~'1 in Africa. ::C.Cales and immature 

stages ::œe U."l.k.nown. 

?arapterobosca anthropophila :-::arant s21d I-Iuttel, (1951); 
P..nn. Parasitol • .a§_: 468 

The exact systematic position of :t:ara)2terobosca and Fterobosca 

will eventually be deterrnined whcn immature stages and males are 

discovered. Their present generic status is temporary and requires 

cont'irr:1ation. The many morphological similarities between the:n 

S'll,gt;est that the genus Parapterobosca is in all probabili ty a subgenus 

of J?terobosca although tt is differentiated from the latter by its 

man-biting l~bit and by the much smaller hind taxsal ratio of 2.2. 
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VII. GEOOBAPHICA.L DISTRIBUTION 

As pointed out by Kendeigh (1961), the beat system of 

geographie faunal divisions yet devised is that given by Sc1ater (1858), 

modified by Huxley (1868) and extended by Wallace (1876). Bartho1omew 

~ al. (1911) in their "Atlas of zoogeograpcy" have also adopted 

Wallace•s regional divisions since Wallace's (1876) great work treats 

zoogeograpcy very exhaustively, taking into consideration ail the 

classes of vertebrate animals and also certain invertebrates. Wallace's 

zoogeographical regions, based primarily on the distribution of 

vertebrates, have received some miner changes for insects, but there 

still remain disagreements on same of these changes (Gressitt, 1958). 

For convenience, Wallace' s scheme is fo11owed for the geographical 

distribution of the Forcipomyiinae. 

The geographical distribution of the Forcipomyi.inae has not been 

discussed or compi1ed to date and it is considered worthwhile to present 

at this time a concise account of the distribution of the subfamily as 

it is now known, the object being to throw 1ight on the p4y1ogeny of the 

group. 

The geographical distribution of all established and known genera 

and subgenera of the Forcipo~inae is worked out and listed be1ow and 

al.so summarized in Table 1. It has not been possible to include all 

known species in all the genera and subgenera, especia1.1y those of the 

large subgenus Forcipo~a s. str. and the genus Atrichopogon for which 

the many synonymies are not properly worked out as yet. Species whose 

identification is doubtful or not confir.med are headed with a question 

mark. 
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In compiling the list of species in the different geogra.phical 

regions the following major contributions were consulted: 

1. Carter, H.F. 1919. 
West Africa.n Cera.topogonidae. 
Ann. Trop. Med. Para.sitol. 12:289-302 

2. Coquillett, D.W. 1905'. 
Nematocerous Diptera. fram N. America. 
N.Y. Entomol. Soc. !J_:56-69 

.3. Edwards, F.W. 1926. 
British biting midges. 
Trans. Roy. Entamo1. Soc. London 11!.:389-462 

4. Ewen, A.B. and Saunders, L.G. 1958. 
Atrichopogon (revision). 
ca.n. J. zoo!. 36:671-724 

5'. Hardy, D.E. 196o. 
Cera.topogonida.e (Hawaii). 
Univ. Hawaii Press, Honolulu ~:165'-187 

6. Johannsen, O.A. 19.32. 
Ceratopogonidae (:Male;yan Subregion of the 
Dutch East Indies). 
Arch. Hydrobio1. 2,:40.3-448 

7. Joha.nnsen, O.A. 194.3. 
A generic synopsis of the Ceratopogonidae 
(He1eidae) of the Americas, a bibliograpey, 
and a list of the North American species. 
Ann. Entomol. Soc. Am. 36:761-791 

B. Lee, D.J. and Reye, E.J. 1954. 
Australasia.n Ceratopogonidae {Lasiohe1ea). 
Proc. Linn. Soc. N.s.w., Sydney 79(5/6):23.3-246 -

9. Macfie, J.w.s. 1932. 
Biting midges (New zealand). 
Ann. Trop. Med. Parasitol. ~:23-5'.3 

10. Macfie, J.w.s. 19.32. 
Ceratopogonidae from wings of dragonflies. 
Tijdschr. Entomol. 1?..: 265-283 

11. Macfie, J.w.s. 19.34. 
Ceratopogonidae (Malaya). 
Ann. Trop. Med. Parasito1. 28:177-195 
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12. Macfie, J.w.s. 1934. 
Ceratopognidae (SUmatra). 
Tjidschr. Entomol. 77:202-231 

13. Macfie, J.w.s. 1935. 
Ceratopogonidae (Society Is.). 
Bull. Bishop Mus. 113:7.5-80 

14. Macfie, J.w.s. 1935. 
Ceratopogonidae (Marquesas Is.). 
Bull. Bishop Mus. 114:93-105 

15. Macfie, J.w.s. 1937. 
Ceratopogonidae (Trinidad). 
Ann. Mag. Nat. Hist. 20(10):1-18 

16. Macfie, J.w.s. 1939. 
Ceratopogonidae (New Guinea). 
Proc. Linn. Soc. N.s.w., Sydney §!i:J56-368 

17. Macfie, J.w.s. 1939. 
Gera topogonidae ( Brazil). 
Rev. Entomol. Rio de Janeiro !_2:137-219; 481-482 

18.. Macfie, J.w.s. 1940. 
Ceratopogonidae (British Guiana, T.rinidad). 
Proc. Roy. Entamo1. Soc. London (B) 2:179-195 

19. Macfie, J.w.s. 1940. 
Ceratopogonidae. 
Ann. Trop. Med. Parasito1. 1!±:13-30 

20. Macfie, J.w.s. 1943. 
Ceratopogonidae (Egypt). 
Proc. Roy. Entomo1. Soc. London (B) g:145-159 

21. Saunders, L. G. 19 24. 
Forci€~a s. str. 
ParasJ. ogy 16:164-213 

22. Saunders, L.G. 1956. 
Revision of the genus Forcipo~a. 
Can. J. Zoo1. 34:657-705 

23. Saunders, L.G. 1959. 
Forcipomwïinae (ProforcipoSfia, Thyrid~a). 
Can. J. zool. 37:33=5! -

24. Saunders, L.G. 1964. 
Forcipamyiinae (Lasiohelea comp1ex). 
can. J. Zool. 42:463-482 
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PALEARCTIC 

25. Tok:unaga, M. 1940. 
Biting midges (Japan). 
Tenthredo 3:92-94 

26. Tok:unaga, M. 19 62. 
Biting midges {Byukyu Is.). 
Pacifie Insects 4(1):153-217 

27. Tokunaga, M. and Liurachi, E.K. 1959. 
Cer atopogonidae (Mi.cronesia). 
Bishop Museum, Insects of Micronesia 12(3):103-434 

28. Wirth, W.W. 1952. 
He1eidae of California. 
Univ. Calif. (Berkeley) Publ. Entomo1. 2_:95-266 

29. Wirth, w.w"' 1956. 
Biting midges ectoparasitic on insects. 
Ann. Entomo1. Soc. .Am. 49:356-364 -

GENUS PRCFOO.CIPOOTA SAUNIERS 

A. European 

crassipes (Winnerts) (1852); England 

titillans (Winnertz) (1852); England 

B. Manchurian 

ETHIOPIAN 

formosana (Kieffer) (1916); Ryukyu Is. 

? ishigakia (Tokunaga) (1962); Ryukyu Is. 

sauteri (Kieffer) (1912); Ryukyu Is. 

yapensis (Tokunaga and Murachi) (1959); Ryukyu Ts. 

loshimurai (Tokunaga) (1940); ~oto 

A. West African 

ingrami (Carter) (1919); Accra, Gold Coast 
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ORIENTAL 

A. Indo-Chinese 

formosana (Kieffer) (1916); Taiwan 

sauteri (Kieffer) (1912); Tai~~n 

B. Indo-Malayan 

AUSTRALIAN 

clara Chan (1965); Singapore 

ingrami (Carter) (1919); Indonesia, Malaya 

pennielongata Chan (1965); Singapore 

A. Austro-Malayan 

sau teri (Kieffer) (1912); New Guinea, New Britain 

B. Polynesim 

NEO'IROPTCAL 

bituberculifera (Tokunaga) (1959); Micronesia 

ingrami (Carter) (1919); Hawaii, Samoa, Marquesas Is. 

palikuensis (Harqy) (19t0); Hawaii 

sauteri (Kieffer) (1912); Micronesia 

yapensis (Toh"llllaga and Ivfurachi) (1959); Micronesia 

A. Brazilian 

bromeliae (Saunders) (1956); Brazil (Rio de Janeiro, Pernambuco) 

falcifera (Saunders) (1959); Trinidad 

longispin~ (Saunders) (1956); Brazil (Rio de Janeiro) 

mortuifo1ii (Saunders) (1959); Trinidad 

setigera (Saunders) (1959); Trinidad 

spatulifera (Saunders) (1956); Santos (Brazil) 

B. 1v!exican 

sp. B (Saunders, 1959); Costa 



c. Antillean 

NEARCTIC 

ingrami (Carter) (1919); B.W.I. 

sp. A (Saunders, 1959); Grenada 

A. Californian 

wirthi ( Saunders) (1956); california 

B. Roc~ Mountain 

calcarata (Coquillett) (1905}; Mexico 
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calcarata var. sonora (Wirth) (1952}; Nevada, New Mexico, Utah 

c. Alleghany 

PALEARCTIC 

calcarata (Coquillett) (1905); Florida 

calcarata var. sonora (Wirth) 0.952); Washington 

fusicornis (Coquillett) (1905); Florida, Maryland 

hirtipennis (Malloch) (1915); Illinois 

johannseni (Thomsen) (1935); New York 

longitarsis (Malloch) (1915); Illinois 

GENUS CALOFCIRCIPMI.A SAUNDERS 

Manchuria.n 

takahashii (Tokunaga) (1940); 1\VUkYU Is. 

E'lHIOPIAN 

? auripes (~fie) (1924); Gold Coast 

ORIENTAL 

Indo-Chinese 

takahashii (Tokunaga) (1940); Taiwan 



AUSTRALIA.N 

Austro-MaJ.ayan 

sguamianulie:s (Toku.naga and Murachi (19.59}; New Guinea 

Po1ynesian 

NEOTROPICAL 

Brazilian 

NEARCTIC 

Alleghany 

NEOTROPICAL 

Brazilian 

squamianulipes (Tokunaga and Murachi) (19.59); M:i.cronesia 

caerulea (Saunders (1956); Rio de Janeiro (Brazil) 

varicolor (Saunders) {19.56); Rio de Janeiro (Brazil) 

p1uvialis (Malloch) (1923); Virginia 

GENUS METAFŒCIP<ldYIA SAUNDERS 

cerifera (saunders) (1956); Rio de Janeiro (Brazi1) 

GENUS FŒCIP<llYIA MEIGEN 

SUBGENUS SCHIZCIFŒCIPCMYIA CHAN 

PAIEA.RCTIC 

Manchurian 

? .fuscimanus (Kieffer) (1921}; Ryukyu. Is. 

ORIENTAL 

Indo-Chinese 

? fuscimanus (Kieffer) {1921); Taiwan 
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Indo-Malayan 

1erouxi Chan (1965); Singapore 

AUS'IRALIAN 

Po1ynesian 

? fusc:i.macu1ata (Hardy) (1960); Hawaii 

? ,fuscimanus Kieffer (1921); Micronesia 

? penniornata (Tokunaga) (1959); Micronesia 

NEARCTIC 

Canadian 

PALEARCTIC 

European 

one species (unidentified) ••• Chan (1965); Quebec 

SUBGEN1JS FŒCIPOMYIA S. S'IR. MinGEN 

bipunctata (Linnaeus) (1767); Eng1and 

braueri (Wasmann) (1893); Eng1and 

brevipennis (Macquart) (1826); Eng1and 

ci1iata (Winnertz) (1852); Eng1and 

corticis (Kieffer) (1911); Germany 

f1avipubens Goetghebuer (1927); Be1gium 
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fuliginosa (Meigen) (1818); Finland, Germany, Scot1and, Belgium 

___::;,____ 
(Winnertz) (1852); Eng1and 

picea (Winnertz) (1852); Eng1and 

pulchri thorax Edwards (1924); Eng1and 

radicico1a Ed·wards (1924); Eng1and 

ra1eig~ Macfie (1938); Eng1and 



sanguino1enta Kieffer (1926); Germany 

Germany sphagnophi1a Kieffer 

squamigera Kieffer 

Mediterranean 

(1926); 

(1929); Sweden 

aegyptius Kieffer (1925); Egypt 

a1fierii Kieffer (1925); Egypt 

brachypetro1ata Vimmer (1928); Palestine 

egypti Macfie (1924); Egypt 

f1avicincta Abreau (1918); Canary Is. 

f1avomaculata Vimmer (1928); Palestine 

fulvescens Abreau (1918); Canary Is. 

hathor Kieffer (192.5); Egypt 

:imacu1ata Vimmer (19 28); Palestine 

isis Kieffer (1925); Egypt 

1itora1is Abreau {1918); Canary Is. 

nilotheres Macfie (1924); Egypt 

ochracea Vimmer (1928); Palestine 

osiris Kieffer (1925); Egypt 

palmensis Abreau (1918); Canary Is. 

praecincta Abreau (1918); Canary Is. 

pulcherrima Abreau (1918); canary Is. 

sate Kieffer (1925); Egypt 

urnigera Kieffer (1925); Egypt 

Manchurian 

abdominalis Tok11naga (1940); Japan 

akizukii Tokunaga (1940); Japan 

a1biradialis Tokunaga (1940); Ryukyu Is., Honshu, Kokkaido 
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ange1icae Tokunaga (1940); Japan 

anguliforceps Tokunaga (1940); Japan 

annu1ipes Tokunaga (1940); Japan 

arcigera Kieffer (1922); Ryukyu Is. 

asty1a Tokunaga (1940); Japan 

atamaria Tokunaga (1940); Japan 

binigrimaculata Tbkunaga (1940); Kyoto 

bipunctata (Linnaeus) (1767); Japan 

breviforcers Tokunaga (1940); Japan 

brevipennis (Macquart) (1826); Japan 

distinctiscuta Tokunaga (1962); Ryukyu Is. 

edgari Tokunaga and Murachi (1959); Ryukyu Is. 

esakiana Tokunaga (1940); Ryukyu Is. 

fascicomis Tokunaga (1962); Ryuk)~ Is. 

formosae (Kieffer) {1922); Ryukyu Is. 

fu1iginosa (Meigen) (1818); Ryukyu Is. 

fuscimanus Kieffer (1921); Japan 

hikosanensis Tokunaga (1940); Ryukyu Is., KYushu 

kitasirakawae Tokunaga (1940); Japan 

kyotensis Tokunaga (1940); Japan 

1ongimaculata Tokunaga (1940); Japan 

1ongiradialis Tokunaga (1940); Japan 

macu1ipennis Tokunaga (1940); Japan 

magnipunctata Tokunaga (1940); Japan 

manchuriensis Tokunaga (1941); Manchuria 

metatarsis Tokunaga (1940); Japan 
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ETHIOPIAN 

moni1is Tokunaga (1962); Ryukyu Is. 

nib1eyi Tokunaga (1962); Ryukyu Is. 

su bauroni tens Tokunaga (1940); Japan 

subnigra Tokunaga (1940); Japa.n 

takagii Tokunaga (1941); Manchuria 

vittata Tokunaga (19L~O); Japan 

yamauchii_ Tokunaga (1940); Japan 

yoshimurai Tokunaga (1940); Japan 
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East Afri can 

biannulata Ingram and Macfie (1924); Nyasaland 

fu]ginosa (Meigen) (1818); Nyasa1and 

West African 

apicalis Goetghebuer (1935); Be1gian Congo 

ashantii Ingram and Macfie (1924); Go1d Coast 

atripennis Goetghebuer (1935); Be1gian Congo 

atrosetosa Goetghebuer (1935); Be1gian Congo 

auripes Ingram and Macfie (1924); GoJd Coast 

auripila Goetghebuer (1935); Be1gian Congo 

biannulata Ingram and Macfie (1924); GoJd Coast, Nigeria 

bicolorata Goetghebuer (1935); Be1gian Congo 

congo1ensis Goetghebuer (1933); Be1gian Congo 

curtimana Goetghebuer (1935); Be1gian Congo 

e1ongata Goetghebuer (1935); Be1gian Congo 

exigua Ingram and Macfie (1924); Gold Coast 

f1avicoxis C~etghebuer (1935); Be1gian Congo 

f1avopi1ase11a Goetghebuer (1933); Be1gian Congo 

fu1iginosa (Meigen) (1818); Gold Coast, Liberia, French 
Cameroons, Be1gian Congo, Nigeria 



grata Goetghebuer (1935); Be1gian Congo 

griseip1uma Goetghebuer (1935); 

grisescens Goetghebuer (1935); Be1gian Congo 

guttatula Goetghebuer (19 35); Be1gian Congo 

hirsuta Ingram and Macfie (1924); Go1d Coast 
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inornatipennis var. ornaticrus Ingram and Macfie (1924; Go1d 

kisantuensis Goetghebuer (1933); Be1gian Congo 

1epidota Ingram and Macfie (1924); Go1d Coast 

1ongiventris Goetghebuer (1935); Be1gian Congo 

1ulengaensis Goetghebuer (1935); Congo 

macronyx Goetghebuer (1933); Be1gian Congo 

margine11a Goetghebuer (1935); Congo 

me1anchroa Ingram and Macfie (1924); Go1d Coast 

multiguttata Goetghebuer (1935); Be1gian Congo 

nigeriensis Ingram and Macfie (1924); Go1d Coast 

nigerrima Goetghebuer (1933); Be1gian Congo 

nigricoxis Goetghebuer (1935); Be1gian Congo 

nigrotibialis Ingram and Macfie (1924); Go1d Coast 

pampoiki1a Ingram and Macfie (1924); Go1d Coast 

quatuorguttata Goetghebuer (1935); Be1gian Congo 

rufula Goetghebuer (1935); Be1gian Congo 

scitu1a Goetghebuer (1935); Be1gian Congo 

squamipennis Ingram and Macfie (1924); Gold Coast 

superata Goetghebuer (1935); Be1gian Congo 

thripsiformis Goetghebuer (1935); Be1gian Congo 

tigripes Ingram and Macfie (1924); Go1d Coast 

Coast 



OR:ŒNTAL 

Indian 

Cey1onese 

trimaculata Goetghebuer (1935); Be1gian Congo 

variegata Goetghebuer (1933); Be1gian Congo 

venusta Ingram and Macfie (1924); Gohl. Coast 

vicina Goetghebuer (1935); Be1gian Congo 

annanda1ei Edwards (1932); Barkuda Is . 

fuliginosa (Meigen) {1818); Cey1on 

Indo-Chine se 

arcigera Kieffer (1922); Taiwan 

brachytomus Kieffer (1922); Taiwan 

despecta Kieffer {1922); Taiwan 

esaki ana Tokunaga (1940); Thai1and 

formosae (Kieffer) (1922); Taiwan 

formosana Kieffer (1916); Taiwan 

fu1iginosa (Meigen) (1818); Taiwan 

1agonigera Kief fer (1922); Taiwan 

1ongitarsis Tokunaga (1940); Taiwan 

miricornis Kieffer (1916); Taiwan 

takahashii Tokunaga (1940); Taiwan 

Indo-Malayan 

exce1lens Johannsen (1932); Java, Sumatra 

fu1iginosa (Meigen) (1818); Java, Sumatra, Malaya, Borneo 

intonsa Chan (1965); Singapore 

mira Johannsen (1932); Java 

punctipes Edwards (1928); Malaya 
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securis Chan (1965); Singapore 

sirrm1ans Johannsen (1932); Sumatra 

subti1is Johannsen (1932); Java 

swezeyanaadfinis Chan (1965); Singapore 
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AUSTRALIAN 

Austro-M:alayan 

esakiana Tokunaga {1940); New Guinea 

fu1iginosa (Meigen) (1818); New Guinea 

Austra1ian 

Po1ynesian 

fuliginosa (Meigen) (1818); New South Wa1es 

c1aggi Tokunaga (1959); Micronesia 

edgari Tokunaga and Murachi (1959); Micronesia 

esakiana Tokunaga (1940); Micronesia 

fascicauda Tokunaga (1940); Hicronesia 

f1avitibialis Tokunaga and Murachi (1959); Micronesia 

fu1iginosa (l.ieigen) (1818); Samoa, Fiji, Marquesas Is. Tahiti 

gressitti Tokunaga and :Murachi (1959); J'vücroncsia 

guamensis Tokunaga and Murachi (1959); Micronesia 

ornata Tokunaga (1940); Micronesia 

penniornata Tokunaga arrl Murachi (1959); Ivlicronesia 

punctipes Edwards (1928); Micronesia, Samoa 

subspadicifascia Tokunaga and .Murachi (1959); Micronesia 

swezeyana 'Ibkunaga and Murachi (1959); Micronesia 

tut~i11i Tokunaga (1959); Ivlicronesia 
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New Zealand 

NEOTROPICAL 

Chilean 

Brazilian 

antipodum Macfie (1932); Waiho, otira, Christchurch, Kaitouna, 
Kaikoura, Aniseed Valley, Ohakune, 
Nelson 

cooki Macfie (1932); Days Bay, Khandallah, Kaikoura, Nelson 

desurvillei Macfie (1932); Mt. Dun 

tapleyi Ingram and Macfie (1932); Welton•s Bush, Waiho, Lalœ 
Brunner, Christchurch, Kaitoura, Purau 
Creek, Kaikoura, Nelson 

tasmani Macfie (1932); Khandallah, Wellington, Purau Creek, 
Kaikoura, Aniseed Valley, Nelson 
Lake Rotoroa. 

fuliginosa (Meigen) (1818); South Chile, Patagonia, Argentina 
Galapagos Is. 

annulatipes Mac fie (1939); Brazil 

argenteola Macfie (1939); Rio de Janeiro (Brazil) 

brasiliensis Mac fie (1939); Brazil 

discoloripes Mac fie (1939); Brazil 

dubia Macfie (1939); Brazil -
eukosoma !vïacfie (19 39); Brazil 

fuliginosa (Meigen) (1818); Brazil, Trinidad, French Guiana 
Paraguay, Ecuador 

furcifera Macfie (1940); Brazi1 

insigniforceps Macfie (1939); British Guiana 

ixodoides (Fiebrig-Gertz) (1928); Paraguay 

kuanoske1es Macfie (1539); Brazil 

1acrimatorii Macfie (1939); Brazi1 

narthekophora Macfie (1939); Brazil 



Mexican 

Anti11ean 

NEARCTIC 

nigrescens I'<iacfie (19 39); Brazi 1 

obercrombyi Macfie (1938); Trinidad 

obesa Lima (1928); Brazi1 

ornatipennis Macfie (1939); Brazi1 

pictoni Macfie (1938); Trinidad 

quasiingrami Macfie (1939); Brazi1 

ra1eighi Macfie (1938); British Guiana, Trinidad 

tenniforceps Macfie (1939); Brazi1 

universicula Macfie (1939); Brazi1 

crude1is (Mayer) (1937); Costa Rica 

fuliginosa (Meigen) (1818); Costa Rica 
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fuliginosa (Meigen) (1818); St. Vincent Is., Puerto Rico, Cuba, 
Jamaica, Dominican Repub1ic, 
Bahamas, Trinidad 

genua1is Loew (1865); Cuba 

Ca1ifornian 

bipunctata (Linnaeus) (1767); Ca1ifornia 

brevipennis (Macquart) (1826); California 

ci1ipes (Coqui11ett) (1905); California 

christiansoni Wirth and Hubert (1960); California 

desertensis Wirth and Hubert (1960); California 

fu1iginosa (Meigen) (1818); California 

hurdi Viirth (1952); California 

macswaini IVirth (1952); Ca1ifornia 

occidenta1is Wirth (1952); California 



quatei Wirth (19.52); California 

squamipes (Coquillett) (1902); California 

texana texana (Long) (1902); California 

tex~ simulata Walley (1932); California 

townesi Wirth (1952); California 
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Rocky Mountain 

Alleghany 

bipunctata (Linnaeus) (1767); Oklahoma, Texas, New Mexico, Utah 

brevipennis (Macquart) (1826); Colorado, Texas, Oklahoma, 
North Dakota, Hevada 

cilipes (Coquillett) (1900); Oregon, Utah 

cinctipes ( Coquillett) (190.5); Mexico 

fuliginosa (Meigen) (1818); New Mexico, Arizona 

occidentalis Wirth (19.52); New Mexico 

squamipes (Coquillett) (1902); Las Vegas, Texas, Oklahoma, 
New Mexico, South Dakota, Wyoming 

texana texana (Long) (1902); Texas, Oklahoma 

texana simulata Walley (1932); Idaho 

whee~ri Long (1902); Texas 

aurea Malloch (191.5); Illinois 

bipunctata (Linnaeus) (1767); Vlashington J. C., Illinois, District 
of Columbia, Maine, Pennsylvania, Maryland, 
Massachusetts, :tvüchigan, Indiana, Wisconsin, 
Iowa, Missouri, Oklahoma, Louisiana, Texas. 

brevipennis (Macquart) (1826); Pennsylvania, Jistrict of Columbia, 
Texas, Illinois, lfdchigan, Virginia, Ivi:aine, 
New York, New Jersey, Florida, Louisiana, 
Oklahoma, Missouri, Arkansas, Kansas, Indiana, 
North Dakota 

cilipes ( Cor:::uillett) (1900); Illinois, ~)istrict of Columbia 

cinctipes (Coquillett) (1905); Florida 



Canadian 

ORIErHAL 

fuliginosa (Meigen) (1818); New Hampshire, Connecticut, 
Virginia, Tennessee, Georgie, F1orida, New York, 
:Mississippi, Louisiana, Washington 

pergandei Coquillett (1901); Eastern United States 

pilosa Coquillett (1902); Eastern United States 

squamipe s (Coquille tt) ( 1902); Texas, Illinois, Louisiana, 
Kansas, Iowa, Washington 

texana texana (Long) (1902); Missouri, Louisiana, District 
of Columbia, Oklahoma, Texas 

t01mesi Wirth (1952); Washington 
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bipunctata (Linnaeus) (1767); Ontario, British Columbia, Alaska 

bipunctatapropinqua Chan (1965); Quebec 

brevipennis (Macquart) (1826); Saskatchewan 

cilipes (Coquillett) (1900); Alaska 

fu1iginosa (Meigen) (1818); Ontario, Manitoba 

obscura w·alker (1848); Canada 

parva Walker (18413); Canada 

texana simulata T!alley (1932); Ontario 

SlJBGENUS WA.Rl:IKEA SAUN'DERS 

Indo-Ivialayan 

malayae Saunders (1956); Iv:alaya 

plus one species (Saunders, 1956) 

NEOTROPICAL 

Brazilian 

bicolor Saunders (1956); Trinidad 



Mexican 

An tille an 

:NEARCTIC 

Alleghany 

PAIZARCTIC 

European 

spinosa Saunders (1956); British Guiana 

terrestris 3aunders (1956); Trinidad 

tuberculata Saunders (1956); Trinidad, Tobago 

tuberculata Saunders (1956); Costa Rica 

aeria Saunders (1956); Puerto Rico 

bicolor Saunders (1956); Puerto Rico 

spinosa Saunders (1956); Puerto lUco, Dominic a 

plus one species close to aeria (Saunders, 1956) 

one species close to aeria (Saunders, 1956) 

GEI~tTUS ATRICHOPOGOH KmFFER 

SUBGENUS ATRICHOPOGON KIEFFER 

alveolatus Nielsen (1951); Jenmark 

cornutus Nielsen (1951); Denmark 

dubius Nielsen (1951); Derunark 

fuscus (Meigen) (no date!); England 

hexastichus Nielsen (1951); î.JeP.rnark 

infuscus Goetghebuer (1929); Belgium 

minutus (T!Ieigen) (1830); England 
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po1ydacty1us Nie1sen (1951); Denmark 

specu1iger Nie1sen (1951); Denmark 

Mediterranean 

armaticrus Kieffer (1923); Biskra (A1geria) 

biskraensis Kieffer (1923); Biskra (A1geria) 

cataneii Kieffer (1923); Biskra (A1geria) 

sahariensis Kief fer (1923); :3iskra (A1geria) 

transversB1is Kief fer ( 1918); Asia r.~inor 

ventralis Kieffer ( 1918); Asia Min or 

trifasciatus Kieffer (1918); Asia :Minor 

Manchurian 

aki su ki i To kun aga ( 19 40); J a pan 

boharti Tokunaga (1952); Ryukyu Is. 

citrinipes Kieffer (1922); Ryukyu Is., Honshu 

c1avifuscus Tokunaga (191~0); Japan 

dors2lis Tokunaga (1940); Ryukyu Is., Honsrm 

ezoensis Tokunaga (1940); Japan 

femora1is Tokunaga ( 1940); Japan 

f1avcns Tbkunaga (1940); Japan 

f1aviscutdum 'I'oh'll11aga (1940); Japan 

formosanus Kief fer (1918); Ryukyu Is. 

insu1aris Kieffer (1921); RyukJ~ Is. 

jacobsoni (de l\1:eijere) (1907); Ryukyu 

montico1us 'I'okunaga (1940); Japan 

okinawensis Tohunaga (1962); Ryukyu Is. 

palma tus Tokunaga (1962); Ryukyu Is., Honshu 
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Ethiopian 

ORIENTAL 

Ceylonese 

parviforceps Tokunaga (1940); Japan 

pilosipennis Tokunaga (1940); Japan 

ryukyuensis Tokunaga (1962); Ryukyu Is. 

spiniventris Tokunaga (1940); Japan 

ungu.is Tokunaga (1962); Ryukyu Is. 

xanthopygus Tokunaga (1962); Ryukyu Is. 

yoshimurai Tokunaga (1940); Kyoto 

celibatum Ingram and Macfie (l9:J.3); Mossel Bay, 

hirsutipennis and Macfie (1923); Mosse1 Bay, 
Ca~ Pro vince 
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Province 

melanimum Ingram andMacf:Le (1923); Mossel Bay, Cape Province 

natalensis Ingram and Macfie (1923); ~atal 

turneri Ingram and Iliacfie (1923); Mossel Bay, Cape Province 

victoriae De Meillon (1942); S. Rhodesia 

horni Kieffer (1926); Ceylan 

Indo-Chinese 

argus Kieffer (1916); Taiwan 

ci trinipes Kieffer (1922); Taiwan 

flaviceps var. mendax Kieffer (1922); Taiwan 

formcsanus Kieffer (1918); Taiwan 

haemorrhoidalis Kieffer (1921); Taiwan 

insularis Kieffer (1921); Taiwan 

jacobsoni (è.eMdjere) (1907); Assam 

kagiensis Tokunaga (1940); Taiwan 



minimus Kieffer (1916); Taiwan 

monticolus Tokunaga (1940); Taiwan 

myrmedon (192'2); Taiwan 

pruinosus (1921); Taiwan 

ruber Kieffer (1916); Taiwan 

rufescens (1921); Taiwan 

Indo-I,,Ialayan 

AUS'IRALIAN 

assuetus (1934); Malaya, Sumatra 

attenta Johannsen (1932); J&va 

di1uta ,Johannsen (1932); Java 

dis cors 

fla vi dus 

fulvus 

(1934); tvialaya 

(1921); Philippines 

(1934); M:alaya 

jacobsoni (de Meijere) (1907); Malaya, Java, Philippines 

nigripes Macfie (1934); Ma1aya 

pudica Johannsen (1932); Java 

subfuscus Macfie (1934); l'.,alaya 

subfuscus var. melanotus Macfie (1934); Ma1aya 

sumatrae Macfie (193h); Sumatra, Iliia1aya 

Austro-;,:alayan 

bifasciatus Kieffer (1917); New Guinea 

biroi Kieffer (1917); New Guinea 

immaculatus Kieffer (1917); New Guinea 

jacobsoni (de Meijere) (1907); New Guinea, New Britain 

sessilis Kieffer (1917); New Guinea 

vestitipennis Kieffer (1917); New Guinea 
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Australian 

atratus var. rufiventris Kieffer (1917); N.S. Wals 

coracinus Kieffer (1917); N.S. Wale s 

Polynesian 

arciforceps Tolrunaga (1941); r.~icronesia 

armaticaudalis Tokunaga a.'ld Murachi (1959); Micronesia 

brevicornis 'rokunaga (1959); Micronesia 

fenestriscutum Tokunaga and Murachi (1959); Micronesia 

flavenicruris Tokunaga and ;v1urachi (1959); r~Iicronesia 

gressitti Tokunaga (1959); Micronesia 

jacobsoni (de 1\Jieijere) (1907); :Micronesia, Marquesas, Samoa, 
Tahiti, Fiji 

raripilipennis Tokunaga and Murachi (1959); Micronesia 

snyderi Tokunaga (1959); Micronesia 

spinicaudalis Tokunaga (1959); Iücronesia 

New Zealand 

NEO'IROPICAL 

Chilean 

fi tzroyi Macfie (1932); N. Zealand ("~elson) 

greyi Macfie (1932); N. Zealand (otira) 

hobsoni Iviacfie (1932); N. Zealand (Nihotapu, Weltons Bush, 
~ïaiho, Mt. Arthur) 

? novae-zelandie Kieffer (1922); New Zealand 

shortlandi Macfie (1932}; N. Zealand (Aniseed Valley, Waiho, 
Lal<e Brunner, Kaitouna, Kaikoura, 
Maitai Valley, Mt. Arthur) 

vestitipennis Kieffer (1917); N. Zealand (Mt. Arthur, Ohakune) 

albinensis Ingram and Macfie (1931); Patagonia, S. Chi~ 

assimilis Ingram and Macfie (1931); Patagonia, S. Chile 



chilensis Ingram and Macfie (1931); Patagonia, S. Chi1e 

obfuscatus Ingram and Macfie (1931); Patagonia, S. Chi1e 

obnubi1us Ingram and Macfie (1931); Patagonia, S. Chi1e 

Brazi1ian 

Mexican 

ada"'l1soni (1937); Trinidad 

bifidus Evren (1958); 1:-Jictheroy (Brazil) 

caribbeanus Ewen (1958); Tobago 

g1aber Macfie (1936); Trinidad 

gordoni Macfie (1938); British Guiana 

guianensis Macfie (1940); British Guiana 

harrisi Macfie (1938); Trinidad 

nanus I.Iacfie (1940); British Guiana 

nebu1osus Macfie (1939); Trinidad 

remigatus Ewen (1958); Petropo1is (Brazi1) 

tubercu1atus Ewen (1958); Trinidad 

umbrati1is Macfie (1935); British Guiana 

woodfordi Macfie (1938); British Guiana, Trinidad 

incultus Ewen (1958); Costa Hica 

1ongicornis Evren ( 19 58); Costa Rica 

Anti11ean 

? 1ituratus Williston (1896); St. Vincent Is. 

obscurus ~~en (1958); Puerto Rico 

saundersi Ewen (1958); Puerto Rico 

? sequax Wi11iston (1896); St. Vincent Is. 

? thersites Williston (1896); St. Vincent Is. 
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:.JEARCTIC 

Californian 

arcticus (Coquillett) (1900); California 

fusculus (Coquillett) (1901); California 

levis ( Coquillett) (1901); California 

occidentalis Wirth (1952); California 

transversus Wirth (1952); California 

websteri (Coquillett) (1901); California 

Rocky Mountain 

Alleghany 

Canadian 

articus (Goquillett) (1900); Colorado 

fusculus (Coquillett) (1901); Vi,yoming, Montana, Nevada 

levis (Coquillett) (1;101); South Dakota, Texas, New Mexico, Utah 

occidentalis Wirth (1952); Montana, New Mexico 

websteri (Coquillett) (1901); Colorado 

fusculus (Coquillett) (1901); New Jersey, District of Columbia, 
New Hampshire, Maine, Illinois, lviaryland, Indiana, 
Louisiana, Massachusetts, Iowa 

fusinervis Malloch (1915); Illinois 

gilvus Coquillett (1905); Florida 

levis (Coquillett) (1901); Maryland, Illinois, New York, 
?Jew Jersey, Iv'Jichigan, Massachusetts, Rhode Island, 
Connecticut, Ohio, District of Columbia, Indiana, 
Illinois, Louisiana, Texas 

minutus (Meigen) (1830); Maryland, Indiana, Virginia 

peregrinus Johannsen (1908); New York 

arcticus (Coquillett) (1900); Alaska, British Columbia 

crini tus Ewen (1958); Nanaimo, Saskatchewan 



P ALZAt1CTIC 

European 

corpulentus Ewen (1958); Nanaimo 

f1avus Ewen (1958); Saskatoon 

fusculus (Coquillett) (1901); Ontario 

humico1us Eïven (1958); Nana:imo 

inconspicuus Ewen (1958); Saskatoon 

maculosus Ewen (1958); Saskatoon 

minutus (.Meigen) (1830); Truro, Nanaimp 

occidentalis Wirth (1952); Alaska 

polydactylus Nie1sen (1951); Saskatoon 

SUBGENUS MELOEHELEA VITRTH 

meloesugans Kieffer (1922); Eng1and, Fin1and 

oedemerarum StUra (1939); England, Finland, Denmark 
Germany, SWeden 

rostratus Winnertz (1852); Denmark 

:Mediterranean 

meloesugans Kieffer (1922); Algeria 

ETJ:UOPIAN 

·west African 

meloesugans Kieffer (1922); Algeria 

1'-!'EARCTIC 

Californian 

epicautae Wirth (1956); California 

Rocky iviountain 

epicautae ~·;irth {1956); Arizona 
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Alleghany 

farri Wirth (1956); Massachusetts 

oedemerarum Stora (1939); Virginia, Maryland, New Hampshire 

cana di an 

PAIEARCTIC 

European 

epicautae Wirth (1956); British Columbia 

GENUS LASIOHELEA KIEF'F'ER 

ST:BGENUS LASIOHELEA S. S'ffi. KIEFFER 

pi1osipennis Kieffer (1919); Hungary 

velox (Winnertz) as pilosipennis Kieffer (1919); Europe 

Manchurian 

ETHIOPIAN 

1ongicornis (Tokunaga) (1940); Honshu, Ryukyu Is. 

