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Introduction.

During the period June, 1945, to January, 1946, the author, as a member of the
Australian Military Forces, was engaged in field investigations of the Anopheline species

of North-West Borneo. During this v7ork it was found that the literature was almost
devoid of references to the local Anopheline fauna and, moreover, certain of the species

were found to show morphological peculiarities which seemed worthy of further study. A
collection, as representative of the area as possible, was therefore made for later, more
detailed examination. The following pages record the results of such examination,
carried out in the Faculty of Agricultural Science, University of Sydney.

The aim of this paper is to set out a reasonably detailed account of the principal

systematic characters of the Borneo species and to indicate the chief characters by
which they may be identified. Although descriptions of most of the species are avail-

able from other countries, these contain much detail applicable only to the country
concerned, and may differ from those from other areas. In some cases, too, the Borneo
specimens differed from those described from any other area, and it was therefore

I
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decided to record the observations in toto for all species. The reliability of the following

descriptions, however, is variable, as the numbers examined were small in some cases

and cannot be considered truly representative of the area; the actual number of

specimens examined is therefore stated for each species. It must also be stresssd that

the area treated includes only the coastal strip of Borneo, from the Miri oilfields in

Sarawak, to Jesselton in British North Borneo, and can scarcely be considered typical

of the entire island.

An attempt has also been made to analyse the distribution and morphology of the

species described, to determine their relationship to the same or similar species in

other countries in the light of modern views on the process of speciation. The Borneo
fauna offers Interesting possibilities in this regard, showing features of both the rather

distinctive Philippine fauna and that of the Netherlands East Indies and Malaya. In

some species, definite evidence of subspeciation can be seen, but in only one case was
it considered advisable to establish formally a new subspecies.

Pbevious Records.

The voluminous literature dealing with Oriental Anophelines contains few references

to the fauna of Britisli Borneo. From the much larger Dutch Borneo we have more
information, and Swellengrebel and Rodenwaldt (1932) give a number of references

to records of Borneo species. However, apart from the paper by Walch and Soesilo

(1929), little attention appears to have been paid to the Borneo fauna as a separate

entity.

From the British colonies in N.W. Borneo have come only six papers on the

Anophelines found there, those by Roper (1914), Moulton (1914), Stookes (1924, 1927),

Scharff (1927), and McArthur (1946). (Most of the valuable and detailed work of the

latter author has not yet been published.)

Roper (1914) recorded ten species from Britisli North Borneo, including a description

of A. brevipalpis, n. sp., together with biological data on breeding grounds and vector

potentialities and a certain amount of systematic data. Dissections are recorded to

show A. umTirosus as a vector species, and epidemiological evidence to cast suspicion on

A. leucospliyrus. In the same year Moulton (1914) published a list of twelve species of

Borneo Anophelines, in the collection of the Sarawak Museum. The next papers, by

Stookes (1924, 1927), record ten species from the Miri oilfields and deal mainly with

details of biology and control. In these A. "ludloivi" (sundaicus) is incriminated as a

vector, and further epidemiological evidence offered to incriminate A. leucospliyrufi.

The paper by Scharff (1927) records seven species found in a survey of Labuan Is.,

with data on breeding grounds, and epidemiological evidence of vector efficiency, and

concludes that A. ludlowi (sundaicus) is the principal vector of the island. The last

paper, by McArthur (1946), is a preliminary account of a large amount of evidence,

definitely incriminating A. leucospliyrus as a dangerous vector in the interior of Borneo.

The species recorded from Borneo are shown in the list below, authors being indicated

as follows: 1. Roper (1914). 2. Moulton (1914). 3. Stookes (a, 1924; 6, 1927). 4. Scharff

(1927). 5. McArthur (1946 and unpublished). 6. Swellengrebel and Rodenwaldt (1932).

7. This paper. Records marked "?" are considered doubtful and possibly refer to another

species or subspecies; those marked "??" have been interpolated as the probable identity

of records made under another name.