? minima Tokunaga (1940); Japan 

? minuta Tokunaga (1940); Japan 

? nipponica Tokunaga (1940); Japan 

East African 

? 1efanni var. squamipe s Ingram and Macfie (1924); zanzibar 

West African 

atratula (Goetghebuer) (1935); Be1gian Congo 

? brevicosta Clastrier (1960); Congo 

? brevi tarsata Ingram and Macfie (1924); Gold Coast 

? ca1iginosa Ingram and Macfie (1924); Go1d Coast 

? dewulfi Goetghebuer ( 1933); Be1gian Congo 

? inconspicuosa Ingram and Ivracfie (1924); Gold Coast 



ORIENTAL 

? litoraurea Ingram and Macfie (1924); Gold Coast 

? maculipes Goetghebuer (1933); Be1gian Congo 

Indo-Malayan 

f1avescens (Saunders) (1964); Philippines 

longineura (Saunders) (1964); Philippines 

propria Chan (1965); Singapore 

? stimulans (de Meijere) (1909); SUlllatra, Java 

uncuspromissa Chan (19û.5); Singapore 

ATJSTRALIAN 

Australian 

townsvil:Lensis (Taylor) (1914); Queensland 

Polynesian 

NEOTROPICAL 

Chilean 

? ancoriformis (Tokunaga) (1959); Micronesia 

carolinensis (Tokunaga) (1940); Micronesia 

spinipes (Tokunaga) (1959); Micronesia 

? stimulans (de Meijere) (1909); Micronesia 

? shannoni Ingram and Macfie (1931); Correntoso (Chile) 

Brazilian 

Mexican 

attenuata (Saunders) (1964); Trinidad 

cornuta (Saunders) (1964); Trinidad, Santos (Brazil) 

? danaisi Floch and Abonnenc (1949); Venezuela 

? louriei Macfie (193.5); Tutoia, Pianhi 

attenuata (Saunders) (1964); Costa Rica 
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1:JEARCTIC 

cornuta (Saunders) (1964); Costa Rica 

? fluviatilis (Lutz) (1914); Rio Negro, Massaraby 

intermedia (Saunders) (1964); Costa Rica 

quasicornuta (Saunders) (1964); Costa H.ica 

Alleghany 
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fairfaxensis Wirth (1951); Virginia, Massachusetts, Michigan 

canadian 

? cretea Boesel (1937); Canad 

fairfaxensis Wirth (1951); Ontario 

? globosa Boesel (1937); Canada 

NE'Y'f SUBGENUS ( LANE 1 S LASIOHELEA STYLIFER LUTZ) 

NEOTROPICAL 

Brazi1ian 

Mexican 

sty1ifer (Lutz) (1913); British Guiana, Rio de Janeiro, 
Trinidad 

sty1ifer (Lutz) (1913); Panama 

SUBGE'NUS DACNOFORCIPOMYIA CHAN AND SAUN.JERS 

ORIENTAL 

Indo-Malayan 

? as ceratopogon agas Rondani (1875); Bornee 

~~ (Chan and Saunders) (1965); Singapore 



PAŒARCTIC 

European 

SUBGET-IDS THYRIDOMYIA SAtlNDERS 

frutetorum (11finnertz) (1852); Europe 

palustris (Saunders) (1925); Eng1and 

Manchurian 

kitasirakawae (Tokunaga) (1940); Japan 

ETHIOPIAN 

W"est African 

aethiopiae (Ingram and Macfie) (1924); Gold Coast 

skiaphi1a C1astrier (1960); Congo 

ŒIENTAL 

Indo-Malayan 

gossympina Chan (1965); Singapore 

vertexcava Chan (1965); Singapore 

AUSTRALIAN 

Polynesian 

NEOTROPICAL 

Brazilian 

Mexican 

esakii Tbkunaga (1940); Micronesia 

hama ta ( Tokunaga) (1959); Micronesia 

nana Macfie (1944); Brazi1, Trinidad 

nodosa (Saunders) (1959); Costa Rica 

1.'EARCTIC 

Californian 

monilicornis (Coquillett) (1905); Ca1ifornia 
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Alleghany 

monilicornis (Coquillett) (1905); Maryland, Indiana 

Canadian 

aspinosa (Saunders) (1956); Saskatoon 

monilicornis (Coquillett) (1905); British Columbia, :;ru_ebec, Alaska 

palus tris (Saurrlers) (1925); Nanaimo 

sp. A (Saunders, 1956); Saskatoon 

SUBGENUS SYNTHYRIJOMYIA SAUNDERS 

PALEARCTIC 

Europe 

knockensis (Goetghebuer) (1938); Belgium 

murinus (Winnertz) (1852); England 

Mediterranean 

~cari (Macfie) (1943); Moascar (Egypt) 

Manchurian 

ETHIOPIAN 

acidicola Tbkunaga (1937); Honshu 

Kii Tokunaga (1940); Japan 

longitarsus Tokunaga (1940); Japan 

East African 

AUS'IRALIAN 

Polynesian 

corsoni (Macfie) (1926); Dar-Es-Salaam 

unituberculata (Tokunaga) (1959); Micronesia 

IŒOTROPICAL 

Chilean 

sanctaeclarae (Wirth) (1952); Juan Fernandez 
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Brazilian 

tenuiforceps (Mac fie) (1939); Bra zi1 

NEARCTIC 

Californian 

co1ernani (Wirth) (1952); California 

canadian 

sp. A (Saunders, 1956); Saskatoon 

GElilUS NEOFŒCIPOMYIA TOKUNAGA 

PALEARCTIC 

European 

eques (Johannsen) (1908); Fin1and, Britain, Austria, Sweden 
Norway, Germany 

Manchurian 

ETHIOPIAN 

papi11ionivora (Edwards) (1923); Eng1and 

eques (Johannsen) (1908); Hokkaido 

okadai (Tokunaga) (1939); Japan 

East African 

insignicornis (L:Iacfie) (l947); Uganda 

ORIENTAL 

Indo-Ma1ayan 

AUSTRALIAN 

equitans (Edv~rds) (1933); North Borneo 

pectiunguis (de Meijere) (1923); Sumatra 

Austro-Ma1ayan 

pennamou1a (Macfie) (1932); Mo1uccas 

tipuli vara (Mac fie) (19 36); New Guinea 



Australian 

four species (Saunders, 1964) 

Polynesian 

basiflava (Tokunaga) (1959); Micronesia 

pectiunguis (de 1~ïeijere) (1923); Micronesia, Samoa 

samoensis (Edwards) (1928); Samoa 

NEOTRO?ICAL 

Chili an 

intrepida (Macfie) (1936); Peru 

Brazilian 

aeronautica (Macfie) {1935); British Guiana 

? opilionivora (Lane) (1947); Sao Paulo (Brazil) 

trinidadensis (Saunders) {1964); Trinidad 

Mexican 

mexicana (Wirth) (1956); Mexico 

NEARCTIC 

Rocky Mountain 

Alleghany 

Canadian 

baueri (Wirth) (1956); Arizona 

eSU;eS (Johannsen) (1908); Michigan, New York 

mcateei (Wirth) (1956); Maryland 

crinita (Saunders) (1964); Saskatoon 
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eaues (Johannsen) (1908); ~ebec, British Columbia, Nanaimo --
saundersi Chan (1965); Quebec 

sp. A (Saunders, 196ü); Saskatoon 

sp. B (Saunders, 1964.); Saskatoon 



GE1'fUS 'IRICHOHELEA 'IGHEBUER 

PAIEAH.CTIC 

Manchurian 

tsutsumii (Tokunaga) (1960); Japan 

sp. inc. J. No. 1 ( îbkunaga, 1960); Kyoto 

OiUGNTAL 

Indo-Malayan 

comis (Johannsen) (1932); Sumatra, Java 

grandis Chan (1965); Singapore 

nicopina Chan (1965); Singapore 

AUSTRALIAt'.J 

Austro-Ma1ayan 

comis (Johannsen) (1932); 

New Zealand 

austrina (Macfie) (1932); Reefton, Aniseed Valley 

Polynesiah 

N'i~OTiWPICAL 

Brazilian 

brevis (Johannsen) (1927); Hawaii 

hamaticauda (Tokunaga) (1959); 1ücronesia 

oligarthra (Saunders) (1956); IiJicronesia 

sabroskyi (Tbkunaga) (1959); Micronesia 
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caribbeana (Saunders) (1956); Trinidad, British Guiana, Tobago 

oligarthra (Saunders) (1956); British Guiana 

Mexican 

oligarthra (Saunders) (1956); Mexico 



Anti11ean 

P ALf'Ài.'=î C TIC 

European 

Manchurian 

antiguensis (Saunders) (1956); Antigua 

jocosa (Saunders) (1956); Trinidad 

o1igarthra (Saunders) (1956); Ptl.erto Rico, Cuba, J)ominca, 
Montserrat 

GENUS PTEROBOSCA l~~CFJE 

Pterobosca pa1udis Macfie (1936); Eng1and, France 

Pterobosca adhesipes Macfie (1932); Ryukyu Is. 
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Forcipomyia (Pterobosca) asahinai Tokunaga (1962); Ryukyu Is. 

Pterobos ca fidens Macfie (1936); Ryukyu Is. 

Pterobosca 1atipes Macfie (1936); Ryukyu Is. 

Pterobosca tokunagai Oka and Asahi.na (1948); Ryukyu 

ETHIOPI.Al•I 

West African 

Pterobosca mo11ipes rv:tacfie (1932); Liberia, Senega1 

East Aïrican 

pterobosca mo1lipes Macfie {1932); Senega1 

Pterobosca paludis Macfie (1936); Uganda 

ORIENTAL 

Indo-Chine se 

Pterobosca aerobates Macfie (1936); Assam 

Certaop~ aeschnosuga de Meijere (1923); Taiwan 

Pterobosca fidens Macfie (193 6); Hainan, Taiwan, China 

Pterobosca 1atipes Macfie (1936); Hainan, China 

. , Honshu 
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Indo-Malaya:n 

Pterobosca adhesipes Macfie (1932); Java Sea 

Ceratopogon aeschnosuga de Meijere (1923),; Sumatra, Java 

AëS'ffiALIAN 

Austro-l>ialayan 

Pterobosca adhesipes Macf:iB (1932); New Guinea 

Pterobosca ariel Macfie (1932); Moluccas 

Pterobosca lairdi Wirth (1956); Salomon 

Pterobosca odonatiphila Macfie (1932); New Guinea 

Polynesian 

NEOTFWPICAL 

Brazilian 

Mexican 

Antillea:n 

NEARCTIC 

Alleghany 

Macfie (1932); Ponape and Kusaie 
(Iücronesia) 

Forcipomyia (Pterobosca) chrysopae Tokunaga (1959); Micronesia 

Pterobosca esakii 'Ibkunaga (1940); Micronesia 

Pterobosca feJdnae Tokunaga (1940); Micronesia 

Pterobosca fidens Macfie (1936); Micronesia 

Ceratopogon fusicornis Coqui1lett (1905); Brazi1, Columbia 

Pterobosca incubans Macfie (1937); British Honduras, Mexico 

Ceratopogon fusicornis Coquil1ett {1905); Puerto Rico 

Pterobosca incubans Macfie (1937); Puerto Riro 

Ceratopogon fusicornis Coquillett (1905); F1orida, Louisiana 
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GENUS Pâ~EROBOSCA ruL~~~ & HUCTEL 

ETHIOPIAN 

l'lest A.frica.n 

Pa.ra.pterobosca a.nthropophila Hartmt & Hutte1 (1951); 

Ivory Coast 

Host genera and subgenera of the Forcipomyiinae have world wide 

distribution (Table 1), especia.lly Forcipomyh. s. str., Proforcipomyia., 

La.siohelea s. str., Thyridomyia, Neoforcipomyia and Pterobosca.. The 

absence or paucity of :midges in the !1~editerranean, Siberian, South 

African, 1~la.gasy, Indian, Ceylonese and New Zealand subregions, is 

probably not indicative of the true nature of distribution of these 

forms but indicative of the lack of attention given to this subflllnily 

by entomologists of these re ons. It appoa.rs th.at where collections 

of either the immature stages or the imagines or both are ca.rried out 

intensively and extensively, most of the known genera tl.!ld sub.c;enera of 

the .l!'orcipomyiina.e are found. It would not be surprising in time to 

find that most, if not all, genera and subgenera nre of' universrü 

occurrence. This possibility is strengthened when one considera the 

conditions tha.t f's.vour and limit the dispersal of these forms. 

CONDITIONS LIMITING DISPERSAL 

(a) ~·- The larvae of Forcipomyiinae have a wide range of habitats -

rotting wood and ba.rk, hollm'l roots and stems of de ad plsmts, cacti, 

horse and cov1 dung, tree ho les, sap of tree ·wounds, 11ratery detritus in 

leaf a..xils of plants, mosses and a.lg:ae on wood, roaks or soil, etc. -
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TABlE 1. D ISTRIBU'T ION OP Tl:lE FORCIPOlvlYIINJŒ 

REG- PALE.ARCTIC ETHIOPIAN OJUENTAL AUSTRAL lAN NEOTE.OPICAL NEARCTIC 
ZOOGEO- IOHS 
GRAPHICAL 

~ REGIONS ~ ~ SUB- ~ ~ " ~ >. 

~ 
0 ra • '0 ~ ~ 0 0 ·ri a ~ r-1 ~ ~ ~ REG- on on J..t " 1111 ~ ~ •ri 

~ $.t ~ •ri 

~ ~ ~ >. ra •ri r-1 7 ·ri ·ri r-1 $:1 ~ IONS $.t J.t ra 8 .r: a$ r-1 ra G ~ on ~ 1) J..t s. '0 ·ri ~ • ~ 0 T 0 œ 
~ ~ 

r-1 r-1 0 •ri 
+> J..t .r: ..!.:: W) 0 1 J..t J..t •ri •ri 0 ri G-i g 'd 

ŒïWS 
0 •ri f) 0 +> .p '§ 1111 •ri ri 0 0 +> +> ri N ·ri •ri •r-I " • J..t 'd ,0 

~ 
ra (1.) ri 'd :>. '0 'd ra ra r-1 ~ ·ri ct) K 

~ 
r-1 0 ri ~ 

(Subgenus) 
:::s ~ ·ri Cil ~ 

0 ~ .tl 8 .tl .tl ~ ~ 0 
~ 6 J..t ~ • 0 r-1 

fï1 rf.) fï1 Ct.! P-t a:l 0 ~ <1( 0 

x x :x x x x x x x x x x x x :x x x x x x x 

(Schizoforcipomlia) x? x? x x? x 

(Warrn.ke a) x x x x x 

Metaforcipomyia x 

Proforcipomyia x x x x x x x x x x x x x 

Cdoforoipomyia x x? x x x x x? 

Lasiohelea 
(Lasiohelea) x x x x x x x x x? x x x x 

(_!:. stylj_f~r Lutz) x x 

(Dacnoforoipomyi~) x 

(Thyr_id()~) x :x :x x x x x x x x 
1\) 
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all of which are universally found. Larvae are not restricted therefore 

except where food specificity is extreme and in these cases distribution 

would follow the distribution of the host plants. 

The adults of Forcipomyiinae also have a wide range of feeding 

habits, ranging from feeding on nectar of plants to sucking of blood from 

insects, arachnids, amphibians, reptiles and mammals. Since these food 

sources for adults are universally obtainable, the distribution of the 

Forcipomyiinae would accordingly be universal save in the case of species 

th a.t are host specifie. 

(b) Temperature. Temperature which would be expected to have an 

important influence on the geographical distribution of midges does not 

appear to be of very great importance as Forcipomyia fuliginosa and 
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possibly many other species occur over a wide range of countries (see Table 2). 

(c) other Environmental Factors• Physical barriers of the environment, 

such as deserts, mountains and vast expanse of sea, appear to be relatively 

unimportant in limiting the range of midges since they can be carried by 

strong winds and air currents, over great distances. In fact, Gislen (1948) 

considera that these minute insects are so easily carried by air currents 

that they are not subject to the same distributional limitations as other 

insects and are therefore of no significance in zoogeography. '!his con-

tention has however been disputed and challenged by many zoogeographers 

(Gressitt, 1958). 

COJ:.WITIONS FAVOURING DISPERSAL 

(a) Flight. In general, insects, like birds, owe their ~~de distribution 

to their great powers of flight. In the ceratopogonids, where the power 

of flight is limited (Kettle, 1951), transport over long distances is 

accomplished by air currents. 

{b) Transporting Vehicles. Many species undoubtedly lay their eggs on 



decaying and rotting timbers of ships and other ocean vessels 

and can be carried over vast distances. Floating logs of decaying 

wood in rivers, streams and oceans (debris rafts; Matthew, 1915) aid 

in the dispersal of early stages. Bi ting species can also be trans

ported over long distances on the bodies of animals, including man. 

The distribution of the Forcipomyiinae, although at present 
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only poorly understood, indicates that the Neotropical Region (if the 

Oriental is not cambined with the Australian) contains by far the 

richest fauna of this subfamily, with nine out of the ten genera and 

seven out of the ten subgenera represented. The genus Metaforcipomyia 

and the subgenus (Lane's Lasiohelea stylifer Lutz) are peculiarto the 

region and are likely endemie for.ms of it. Of this region, the 

Brazilian subregion has the richest fauna with War.mkea, Lasiohelea s. str., 

Neoforcipomyia, Proforcipomyia and Atrichopogon species in particular 

being well represented here. This is to be expected since midge fauna 

is closely associated with plant flora and the Brazilian subregion, 

being essentially tropical, has an unusually luxuriant flora. 

Ranking next to the Neotropical, in number of genera and subgenera, 

is the Oriental Region which is poorly represented in numbers of species 

particularly in the Indian and Oeylonese subregions where Forcipomyiinae 

are hardly known. In other Oriental subregions Forcipomyiinae midges 

have not been well collected and it is almost certain that in time many 

additional species will be discovered. From the kno1vn species dis

tribution the fauna in the Indo-Malayan subregion is the richest, >rith 

one subgenus, Dacnoforcipomyia, peculiar and likely endemie to it. The 

region is particularly rich in Lasiohelea s. str., and shares the 

highest number of kno-vm species wi th the Mexican subregion of the 

Neotropical. 
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From Table 2 which shows the distribution of the better known 

Forcipomyiinae species, we find that many of the Oriental species are 

common in both the Australian and Palearctic regions, the last two ranking 

third in the number of world genera represented. The species common to 

both the Oriental and Palearctic regions belong mainly to the Indo-Chinese 

(mainly Taiwan) and Manchurian (mainly Japan) subregions, respectively. 

Those common to the Oriental and Australian regions belong, respectively, 

to the Indo-Chinese and Indo-Malayan subregions and to the Austro-:Malayan 

and Polynesian subregions. Also, the distribution of the better known 

species of the Forcipomyiinae demonstrates that the fauna between the 

Palearctic and Nearctic and also Palearctic (mainly European) and Ethiopian, 

is distinct while that between the New World (North, Central and South Americas) 

and the Old World, except Palearctic is indistinct. On the basis of the 

above evidence, it would appear that the Forcipomyiinae originated and 

evolved in the Oriental Region, with the original centre of radiation being 

the Malay Archipelago (Sundaland). This possibility is most likely since 

historically and geologically the Malay Archipelago forms a connecting 

link bet•veen the Indo-Chinese and tustro-Malayan subregions, the islands 

comprising Sundaland being situated on the Asiatic Continental Shelf and 

forming a compact land mass during the Pleistocene (Gupta, 1962). This is 

in agreement with Khalaf 1 s (1954) findings for Gulicoides which, according 

to him, evolved in and spread out from, the Oriental Region or from farther 

north when the climate was warmer. All the above information seems to 

support the Wegenerian ~ypothesis or theory of continental drift. 

The genera and subgenera with the widest distribution, namely 

Atrichopogon, Forcipomyia s. str., Proforcipomyia, Lasiohelea s. str. 



Thyridomyia, Neoforcipomyia and Pterobosca, are presumably the most 

ancient, assuming they originally had a common centre of radiation in 
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the Oriental Region. Lane 1 s Lasiohelea stylifer Lutz, Dacnoforcipomyia 

anabaenae and Parapterobosca anthropophila, all man-biting for.ms, on the 

other hand, must be fairly recent for.ms since they are restricted in their 

distribution and are most likely endemie forms of the Neotropical, Oriental 

and Ethiopian regions, respectively. This would suggest that the man

biting habit has a very recent origin. Since in the Forcipomyiinae the 

insect-biting forms (most Neoforcipomyia, Pterobosca and some Forcipomyia 

s. str. species) outnumber the vertebrate biting forms (some Lasiohelea 

s. str. species, Dacnoforcipomyia anabaenae, and two Atrichopogon species?) 

and the former has wider distribution than the latter, it follows that 

insect-biting is more primitive than vertebrate-biting, a problem which 

Do>mes (1958) has already dravvn attention to as difficult ta determine. 

Although the Palearctic Region shares many identical species with the 

Oriental only the Manchurian Subregion (chiefiy Ryul!;yu Islands) re8lly shows 

homogeneous fauna (not only the Forcipomyiinae but most insects) with the 

Indo-Chinese ( chiefiy Taiwa.YJ.) of the Orientru.. For this reason Gres si tt 

(1961) considers the Byukyu Islands as belonging to the Oriental Region 

rather than to Wallace 1 s Palearctic Region. From zoogeographie al studies 

of Pacifie and Antarctic insects, Gressitt (loc.cit.) was also able to 

demonstrate that Wallace's assignment of the islands eastward of Bornee 

(east of Wallace's Line) to the Australian Region, is not valid for insects 

although valid for vertebrates. Wallace's Australian Region includes 

Australia, Tasmania, the islands on the Sa.hul Shelf, Melanesia including 

New Guinea, Hawaii and the South Pacifie Islands including Micronesia, Samoa 

and Southeast Polynesia but Gressitt (1956, 1958, 1961), from faunal studies 

and floral considerations, considers only Australia, Tasmania, New Zea1and, 



the Chatham Islands and the Southern part of New Guinea, as belonging 

to the Australian Hegion, the rest as belonging ta the Oriental., 

Gressitt (1961) found that tl1e insect fauna of the entire Pacifie 

oceanic area and of tlle islands of the Southwest Pacifie belongs to fue 

Oriental Region. The Oriental Hegion of Gressitt vrould then include 

Wallace r s tradi tional subregions plus the islands from Lord Howe Island, 

Norfolk Island, Kermadec Islands, Rapa and Ester, northward to Hawaii, 

vrestvvard to the Bonins and Palau and again eastward and southward to 

include the New He brides, Santa Cruz Islands and New caledonia. The 

ot.her islands, 11subcontinental• and continental, -westward of this great 

oceanic area, from the Solomon Islands westward to s.E. Asia, and as far 

north as the Ryukyu Islands also belong here. 

In the Australian Region, New Zealand's fauna is very different 

from that of Australia (Gressitt, 1961) (also shawn by the Forcipomyiinae) 

but New· Caledonia possesses special forms cammon to bath Australia and 

New Zealand and also to New Guinea. The Australian Region is bridged with 

the Oriental Region in faunal characteristics by the area between them. 

According to Gupta (1962), this intermediate area si tuated bet-ween the 

Australian and Asiatic continental shelves, comprising of Celebes, the 

J:violuccas, New Guinea, the Bismarks, Solomons and nearby islands (or Yvhat 

has been called the Papuan Subregion of the Oriental by Gressitt) does not 

belong zoogeographically to either the Australian or Oriental regions but 

forms a region of its ovm, its main features being that of faunistic 

transition. Agreement differs as ta which of these islands should be 

associated wi th the Oriental and vmich ta the Australian Region. Mayr 

(1944) and Gressitt (1956) include them in the Oriental, but Wallace (1876) 

included them in the Australian Region. 
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The distribution of the Forcipamyiinae supports Gressittrs (1961) 

findings that New Guinea• s insect fauna is primarily Oriental. This 

shows that New Guinea apparently had early relationships with Asia 

through fluctuating bridges or series of nstepping stones". It ~as 

apparently greatly isolated from Australia during much of the Tertiary 

and each of the tyro land masses developed its own characteristic fauna. 

It however has much affinity with Australia in the bird, reptile and 

ma:nmal faunas. 

The question of the origin and history of the Forcipomyiinae will 

undoubtedly be better understood when their zoogeographical distribution 

greatly improved through extensive and intensive collections. 
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VIII. PHYLOGENY OF THE FORCIPOMYIINAE 

A. INTRODUCTION 

According to Hennig (1965), the method of p~logenetic systematics 

bas the following basis: "that morphological resemblance between species 

cannot be considered simplT as a criterion of phylogenetic relationship 

but that this concept should be di vided into the concepts of 

symplesiomorp~, convergence and synapomorp~, but that only the 

last-named category of resemblance can be used to establish states 

of relationship." Thus, a polyphyletic group is formed, when in tha.t 

group, species agreement rests on convergence; a parap~letic group is 

formed when in that group, species agreement rests on symp1esiomorphy, 

and a monop~1etic group is formed when member species in that group can 

be considered to be 100re closel;y' re1ated to one another than to species 

outside these groups (Hennig, 1953), i.e. when species agreement rests on 

synapomorpey. 
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The degree of pby1ogenetic re1ationship that exista between species 

and groups has often been measured solely by the degree of morphological. 

resemblance. Thl.s approach is obviousq erroneous since it is coneerned 

with resem.blance or difference between organism.s rather tha.n with 

relationship between convergent or divergent characters and earlier 

conditions (Hennig, 1o. cit.). Animal populations being communities of 

reproduction are not morpho1ogically but geneticall;y' defined and 

measurem.ent of the degree of phylogenetic relationship, rightl;y' 

interpreteà., is recena,y of common ancestr,y (Bige1ow, 1956). 

The phylogeny of the Ceratopogonidae has not so far been 

critically examined by syste:matists of these insects. The present 



• study is an attempt to discover appropriate degrees of pqylogenetic 

relationship that exist particular~ between species or species groups 

in the Forcipo~iinae. 

B. CONSIDERATIONS ON THE CmATOPOGONIDAE 
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First, let us consider the s.ystematic position of the Ceratopogonidae 

and of the groups wi thin this fam:i.ly. 

The Ceratopogonidae bas been classified by Hennig (1950) in the 

super-family Tendipedidea which includes the families Thaumaleidae, 

Tendipedidae (Chironomidae) and Simuliidae. According to Hennig (1950), 

and generally unanimous among most dipterists, the Ceratopogonidae are 

closest to the Chironomidae in which they were once a subfami~, and the 

Thaumaleidae. Downes (1950) from a study of the feeding habits of biting 

flies, concludes that the Ceratopogonidae, together with other biting 

nematocerans, as a group, are the closest existing representatives of the 

original Diptera which order is the most hig~ specialized of the panorpoid 

orders (Hinton, 1958). 

Different ceratopogonid systematists have classified the fami~ into 

various groups or subfami1ies, some based on one or two arbitra~ criteria, 

others on several. Edwards (1926) subdivided it into two groups on 

feeding habits: (i) forms whose females have blood-sucking habits, 

including Culicoides, Forcipomyia and Atrichopogon, and (ii) forms whose 

females prey on other smaller inseets, including Palpo![ia, Bezzia and 

Stilobezzia. Kieffer (1925) based his classification main~ on morpho

logical forma and divided it into five groups on adult forms: Forcipomrta, 

Da~helea, Culicoides, Palpontyia and Bezzia; and three groups on larval 

forms: a genuine group including Forcipontyia and Atrichopogon; an 
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intermediate group inc1uding Dasyhe1ea; and a vermiform group inc1uding 

Culicoides, Sti1obezzia, Bezzia and Palpo!(ia. Mayer (1934) subdivided 

the fa.mily into six. groups: Forcipo!(ia, Dasyhelea, Culicoides, 

Sti1obezzia, Palpo![ia and Leptoconops chief1y on structure of 1arval 

mouthparts. Ender1ein (1936) recognized !ive subfa.milies: Leptoconopinae, 

Forcipo~nae, Ceratopogoninae, Pa1po~inae and Bezziinae. Maefie 

(1940) generally followed Mayer (1934) and :Ender1ein (1936) but 

considered that apart from Leptoconopinae, all the other subfamilies 

are untenab1e because of the common occurrence of annectant forma 

between them. He proposed nine groups: (i) Leptoconops group, 

(ii) Forcipomocia group, (iii) Dasyhe1ea group, (iv) Culicoides group, 

(v) Ceratopogon group, (vi) Stilobezzia group, (vii) Macropeza group, 

(viii) Palpo![ia group and (ix) Bezzia group. Johannsen (1943) bas 

a1so subdi vided the fa.mily in a very similar way to Macfie but di vides 

Macfie 1s Forcipo!fia group into two groups -- Forcipomfia and Atrichopogon 

groups - and combines two of Macfie' s groups into one (Palpontria and 

Bezzia groups). 

Lee (1948) accepted Johannsen 1s division of Macfie 1s Forcipomyia 

group into Forcipo!fia and Atrichopogon groups but retained Macfie 1 s 

other groups so that in all he had ten groups. He di vided the family 

into three major divisions: the first comprising of the Leptoconops 

group, the second of the Forcipomria, Atrichopogon, Da![he1ea, Culicoides 

and Ceratopogon groups, and the third of the Sti1obezzia, Macropeza, 

PalpoJilV'ia and Bezzia groups. Lee (lo. cit.) considered that the 

Leptoconops group alone is discontinuons from the rest of the family 

and thus deserves subfamily- status. His three liiB.jor di visions are 

morpho1ogically fairly distinct and appear to ooincide with the adult 
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f'eeding habits: the first division comprises forms whose adult females 

suck blood from birds and mammals; the second division, a heterogeneous 

group, consists of forms (except Dasyheleinae) whose females suck blood 

from a wide range of hasts --- insects, arachnids, amphibia~s, reptiles, 

birds, and mamme.ls -- and the last division comprises forms whose 

females prey on other smaller insects. 

Wirth (1952) subdivided the Cere.topogonidae into four sub

families: Leptoconopinae, Dasyheleinae, Forcipomyiinae and Heleinae, 

the last subfamily including Hayer' s (1954) three groups: Culicoides, 

Stilobezzia and Palpomyia taken together with ilelea. Tokunaga and 

?;<urachi ( 1959) considered Wirth' s system most acceptable as a natural 

one but felt that his ITHeleinae" req_uires closer discussion showing the 

more intimate evolutional relationship between adults a."ld immature 

forms. They therefore refrained from classifying the family into 

subfamilies. 

;::;ystematists of the Ceratopogonid.ae have never experienced 

difficulty in d.istinguishing the :B,orcipomyiinae, obviously a mono

phyletic group, from other subfamilies. The adults are distinguished 

from other subfamilies by having well-developed empodia except in some 

males of Trichohelea vrhere they are absent or vestigial, and the 

larvae are distinguished from other ceràtopogonids according to 

Thomsen (1957), (1950) and Hardy (1960) by having prothoracic 

prolegs ana short spines on all body sesments. Another character 

which separates this subfmnily from the rest of the family is the 



retention, in most species, of the last larval skin in the last few 

abdominal segments. 

The Dasyheleinae, like the Forcipomyiinae, is also a mono

:phyletic group and is easily separe,ted from other groups by larval 

morphology and adult male genitalic characters. .Among all the 

cerato:pogonië: grou:9s it is the closest to l:!'orcipomyiinae. 

Difficulty in. distinguishing adult females of nasyhelea anè. Lasiohelea 

has often r..rïsen from their cloee morphological similarity, 

es~Jecially in wing and antennal characters (Lee and Reye, 1954). 

The larvae of the two groups also sho-v<r closest affinity with eac:1 

other in the femily in their corrnnon possession of well-developed 

mouthparts with ph2rynges possessing six combs. The two group.:; 

therefore ::>.re paraphyletic groups with respect to each other since 

their resemblance rests on symplesiomorphy. 

The Leptoconopinae as a group is also monophyletic but its 

phyletic relationshi:p irl th the other groups of the fam:ily is uncertain. 

Downes (1958) believes, from the feeding habits of adults and mor

phology of their mouthparts, that Leptoconop.s is closer to Culi-

coides than generally held. 3oth these groups attack birds and 

mammals in their female adult stage. Wirth (1952) anè_ his followers, 

however, believe that the Culicoides group is closer to the other 

groups of the Ceratopogoninae tha.'1. to the Leptoconopinae fro:·:1. larval 
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and imaginal morphology. This vievr is currently helél by most systematists 

of the Ceratopogonidae, and it therefore considers the Ceratopogoninae 

as a monophyletic group. The splitting of the Ceratopogoninae hy 

(194-8) into tvm major eroupz, the Culicoides and C:eratopogon 



groups on the one hand and Stilobezzia., Macropeza, Pa1oomvia and 

Bezzia groups on the other, is supported byDownes' (1958) findings. 

Whether the Ceratopogoninae, in Lee•s and Downes' sense, as a group, 

is monophy1etic or polyphyletic, is therefore uncertain. Whether 

Wirth 1s (1952) Leptoconopinae and Ceratopogoninae are closer to 

2?3 

each other and as a groUp or separately are closer to the Forci

pomyiinae on the one hand, and Dasyheleinae on the other, is a problem 

to be so1ved in the fUture. The important task in the future would 

be to discover which characters in these varions groups are apomorphic, 

which are plesiomarphic and which convergent. Present evidence from 

male genitalic characters appears to support the view that in the 

Ceratopogoninae the Ctû.icoides and Ceratopogon groups, which are most 

closely related to each other (Lee, 1948), are as a group closer to 

the Forcipomyiinae and Dasyheleinae than is the Leptoconopinae to these 

latter groups. The remaining groups of the Ceratopogoninae are 

closer to the Culicoides and Ceratopogon groups, and as a group, are 

c1oser than the Leptoconopinae, to the Forcipomyiinae and Dasyhe1einae. 

The phylogeny tree (dendrogram) for the Ceratopogonidae would 

be as fo1lows: 



Culicoides 
group 

Forcipomyiinae Dasyheleinae 

"' \ . Nainly Non-
Leptoco~e bitin~ bXting 

Bi ting 
ancestor 
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Palpomyia, 
HicroPeza, Bezzia, 

and Stilobezzia 
groups 

1 
Blood Insect 

parasit~dators 

Ceratopogoninae 

) 
Hainly 
bi ting 

Fig. 39. Phylogeny of the Ceratopogonidae 



C. THE FORCIPOMYIINAE 

In determining the degree of phylogenetic relationship in any 

taxonomie group the problem of deciding which characters are 

specialized and whieh are primitive must be faeed. One of the most 

general laws of evolution, the law of unequal development or what has 

recently been ealled as "Watson 1s Rule" by de Beer (1954) (vide 

Hinton, 1958) must not be overlooked, i.e. "not only do different 

groups evolve at different rates but within any group the organ 

systems themselves evolve at different rates•. This is why most 

animais are auch mixtures of speeialized and primitive features and 

this obviously makes the task of the systematic phylogenist extremely 

difficult. 

1. PRIMITIVE AND ADVANCED CHARACTERS 

Before eonsidering the phyletic relationship between the 

Foreipomyiinae and other subfami~es and between the genera and sub

genera in the Foreipomyiinae, it is neeessary to consider which 

characters are primitive and which advanced. This is by no means 

easy as no systematists of these insecte have so far examined and 

diseussed in detail this important topic. An attempt is here made 

on some of the important characters. 

In this discussion, characters are eonsidered primitive when 

they oeeur repeatedly throughout the arder. More of these are ex

pected to be found in groups that have been established as more 

primitive, e.g., in the Diptera more primitive eharacters are found 

in the Nematoeera than in the Brachycera or Cyelorrhapha. 

(a) IARVA 

(i) Pseudopode (Prelegs).- The pseudopode whieh characterize the 
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subfamily Forcipomyiinae have been used as important taxonomie 

characters by Saunders (1956) in his subgeneric division of Forci

pomyia. Hinton (1955) has shown these to be secondary adaptive 

structures not serially homologous with the thoracic legs, and within 

the Diptera they have been independently evolved at least 27 times. 

Hinton (loc.cit.) has shown also that the more complex t.heir 

structure and the more they come to resemble thoracic legs, the more 

they have departed from their ancestral form. The common ancestor 

of recent Diptera, according to Hinton (1955) has secondarily lost 

the thoracic legs and in conformity with Dollo 1s law or generali

zation, no recent dipterous larvae have re-evolved such an apparatus. 

In the Forcipomyiinae, the prothoracic proleg is undivided, 

cushion-shaped, bearing few to many hooklets arranged in one or 

more rows, or divided with each ramus bearing a circlet, or one or 

more rows, of hooklets. The undivided condition is obviously the 

simpler and accordingly, more primitive. It also follows that the 

fewer the number of hooklets there are the more primitive is the 

type of proleg. The most primitive condition in the subfamily is 

found in Lasiohelea (Dacnoforcipomyia) anabaenae where only two 

hooklets are found on the undivided prothoracic pseudopod. The 

same reasoning would apply to the anal pseudopod and again the most 

primitive condition is found in Lasiohelea (Dacnoforcipomyia) 

anabaenae. The most advanced condition is the divided condition 

found only in Forcipomyia (Schizoforcipomyia) species of which the 

larvae of only one species, lerouxi, has been described. 

(ii) Antenna.- The reduced antenna is considered an apomorphic 

(specialized) character and the long, well-developed antenna as 
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plesiomarphic (archaic) since in all higher forms in the order the 

antenna is reduced ar absent. 

(b) PUPA 

(i) Retention of exuviae.- This is probably a plesiomorphic character 

which separates the Forcipomyiinae from the rest of the Ceratopogonidae, 

but within the Forcipomyiinae some forma do not retain the last larval 

skin. Retention of the last larval skin could however be a specialized 

feature since it approximates to similar conditions in higher Diptera, 

e.g. Stratiomyidae (Brachycera) and all Cyclorrhapha wbere the pupae are 

encased in the last larval skin which has become the puparium or 

cocoon. Obviously, functionally, these more highly evolved pUpae 

are lesa capable of mobility due to great internal metamorphic changes 

at this stage and are at the same time most vulnerable. 

(ii) Male sexual processes.• The position of these processes is either 

dorsal or ventral. In the Forcipomyiinae the ventral position is found 

in A.trichopogon, the Lasiohelea group (Lasiohelea s. str. 1 ~ 

forcipomyia, Lane 's Lasiohelea stylifer Lutz, Th;rridomyia, 
e 

Synthyridomyia), Trichohelea and Neofolfpomyia, and the dorsal position 

is found in the remaining genera and subgenera. The condition in 

Pterobosca and Parapterobosca however is unknown since their early 

stages still remain undiscovered. The ventral condition is round in 

the more primitive Chironomid.ae and Thaumaleidae and would appear 

therefore to be the more primitive condition, but is retained in 

the presumably more advanced Dasyheleinae, Ceratopogoninae and 

!Pptoconopinae. 

(c) ADULTS 

(i) Antenna.- In the Ceratopogonidae the number of segments in the 
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antenna varies, but typically it is 14. The first two segments, scape 

and pedicel, however, are always constant; only the number of flageller 

segments vary. In the Leptoconopinae the number of flagellar segments 

vary from 9 to 11. In all the remaining midges it is usually 12, but 

in some Trichohelea species it is only 8, the first four having become 

secondarily reduced and fused with the pedicel. Since the basic number 

of antennal segments is three, and an increase in number appears to 

result from secondary subdivisions of one primary flagellar segment 

(Snodgrass, 1935) due to a functional need for increasing the surface 

area available for sense organe (Schneider, 1964), the more segments 

there are, the more advanced they are likely to be, unless reduction 

in oumbers is a secondary modification. The Leptoconopinae in this 

respect would be more primitive than the other groups. It also follows 

from the above that species with elongate distal flagellar segments are 

more a?ornorphic in this character than those with less elongate distal 

segments. In other words, the condition where the individual flagellar 

segments are elongate is the more highly evolved one than the one with 

short segments. 

(ii) Maxillary palQ.- The maxillary palp in the midges is typically 

five-segmented, but may be four-segmented, the first two or last two 

segments in the latter condition becoming fused. Since in the Diptera 

the evolutionary trend is towards reduction in number of the palpal 

segments (Nematocera typically 5 or 4 - segmented; Brachycera 2 

or 1-segmented and Cyclorrhapha 1-segmented) the primitive condition 

in the Ceratopogonidae is therefore 5-segmented. In the Leptoconopinae, 

the 4-segmented condition with tendency towards a 3-segmented condition 

(segments 1 and 2 being usually short and poorly defined) is advanced. 

So is the 4-segmented condition in Dasyheleinae where segments 1 and 

2 are fused, advanced. 



(iii) Spermatheca.- In female ceratopogonids, the number of sperma

thecae varies from one to three. In the last case usually one is 

vestigial and the other two well-developed. Snodgrass (1935) 

believes that the paired condition is primitive and the single 

condition, round in most insects, advanced. Whether the triple 

condition is more advanced or more primitive than the paired 

condition is uncertain. 

(iv) Male genitalia.- (a) Parameres:• In the ontogenetic develop

ment of the parameres, Snodgrass (1957) has shown that they were 

originally derived from a single pair of phallic lobes, each of 

which becomes an outer and an inner lobe, the outer lobes giving 

rise to the parameres. The parameres primarily are 1-segmented but 

secondarily in their development they may become 2-segmented (Snod

grass, loc.cit.). Although ontogeny does not necessarily re

capitulate phylogeny, it may be assumed that the primitive condition 

is 1-segmented (e.g. Dermaptera, Hemiptera). In the 2-segmented 

condition the more primitive one would be one in which the telomere 

is considerably smaller and shorter than the basimere and in which 

the basimere is also typically short and thick (e.g. Megaloptera, 

Mecoptera, Trichoptera). In the Ceratopogonidae, the telomere is 

usually shorter, but may be as long as or longer than, the basimere. 

In the more advanced Culicidae {e.g. Anopheles species) the telo

meres are usually as long as or longer than the basimeres. In the 

Ceratopogonidae the basimeres are predominantly short and wide, 

especially in the Leptoconopinae and Dasyheleinae where the 
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telomeres are also typically short and somewhat wide. These plesio

morphic characters are retained in most of the groups but evolutionary 

tendency towards the apomorphic elongated, narrow condition of both 

parameral segments can be observed in several lines in most groups, 



especially in the Forcipomyiinae and Ceratopoginae. 

In the Forcipomyiinae the primitive condition is typical of 

Proforcipomyia, Forcipomyia s. str. and Schizoforcipomyia species. 

Tendency towards elongation of the parameres is found in Atrichopopon 

species where both primitive and advanced conditions are found, and 

also in Thyridomyia and. Synthyridomyia species, but in Lasiohelea 

s. str., I·~eoforcipomyia anël Trichohelea species the more a.dvanced. 

condition is typical. This more advanced candi ti on is also founa. in 

Warmkea species. 

(b) Parameral claspettes:- Parameral claspettes are secondar.:r 

structures arising from the mesal surfaces of the basal segments of 

the parar1eres (claspers) performing some function at copulation. 

'rhese have for a lonf time been erroneously regarded as "parameres" 

àipterists nwithout checking on the:tr credentialsn (Snodgrasa, 

1957). In the lower insects these structures are absent but in the 

Diptere. they are variously moë!ifi.ed. In the Blepharoceri.àae end 

Tabanj.dae structures of a similar no.ture and function, but not 

hom.ologous to the Nematocerous claspettes, are formed. These are 

the "paraphyses11 of ;nodgrass (1957), commonly referred to as 

"eonapophysesn. 

In the Cera.topogonida.e, the first sign of the à.evelopment of 

clasuettes is found in Atr:tchorogon where it is absent in some ... 

species. In othcr ~roups it in vaxiable in srU1pe ~~a size and 

becomes greatly modified but genere.lly taxonomically tY};ical of each 

group. In fact, the evolutionary trends in the de<relopment of the 
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claspettez can be observed to originate from the basic, presltnably 

prototypic, organization found in Atrichopogon. The general 

conclusion concerning claspette phylogeny is that the more 

compliceteè the structures are the more advanced they e.re likely 

to be. Tb:: con:lition in Atrir~1-t'JTJlPè)H i:::; naturally regarded as the 

most prinrl ti ve. 'T'he evolutionary trends in claspette develop"lent in 

the wr:ole fe.mily are shovm in "<'igs. 40, 40a, 40b. 

(v) Aedea,gus.- Principally two types of a.edeagus are found in the 

Cere.topogonidae, the bipartite condition ana the sin;le united 

condition. ~he for:ner condition is founo in many species of the 

J;asior:elea group and typical of :_tilobezzia in the Ce rat o-

pogoninae, and occur again and again in B.ll sroups of the family. 

Even in the sinsle condition the bipa.rtite nature of the a.edeasus 

i s almost alwa.ys visible. '.:.'he bipartite condition is therefore 

considered primitive and the single condit:i.on derivative or apœ:norphic. 

i:nodgrass (1957) has shown that the aedeagus is developeà from the 

union of originally paired !!lesomeres (inner lobes of pl,allomeres). 

3esid.es, the primitive Ephemeroptera bave paired penes which in 

the ThysamJra unite to form a simple median penis, assuming that 

the penis rudiments in Ephemeroptera are homologues of the phallic 

lobes in other in::;.ects which a")pears to be the case. 
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In the Dasyheleinae the typical aedeagus is derived from the 

bipextite condition through union at the proximal end by formation of 

the basal arch across the aedeagus just below the basal arms. In 

many Culicoides species the united condition is f'ormed by union of' 

the distal ends of the bipartite sclerites •. This condition evolves 

to the more advanced condition where it is shield-shaped or narrm7ly 

elongated (e.g. most Forcipomyia s. str. species). In the more 

advanced. Oùlicidae, e.g. P~opheles species, it is even narrœrer and 

more elongated. 

2. EVOLT.Yl'IOUARY TREND0 TI~ CLASPE.....r'TE DEVELOH::El7i' 

The probable evolutiona_~ trends in claspette development 

•rith:in the :E"orcipomyiinae is shawn a.'1d. summarized pictorially in 

40, and in the Dasyheleinae a.YJ.d Ceratopogoninae in Figs. 40a, 40b 

(Ap~1endix) • 

In the Atrichopoqon - ~hyridomyia - DacJl.o.f_o_:r:c.i.P.O}li'J.i.c, - ===== 

:::;. 2"tr. line, the development of claspette processes begins in 

Thyrido~~a at the third prototype stage of the plesiomorphic 

f,trichopogon condition (A5a). The processes are in the form of 

triangular membranous plates (T1 ). These are later lost (T?,, T;:) 

or thin out and become united to form the membranous flange in 

Dacnoforciporeyia anabaenae (DI). ?rom th-is it is lost and the rounded 

arch-like condition in sorne Lasiohelea s. str. species (~) is forrr~d. 

The le.tter gives rise to the squa.re-topped condition in other I,asiohelea 

species (L2). 

In the closely related Synthyriàomyio. and somewhat more distantly 
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related Trichohelea, the trend of elaspette development begins at a 

hypothetical stage beyond the Atriehopogon third prototype stage (A30) 

and proceeds towards the posterior extension of the bases of the 

claspettes to form the club-shaped (s1a, Slb) or spoon-shaped 

proeesses (T~), characteristie of these two groups respective~. 

In Neoforcipowocia the trend is towards concurrent posterior 

extension of the bases of the basal arms and inward growth and union of 

the basal union of the arms. It begins at a hypotbetical stage beyond 

the third Atrichopogon prototype stage (A3b). 
1 

In the Atrichopogon - Calocoreipo!fia - Proforeipo!fia -

Schizoforcipomyia line, claspette development does not involve the 

formation of processes (except rudimentar.y ones in the last stage of 

Proforcipom[ia) but the gradual elongation and thinning out of the 

basal arms to meet abrup~ at their apices. An inverted V-shaped 

arch is thus formed. This, as in Lasiohelea s. str. gradu~ rounds 

up at the top and eventually becomes square-topped. The ProfoDrcipomocia 

condition thus parallels that in Lasiohélea s. str. 

In the ForciuoDfia - Metaforcipomria - Warmkea line, the trend is 

towards development of elaspette processes at the apical ends of the 

basal arms,either abruptly or smoothly, and subsequent fusion of the 

processes in various degrees and at various levels. The Forcipo![ia 

s. str. type is derived from the Atrichopogon fourth prototype 

condition (A4), the I~taforcipomria type from the Forcipomfia s. str. 

early stage (Fl ) through complete fusion of the processes (Ml) and the 

Warmkea type from the predominant Forcipomwia s. str. type (F3a) through 

the tips of the processes becoming hooked outwardly (Wl)• 



Fig. 40. Evolutiona.ry trends in the development of claspettes 
in the Forcipomyiinae 

Absent-- Atrichopogon incultus Ewen (1958); etc. 

A1 -- Atrichopogon lon cornis Ewen (1958); A· armaticaudalis 
Tokunaga & Murachi 1959); A. flavenicruris Tokunaga & 
Murachi (1959); etc. -

A2 -- Atrichopogon maculosus Ewen (1958); A· tuberculatus Ewen 
{1958); At jejunus Macfie (1934); etc. 

A --3a Atrichopogon humicolus Ewen (1958); A· corpulentus Ewen 
(1958); A· citrinipes Kieffer (1922); !·bifidus Ewen 
(1958); !· crinitus Evten (1958); A· inconspicuus Ewen (1958); 
etc. 

A3b-- Atrichoposon lewis (Coquillett) (1901) (Wirth's 1952 figure, 
not Ewen's 1958 figure); A. okinawensis Tokunaga (1962); etc. -

A3c-- Atrichopogon remigatus Ewen (1958); !• sauter! Ewen (1958); 
etc. 

A4 -- Atrichopogon snyderi Tokunaga (1959); !• raripilipennis 
Tokunaga & Murachi (1959); etc. 

c1 Caloforcipomyia sguamianulipes (Tokunaga & Murachi) (1959); 

c2 Caloforcipomyia caerula (saunders) (1 956) 

c
3 

Caloforcipomyia varicolor (Saunders) (1 956) 

n1 -- Lasiohelea (Dacnoforcipomyia) anabaenae (Chan & Saunders) 
(1 965) 

Forcipomyia (Forcipomyia) bikanni Chan (1965); l (!.) 
securis Chan (1965); l (f.) cinctipes (Coquillett) (1905); 
F (F.) fascicornis Tokunaga (1962); F (F.) mira Johannsen 
C1931); etc. - - -

F2a-- Forcipomyi~ (Forcipomyia) bipunctata (Linnaeus) (1767); 
l (!.) bitunctatapropingua Chan (19G5); [ ([.) fascicauda 
Tokunaga 1940); etc. 

F b -- Forci om ia (Forcipomyia) edgari 'l'okunaga & Murachi (1 959) ; 
2 [ [. hikosanensis Tokunaga (1940); etc. 

F
3
a-- Forcipomyia (Foreipomyia) townesi Wirth (1952);! ([.) 

sguamipe@, (Coquillett) (1902); [ ([.) ingenua Haefie (1934); 
!:, (!_.) swezeyana Tokunaga & Hurachi (1959); etc. 

F3b-- Forcipomyia (Forcipomyia) oceidentalis Wirth (1952); etc. 



Fig. 40. Evolutionary trends in the develop~ent of claspettes 

in the Forcipomyiinae 

F4a-- Forcipomyia (Forcipomyia) esakiana Tokunaga (1940); 
~.(~.) tuthilli Tokunaga (1959J; ~.(~.) flavitibialis 
Tokunaga & Murachi (1959); ~.(~.) gressitti Tokunaga & 
Murachi (1959); etc. 

F4b-- Forcipomyia (Forcipomyia) raleighi Macfie (1938); etc. 

L1 -- Lasiohelea (Lasiohelea) intermedia (Saunders) (1964); 
L.(L.) attenuata (saunders) (1964); L.(L.) flavescens 
(saÜnders) (1964) ; 1,. (I:,.) lonr,cornis Tolrunaga (1 940); 
I:,.(I:,.) carolinensis Tokunaga 1940); etc. 

L -- Lasiohelea (Lasiohelea) cornuta (Saunders) (1964); 1,. (I:,.) 2 longineura (Saunders) (1964); I:,.(I:,.) uncuspromissa Chan 
(1 965); etc. 

~~ -- Hetaforcipomyia cerifera (Saunders) (1 956) 

Neoforcipomyia spp. 

Proforcipomyia setigera (Saunders) (1959) 

Pro forci po:nyia bro:neliae (Saunders) (1 956) 

Proforci om ia yapensis (Tokunaga & Murachi) (1959); f· 
sauteri Kieffer) (1912); P. mortuifolii (Saunders) (1959); 
f. clara Chan (1965); f· pennielongata Chan (1965); etc. 

P
4 

-- Proforci om a wirthi (Saunders) (1956); P. càlcarata var. 
sonora Wirth) (1952); etc. -

s1a-- Lasiohelea (SynthyridoffiYia) colemani (Wirth) (1952); 1,,(2.) 
murinus (Winnertz) (1852); etc. 

s1b-- Lasiohelea (Synthyridomyia) unituberculata (Tokunaga) {1959) 

sc1-- Forcipomyia (Schizoforcipomyia) fuscimanus ~Kieffer) (1921) 

Sc -- Forcipomyia (Schizoforcipomyia) lerouxi Chan (1965) 
2 

Sc -- Forcipomyia (Schizoforcipomyia) fuscimaculata (Hardy) (1960) 
3 

Tl Lasiohelea (Th ridom ia) monilicornis tCoquillett) (1905); 
1,.(!.) palustris Saunders) (1925); etc. 

Lasiohelea (Thyridomyia) rugosa Chan (1965); I:,.(ï.) aspinosa 
(saunders) (1956); etc. 

Lasiohelea (Thyridomyia) gossymEina Chan (1965) 

Trichohelea spp. 

Forcipomyia (Warmkea) spp. 



Fig. 40. Evolutionary development of claspettes in 
the Forcipomyiinae 
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The Schizoforcipomria type presumably is also derived from 

one of the early Forcipomria s. str. types (F2a) having arisen, ver,y 

probably, in the sa.me way as in the ProforcipoSfia (P2, Sco2). Those 

arising with Proforcipomwia presumably also share the common single 

spermatheca in the adult female while those arising with Forcipomvia 

s. str. presumably also retain the common two spermathecae. 

3. SYSTEHATIC POSITION OF THE FORCIPOMYIINAE 

The Ceratoppgonidae has been classified b.Y most recent authors 

into four natural groups, currently accepted as monopbyletic: the 

Genuine Group (Forcipo~ae), the Intermediate Group (Dasyheleinae), 

the Vermiform Group (Ceratopogoninae) and the Musciform Group 

(Leptoconopinae). Of these the Forcipo~iinae are ver,y likely 

the most primitive. Their larval basic general features run through 

several of the more primitive nematocerous groups. For example, 

the larvae of Phlebotominae, Thaumaleidae, Chironomidae and Dix:idae 

all have the bypognathous head, three thoracic segments and eight 

abdominal segments, the bo~ bearing ganerally a prothoracic proleg 

and an anal pseudopod. This common basic general morphological 

feature is indicative of a common ear:cy- a.ncentry. Besides, the 

ecological habitats of the ceratopogonid groups show a gradation 

from truly terreatial (most ForcipoJqiinae) through semi-aquatic 

(most Das.yheleinae) to pure:cy- aquatic forms (most Ceratopogoninae 

and Leptoconopinae). Consistent with the basic assumption that 

insecte were originally terrestial and secondarily aquatic, this 

would place the Forcipo~iinae at a comparatively more primitive 
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level than the otl:ter groups. Based on larval morphology and ecology-1 

therefore, the vermiform and muscifor.m groups would be at a more 

advanced level, with the Dasyheleina.e occupying an intermediate 

position and the Forcipo~iinae the most primitive. 

However, consideration of the feeding habits of adult 

Ceratopogonidae does not clearl7 show that the Forcipo~iinae is 

the most primitive group. Assuming ,that Downes 1 (1958) conclusion 

that the biting forma are more primitive than the non-biting forma in 

the Diptera and other biting flies, it follows that a group in which 

the females have a wide range of biting habits and bence a wide range 

of hosts, will necessarily be more primitive than one in which the 

range is less wide. This of course also assumes that host adaptation 

with respect to the feeding habit within the family progresses 

appro.:x:imately at the sa.œ rate. In the Forcipoli\Yiinae, the biting 

habit is common among many species and the hosts attacked range from 

insects to arachnids, amphibians and mammal~s. Neoforcipomyia species, 

for example, attack lepidopterans, phasmids, tipulids, culicids, 

neuropterans, and dragonflies (Wirth, 1956). Some Forcipom;ria s. str. 

species attack sawf1y and lepidopterous 1arvae. Fterobosca species 

attack dragonf1ies and 1acewing f1ies (Wirth, 1956; Tokunaga, 1959). 

Lesiohelea s. str. species suck amphibian b1ood, e.g. ~· velox and 

~· fairfaxensis feed on frogs (Pechuman and Wirth, 1961) and one 

Malaysian species (unidentified) feed on the toad ~ asper (Yuen, 

1962 and pers. observation), presuma.bly transmit ting the fila ria 

Icosiella innominata Yuen. Lasiohe1ea (Dacnoforcipo!Wia)anabaenae 

feeds on human b1ood (Chan and Saunders, 1965). According to Tokunaga 
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(l937a) and. lŒ.yer (l955a) seme Lasiohelea s. str. species feed on cattle. 

Atrichouogon (:=elohelea) species attack meloid beetles anë; according to 

Dow.nes (1958) a species was found on the wings of a moth, another on mealy 

bugs and two records on mammals. Atrichopogon (Atrichopogon) nollinivorus 

Dow.nes obtains the blood meal analo[:,rue from pollen grains (DO\mes, 1.9,55);. 

The ether group which also has a wide range of hosts is the 

monotypic group Culicoides whose hosts range from reptiles (turtles, 

lizard.s) to birds, and ma.mmals (cattle, man) (Downes, 1958). The wide 

range of hosts in Culicoid.es shows that the latter' s essocia.tion vii th 

i t s host s nrust rw.ve been ancient. 

It is interesting to note t:b.a.t in the Ceratopogonidae, the two 

groups Forcipomyiinae and. Ceratopogoninae, show close para.llelisrn in 

feeding habits. In the ForcipomyUnae, Lasiohelea species feed mainly 

on vertebrate blood and :~eoforci-pomyia, ?terobosca, Atrichopogon 

(l:elohelea) and seme Forcipomyia species feed mainly on insect blood. 

In the Ceratopogoninae, Culicoides species parallels Lasiohelea species 

in their vertebrate blood-sucki~~ habit and the remaining tribes parallel 

the insectivorous Forcipomyiinae, but in this case they are not 

parasites but predators. 

Downes (1958) believes that Leptoconops is closer tc G1llicoides 

than is cornmonly supposed and most authors believe that the Dasyheleina.e 

are closer tc the Forcipomyiinae than the ether subfamilies. 3ut since 

the Leptoconopinae are typically bi ting forms and the Dasyheleinae may 

be wholly non-biting, it would therefore appear the.t, by recency of 

ancestry, the Ceratopogoninae would be more primitive than the 

Forcipomyiine.e, i.e. assutning that the biting habit is more primitive. 



If this were the case, then the terrestial habitat of Forcipo~e 

larvae and pupae would be a secondary one but this is contrar,y to 

present knowledge. No case of reinvasion of land by aquatic forma 
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in the Forcipo~iinae is known but the reverse is the case in Trichohelea 

and Warmkea species. The Forcipo~iinae, aU points considered, 

would therefore still be likely the most primitive group in the 

Ceratopogonidae. It would appear then that somewhere along the line 

in the evolution of the presumably biting ancestor of the Ceratopogonidae, 

the non-biting habit emerged (presumably from the ability to adapt to 

a blood meal analogue from plants, e.g. Atrichopogon pollinivorust while 

the biting habit continued to be retained in most of the representative 

groups. 

(a) Phy,logenetic Relationship between Groups in the Forcipomriinae 

In the present stu4y phyletic relationship between the genera 

and subgenera in the Forcipo~iinae is approached principally frcm 

comparative morphology of all stages, other evidence, e.g. ecological, 

genetical, cytological and physiological, being too scanty to provide 

adequate grounds for consideration. The evolutionar,y trends wi thin the 

grcup, h9Yfev~}eœe' resolved primarily, not excluai'fely however, from 

studies on the adult male genitalia maL~ly because genitalic characters 

have been found by most authors to be reliable taxonomie charaeters in 

identif.ying the genera and subgenera in ail groups of the family. 

(i) The Lasiohelea Group and Atrichopggon.- In the Forcipo~iinae 

phylogenetic relationship between some of the genera and subgenera has 

been genera~ commented upon in discussions on the genera Atrichopogon 

and La.siohelea (Th;yridosria). For the sake of clarity, it is 

presented briefly again here. From comparative morphology, the 



groups Lasiohelea, Dacnoforcipomria, ThY!idomria, Synthyridowocia 

and new subgenus (represented by tane•s Lasiohelea stylifer Lutz) 

are considered most closely related to one another than to the rest 

of the Forcipo~iinae. The genus Atrichopogon shows many morphological 

similaries in all stages with this group but in many characters appear 

to be more plesiomorphic than the Lasiohelea group and in a few other 

characters more apomorphic. 

Dow.nes (1958) bas mentioned that it is difficult to decide 

whether the early Diptera were originally predators of vertebrates or 
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of insects since Tillyard (1935) has shown that when they originated in 

the Permian, terrestial forma of both groups were available. Well

established biting forms of Lasiohelea species are known to be vertebrate 

blood-suckers, and those of Atrichopogon species to be predominantly 

insect blood-suckers, although there have been records of mammalian 

blood-suckers. If the latter cases were confirmed to be true, it would 

suggest that insect blood-sucking is more primitive than vertebrate 

blood-sucking. From zoogeographical considerations and genitalic 

studies this conclusion appears to be sound since in the latter case 

the Lasiohelea type of claspettes can be shown to have been derived from 

the plesiomorphic Atrichopogon type. 

(ii) Neoforcipo!fi~·~ Neoforcipomyia, like Atrichopogon, is closest 

to the Lasiohelea group from comparative morphology of all stages. The 

larvae of NeoforcipoSYia share with the Lasiohelea group many common, 

more or less typical characters: the comparatively small, strongly 

hypognathous head, four or fewer low promiftënces on vertex, presence 

of ocular seta, small but normal antennae, undivided prothoracic 
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pseudopod with anterior row of qyaline, and posterior row of sclerotized, 

hooklets; posterior pseudopod with nine pairs of hooklets arranged in two 

rows. The pupae of Neoforeipoffllia also share with the Lasiohelea group 

several common features: the ventral position of the male sexual 

processes; three pairs of tubercles on the head sclerites, the anterior 

pair typically setate; tubercles on body small to rud.inentar,y. The 

adults also share with the Lasiohelea group many common characters: in 

the female, basal flagellar segments subspherical, distinct~ shorter 

than ultimate five segments and never flask-shaped; maxillary palp 

complete~ segmented; hind TR larger than 2.4, wings unadorned, rather 

densely haired with slender macrotrichia; costa distinctly beyond middle 

of wing, second radial cell narrow, long,and at least as long as first~ first 

radial cell obliterated and slit-like. In the male, NeoforcipomY!a shares 

with the Lasiohelea group most of the common characters as in the female, 

and even in genitalia they resemble one another in the shape of the 

parameres and relative lengths of the ninth eternite and tergite. 

There is therefore no doubt about their close affinity. 

(iii) Trichohelea.- The systematic position of Trichohelea is difficult 

to determine. It has many characters peculiar to itself in the subfami~. 

Its larvae are different from all other Forcipo~inae in the dorso

ventrally flattened head with reduced antennae. This however is a 

secondar,y adaptation to living submerged in water between closely 

a.ppressed leaves of plants. The pupa. is also distinct from other 

Forcipo~iinae in the presence of lateral seta in the generally parallel 

terminal processes which condition is also found in the chiroaomid 

subfamily Podonominae (e.g. Lasiodiamesa species), thus showing a remote 



common ancestr.r with the chironomids. The males differ from males 

of other Forcipomyiinae in lacking empodia between the ela ws and in 

soma species the females have 10 antennal segments instead of the 

usual 14. In addition to these distinguishing characters, Hardy 

(1960) pointed out that in !,. brevis and perhaps in other species 

(which he had no occasion to examine) the wing alula is bare instead 

of typically fringed. He (loc. cit.) therefore considere Trichohelea 

a distinct genus in terms of Saunders 1 (1956) criteria for subgeneric 

classiciation of Forcipomria. However, Trichohelea in some characters 
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shows that it is oore closely related to the Lasiohelea group than to the 

Forcipomria group. In the larva, the presence of two types of hooklets 

(hyaline and sclerotized) on the pseudopode is a plesiomorphic character 

of the Atrichopogon-Lasiohelea-Neoforcipomyia group. In the pupa, the 

ventral position of the male sexual processes is similarly a plesiomorphic 

character of the group. In the male adult genitalia, the general facies, 

e.g. slender, rather elongate parameres, are also typical of the group. 

The H-shaped claspettes can be shown to be derived from one of the 

plesiomorphic conditions of the Atrichopogon claspettes, and in this 

sense, it is closer to the Synthfrido!Wfa 1club-shaped' type than any 

other type, except perhaps the Neoforcipomria type. 

It would appear therefore that Trichohelea was an early offshoot 

in the phylogeny of the Forcipomyiinae and its adaptation to an aquatic 

environment in the early stages has brought about divergent morphological 

characters from the group. 

(iv) Proforcipomyia and CaloforcipoffiYia.- In the Forciposyia line of 
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evolution it can be easily shown, from comparative morphology, as 

for the Lasiohelea-Atrichopogon~Neoforcipo!Yia group, that Proforcipomocia 

and Caloforcipo![ia are more closely related to each other than to 

Forcipo!.lyia s. str. Warmkea, SchizoforcipoJllVia or Metaforcipomyia. 

Their larvae are more elongate than the ether groups and share ~ 

common characters: simple spinulose cushion-shaped prothoracic pseudo

pod; long somewhat curved antennae; ! haire slightly modified from the 

spear-shaped type of Forciposria s. str.; last abdominal segment with 

dorsal chitinous process bearing short to very long setae; cauda longer 

than other groups and pointed a.pically; anal blood gills two, bifid. 

Their pupae are also different from other groups in two distinct common 

characters: long closely appressed terminal processes of last abdominal 

segment, and presence of a large pair of setae tubercles generally 

situated just posterior to the prothoracic homs. In the adult, their 

common most distinctive cha.ra.cter, not present however in a.ll species 

of Proforcipo!fia, is the inverted V-shaped structure of the claspettes. 

Comparative morphology in all stages shows tha.t Ca.loforcipo!fia 

is closer to the ForcipoffiYia. s. str. group than is Proforcipo!Yta, chiefly 

in the profile of the larval head 1 larval head and body chaetota;x;r, 

nature of pupal respiratory homs, the more elongate and narrower 

basimeres of the adult genitalia. From consideration of the pQY'log~ 

of genitalie structures (Fig. 40) it follows that Caloforcipomyia and 

Proforcipo!Wia as a monophyletic group are paraphyletic to the mono

phyletic group comprising Forcipontyia s. str. Warmkea, SchizoforcipoJ!Ilia, 

and Metaforcipontyia. 

{v) Warmkea.- In the last four groups, Wamkea is probably nearest 



Foreipomyia s. str. although its larvae and pupae haYe diverged in 

morphological characters from the typical through adaptation to an 

aquatic habitat. Saunders (1956) who is most familiar with this 

subgenus, considera it a 11youngu offshoot from the parent stock of 

Forcipo![ia. This is apparently correct from the basically identical 

genitalic structures and from the retention, in the larvae, of spear

shaped ! hairs, among other minor eharacters. 

(vi) Schizoforcipomria.- Schizoforcipomzia is also undoubtedly 

very close to Forcipom.yia s. str. and a very "young" off shoot of the 

parent stock of Forcipomyia s. str. In larval characters it is more 

primiti Ye in antennal structure than Forcipoi!Wia s. str. but more 

advanced in pseudopodal structures. In adult morphology it is 

typically Forcipo~ian except for the aedeagus and claspettes (only 

in lerouxi) in the male. Whether it or Warmkea is closer to 

Forcipomria s. str. is thus hard to determine. If Tokunaga and 

Mura chi 1 s (1959) 11 subgenus B" is confirmed to be Schizoforcipol!lfia, 

then it could be assumed that the shape of the aedeagus is variable 

but the two terminal hook-shaped sclerites are constant characters of 

the subgenus. If this be the case, then Schizoforcipo!(ia is 

intermediate between Forcipowocia s. str. and Proforcipom.yia but 

closer to the former and closer to Caloforcipo!fia than Proforcipo!lia. 

Between Forcipo!fia s. str. and Caloforcipo!(ia, Schizoforcipomria 

appears to be decidedly closer to the former. 

(vii) Metaforcipo!JtYia.- Metaforciponwia is known only from one 
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species, cerifera, but the descriptions and drawings of Saunders 

(1956) for this species show beyond a doubt that it is ver,y close 

to Forcipomocia s. str., Schizoforcipo![ia and Caloforcipo!fi!. 

Its male genitalic structures show that it has progressed beyond 

the more primitive Forcipomwia s. str. species but equivalent to 

the more advanced Forcipom[ia s. str. species. In immature 

characters it apparently lags behind Forcipomocia s. str., retaining 

some of the more plesiomorphic features of Proforcipo![ia and 

Caloforcipomria though deeidedly Forcipo~ian in body build. 

Whether it is closer to Forcipomzia s. str., Schizoforcipomocia or 

Caloforcipomocia is difficult to determine. This can howe~er be 

easily solved with the discover,y of all stages of more species. 

(viii) Pterobosca and Parapterobosca.- The phylogenetic relationship 

of Pterobosca and Parapterobosca with the other groups in the subfami~ 

is hard to determine with morphological evidence o~ from the adult 

female. Most characters seem to be adapted for feeding on inseet 

hosta: large, broad leg empodia for adhering to wings of dragonflies 

or lacewing flies; elongation of one or two additional distal antennal 

segments from the typical five, to have more surface area available 

for sense organs (presumab~ chemoreceptors associated with detecting 

the presence and location of hosts); large third maxillar,y palpal 

segment to house a large deep sensorium, presumably also for hunting 

hosta; large broad wings with long costa, for more efficient and 

faster flight. These apparent~ are apomorphic characters. The 

generally long second radial cell in the wing places them close to 
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Lasiohelea and Atrichopogon and their possession of one or two 

spermathecae would place them nearer Atrichopogon than Lasiohelea, 

but since wing macrotrichia and venation resemble closer to those 

of Lasiohelea than Atrichopogon they must be considered as arising 

from the same parent stock as the Lasiohelea group, or as far back 

as the parent stock of both the Lasiohelea grôup and Atriehopogon 

group. In their biting habit Fterobosca species appear to be closer 

to Atrichopogon, both genera being largely or whollY insect blood

suckers but Parapterobosca would be closer to Lasiohelea species in 

its vertebrate blood-sucking habit. Their true systematic position 

remains to be seen. But since at the same time they possess ~ of 

the plesiomorphic characters of ForcipoJWia s. str. they ca.n be 

temporarilY considered here as intermediate between the Atriehopogon

Lasiohelea-Neoforcipo![ia-Trichohelea line of evolution and the 

Foreipo!fia-Metaforcipo~-Proforcipomria-Caloforcipo![ia line but 

eloser to the former. 

(ix) Forcipo!fi& s. str. - The parent stock of Forcipomria s. str. 

itself can be traced to an Atrichopogon-like ancestor from coaaideration 

of male genitalic characters (Fig. 40 ) and from the tact that at least 

one Atrichopogon species, crinitus, is exactlY àike in head and body 

chaetot~ with Forcipo!fi& s. str. species (Ewen and Saunders, 1958). 

In!· crinitus, the ocular seta (seta "7" of Ewen and Saunders, 1958), 

found in all other Atrichopogon species, is lacking and is a distinetlY 

apomorphic character in the evolutionary line of the Forcipo!Jia groups. 

In addition, crinitus pupae are "very ForcipoJSYia-like 11 (Ewen and 

Saunders, loc. cit.). 
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(x) Atrichopogon, the Living PrototYpe of the Ceratopogonidae.-

From a.ll the foregoing considerations, there can be no doubt, therefore, 

tha.t Atrichopo8on species represent the existing prototypic orga.nization 

of the subfa.mily Forcipomfiinae a.nd could perhaps even be the real 

prototype of a.ll ceratopogonoid organization, since in this genus 

most ceratopogonid evolutionar.y trends appear in their archaic stages. 

This conclusion, it should be noted, is contrary to most current 

conception that Atrichopogon is one evolutionar.y stage beyond 

Forciposria s, str, as implied, for example, in Macfie's (1932) 

statement, "It would be best probabl.y to regard La.siohelea as a 

subgenus of Forcipomria and as one stage beyond Euforcipomria in the 

direction of Atrichopogon''. 

The combination of primitive and advanced features in 

Atrichopogon, wi th the great diversity in larval and pupa.l chaetotaxic 

patterns and variability in shape and size of the a.ntenna, pupal 

prothoracic horn, degree of bifidity of the larval prothoracic pseudo

pod and the great varia.bility in number of pseudopod hooklets and the 

claspette prototype structures of the a.dult male, is indicative of 

plasticity and instability in genetic constitution of the genus. This 

accounts for the ease with which "explosive" radiation from this basic 

phenotype into the various forms in the famil.y could ta.ke place. 

The size of Atrichopogon population is presumabl.y small since 

rapid rate of evolution is often attributed to small populations 

(Yayr, 1963). Pertinent here is the Sewall Wright principle of 

genetic drift and random fixation in sw~l populations, permitting 

rapid speciation. Since this principle is applicable to populations 



on isolated isla."lds or isla."lè.s adjc.cent to lar.d masses ( Gressi tt, 1961) 

the most likely original centre of evolution and radiation for 

Atrichopogon would be in the Oriental Region in or close tc the 

2unàaland. 

The phylogeny of the Forcipomyünae is summarized in the 

following dendogram: 
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Fig. 41. Phylogeny of the Forcipomyiinae 



EOOLOGY 

I. INTRODUCTION 

Life history àtudies were carried out on three species of 

Ceratopogonidae occurring in fair abundance and easily obtainable 

in a pond at Morgan Arboretwn, Macdonald Oollege. No such 

ecological studies have previously been carried out on these flies. 

Studies strictly ecological, on the Oeratopogonidae are few and 

most have been centred mainly on habits, life-cycle, larval habitats, 

ovarian cycle, sampling methods and daily cycle in relation to 

meteorological conditions. A review of the literature up to 1962 is 

given by Kettle (1962) and subsequent ecological papers, do not report 

quantitative sampling etudies for ali stages for any species of 

Oeratopogonidae. A preliminary sampling study according to the 

method of LeRoux & Reimer (1959) for orchard insecte was adopted 

for the three speeies under study. 
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II. STATUS OF THE INSEC'IS 

The three midges selected for these preliminary studies were 

Palpomyia slossonae (Coquillett), Bezzia glabra (Coquillett) and 

Dasyhelea grises (Coquillett) (identified by Wirth). The biology 

of these three species is unknown except for their life cycle and 

natural habitat (Thomsen, 1937). Economically they are perhaps 

unimportant. Their occurrence in fairly large numbers in ponds, 

streams and other water-holding places like lakes and ri vers, in 

the immature stages, does not normally interfere with human 

activities but because they are suspected carriers of nematodes 

and may prove to be intermediate hosts of cattle or other insect 

parasites, their presence at Morgan Arboretum could prove harmful. 

to cattle which drink water from the pond. The immature stages of 

these species are not, however 1 known to be carriers of nematodes 

or other parasites. The adults of P. slossonae and B. glabra are 

believed to feed on other smaller insects, some of economie 

importance, and with those of D. grisea, pollinators of cultivated 

plants. 
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III. EXPERIME:NTAL PLOT 

The experimental plot was an artif'icial pond (Fig. 42) 

originally created to provide drinking water f'or cattle reared 

on the Macdonald College Farm at Morgan Arboretum. The pond 

was roughly oval in shape, approximately 600 f'eet long, 40 :reet 

wide and about 4 f'eet deep at the centre. Its f'auna and flora 

were relatively rich and stabilized and about three-quarters of' 

its surface covered with blanket algae :forming a layer of about 

:five inches just below the water surface. Associated with the 

algae in various places were decaying grass stems and leaves, 

and :flœting with the algae, especially along the edges of the 

pond, were numerous du.ckweeds (~ sp.). In the blanket 

algae early stages of the three species of' midges studied were 

f'ound. other organisms f'ound in the same habitat include 

several species of' leeches, at least two species of'~ (green 

and brown species), crustacea, beetle larvee of at least two 

species, hemipterans (Anisops sp., etc.), mites, enchytraed 

earthworms, plaœrians, chironomid larvae of' at least f'our specie s, 

tabanid larvae, and Culicoides larvae. 

The plot was not seriously disturbed except by cattle which 

came to drink and wild ducks which made infrequent visita. The 

water level of the pond :fluctuated with the raintall and the 

seasons, being highest in spring and lowest towards autumn. As 

the season progressed f'r~~ spring to summer to autumn the water level 

receded and algae on the periphery of' the pond dried up. However, 

the pond remained wet in the centre throughout the period May to 

September, 1964. 
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IV. SAMPLING PROOEDURE 

To study the distribution of the immature stages of the 

three species, two sites, A and B, separated by about 45 yards 

(Fig. 42) were chosen. The vegetation at the two sites varied 

somewhat: that at A was mainly alga.e and Chlorella and that at 

B mainly a mixture of algae and decaying grass. The algae at B 

were growing in water slightly more dirtied by mud and debris. 

Eggs, larval and pupal stages of the three species were foudd in 

greatest numbers in algal samples. These were collected and 

placed in bottles, 3" x 2i-, and brought back to the la bora tory 

for counting. MUd collected at the bottom of the pond never 

yielded any significant numbers of larvae, and only a few were 

observed swimming in the water. Their occurrence in open water 

is probably indicative of migration or moveme:at associated with 

predation. 
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V. SAMPI.E UNIT 

J.t each sa.mpling, 20 sa.mples from each site were collected 

and examined. The time required for one person to examine one 

sample took, on the average, approximately 20 minutes. Two persona 

examining and counting 20 samples took approximate~ seven hours each. 

Because or the limitsd time and man-power (two men) the sample 

decided upon was 1.41 cc., i.e. a sample unit consisting of algae 

occupying a volume or 1.41 cc. with a thin film of water. A.t the 

beginning of the experiment, in May, this unit yielded on the average 

four larvae of P. slossonae, three of B. gla.bra and about one larva of 

D. grisea and was not considered suitable for statistical analysis but 

satisfactory to show trends of population changes of the species 

throughout the growing season. 
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VI. TIMING OF SAliœLING 

Sampling was started on May 13, 1964, and wa.s termina.ted on 

September 12, 1964, when sampling beoa.me impractica.l due to the 

cold weather and extrema muddiness due to the low water leval of 

the pond. All three species were sampled concurrently at intervals 

or about three days for the first month. During this period, 

laboratory rearings showed that P. slossonae and B. glabra each 

took about a month per stadium and D. grisea about one week. Hence, 

from June 9 onwards, samples were taken once a week and this 

sohedule was maintained for the remainder of the sampling period. 
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VII. RESULTS 

Total eounts for eaeh stage of the three speeies, chironomid 

species taken collectively irrespeetive of stage in the samplest 

per sampling date for the period May 13 to September 12, 1964, 

are recorded (Tables 3 to 13). Since ehironomids eonstitute the 

main food source of P. s1ossonae and B. glabrat and since all 

speeies of chironomids are preyed upon, some more than others, 

the relationship between densities of predator species and prey 

(chironomid) species was investigated (Fig. 63}. 
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TABLE 5 

Sea.sonal distribution of all stages of P. slossonae at Morgan 

Arboretum, pond site A, May 15 to September 12, 1964. 

Date Eggs Larvae Pupae Adults 
1st 2nd 5rd 4th 

6' d" instar instar instar instar !? ~ 

May 15 16 1 1 
18 2 19 5 7 
20 2 29 15 6 
25 5oo- 2 16 5 4 2 2 
27 8 2 4 5 
50 1 9 1 1 

June 2 1 1 21 5 4 
5 5 5 1 1 
9 155 8 1 51 1 1 

15 85 55 1 4 1 2 
24 7 1B 5 11 
50 98 1 4 

July 6 46 2 1 
14 1 0 6 2 2 
20 46 15 6 11 1 
27 24 22 55 15 1 

Aug 5 4 14 22 5 1 
10 1 5 12 2 
17 1 10 7 5 
25 14 24 11 
51 1 5 16 19 

Sept 8 5 4 
12 1 5 

Total 500 514 291 145 268 58 19 

Sample size: 28•2 c.e. 

* To the nearest 10. 



TABLE 4 

Seaaonal distribution or a.ll stages ot P. slossonae at Morgan Arboret'Wll 

pond, site B, May 1:5 to September 12, 1964. 
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Date Eggs Larvae Pupae Adulte 
1st 

instar 

May 13 

18 

20 

25 100* 

2!1 600* 4 

30 630* 

June 2 900* 

5 154 

9 

15 8 

24 6 

50 

Jul.y 6 250* 29 

14 48 

20 27 

27 22 

Aug 5 12 

10 8 

17 

25 5 

51 1 

Sept 8 2 

1 2 

Total 2580* 414 

Sample size: 28.2 c.e. 

* To the nearest 10. 

2nd :5rd 
instar instar 

5 

4 

1 

15 

27 1 

18 2 

9 

45 2 

56 5 

7 4 

5 1 

6 18 

7 15 

20 8 

10 5 

5 10 

5 

1 

215 78 

4th 
d' ~ df instar ~ 

2 1 

59 5 10 2 6 

21 15 22 6 5 

4 5 1 1 

4 2 1 3 

2 9 5 4 7 

1 6 5 4 7 

5 :5 1 

7 

5 

2 

5 

4 1 

4 

4 

11 

8 

4 

2 

4 

6 

158 86 47 



TABIE 5 

Seasona1 distribution or a11 stages or P. s1ossonae at Morgan 

Arboretum pond, sites A and B, May 13 to September 12, 1964. 

Date Eggs Larvae Pupae 
1st 2nd 3rd 4th 

instar instar instar instar ~ cr 
May 13 3 18 1 

18 6 58 15 17 
20 2 50 26 28 
25 300* 2 20 3 9 
27 600* 4 12 4 5 
30 630* 1 11 9 5 

June 2 900* 1 2 22 9 7 
5 154 6 6 2 
9 133 23 l 38 1 

15 93 60 2 7 1 
24 13 36 7 11 
30 1rn 1 4 

July 6 250* 29 89 4 3 
14 58 42 7 5 
20 73 20 10 15 1 
27 J.h 27 34 17 

Aug 3 16 20 40 9 
10 9 12 25 13 
17 1 30 15 13 
25 3 24 27 15 
31 2 6 26 21 

Sept 8 2 8 8 
12 1 1 11 

Total 2680* 728 504 221 3et'l 138 

* TO T.1:IE NE.ARF.ST 10 

Samp1e size t 56.4 c.e. 
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Adults 

~ cJ1 

1 1 
2 6 
6 5 
3 3 
3 5 
5 8 
4 7 
1 
1 
2 

1 

1 

66 
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T!BIB 6 

Seasonal distribution of B. glabra in all stages at Morgan Arboretum 

pond, site A, t.ay 13 to September 12, 1964 

Date Eggs Larvae Pupae Adults 
lat 2nd 3rd 4th 

cl' instar instar instar instar ~ ~ d' 

May 13 3 1S 
lS 9 1S 
20 s 14 2 2 1 
25 2 2 1 1 2 
27 1 8 3 3 1 
30 4 

June 2 3 13 1 1 
5 .3 .3 2 1 2 
9 1 2 1 2 4 

15 5 1 3 
24 1 l 
.30 1.37 12 1 2 

July 6 .35 
14 .3 6 8 1.3 
21 6 4 9 9 3 1 
27 4 7 2 11 

Aug .3 4 5 6 1 
10 2 l4 5 
17 2 
25 .3 5 1 2 
.31 5 1.3 3 

SeptS 2 13 4 
12 2 6 l 

Total 1.37 75 46 94 1.30 23 18 

Sample size1 28.2 cc. 
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TABLE 7 

Seasona1 distribution of B.glabra in a11 stages at Morgan Arboretum 

pond, site B, May 13 to September 12, 1964. 

Date Eggs Larvae Pupae Adults 
lat 2nd 3rd 4th 

d' <1' instar instar instar instar ~ ~ 

Ma:y 13 2 1 3 1 1 
lS 2 1 
20 1 
25 1 1 1 1 
27 
30 

June 2 l 1 
5 l l l l 
9 3 1 1 

15 275 2 
24 4 l 
30 9 

Jul:y 6 32 2 l 
14 4 19 4 
21 17 47 6 
27 l 5 l 

Aug 3 8 19 4 l 
10 6 ll 3 
17 l 2 3 
25 3 5 8 11 
31 2 7 2 3 

Sept 8 1 7 7 7 
12 2 3 6 

Total 275 78 lll 68 45 8 5 

Sample sizes 28.2 cc. 



TABLE 8 

Seasona1 distribution or B, g1abra in al1 stages at Morgan Arboretum 

pond, sites A and B, May 13 to September 12, 1964. 

Date Eggs La.rvae Pupae A.du1ts 
1st 2nd 3rd 4th 

instar instar instar instar !?- d' ~ d" 

May 13 2 4 18 1 1 
18 11 19 
20 8 14 2 3 1 
25 2 1 3 1 1 3 1 
27 1 8 3 3 1 
30 4 

June 2 3 13 1 2 1 
5 4 4 3 2 2 
9 4 2 1 1 2 5 

15 275 17 1 3 
24 4 1 2 
30 137 21 1 2 

July 6 67 2 1 
14 7 25 12 13 
21 23 51 15 9 3 1 
27 5 12 2 12 

Aug 3 4 13 27 5 1 
10 8 25 8 
17 1 4 3 
25 6 10 9 13 
31 2 12 15 6 

Sept 8 1 9 20 11 
12 2 8 4 6 

Total 412 153 157 68 45 31 23 

Samp1e sizea 56,4 cc. 
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TABlE 2 

Seasonal distribution of D.grisea in all stages at Morgan Arboretum 

pond, site A, May 25 to September 12, 1964. 

Date Eggs Larvae Pupae Adults 
lst 2nd .3rd 4th 

cr' cl' instar instar instar instar ~ ~ 

May 25 4.3 29 2 1 
27 96 18 2 2 1 
.30 124 47 2 

June 2 89 5 7 
5 2 .34 .3 1 
9 1 10 1 

15 4 15 5 
24 .3 .3 6 2 1 
.30 2 1 2 1 

July 7 
14 1 3 1 
20 1 11 
27 .3 ; 8 

Aug 3 2 8 
10 
17 1 1 .3 
25 1 1 1 
31 4 4 4 

Sept 8 2 
12 1 

Total .352 101 66 4.3 56 11 5 

Sample aize: 28.2 cc. 
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TA.BIE 10 

Seasonal distribution of D. grisea in all stages at Morgan Arboretum 

pond, site B, May 25 to September 12, 1964. 

Date Eggs Larvae Pupae Adulte 
let 2nd 3rd 4th 

instar instar instar instar ~ d' ~ at 

May 25 963 31 1 1 
27 199 69 2 1 1 1 1 2 
.30 6.3 32 .31 7 1 

June 2 28 107 4 
5 2 .3 50 2 
9 l 4 10 1 

15 s 6 1 
24 2 
.30 

July 7 1 .3 1 2 
14 9 3 6 
20 4 1 l 
27 2 1 

Aug .3 1 1 
10 1 
17 2 6 1 
25 1 
.31 1 

Sept 8 2 
12 

Total 1225 163 169 7 5 

Sample sizes 28.2 cc. 