Subgenus Anopheles Meigen. 6. barbumbrosus Strickland and Chowd-

Group Anopheles Root.

Series Anopheles Edwards.

hury 7

7. montanus Stanton and Hacker 6

8. hyrcanus nigen-imus Giles
1. aitkenii James 6, 7 499 (397 7

2. palmatus Rodenwaldt 6 9 hyrcatms sineyisis Wiedemann
3. brevipalpis Roper 1, 2, 3 b, 7 2?. ."a'' 3b? 4

"^

10. hyrcanus "nr. sine^isis" 7

Series Myzorhyncus Edwards. 11. separatus Leicester .. 1, 2, 3b, 4. 6. 7

4. albotaeniatus Theobald . . 1,2, 3b. 6, 7 12. baezi gateri Baisas 7

5. barbirostris van der Wulp 13. umbrosus Theobald
1, 2, 3o, 3b, 4, 6, 7 1, 2?, 3a?, 3b?, 4?. 6?, 7
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14. sp. A nr. umbrosus 1??, 7

15. sp. B nr. umbrosus 6??, 7

Subgenus Myzomyia Blanchard.

Group Neomysomyia Christophers.

16. kochi Donitz 1, 2, Sb^ 4, 6,' 7

17. tessellatus Theobald . . 1, 2, 3a, 3b, 6, 7

18. leucosphyrus leucosphyrus Donitz . . .

1?, 2?, 3a?, 3b?, 5?, 6?

19. leucosphyrus balabacensis Baisas . . 7

20. leucosphyrus pujutensis n. subsp. . . 7

21. hackeri Edwards 6?

Group Mysomyia Christophers.

22. aconitus Donitz 6

Group Pseiidoniyzomyia Christophers.

23. litoralis King 5?

24. ludlowi Theohald ... 1?, 2?, 3b?, 4?, 5

25. siobpictus Grass! 6

26. sundaicus Rodenwaldt
1??, 2??, 3b??, 4??, 6, 7

27. vagus vagus Donitz 4?, 6

28. vagus limosus King 7

Group Neocellia Christophers.

karwari James 2, 4, 6, 7

mac%datus Theobald .... 1, 2, 5, 6, 7

annularis van der Wulp 6 ?

errabundus Swellengrebel 6

philippinensis Ludlow 7

Abbreviatioivs and Nomenclature.

Taxonomic terms used in the following descriptions follow those of Christophers

(1933), retaining for convenience the numeral system of nomenclature of the wing

veins. The following abbreviations have been used throughout:

Adult.*

pn. 1 pronotal lobes

pr. s propleural setae

ust. s upper sternopleural setae

1st. s lower sternopleural setae

sp. s spiracular setae

um. s upper mesepinieral setae

pa. s prealar setae

tarsus, 1-5 tarsal segments 1-5

abd. I-VIII . . abdominal segments I-VIII
af anterior fork cell

pf. -. posterior fork cell

Larva.
ic inner anterior clypeal hairs

oc outer anterior clypeal hairs

pc posterior clypeal hairs

sut sutural hairs

t. sut trans sutural hairs

is inner shoulder hairs

cs central shoulder hairs

OS outer shoulder hairs
ppl prothoracic pleura! group
mpl mesothoracic pleural group
mtpl metathoracic pleural group
mt. palm metathoracic palmate hair

psp post-spiracular hair
abd. I-VIII . . abdominal segments I-VIII

Key to the Anopheline Mosquitoes of Borneo.

The following keys, based on those given by Russell, Rozebobm, and Stone (1943),

are designed to enable reasonably accurate identification of female and larval specimens

of Borneo Anopheline. Individual specimens may, however, occasionally vary beyond
the limits given below, and for definite identification, a check should be made against the

fuller descriptions. This is particularly important when using the larval key, where it

will be found that the species in certain groups cannot be separated on key characters.

In all doubtful cases a definite identification should not be made until the larva has been,

bred through to the adult stage. All species treated in this paper are included in the

keys, together with certain others recorded from, or possibly occurring in, Borneo. For
descriptions of species not treated in this paper, reference can be made to Gater (1934

and 1935), Swellengrebel and Rodenwaldt (1932), Christophers (1933), and Russell and
Baisas (1934 and 1936).

A. Adult Females.

1. Wing not spotted , 2
Wing spotted 4

2. Wing scales brown, dark 3

Wing scales yellow, light A. vagus (= ivi))iaculatus}

3. Palps about three-quarters length of labium ; large species .4. brevipalpis

Palps as long as labium ; small species A. aitkenii aitkenii. A. aitkenii bengalensis,

A. palmatus, A. insulaefloruyn.

4. Wing with less than four dark areas involving both costa and vein 1 5

Wing with at least four dark areas involving both costa and vein 1 18

5. Palps with distinct pale bands or markings 6

Palps uniformly dark or with, at most, a few scattered i3ale scales 11

6. Abdominal segment VII with a tuft of scales ventrally ; clypeus with lateral scale tufts 7

Abdominal segment VII and clypeus without scale tufts 10*

* In all illustrations, structures shown are those of the adult female, unless otherwise
indicated.
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7. Hind tarsal segments 4 and 5 not both completely white 8

Hind tarsal segments 4 and 5 both comijletely white A. hyrcanus nigerrmius
(form argyroinis)

.

8. Wing with apical fringe spot from aiDex of vein 1 to past apex of vein 3 ; coxae with
scales 9

Wing with apical fringe spot from apex of vein 1 to apex of vein 2 only ; coxae without
scales A. hyrcanus subsp. near sinensis

9. Hind tarsal segment 4 pale at apex only ; wing with subcostal spot equally involving
vein 1 ,4. hyrcanus sinensis

Hind tarsal segment 4 pale at base and apex ; subcostal spot only partially or not,

involving vein 1 A. hyrcanus nigerrimus

10. Hind tarsal segment 5 completely white; any pale scales on palps restricted to narrow
areas 12

Hind tarsal segment 5 not completely white
;

pale scales on palps forming broad bands
A. separatus, A. hunteri

11. Hind tarsal segment 5 completely white 12

Hind tarsal segment 5 not completely white 13

12. Hind tarsal segments 3 and 4 each at least half white A. alhotaeniatus

Hind tarsal segments 3 and 4 each only tipped with white at base and apex . . A. inontanus

13. Abdominal segment VII with a tuft of scales ventrally ; basal third of costa with some
scattered pale scales 14

Abdominal segment VII and costa not as above 15

14. Wing with small pale fringe spot at apex of vein 3, sometimes one at 2-1
; abdomen usually

with some pale scales ventrally A. barbirostris

Wing with large pale fringe spot from apex at vein 2-2 or 3 to apex of 41 ; abdomen without
pale scales ventrally A. barbunibrosus

15. Hind tarsal segments without pale markings A. bae.zai gateri

Hind tarsal segments with distinct pale bands 16

IG. Propleural hairs present ; front tarsi with definite pale bands
A. umbrosus (syn. novumbrosus)

Propleural hairs absent; front tarsi with minute pale bands or none 17

17. Coxae without scales; 4-6 upper sternopleural hairs present .. A. sp. "A" near imibrosus

Coxae with scales; more than 10 upper sternopleural hairs present. .A. sp. "B" near umbrosxis

18. Hind tarsal segment 5 partially or entirely white; some other tarsal segments white or

with conspicuous pale bands 19

Hind tarsal segment 5 entirelj- or mainly dark ; other tarsal segments dark or with only

narrow pale bands 30

19. Legs with femora and tibiae not speckled 20

Legs with femora and tibiae speckled 25
.