TABlE 11 

Seasonal distribution or p.grisea in all stages at Morgan Arboretum 

pond, sites A and B, May 25 to September 12, 1964. 

Date Eggs La.rvae Pupae 
lat 2nd 3rd 4th 

instar instar instar instar 5f. r::i' 

May 25 1006 60 
2!7 295 fr7 2 1 1 3 2 
30 1fr'l 79 .33 7 1 3 

June 2 89 33 114 4 
; 4 27 53 2 
9 2 14 11 1 

15 12 21 ; 
24 ; 3 6 2 1 
30 2 1 2 

Jul.y 7 1 3 1 2 
14 1 12 4 6 
20 1 15 1 
27 3 7 9 

Aug 3 2 1 9 
10 1 
17 1 3 9 1 
25 2 1 1 
31 4 5 6 

Sept S 2 
12 1 

Total 1577 264 235 123 92 18 

Samp1e sizea ;6.4 cc. 
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Adu:}.ts 
" 

!f. •at 

2 3 
1 

1 

1 

1 

10 



TABLE 12 

Seasona1 distribution of a11 chironomid species in a11 1arva1 

and pupa1 stages at Morgan Arboretum pond, May 25 to September 

12, 1964. 

Date Site A Site B Sites A & B 

May 25 85 40 
'Z7 16 66 
30 47 25 

June 2 48 32 
5 243 19 
9 200 28 

15 105 24 
24 72 ... 
30 3 

... 
July 6 26 11 

14 49 43 
21 * 44 
'Z7 45 24 

Aug 3 14 7 
10 15 3 
17 17 21 
25 4 84 
31 248 11 

Sept 8 64 24 
12 12 2 

Total 1313 508 

Samp1e sizea 28.2 cc. for sites A and B separate1y and 

56.4 cc. for sites A and B combined. 

* Counts missed 

125 
82 
72 
80 

262 
228 
129 
72+ 
3+ 

37 
93 
44+ 
69 
21 
18 
38 
88 

259 
88 
14 

1821 

316 



TABLE 13 

Seasonal distribution of ali larval stages of predator species 

(Palpomyia slossonae and Bezzia glabra) and all larval and 

pupal stages of prey species (all chironomid species)at Morgan 

Arboretum pond, during the sampling period, May 25 to September 

12, 1964. 

Date Prey Predator No. prey attacked 
species species per predatcr 

May 25 125 28 4.46 
27 82 25 3.28 
30 72 16 4.50 

June 2 80 41 1.95 
5 262 164 1.60 
9 228 201 1.13 

15 129 169 0.76 
24 72 74 0.97 
30 3 136 0.02 

July 6 37 195 0.19 
14 92 169 0.54 
20 44 216 0.20 
27 69 155 0.45 

Aug 3 21 134 0.16 
10 18 lOO 0.18 
17 38 67 0.27 
25 88 107 0.82 
31 259 90 2.88 

Sept 8 88 59 1.49 
12 14 33 0.42 

Samp1e sizec 56.4 cc. 
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A. PALPOMYIA SLOSSONAE AND BEZZIA GLABRA 

1. Eggs. 

Eggs of P.slossonae were collected in two periode from May 25 to 

July 6 (Fig. 43) and of B.glabra only on June 15 and 30, 1964 (Table 8). 

Eggs of both species are laid and glued onto blanket algae, usually 

near a source of food --- chironomid eggs of about the same stage of 

development. Chironomid eggs were almost always laid on very young, 

]tht green algae since emerging first-instar larvae are only strong 

enough to feed on young algal filaments from wbich they make dwelling 

tubes. 

Under the binocular microscope no morphological difference could 

be distinguished between eggs of P.slossonae and B.glabra and they 

were identified from the emerging larvae which are morphologically 

distinct. 

Eggs were laid in batches , each roughly ciroular, resembling a 

cushion and consisting of about 300 eggs in P. slossonae and 200 in 

B. glabra. Each egg is oigar-shaped, light grey when newly laid, 

black after a day, about six times as long as wide and is surrounded by 

a gelatinous mass of jelly which separates it from its neighbours and 

binds it to them. Eggs batched from two to sevan daye when reared at 

a temperature of 700,. and a relative humidity of 50 per cent. 

2. Larvae. 

a). Food and feeding habits. - Both P. slossonae and B. glabra 

feed on the same types of food and show imperceptibly the same feeding 

habits. All species of organisme found in the pond with P.slossonae 

and B. glabra were carefully tested as possible food items but only 

chironomid larvae and D. grisea larvae were round to be captured and 
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prayed upon and only in one instance was a crusta.cean a tta.oked 

by a starved fourth-instar larva of P.slossonae. All spaoies of 

ohironomid larvae ware round acceptable as food but certain speoias 

were preferred over others. These included a blood-red speoies 

colleoted from Ile Parrot River estuary taken from muddy water 

having a low ax:ygen content, and a local orange spacies, both 

unidentified. D.grisea larvae were found to be least preferred 

but when the predator larvae were starved for a few days, the ir 

degree of preference became lesa marked and they would feed somewhat 

indiscriminately on all species of chironomids and D.grisea. 

It was observed that first instar larvae of P.slossonae and 

B. glabra generally attaoked first-instar chironomid and D.grisea 

larvae but rarely instars larger than themselves. When second, 

third or fourth-instar chironomid larvae were attacked, vigourous 

struggling movements by the prey enable them to escape. In the 

laboratory, however, P.slossona.e and B. glabre. were fed large prey 

rendered defenseless by decapitation. 

Second-instar larvae of both P.slossonae and B.glabra also show 

limited power of attaok and fed on prey their own aize, rarely on 

prey much larger than tbemselves. 

Third-instar larvae are more powertul and can attack and overcome 

prey much larger than themselves while fourth-instar larvae are the 

most efficient and can usually overcome even the largest chironomid 

larvae without much difficulty. 

Predators usually remain very still in the algal filaments, 

detecting movements of the prey at a distance of a few centimetres; 

sometimes showing no signa of awareness of' the prey• s presence until 

predator and prey come into contact. When the prey1s presence is 
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detected, the predator moves towards it, presumably by sight or smell, 

and when within a distance of two to three millimetres from it, 

strikes with extended mandibles which book on the body of the prey 

like a fishing book, thus securing a firm hold. The attaok is 

immediately followed by vigorous struggling movements of the prey to 

escape. This may last a good three minutes or more but usually much 

less. The predator usually overcomes the prey by pulling it into 

a thick maas of algal filaments, moving backwards as it pulls the 

prey. Being thus surrounded by algal filaments the prey is prevented 

from struggling too vigarously. Soon arter seouring a firm hold 

on the prey the predator begins to suck the body fluids out through the 

punoture made by the mandibles. Peristaltic movements of the gttt 

contents or the predator can be seen as reeding proceeds and prey 

hemolymph and body contents from the prey flow into the predator's 

alimentary canal. Coincident with this action is the pouring of 

salivary juices into the prey body. The predator 1s pharynges move 

actively as it feeds. Feeding stops when the predator is satiated, 

i.e. when the whole gat can be seen to be filled with the prey1s 

hemolymph. When the prey is small, as it orten happens, the 

predator will feed on another prey until it is satiated. In evei7 

case only the body fluids of the prey, sometimes a little of the gut 

contents, are consumed. lhen the predator is satiated, the empty 

skin of the prey, sometimes the skin plus body fluide, as the case 

may be, is abend.oned. If a hungry predatar happens to come by a 

ha.lf finished prey, the latter will be seized and fed upon. Sometimes 

two or more predators can be observed feeding on the same prey. 

When a prey is attacked in open water, the predatar grasps it 

with its mandibles, then straightens itself out perpendicular to the 

struggling prey. As the prey rotates and gyrates through the water, 
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the predator remains at right angles to the prey or sometimes 

coils round the prey, paralysing it with a secretion which it 

pours into the prey body. 

Pupae or chironomids and D. grisea are also preyed upon but 

appear to be lesa preferred than larvae. This is surprising 

since these stages, because of their limited mobility, are 

easily overcome. This laek of preference may be due to the 

thicker exocuticle of the pupae, and lack of mobility. For the 

predator, movement on the part of the prey acts as a stimulus 

to feeding. 

P. slossonae and B. glabra larvae are cannibaliatic as well 

as predatory and were observed to attack all stages of larvae of 

their own. species. In no instance was a small larva found to prey 

on a much larger one. Prepupae which do not .feed, and are generally

more sluggish than the actively .feeding instars were particularly vul

nerable to predation by- individuals of the same species. Larvae 

about to moult, which like prepupae are sluggish and non-feeding, 

are also vulnerable to predation. Similar cannibalistic behaviour 

has also been observed by- Thomsen (1937) for Palpomzia pruinescens 

Thomsen (sy-nonym of slossonae?). 

When the larvae are about to moult they- stop feeding and soon 

their ey-e pigments move to the posterior region of the head capsule. 

Atter moulting the eye pigments are located in the normal position 

i.e. anterior third part of the head. By observing in the same 

individual the movemeDts of the eye pigments in the head capsule it is 

very easy to count the number of inst.ars in the life cycle. The 

premoulting (posterior) position of thee,res lasts from one to three 

days. The eyes at the posterior region of the head capsule are in 
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all probability those of the succeeding instar whose head capsule 

lies in the posterior region of the old. Even in the fourth

instars the eye pigments are withdrawn to the posterior region 

just prior to pupation. 

b). Locomotion.- Both P.slossonae and B. glabra show precisely 

the same kinds of movements. Both arecapable of rorward and 

backward movements in open water as well as in algae. Normal 

swimming movements in water is a lashing movement from side to side 

along a straight axis. Thus when swimming, they re semble tiny 

snakes moving through wa.ter. In their normal algal filament 

substratum, they are extremely agile and quick in winding and 

twisting through the filaments, both forwards and backwards. When 

disturbed with a dissecting needle they move away from the source 

of disturbance ei ther forwards or backwards, depending on which 

half of the animal is nearer the needle, or point of disturbance. 

If the anterior half is nearer the point of disturbance the animal 

will back away and if the posterior half is nearer, the animal will 

proceed forward. When, however, the point of disturbance or 

stimulus is that made by a prey, the animal will al ways res pond by 

moving towards the prey. 

c). First Instar.- First-instar larvae of P.slossonae were 

collected from May 27 to September 12, 1964, in greatest numbers on 

June 5 (Table 5, Fig. 44). Those of B.glabra were collected on June 9 
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to September 12 and were in grea test numbers on July 6 (Table 8, Fig.52). 

As wi th the ir eggs, the larvae of the two species are round in young, 

light green algae. The two species can be separated easily by the 

shape of the head capsule and by the difference in colour of the 

body. The head capsule or P.slossonae is wider than that of B.glabra 



and the body colour of the former is brown while that of the latter 

is green like that of the blanket algae. The body width of 

P.slossonae is also generally stouter than that of B. glabra. 

After emergence first-instar larvae of both species remain for 

about a day around and within the jelly of their egg masses. On 

the second ànd subsequent days after hatching they will actively 

search for food and will attack chironomid larvae of anJ stage. 

Twent7 first-instar larvae of P.slossonae, reared successfully 

in the laboratory on larvae of D. grisea and on larvae of different 

species of chironomids, took from 10 to 19 days or a mean of 14.25 

days to complete their larval development. One first-instar larva 

of B. glabra su.ccessfully reared under similar conditions took eight 

days to complete its development. 

From hatching to moulting, body length of P. slossonae ranges 
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from 1.20 to 2.6.3 mm. for 26 individuals measured and that of B. glabra, 

from 1 • .35 to 2.18 mm. for five specimens measured. The lengths and 

widths of their head capsules range from 0.62 to 0.66 mm. and 0.26 

to o.28 mm. for P. slossonae and respectively 0.59 to 0.60 mm. and 

0.20 to 0.21 mm. for B. glabra. 

d). - Second instar.- Second-instar larvae of P. slossonae were 

collected on Msy 1..3 and from June 9 to August ..31, 1964, and were 

obtained in greatest nwnbers on June .30 (Table 5, Fig. 50). B.glabra 

second-instar larvae were co1lected on May 1.3 and 25 and from June 24 

to September 12, 1964, during which the peak incidence ocourred on 

July 21 (Table 8, Fig. 53). 

Second-instar larvae of both species were almost always found 

in very young green algae where first- and second-instar larvae of 

ohironomids ooourred in greatest abundance. 



The duration of the second stadium was successfully obtained 

from laboratory rearings for 19 and 6 individuals respectively of 

P.slossonae and B.glabra. These took respectively 10 to 22 days 

with a mean of 14.26 days and 8 to 23 days with a mean of 14.3 

days. 

The range of body length from moult to moult is 2.40 - 4.11 mm. 

for 13 individuals in P. slossonae and 2.10 - 4.19 mm. for 24 

individua1s in B. glabra. Head capsule lengths and widths range 

respective1y from 0.87 - 0.98 mm. and 0.27 - 0.30 mm. for 24 indivi

duals of B. glabra and 0.89 - 0.96 mm. and 0.33 - 0.36 mm. for 13 

individuals of P. slossonae. 

e). Third instar.- La.rvae of P. slossonae were collected from 

May 18 to September 12, 1964, and these occurred in greatest numbers 
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on August 3 (Table 5, Fig. ;o). Those of B. glabra were also collected 

during this period but none were col1ected between June 5 and June 

30(Table 8, Fig. 58). 

Unlike first- and second-instar larvae, third-inste.r larvae were 

not found associated with aDJ particular type of green algae but were 

more or less uniform1y distributed in rather c1ean and thick a1gae. 

Wherever cbironomid larvae were round in fair numbers third-instar 

1arvae were a1so found in large numbers. 

The dura ti on of this stadium in the laboratory, for 16 

individuals of P. slossonae from beginning of moult to the nex:t took 

7 - 58 deys, with a mean of 35.19 daye and for five individuals of 

B. glabra 16 - 35 days, with a mean of 24.4 da.ys. 

The length of 21 third-instar specimens of P. slossonae 

measured during the period "beginning of second moult to the end 

of the stage" range from 3.30 mm. to 7.46 mm. and that of 48 

individua.ls of B. glabra from 3.27 rmn. to 6.68 mm. The lengths 



and widths of the head capsules for ]• glabra range respectively 

from 1.29 mm. to 1.49 mm. and 0.35 mm. to 0.45 mm., and for 

~· slossonae 1.28 to 1.41 mm. and 0.45 mm. to 0.46 mm. 

f). Fourth instar.- Larvae of both ~· slossonae and !!• glabra 

were collected throughout the sampling period, May 13 - September 12, 

1964, and in greatest numbers, on P.tly 18 (Table 5, Fig. 50; Table S, 

Fig. 58) • Fourth-instar larvae were usual1y found in large numbers 

in young and o1d algae where chironomid 1arvae were present, but 

not in excessive1y muddy areas of the pond. 

The duration of this stage was successfully determined under 

laboratory conditions for seven individuals of !!• glabra which took 

11 - 19 days, with a mean of 15.7 da19. These 1arvae, collected as 

third-instar 1arva.e in the last week in May, became pupae b;r about 

the second week of June. The duration of the stadium for fourth

instar larvae of l• slossonae, on the other hand, could not be 

determined. Third-instar larvae which became fourth instars on or 

around July 23 and August 6 did not pupate but overwintered in this 

stage. Fourth-instar larvae collected in early May pupated and 

became adults by about the end of lily. It appears therefore that 

for B. glabra the fourth instar stage lasts from the end or July 

or beginning of August to the last week of May, i.e. about nine 

months. 

3. Pupae. 

Pupae of l• slossonae were collected from May 13 to June 15 

and again on July 20, the greatest numbers oocurring on llly 20 

(Table 5, Fig. 50). Presumably pupation of the overwintering 

fourth-instar larvae took place much earlier. Pupae of !!• glabra 

were also collected from the beginning of the sampling period to 

June 9 and again on JUly 21 and August 3 when only three remales 
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and one male respeetivel7 were eolleeted. Peak numbers 

oecurred on June 5 (Table S, Fig. 58). 

Sexual dimorphism in the pupae of both species is evidentt 

the female in both species being usually much larger than the 

male. The lengths and widths of 22 male pupae of l• slossonae 

are respectivel7 3.65 - 4.50 mm. and 0.72 - 0.86 mm. and those 

of 45 female pupae 4.14 - ;.s; mm. and 0.87 - 1.20 mm. The 

lengths and widths of 30 male ~· glabra pupae are respectivel7 

3.18 - 3.84 mm. and o.;o - 0.66 mm. and those of 37 female 

pupae 3.60 - 4.50 mm. and 0.60 - 0.77 mm. 

Both l• slossonae and ll• glabra larvae pupate in the algae, 

usually near the upper surface and remain attached to this substrate 

b7 their terminal processes for some time arter pupation but with 

their respirator,. homs alwa75 open at the water surface. The 

colour or l• slossonae pupae just arter pupation is light brown 

and in ~· glabra light green. Alter one day P. slossonae beeome -
dark brown to almost black and ll• glabra pupae light brown. The7 

then work their way to the water's edge or are carried there b7 

water currents as observed by Thomsen (1937). A few however 

remain attached to the algae until adult emergence. 

Pupae or both species are œ.pable or moving the abdomen and can 

wriggle quite vigorously when disturbed. 

PUpal duration is short in both species, averaging 2.3 days 

for 23 individuals in ~· glabra and 3.9 da7s for 30 individuals of 

P. slossonae. -
4• Adults. 

Adult emergence was counted from the number of empty pupal 

cases. These were usually collected floating on the water surface. 
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As pointed out b,1 Corbet (1964) adult emergence determined this way 

by actue.l counts of' pupal exuviae provide comprehensive counts, and 

the accuracy of' this comprehensive method depends on the insect 1s 

aize and emergence habits and on the site where it is being studied. 

or the three methods of determining emergence (i.e. counting adult 

numbers) namely, comprehensive, indirect and representative, the 

first is presumably the most accurate. 

Empty pupal cases were collected from May 13 to June 15, 1964, 

and again from July 20 to August 3, for P. slossonae where grea test -
numbers occurred on May 30 (Table 5, Fig. 50). Those of~· glabra 

were collected during the same periode (Table 8, Fig. 58), greatest 

numbers occurring on June 9. 

Sexual dimorphism also exista in both !• slossonae and ]• glabra 

adulte, the males usually being much smaller than the females. Their 

length ranges from 3.32 - 4.77 mm. for 46 females and 2.2; - 3.45 mm. 

for 44 males of P. slossonae and 2.63 - 3.39 mm. for 25 females ar.d -
2.12 - 3.03 mm. for 26 males of :!!• glabra. 

The longevity of adults in nature is not known but from laborator;y 

rearings on 10 per cent sucrose solution (Chan and Saunders, 1965), 

adults did not live more than a week, usually dying within two or 

three da7s .following emergence • Moreover, unlike most species of 

Forcipomrta s. str. and Lasiohelea s. str., the females cannot mature 

their eggs on 10 per cent sucrose solution, thus indicating that 

these forma require a blood meal for growth and maturation of oocytes. 

That this is very likely is confirmed from examination of their 

mouthparts. Females of both species have very well·developed 

mouthparts, the mandibles bearing large, well-developed teeth. Like 

most of the higher forma, they probably catch in flight other insects 
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of about their own aize suoh as ohironomids and small mayflies, 

and suok the body fluids, killing their prey in the proeess 

(Edwards, 1923). Males and females of both speoies, however, will 

feed readily on sucrose solution. 

Mating does not take place in confinement (3• x 1• tubes) 

and adults of both species probably require a swarm for this 

purpose. 
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B. DASYHELEA GRISEA 

1. Eggs. 

Eggs were collected from May 25 to June 2, with the grea.test 

numbers occurring on May 25 (Table 11). They were laid on brownish-

green, freshly dead bla.nket algae, surrounded by a thin film of dead 

tissue and often a collection of debris. Twenty-two egg masses 

were obtained. Each mass has a rather flattened appearance, the 

eggs being held together by a gelatinous la:ver. The number or eggs 

per mass range from 4 - 167, or an average of 72. Thomsen 1s (1937) 

record of 15 • 80 eggs per batch falls within this range. 

Newly laid eggs are light brown but after a day beoome dark

brown to black. Individual eggs are long and horsesboe-shaped in 

structure, and are separated from eacb other by a gelatinous 

covering about the thickness of each egg. 

The eggs hatched from one to four days after they were brougbt 

to the laborator,r, thus indicating that the duration of the egg 

0 stage is at least four days at a temperature of 70 F. and a relative 

humidity of 50 per cent. 

2. Larvae. 

a). Food and Feedin,g Habits.- !!• gr:isea larvae were always round 

associated with decaying algae that had turned yellow-green or with 

algae covered with debris. Unlike ohironomid larvae their ability 

to construot dwelling tubes out of debris and algal filaments is 

limited, and for this reason they live in rudimentary tubes somewhat 

exposed, among algal filaments. 

During feeding, the larvae put their heads outside the tubes 

and scrape off debris and dead leaf or algal tissues with their 
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mandibles, working the food backwards to the gUt wi th to-and-fro 

movemeDts of the pharynges. On detecting the slightest movement, 

they retract backwa.rds into their tubes and remain there until no 

further movement is detected, after which they once again resume 

feeding. 

b). Locomotion. .. Larvae of 12• grisea are not capable ot 

swimming in open water but can move fairly rapidly through algae, 

much in the same way as l• slossonae and ~· glabra. When pursued 

to the edge of the algal mat they drop off the edge to the 'bottom 

and in this way escape their predators. 

c). First Instar. - First-instar larvae were oolleeted in low 

numbers from :May 25 to June 5 and again on July 7, 14 and August 17. 

The greatest numbers occurred on Mq 27 (Table 11, Fig. 62). First 

instars are relative1y small and di:f:ficult to :find, especia1ly in 

thick a1gae contatning a quantity of debris and mud. Their overall 

1engths, for 13 individuals measured from hatching to the end of the 

stage, vary from 0.60 to 1.1.3 mm. and the ir widths 0.05 - 0.08 mm. 

Their head capsule 1engths and widths vary from 0.47 • 0.50 mm. and 

o.26 - 0.27 •· 

U!llike l• s1ossona.e and ~· glabra larvae, 12• grisea larvae do 

not appear to be associated with ~ particular type of a1gae but 

more frequent1y occur in algae wi th sorne amount of decay, general1y 

in a1gae covered with some debris. 12• grisea larvae will feed 

soon after hatching. 

The duration of this stage under laboratory conditions (709F. 

and 50 per cent R.H.) based on the rearings of 91 first instars, 

waa 4- 1.3 days, with a mean of 7.5 daye. 

d). Second Instar. - Second instars were collected from Ms.y 27 to 
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September 12, 1964, the greatest numbers oocurring on June 2 

(Table 11, Fig. 62). The overall lengths for 23 individuals ranged 

from 1.04 - 1.92 mm. and their widths 0.08 - 0.14 mm. Their head 

capsule lengths and widths varied from 0.71 - 0.75 mm. and 0.36 -

0.40 mm., respectively. 

The duration of this stage under laboratory conditions ranged 

from 4.5 to 15.5 days with a mean of 6.5 days for 126 individuals 

studied. 

e). Third Instar • - Third instars were collected throughout the 

sampling period, with greatest occurrence taking place on June 5 

(Table 11, Fig. 62), three days following occurrence of the second 

instar. The overa11 lengths for 23 individuals examined during the 

stadium varied from 1.71- 3.08 mm., and widths 0.12 - 0.23 mm. 

Head capsule 1engths and widths ranged from 1.04 - 1.13 mm. and 

0.53 - 0.59 mm., respectively. 

The duration of this stage under laboratory conditions was 4.5 

to 18 days, with a mean of 6.5 days for 203 individuals experimented. 

d). Four th Instar. - Fourth instars were collected throughout the 

sampling period, May 25 - September 12, but occurred in greatest 

numbers on Juile t (Table 11, Fig. 62), four da;ys following peak 

occurrence of the third instar, and also on JUly 20. OVerall lengths 

for 10 individuals range from 2.70 - 4.50 mm. and their widths from 

0.20 - 0.30 mm. Their head capsule length and width vary from 1.43 

to 1.59 mm. and 0.75 to 0.86 mm., respectively. 

Under laboratory conditions the fourth-insta.r stage lasted 

5.5 to 22 days, with a mean of 7.3 days for 194 individuals studied. 

3. Pupae. 
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Pupae were obtained in samples taken on May 27, .30, June 9, 24, 30 



July 20 and August 17 (Table 11), suggesting that there were several 

generations of~· grisea between May and September, 1964. 

~· grisea pupae are pale to light brown just after pupation but 
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turn chocolate to dark brown in colour after one day. Following 

pupation, pupae remain for soma time within the larval tubes but 

eventually work their way to the surface of the water where they soon 

emerge as adults. The pupal period under laboratory conditions averages 

2.5 days in contrast to Thomsen 1s (1937) observation of 5 d818• 

The lengths and widths of~· grisee. pupae, unlike those of 

f• slossonae and ~· gla.bra vary imperceptibly between the two sexes, 

thefe being no sexual dimorphism. These range from 2.12 - 2.93 mm. 

and 0.42 - 0.54 mm. in the male and respectively 2.13 - 3.08 mm. and 

0.44 - 0.53 mm. in the female. 

4• Adults. 

Unlike the predator species f• slossonae and i• glabra, sexual 

dimorphism in 12• grisea is indistinct, the males being only very 

slightly larger tha.n the females. Their overall lengths, excluding 

antenœe, range from 1.94 mm. to 2.19 mm. in the mala and 1.58 • 

1.92 in the female. 

Again, unlike the predator species, 12• Fisea. a.dults can be 

maintainad in the laboratory for a longer period ( 5 - 7 days) 

on 10 par cent suer ose and their eggs will mature on this diat alone. 

Such eggs, however, do not hatch sinoe they are not fertilized. 

Like l.!, slossoœe and ~· glabra this species does not mate in 

confiœment and in nature it probably mates in a swa.rm. 



VIII. DISCUSSION 

A. BEZZIA GLABRA. (CcxtUILIETT) 

The seasona1 distribution of ~· glabre. appears to be bimoda1 

for every stage in both sites A and B (Figs. 52 - 57). The 

occurrence of the pupae and adu1ts in May - June and July - August, 

suggests that for this species there are two generations per year. 

Larvae were obtained throughout most of the samp1ing period, in 

two more or less distinct periods, and one peak per stage. Th us, 

first-instar larvae ooourred main1y during the periods, June - July 

and August - September with only one peak on June 6 (Fig. 52); 

second-instar larvae in July and in August - September with one 

peak on July 20 for site B and July 27 for site A (Fig. 53); third

instar 1arvae in May- June and July - September (Fig. 54), with a 

single peak in ear1y August; and fourth-instar 1arvae (Fig. 55) one 

peak on JYiay 18 in site A and on August 25 in site B, during the 

period May 13 - September 12. However, when the data on jk g1abra 

for sites A and B were combined (Fig. 58) only one generation per 

year was indicated. 

The bimodal distribution of ~· g1abra resembles that of Culiooides 

impunctatus Goetghebuer (Kett1e, 1950). In Q. impunctatus Kett1e 

(loc. oit.) conoluded that two races were involved at Loch Lomond in 

Eng1a.nd, and that the bimoda1 seasonal distribution could not be due 

to climatic factors or the bivoltine nature of .Q• impunotatus. In 

~· glabra 1aborator,y rearing or their larvae reveals that the duration 

of each stage varies considerably acoording to the availability and 

amount of food eonsumed. Larvae that were fed regularly and to 

satiation completed their lite cycle consider~bly raster than those 
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which were alternately starved and fed. This difference in duration 

of the larval stages with difference in food supply explains the 

occurrence of these stages over most of the sampling period. The 

seasonal distribution of~· glabra therefore appears to be as follows. 

Eggs laid in June hatch out in approximately one week into first

instar larvae with peak: in èarly July (July 6), followed two weeks 

later by second-instar larvae (peak around July 21), two weeks later 

again by third-instar larvae (peak on August 3) and finally followed 

three weeks later by fourth-instar larvae, (peak: on August 25). Most 

of the fourth-instar larvae together with a fair number of thtrd, and 

fewer second and first, pass through an obligatory diapause in winter. 

In the laboratory, larvae do not feed during the win ter even at a 

temperature of 700,. In spring, third-instar larva.e moult to the 

fourth instar, and the latter reach their peak on approximately May 20. 

Field data indicates that fourth-instar larvae pupate in late May and 

early June, and that adults emerge about f'our days later. Soon after 

emergence the adults feed and mate and fertilized eggs are deposited in 

about a week. Eggs are laid during a period of several weeks. 

The annual life history is summarized by a survivorship curve 

(Fig. 59) • 

B. PALPOMYIA SLOSSONAE ( COQUILLETT) 

The seasonal distribution of l• slossonae in all its stages 

resemble that of~· ilabra rather closely, for both :&es A and B 

(Figs. 43 - 49}. As in~· gla.bra, there is only one generation 

per year although occurrences appeared in two distinct periods for 

most stages (Fig. 50). 



As in~· glabra, l• slossonae overwinters mostly in the third 

and fourth larval instars. OVerwintering third-instar larvae moult 

to the fourth instar in May, pupate, and give rise to adults in 

late May and early June. Eggs are laid in June and the cycle 

repeated (Fig. 51). 

In both ~· glabra and l• slossonae the two peak.s for each larval 

stage, a large followed by a sma11, are likely due to random sampling 

variation (Cole, 1956) and cannet be taken as indicative of the 

presence of two generations or even two biological races (contra 

Kettle, 1950). In the adults, however, the peak period are separated 

by about li months and indicate two possible generations. Yet, 

1aboratory rearings show that the life cycle of both species cannot 

be completed within such a short time. It would appear, therefore, 

that the occurrence or l• slossonae and 12• glabra adults in May - June 

and July • August is due to the phenomenon of synchronization involved 

in seasonal emergence of aquatic insects (Corbet, 1964), discussed 

below. 

The occurrence or l• slossonae and 12• glabra adults in ltly - June 

and July - August paral1els the appearance of two peaks or biting 

midges in 1962 - 1963 in Turkmenia in Russia (Muradov, 1965). This 

author round that in the Kopet-Dagh regions bi ting m.idges, particu1arly 

Culicoides puncticollis Becker and Q• sohultzei Enderlein, were 

troublesome bitera from the middle of Maroh to the middle of November 

but were particular1y so in Mq - June and, most signifioantly so 

in August - September. 

SEASONAL EMERGENCE 

Seasonal emergence of l• slossonae and ~· glabra is typioal of 
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insects in temperate regions (Corbet, 1964) with rainfall and 

temperature imposing the greatest seasonal variation. The 

temporal pattern of emergence in both l• slossonae and ~· glabra 

is similar to that of the dragontly ~ imperator Leach (Corbet, 

1957) in which (i) the majority of a year-group overwinter in the 

final larval instar and respond synchronously to rising tempera-
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tured in the spring, and (ii) a small percentage enter the final instar 

after May, postponing metamorphosis until the following year. In 

the dragonfly Aeshna cyanea (MUller), Corbet (1959) and Schaller 

(1960) (vide Corbet, 1964) found no such rigorous control of the 

density of the overwintering larvae. These larvae can overwinter 

in several instars and still emerge the following year. 

On the basie of specifie responses being involved in such 

seasonal regulation, an ecological classification of British Odonata 

has been attempted from inspection of the shape of emergence curves 

and from the degree of correlation between syncbronization of emer

gence and the number of larval instars which can precede emergence 

in one year. Two major types were recognized: 'spring 1 and 1summer 1 

species (Corbet, 1954, 1964). According to this classification, 

spring species were defined as those which possessed a diapause in the 

final instar larvae and summer species as those which did not. Corbet 

(1964) redefined spring species as "those in which all, or a majority, 

of a population spends the winter before emergence in the final larval 

instar"• Summer species, a heterogeneous group, were divided further 

into two groups according to the normal duration of larval development 

(Carbet, loc. cit.)a (a) univoltine species, and (b) species requiring 

more than one year to complete a generation. 

Following the above classificatbn, l• slossonae and .12• glabra 
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can be defined as spring species and this designation .. the first to date 

for any ceratopogonid .. promis:es to be an eoologica.l aid in the systematios 

of the midges. Similar classifications' of aquatic Ceratopogonidaa should 

be undertalœn .. especially for the higher forma with worm-lilœ le.rvae .. as 

for ùhe British dragonflies. 

C. D.ASYEEIEA GRISEA (COQUILLETT) 

Under laboratory conditions ~· grisea completes its life cycle from 

agg to adult in about one month, approximately the same period of time 

as that talœn in the field, e .g. :May to early July (Fig. sa) • 

E.ggs were collected from May ati to June 2; in site .A. .. and from May 2S 

to 30 in site B and were evidently present in both sites prior to May 25. 

First-instar larvae were collected from May 25 to June 5 and on July 7, 

14 and August 17 (Table 11), with greatest numbers ocourring on May 27. 

Second-instar larvae were colleoted throughout the period of sampling 

(Table 11) but only one pee:k occurred on June a. Third and fourth 

instars were also collected throughout the period of sampling, with the 

greatest numbers obtained in site A on June 15 and Ju1y ao respectively 

and in site B on June 5 and 9 respectively. 

An examination of the data obtained in sites A and B (Figs. 60, 61; 

Tables 9, 10) shows that D. grisea hasnthree generations per year and 

overwinters mostly as second•, third- and fourth-instar larvae. The 

first g-eneration 1asts from late May to early July; the second from early 

July to about the end of July (site B) or early August (site A); the 

third from the end of July or early August to the following May. 

In both sites, the duration of the first generation is wall 

marlœd but that of the second and third is not. The irre gular 



oscillations obtained for the second and third may be due to the 

samoling of these generations weekly instead of every three days 

as in the first generation. Q• grisea stages are of short 

duration and weekly samples may not provide data on r:>eak emergence 

of its stages. Another possibility is that the low numbers of 

Q• grisea obtained during the second and third generations reflects 

active predation by the predators .f• slossonae, là• glabra, and also 

a pelopiinid chironomid of the genus Pentaneura which also prey 

on both .f• slossonae and là• glabra. This is a real possibility 

since predation by ~· glabra and l• slossonae was low during May -

June when the preferred chironomid larvae were abundant (Fig. 63), 

and high from July to lata August when chironomid larvae were few. 

In site A the first generation lasted somewhat longer than that 

in site B and may have been due to variation in amounts of food 

available between the two sites as well as amounts of energy 

exp$nded in obtaining food. As mentioned in an earlier section, 
\.) 

site B is considerably richer than site A in organic debris, the 

chief and perhaps only food source of Q• grisea larvae. This 

accounts for the significantly higher number of eggs laid in B and 

the higher larval populations here. Site B is alao more muddy than 

site A. and barboure less of the predator species than A, presumably 

because the latter species with their large, well-developed, 

pigmented eyes, prey to some extent by sight. 

RHYTHIIIC EMmGENCE 

Emergence is rhythmic if it occu:rs periodically in cyclical 

fluctuations, the latter characterizing the rhythm. According to 

Remmert (1962) the most widespread emergence ~hythms have a diel 

periodicity. This is typically regula.ted and maintained by an 
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1internal clock• (the endogenous or circadian rhythm) which is 'set' 

by responses to external time-cues (exogenous factors) (Corbet, 

1964). Such a rhythm is considerably stable and independant from 

atypical fluctuations in the environment due to interaction of 

endogenous and exogenous components. 

Most insects studied show emergence rhythms with a lunar 

periodicity and with the exception of the dermestid beetle, 

Anthrenus verbasci (L.) (Blake, 1959), no inseots exhibi t a rhythm 

with a period exoeeding a lunar month. Among the Ceratopogonidae, 

marine forms living in the tidal zone where direct or indirect 

lunar effeots might be expeoted, have been known to exhibit rhythmic 

emergence -- Culicoides peliliouensis Tokunaga (TokuDâga & Esaki, 

19.36) which inhabite mangrove swamps of the Palau Islands and 

several Australian Culicoides speoies. In Australie., Reye and 

Lee (196.3) round CUlicoides subimmaculatus Lee and Reye and 

.Q• ornatus Taylor with fortnightly emergence peaks taking place about 

the time of the hall' moon, i.e. at the neap tide, apparentl.1' 

depending on the period of exposure of an emergence zone just above 

neap tide level. They also found that c. marmoratus (Skuse) -
whiob oocurs at a higher level, has a longer and lese dramatic rise 

in numbers, and .Q• moles tus (Skuse} and .Q • immaculatus Lee & Reye 

seem to be dependent on different phases of the tide cycle, 

possibly related to duration of exposure of lower levels, or to 

tidal stranding at higher levels of pupae wbich become t.ree floating 

at this time. The last case is similar to tbat of the marine 

cbironomid, Clunio marinus Haliday, which inhabits the shores of the 

North Sea. In this species, Caspers (1951) round that emergence 

is restricted to two periods in each synodic month, ooourring within 

a few days of new and full moon respectively, am that emergence 
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coincides with the times of law tide when algal mats (in which 

the early stages dwell) are exposed, and when, accordingly, 

emergence is less bazardons. 

It ia interesting that lunar rhythms of emergence also occnr 

in several insecte inhabiting inland t.reshwaters where no indirect 

effeots of the moon can be discerned. Corbet (1958) studied 

several insecte in Lake Victoria and round these speoies to differ 

with respect to the position of peak (or peaks) emergence in the 

synodic month, and synchronization of peaks. Several authors have 

suggested that auch lunar emergence rhythms of a.quatic insecte 

could result simply from the fact that the duration of a generation 

is an exact multiple of a lunar month, but Corbet (1964) bas shown 

that emergence rhythms can be explained only on the assumption 

that some synchronizing factor operates during development. 

The praximate and ultimate factors controlling lunar emergence 

rhythms in freshwater insects are not obvious. The work of Rowe 

(1958) (vide Corbet, 1964) on the mayfly Povilla adusta Navas, 

suggests that response to photoperiod in early larval lite is a 

possible proximate factor, and Corbet (1964) concludes that "most 

lunar insecte in non-tidal waters use variants of the same system" 

as those in tidal waters, e.g. 

byAdderley and Bowen (1962). 

lunar cycle of rainfall discovered 

Corbet (loc.cit.) points out that 

ultimate factors might be of two kinds1 (i) those concerned with the 

direct effect of physical factors on the emerging insecte, e.g. 

periodicit7 of rainfall and nocturnal illumination, or (ii) those 

related to the phenomen of synchronization per .!!' e.g. concerning 

the regulation of predation and density. 

On the basis of the data obtained in the present study, it is 
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concluded that ~· grisea exhibits rhythmic emergence -- the first 

ceratopogonid species of inland freshwaters reported to do so. 

D. PREDATOR - PREY INTERACTION 

Since chironomid larvae and pupae constituted the main food 

items of both P. slossonae and ~· glabra, and since all species 

of chironomids were preyed upon, the total number of the prey 

obtained at each sampling throughout the period, May 25 to September 12 

(Table 12) was plotted on a graph (Fig. 63) along with total larval 

counts for l• slossonae and~· glabra combined. The total counts of 

the lees preferred prey, ~· grisea, are not included with those of the 

chironomid species since they were too law to significantly cause any 

change in the population fluctuations of the combined prey species. 

Basides, ~· grisea does not appear to be the normal food of the 

predators. 

On the graph, chironomids showed two peaks, one May - June and 

one August - September, and predators two peaks also, the first in June 

which coïncides with the chironomid peak, and the second in June -

August which does not (Fig. 63). 

There seems to be no adequate explanation ~or this incongruous 

behaviour of the predator populations with respect to prey populations 

save for the counts missed in site B on June 24 and 30 and in site 

A on July 21. Assuming that the counts missed would not significantly 

alter the pattern of distribution, from the graphs it would appear 

that each individual predator had in early June only about lt speci

mens to feed on, i.e. assuming the predatory ability was the same 

for all individuals. This low number of prey per prêdator would àt 

first sight appear insufficient to sustain the preàator species but 

as mentioned in a previous section, predators during this period 
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were mainly first-instar larvae which stage requires only low numbers 

of prey for survival. During the period July - August, each 

predator had less than half a prey to feed on at any one moment. 

Such a starvation diet would in all likelihood result in intense 

intra- and inter-specifie competition for prey, and oannibalism 

would also be resorted to. Also during tM_s period, the less 

preferred types of prey like ~· grisea larvae and pupae and crus

taces, would be attacked. These contentions appear to be borne wut 

as shown by the sudden fall in numbers of ~· grisea during this 

period (Figs. 60 - 62) and the drop to a low level of the predator 

populations in the middle of August, especially on August 17. Coin

aident with this fall in predator numbers was the rapid rise in prey 

population in August- September, followed by another rise in 

predator numbers which again resulted in a sudden decrease in prey 

populations. 

The population behaviour of the prey and predator speoies during 

the May - June period is a direct numerical response similar to that 

reported by Holling (1961) for small mammalian predators (cinereous 

shrew and deer meuse) on insecps (Neodiprion setifer (Geoffroy)). 

The predator population increases and decreases with an increase and a 

decrease respectively in the prey density. The June - August period, 

however, does not follow any known type of numerical response. It 

would appear to be an inverse numerical response like that reported 

by Morris ~ ~· (1958) for the spruce budworm and certain birds 

{magnotia, myrtle and black-throated green warblers) but in Morris 

!! !!'s example, the predator density was low when the prey density 

was high. The factors which caused the maintenance of Hgh preda tor 

de~y a great decrease in prey density, are not known. The most 
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probable explanation is that the predators have the ability to 

withstand hunger and starvation over long periods and can switch 

on to ether types of prey when in need. 