20. Hind tarsal segments 4 and 5 white ; apex of segment 3 sometimes white ; palps with three

pale bands 21

Hind tarsal segment 4 with a black band
;
palps with 4 pale bands A. karwari

21. Vein 5 with stem and lower branch mostly pale, without any dark spot at origin of 5-1 . . 22

Vein 5 with stem and lower branch mostly dark or at least with a dark area at origin

of 5-1 A. annularis

22. Hind tarsal segments 3, 4, and 5 white, sometimes segment 2 white apically
;
palps with

pale apical band not more than half as wide as dark pre-apical band 23

Hind tarsal segment 3 only half white ; palps with pale apical band more than half as
wide as pre-apical dark band and involving half or more of segment -i . . A. schuffneri

23. Abdomen with scattered scales ventrally on most segments, and dorsally on segments V
and VI ; sternopleura with defined patches of pale scaling ; hind tarsal segment I with
or without an apical pale area 24

Abdomen with few or no pale scales except apically on venter and dorsum ; sternopleura

without defined patches of pale scaling ; hind tarsal segment with an apical pale

area .4. philipinnensis

24. Abdomen laterally with prominent tufts of dark scales visible from above on segments II

to VII
; palps with scattered pale scales on dark areas of segments 3 and 4 ; hind tarsal

segment 1 with apical pale area A. errabundus (= philippinensis?)

Abdomen and palps not as above ; hind tarsal segment 1 never with pale apical spot ....

A. pallidus

25. Abdomen without conspicuous ventral scale tufts 26

Abdomen with conspicuous ventral tufts of dark scales on segments II to VII . . A. kochi

26. Vein 6 with more than three dark spots 27

Vein 6 with two or three dark spots A. mac^ilatus

27. Hind leg with broad white band involving both sides of tibio-tarsal joint 28

Hind leg without such band A. tessellatus

28. Palps much shorter than proboscis, with very narrow pale bands A. hackeri
Palps as long as or slightly shorter than proboscis, with normal bands 29
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29. Proboscis uniformly dark, equal in length to palps
;
presector dark spot of vein 1 usually

divided into two or three small dark spots A. leucosphyrus hcdabacensis

Proboscis with narrow apical golden band or tache, and slightly longer than palps;

presector dark spot of vein 1 undivided A. leucosphyrus pujutensis

30. Fore tarsal segments with broad pale bands at joints 31

Fore tarsal segments with narrow or no pale bands at joints 39

31. Femora and tibiae speckled 32

Femora and tibiae not speckled 36

32. Vein 6 with two or three dark spots 33

Vein 6 with more than three dark spots 27

33. Wing fringe with nine or ten large pale spots at tlxiices of veins and between veins .5-1

and 5-2, and 5-2 and 6 A. parangensis
Wing- fringe with seven or eight small spots at apices of veins and sometimes between

veins 5-2 and 6 34

34. Wing with two dark spots on vein 1 below median dark area of costa 35

Wing with three dark spots on vein 1 below median dark area of costa A. ludlowi

35. Costa usually with pale scaling anteriorly in prehumeral area, bvit often lacking sector

pale spot ; fringe spot usual between veins 5-2 and 6 A. litoralis

Costa without pale scaling in prehumeral area; sector pale spot usually present; no fringe

spot between veins 5-2 and 6 A. sundaicus
36. Apical pale band of palps not more than twice as wide as pre-apical dark band ; costa with

prehumeral area dark or with pale spots 38

Apical pale band of palps three or more times as wide as pre-apical dark band ; costa with
prehumeral area entirely dark or with some pale scales anteriorly 37

37. Proboscis with pale tache towards apex A. vac/us vagus
Proboscis uniformly dark, without tache A. vague limosus

38. Palps with apical pale band only as wide as pre-apical dark band ; costa usually with pale

scaling in prehumeral area A. suhplctus subpictus
Palps with apical pale band about twice as wide as pre-apical dark band ; costa without

pale scaling in prehumeral area A. subpictus malayensis
39. Palps with apical and sub-apical pale bands as wide as or wider than intervening dark

band 40

Palps with sub-apical pale band much narrower than pre-apical dark band . . A. flicviatilis

40. Wing usually without fringe spot at vein 6 ; labium pale on apical half 41

Wing with fringe spot at vein 6 ; labium pale on apical half A. aconitus

41. Costa entirely dark on basal third ; labium pale on apical half A. varuna
Costa with pale interruption (sometimes very small) on basal third; labium uniformly

dark or with small pale ventral area . . A. minivius (including A. minimus flavirostris)

B. Fourth Instar Larvae.
1. Inner clypeal hairs approximated, the distance between their bases not more than the

distance between the bases of inner and outer clypeal hairs on one side ; antennal hair

branched 2

Inner clypeal hairs placed far apart, the distance between their bases twice or more the

distance between the bases of inner and outer clypeal hairs on one side ; antennal hair

simple 15

2. Some abdominal palmate hairs with well-developed leaflets 3

Abdominal palmate hairs with filamentous branches only 4

3. Abdominal palmate hairs with leaflets on at least segments 3 to 7 8

Abdominal palmate hairs with leaflets on segments 4 to 6 only

A. itmhrosits (syn. novumbrosus)
4. Posterior clypeal hairs simple or divided at the base into two or three branches 5

Posterior clypeal hairs usually with distinct stem and two or three branches distally

A. brevipalpis

5. Posterior clypeal hairs simple 6

Posterior clypeal hairs two- to four-branched from near base . . A. sp. "A" near umbrosus
6. Lateral hairs of abdominal segment IV with not more than five branches 7

Lateral hairs of abdominal segment IV with six to twelve branches .... A. baezai gateri

7. Trans-sutural hair two to three branches; antennal hair 7- to 13-branched .. A. hunteri
Trans-sutural hair four to eight branches; antennal hair 17- to 36-)3ranched .. A. separatus

8. Anterior tergal plates very large, occupying nearly or more than half the dorsum of each
• segment A. pahnatus

Anterior tergal plates small except on segment VIII 9

9. Antennal hair small, less than half the length of the shaft ; outer clypeal hairs simple or

with not more than five branches, not bushy 10

Antennal hair large, half or more the length of the shaft ; outer clypeal hairs bushy
with at least six branches, usually many more 11

10. Inner clypeal hair simple ; lateral hair on abdominal segment 3 with five to eight branches
A. iiisulaeflorum

Inner clypeal hair usually with side hairs or branches ; lateral hair on abdominal segment 3

with more than eight branches A. aitJcenii aitlcenii, A. aitkenii bengalensis



76 ANOPHH^LINE MOSQIITOES OF jN'ORTH-WEST BOEXEO,

11. Inner clypeal hairs with bases nearly touching 12

Inner clypeal hairs with bases nearly as far apart as the distance between inner and outer

clypeal hairs on one side .4. alhotaeniatiis

12. Inner shoulder hair with branches nearly as long as the whole hair 13

Inner shoulder hair simple or with few short branches near the tip 14

13. Outer clypeal hair forming broom-like tuft of 22 to 50 or more branches . . A. barhirostris

Outer clypeal hair with 10 to 20 branches, not forming such a tuft A. barbiimhrosus

14. Outer clypeal hair with 30 or more thick branches A. hyrcanus sinensis,

A. hyrcanus nigerrinius, A. hyrcanus subsp. near sinensis.

Outer clypeal hair with not more than fifteen fine branches A. montanus
15. Anterior tergal plates on segments II to "VII small, not involving the median posterior

plates 16

Anterior tergal plates on segments II to VII very large, involving the median posterior

plates A. fluviatilis, A. aconitus. A. varuna, A. niini'inus

16. Outer clypeal hair simple or with short side hairs 17

Outer clypeal hair with long brush-like branches 26

17. Inner shoulder hair with large darkly pigmented root, the hair tending to stoutness with
numerous branches 18

Inner shoulder hair with small unpigmented or lightly pigmented root, the hair tending to

slenderness, or with few branches 22

18. Abdominal palmate hair II fully developed with well differentiated filaments 19

Abdominal palmate hair II with filamentous branches, lanceolate leaflets, or rarely with
poorly differentiated filaments 20