When the number of prey attacked per predator (Table 13) is 

plotted against the predator density, a hyperbolic curve is 

obtained (Fig. 64). This is aimilar to the laboratory findings of 

DeBach and Smith (1947) for the housefly ~ domestica Linnaeus 

attacked by the parasite Nasonia vitripennis (Walker). They found 

that the number of housefly puparia attacked per parasite decreased 

as the density of parasites increased, the rate of increase being 

most rapid at law prey densities. The same functional response to 

predator density has been obtained in laboratory experimenta for 

three other species of parasites, a chalcid, a braconid and an 

icheumonid (Holling, 1961), and tn nature by Miller (1959, 1960) 

for the parasites Apanteles fumiferanae Viereck and Glypta 

fumiferanae (Viereck) in the spruce foreste of New Brunswick. 
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As explained by Holling (1961), "the two components, exploitation 

and interference adequately explain those response curves the slopes 

of which decrease continuously as predator density rises". The 

exploitation component arises from competition by predators for the 

same resource. Consequently, as the density of predators increases 

the chance that any individual predator will discover a prey that has 

not already been discovered decreases. The interference component 

also arises from competition for the same resource and from co

habitation in the same environment and becomes progressively more 

important as predator density risee and contacts among predators 

become more frequent. A better knowledge and understanding of both 

the functional and numerical response of the predator population to 

changes in prey densty will be obtained if more is known about the 
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competition for food between predators. As it is, very little is 

known about this (Klomp, 1964, Holling, 1961). 

E. INTERSPECIFIC COMPETI'l'ION BETWEEN PALPOMYIA SLOOSONAE 

AND BEZZIA GLABRA 

l• slossonae and ~· glabra can be considered as ecological 

homologues according to the definition of De Bach and Sundby (1963) 

since both species, as far as can be determined, have identical 

ecological niches, and co-exist together in a habitat of specially 

identical ranges. From the distinctly different numbers obtained 

for early stages of the two species in 1964, it may be assumed that 

competitive displacement between these homologues, i.e. elimination 

of ~· glabra by l• slossonae bas been taking place. 

Competitive displacement between ecological homologues, known 

also as Gause•s Law and the Competitive Exclusion Principle, is 

defined and reviewed in detail by De Bach and Sundby (1963). The 

main points are: 

(1) Volterra (1926), Lotka (1932) and Haldane (1924) concluded 

from mathematical treatment of interspeoific competition that when 

two eoological homologues compete, one will be displaced or eliminated. 

This conclusion was conf'irmed by Gause (1934) whose experimenta on 
tl competition between Paramecium aurelia MUller and Paramecium caudatum 

Ehrenberg, led to the enunciation of Gause's Law. Crombie•s (1945, 

1946) experimenta with graminivorous inseots also oonf'irm the conclusion. 

(2) Gause•s Law or Hypothesis holds only under certain conditions. 

It does not hold when characters of the habitat are altered. Park 

{1945, 194S), for example, round that in the interspecific competition 
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between Triboliwn confuswn Duval and ! . castaneum (Herbst) the 

winner is not always the same species, competitive displacement 

being dependent on characteristics of the habitat, like temperature 

and enemies. utida's (1953) experimente with two species of 

bean weevils, Callosobruchus quadrimaculatus Fabricius and Q• 

chilensis Linnaeus, show that two species having the same food 

requirements can coexist indefinitely in the same habitat when their 

numbers are controlled b,y parasites or predators but one will 

eliminate the other without parasitism as in his experimenta where 

Q. quadrimaculatus in the absence of parasites completely eliminated 

chinensis by the fifth generation but coexisted indefinitely with 

the latter species when controlled by the parasitic pteromalid wasp 

Neocatolaccus mamezophagus which prefera equally the larvae or both 

host species. 

(3) The assumption is implicit in Gause's Law that two species 

however closely related and however similar in habits, have inherent 

biophysical differences which will favour one over the other in a 

particular situation. It is also assumed that L~igration of the 

weaker species does not occur. 

(4) Absolute food shortage is not neeessary for competitive 

displaeement to occur for tbree APhiJiS species for example (De Bach 

and Sundby, 1963) 

(5) In any paired interspecific competition, the species with the 

highest number of F1 progeny is the winner under unchanging con

ditions (De Bach and Sundby, 1963). 

Interspecific competition between l• slossonae and~· glabra 

appears to confirm the above points. It ie however not determinable 

from short term studies whether P. slossonae will ultimately eliminate -
~· glabra since the duration of their coexistence has not been 
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determined. It might appear from the f'indings of' Utida (1953) 

that l• slossonae and ~· glabra might coexist indefi~ly since 

both species are to some extent controlled by predators and 

possiblY parasites. From observations of' the samples collected, 

larvae of' one large species of' pelopiinid chironomid of' the genus 

Pentaneura, with large mandibles and large, bifid, prothoracic and 

anal pseudopode was occasionally seen to feed on larvae of' both 

l• slossonae and !!• glabra and other chironomid larvae. The 

number of this only carnivorous species of chironomid in the habitat 

was usually very low. Both l• slossonae and ~· glabra were observed 

to f'eed on this carnivorous chironomid so that there is a degree 

of mutual control in populations of these three predators. 

Parasites have not been observed in the ceratopogonid species 

studied, but Becker (1958) has recorded bacteria, ciliates and mites 

as parasites of Culicoides species. Epizooites were observed to 
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occur in large numbers on~· glabra larvae. Their exact identification 

has not been determined but from examination under the high-power 

microscope they appear to be ciliates close to the genus Zoothamium. 

The protozoan is tree-like and branching is dichotomous throughout, 

each branch terminating in a microzooid. The protozoa are usually 

round attached to the ends of the host, i.e. on the head, first and 

last segments of glabra larva. They do not appear to cause any harm, 

living apparently as commensals and benefiting through transport-

ation by the host. Whether phoresy here is 'ermanent or transitory is 

not known but more likely permanent sinoe they do not detach them

selves when treated with chemicals or heat. They may hcw1ever prove 

to be possible ectoparasites whioh could harm the insect host. Regu

lation of the host density by the protozoan could conceivably be a 



factor contributing to the degree of coexistence between ~· ~labra 

and l• slossonae. 



JI. CONCLŒIONS 

It may be concluded, from the sampling data, that ~· grisea, 

!!• glabra and l• slossonae show a similarity in population 

behaviour in two essentially dissimilar pond habitats. This 

suggests that the inter-relations between the component organisme 

of the pond community studied, are relatively uniform throughout and 

likely constitute a dynamically stable system. Confirmation of 

this can only be obtained through long-term studies • l'rom the 

number of eggs laid per batch per speoies, it is clear that the power of 

multiplication is great for these species but from the optimum 

population densities obtained for the species it is also clear that 

the meohanisms of control in these populations are effective. One 

of the most important regulating mechanisms noted is the food-cycle 

structure of the community. For these three species in the 

community food-supply and more significantly, predation, aoted as 

limiting factors, with reproductive limitation, fixed by heredity, 

also of great importance. other important factors , such as inter - and 

intra-specific competition, which were more variable, also acted as 

major controlling meohanisms (Klomp, 1964). 

It was found tha.t l• slossonae and ]• glabra are ecologioal 

homologues competing for the same natu:ral resouroes , but as the 

former species bas a bigher fecundity and higher F1 progeny, it is 

accord~y the stronger competitor (De Bach & Sundby, 1963), and 

from the data collected, appears to be in the process of eliminating 

~· glabra. However, a chironomid predator whioh acts on both tbese 

species and a suspected protozoan ectoparasite of ]• glabra, may prove 
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to be the regulating factors that allow these two species to 

coexist indefinitely {cr. Utida, 1953). Also chironomid larvae 

constitute the main food source of the two ceratopogonid predators 

except during the period late June to August when alternative food 

sources must be availabie to prevent the elimination of the pre

dators. The only proven prey, ~· grisea, however, does not appear 
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to occur in sufficiently high numbers to maintain the predator species 

through this period. The high numbers of the predators during June -

August must then be explained by some other factors; e.g. possibl7 

the abilit7 of the predators to withstand hunger which, laborato~ 

experimenta show 1 is considerable 1 or survi val of the predators 

through cannibalism which, however, appears to be limited. 

The emergence pattern of the two ceratopogonid predators is 

seasonal and that of the prey, 12• g;:isea, rh7thmic, but emergence in 

both t7pes involves the phenomenon of synchronization. Synchroni

zation of emergence bas not been looked upon as an important factor 

in the regulation of population numbers. The writer wishes to suggest 

that it might be of ver7 great importance and implication. Corbet 

{1964) has considered and cited sorne of the more evident consequences 

of restricted emergence and has pointed out indirectly the effect of 

(i) seasonal position of the emergence period and (ii} the syn

chronization of emergence within the emergence period, on population 

num.bers. 

The seasonal position of the emergence period will determine the 

physical and biotic environment that adults encounter sinoe tem-

perature and duration of da71 night and twilight on the one hand will 

affect the type and pattern of adult activities, and the coincident pJ.ants 

will be available for emergence supports, shelter or sites for swarming, 



oviposition and the demarcation of territories, on the other band 

(Corbet, loc. cit.). In the latter also, the coïncident animals 

will determine the amo~t of predation or parasitism which occurs, 

the den~y of interspecific competition for available shared 

resources, and for species poor in sexual recognition, the influence 

they have on frequency of abortive sexual interaction or inter

specifie crossing. 

Synchronisation of emergence within the emergence period has 

consequences which increase both survival and mortality, and might 

prove to be of selective and adaptive value in several ways (Corbet, 

1964). llhythmic emergence, for example, might tend to become es

tablished in a population from time to time simply because indivi

duals carrying a gene whioh tied emergence to a certain moon phase 

would mate with each other more often than with others not so endowed. 

In other words, the adaptive value of synchronisation resides in the 

g.reater opportunities for mating which it provides. Synohronization 

is therefore expected to be developed beat in insects whose adults 

are short-lived and spatially dispersed. Coïncidence of the sexes, 

especially in these rare and short-lived species is necessary if 

reproductive potential is to be realized. In the Ceratopogonidae 

Downes {1955) bas suggested that swarming is a means of bringing 

dispersed males and females into close proximity and, if the markers 

are specifie, functions as an isolating mechanism. But, intra

specific encounters, leading to dispersal or interference with 
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mating and oviposition, can provide a homeostatic deviee which limita 

population size (Corbet, loc.cit.) Wynne-Edwards (1962) has suggested 

that aggregation before reproduction is a deviee wHëh presents an 

arena for intra-specific competition, resulting in the consequent 



dispersal of the less sueeessful individuals. An example of 

this has been found in the dragonfly Libellula quadrimaculata by 

Frankel (19.32). 

Synehronization of emergence, depend.ing on the environment, 

may inerease or reduee predation. For example, J.Wartin (1895) and 

Lyon (1915) found that mass emergence of gomphid dragonflies along 

a river bank may attraet large numbers of non-territorial birds to 

feed on them, and Corbet (1957) found that where a pair of birds 

suceessfully defends a territory whioh includes an emergence site, 

mass emergence reduces mortality when more individuals emerge than 

ean be eaten in a single day. 
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Population ecologiste belong primarily to two opposing sehoolsa 

one holds the view that there is a real regulation of numbers by 

feed-baok meehanisms and the ether that such meehanisms are not in 

operation but that numbers fluotuate between relatively narrow limita 

because of the ever-ehanging influence of one or more (or a complex of) 

environmental factors. Essentially this means that population regu

lation is due to either seme factors intrinsie and inherent in ani-

mals populations or to external environmental factors. It would appear 

that both schools o~ thought are neeessarily correct since the one 

is intimately related with the ether. From teleological and evolution

ary considerations, this would be so since the environment first 

existed before organisme arose to occupy it. Therefore logically 

speaking, organisms after having arisen must adapt themselves to the 

limitations of the environment in order to maintain and perpetuate 

themselves. Environmental factors therefore control the behaviour of 

animal populations. But through adaptation and natural selection 

animal populations gradually become less affected by environmental 
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factors as they acquire genitic and physiological mechanisms to 

overcome their ever-changing influence, so that their behaviour 

becomes less affected by changes in the environment. The influence 

of the environment on the behaviour of animals becomes increasingly 

smaller as animals become more and more highly evolved. In man, 

control of his behaviour by environmental factors is overcome by his 

ingenuity. 

In insects, however, population behaviour is largely influenced 

by environmental factors as we have seen in the considerations of 

the patterns of emergence in aquatic insects. Synchronization of 

emergence is a consequenee of the necessity for short-lived, rare 

species to encounter one another so that coïncidence of the sexes 
• brings about fruitful mating and thus increases reproductive potential. 

But on the other hand, it acts as a homeostatic deviee in limiting 

population size by encouraging dispersal or interference with mating 

and oviposition. Furthermore it is of adap~ive value in the regu-

lation of predation and density by having consequences which increase 

both survival and mortality. In non-aquatic insects and other animals 

other types of mechanisms influenced by environmental factors might 

be operating to regulate population numbers (Klomp, 1964). 

In the present study it is interesting to note th~t in the predator 

species, ~· glabra and l• slossonae, a large percentage of adults 

emerging synchronously in spring (early June) had spent their last 

winter in the final larval instar which they had entered the previous 

autumn. ! small percentage however had spent the winter in the 

penultimate instar and these entered the final instar before June 

so that they spent only about 45 days instead of nine months in the 

final instar. This second group emerged later (July - August) and 



showed poor synchronization. The pattern of behaviour in both 

species seems to SUgqest that the occurrence of two emergence 

periods instead of one per year is related to a shirt from more 

to lees prolifie genotypes in the population and vice versa, in

dueed by an inerease in density. Such behaviour would then oon

stitute regulation through a genetic feed-back mechanism (for 

detailed informatbn see Pimentel, 1961; Wellington, 1957, 1960). 

In the final analysis, animal populations appear to be 

regulated by a set of very complex factors operating independently 

or in groups, and only a quantitative study involving all branches 

of biological sçience of species living in a community or, better 

in an eoosystem, oan provide an understanding of the factors and 

mechanisms that bring about regulation. Detailed studies on single 

species only provide information on the particular species. 

Information on the interrelations among individuals of the same 

community and of the ecosystem can only be obtained from studies of 
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all species involved. But this would require the joint cooperation and 

effort of many scientists. 



SUMMARY 

I. SYSTEMA.TICS 

1) A thorough treatment of the systematics of the subfamily 

Forcipomyiinae based on all available knowledge of the group is 

presented for the first time, and the classification of the group 

revised; a detailed diagnosis of the subfamily Forcipomyiinae is 

given and keys to the genera, subgenera for all stages are created 

for the first time. 

2) Eighteen species of Forcipomyiinae of which 16 are described 

as new are treated from a morphological and systematic point of 

view. 

3) The typological-morphological species concept, used as a 

practical taxonomie basis in previous descriptions, is discussed 

and considered to be inconsistant with the theory of evolution and 

obsolete in the light of modern taxonomie applications. 

4) The weaknesses of previous taxonomie approaches to the 

Ceratopogonidae are pointed out. Improvements of these are im

plemented by (i) describing avery species in all stages, (ii) 

erecting new terminologies far detailed quantitative measurements 

of all taxonomie characters of immature stages, giving the mean, 

standard deviation and standard error for a reasonably large number 

of specimens measured in all stages, and (iii) giving well-illustrated 

figures of all important taxonomie characters of all stages. Non

morphological characters are considered to be of equal taxonomie value 

as morphological ones and are proposed for inclusion in all future 

taxonomie descriptions. 

The quantitative approach is adopted as it has the following 
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advantages over the hitherto largely qualitative approach: 

(i) it is scientifically accurate and precise and removes am

biguity almost invariably encountered in a qualitative treatment, 

(ii) it enables the collection of data that would ultimately lend 

itself to the separation of sibling species by the discriminant 

function, (iii) it provides a means whereby systematic relation

ships between species can be determined. 

5) Confusion in the use of terminologies with particular 

reference to male genitalia, and of exact measurement of taxo

nomie characters, is clarified. 

6) The systematic position of Thyridomzia and&trichopogon 

in relation to a new species of Thzyidom:yia, is discussed from 

considerations or morphological characters in the Forcipomyiinae. 

7) The geographical distribution or the Forcipomyiinae is 

compiled and presented for the first time and the Oriental Region 

is found to be the most likely centre of evolution and radiation 

of the group. 

8) The phylogeny of the Forcipomyiinae is presented for the 

first time and considered primarily (not exclusively) from male 

genitalic structures and comparative morphology of all stages. 

Primitive and advanced characters of the family Ceratopogonidae 

are discussed, and phylogenetic relationships between all genera 

and subgenera of the Forcipomyiinae, given. A dendogram showing 

the phylogeny of te Forcipomyiinae and figures showing the evo

lutionaiy trends in claspette development within the family 

Ceratopogonidae are given. 

The genus Atrichopogon is shawn to be the living prototype 

of all Oeratopogonidae despite its many advanced features. 
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II. ECOLOGY 

1) A quantitative eeo1ogical study of the life histor,y of 

three aquatic speeies of ceratopogonids, Palpomyia slossonae 

(Coqu11lett), Bezzia glabra (Coq.) and Dasyhelea grisea (C~) 

is given for the first time. Studies were carried out in a 

pond at Morgan Arboretum, Macdonald Collage, Quebec. 

2) The experimental plot, sampling procedure, sample unit 

size and the timing of sampling are discussed and given. 

3) Sampling was carried out from May to September, 1964, in 

two sites, A and Ba thrice weekly during May- June; once 

weekly thereafter. At each sampling, twenty 1.41 cc. of algae 

samp1es were collected and examined under the binocular micro

scope for al1 stages of midge and chironomid species. It took 

two parsons 20 minutes each to examine and count specimens per 

1.41 cc. sample. 

4) Egg masses and early larval instars were reared in the 

laboratory and their life cycle and habits noted. Chironomid 

larvae, colleoted twice to three times a week and reared in the 

1aboratory on blanket algae, served as food for the ceratopogonid 

predators. 

5) The seasonal distribution of~· slossonae, ~· glabra and 

~· grisea was found to be basically similar in both sites A and 

B, thua showing structural composition of the pond to be 

general1y homogeneous. 
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The two predator species, l• slossonae and~· glabra,have one 

generation per year, overwintering mainly in the last larval stage 

and emerging as adulte in May - June and July - August. ~· grisea 

on the other hand, has three generations per year, overwintering 
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mainl;r in the second-, third- and fourth-instar larval stage. 

l• slossonae has a higher fecundit;r than ~· glab:t:a, the former 

la;ring about 300 eggs per batch on the average and the latter about 

200. Eggs are laid a few days after adult emergence in ~ and 

hatch a few da;rs following oviposition. The duration of each 

larval instar is about a month for both species. Pupae of l• 
slossonae last 3.9 da;rs and those of ~· glabra 2.3 da;rs. 

12. grisea eggs per batch average 72. The;r hatch a few da.;rs 

following oviposition. Each larval stage lasts about a week and 

the pupa lasts 2f days. Each generation thus lasts appraximatel;r 

one month. 

6) Two temporal patterns of adult emergence were observeda 

seasonal (!• slossonae and~· glabra) and rh;rthmic (12• grisea). 

The significance of these emergence patterns in population regulation, 

espeeial~ with regard to synchronisation, is discussed. The type 

of emergence curves was round to be important in the classification 

of aquatic Ceratopogonidae. 

7) Predator-pre;r interaction and interspecific competition between 

l• slossonae and ~· glabra are discussed. The two predator midges 

feed on all chironomid species in the pond (including a predator 

chironomid of the genus Pentaneura wbich feed on both midge predator 

species) and also on 12• grisea, but they prefer chironomids to 

12• grisea. During starvation both species exhibit cannibalism and 

mutual interspecific predation. 

The total amount of food available to the midge predators 

appeared inadequate throughout the sampling period. The survival 

of both species must be attributed to their abilit;r to withstand 

hunger, to cannibalism, or their using food substitutes. As the 



fecundity of ~· slossonae is higher than that of E.• glabra, inter

specifie competition should, according to De Bach & Sundby (1963), 

result in the eventual extermination of the latter species. The 

presence of a pelopiinid predator, Pentaneura sp., fee ding on ~· 

slossonae and E.• glabra (and also D. grisee. and other chironomids) 

could conceivably account for the successful coexistence of the 

predators in the pond (cf. Ul:;ida, 1953). 

III. TThE SPE1TT ON PROJECT MŒ ORIGINALITY OF TEESIS 

The present study involved a considerable a.mount of ti:me and 

concentration. In the course of this study, the author has spent 

s.bout 7,000 hours (i.e. !lppro:x:imately 10 hours a day, including 

Saturda.y and Sunday) over a. period of about 2ta years, in reading 

literature, collecting specimens, rearing, maintaining and measuring 

the~, counting samples and dra.wing figures and, in addition, another 

800 hours have been contributed by an assistant who helped to colle ct, 

examine and count sample s from :May to September, 1964. This 

represents the equivalent of four persans working a normal 40-hour 

week over a period of one year. 

This study is believed to be original in that the systematics 

of the Forcipomyiina.e have hitherto not been examined critically on 

the ba.sis of systematic principles. The present systematic trea.tment, 

in the opinion of the writer~ constitutes an important, essential, 

pre liminary step towards further rapid progress in the systematics of 

the group. The present quantitative ecological stuè.y is also orisinal 

end similarly constitutes a prelimina.ry step towards life-table 

studies on biting midges and a better understanding of the mechanisms 

of regulation of insect populations. 
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TABLES 

In the following tables, 14- 3l,all meaaurements 

were made under high power where 1 unit : 0.00345 mm. 

except the following which were made under low power where 

1 unit : 0.015 mm. 

1. LARVA -
Whole Larva 

Body length (L) 
Width (W) 
Depth (D) 

2. ~ 

a) Whole Pupa 
L 
w 
Cph/Abd. 

b) Cephalothorax 
L/W 
Hd/Th 

3. !12Y!Œ 

Dorsal a. 
Ventral a. 

a) Whole insect 
Body length (L) 

b) Thorax 
L 
w 

CR. 
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Table l4a.. 

ProforcipoJqia clara n. sp. - Measurements of key characters for single 
fourth-instar larva • 

. 
CHARACTER ORIGINAL* CA.LCULATED 

WHO LE Body length (L) 184 2.76 mm. 
LARVA Width(W)/Depth(D) 18/19 0.95 

~----------· -----~---------~------------ t-----.--~-- ... -· -------------
BR (L/D) 75/48 1.56 

Lateral View OH/v 42/24 1.75 
qt/ts/sq 20/17/37 1.18/l/2.18 

HEAD L/W 45/45 1.00 
tt/ant 13/35 0.37 
qq/eyes 15/37 0.41 

Ventral View qq/ss 15/44 0.34 
AR (I/W) 44/5 8.80 
s ~:D'il/Tub~ 15/2 7.50 
a :D'il/Tub 18/2 9.00 
pp/ant 26/35 0.74 

,, ----~----- ~------~-------------------- ----------- ----.............. __ 

Ant. pseud. I/W/D 41/29/20 2.05/1.95/l 
THORAX 

Proth. setae a (:D'il/Tub~ 20/5 4.00 
b (:PU/Tub 17/3 5.67 

* The original measurements are given as other ratios and exact calcu
lations can be obtained from these. 
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Table 14b. 

Prof'orciponwia clara n. sp. - Measurements of' key characters f'or single male and :female pupa. 

FemsJ.e Male 
CHARAOTER 

Original Calculated OriginaJ. Calculated 

WH OLE L 134 2.01 mm. 132 1.98 mm. 
w 32 0.48 mm. 31.5 0.47 mm. PUPA Cph/Abd 51/98 0.52 57/94 0.61 

L/W 51/32 1.59 57/31.5 1.81 

Hd/th Dorsal a. 6.5/36.5 0.18 8/36.5 0.22 
Ventral a. 21/46 0.46 22/49 0.45 

CEP HALO- 1 

THORAX L/W 48/25 1.92 43/18 2.39 
Tri/W 35/5 7.00 34/40 8.50 1 

Resp. Horn Tri/HL 35/48 0.73 34/43 0.79 
No. sp. pap. 
{upper & lower palisades) 

22+36 22+36 11+22 11+22 

3rd segt (I/W/D) 12.5/22/21 0.60/1.05/1 11.5/21/17 0.68/1.24/1 

Last segt (I/W/D) 45/42/34 
ABDOMEN 

1.32/1.24/1 36/41/32 1.13/1.28/1 

Term. proc. {L/W/D) 39/20/12 3.25/1.67/1 62/18/15 4.13/1.20/1 

Sex. proc. (L/W/D) - - 15/15/6 2.50/2.50/1 

f) 
\,() 



Table 14c. 

Proforcipo:m;yia clara n. sp. - Measurements of key characters for 
single adul t male. 

CHARACTER ORIGINAL CALCULA.TED 

WHOLE INSECT Pody length (L) 105 1.58 mm. 

Prob/Hd 49/67 0.1'3 
HEAD AR 105/10~ 1.02 

PR 25/6.5 ~.85 

Fore TR ~7.5/~5.5 1.06 

Legs Mid TR 25/44.5 0.56 
Hind TR ~4/46 0.74 
Tib. epines .8 8 

THO BAX 
L 64 0.96 mm. 
w 20 o.~ mm. 
CR 28/64 0.44 

Wing vLR 67/64/140 1.05/1/2.19 
rs/r1 5~/~8.5 1.~8 

RR 14/28 0.50 

"3+1ct;. 85/~5 2.43 

9th stem. ~2/38 0.84 
9th trg. 18/~8 0.47 

L/W :&nr 27/16 1.69 
ABDOMEN Tmr 20/4.5 4.44 
(GENITALIA) Aed 14.5/19 0.76 

Clap (b/c/b) 11/8/11 1.38/1/1.~ 
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Table l4d. 

Proforcipomyia clara n. sp. - Measurements of key characters for 
single adul t female. 

CHARACTER ORIGINAL CALCULATED 

WHOLE INSECT Body length (L) 88 1.32 mm. 

Prob/Hd 37/65 0.57 
HEAD AR 77/67 1.15 

PR 19/7 2.71 

Fore TR 37/22 1.68 

Legs Mid TR 32/25 1.28 
Hind TR 35/30 1.17 
Tib. epines 7 7 

THO BAX 

L 52 0.78 mm: 
w 24 0.36 mm. 
CR 22.5/52 0.43 

Wing vLR 50/45/112 1.11/1/2.49 
rs/r1 75/40 1.88 
RR 27/21 1.29 
~+4/~ 75/38 1.97 

Smal1er L 17 58.65}1 

spmth w 12.5 43.13}1 
ABDOMEN 

Larger L 20 69.00)1 

spmth w 15 51.75}1 
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Table 15a. 

Proforcipomocia pennielopgata n. sp. - Measurements of key characters 
for single fourth-instar larva. 

CBARACTER ORIGINAL CALCULATED 

WH OLE Body length 210 3.15 mm. 
LARVA Width(W)/Depth(D) 17/17 1.00 

BR (L/D) 88/55 1.60 
Lateral View OH/v 47/32 1.47 

pq/tq/pt 21/18.5/40 1.14/1/2.16 

HEAD L/W 63/62 1.02 
tt/ant 14/31.5 0.44 
qq/eyes 12/42 0.29 

Ventral View qq/ss 12/43 0.28 
AR (L/W) 58/13 4.46 
:1 (Fil/1'u.b ~ 17/3 5.67 
s (F11/1'u.b 24/1.5 16.00 
pp/ant 33/31.5 1.05 

Ant. pseud. L/W/D 55/34/40 1.62/1/1.18 

THORAX 

Proth. setae a ~Fil/Tub) 26/4 6.50 
b Fil/Tub) 21/2 10.50 
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Table 15b. 

ProforcipOJl\'fia pennielonga.ta n. sp. - Measurements of key chara.cters for one female and three male pupae. 

Female Male 
Char acter -Original Cal cul.ated 1 2 3 x 

WHO LE L 172 2.58 mm. 175 179 177 2.66 mm. 
w 40 0.60 mm. 42 42 42 0.63 mm. PUPA Cpb/Abd 64/133 0.48 70/134 74/134 73/134 0.54 

L/W 64/40 1.60 70/42 74/42 73/42 1.72 

Hd/th Dorsal a 5/46 0.11 6/47 7/49 8/49 0.15 
CEP HALO-

Ventral a 21/60 0.35 26/64 26/66 25/65 0.40 
THORAX 

L/W 55/35 1.57 53/36 55/34 55/34 1.57 
TrL/W 42.5/6 7.08 39.5/6 40/6 40/6 6.64 

Resp. TrL/HL 42.5/55 0.77 39.5/53 40/55 40/55 0.73 
Horn No. sp. pap. 22+36 22+36 23+42 23+38 23+38 23+39 

(upper & lower 
pa.lisad.es) 

3rd segt (L/W/D) 15/26.5/24 1/1.77/1.60 14.5/25/25 14/26/26 15/26.5/24 1/1.78/1.73 
ABDOMEN Last segt (L/W/D) 60/54/45 1.33/1.20/1 51.5/52/48 58/53/44 57/53/44 1.22/1.16/1 

Term. proc. (L/W/D) 67/24/16 4.19/1.50/1 93/23/19 95/25/18 95/24.5/20 4.97/1.28/1 
Sex. proc. (L/W/D) - - 19/18/6 19/20/7.5 19/19/6 2.96/2.95/1 

~ 

.+:-_, 

- ( ~x ) x - mean ----n 
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Table 15c. 

Prgforcipomocia pennielopgata n. sp. - Measurements of key characters 
for single adult male. 

CHARACTER ORIGINAL CALCULATED 

WHOLE INSECT Body length (L) 120 1.80 mm. 

Prob/Hd 53.5/74 0.72 
HEAD AR 112/123 0.92 

PR 28/6 4.67 

Fore TR 44/40 1.10 

Legs Mid TR 22.5/51 0.44 
Hind TR 41/56 0.73 
Tib. spines 7 7 

THORAX 
L 72 1.08 mm. 
w 23 0.35 mm. 
CR 30/72 0.42 

Wing vLR 75/70/156 1.07/1/2.23 
rs/r1 61/40 1.53 
RR 14/34 0.41 

~+~~ 99/41 2.42 

9th stern. 23/40 0.58 
9th trg. 30/40 0.75 

L/W Bmr 37/21 1.76 
ABDOMEN" Tmr 28/5 5.60 
(GENTALIA) Aed 29/19 1.53 

Clsp (b/c/b) 15/5/15 3.00/1/3.00 
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Table 15d. 

Proforcipomria pennielongata n. sp. - Measurements of key characters 
for single adult female. 

CBABACTER ORIGINAL CALCULATED 

AR 142/129 1.10 
HEAD PR 40/10.5 3.81 

Palpal segts. 12:13:40:21:13 -

Leg Hind TR 72/72 1.00 

THORAX 
L 94 1.02 nun. 
w 39 0.42 nun. 
CR 50/94 0.53 

Wing vLR 22.5/20/45 1.13/1/2.25 
rs/r1 28.5/18 1.58 
RR 7.5/15 0.50 

~+~~ 31/16 1.94 

SmaJ.J.er L 25.5 54.2~ 

spmth w 20 42.55,u 
ABDOMEN 

Larger L 32 68.09}1 

spmth w 27 57 .23}1 
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Table 16a. 

Forcipolit}Tia (Forcipom.ria) bikanni n. sp. - Measurements of key characters 
for single fourth-instar larva. 

CHARACTER ORIGINAL CALCULATED 

WHO LE Body length (L) 280 4.20 mm. 
LARVA Width(W)/Depth(D) 34.5/34.5 1.00 

BR (I/D) 144/95 1.52 
Lateral View OB/v 68/61 1.12 

qt/ts/sq 40/57/38 1.05/1.50/1 

HEAD 

J./W 95/105 0.48 
tt/aut 34/70 0.49 
qq/eyes 21/89 0.24 

Ventral View qq/ss 21/96 0.22 
AR (I/W) 43/18 2.39 
.9. ~Fil/Tub) 38/5 7.60 
s Fil/Tub) 40/2 20.00 
Ëye (Ht/W) 3/10 0.30 

/ 

Ant. pseud. J./W/D 73/88/35 2.09/2.51/1 

THORAX 

Proth. setae a ~Fil/Tub) 39"/lf. 9.75 
b Fil/Tub) 65/3 21.67 
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Table 16b. 

Forcipol!lYia (Forcipo&ia) bikanni n. sp. - l.'l'Ieasurements of key characters for single mal.e and :f'e:IIfa.le pupa. 

CHARACTER Femal.e Mal.e 

Original CalcuJ.ated Origilla.l Calculated 

WH OLE L 145 2.18 mm. 220 3.30 mm. 
w 68 1.02 mm. 69 1.04 mm. 

PUPA Cph/Abd 119/177 0.67 97/155 0.63 

L/W 119/68 1.75 97/68 1.43 

Hd/th Dorsal a 23/65 0.35 18/62 0.29 
Ventral a 64/108 0.59 40/84 0.48 

CEP HALO-
THORAX L/W 73/30 2.43 69/29 2.38 

Resp. Horn TrL/W 73/10 7.30 69/10 6.90 
Tri/HL 73/73 1.00 69/69 1.00 
No. sp. pap. 18 18 20 20 

3rd segt (I/W/D) 28/50/58 l/1.79/2.07 20/44/35 l/2.20/1.75 

Last segt (L/W/D) 14/21/22 0.67/l/1.05 - -
ABDOMEN 

Te:rm. proc. (L/VI/D) 25/12/12 2.08/1/1.00 73/23/30 3.17/1/1.30 

Sex. proc. (L/W/D) - - 16/20/12 1.33/1.67/1 

+-...... 
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Table 16c. 

ForcipoNia (Forcipo!!G"ia) bikanni n. sp. - Measurements of' key chara.cters f'or f'our adul t males. 

CHARACTER 1 2 3 4 x 

:~CT Body lengtb (L) 125 141 145 135 2.04 mm. 

Prob/Hd 60/105 49/100 54/90 56/90 0.57 
HEAD AR 109/109 115/117 126/117 11~115 1.01 

PR 24.5/8 27/8 28/8 26/8 3.30 

Fore TR 29/35 41/41 43/40 38/40 0.96 
Legs Mid TR 35/45 37/51 39.5/52 36/50 0.75 

Eind TR 40/54 40/56 41/61 39/56 0.71 
Tib. epines 8 9 8 9 8.50 

THORAX 
L 62 66 71 65 0.99 mm. 
W 21 24 24 23 0.35 mm. 
CR 26.5/62 28/66 30.5/71 28/65 0.43 

Wing vLR 80/70/130 f:R/77/143 89/80/151 82/70/137 1.13/1/1.89 
rs/r1 40/25 40/22 46/33 43/28 1.59 
RR 18/15 14/18 17/20 15/18 0.92 
ln;+/~ 91/46 100/48 100/50 96/47 2.03 

9th stern. 26/48 22/50 20/50 21/50 0.45 
ABDOMEN 9th trg. 33/48 31/50 30/50 28/50 o. 62 
(GENITALIA) L/W lm: 41/21 44/21 43/23 40/20 1.98 

T.mr 33/6 35.5/6 33/6 35/6.5 5.58 
Aed 20/31 20/29 20/30 22/33 0.67 

L-------~------------------------ -::; 
00 



.mOLE 
IH.3ECT 

HŒAD 

THORAX 

ABDOHEN 

CtiAil.AC T'~R 

Body (L) 

Prob/Hd. 
AR 
PR 

Fore TR 

1 

l'ad 'l'H 1 

1 

LEGS Hind. TR. 1 

Tib. sp:mes1 

CR 
~iilliG v.LR 

rs/r1 
R.R 
m3+h/cu1 

8ma11Ar L 
Spmth. 1rl 

L 
Spmth. W 

1 

120 

70_/89 
75/109 
27/10 

43/35 
44/hô 
48/56 

8 

TABLE 16d 

Forcipomyia (Forcipomyia) bikanni n.sp. - Heasurement of key 
characters for 10 adu1t fema1es 

2 

136 

51/87 
8]/104 1 

25/11 

43/34 
46/49 
48/61 

8 

3 1 4 
134 1 150 

51/87 
65/96 
25/10 

43/35 
40/43 
43/53 

8 

55/8 
82/11Ô 1 

27/10 . 

49/40 
44/50 
49/55 

9 

123 

46/80 
63/100 

22 •. 5/9 . 
1 

42/33 1 

40/42.5 ' 
4h/51 

8 

6 

120 

1.~5/00 
75/122 1 

28/10.5 1 

46/37 
46/49 

49/55.5 
8 

7 

49/85 
74/100 
28/10 

48/36 
h6/L8 
50/56 
10 

ô 1 

115 

45/85 
63/95 
25/10 

43/34 
42/4ü 
h0/50 

8 

9 

133 

48/86 
73/105 
25/9 

43/34 
lü/44 
46/53 

8 

10 

117 

47/84 
70/102 
25/9 

42/32 
40/42 
44/51 

9 

71.5 65 i 72 : 62.5 69 70 64 65 
31.5 29 1 33 1 27 31 31 1 29 28 29 

33/71.5 25/55 30/65 1 33/72 . 28/62;5 32/69 31/70 30/65 2B/64 31/65 
88/73/145 2$/22.5/.39 <32/68/1331 85/75/lhO 78/68/132 Ül/70/138 82/75/140 78/70/126 78/70/1~ 61/72/12é 

55/36 17/11.5 50/32 64/39 50/30 60/40 52/34 55/36 4ô/JO 58/38 
25/22 7/6.5 17/22 1 27/24 21/17.5\ 28/22 20/23 21/23.5 23/20 19/27 

113/64 37 .)/20 10!~/60 125/68 100.56 l 110/60 112/64 112/59 110/60 113/62 

28 
21.5 

36 
25 

28 
22 

27 
20 

36 
23.5 

34 
20 

42 
28 

19 

36 
25 

30 
20 

43 
27 

28 
20 

41 
27 

2Lr 

34 
22 

27 
18 

40 
26 

• 

30 
20 

42 
26 

-x 

0.59 
0.69 

1. 
0.94 
o.G5 
8.40 

0.99mm. 
0 .43:m..1:t. 
0.46 

1.14/1/1.861 
1.56 
1.02 
1.81 

133.86 fi
G8.15p 



0 
(\J 
..::r 

1-JHOLE 
LA~WA 

!EAD 

-----

THORAX 

CHARACTSR 

Body 1ength(L) 
\·Jid th (H) /Dlepth (D 

Lat- ER(L/D) 
eral OH/V 
View qt/ts/sq 

1/W 
-H:/ant 

Ven- qq/eyes 
;~al qq/ss 
hew AR(L/V!) 

·~'(Ii1/Tub) 
's'(Fi1/Tub) 

(Ht/i:J) 

Ant. 
1/i:J/D pœud. 

Proth. a(Fi1/Tm) 
setae ~(Fi1/fub) 

• 

1 

250 
26/30 

138/Ch 
GS/54 

38fiû/18.5 

C2/C1 
27/64 
19/75 
19/75 
36/14 
34/4 
17/1.5 
L~/9 

73)+ 7/25 

34/4 
65/5 

TABLE l7a 

Porcipomyia (Forcipomyia) bipunctatapropinqua n.sp - Beasurements of key 
characters for 10 fourth-instar 1arvae 

SPECIHEN NO. 