19. One of the long mesothoracic pleural hairs with lateral branches A. parangensis
All long mesothoracic pleural hairs simple A. hackeri

20. Outer clypeal hairs with side hairs 21

Outer clypeal hairs simple, without side hairs A. leucosphyrus balabacensis,

A. leucosphyrus pujiitensis.

21. Lateral hair on abdominal segment V with two to six branches ; filaments of abdominal
palmate hairs with fine sharp tips (when undamaged) A. maculatus

Lateral hair on abdominal segment V with 6 to 14 branches; filaments of abdominal
palmate hairs with blunt tips A. karivari

22. Outer clypeal hair half, or less than half, the length of inner ; one long hair of metathoracic
pleural group much more sparsely branched than the other 23

Outer clypeal hair half or more the length of inner ; long hairs of metathoracic iDleural

group simple or branched to about the same degree 24

23. Posterior clypeal hairs placed approximately in line with inner clypeal hairs and some
distance from them A. vagus limosus

Posterior clypeal hairs placed close to and internal to inner clypeal hairs . . A. vagus vagus
24. Abdominal palmate hairs with poorly differentiated filaments, not more than one-third the

length of the blades 25

Abdominal palmate hairs with sharply differeniated filaments, nearly as long as the blade
. . . A. sundaicus, A. litoralis, A. ludloivi, A. snbpictus subpictus. A. siibpictus malayensis

25. Abdominal palmate hairs I and II with lanceolate leaflets; antennae and clypeal hairs

lightly pigmented A. Jcochi

Abdominal palmate hairs I and II with branches filamentous or slightly flattened ; antennae
and clypeal hairs deeply pigmented A. tesseUatns

26. Posterior clypeal and trans-sutural hairs with two to nine branches from near bases . . 27

Posterior clypeal and trans-sutural hairs simple or forked distally A. annularis.

A. schuffneri.

27. Abdominal palmate hairs with filaments less than half the length of the blade; shoulder

hairs with lightly pigmented roots A. philippinensis

Abdominal palmate hairs with filaments at least half the length of the blade ; shoulder hairs

with deeply pigmented roots A. 2Jo.^Ji(lf>s

Descriptioin' of Species.

A. (A.) aitkekii AiTKENii James.

James. S. P., in Theobald, F. V., 1903.—Mono. Culic. 3 : p. 22.

Type locality : Karwar, W. India.

Specimens exainined : Six larvae.

Larva.

Head (Fig. lo): ic. usually bifid, about one-third length from base, may be trifid

or simple; short side hairs present in region of fork; oc. about one-third length of ic,

simple or bifid at tip; pc. shorter than oc, with 3-4 branches from near base; sut. and
t. sut. wuth 3-6 branches; antennal hair 7-10 branched, approx. equal in length to oc;
frontal hairs extending past anterior margin of head.
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Shoulder hairs (Fig. 16) : is. short, with 8-11 branches radiating from a short,

stout, flattened stem, root inconspicuous; cs. longer, 10-17 branched, with stout stem

and prominent root. Pleural hairs; ppl. with 2 long simple, 1 medium 3-6 branched,

and 1 short 2-4 branched; mpl. with 2 long, 1 short, and 1 minute, all simple; mtpl.

with 1 long simple, 1 long 3-4 bi-anched, 1 short 2-4 branched, and 1 minute simple.

Mt. palm, developed, with lightly pigmented, lanceolate leaflets.

Abdominal palmate hairs (Fig. Ic) : abd. I developed, with narrow, unpigmented,

lanceolate leaflets; abd. II with lanceolate or poorly differentiated leaflets; abd. III-VIII

fully developed, filaments with broad base and sharp tip, one-fourth to one-third of the

blade, pigment rather light, even. Saddle hair with 3-6 branches.

Biology.

Larvae of this species were found only in well-shaded, fresh, clean water in seepages,

jungle pools, etc. Adults were never taken in the field, and, due to difficulty experienced

in breeding through larvae in the laboratory, no adult specimens were obtained for

examination.

Isiotes.

The larvae are readily identified by their small size and characteristic clypeal hairs.

The specimens described above appear to conform with the "Malayan type" of Gater

(1934), but differ in the quite frequently trifid inner clypeal hairs. In this they resemble

the Philippine form tentatively identified as A. aitkenii bengalensis by Russell, and

Baisas (1934).

These larvae probably represent a local form, allied, or identical with that of the

Philippines.

Distribution.—Brunei : Brooketon, Brunei ; Brit. North Borneo : Beaufort.

A. (A.) BREViPALPis Roper.

Roper, R., 1914.

—

Bull. Ent. Res., 5 : .p. 137.

Type locality : Membakut, Brit. North Borneo.
Specimens examined : Four females, two males, sixteen larvae.

Female.

Labium (Fig. 26) smooth, brown; palps (Fig. 26) brown, thin, shaggy near base,

three-fourths to seven-eighths the length of the proboscis. Antennae with dark scales on

seg. 3. Head scales numerous; vertical pale spot small and indistinct; interocular vertex

very narrow.

Mesonotum brown, hairy; a few narrow scales at centre of anterior margin. Pn. 1.

with dark scales on anterior face. Pleura brown, shiny; pr. s. 2-4; ust. s. 2-5; 1st s.

2-4; sp. s. 2-3.

Wing (Fig. 2a) concolorous; first fork cell much longer than second; cross-vein

2-3 distal to 3-4, 4-5 proximal to both.

Legs uniformly brown, unornamented; coxae without scales.

Abdomen and cerci entirely without scales.

Male.

Generally similar to the female; antennae without scales; palps as long as or longer

than the proboscis; wing sparsely scaled.

Terminalia: Coxites unsealed; phallosome rather short, each side with 3-4 scimitar-

shaped leaflets, and sometimes another, short and spine-like (Fig. 2d). Harpago
(Fig. 2c) with rather narrow, curved club; ventral lobe very prominent with strong

apical spine, a little longer than club, and a very short seta external to it. A small

chitinous plate present at the V-shaped junction of the harpagones. Processes of the

9th tergite rather short, equal to about one-half the distance between them (Fig. 2e).

Larva.

Head (Fig. 2/) : ic. long, simple or 2-3 branched toward the tip; oc. almost as long

as ic. with 7-12 more or less dichotomous branches; pc. long, reaching the base of ic,

simple ur bifld, rarely trifid, at one-third or more the distance from the base; sut.
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Text-figures 1 and 2.

Fig. 1.

—

A. aitkenii aitkenii James. (a) Larval head x 205. (b) Shoulder hairs x 570.

(c) Leaflets from abdominal palmate iv x 190.

Fig. 2.

—

A. hrevipalpis Roper, (a) Wing x 55. (b) Palp and proboscis x 55. (c) Harpago
x 590. (d) Leaflets of phallosome x 910. (e) Male 9th tergite x 420. (/) Larval head
X 120. (g) Shoulder hairs x 205.

longer than pc, 1-3 branched, t. sut. long, 2-6 branched; antennal hair with 12-15

branches, placed about one-third distance along the shaft.

Shoulder hairs (Fig. 2g) : is. simple or with 2-3 branches towards the tip; cs. with

3-7 branches, usually from near the base. Pleural hairs: ppl. with 3 long simple, 1

very short, stout, brush-like, with 4-12 branches; mpl. with 2 long simple, 1 short simple

or 2-4 branched, and 1 minute simple; mtpl. with 2 long simple (1 noticeably longer

and stouter than the other), 1 short simple or, 2-3 branched, 1 very short simple, rarely

bifid. Mt. palm, undeveloped, with filamentous branches. Mesothoracic hair no. 1 weak,

with 6-10 fine branches.