2 3 L~ 5 6 7 8 9 10 

272 300 280 318 25l.l 300 305 275 263 
29/29 32/30 37/33 35/33 32/31 36/34 37/35 37.5/35 33/31 

141/135 146/27 146/87 155/89 Ü!0/82 154/80 153/SG 150/05 145/85 
62/35 71/58 6C/6o 71/61 70/54 71/61 72/61 69/6o 68/56 

39/h0/23 42/45/22 43/l.d/26 41/47/24 3~/!J0/22 41/q.3/25 3C)/45/26 42/41/24 h0/46/23 

83/83 91/90 91.5/89 Ü9/93 86/90 90/94 92/98 Bh/91 67/90 
28/65 31/65 30/65 31/64 28/6o 31/66 31/66 30/65 29/64 
20/75 10/81 20.5/Cl 20/79 18/78 21/80 21/84 20/79 18/78 
20/78 78/80 20.5/C6 20/04 1C/81 21/85 21/88 20/83 18/83 

35/13.5 Jt>/13 36/14 37/14 24/12 37/1lJ 36/12 35i14 36/14 
33/4 33/4 34/4 34/4 34/4 39/4 31/4 33/4 43/4 

17/1.5 19/1.5 16/1.2 18/1.5 17/1.5 21/2 17/1.5 19/1.5 21/1.5 
3/8 3/8 2.5/9 2.5/8 2/8 3~5/10 2/8 2.5/9 2.3/8 

81/56/40 73/SS/28 73/55/30 65/57/32 72/SS/27 06/55/32 S0/58/30 75/SS/28 84/55/30 

32/4 34/4 32/4 35/4.2 32/4 34/4 36/4 31/4.5 35/h 
68/5 61/5 65/5 65/5 6o/h.5 67/5.5 61/5.5 65/5 68/5.2 

x Q S-x 

4.26mm. O.J3mm. 0.1lmm. 
1.05 o.o;:; 0.02 

1.71 o.o4 0.01 
1.19 o.os 0.02 

1.74/L)Vr1· o. 15/Q .. 2:J /1 o.o5;o.o6;o.32 

0.98 o.o5 o.o2 
o.46 0.02 0•01 
0.25 0.02 o.o1 
0.24 o.o1 O.OOh 
2 .. 59 0,.25 o.oe 

1 

G. 70 0.88 0.28 
12.05 1.09 0.34 

0.32 o.o6 o.o2 

2.61/1.83/l 0.24/~8/-t o.oa;o.o6;o.32 

8.22 o.57 0.18 
12 • o.46 0.15 



-

r
C\J 
..::t 

;JHOLE 
PUPA 

c::?EALO 
Tl-lüllll.X 

i\KiOE':N 

CHAnAC TER 

~~~~~~ 

1 
vJ 
Cph/Abd. 

L/W 

IId/Th. 
Dorsal a. 

a. 

L/l'l 
Res p. 'rrL/ItJ 
Horn 'I'rL/HL 

i·Jo sp.pap. 

(L/vJ/D) 
• (L/Iv) 

Term. proc. (1/~l/D) 

1 2 
f---

1 

165 169 
47 41 

1 
81/114 75/113 

81/47 75/hl 
1 

12/46 12/45 
31/71 1 25/62 

40/18 39/18 
40/3.5 39/3.5 
40/l+O 39/39 

26 

1)/21/25 14/26/25 
18/18 113/21 

82/22/28 79/22/24 

TABLi!: 17b 

Forcipomyia (Forcipomyia) bipunctatapropinqua n.sp. - JIJ:easurements of key 
characters for 10 male pupae 

smcn:EN :;~o. 

3 4 5 6 7 8 9 10 x 

-· 

172 145 170 173 172 180 149 2.4Brrnn. 
40 38 40 42 lü 45 36 37 o.6lrrnn. 

75/1121 69/104~ 70/120 75/126 73/126 88/124 65/94 67/119 0.64 
~~~~~~~~ ~~~.. --------- ------------------

75/40 69/38 70/40 75/42 73/41 88/45 65/36 67/37 1.81 

12/48 11/l.+O 12/42 12/47 10/1.17 16/52 11/40 12/l.i1 0.27 
25/63 24/59 25/62 27/57 1 27/63 29/66 23/52 25/58 o.LJ 

40/18 40/16 35/16 L~0/18.5 40/17 54/22 36/15 35/15 2.30 
40/3.5 39/3 3h/3 39/4 40/3.5 54/5 35/3 32/2.9 11.38 
40/l+O 39/40 34/35 39/40 40/40 54/54 35/36 32/35 0.98 

17 25 18 24 24 29 19 22.33 

115, l/24 13/25/22 15/23/23 16/29/25 15/25/25 15/31/27 .2/2h/25 16/28/27 1/1.79/1.75 
20/21 17/20 17/19 19/22 16/20 21/21 14/21 0.86 

75/22/21 71/22/24 70/22/23 75/25/24 69/22/23 75/22/24 66/19/21 66/21/21 3.33/1/1.07 

<( s-x 

O.l7rrnn. o.o5nnn. 
o.o5rrnn. 0 .02rmn. 
o.o6 0.02 

0.07 0.02 

0.03 0.01 
o.o3 o.o1 

0.13 o.o4 
o.82 0.26 
o.o3 o.o1 
ü.09 2.56 

1/0 • •. 9 0.32/0.07/0.06 
o. o.o3 

0.23/1/0.09 0,72/0.52/0.03 



CHARACTER 
l. 2 

L l6o 148 
~·,,'I~OLE w 39 L~O 
PUPA Cph./Abd. 69/109 70/10[ 

i 
IL/d 70/40 1 69/39 

Dorsal a. 1 12/41 10/42 
c··, ,··r' ' 1,0 prl/Th 1 27/58 25/61 • .J •• : ;._·'r:Jl .1 ·~ ' • Ventral a.: 
THORAX 

L/iv 39/16 .5 
TrL/IJ 40/3 39/4 

Horn 40/39 39/39 
Hc.sp.pap. 19 21 

-~~~· 

segt. (L/IjJ) 16/27/25 15/25/25 
.rJJDOl·L]] Last segt. (1/:J/D) 45/49/48 4L~/J.f9/50 

Term.proc.(L/H) 53/20/24 52/22/25 
----··------··--· 

Tl\..BLE l7c 

Forcipomyia (:F'orcipomyia) bipunctata2ropinqua n.sp. - 11easurements of key 
characters for 10 female pupae 

SPEClllliN NO. 1 
i 

3 4 5 6 7 
x 1 [; 9 10 

164 l6o 164 163 150 153 
1 

118 14 7 2.29mm. 
39 39 42 35 39 1 5 1 o.57mm. 

69/115 65/llC 6ô/112 66/113 61/105 65/106 57/18 64;10~ o.6l 

69/39 65/34 68/39 66/42+ ~1/35 65/39 57/35 64/351 1.71 i 

10/42 9/40 ll/40 e.5/44 9/42 9/42 8/37 1 9/39 0.23 
26/60 24/56 25/56 26/59 2C/56 25/56 24/50 . 25/58 0.45 

4ll/l8 37/17 36/16.5 33/16 36/lC 37/18 
1 

33/17 31/15., 2.14 
44/3.5 37/3 35/3.5 35/4 36/3.5 36/3 33/3 31/3 11.04 
44144 37/37 35/36 35/33 36/35 36/37 33/33 31/31 1.00 

23 19 17 21 23 20 21 20.50 

IlS, 7 /2L~ 15.9'26/2; J!.)/28/24 16/J0/25 15/28/27 1.6;27.5/27 12/24/20 14/26/26 l/1.52/1.66 
45/50/53 h6/51/:;o 47/S!J/49 52/52/52 lû ;r>r-, ;c•r-, 44/51/51 l. ";r:'o j"·o l/1.10/1.09 ;; c. /)(_ 4C: ..) ,; 

45/22/22 43/22/20 51/22/20 44/22/19 50/20/25 .39/23/22 4G/22/2l - 2 .. 19/l/1.02 
-----

(( Sx 

o.2lmm. 0.07mm. 
o.o4mm. 

1 
O.Olmm. 

o.o3 o.o1 

0.08 0.02 

o.o3 o.o1 
o.o3 0.01 

0.19 o.o6 
1.46 0.46 
0.03 o.o1 
1.8l.t 0.58 

l/0,10/0.03 0.32/0.03/0.0l 
1/0.35/0.35 O.,J2/0.l1/0.ll 
0.75/l/0.35 o.2l.t/O.J2/0.1l 



1 

TABU: 17d 

Forcipomyia (Forcipomyia) bipunctatapropingua n.sp. - Heasurements of key 
characters for 10 adu1t males 

2 3 4 1 5 6 7 ô 9 
x 

10 
s-x 

+----r------ +--~~---t-------t-----t-~ ~- ---t----t---~ -+~--~---+-----+- ~-~~ --+~-~ ~-~ -t----:-----tt-------t--------t 
.1101'' Tlody length(L) 162 1L1 147 164 173 164 170 1139 
II\~~:,l~CT 155 175 2.L6mm. o.2lrnm. o.07mm. 
+----1---~-----+-----t---~- ~----t--- ~-+------1~---t------+-------~ t------t--~~ ~~-~ ~--~ ~--~ +------t-----t--~~~~~ ~---~ ~-

62/93 68/99 75/103 67/lOO 64/90 75/100 60/100 68/97 o.67 o.o4 Prob/Hd. 
AH 

.5/99 
118/110 

26/7.5 

70/105 
1 1L1/122 
1 J0/8.5 PR 

123/108 126/117 132/123 116/117 116/115 140/117 128/113 137/120 1.10 o.o7 
27/8 27/8 28/9 26/8.5 27/8.5 30/9 27/8 27/8 3. 0.15 

o.o1 
0.02 
o.o5 

+------\------~+---- +----+------ -----+-------1------+------ ~~~~----+----+-----j-----· ~-~ 1--- ~-~ ~--t---------j 

52/42 50/38 48/37 Lt7/37 50/40 1 52/40 1 48/37 l' 5'5/42 46/37 56/42 1. 0.03 0.01 
48/52 46/Lt? 47145 lû/u6 48/47 1 49/51 1 uh/45 53!53 u6/46 56/5o 1.01 o.o5 o.o2 

Fore TR 
Hid TR 

LE:GS lUnd TR 
Tib. spines 5Bi,~.5 53~52 55~50 55,55 5~&55 1 55~55 1 Sl~55 ! 58~~ 50,52 5~/56 t:~ g:~~ - t---g_:~-~---1 

'l'I:G1UI.X l-----L------1--8-!h- 75 1 75 Ü1 78 l 78 1 75.5 82 75 85 1.18mm. 0.06rmn. 0.02mm. 
If 30 25 \ 27 28 27 1 27 

1 

27.5 29 23 29 o.lü mm. 0.03mm. o.01mm. 
cR 35/84 33/75 30/75 35.5/81 34/78 34/78 32/75.5 34/82 33/75 35!85 o.43 o.o1 o.oo4 

vliNG VLR 113/97 /.L7S 91/81/1541! 95/85/160 103/96/171100/94/L 70j101/9Vl65 97/87/156 112/103/173100./90/165 106/95/182 1.11/l/1.52 O.OL/1/0.07 0.01/0.32/0.o~ 
rs/r1 50/27 52/35 lJS/28 52/30 hS/29 1 50/33 j 50/30 , LJ8/29 47/30 51/Jh 1.63 0.12 o.o4 
RR 1911e 20121 1 18/18 2o;2o 19/19 ·1 1o12o 17/18 r 16/17 15.5/22 19/19 o.95 o.1o o.o3 
m3+4/cu1 131/60 11h/5h ' 112/53 119/56 112/52 114/55 1 114/57 138/62 108/45 125/55 2.17 0.11 o.o4 

---+-----------r ~------1----- t-----1----t----·--+-----+------ -j-~------t---·~-,---~ ~-~ 

~ t:::.~u 
(G ~:ru
TALlA) 

9th stern 24/54 23/51 22/45 22/51.5 
9th terg. 22/54 25/51 23/45 22/51.5 
Bmr 1!6/21 45/21 45/19 J-.~5/21 
Tmr 37/7 35/6.2 35/6 36/7 
Aed. 12/29 18.5/30 19/25 lh/29 

23/47. 
27/ü7 
h7/21 
38/7 
20/26 

23/51 
22/51 
L5/21 

36/6.5 
21/26 

21/47 
28/47 
45/20 
36/6 
20/28 

22/52 
25/52 
45/20 
38/7 
20/30 

22/46 
18/46 
41/19 
35/7 
20/29 

24/52 
25/52 
46/21 
38/7 
24/30 

o.46 
o.48 
2.21 
5.47 
o.67 

0.03 
o.o7 
0.07 
0.31 
0.13 

o.o1 
o.o2 
0.02 
0.10 
o.o4 

C1sp (b/c/b) 19/1.1.5/18.5 18/9/18 18/6/17 20/10/20 ltl/L0/18 19/10/19 15/10/18 18/10/18 17/9/18 20/9/19 2.01/l/1.99 0.38/1/0.33 0.12/0.32/0.Jl 
----"---------'------'-~- ~~~ ~----~~ 



CI-Il\..~lA.GTi:R 

1 

Il'JSECT Body 1ength(L) 130 

Prob/Hd. 58/B4 
IIZAD AR 73/100 

PR 25/10 

Fore TR h3/31 
Hid TR 4h/1ü 

I.J~GS lUnd TH 50/Lr7 
.spines 8 

THORAX L 66 
vJ 30 
VLR 82/70/130 

vHNG CR 31/66 
rs/r1 60/40 
RR 23/22 
m3+4/cu1 118/66 

Sma11er L 20 
Spmth. \ri 

ABDOf1:-~N 

Larger IJ 2Lr 
Spmth. w 13 

TABL~~ 17e ----
Forcipomyia (Forcipomyia) bipunctatapropinqua n.sp. - Heasurements of key 

characters for 10 adult fema1es 

SFECHICN lW. 

2 3 4_j 5 6 7 8 9 

140 1)2 149 1)0 140 14û 134 

64/80 81/90 70/f7 70/93 65/86 

1 

66/82 
1 

68/87 
78/104 ôh/113 7h/109 90/116 71+/101 77/104 78/106 78/105 
26/11 27/10.5 25/10 28/11 23/10 23/9.5 2Lf/10 24/10.5 

lr3/31 50/35115 45/31 )1/35 44/30 43/30 )0/34 l+ 7/32 
43/40 52/1+6.5 h7/40 54/Lr7 45/38.5 

1 

46/39 1 47/39 h9/40 
50/47 58/54 54/l-+8 59/35 51/47 )1/h7 

1 
52/46 56/49 

8 8 9 [; 8 1 8 [J 9 

69 7Ü 73 82 71 68 76 71 
JO JO 36 31 31 31 

98/69/129 65/74/151 88/77/140 100/88/142 130/70/126 78/66/126 85/72/136 86/73/136 
31/69 33/74 32/73 33/f3:2 31/71 29/68 30.5/76 31/71 
59/40 65/45 59/35 69/46 60/40 54/33 51/32 55/34 
22/22 23/27 17/20 23/26 20/26 20/18 2Ü/1Ü 25/19 

115/65 126/66 120/63 138/70 119/63 104/60 11Ü/60 110/61 

21 24 25 23 21 23 21 
12 lh 13 12.5 14 11 lh 

21 26.5 24 21.5 21 
12.5 14 12 13 12 13.5 13 

x <f' s-
10 x 

125 2 .12nun. o.lLprrm. o.OLp:un. 

62/80 0.79 o.o6 o.o2 
71/97 o. 74 0.02 0.01 

25/9.5 2.45 0.12 o.o4 

41/27 1.45 0.05 0.01 
42/32 1.17 o.o8 o.o2 
45/37 1.11 o.os 0.02 

8 8.20 o.Lr2 0.13 

65 1.07mm. o.o8mrn. o.o2mm. 
27 o.47mm. o.oLunrn. o.olmm. 

7ü/6h/130 1.16/1/1.87 0.02/1/0.12 0 .01;0.32;tl.D4 
29/65 o.4l~ 0.02 o.o1 
54/37 1.54 o.oa 0.03 
21/20 1.02 0.19 o.o6 

103/1+5 1.90 0 o.os 

18 73.83p 8.16 )" 2.58 fJ' 
12 44.51fo J.LrJ p 1.09 ,)4 

20 so.o4p 7.46,.. 2.36p 
13 44.51 }4- 2.12 )A 0.67 )A-
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Table 18a.. 

ForcipontYia (.ForcipontYia) intonsa n. sp. - Measurements of key characters 
for single third-instar larva. 

CHABACTER ORIGINAL CALCULATED 

WHO LE Body length (L) 174 2.61 mm. 
LARVA Width(W)/Depth(D) 25/21 1.19 

HR (L/D) 123/80 1.54 
Lateral View OH/v 60/49 1.23 

qt/ts/sq 33/41/24 1.38/1.71/1 

HEAD 'L/W 75/85 0.88 
tt/ant 26/58 0.45 
qq/eyes 21/76 0.28 

Ventral View qq/ss 21/77.5 0.27 
AR (L/W) 38/15 2.53 
.9. ~Fil/Tub~ 50/3 16.67 
s Fil/Tub 65/2 32.50 
Eye (Ht/W) 5/10 0.50 

Ant. pseud. L/W/D 90/49/57 1.58/0.86/1 

THORAX 

Proth. setae a fJJil/Tub ~ 18/3 6.00 
b Fil/Tub 68/7 9.71 
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Table 18b. 

ForciPO!l\Yia (Forciporeyia) intonsa n. sp. - Measurements of key characters for one femal.e and three male pupae. 

Female Male 
CHARA.CTER 

Original Calculated 1 2 3 x 

WHO LE L 204 3.06 mm. 200 210 206 3.03 mm. 
w 50 0.75 mm. 52 49 50 0.76 mm. PUPA Cph/Abd 101/141 0.72 99/136 99/144 98/145 0.70 

L/W 101/50 2.02 99/52 99/49 98/50 1.96 

Hd/th Dorsal a. 14/70 0.20 13/56 13/58 14/65 0.22 
Ventral a. 31/90 0.34 30/88 30/83 30/f!l 0.35 

CEP HALO-
THORAX 

L/W 30/13 2.31 32/12 30/11.5 29/12 2.56 
Resp. TrL/W 25/6 4.17 27/5 25/5 25/5 5.13 
Horn TrL/HL 25/30 0.83 27/32 25/30 25/29 0.85 

No. sp. pap. 22 22 21 21 21 21 

3rd segt (I/W/D) 19/35/33 1/1.84/1.74 20/35/31 18/33/30 16/32/33 1/1.86/1.76 
ABDOMEN Last segt (L/W/D) 59/63/66 0.94/1/1.05 - - - -

Term. proc. (I/W/D) 105/25/36 4.20/1/1.44 124/24/29 135/26/30 120/24/32 5.12/1/1.23 
Sex. proc. (I/W/D) - - 40/13/13 45/13/13 45/14/14 3.25/1.00/1 

..j::"" 
f\J 
0'\ 



Table l8o. 

Forcipo&ia (ForcipoSYia) intonea n. sp. - Jrleasurements of key char
actera for single adult male. 

CBARACTER ORIGINAL CALCULATED 

WHOLE INSECT Body length (L) 172 2.59 mm. 

Prob/Hd 95/100 0.95 
HEAD AR 161/135 1.19 

PR 35/9 3.89 

Fore TR 40/71 0.56 
Legs Mid TR 31/91 0.34 

Hind TR 38/96 0.40 
Tib. spines 9 9 

THORAX 
L 94.5 1.42 mm. 
w 29 0.44 mm. 
CR 44/94.5 0.47 

Wing vLR 127/117/182 1.09/l/1.56 
rs/r1 68/46 1.48 
RB. 24/35 0.69 
~+~~ 155/64 2.42 

9th stern. 26/56 0.46 
9th trg. 30/56 0.54 

L/W J3mr 45/21.5 2.09 
ABDOMEN' Tmr 38/7 5.43 
( GENITALIA) Aed 23/20 1.15 

Clap (b/c/b) 20/7/20 2.86/l/2.86 
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Table 18d. 

Forciponwia (Forcipoi!ty'ia) intonsa n. sp. - Measurements of key cba.r
acters for single adult female. 

CHARACTER ORIGINAL CALCULATED 

WHOLE INSECT Body length (L) 225.5 2.45 mm. 

HEAD AR 251/165 1.52 
PR 39/12.5 3.11 

Fore TR 38/54 0.70 

Legs MidTR 31/70 0.44 
Hind TR 35.5/68 0.52 
Tib. spines 7 7 

THORAX 

L 129 1.40 mm. 
w 51.5 0.56 mm. 
CR 69.5/129 o. 54 

Wing rs/r1 156/75 2.08 
RR 67/35 1.91 

~4/~ 41/20.5 2.00 
31/27/50 1.15/1/1.85 

Smal1er L 21 72.4lp 

spmth w 16 55.17p 
ABDOMEN 

Larger L 23 79.31p 

spmth w 16 55.17}1 
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Table l9a. 

Forcipomyia (Forcipontria) sweze;y;:anaadf'inis n. sp. - Measurements of' key characters f'or one third and one 
f'ourth-instar larva. 

3rd-instar 4th-instar 
CHARACTER 

Original Calculated Original Calculated 

WHO LE Body length (L) 135 2.02 mm. 172 2.58 mm. 
LARVA Width(W)/Depth(D) 17/15 1.13 18/17 1.06 

BR (I/D) 75/45 1.67 103/56 1.84 
Lateral View OH/v 35/34 1.29 ~ 47/45 1.04 

qt/ts/sq ll/19/15.5 l/1.73/1.4 12/26/20 l/2.17/1.67 
pqfqs/sp 29/16/21 1.81~1.3 41/20/28 2.05/l/1.40 

HEAD L/W 48/47 1.02 70/68 1.03 
tt/ant 16/31 0.52 2J/37 o.:r? 
qq/eyes 9/34 0.26 13/48 0.27 

Ventral View qqfss 9/41 0.22 13/57 0.23 
AR (L/W) 13/6 2.17 17/9 1.89 
.9. ~Fil/Tub~ 24/2 12.00 21/2 10.50 
a Fil/Tub 22/l.l 20.00 42/2 21.00 
~e (Ht/W) - - 6/l 6.00 

1 

Ant. pseud. I/W/D 40/35/35 1.14/l/1.00 50/40/30 1.67/1.33/l : 
~---~ 

THORAX 
Proth. setae .ê. (Fil/Tub) 18/2 9.00 27/2.5 10.76 

b (Fil/Tub) 30/5 6.00 47/5 9.40 

+
N 
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Table l9b. 

ForcipoDtYia (Forciporqia) swezeyana.a.df'inis n. sp. - Measuremente of 
key chara.cters for two male pupae. 

CHARAC'l'ER l 2 x 

-

mrornmpJL 163 160 2.42 mm. 
37 40 0.58 mm. 

· • Cph/Abd 73/113 72/113 0.64 mm. 

L/W 73/37 72/40 1.89 

Hd/th 
Dorsal a. 1 10/48 10/47 0.21 
Ventral a. 25/68 25/67 0.37 

CEPHALO-
THORAX L/W 26/13 25/13 1.96 

Resp. Tr4/W 21/5 20/5 4.10 
Born TrL/HL 21/26 20/25 0.80 

No. sp. pap. 12 13 12.50 

3rd segt. (L/W/D) 16/27/24 16/29/24 1/1.75/1.50 

ABDOMEN Term. proc. (L/W/D) 75/18/22 77/18/22 4.22/1/1.22 

Sex. proc. (L/W/D) 10/16/9 12/15/9 1.22/1.72/1 
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Table l9c. 

Forcipom;ria (Forciponwia) swezeyanaadfinis n. sp. - Measurements of 
key characters for single adult male. 

CHARACTER ORIGINAL CALCULATED 

WHOLE INSECT Body length (L) 125 1.88 mm. 

Prob/Hd 53/100 0.53 
HEAD AR 107/105 1.02 

PR 21/7.5 2.80 

Fore TR 37/31 1.19 

Legs Mid TR 30/42 0.71 
Hind TR 33/49 0.67 
Ti b. epines 8 8 

THORAX 

L 60 0.90 mm. 
w 30 0.45 mm. 
CR 24.5/60 0.41 

Wing vLR 73/62/124 1.18/l/2.00 
rs/r1 37/23 1.61 
RR 13/14 0.93 
~+4/et;_ 90/40 2.25 

9th stem. 18/50 o.36 
9th trg. 20/50 0.40 

L/W Bm.r 35/16.5 a. ,.'2 
ABDOMEN Tmr 29/5 5.80 
(GENITALIA) Aed 22/17 1.29 

Clsp (b/c/b) 17/6/17 2.83/1/2.83 
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Table 19d. 

ForciPOJ!(Y'ia (ForciPOJ!(Y'ia) swezeyanaadfinis n. sp. - Measurements of 
key characters for single adul t female. 

CHARACTER ORIGINAL CALCULA.TED 

WHOLE INSECT Body length (L) 113 1.70 mm. 

. 

Prob/Bd 53/75 0.71 
HEAD AR 70/85 o.82 

PR 19/10 1.90 

Fore TR 35/26 1.35 
Legs Mid TR 32/35 0.92 

Hind TR 37/41 0.90 
Tib. epines 8 8 

THORAX 

L 52.5 0.79 mm. 
w 23 0.35 mm. 
CR 22/52.5 0.42 

Wing rs/r1 45/29 1.55 
RR 13/20 0.65 

~~~ 85/43 1.98 
60/50/100 1.20/1/2.00 

Smaller L 12 41.-1p 
spmth w 9 31.05p 

ABDOMEN 

Larger L 14 48.30p 

spmth w 9 31.05p. 

432 

i 



Table 20a. 

Forcipomzia (Forcipomocia) securis n. sp. - Measurements of k~ char
actera for single fourth-instar larva. 

CBARACTER ORIGINAL CALCULA TEl> 

WHO LE J3ody length {L) 229 3.44 mm. 
INSECT Width(W)/Depth(D) ZT/21 1.00 

HR (L/D) 125/71 1.76 
Lateral View OH/v 60/43 1.40 

qt/ts/sq 30.5/38/19 1.61/2.00/1 

HEAD L/W 65/77 0.84 
tt/ant 22/50 0.44 
qq/eyes 17.5/68 0.26 

Ventral View qq/ss 17.5/70 ·o.25 
AR (L/W) 31/10 3.10 
.9. ~Fil/Tub~ 27/3 9.00 
s Fil/Tub 17/1.5 11.33 
~e (Ht/W) 2/7 0.29 

Ant. pseud. L/W/D 75/44/60 1.25/0.73/1 

THORAX 

Proth. setae .! (Fil/Tub~ 26/5 5.20 
J?. (Fil/Tub 40/7 5.71 
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Table 20b. 

Forciporgyia (Forcipol!\Yia) securia n. sp. - Meaaurements of' key charactera f'or one f'emale and two male pupae. 

Female Male 
CHARACTER 

Original Ca.lculated 1 2 x 

WHO LE L 160 2.40 mm. 161 170 2.48 mm. 

PUPA w 47 0.71 mm. 48 44 0.69 mm. 
Cpb/Abd 72/113 0.64 76/112 80/118 0.68 

L/W 72/47 1.53 76/48 80/44 1.70 

Hd/th Dorsal a 10/50 0.20 10/54 11/52 0.20 
Ventral a 30/69 0.44 31/67 30/69 0.45 

CEP HALO-
THORAX 

L/W 47/15 3.13 46/12 48/14 3.63 
Resp. TrL/W 41/3.5 11.71 39/4 42/4 10.13 
Hom TrJIHL 41/47 0.87 39/46 42/48 0.86 

No. sp. pap. 17 17 17 18 17.50 
1 

3rd segt (IIW/D) 12/32/30 0.40/1.07/1 15/30/26 15/29/26 0.58/1.13/1 

Last segt (Jiw/D) 41/20/50 2.05/1/2.50 (6/~24 77/21/22 3.33/~92/lj 
.A:BDOMEN ! Term. proc. )IIW/D) 48/54/25 1.92/2.16/1 -

Sex. proc. (L/W/D) - - 15/16/15 15/18/14 1.04/1.18/1 
~---- t:; 
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Table 20c. 

PorcipoDtyia (Porcipo:DQ':ia) secu:ris n. sp. - Measurements of key char
actera for single adult male. 

CHA...LtACTER ORIGINAL CALCULATED 

WHOLE INSECT Body length (L) ll8 1.77 mm. 

Prob/Hd 65/78 0.83 
HEAD AR 119/103 1.16 

PR 25/8 3.13 

Fore TR 37/37 1.00 
Legs MidTR 30/48 0.63 

Hind TR 37/53 0.70 
Tib. spines 9 9 

THORAX 

L 65.2 0.98 mm. 
w 22 0.33 mm. 
CR 26.2/65.2 0.40 

Wing vLR 78/71/135 1.10/l/1.90 
rs/r1 41/28 1.46 
RR 18/14 1.29 
m,+l~ 102/44 2.32 

9th stern. 20/39 0.51 
9th trg. 30/39 0.77 

L/W :amr 41/16 2.56 
ABDOMEN Tmr 28/4.5 6.22 
( GENITALIA) Aed 20/25 o.oo 

C1sp (b/c/b) 15/10/15 1.50/1/1.50 
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Table 20d. 

Forcipom.yia (Forcipom.yia) securis n. sp. - Measurements of key char
actera for single adul t female. 

CHARACTER OlUGINAL CALCULATED 

WHOLE INSECT Body length (L) 99 1.49 mm. 

Prob/Hd 54/76 0.71 
HEAD AR 55/107 0.51 

PR 21/9 2.33 

Fore TR 35/31 1.13 
Legs Mid TR 31/41 0.76 

Hind TR 39/49 o.so 
Tib. epines 8 8 

THORAX 

L 54 0.81 mm. 
w 24 0.36 mm.. 
CR 22/54 0.41 

Wing vLR 55/45/105 1.22/1/2.33 
rs/r1 40/25 1.60 
RR 17/13.5 1.26 
m,+l~ 78/40 1.95 

Smal1er L 18 62.10}1 

spmth w 16 55.20).1 
ABDOMEN 

Larger L 20 69.00p. 

spmth w 17 58.65p. 

436 



Table 2la. 

Forcipoqia (Schizoforciposvia lerou:xi n. sp. - Measurements of key 
characters for single fourth-instar larra. 

CHARACTER ORIGINAL CALCULATED 

WH OLE Body length (L) 196 2.94 mm. 
LA.RVA Width(W)/Depth(D) 24/22 1.09 

HR (I/D) 120/75 1.60 
Lateral View OH/v 53/54 0.98 

qt/tu/uq 35/22/37 1.59/1/1.68 

HEAD L/W 63/75 0.84 
tt/ant 24/46 0.52 
qq/eyes 19/55 0.35 

Ventral View qq/pp 19/38 0.50 
AR (L/W) 35/9 3.89 
_q ~Fil/Tub~ 81/2 40.50 
u Fil/Tub 50/2 25.00 
Eye (Ht/W) 3/6 0.50 

Ant. pseud. L/W/D 85/65/38 2.24/1.71/1 

THORAX 

Proth. setae ~~Fil/Tub~ 27/7 3.86 
b Fil/Tub 100/5 20.00 
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Table 2lb. 

ForcipOII!Yia (SchizoforcipoiWia) lerouxi n. sp. - Measurements of key 
characters for two female pupae. 

CHABACTER 1 2 :x: 

L 158 159 2.38 mm. 
WHOLE PUPA w 43 42 0.64 mm. 

Cph/Abd 73/118 72/114 0.63 

L/W 73/43 72/42 1.71 

Hd/th Dorsal a. 8/47 7/44 0.17 
Ventral a. 24/57 25/62 0.41 

CEP HALO-
THORAX L/W 20/10 23/10 2.15 

Resp. TrL/W 15/4 19/4 4.25 
Horn TrL/HL 15/20 19/23 0.79 

No. sp. pap. 11 11 11 

3rd segt (:rv'W/D) 15/30/26 14/28/26 1/2.00/1.80 

ABDOMEN Iast segt (:rv'W/D) 40/57/55 44/55/50 0.75/1/0.94 

Te:rm. proc. (:rv'W/D) 66/19/19 65/19/19 3.45/1.00/1 
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Table 2lc. 

Forcipo!llYia (SchizoforcipoDlV'ia lerouxi n. sp. - Measurements of key 
characters for single adult male. 

CHARACTER ORIGINAL CALCULATED 

WHOLE INSECT Body length (L) 130 1.95 mm. 

Prob/Hd 56/90 0.62 
HEAD AR 119/112 1.06 

PR 23/7.5 3.07 

Fore TR 42/34 1.24 
Legs Mid TR 34/56 0.61 

Hind TR 38/51 0.75 
Tib. spines 8 8 

THORAX 

L 70 1.05 mm. 
w 21 0.32 mm. 
CR '50/70 0.43 

Wing vLR 98/86/143 1.14/1/1.66 
rs/r1 35/21 1.67 
RR 12/10 1.20 
m,+l~ 105/40 2.63 

9th stem. 24/42 0.57 
9th trg. 20/42 0.48 

L/Vf Bmr 31/18.5 1.68 
ABDOMEN Tmr 22.5/5 4.50 
( GENITALIA) . ' Aed 25/26 0.96 

C1sp (b/c/b) 13/10/13 1.30/1/1.30 

4.39 
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Table 2ld. 

Forcipoqia (Schizoforcipoqia) lerouxi n. sp. - Measurements of key 
characters for single adult female. 

CHARA.CTER ORIGINAL CALCULA.TED 

WHOLE INSECT Body length (L) 102 1. 53 lliD.e 

Prob/Hd 60/80 0.75 
HEAD AR 95/95 1.00 

PR 23/11 2.09 

Fore TR 41/28 1.46 
Legs MidTR 37/46 0.80 

Hind TR 42/44 0.96 
Tib. spines 9 9 

THORAX 

L 55 0.83 llJD.. 
w 23 0.35 mm. 
CR 35/55 0.64 

• Wing vLR 69/58/102 1.19/l/1.76 
rs/r1 44/26 1.69 
RR 20/14 1.43 
Ill;+/~ 86/46 1.87 

Smal1er L 15 51.75)l 
spmth w 10 34.50}1 

ABDOMEN 

Larger L 16 55.20)l 
spmth w 11 37.95)l 



Table 22a. 

Lasiohelea (TbyridolltY'ia) vertexcava n. sp. - Measurements of key char
actera for single fourth-instar larva. 

CHARACTER ORIGINAL CALCULATED 

WHO LE Body length (L) 106 1.59 mm. 
LA:RVA Width(W)/Depth(D) 28/22 1.27 

HR (L/D) 87.5/61 1.44 
Lateral. View OH/v 47/30 1.57 

qt/ts/sq 25/24/16 1.56/1.50/1 

HEAD 
L/W 53/57 0.93 
tt/ant 19/39 0.49 
qq/eyes 20/42 0.48 

Ventral View qq/ss 20/51 0.39 
.9. (Fil/Tub~ 50/5 10.00 
s (Fil/Tub 25/3.5 7.14 

, Eye (Ht/W) 5.5/10 0.55 

-

Ant. pseud. L/W/D 37. 5/48. 5/28 1.33/1.73/1 
r-

THORAX 

Proth. setae a (Fil/Tub) 13/8 1.63 
b (Fil/Tub) 10/1.5 6.67 
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Table 22b. 

Lasiohelea (Tb.yridœavia.) vertexcava n. sp. - Measurements of key char
actera :for single female pupa. 

CHARACTER ORIGINAL CALCULI\TED 

L ll8 1.40 mm. 
WHOLE PUPA w 36.5 0.43 mm. 

Cpb/Abd 52/85 0.61 

L/W 52/36.5 1.42 

Hd/th Dorsal a. 8.5/37.5 0.23 
Ventral a. 19/39 0.48 

CEP HALO-
THORAX L/W 52/24 2.17 

Resp. TrL/W 37.5/3.7 10.29 
Tri/HL 37.5/52 0.72 Ho zn No. sp. pap. 17+22 39 

(upper & 1ower palisades) 

3rd segt (I/W/D) l0/31/24 1/3.10/2.40 

ABDOMEN Last segt (I/W/D) 56/46/45 1.24/1.02/1 

Te:rm. proc. (L/W/D) 46/20/20 2.30/1.00/1 
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~ Table 22 c 
..::t 

Lasiohelea (Thyridomyia) vertexcava n.sp. - Measurements of key characters for three adult males 

CHAR.AC'ŒR 1 2 3 -x 

WH OLE Body length (L) 74 68 1.07 mm. INSECT --
ProbjBd - -- 37/61 0.61 

HEAD .AR 65/77 55/67 74/87 0.84 
PR 15/5 15/5 17/5 3.13 

Fore TR 34/13 35/12 37/11 2.97 
Legs Mid TR 3i/14 33/14 34"16 2.26 

Hind TR 40/14 42/15 42/16 2.76 
Tib. epines 6 7 7 6.67 

THORAX L 44 43 44 o.66mm. 
w 17 17 17 o.26mm. 
CR 19.5/44 20/43 - 0.45 

Wing vLR 5~40/95 48/41/95 -- 1.22/1/2 • .35 
rsjr1 3 '/20 4ô/20 - 1.88 
IR 14/14 13/14 - 0.97 
m3+4fcu1 6ô/24 6ô/24 - 2.50 

9th stern. 19/25 - 20/26 0.77 
9th trg. 13/25 - 14/26 0.53 

L/W Bmr 23/10 - 23/10 2.30 
ABDOMEN Tmr 20.5{4 - 21/4 5.19 

( GENITALIA) 
Aed ll/1 - 12/12 1.00 

c1sp (b/c/b) -- .... 7/12.5/7 0.56/1/0.56 
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Table 22d. 

Lasiohelea (Th.yridolllYia) verte:x:cava n. ap. - Measurements of key 
characters :tor single adul t female. 

CHARACTER ORIGINAL CALCULATED 

WHOLE INSECT Body length (L) 60 0.90 mm. 

i Prob/Hd 30/49 0.612 
HEAD AR 34/43.5 0.78 

PR 13/l 1.86 

Fore TR 29/10 2.90 

Legs Mid TR 30/12 2.50 
Hind TR 35/ll 3.18 
Tib. epines 6 6 

THORAX 

L 35 0.53 mm. 
w 19 0.29 mm. 
CR 18.5/35 0.53 

Wing vLR 33/27/70 1.22/l/2.59 
rs/r1 45/20 2.25 
RR 22/ll 2.00 

m3+~~ 58/28 2.07 

L 10 34.50)1 

ABDOMEN Spmth 

1 

w 9 31.05p 
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CHARACTCR 
1 2 

---------

';','J lcmgth(L) 84 85 
L~JNA :Jidth (~·n 9 9 

Lat- HR(L/D) 42/31 42/30 
eral OH/v 25/1!~ 25/14 
View qt/ts/sq 15/18/7.5 15/17.5/7.5 

Lf,v 31/29 30/29 
H::AD tt/ant 1 8/18 6/18 

Ven- qq/eyes ! 10/18.5 .5 
tra1 qq/ss 10/23 10/23 
View q(Fi:vt'ub) 17/2 17/2 

1 

~(Fil/rub) 10/1 12/1.2 
;;;ye 2 • .5/6 2.5/6 

~ 

Ant. L/\~/D 18/20/13 19/20/14 
TIIOH.P.X • 

Proth. a(Fi1/Tub) 15/6 15/6 
~(Fil/Tub) 10/3.5 10/3.5 

• 

TABLE 23a 

I,asiohe1ea (Thyridorayia) rugosa n.sp. - Neasurements of key 
characters for 10 ful1-grown third instar 1arvae 

SPE CllfEN NO. 

3 1.~ 5 6 7 8 
------------

87 Ü1 79 85 84 
10 10 9 9 9 9 

42/30 44/30 lù/29 41/29 42 .• 5/32 
25/14 25/11+ 22/13 25/1h 23/12.5 25/14 

15/lô/7.5 15/18/8 14/17/7.5 15/17.5/7 15/17 .r:/7 .5 15/1C.5/G 

31/30 29/28 27/27 29/27 28/27 
G/18 6/18 8/17 8/17 7.5/17 8/17.5 
11/21 11/20 10.5/21 10/18.5 10/19 10/19 
11/25 11/23 10.5/22.5 10/22 10/22 10/23 
19/2 17/2 17/2 17/2 ]." r'j"' o • .) c:: 19/2 
12/] .• 2 11/1.2 11/1.2 11/1.2 10.5/1.2 11/1.2 

2.5/.5.5 2/6 2/5 2.5/6 2/5 2.5/6 

18/20/14 19/21/14 18/20/l!f 18/19/14 17/19/13 18/20/13 

15/6.5 15/7 14/5 • .5 15/6 14/5 15/.5 
10/4 10/3.5 10/4 10/4 .5 10/3 

- sx-x t( 
9 10 

86 1.26mm. 0 • Ohr.un. O.Olmm. 
9 9 0.1lt.m:m. o.Olmm. o.002mm. 

42/30 42/30 1.39 o.o4 o.o1 
24/14 24.5/14 1. 77 o.o5 o.o2 

ll/17.5/7 14/17/7.5 1.96/2.36/1 0.08/0.10/1 0.03/0.03/0.32 

28/27 29/28 1.04 0.01 0.003 
7.5/17 7.5/17 0.4.5 o.o1 0.003 
10.5/20 11/20 o.53 o.o3 o.ooe 
10.5/23 11/23 0.4.5 o.o2 o.o1 
17/2 17.5/2 8.70 o.44 0.14 

11/1.2 12/1.2 9.46 o.49 0.16 
2/5.5 2/5.5 o.4o 0.04 o.o1 

18/19/13 18/20/13 1.33/1.46/l o.0.5/0.07/1 0.02/0.02/0.32 

15/5 2.6Q 0.28 0.09 
10/3.5 10/4 2.76 0.27 o.oo 

• 



TABŒ 23b 

- Heasurements of key 

spgcn:w:N No. 
CIU\RACTER --

1 2 3 4 s 6 7 8 9 10 x <[ Sx 

1 126 117 113 lOS 123 112 112 · 1. 76mm. O.lOmm. O.OJmm. 
',;TI01Z 1/'J 30 30 28 29 29 27.5 30 29 29 28 o.43mm. o.04mm. o.o1mm. 
PUPA Cph/Abd. 56/87 SS/89 53/82 .1 S6/B4 52+/80 51/72 56/f:5.5 55/ôl 55/77 54/77 o.67 o.o2 o.o1 

1~i 56/30 SS/30 53/28 56/29 54/29 9/27.5 56/JO 55/29 55/29 Sh/28 1.68 o.o3 o.o1 
--------------

Dorsal a. 9/33 9/32 9/31 9/31 9/30 10/33 10/30.5 9/30 0.30 o.o2 o.o1 

CEPH- Ild/Th. Ventral a. 20/49 21/49 20/46 20.S/h6 21/47 21.5/49 21.5/hS 20/44 o.L5 0.02 o.o1 
A10-
THOHAX 1/\'l 17/8 17/9 17/9 17/10 16/9 17/9.5 17/10 lt/8.5 .5/9.7 16/9 1.82 0.13 o.o4 

Resp. Tr1/d 11/2 10/2 ll/2 11/2 10.5/2 11/2 10j2 10/2 11/2 ll/2 5.33 0.24 o.o8 
Horn Tr1/I-IL 11/17 10jl7 11/17 11/17 10.)/16 11/17 10/17 10/16 ll/16.5 11/16 0.64 o.o3 0.01 

Ho.sp.pap. 7 7 6 8 6 5 5 4 6 5 5.90 1.20 0.38 

3rd seg. (1,M/D) 12/20/20 11.5/20/2 JD/20/LS.S 10/aJ/.19.5 11/20/20 JD/1.9.5118.5 10/20/20 10/20/20 10/20/20 10.5/l9/19 1/1.90/1.67 1/0.13/0.12 0.32/0.04/0.0 
ABDmEN :.>ex.proc. (1/vJ.D) 22/15/15 23/14/12 20/14/11. 23/13/12 21/13/12 20/13/12 23/13/12 21/13/12 22/12/11.5 21/13/11 1.ÜO/l.l0/1 0.1)/0.08/l O.OS/0.02,0.)2 

Term. proc. (L~J) 15/12 17/12 13/11 14.5/12 17/13 15/12 16/11 15/11 15/11 17/12 1.32 0.10 0.03 



Lasiohelea - Heasurements of key 
pupae 

SPE:CHTE:N NO. 
CHARAC'I'ER s-x x 1 2 3 4 5 6 7 8 9 10 

L 113 123 llO 129 105 115 109 100.5 1. ?Omm. 0.12mm. o.o4mm. 
'.mom iJ 30 28 32 26 27 28 26.5 o.42mm. o.03mm. o.o1mm. ?UPA 

Cph/AbJ. 46.5/03 4:1/53 52/95 50/60 5h/99 46/79 45/CO LIE,fBO IJ6/70 o.59 0.03 o.o1 

L,M 46.5/27 49/28 52/30 50/28 54/32 46/26 26/29 h5/27 hE/28 116/26.5 1.66 0.22 0.07 

Dorsal a. C/30 8/30.5 9/33 7.5/30 9/3h 7/27 7/32 7/29 7.5/28 7/30 0.25 o.o1 o.oo4 
Ci:.; PH- TTr'/Th 18/41 10/44.5 lC/44 lG/45 20/47 7 .5/L,o.:; 17/45 17/40 1ô/hJ 18/41 o.42 0.02 0.01 ..:d • Ventral a. 
1\I.O-

1 

THORAX Lj';J 15,L8 16/10 16/9 16.5/9 16.5/C 16/10 15/8 15/9 15/8 16/10 1. 78 0.15 o.os 
H.esp. 'rr1;ll 10/1.5 10/2 10.5/2 11/2 11/2 ll/2 10/2 10/2 10/1.5 11/2 5.56 o.63 0.20 
Horn TrL/IIL 10/15 10/16 .5/16 11/16.5 11/16.5 11/16 1 10/15 10/15 10/15 11/16 o.67 o.o1 o.oo4 

IJo.sp.pap. 5 6 5 5 5 6 6 5 5 6 5.40 o.52 o. 
3rd seg. (1/vJ/D) 10.5/24/20 11/21. 11/20/20 12/22/22 11/19/18 11.5/20/21 10$20/20 10/20/21 9/20/20 l/1.92/l. 

ABDO- Last seg. (1/d/D) 39/29/30 36/32/31 39/30/30 38/30/29 )~0/30/31 37/29/2G JÜ/J0/30 37/29/20 35/30/30 1.26/1.00 o.OC/0.02/1 0.02/0.01/ EEN 
Term. proc. (L/d) '17/12 1S/13 16/11 16/12 17/12 14/12 17/1? 16/11.5 16/12 1.37 o.o8 o.o2 

http:1.26/1.00/1/0.00/0.02/110.02/0.01


CII/\.HACTI:R 
1 2 

(L) 107 100 

Prob/Ird. 60/65 5ü/6o 
I~:: ,\1) ~ r) C3/90 7C/S~ r\11 

PR 20/5.5 19/5 
··~····~·· 

Fore TH 44/16 49/18 
lüd TR 33/17.5 46/19 

IJt: GS H ind TR 62/23 55/22 
'l'ib.spines 7 8 

1 59 56 
:Uri.AÀ 19 20 

CR 27/59 26/56 
HING VLR 70/59/123 62/51/120 

rs/r1 50/25 53/30 
HR 19/20 18/20 
ffiJ+)_/CU1 70/36 71/31 

9th stern. 27/33 29.32 
ADDO-

9th tcrg. lLr/33 14/32 
L/<li :Jmr 24/11.5 25/12 

hr',l'l '.i'mr 25/4 25/4 
Aed. 16/20 17/19 

(b/c/b) 13/15/15 15/15/15 

TABL:.; 23d 

Lasiohelea (Thyridomyia) rugosa n.sp. - HeasuremerrLs of key 
characters for 10 adult males 

SFGC TI-ŒN NO. 

3 4 5 6 7 (' 

9 v 

95 18J 92 90 

SJ/62 52/6h 55/71 55/64 53/6C 55/66 lt9/59 
79/84 79/84 CS/El 92/97 Ül/û4 C5/90 71/76.5 
19/6 19/5.5 19/5 lG.S/5 15/4.5 20/6 16/4.5 

4l.J/16 45.5/16.5 J1_r;/l6 45/16 46/16 46/16 40/14 
46/19 h4/20 43.5/19 45/19 1!2/18.5 45/20 40/16 
54/19 5G/20 5G/20 60/21 60/20 61/20 .S/10 

6 7 8 7 8 7 7 

56 57 .5 57 55 58 48 
19 20 19 19.5 19 19.5 17 

26.5/56 20/57 27/55.5 27/57 "'6 r ;~tJ 27/50 23/48 c. • :J _);;; 

69/58/118 70/55/121 65/52/116 67/54/125 62/52/120 68/35/125 59/48/103 •'1/" /' 54/JO 5L/30 55/30 54/JO 55/30 h5/23 ) .:::o 
19/22 1C/22 20/22 18/21 19/22 20/22 16/19 
C1/37 76/33 75/34 73/32 70/30 75/33 62/25 

2'1/33 28/32 27/30 30.3Lf 2S/31 2CJ33 23/2C.5 
15/33 .5/32 15/30 16/31.~ 16/31 16/33 13/26.5 

22.)/11 22/10.5 23.5/11 25/11 24/11 25/11 21/9.8 
23/4 2h/h 21.~/4 2h.5/4.5 23/4 25/4 20/3 
17/20 17/20 16/19 17/20 16/19 17/19 1:;/17 

15/16/15 15/1L/15 5}15/15 16/16/16 15/12.5/15 15/13/15 13/13/13 

- Sx x 
10 

92 1.l~2mm. o.J.Omm. c.OJmm. 

5ü/6o 0.05 o.o2 
ûLI/79 o.o5 o.o2 

19/4 0.31 0.10 

lr7/16 0.07 o.o2 
46.5/20 0.10 o.oJ 

60/20 2. 0.16 o.o5 
6 7.10 o. 74 o. 23 

57 o.04mm. C .Jlrmm. o.o)mm. 
19 o. 29nnn. o.o4mm. 0.01mm. 

26.5/57 o.47 o.o1 0.003 
(,9/55/120 1.23/1/2.21 o.Ol/1/0.10 0.003/0.32/0.03 . 

20 1.86 .09 o.oJ • u 
20/20 o.C9 o.o6 0.02 
79/33 2.2C o. o.os 

2'J J')" 5 o.c4 o.o3 o.o1 -' --'"-• 
16/32.5 0.47 o.o3 o.o1 
2)~/11 2.15 o.oe o.o2 
2LI/4 6.04 0.3h 0.11 
17/20 0.36 o.o1 0.002 

13/14/13 1.03/l/1.03 0.09/1/0.09 o.OJ/0.32/0.0J 

http:0.03/0.]2/0.03
http:0.003/0.32/0.03
http:0.09/1/0.09
http:1.03/1/1.03
http:0.01/1/0.10
http:1.23/1/2.21


Cli!d.ACTGR 
1 2 

1 'l' C:I,i: Body lcngth (L) 93 IN:) :CT 
-~ ------

Prob/HC::.. 62/65 59/65 
u;.;nl) AH 60/49 51/117 

PR 16/6.5 16/6 

Fore TH 39/15 37/14 
liid TR 39.5/17 3)/15.5 

r..;::Gs IIind TH 1+9/20.5 1+7/18 
Tib.spincs '7 (', 

1 (, 

L 4e 45 
22.5 22 

CR 24/!+8 24/45 
\VIIJG VLR 49/39/95 4h/35/S7 

rs/r1 60/29 58/28 
J?R 30/22 26/21 
m3+h/cu1 70/36 69/35 

L 1h 14 
~)pr.rtl':.. Î ' 13 p 

Duct 1 3.) 4 

TAJ3IE 23e 

Lasiohelea (Thyridomyia) rugosa n.sp. - I··~easurements of key 
characters for 10 adult females 

SPJ:i:Cll'.iCN NO. 

3 4 5 6 7 e 9 

39 72 73 79 79 

5C/)9 )1/60 )1/54 )7/60 )8/70 57/64 53/59 
40.5/48 54/50 50/h7 uo/46.5 62/54 62/)5 59/51 
15/5.8 16/6.5 15/5.2 15/6 17/6 1[/7 15/6.5 

37/13.5 37.5/lLr.S 36.5/13.5 36.5/14 40/16 43/17 Lü/15.5 
36/15 37/16 36/15 37/15 42/1C l!S/19 41/16 

1 o r"/17 47/17.5 45/17.5 45/17 51/21 54/22 S0/19 qu.;; 
..., 

7 7 7 7 7 7 1 

44 45 Ü3 h5 so.5 49 
21 21.5 21 21.5 .5 24.5 23 

23/44 23/45 22.2/h3 24/45 26/50.5 26.5/50 25/49 
h9/34/86 !,h/35.5/C5 43/35/86 4h/34/ElJ 50/39/105 53/43/108 49/3Ü/l02 

55/27 SE/27 56/25 59/30 69/40 70/L~o 62/39 
25/15 25/16 25/15 26/20 26/24 29/24 27/24 
72/37 71/39 66/35 67/35 73/l!O 75/JC 67/36 

14 1ir.5 15 ] r' .;; 12 
13.) 13 13 lJ lO 

3 4 h 3.5 l~ 3 ~ 3 "-" 

10 

76 

)1/56 
50/47 
16/5 

34.5/13.5 
37/15 
47/18 

7 

47 
22 

25/47 
50/39/9h 

63/35 
26/23 
67/35 

l 
3 

• 

x Sx 

1. 23mm. 0.11mm. o.o4mm. 

o.C9 o.o5 0.02 
1.10 0.07 0.02 
2.50 0.29 0.09 

2. o.oc 0.03 
2.39 o.oe 0.03 
2.59 o. 0.05 
7.10 0.32 0.10 

o. 70rnm. 0.12mm. o.o5mm. 
n ?4 Vo_; mJllo o.o6mm. o.02mm. 
o. o.o2 0.01 

1. 28/1/2.50 0.07/1/0.11 0.02/0.32/0.03 
1.94 0.21 0.07 
l.Jh 0.21 0.07 
1.?1 o.oJ o.o1 

49. )J., n.63,u 0. 23 )..l 
4!;,16M 11.56 ft- J.66}A 
12.25 fA o.lt8.ft O.l)Jt 
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Table 24a. 

Lasiohelea (T:byridozgyia) monilioomis (Goetghebuer) - Measurements 
of key charaoters for single fourth-instar larva. 

CHARACTER ORIGINAL CALCULATED 

\'IHOLE :Body length (L) 150 2.25 mm. 
LARVA Width(W)/Depth(D) 24/22 1.09 

BR (I(D) 61/48 1.27 
Lateral View OH/v 35/23 1.52 

qt/ts/sq 22/22/13 1.69/1.69/1 

-

HEAD L/W 45/45 1.00 
tt/ant 8/29 0.28 
qq/eyes 17/32 0.53 

Ventral View qq/ss 17/40 0.43 
AR 4/9 0.44 
.9. ~Fil/Tub~ 32/5 6.40 
s Fil/Tub 18/25 7.2 
Ëye (Ht/W) 3/9 0.33 

Ant. pseud. L/W/D 30/25/17 1.77/1.47/1 

THORAX 

Proth. setae !:. ~Fil/Tub~ 60/50 1.20 
J!. Fil/Tub 32/6 5.33 

• 
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Table 24b. 

Lasiohelea (Tbyridol!\Yia) monilicomis - Measurements of key characters for single male and female pupa. 

CHARACTER Female Male 

Original Calculated Original Calculated 

WH OLE 
L 90 1.49 mm. lOO 1.50 mm. 
w 28 0.42 IlDil. 30 0.45 mm. PUPA Cpb/Abd 49/70 0.70 51/65 0.79 

I/W 49/28 1.75 51/30 1.70 

Hd/th 
Dorsal a 7/30 0.23 8/31.5 0.25 
Ventral a 19/41 0.46 22/45 0.49 

CEPHA.LO- ~~~~~ 

THORAX L/W 26/16 1.63 34/15 2.27 
TrL/W 20/3 6.67 29/3 9.67 

Resp. Hom Tri/HL 20/26 0.77 29/34 0.85 
No. sp. pap. 18+13 18+13 18+15 18+15 
(upper & lower palisades) 

3rd segt (I/W/D) 8/25/20.5 l/3.13/2.56 10/25/20.5 l/2.50/2.05 

Last segt (I(W/D) 40/29/29 1.38/l.OO/l 43/42/34 1.27/1.24/l 
ABDOMEN 

Term. proc. (L/W/D) 24/17.5/13 1.85/1.35/l 23/16/12 1.92/1.33/l 

Sex. proc. (I(W/D) - - 20/15/ll 1.82/1.36/l 1 

~ _, 



Table 24c. 

La.siohelea (Tb.yridom.yia) monilicomis (Goetghebuer) - Measurements of 
key characters for two adult males. 

CHARAOTER 1 2 x 

WH OLE 
Body length (L) 105 lOO 1.54 mm. INSECT 

Prob/Hd 47/00 42/61 0.64 
HEAD AR 92.5/96 89/84 0.96 

PR - 20/5 4.00 

Fore TR 59/24 43/16 2.57 
Legs Mid TR 53/22.5 46/19 2.39 

Hind TR 62/24 54/22.5 2.49 
Tib. epines 7 7 7 

THORAX 

L 67.5 58 0.94 mm. 
w 24 18.5 0.32 mm. 
CR 32/67.5 26/58 0.46 

Wing vLR 84/68/150 67/49/142 1.30/1/2.55 
rs/r1 

61/45 . 45/30 1.43 
RR 12/30 12/28 0.42 
Ill;+/~ 82/44 76/29 1.90 

9th stern. 32/34 29/28 0.99 
9th trg. 13/34 16/28 0.48 

L/W :anr 31/12 26/10 2.59 
ABDOMEN Tmr 25.5/5 25/4 5.68 
( GEHITALIA) Aed 12/18 13/16 0.74 

Clap (b/c/b) 10/19/10 9/14.5/9 0.57/1/0.57 
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Table 24d. 

Lasiohelea (Tp,yridontria) monilicornis (Goetghebuer) - Measurements of 
key characters for two adult females. 

CHARACTER l 2 -x 

WH OLE 
Body length (L) 98 1.47 mm. INSECT -

Prob/Hd 38/57 - 0.67 
HEAD AR 47/54 - O.frl 

PR 19/6 - 3.17 

Fore TR 44/17 - 2.35 

Legs tJfid TR 47/19 - 2.47 
Hind TR 55/21 57/22 2.61 
Tib. spines 8 - 8 

THORAX 

L 57 61 0.89 nm. 
w 27 27 0.41 nan. 
CR 28.5/57 31/61 0.50 

Wing vLR 60/43/115 64/45/120 1.41/1/2.67 
rs/r1 69/41 74/45 1.66 
RR 26/30 25/32 0.82 

~+~~ 90/47 90/51 1.84 

L 23 - 79.35}1 

ABDOMEN w 20 69.00}1 (spmth) -
Duct L 5 - 17 .25}l 

453 
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Table 25a. 

Lasiohelea (~ridonvia) gossympina n. sp. - Measurements of key characters for single male and female pupa. 

CHARACTER Female Male 

Original Calcul.ated Original Calcul.ated 

WHO LE L 103 1.55 nnn. 101 1.52 nnn. 
w 25.5 0.38 mm. 25.5 0.38 nnn. Pu:PA Cph/Abd 44/74 0.60 47.5/68.5 0.69 

L/W 44/25.5 1.73 47.5/25.5 1.86 

Hel/th Dorsal a. 5/28.5 0.18 8/29.5 0.24 
Ventral a. 17.5/40 0.44 20/40 0.50 

CEP HALO-
THORAX L/W 28/13 2.15 28.5/13.5 2.11 

TrL/W 22/3 7.33 24/2.5 9.60 
Resp. Horn Tri/HL 22/28 0.79 24/28.5 0.84 

No. sp. pap. 11+14 11+14 10+16 10+16 
(upper & lower palisades) 

3rd segt (I/W/D) 10/19.5/19 1/1.95/1.90 9.5/19/19 1/2.00/2.00 

Last segt (I/W/D) 38/27/31 1.41/1/1.15 36/30/31 1.2oN1.o3 
ABDOMEN 

Term. proc. (L/W/D) 25/13/12 2.08/1.08/1 26/14/11 2.36/1.27/1 

Sex. proc. (L/W/D) -- - 18/10.5/9 2.00/1.17/1 
+
\Jl 
+-
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Table 25b. 

Lasiohelea (T!Jyridontria) goss.ympina n. ap. - Measurements of key characters for three adult males. 

CHARACTER 1 2 3 x 
WHO LE 

:Body length (L) 70.5 68 77 1.08 mm. INSECT 

Prob/Hd 40/56 38/62 44/62 o.68 
HEAD AR 66/15 62/12 66/13 0.91 

PR 17/5 17/5 17/5 3.40 

Fore TR 36/12.5 37/13 40/14 2.86 
Legs Mid TR 35.5/15 37/16 40/16 2.39 

Hind TR 40/15 44/16 44/16 2.47 
Tib. spines 6 7 7 6.70 

THORAX L 46 46 49 0.71 mm. 
w 17 17.5 17 0.26 mm. 
CR 21.5/46 22/46 24/49 0.48 

Wing v lB 53/45/96 51/45/99 58/51/108 1.15/1/2.15 
rs/r1 42/23 46/25 48/26 1.84 
RR 18/17 16/18 19/18 1.00 
m,+l~ 65/34 60/29 65/29 2.07 

9th stern. 20/26 20/29.5 25/30 0.76 
9th trg. 14/26 18.5/29.5 16/30 0.57 

L/W Bmr 21/9.5 21.5/10 23/10 2.22 
ABDOMEN Tmr 18/4.5 16/4.5 18/4 4.02 
( GENITALIA) Aed 11/17.5 10.1/19 11/17 0.60 

Clap ( b/ c/b) 7/14/7 6/15/6 7/16/7 0.45/1/0.45 
- -

.j:" 
VI 
VI 



Table 25c. 

Lasiohe1ea (Tb,yridosvia) goss.ympina n. sp. - Measurements of key 
characters for single adult female. 

CHARACTER ORIGINAL CALCULATED 

WHOLE INSECT Body length (L) 60 0.90 mm. 

Prob/Hd 37/51 0.73 
HEAD AR 46/44 1.05 

PR 14/6 2.33 

Fore TR 34/12 2.83 

Legs Mid TR 34/13 2.62 
Hind TR 41/15 2.73 
Tib. epines 7 7 

THORAX 

L 40 0.60 mm. 
w 21 0.32 mm. 
CR 21.5/40 0.54 

Wing vLR 37/31/00 1.19/1/2.58 
rs/r1 60/30 2.00 
RR 26/19 1.37 

BI;+/~ 59/30 1.97 

ABDOMEN L 12 41.40}l 
(spmth) 

w 11 37.95}1 

Duct L 3 10.35}1 

456 



Table 26a. 

La.siohelea (La.siohelea) propria n. sp. - Measurements of key char
actera for single fourth-instar la.rva. 

CHA.RACTER ORIGINAL CALCULATED 

vmoLE Body length (L) 192 2.88 mm. 
LARVA Width(W)/Depth(D) 21/20 1.05 

ER {I(D) 74/50 1.48 
La.teraJ. View OH/v 43/21 2.05 

qt/ts/sq 27/28/15 1.80/1.87/1 

HEAD I(w 51/52 0.98 
tt/ant 16/34 0.47 
qq/eyes 16/41 0.39 

VentraJ. View qq/ss 16/48 o.;; 
AR 18.5/3 2.75 
.9.. (FU/Tub~ 30/4 7.50 
s (PU/Tub 21/3 7.00 
Eye (Ht/W) 5/8 0.63 

.Ant. pseud. L/W/D 28/31/20 1.40/1.55/1 

THORAX 

Proth. setae !. ~Fil/Tub~ 24/17 1.41 
.È. :Fil/Tub 16/9 1.78 
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Table 26b. 

Lasiohelea (Lasiohelea) propria n. sp. - Measurements of key char
actera for two male pupae. 

CHARACTER l 2 -x 

L 138 135 2.04 mm. 
WHOLE PUPA w 34 31 0.36 mm. 

Cph/Abd 59/93 61/95 0.64 

L/W 59/34 61/31 1.85 

Hd/th Dorsal a. 8/36 8/33 0.23 
Ventral a. 21/53 21/53.5 0.40 

CEP HALO-
THORAX 1 L/W 35/8 31/7.5 4.25 

1 Resp. Trlv"W 28/3 24/2.5 9.28 
Hom Tri/HL 28/35 24/31 0.79 

No. sp. pap. 8 7 7.50 

3rd segt (I/W/D) 13.5/20/17 13.5/19.5/18 
1/1.46/1.30 

ABDOMEN Term. proc. (I/W/D) 27/20/13 29/19/13 2.15/1.50/1 

Sex. proc. (I/W/D) 27/15/15 27/15/15 1.80/1.00/l 

458 
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Table 26c. 

La.siohelea. (La.siohelea.) propria. n. sp. - Mea.surements of key characters 
for two a.dult males. 

-CHARACTER 1 2 x 

WHO LE Body 1ength (L) 100 96 1.47 mm. INSECT 

Prob/Hd 42/72 40/68 0.59 
HEAD AR 90/96 92/94 0.96 

PR 13/6.5 13.5/7 1.97 

Fore TR 50/23 51/23 2.20 

Legs MidTR 47/26 47/26 1.81 
Hind TR 60/32 60/32 1.88 
Tib. spines 7 8 7.50 

THORAX 

L 59 60 0.90 mm. 
w 20.5 20.5 0.31 mm. 
CR 33.5/59 33/60 0.56 

Wing vLR 78/66/125 78/66/124 1.18/1/1.89 
rs/r1 67/30 70/30 2.28 
RR 37/20 37/20 1.85 

~+~~ 85/36 84/35 2.38 

9th stem. 25/40 24/41 0.61 
9th trg. 11/40 11/41 0.27 

L/W :anr 31/13 32/14 2.84 
ABDOMEN Tmr 28/4 27/4 6.88 
( GENITALIA) Aed 17/29 16/30 0.56 

Clsp (b/c/b) 13/9.5/13 12/10/12 1.28/1/1.28 
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Table 26d. 

Lasiohelea (Lasiohe1ea) propria n. sp. - Measurements of key characters 
for single adult female. 

CHARACTER ORIGINAL CALCULATED 

WHOLE INSECT Body 1ength (L) 80 1.20 mm. 

Prob/Hd 40/75 0.53 
HElAD .AR 88/52 1.69 

PR 14/8.5 1.65 

Fore TR 50/20 2.50 
Legs MidTR 44.5/23 1.94 

Hind TR 63/30 2.10 
Tib. spines 7 7 

THORAX 

L 54.5 0.82 mm. 
w 25 o.;a mm. 
CR 34/54.5 0.62 

Wing vLR 59/50/106 1.18/1/2·12 
rs/r1 95/30 ;.17 
RR 50/28 1.79 

~+~~ 85/44 1.93 

L 20 69.0~ 

ABDOMEN Spmth 

w 15.5 53.48p 
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Table 27a.. 

La.siohelea (La.siohelea.) uncuspromissa. n. sp. - JJiea.surements of key 
cbaracters for single fourth-insta.r larva.. 

CHARACTER ORIGINAL CALCULATED 

WHO LE Body length (L) 178.5 2.68 mm. 
LARVA Width(W)/Depth(D) 20/19.5 1.03 

HR (L/D) 10.6/8 1.33 
Lateral View OH/v 61/40 1.53 

qt/ts/sq 36/35/25 1.44/1.40/1 

--

HEAD L/W 76/75 1.0 
tt/ant 24/47 0.51 
qq/eyes 26/56 0.46 

Ventral View qq/ss 26/67 0.39 
AR 30/17 1.77 
S ~Fil/Tub~ 51/5 10.20 
a Fil/Tub 35/4 8.75 
Eye (Ht/W) 10/13.5 0.74 

1 

Ant. pseud. L/W/D 51/49/39 1.31/1.26/1 

THORAX 

Protb. setae a ~Fil/Tub~ 33/ZT 1.22 
b Fil/Tub 30/18 1.67 

461 



Table 27b. 

Lasiohelea (La.siohe1ea) uncuspromissa n. sp. - Measurements of key 
characters of single femal.e pupa. 

CHARACTER ORIGINAL CALCULA.TED 

L 122.5 1.84 mm. 
WHOLE PUPA w 30 0.45 mm. 

Cpb/Abd 80/115 0.70 

L/W 74/42 1.76 

Hd/th Dorsal a. 16/16 0.24 
Ventral a. 32/79 0.41 

CEP HALO-
THORAX L/W 35/12.5 2.80 

Resp. TrL/W 26/2.5 10.40 
Hom TrL/HL 26/35 0.74 

No. sp. pap. 1 7 

3rd segt (1/W/D) 15/30/25 l/2.00/1.67 

ABDOMEN Last segt (L/W/D) 12/12/11.5 1.09/1.09/1 

Term. proc. (L/W/D) 41/22/22 1.86/1.00/l 
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Table 27c. 

La.siohelea (La.siohelea) uncuspromissa n. sp. - Measurements of key 
characters of single adult male. 

CHARACTER ORIGINAL CALCULATED 

WHOLEINSECT Body length (L) 8 1.45 mm. 

Prob/Hd 42/64 0.66 
HEAD AR 93/86 0.96 

PR 11.3/6 1.88 

Fore TR 50/22 2.27 

Legs :MidTR 47/24.5 1.88 
Hind TR 61/30 2.03 
Tib. spines 8 8 

THORAX 

L 44 0.84 mm. 
w 14 0.26 mm. 
CR 26/44 0.59 

Wing vLR 14/12/2.15 1.17/1/1.79 
rs/r1 12/5 2.40 
RR 49.5/43 1.15 
~+4/~ 70/27 2.59 

9th stem. 25/30 o.a3 
9th trg. 31/30 1.03 

L/W :amr 30/11 2.7'3 
A.BDOMEN' Tmr 25/4 6.43 
( GENITALIA) Aed 22/37 0.60 

Clsp (b/c/b) 11. 5/7/11. 5 1.64/1/1.64 

463 



Table 2'7d. 

Lasiohelea (Lasiohe1ea) uncuspromissa n. sp. - Measurements of key 
characters of single adult female. 

CHARACTER ORIGINAL CALCULATED 

WHOLE INSECT Body 1ength (L) 87.3 1.31 nm. 

HEAD AR 116/65.5 1.77 
PR 12.5/8.3 1.50 

Fore TR 50/20 2.50 
Legs MidTR 49.5/22 2.25 

Hind TR 64/28 2.11 
Tib. epines 8 8 

THORAX 

L 51.5 0.77 nm. 
w 23.3 0.35 mm. 
CR 38/51.5 0.66 

Wing vLR 66/590/101 1.11/l/1.70 
rs/r1 90/40 2.25 
BR 78/59 1.31 
m3+/~ 27/12 2.25 

L 18 62.07}l 

ABDOMEN Spmth 

1 

w 15 51.72p. 
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TABLE 28a 

Neoforcipomyia saundersi n.sp. - Heasurements of key characters 
for 10 fu11-t;rown fourth-instar 1arvae 

SPECUIEH NO. 
CHAiù\CTCR x <( S-x 

1 2 3 4 5 6 7 8 9 10 

~~~I~OL~~; ;Jody lcngth(L) 175 150 175 190 206 162 171 198 185 1ÜO 2.69mm, 0.25mm. o.o8mm. 
LIU( 1!1\ 'id th (vv'}bepth (D) 21/21 21/20 24/23 23/25 26/27 19/19 23/22 25/25 22/22 26/25 1.01 o.o5 0,02 

Lat- HR (L/D) 03/55 84/60 76/55 [J/57 85/58 81/58 86/56 7E/53 81/55 83/55 1.46 o.o5 0,02 
era1 OH/v 46/29 55/27 47/26 47/27 50/29 55/28 )1/26 48/26 49/26 48/26 1,84 0.13 o.o4 
View qt/ts/sq 21/23/16 22/26/15 20/24/14 21/25/16 22/30/17 20/24/15 21/25/15 20/23/16 21/24/15 20/24/16 1.35/1.60/1 0.13/0.15/1 o.o4/0,05/0.32 

L/iv 56/63 61/62 60/63 59/62 58/65 55!58 r"C'/62 .)U 53/54 60/64 60/62 0.94 o.o4 0,01 
If, ~ 1\D tt/ant 17/40 1G/L2 18/44 1El/43 17/45 16/40 17/41 16/40 10/42 1o/h2 0.41 o.o8 0,02 

qq/eyes 23/4!, 23/44 23/45 23/44 24/45 21/42 22/43 21/40 23/44 23/1+3 0,52 o.o1 0,003 
Ven- qq/ss 23/57 23/57 23/59 23/58 2h/59 21/51 22/55 21/50 23/58 23/55 o.L1 o.o1 0,003 
tra1 AH(L/\1) 15/2 15/2 15/2 17/2.5 18/3 17/2 18/2 1)/2 16/2 15/2.5 7.43 0,97 0.31 
View q(Fil/Tub) 50/5 50/6 hS/5 45/6 52/5 51/5 50/6 45/5 43/5 47/6 8.92 0.99 0,31 

~(Fil/Tub) 26/3 30/3.5 28/3 34/3 27.5/3 26.3 27/3.5 30/3 27/3 28/3 9.10 0,)6 0,18 
2ye (Ht/vv) 6/9 6/9 6/9 6/9 6/9 6/9 6/9 6/9 6/8.5 6/9 o.67 0,01 0,003 

Ant. 
1/vv'/D 37/30/25 21,/25/24 35/26/27 39/26/24 ')Ü/'30/2[" .35/Jc/25 35/2'2/26 36/27/25 38/29/25 36/29/22 1.47/1.12/1 o.24/0.23i o.OS/0.07/0.32 psoud. ..) - _) 

Tl:OdAX 
Proth, a(Fil/Tub) 35/54 40/45 43/43 42/44 46/47 40/47 46/46 30/38 40/44 43/43 1.10 0.17 o.o5 
setae ~(Fil/Tub) 30/43 32/43 32/32 32/43 33/46 32/45 J)jLI6 29/36 33/42 35/43 1.30 0,12 o.o4 

http:0.08/0.07/0.32
http:0.04/0.05/0.32


TABLi': 28b 

Neoforcipomyia ...;.__ _____ n.sp. - Heasurements of ke;r characters for 
male pupae 

SPECDTI:.:N NO • 

x <( S;c 
1 2 3 4 5 6 7 l' 9 10 L 

1 145 139 147 145 1h3 130 13Ü 2.13mm. o.o9mm. O.OJmm. 
i~'t1 UJ) 1; ',J lü 39 42 41 39 42 35 37 hO o.59mm. 0 o.o1mm. 
l'Ul'A Cph/Abd. 71/97 69/93 73/105 73/98 72/100 72/96 66/95 67/97 o. 72 o. o.oe 

IJjt·l 71/41 69/39 73/41 72/39 72/42 66/35 7 67/40 1. 77 o.o6 0.02 

a. 11/39 9/33 13/38 13/38 1011-~.o 6/35 9139 8/36 0.27 o.o6 0.02 
Ventral a. 30/56 29/57 34/60 29/58 29/60 30/60 30/60 27/60 o.51 o.o4 0.01 

C.·.PHJ\.-
10- 33/14 20/1).5 33/15 39/15 35/13 35/13 29/15 34/14 34/15 35/14 2.35 0.30 0.09 
1'HOWU 20/3 16/4 23/4 2C/4 23/3 23/3.5 17/4 23/4 22/4 24/4 5.92 1.15 0.36 

Horn. 20/33 16.26 23/33 28/39 23/35 23/35 17/29 23/34 22/34 24/35 o.65 o.o5 o.o2 
No.sp.pap. 11 12 11 11 11 11 10 10 11 10.90 o.S7 0.18 

f:Jl!j()_ 
Jrd segt. (L/H/D) 13/25/25 12/23/22 lh/29/27 13/27/25 13/27/22 13/27/23 12/29/25 12/24/22 12/26/22 12/27/25 1/2 .10/l. 89 1/0.15/0.13 0.32/0.05/0.04 
~~ex proc. (1/,:/JJ) 55/16/16 )1/1h/14 5h/15/19 53/17/ll~ 53/15/1Ü 53/15/11+ 5J/15/1h :.~0/14/14 49/13/15 Ü7/14/1h J.r)1/1.00/1 0.29/0.12/1 0.09/0.04/0.32 

1-'~j~~J Term. or oc. (L/V1I) 24/16 23.5/16 20/15 21.5/lS 24/16 24/17 22/15.5 26/16 23/16 26/17 2.[}1 0.42 0.13 

• 



CH.i\P..ACT;;n. 
1 2 

1 136 120 
1..'E01E Td 36 34 
PUPA Cph/Abd. 64/95 60/63 

------------

L/1'1 64/38 60/34 
------------

Dorsal a. 6/33 5/33 
Ct,~ PH- ITd/Th. Ventral a. 25/56 26/56 
fJ_,O-
TnCiu,:x. 1/H 32/14 31/12 

Resp. TrL/11 Hl/4 19/4 
Horn Tr1/HL lEJ32 19/31 

No.sp.pap. 12 9 
--------

Jrd segt. (L/i{ilJ) 12/2C/22 12/25/23 
ADDO- 1ast segt. (L/I:J/0) 52/u5/46 48/42/u2 
Hl,;N Term. proc. (L/VJ) 2u/13 26/15 

lJeoforcipomyia saundersi n.sp. - 11easurements of 
10 fema1e pupae 

SPl<;CIIJ[CN NO. 

3 4 5 6 7 

125 123 125 
35 37 34 

63/83 62/ü4 66/90 60/05 

66/39 63/35 62/37 66/38 60/34 

10/39 6/37 6/34 7/L~o 6/35 
J0/56 30/59 25/55 29/57 27/54 

35/16 31/15 30/14 39/15 37/13 
21/4 14/4 19/3 25/3.5 25/3.5 
21/35 14/31 19/30 25/39 25/37 
12 11 10 11 9 

13/27/25 12/25.5/24 12/27/25 13/28/25 12/24/20 
53/43/49 42/43/46 42/45/u3 52/50/46 44/39/43 

24/14 27/15 2lt/12 25/14 21.1/15 
------

characters for 

x \'[ S.x 
ü 9 10 

133 133 1.94mm. 0 o.o3mm. 
36 o.55mm. .03rom. o.olmm. 

65/91 60/87 64/91 o. 71 o.o3 o.o1 

(6/38 60/36 64/36 1. 73 0.02 o.o1 

6/Jh 7/36 7/33 0.19 o.o3 o.o1 
30/59 27/52 27/57 0.49 0.03 o.o1 

31/16 31/14 35/14 2.34 o. 0.09 
14/4 20/3 23/3 

, .. 
1. 73 o.55 ?• 

14/31 20/31 23/35 0.59 o.os 0.03 
10 8 11 10.30 1.34 o.42 

13/26/21 12/25/22.5 12/25/24 1/2.12/l.ôü 1/0.10/0.14 0.32/0.03/0.04 
40/313/LO Lft/37/4h 44/Lü/42 1.12/1/1.05 0.12/1/0.08 o.oL!/0.32/0.03 

.5 24/13 23/13 2.68 0.38 0.12 
····-
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TABLe 28d 

Ncoforcipomyia saundersi n.sp. - Neasurements of characters for 
10 adult males 

SPECTIJ!EN NO. 
C:HAllACTER x Sx-

1 2 3 4 5 6 7 8 9 10 

1ength (L) 115 117 117 122 125 llO 120 130 125 126 l.Blmm. o.09mm. o.03mm 

42/81 46/84 Ü0/80 43/79 46/80 41/81 41/82 46/83 47/81 42/87 o.53 0.03 o.o1 
HEAD 119/104 120/111 118/107 122/107 119/95 119/104 120/104 123/107 129/108 117/105 1.1) 0.04 o.o1 

14/7 14/6.5 14/6 13/6.5 14/6.5 13.5/6 15/7 15/5 13/6 1)/6.5 2.25 0.29 0.09 

Fore 'rR 62/25 59/24 59/23 58/25 56/23 57/24 58/2h 6o/24 60/26 57/24 2.42 o.o9 0.03 
Nid 'fR 60/25 61/27 57/22 ~)8/25 59/25 52/24. 57/26 61/25 60/27 58/25 2.33 0.13 o.o4 

LEGS I-Iind TR 70/28 75/28 70/26 73/27 69/29 69/26 70/26 73/26 74/28 77/27 2.68 0.11 0.03 
Tib.spines 7 8 7 7 '7 8 7 8 8 8 7.50 o.53 0.17 

TIICH.l\X L 70 72.5 69 68 69 67 71 72 74 70 1.05mm. 0.01mm. o.OOJm 
w 23 23.5 21 22 23 23 23 23 25 23.5 0.35mm. o.o2rnm. o.oo5m 
CR 35/70 35/745 34/69 35/68 35/69 35/67 38/71 37/72 36.5/74 36/70 o.51 0.01 0.004 

tJING 'Y'LR 97/82/150 96/82/154 93/80/148 94/79/154 93/82/150 E8/80/l50 96/84/160 97/84/166 98/82/169 97/83/155 1.16/1/1.90 o.03/1/0.15 0.04/0.32 
rs/r1 60/32 61/30 6o/32 60/32 67/33 70/36 73/41 70/38 70/38 67/34 1.88 0.12 o.o4 
RR 23/24 22/26 25/24 22/2h 28/25 29/23 30/28 27/31 25/28 26/26 1.00 0.13 o.o4 
rn3+J/CUl 100/40 99/43 65/39 94/hO 92/40 94/39 93/40 94/40 99/h5 98/lü 2.33 0.09 o.oJ 

9th stern. 20/38 20/30 19/36 1Ü/36 19/36 13/39 20/39 20/39 19/39 17/38 o.5o o.o3 0.01 
9th torg. 20/38 2h/38 22/36 22/36 22/36 22/39 21/39 26/39 22/39 22/38 0.59 o.o5 0.02 

AlJJO 1'-II'~ N ~~"'D 31/12 31/13 30/11 29/11 30/12 28/12 30/11 31/11 33/12 32/12 2.61 0.15 o.o5 L \·! L•mr 
(Œ:HI- 1'mr 29/4 28/4 29/4 30/4 26/4 29/3.5 29/4 29/4 31/4 30/4 7.35 0.46 0.15 .Aed. 1Ü/17 19/19 20/18 19/20 17/18 18/19 20/20 18/20 21/20 22/18 1.02 0.10 0.03 

Clsp (b/c/b) 18/16/18 18/18/18 18/17/18 19/12/18 19/18/18 1Ü/17/18 18/20/lÜ 19/18/19 17/19/17 18/16/17 1.09/1/1.07 0.10/1/0.15 0.03/0.J~ 

• --

http:0.10/1/0.15
http:1.09/1/1.07
http:0.04/0.32
http:0.03/1/0.15
http:1.16/1/1.90


CHA11.ACTDR 
l 2 

1dHOLE I3 'y l onc·th(L) 119 106 l'~''l''CT o._, e G l~~o..)u 

Prob/Hd. 46/83 43/80 
IIEAD AR 119/60 115/55 

PR 13/9 14/10 

Fore TR 58/20 59/21 
Nid 'l'R 56/20 55/20 

LEGS IIind TH. 67/24 72/25 
Tib.spine 7 7 

THORAX L 62 60 
1;J 29 2Ô 
CR 33/62 34/6o 

·.rnm vLR 69/59/128 62/58/126 
rs/r1 78/37 82/41 
Jl.tl. 30/30 Ltü/29 
m3+4/cu1 90/52 90/50 

1 19 17 
~:lr:,.:::.l1er ~~ 16 1h Spmth. Duct 1 4 3.5 

ABDŒEN 
1 20 19 Larger 
~ w' 16 15 Spmth. Duct 1 4 )..j_ 

TABlli 28e 

Neoforcipomyia saundersi n.sp. - Heasurements of key characters for 
10 adu1t fema1es 

SFECTIIE:N NO. 

3 4 5 6 7 8 9 10 

lOO 102 105 lOO 94 lOS lOO 109 

Lt2/81 43/82 4h/CO lth/80 42/75 L6/82 43/80 46/82 
117/53 119/53 120/55 119/52 ll0/54 129/51 119/57 12h/5Lt 
13/9 11.5/8.5 13.5/4.5 15/10 15/9 13/9.5 12.5/9 14/9 

58/20 5'9/21 62/22 57/21 Sh/20 61/22 60/22 65/22 
54/21 56/20 57/22 57/21 )0/19 59/22 58/22 62/23 
67/23 70/24 71/26 65/23 66/23 74/25 74/26 77/25 

7 7 7 7 7 8 8 8 

se 61 62 59 56 61 62.5 62.5 
26 29 JO 28 27 29 29 29 

32/58 3Lt/61 36/62 33/59 31/56 35/61 35/62.5 35'/û2.5 
68/57/126 6C/58/126 76/C1/13) 72/61/126 61-t/54/122 71/60/132 76/66/136 71/59/132 

7)/35 80/41 83/42 72/35 71/36 CLt/43 C0/37 C)/42 
32/29 37/29 42/28 33/26 33/27 35/30 36/28 40/2C 
33/46 90/52 96/54 c9/h9 C0/47 90/)0 96/)2 96/57 

---- -
16 17 18 17 17 10 17 1Ô 
15 16 17 l) 16 17 15 F: _, 

3 h 4 4 5 3 5 4 

16 18 20 lB l.G 18 l.G 18 
16 16 18 15 l.C:: 

/ 17 17 16 
3 4 4 4 4 4 4 4 

>< s-x 

1.56mm. 0.10mm. o.03mm. 

0.54 o.o2 o.o1 
2.20 0.16 0.05 
1.45 0.10 o.oJ 

2.81 o.o8 0.02 
2.69 0.09 o.oJ 
2.88 o.o8 0.02 
7.30 o.4ü 0.15 

0.91mm. o.o1mm. o.009mm. 
o.4Jmm. o.02mm. 0.01mm. 
0.56 0.01 0.003 

1.19;1/2.18 0.07/1/0.17 o.02/0.J2/o.o6 
2.04 o.o7 0.02 
1 r,;', o LU 0.15 o.o5 
1. 77 o.o6 o.o2 

261 .fo 13.41 }.J.- lt. 25 .P-
23h .-#- ll1.L:9p. 4.59.fo 
59.25r 10.29 .)-l- 3.2o/ 

277.5 )A 12. 75P. 4.o4r 
22+1.5 )J- 14.91)-l l.t. 71_....u... .-"(' r 4. 80 p. 1.52.)-l-';;;Oo;.;_J.J.. 



CHARACTER 

W1:fOLE Boey 1ength (1) 
LARVA Width(W)/Depth(D} 

HR(Iy'D) 
1...-1~ OJVV .P œ w 
œ W •ri qtftsfsq 

...::1 1:> 

I/W 
~ 

JVant 
mAD •ri qg/eyes 

1:> qq/ss 
...-! AR(I/Iff) ~ 
1-1 (Fil/Tub) 
~ s(Fil/Tub) (l) 

1:> Eye(H ;\v) 

Ant. I/W; 
pseud. VD 

THORAX Proth. a(Fil/Tub) 
setae ~(Fil/Tub) 

TABlE 29a 

NeoforcipomlEa eques (Johannsen) - Measurements of key characters for 
10 full-grow.n fourth-instar 1arvae 

SPECII\EN NO. 

1 2 3 4 5 6 7 a 9 

170 162 185 182 175 177 150 154 189 
20/26 18/24 26/28 24/25 21/23 20/24 20/19 20/21 28/30 

70/50 70/50 69/50 69/50 70/50 69/50 69/49 69/48 71/52 
46/20 41/21 38/18 40/21 44/22 44/22 43/20 43/20 48/22 

16/25/14 19/26/14 19/25/13 15/24/12 15/23/12 16/22/12 16/22/12 15/22/12 16/24(13 

49/51 50/52 48/52 48/53 50/53 50/52 47/49 49/52 51/56 
16/33 16/36 16/35 16/35 16/35 16/35 15/32 16/35 18/38 
20/37 21/39 22/40 20/40 21/40 21/39 20/37 21/39 23/42 
20/43 21/44 22/45 20/43 21/45 21/44 20/41 21/45 2rzso 
15/2 15/2 14/2 13/2 14/2 14/2 14/2 14/2 16 2.5 
43/6 42/6 44/6 43/6 46/6 48/6 45/6 4l/.6 43/6.5 
22/4 26/4 25/4 2%4 26/4 27/4 22/4 zs'/4 25/4 

7/9 5/9 5/9 6 8.5 6/9 6/9 5/9 5/9 6/9 

38/32/25 31/30/20 35/33/28 35/32/24 35/31/20 35/31/19 34/28/22 33/32/21 35/33/22 

21/25 20/26 25/27 19/23 20/26 22/27 21/26 21/26 19/26 
18/21 18/22 24/25 18/19 18/23 18/24 18/22 18/22 19/23 

- c:( Sx )( 

10 

190 2 .. 60rm:n.. o.21mm. o.07mm. 
22/27 0.89 o.09 0.03 

70/50 1.40 o.o3 o.o1 
43/22 2.07 o.o9 o.o:s 

16/23/12 1.57/1.43/J 0.16/0.15/1 o.oyo.o,fy"o.32 

48/53 0.94 o.o2 o.o1 
16/36 0.46 o.o1 0.004 
20/39 o. 53 o.o1 o.oo4 
20/45 0.47 o.o1 0.003 
15/2 7.04 0.39 0.12 
44/6 7.26 0.21 0.07 

2x4 6.15 0.47 0.15 
6 10 0.63 o.o8 o.o2 

35/34/22 1.29/1.88/L o.osp.oo/'J. o .oq.o.Œifo-32 

21/25 1.23 0.08 o.o3 
19/23 1.20 0.10 o.o3 



CHAHACTER 
1 

L 139 \JI-IOLE \r.J 38 PUPA Cph/Abd. 67/91 

L/lv 67/38 

"' Dorsal a. 9/41 
Hd/lh. Ventral a. 33/61_! 

CT~PHALO-
THORAX L/~v 23/12 

Hesp. 'l'rL/w 17/2.5 
Horn TrL/HL 

No.sp.pap. 

3rd segt.(L/Iv/D) ~~ ABDOJYlEN Sex. proc. (L/[1 /D) 
Term. proc. (LjlnJ) 

TABLE 29b 

Neoforcipomyia eques (Johannsen) - Heasurements of key characters for 
10 male pupae 

SPEC!lvîEN NO. 

2 3 4 5 6 7 8 9 10 

126 122 135 135 127 128 120 133 129 
35 33 39 36 33 35 37 37 39 

65/f37 63/130 70/94 72/94 64/85 66;e5 70/86 69/67 67/89 

65/35 63/33 70/39 72/38 64/33 66/35 70/37 69/37 67/39 

6/32 10/35 10/37 10/40 10/37 9/37 10.40 11/38 7/35 
29/58 29/56 J0/55 26/60 27/52 25/59 28/57 28/60 

20/11 17/12 17/13 20/13 22/13 21/13 19/13 
15/2.5 10/2 12/2 15/3 17/3 15/2.5 14/2.5 
15/20 10/17 12/17 15/20 17/22 15/21 14/19 

8 6 6 7 7 7 7 8 

12/25/21 12/24/21 10/29/22 13/26/23 112/23/21 11/2Ü/24 12/30/24 12/25/22 11/26/23 
37/15/12 34/15/12 iJ.0/15/12 42/14.5/.1.2 37/14/12 38/16/12 37/13/14 37/14/13 37/13/13 

4/3 5/5 6/5 6/4 6/5 7/5 7/5 7/6 6/6 

x 4' Sx 

1.94mm. o.09mm. o.03mm. 
o.55mm. O.OJmm. o.olmm. 
o. 77 o.o3 o.o1 

1.85 1 0.07 0.02 

o. o.o3 o.o1 
o.so 0 0.01 

1.5e 0.19 0.06 
6.11 o. 0.29 
o. 73 o.o2 
7.00 o. o.o8 

1/2.27/1. )2 1/0.43/0.27 1/0.13/0.09 
3.04/1.17/1 0.25/0.13/1 o.os;o.o4;o.32 

. 1.24 0.17 o.o5 



1 

CHAR.ACTEH 
l 

vŒIOLC 
L 116 
\!{ 33 FUPA Cph/Abd. 60/77 

L/W 60/33 

Dorsal a. 6/32 
Hd/Th. Ventral a. 22/54 

CEPBALO-
THORAX L/W 22/12 

Res p. TrL/1'11 17/3 
IIorn TrL/HL 17/22 

No.sp.pa.p. 7 

3rd segt. (LA,l/D) 12/23/20 
ABDOl,I' . .:N La.st segt. (L/1.-J/D) 45/30/3)~ 

Term.proc. (L/W) 8/5 

TABLE 29c 

Neoforcipomyia eques (Johannsen) - Measurements of key characters for 
10 fema1e pupae 

SPECHlliN NO. 

2 3 4 5 6 7 ô 9 10 

123 133 120 111 119 lOÔ lll 117 117 
36 35 32 35 35 33 37 36 33 

64/80 65/88 57/80 63/68 65/77 59/71 63/73 63/77 61/76 
--

64/36 65/35 57/32 63/35 65/35 59/33 63/37 63/36 61/33 

7/38 10/40 7/32 9/37 6/35 6/33 7/35 7/35 7/36 
28/59 26/58 27/52 22/52 26/59 22/53 22/52 23/54 23/54 

---

20.i4 21/13 20/12 22/12 21/12 19/11 22/13 20.113 20/13 
15/2 15/2 13/3 16/2 15/2 14/1.5 16/2 14/2 15/215 
15/20 15/21 13/20 16/22 15/21 l~/19 16/22 14/20 15/20 

8 8 8 7 7 7 7 7 7 

11/27/22 l3/25/2ü 11/26/20 9/24/24 12/25/21 10/23/22 10/26/26 10/28/25 12/25/21 
143135/37 )ü/38/37 45/37/35 43/32/38 43/34/3t 44/38/34 LkS/43/32 44/39/37 43/37/32 

7/6 7/6 5/4 7/5 7/6 7/6 7/6 7/4 7/6 

x <( sx-

1.76mm. O.llmm. 0.03mm. 
0.52mm. o.03mm. o.olmm. 
0.81 o.o6 0.02 

1.80 o.o5 o.o2 

o. 20 0.03 0.01 
o.44 o.o4 0.01 

1.66 0.14 o.o4 
7.08 1.42 o.45 
o. 72 o.o4 o.o1 
7.30 0.48 0.15 

1/2.32/2.08 l/0.30/0.38 0.32/0.10/0.12 
1.21/1/1.00 0.13/l/0.13 0.04/0.32/0.04 

1.29 o.o9 0.03 



CHARliCTER 

-~JHOI.u"'B B l 
INSECT -·oey 

Prob/Hd. 
E1!:AD AR 

THORAX 

FR 

Fore TR 
Nid TR 

LEGS IIind TR 
Tib.spines 

L 
1'\f 
CR 

WING VLR 
rs/r1 
RR 
m3+4/cu1 

9th stern. 
opnO.Ti:<'N 9th terg. 

1,_,;,_, l,__, L !r.r B 
(G',.,HI '" . mr 

r..:..l'f -

TALlA) Tmr 
Aed. 

(b/c/b) 

TABI..f~ 29d 

:Ncoîorcipomyia (Johannsen) - Neasurements of key characters for 
-- 10 adul t males 

-x 
1 2 3 4~~--~'~-+---6~~~~7--4---~8--~--~9---r __ l~O~-r--------t-------Î -------~ 

112 

54/90 
23/25 

14/6.5 

12.s;5.5 
11.5/6 

74/33 
8 

93/95 
15/6 

h5/25 
47/27 
65/31 

7 

105 

.So/62 
87/84 
15/6 

1+5/20 
45/23 
64/26 

7 

Sl/82 
90/100 
15/6.5 

51/24 
51/25 
66/30 

ô 

Sl/90 
88/90 
14/6 

46/21 
45/23 
60/27 

7 

107 

.S1/Ü) 
96/98 
14/6 

49/22 
47/24 
62/2?.5 

7 

105/103 
15/6.2 

50/22 
Sü/25 
69/30 

7 

109 

50/80 
87/90 
13/6 

42/18 
44/22 
64/25 

7 

llO 

51/81 
83/82 
16/7 

)0/22 
50/24 
68/28 

7 

llO 

50/82 
97/98 
.5/6 

47/22 
49/25 
64/29 

7 

74 66 61.5 67 63.5 62.5 71 62 68 
21 23 21 23 21 4 21 23 

36.5/74 31/66 28/61.5 31/67 32/63.5 31/62.5 33/71 30/62 33/68 
96/82/160 80/70/140 75/65/136 71/62/139 80/70/138 76/66/136 87/75/149 72/6o/l27 85/72/148 82/72/15 

60/25 57/30 54/27 64/30 60/28 58/29 60/31 56/29 62/38 62/29 
32/25 33/23 31/22 31/21 27/21 24/22 22/22 23/21 26/25 26/25 

lC0/45 9!r/36 80/30 99/48 83/42 89/40 96/48 90/40 104/50 94/44 

22/35 
22/35 
33/12 
29/5 
18/18 

22/34 
22/3h 
28/11 
26/5 
18/18 

19/32 
17/32 
26/9 
23/4 
17/13 

20/.34 
22/3lt 
32/11 

29/5.5 
H3/l8 

20/32 
22/32 
27/10 
25}4 
18/17 

18/31 
25/31 
32/10 
25/5 

20/34 
23/34 
32/11 
28/S 
24/18 

20/32 
20/32 
26/9 
2li/h.5 
17/17 

20/35 
25/35 
31/10 
25/5 
1B/18 

22/34 
25/34 

31/10.5 
23/4.5 
18/17 

1.67rrun. 

0.61 
0.98 
2.33 

2.19 
1.96 
2.30 
7.20 

o.o6m.'11. 

o.o3 
o.o5 
0.12 

0.15 
o.1o 
0.15 
o.l~2 

O.Olnnn. 

o.o5 
o.o3 
o.os 
0.13 

1.oomm. o.02mm. o.o~. 
o.J4mm. o.o2mm. o.o1mm. 
0.48 0.02 0.01 

1.16/l/2.06 o.02/1/0.19 o.01/0.32/0.09 
2.os o.59 o.19 
1.22 0.18 o.o6 
2.22 o.24 o.os 

o.o1 
o.o2 
0.20 
0·40 
0.16 

0.003 
o.o1 
0.06 
o.13 
o.o5 

1û/12/18 16/12/16 19/15/19 17/13/16 17/14/18 18/15/19 16/lli/17 17/16/17 18/14/19 1.27/1/1.27 0.12/1/0 .32/0.04 



CHAllACTER 
1 2 

!fHOLI~ 
INSECT Body 1ength(L) 102 90 

Prob/Hd. 55/72 55!74 
HEAD AR 87/59 78/52 

PR 13/7.5 14/8.5 

Fore TH 44/19 57/23 
, :l-'iid TR 48/20 50/23 

LriJJS Hind 'l'R 64/24 70/27 
Tib.spines 7 7 

L 59 64 THOHAX 
~J 27 27 
CR 31/59 36/64 

\JING VLI\. 65/53/115 70/52/126 
rs/r1 7L/3D Ü7/42 
RR 2Ü/30 28/JO ! 
m3+4/cu1 67/53 1o1;5e 

_l 
' L i 14 14 Smal1er ·r.:J 1 

13 13 
.Spmth. Duct L 2.6 2.5 

ABDO!vL~~J 

L 17 18 Larger vJ 16 17 Spmth. Duct L 3 3 

TABLE 29e 

Neoforcipornyia eques (Johanneen) - heasurements of key characters for 
10 adu1t females 

SP.E;CU'ŒN NO. 
--

3 4 5 6 7 8 9 

115 lOO 85 90 94 85 138 

58/82 52/80 -~2/79 55/80 55175 55!75 58/75 
78/45 70/52 76/50 72/50 78/50 80/53 73/52 
14/8 13/8 13/7 1:J.5/7 lL~/8.5 13/8 14/8.5 

h5/18 46/20 h5/19 1+5/19 52/22 l.t6/18 tl-6/19 
4e;2o 47/21 1~7/20 h7/20 55/22 49/20 49/21 
61/23 67/26 60/2lt 64/26 70/27 65/24 62/26 

7 7 7 7 8 8 7 

58 59 56 59 59 57 
27 28 27 29 27 28 27 

30/58 J0/59 29/56 31/59 35/59 30/57 30/58 

10 

89 

56/80 
82/54 
13/7 

Lt.6/19 
50/21 
62/27 

7 

59 
28.5 
31/59 

62/50/118 65/53/122 56/46/105 66/51/120 75/59/135 65/52/120 65/52/119 64/51/120 
68/30 75/32 71/32 79/37 ûh/40 68/30 6ê/30 79/39 
29/30 ')r'/20 31/2f. 39/2D 40/29 35/21 -,r'/21 37/23 .Y) u .. X) 
90/48 97/52 100/58 100/57 100/56 65/49 9' ;r;r-. 9.3/50 Lj. / <. 

14 15 15 16 14 16 
13 14 14 14 15 13 15 

}.j. 2 2.5 2.5 3 2.5 2 r' 2.5 ._::; 

16 15 16 18 lÔ 17 1e 17 
16 14 15 17 17 16 16 16 

3 3 3 4 3 3 3 3 
-

,---

x (( s-.x 

1.41mm. 0 .1~rrrrn. O.Olrrrrn. 

o. 72 o.o4 0.01 
1.50 0.10 o.o3 
1.73 0.11 o.oL 

2.lü 0.09 o.o3 
2.36 o.o8 0.03 
2.53 0.13 o.o4 
7.20 0.42 0.13 

o.88nun. 0.07rrrrn. o.o2nun. 
o.41rrrrn. 0. 004Iilli1. O.OOlmm. 
o.53 0.02 o.o1 

1.26/1/2.31 0.02/1/0.06 O.C)l/0.32/0.02 
2.16 0.13 o.ol.t 
1.26 0.30 0.10 
1.78 0.02 o.o1 

222)! 11.84 )J. 3. 75 )J. 
207 )J. .84 fL 3.75 }A. 
h0.5 ft 3.00 )J. 0.95 )-'-

2t:;;) l5.[!lp 5.oo p -_,4 
2h0 ;k 14. ft L~.47 .AL 
h6.5 )L 4. 7L ,.u. 1.50 fo 

http:0.02/1/0.06
http:1.26/1/2.31
http:0.cn/0.32/0.02


Table 3Qa. 

Trichohelea nicopina n. sp. - Measurements of key characters for two 
fourth-instar larvae. 

CHA.RACTER 1 2 x 

WHO LE Body 1ength (L) 250 210 3.45 mm. 
INSECT Width(W)/Depth(D) 19/18 20/20 1.03 

Lateral HR (I/D) 90/44 90/45 2.02 
HEAD OH/v 5l/50 45/48 0.98 View qt/ts/sq 21.5/26/21 2]/26/20 1.04/1.27/1 

I/W 85/63 85/61 1.37 
tt/ant 2l/44 20.5/43 0.48 

Ventral qq/eyes 35/37 35/35 0.97 
View qq/ss 35/58 35/57.5 0.61 

pp/qq 50/35 50/35 1.43 
ss/uu 58/49 57.5/49 1.18 

THORAX Ant. I/W/D 30/38/21 23/45/25 1.18/1.80/1 
pseud. 
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Table ;ob. 

Trichohelea nicopina n. sp. - Measu.rements of key characters for single male and female pupa. 

CHARACTER Female Male 

Original Calculated Original Calculated 

WHO LE L 180 2.70 mm. 152 2.28 mm. 
w 31 0.47 mm. 28 0.42 mm. PUPA Cpb/Abd 68/135 0.50 61/110 0.56 

L/W 68/31 2.19 61/28 2.18 

Hd/th Dorsal a 10/37 0.27 11/35 0.31 
Ventral a 26/54 0.48 29/50 0.58 

CEPHA.LO-
THORAX L/W 52/ll 4.73 45/7.5 6.00 

Resp. Horn TrL/W 40.5/4 10.13 35/3 11.67 
TrL/HL 40.5/52 0.78 35/45 0.78 
No. sp. pap. 16 16 12 12 

3rd segt (r/W/D) 18/28/25 1/1.56/1.39 14/21/18 1/1.50/1.29 

Last segt (L/W/D) 69/50/45 1.53/l.ll/1 52/44/40 l.;o/1.10/l 
ABDOMEN 

Te:rm. proc. (L/W/D) 57/26/17 3.35/1.53/1 47/20/13 3.62/1.54/1 

Sex. proc. (L/VI/D) - - 22/18/15 1.47/1.20/1 

1 
1 

+
....,;) 
0'\ 



Table 30c. 

Trichohelea nicopiœ. n. sp. - Measurements of key characters for single 
adult male. 

CHARACTER ORIGINAL CALCULATED 

WHOLE INSECT Body length (L) 116 1.74 mm. 

Prob/Hd 34/73 0.47 
HEAD AR 75/80 0.94 

PH 15/5.5 2.73 

Fore TR 50/19 2.63 
Legs Mid TR 50/19 2.63 

Hind TR 60/19 3.16 
Tib. spines 6 6 

-
THOBA.X 

L 54 0.81 mm. 
w 19 0.29 mm. 
CR 26/54 0.48 

Wing vLR 74/66/114 1.12/1/1.73 
rs/r1 44.5/28 1.59 
RR 13/18 0.72 
~+4/~ 85/40 2.13 

9th stem. 21.5/40 0.54 
9th trg. 25/40 0.63 

L/W P.mr 28.5/12 2.38 
ABDOMEN Tmr 26.5/6 4.42 
(GEN"ITALIA) Aed 17/20 0.85 

Clsp (b/c/b) 11/18/11 0.61/1/0.61 
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Table ?Od. 

TriChohelea nicopina n. sp. - Measurements of key characters for single 
adul t female. 

CHARACTER ORIGINAL CALCULATED 

\\'HOLE INSECT Body length (L) llO 1.65 Imll. 

Prob/Hd 35/64 0.55 
HEAD 1~ 100/29 3.45 

14/6.5 2.15 

Pore TR 53/18 2.94 

Legs Mid TR 52/17 3.06 
Hind TR 63/20 3.15 
Tib. spines 7 7 

THORAX 

L 50 o. 75 Imll. 

w 22 o. 33 Imll. 

CR 27/50 0.54 
Wing vLR 59/52/101 1.14/1/1.94 

rs/r1 56/30 1.87 
BR 24/23 1.04 

m;+l~ 76/45 1.69 

Smal1er L 16.5 56.93}1 

spmth w 13 44.85p. 
ABDOMEN 

Larger L 16.5 56.93}1 

spmth w 14 48.30}1 
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Table 3la. 

Trichohelea gra;ndis n. sp. - Measurements of key characters for three f'ourth-instar la.rvae. 

-CHARACTER 1 2 3 x 

WHO LE Body length (L) 240 245 285 3.85 :mm. 
LARVA Width(W)/Depth(D) 16.5/16.5 16.5/13 22/18 1.16 

HR(I/D) 85/45 85/42 89/43 1.99 
Lateral View OH/v 42/43 41/42 43/45 0.97 

qt/ts/sq 20/22/15.5 19/21/15 20/23/16.5 1.26/1.40/1 

HEAD L/W 82/56 80/60 83/58.5 1.41 
tt/ant 22.5/41 21.5/41 22/41 0.54 
qq/eyes 33/38 32/38 32/39 0.84 

Ventral View qq/ss 33/51 32/55 32/54 0.61 
pp/qq 44.5/33 46/32 45/32 1.40 
pq/qs/sp 20/14/24 22/15/24 22/16.5/25 1.41/1/1.61 
pp/uu 45/51 45.5/55 47/54 o.86 

THORAX Ant. pseud. Iv'W/D 35/42/30 28/50/16 30/45/18 1. 71/2.81/1 

+
--.,J 
\.0 
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Table 3lb. 

Trichohelea grandis n. sp. - Measurements of key characters for single 
male pupa. 

CHARACTER ORIGINAL CALCULATED 

L 184 2.76 mm. 
WHOLE PUPA w 27 0.41 mm. 

Cpb/Abd 67/137 0.49 

L/W 67/27 2.48 

Hd/Th Dorsal a. 9.5/37 0.26 
Ventral a. 21/58 o.36 

CEP HALO-
THOBAX I/W 44/8 5.50 

Resp. Tri/W 36/3 12.00 
:Horn Tri/HL 36/44 0.82 

No. sp. pap. 14 14 

3rd segt (L/W/D) 16/22/20 1/1.38/1.25 

ABDOMEN Last segt (L/W/D) 60/43/44 1.40/1/1.02 

Te:rm. proc. (L/W/D) 84/20/18 4.67/1.11/1 

Sex. proc. (L/W/D) 18/15/10 1.80/1.50/1 
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Table ?le. 

Trichohelea sz:andis n. sp. - Measurements of key characters for two 
adul t males. 

CHARACTER 1 2 x 

WHO LE Body length (L) 101 98 1.49 mm. 
INSECT 

Prob/hd 28/68 30/70 0.42 
HEAD AR 71/79.5 71/00 o.89 

PR 12/4.5 - 2.67 

Pore TR 46/18 51/19 2.62 

Legs Mid TR 44/19 49/18 2.52 
Hind TR 54/18.5 53/19 2.85 
Tib. epines 6 6 6 

THORAX 

L - 53 o.so mm. 
w - 18 0.27 mm. 
CR - 25/53 0.47 

Wing v LB. -- 67/60/110 1.12/1/1.83 
rs/r1 - 45/28 1.61 
RR -
~~~ - 73/34 2.15 

9th stem. 20/35 22/40 0.56 
9th trg. 28/35 30/40 0.78 

J/W Bmr 28/10 32.5/11 2.88 
ABDOMEN Tmr 26/6 31/6 4.75 
( GENITALIA) Aed 15/17 16/18 0.89 

Clsp (b/c/b) 12/17/12 11/17/ll 0.68/1/0.68 
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Table 3ld. 

Trichohelea grandis n. sp. - Measurements of key characters for two 
a.dul t females. 

CHARACTER 1 2 x 

WH OLE 
:Body 1ength (L) mSECT 95 -- 1.43 mm. 

HEAD AR 56/41 110/71 1.46 
PR 15/7 - 2.14 

Fore TR 51/18 Yr/13 2.84 
Legs Mid TR 50/17.5 38/14 2.79 

Hind TR 60/18 48/15 3.27 
Tib. spines 8 -- 8 

THORAX 

L 53 42.5 0.72 mm. 
w 22 18 0.30 mm. 
CR 28/53 22/42.5 0.52 

Vling vLR 60/54/106 50/42/79 1.15/1/1.92 
rs/r1 67/32 50/27 1.97 
BR 30/20 22/20 1.30 
m,+let;. 80/41 72/35 2.00 

Smal1er L 17 - 58.65}1 
spmth w 13 - 44.85}1 

ABDOMEN 

Larger L 18 -- 62.10p 
spmth w 14 - 48.30}1 
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Table :;2. 

Neoforcipowia saundersi n. sp. - Range in mm. for body lengths and 
wid ths of larva.l, pupa.l and adul t sta.dia. 

NO. RANGE 
STAGE MEASURED LENGTH WIDTH 

lst instar 65 0.345-0.750 0.083-0.135 

2nd instar 21 0.645-1.360 0.135-0.225 

LARVA 

3rd instar 65 1.110-2.100 0.195-0.315 

4th instar 55 1.440-3.075 0.240-0.435 

Male 10 1.995-2.325 0.525-0.630 

PUPA 

Female 10 1.800-2.070 0.510-0.585 

Male 10 1.725-1.890 -
ADULT 

Female 10 1.410-1.785 -



• Table ?3· 

Neo:forcipom;yia eques (Joha.nnsen) - Range in mm. :for body lengths and 
widths of la.rval, pu pal and adul t stadia. 

NO. RANGE 
STAGE MEASURED LENGTH VIIDTH 

lat instar 53 0. 330-0.720 0.075-0.135 

2nd instar 55 0.585-1.320 0.120-0.180 

LARVA 
3rd instar 13 1.050-1.935 0.150-0.285 

4th instar 17 1.410-2.850 0.240-0.420 

Male 10 1.800-2.085 0.495-0.585 

PUPA 

Female 10 1.620-1.995 0.480-0.555 

1 

Male 10 1.575-1.770 -
ADULT 

Female 10 0.900-1.725 -
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• Table 34. 

Bezzia glabra (Coquillett) - Range in mm. for head and body lengths 
and widths of larval., pupal and adult stadia. 

RANGE 
NO. WHOLE INSECT* HEAD+ STAGE MEASUBED 

Length Width Length Width 

LARVA 

lat 5 90-145 4-4.5 39-40 13-14 

2nd 24 140-279 4.5-7 58-65 18-20 

3rd 48 218-445 6-12.5 86-99 23-30 

4th 50 376-751 9-24 126-152 31-42 

PUPA 

Male 30 212-256 33-44 - -

Female 37 240-300 40-51 - -
ADULT 

Male 26 141-202 - - -
Female 25 175-226 - - -

* Whole Insect : 1 unit = 0.015 mm. 

+ Head : 1 unit = 0.00345 mm. 
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• Table 35. 

l?alpo;r;yia slossonae (Coquillett) - Range in mm. for head and body 
lengths and widths of larval, pupal and adult stadia. 

RANGE 
NO. 

WHOLE INSECT* HEAD+ 
STAGE MEASURED 

Length Width Length 

LARVA 

lst 26 80-175 4-7.5 41-44 

2nd 13 160-274 6-11 59-64 

3rd 21 220-497 10-19.5 85-94 

4th 36 435-896 14-37 13Q-149 

l?Ul?A 

Male 22 243-300 47.5-57.5 -
Female 45 276-390 58-80 -

ADULT 

Male 44 150-230 - -

Fema.le 46 221-318 - -

* Who1e Insect : 1 unit = 0.015 mm. 

+ Head : 1 unit = 0.00345 mm. 

486 

Width 

17-18.5 

22-24 

30-30.4 

37-55 

-

-
-

-
-
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Table 36. 

Da.ayhelea grisea ( Coqui1lett) - Range in mm. for head and body 1engths 
and widths of la.rvaJ., pupa.l and adult sta.dia. 

RANGE 
NO. WHOLE INSECT* HEAD+ 

STAGE MEASURED 
Length V/id th Length Width 

LARVA 

lst 13 40-75 3.5-5.5 31-33 17.5-18 

2nd 23 69-128 5.5-9.0 47-50 24-26.5 

3rd 23 114-205 8.0-15.0 69-75 35-39 

4th 10 180-300 13.5-20.0 95-106 50-57 

PUPA 

Male 11 141-195 28-36 - -

Female 12 142-205 29-35 - -
AD OLT 

Male 5 129-146 - - -
Female 6 105-128 - - -

* Who1e Insect : 1 unit = 0.015 mm. 

+ Head : 1 unit = 0.00345 mm. 



• Table 37. 

NeoforcipoffiYia saundersi n. sp. - Duration in d~s of stadia of field
collected immature stages developing on moist, dec~ing wood with a 
covering of algae and moss at room temperature and humidity. (7o•F. and 

50% R.H. ) 

DURATION IN DAYS Y DAYS FROM EGG-
STAGES NO. OF HATCHING TO ADULT 

SPECIMENS - Range EMERGENCE x 

LA.RVAE 

lst 30 3.3 1.5-7 .o 

2nd 60 2.5 1.0-5.0 

3rd 84 2.9 1.0-11.0 18.3 

4th 79 5.5 2.5-12.5 

PUPAE 

Female 36 4.2 3.0-5.0 

Male 39 4.2 3.0-6.0 
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Table :;a. 

Neoforcipon;via eques (Johannsen) - Duration in da;ys of stadia of field
collected immature stages developing on moist, deca;ying wood with a 
covering of algae and moss at room temperature and humidity. (7o•F. and 

50% R.H.) 

DURATION IN DAYS :x DAYS FROM EGG-
STAGES NO. OF HATCHING TO ADULT 

SPECIMENS - Range EMERGENCE :x 

LARVAE 

lat 56 6.9 4.0-10.0 

2nd 59 6.5 2.0-12.0 

3rd 55 4.9 2.0-13.0 :;:;.o 

4th 53 8.2 2.5-16.0 

:PUPAE 

Female 29 6.7 5.5-8.0 

Male 39 6.6 4.5-8.5 
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• Table ;g. 

Bezzia glabra (Coquille tt) - Duration in d83"s of stadia of field
collected immature stages developing in blanket algae on chironomid 
and Das,rhelea grisea larvae and pupae at room temperature and humid-

ity. (70"F. and 50% R.H.) 

DURATION IN DAYS x DAYS FROM EGG-
STAGES NO. HATCHING TO A.DUI1r 

SPECIMENS x Range EMERGENCE 

LARVA 

1st 1 8 8 

2nd 6 14.3 14.; 

3rd 5 24.4 16-35 64.7 

4th 7* 15.7 11-19 

PUPA 

Female 15 2.3 1.5-3.5 

Male 8 2.3 1.5-2.5 

* These be1ong to a minority; the ma.jority overwinters. 
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Table 40. 

Palpom.yia slossonae ( Coquillett) - Duration in da.rs of stadia of field
collected immature stages developing in blanket algae on chironomid and 
Dasyhelea grisea larvae and pupae at room temperature and hum.idity. 

(70•F. and 50% R.H.) 

DURATION IN DAYS x DAYS FROM EGG-
STAGES NO. HATCHDiG TO ADULT 

SPECIIviENS x Range EMERGENCE 

LARVA 

lst 20 14.25 10-19 

2nd 19 14.26 10-22 

3rd 16 35.19 7-58 

4th - - - ~ 36.5 

PUPA 

Female 20 3.78 2-5 

Male 10 4.05 3-5 
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• Table 41. 

Dasyhelea grisea {Coquillett) - Duration in deys o:f stadia o:f :field
collected immature stages deve1oping in and on b1anket algae and 

debris at room temperature and humidity. {7o•F. and 50% R.H.) 

DURATION IN DAYS x DAYS FROM EGG-
STAGES NO. HATCHING TO ADULT 

SPECIMENS x Range ' EMERGENCE 

LARY A 

lst 91 7.5 4-13 

2nd 126 6.5 4.5-15.5 

3rd 203 6.5 4.5-18 30.3 

4th 194 7.3 5.5-22 

PUPA 

Female 78 2.5 1.5-3.5 

Male 79 
1 2.5 1.5-3.5 
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• EVOLDT!ONARY DEVELOPMEN'l' OF CLASPETTES IN THE DASY.HELE!N.AE 

AND CERATOPOGON!N.AE 

A. DASY.HELE!N.AE 

493 

In the Dasyheleinae the evolutionary develop~nt of the claspettes 

begins with the 'third' stage of the Atrichopogon prototype condition 

(Fig. 40a, A3) and proceeds in three trends: A, B and C (Fig. 40a). In 

trends A and B, the hook-shaped claspettes rise above their bases and 

meet apically either sharply or in a square-top. The claspette proces ses 

are then produced from the left or the right basal arm. Further 

developnents, as shown in the diae;ram, are self-explanatory. In trend C, 

the claspettes meet without rising above the level of the hook-shaped 

basal arms but at the level or below that of the basal arms as shovm, 

Trends A and B may also begin 'tith the second Atrichopogon 

pr ot ot ype st 

A3• 

(Az) and proceed in exactly the same way as shm~ for 

B. CEF' .. ATOPOGOHINAE 

In tr~ Culicoidini and Ceratopogonini (Fig. 40b, trends A, Band C), 

evolutionary development of the claspettes be gins V"Ji th the hypothetical 

cases as shawn. In trend A, the short basal arms of the first stage 

Atrichopogon prototype condition (A1 ) give rise to claspette processes 

from their apices. These processes elongate and becon:e variously 

modified as shawn. In trends B and C the claspette processes arise 

from the recurved apices of the apical arms and become elongated and 

variously modified as shown. 

In the rest of the Ceratopogoninae (trend D) claspette processes 

are produced from the inner basal corners of the basal arms. These 
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Fig. 40a. Evolutionary trends in the development of claspettes 
in the Dasyheleinae 

Atrichopogon boharti Tokunaga (1962) 

Dasyhelea peliliouensis Tokunaga (1940) 

Dasyhelea luteicauda Tokunaga (1962); ~· ~essitti 
Tokunaga (1959); ~· flavibasalis Tokunaga (1940); 
D. palouensis Tokunaga (1940); ~· carolinensis Tokunaga 
l1941); ~. perfida Johannsen (1 931); ~· subperfida 
Tokunaga (1940); etc. 

Dasyhelea furnala Tokunaga (1940) 

Dasyhelea cincta (Coquillett) (1901); a. robustiforceps 
Tokunaga (1962); etc. 

Dasyhelea flavescens Tokunaga & Murachi (1959); ~· 
subscutellata Tokunaga (1940); a. palloris Tokunaga & 
Murachi (1959); etc. 

Dasyhelea truncata TokQ~aga & Murachi (1959) 

Dasyhelea r uensis Tokunaga (1962); D. sabrosky~ 
Tokunaga (1959 ; D. insularis Tokunaga (1940) ; etc. 

-- Dasyhelea yoshirnurai Tokunaga (1940) 

-- ~asyhelea symmetria Tokunaga (1962); ~· Earvistylata 
Tokunaga & 11urachi (1959); ~· Eallivitt~ Tokunaga {1959); 
~. nigrovis Tokunaga & Murachi (1959); etc. 

10 Dasyhelea nigristigmata Tokunaga & Murachi (1959); ~· 
esakii Tokunaga (19405; etc. 

11 -- Dasyhelea sagittifera Tokunaga & Murachi (1959); etc. 

12 Dasyhelea flavicaudalis Tokunaga & Murachi (1959); a. 
raripilosa Tokunaga (1940); ~· guaternihamata Tokunaga 
(1959); etc. 

13 Dasyhelea dUEliforceps Tokunaga (1959); 

14 Dasyhelea furcillifera Tokunaga (1959); etc. 

• 
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Fig. 40a. Evolutionary trends in the development of claspettes 

in the Dasyheleinae 
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Fig. 40b. Evolutionary trends in the deve~opment of claspettes 
in the Ceratopogoninae 

1 -- Culicoides brookmani Wirth (1952); f· chiopterus (Meigen) 
(1820); f. guttifer (de Meijere) (1907); f· okinawensis 
Arnaud (1956); f. cockerellii saltonensis Wirth (1952); etc. 
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10 

11 

12 

13 

14 

15 

16 

17 

18 

Culicoides jamesi Fox (1946) 

Culicoides hieroglyphicus Halloch (1915) 

Culicoides stonei Ja~es (1943); f. loughnani Edwards (1922); 
f. palmerae James (1943); f· canithorax Hoffman (1925); f· 
biguttatus (Coquillett) (1901); f· (Trithecoides) spp. etc. 

Culicoides inamollae Fox & Hoffman (1944) 

Culicoides vartipennis (Coquillett) (1901); f. peliliouensis 
Tokunaga (1936); etc. 

Culicoides sabroskyi Tokunaga (1959) 

Alluaudomyia insulicola Tokunaga & Murachi (1959) 

Alluaudomy:hë, monopunctata Tokunaga & Hurachi (1959) 

Culicoides denningi Foote & Pratt (1954) 

Culicoides tenuistylus Wirth (1952) 

Ceratopogon culicoidithorax Hoffman (1926) 

Alluaudomyia bipunctata Tokunaga & Murachi (1959); etc. 

Alluaudomyia bella (Coquillett) (1902); etc. 

Alluaudomyia spinosipes Tokunaga (1962) 

Stilobezzia gressitti Tokunaga & Murachi (1959); §.. 
fuscigenua Tokunaga & Hurachi (1959); etc. 

Serromyia fernorata (I1eigen) 

19 -- Neurohelea nigra Vlirth (1952); etc. 

20 -- Monohelea macfiei Wirth (1953) 

21 Monohelea johannseni Wirth (1953) 

22 Palpomyia serripes Meigen (1818); Clinohelea usingeri 
Wirth (1952); etc. 



Fig. 40b. Evolutionary trends in the development of claspettes 

in the Ceratopogoninae 

23 -- Jenkinshelea corea de Meijere 

24 -- Palpom~a flaviceps (Meigen) (1804); Bezzia setulosa 
(Loew) 1861); ~· bivittata (Coquillett) (1905); ~· 
badiifemorata Tokunaga & Murachi (1959); B. 
maculifemorata Tokunaga & Murachi (1959);-etc. 

25 -- Sphaeromias longipennis (Loew) (1861) 

26 Palpomyia linsleYi Wirth (1952); P. armatiSes Wirth 
(1952); Bezzia punctipennis (WillÏston) (1 96); etc. 

27 -- Stilobezzia okinawensis Tokunaga (1962) 

28 -- Monohelea palauensis Tokunaga (1959); Stilobezzia 
(Neostilobezzia) unifascidorsalis Tokunaga (1959); etc. 

29 -- Stilobezzia spadicitibialis Tokunaga & Murachi (1959); 
s. fusiscutellata Tokunaga & Murachi (1959); s. 
(Neostilobezzia) calcaris Tokunaga & Murachi (1959); 
s. abdominalis Tokunaga & Murachi (1959); etc. 

30 --

31 

32 

Stilobezzia (Neostilobezzia) tenuiforceps Tokunaga & 
Hurachi (1959); Stilobezzia fusistylata Tokunaga & 
Murachi (1959); §.. spadicicoxalis Tokunaga & Hurachi 
(1959); §.. suboror Tokunaga (1941); §.. fulviscuta 
Tokunaga & Murachi (1959); etc. 

Johannsenomy1a sybleae Wirth (1952) 

Mallochohelea caudelli (Coquillett) (1905); ~· albibasis 
TMalloch) (1915); etc. 

33 -- Hallochohelea albihal ter Wirth (1962) 

34 -- Mallochohelea smithi (Lewis) (1956) 
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processes become elongated and remain separate but take on various 

shapes or become fused in various ways, as shawn. 

From the evolutionary development of the claspettes it would 

appear that the Ceratopogon group is intermediate betvreen the 

Culicoidini and the ether Ceratopogonine tribes but much closer to 

the Culicoidini. It would also appear that the Sphaeromiini and the 

Palpomyiini are closer to each ether thau to the ether tribes and 

similarly for the Heteromyiini and the Stilobezini. Wirth's (1962) 

reclassification of the Palpomyia-Bezzis..-Ma.cropeza. Groups (.Ann. 

Entomol. Soc. Am. 55: 272-287) seems fairly sound but when based on 

male genitalic characters, many of the genera in these groups are 

not clear-cut, due to overlap in these characters. A revision of 

these higher Ceratopogoninae, especially from comparative morphology 

of all stages, with special emphasis on hhe male genitalia, is, in 

the opinion of the writer, very desirable and should be attempted. 

TEE SYSTEM.A.TIC POSITION OF TEE GENUS P.ARADA.SYEELEA 

MACFJE (1940) 

As pointed out by Wirth and JAe (1959) (Bull. Brooklyn Entomol. 
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Soc. 54(4): 114-121) the genus ..!:aradasyhelea resembles tt(a) Forcipomyia 

in the vestiture of the wings, oblique r"""l11 cross vein, hairy scutellum, 

broadly separated eyes, tarsal ratio (hind TJ!T2) less thau 2, 

presence of scattered, slender, hyaline sensory pe on antenna, and 

structure of male gonostyles and parame res; (b) Dasyhelea in the four

segmented palpus, hairy eyes, short proboscis with rudimentary mouth

parts, basal verticils present on all of segments three to fifteen, 

male antenna with last four segments elongated, vestigial empodiurn., 
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and the shape of apioolateral processes of male genitalia; (c) Culicoides 

in the presence of well-developed humeral pits 1 presence of distal, 

minute sensory pits bordered by fine setae on certain entennal seg~nts, 

distal antennal se g;ment without terminal nipple, and Y-shaped aedeagus. tt 

According to Yfirth & lee (loc. oit.) only four species have been 

lcnown and of the immature stages only the pupa has been collected. 

Based on adult characters 1 particularly those of the wing and male 

genita.lia, Para.dasyhelea might be placed in the Forcipomyiinae. Its Y

sha.ped aedeagus, t;ypical of Culicoides, shows tha.t it has evolved a 

stage beyond the typical Forcipomyian shield-sha.ped type of aedeagus. 

The structure of the olaspettes would place it close to Caloforcipomyia. 

However, pre sent knowle from a.ll stages 1 does not justify its 

inclusion in the Forcipomyiinae but suggests that it should be placed 

between the Forcipomyiinae - Dasyheleinae stem and the Ceratopogoninae 

stem, an à. that a new subfarnily "Paradasyhe le inae 11 should be ere cted to 

accommodate the four known species. 