Abdominal palmate hairs undeveloped, with filamentous branches only.

Abdominal hair no. present, 2-3 branched, but extremely small. Lateral hair on

abd. IV with 2-4 branches at about one-half way from base, that on abd. V, 1-3 branched

near base, and that on VI with 3-6 branches, radiating from near base. Psp. 2-4

branched.

Biology.

Larvae of this species were probably the most common of the jungle breeding forms

in the Kuala Belait area, usually occurring amongst rotting leaves in the peaty water of
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jungle pools. There seemed to be a preference for the more open but still well-sliaded

situations, nearer to the jungle fringe and along tracks.

The adults were never taken in the field, but Roper (1914) records this species as

entering houses in fair numbers. His dissections were all negative, however, and there

is no evidence to indicate it as a possible vector species.

Notes.

Apart from the very small A. aitkenii. this is the only species of the series Anopheles

known to occur in the area, and is readily distinguished by the large size and the

complete lack of white ornamentation on palps, legs or wings. The short palps

distinguish it from most other Oriental species in this series.

The larvae are very similar to those of Sp. A. nr. umbrosus, and in some specimens

are differentiated only with great difficulty. In most specimens, however, the greater

number of branches to the outer clypeal hairs, and the longer more distally branched

posterior clypeals, give a reasonably certain identification of brevipalpis. The form of

the central shoulder hair is also of use; in brevipalpis the branches are usually long

and rise from near the base, while in sp. A. nr. umbrosus they tend to rise successively

from a definite stem. This character is, however, variable and of confirmatory value

only.

The adult material examined showed little difference from Malayan and N.E.I.

descriptions, except in the male terminalia, which differ slightly from those described

by Swellengrebel and Rodenwaldt (1932). Two specimens showed a small seta on the

ventral lobe of the harpago, additional to the apical spine described by the latter authors.

The shape of the 9th tergite also differs from that figured by them, but this appears to be

due to distortion in the preparation from which their illustration was made.

Larval specimens, including topotypical material from the type locality, showed

some vai'iation from Malayan descriptions, principally in the form of the posterior

clypeal hairs. In Borneo specimens this hair is simple or 2-3 branched, never 4-7

branched as in Malaya. This creates the above-mentioned difficulty in identification.

As noted by Gater (1933a), the larval description from Strickland and Chowdhury,

quoted by Swellengrebel and Rodenwaldt (op. cit.), obviously refers to an immature

instar.

Distrihution.—Brunei: Kuala Bekait ; Sarawak: Miri (Stookes) ; Br. Nth. Borneo: Kimanis,
Membakut (Roper).

A. (A.) ALBOTAENiATUs Theobald.

Theobald, P. V., 1903.—Mono. Culic, 3 : p. 88.

Type locality : Perak, Federated Malay States.

Specimens examined : Three females, one male, five larvae.

Female.

Labium (Fig. ib) dark, shaggy ventrally; palps (Fig. ib) shaggy, dark or with an

inconspicuous basal pale band on segment 5. Clypeus bare. Antenna with dark scales

on segments 2 and 3. Vertical pale spot very small.

Mesonotum dark with longitudinal lines; anterior margin with central tuft of dark

scales and rather prominent lateral tufts of mixed pale and bronzy scales. Pleura dark.

Pn. 1. with dark scales. Pr. s. 2-4; ust. s. 2-5; 1. st. s. 4-5; sp. s. 2, fine.

Wing (Fig. 4o) : Costa dark with small subcostal and apical pale spots, the latter

involving the tip of vein 1; the former may also partially involve vein 1. Vein 1 dark

with scattered pale scales basally, and small pale spots in the sector, accessory sector

and apical regions. Vein 2 dark; 2-1 dark with a small subapical pale spot; 2-2 with a

pale spot towards the base. Vein 3 dark at base, remainder pale or with some mixed

scaling. Vein 4 dark with a few scattered pale scales; 4-1 and 4-2 dark basally,

remainder mixed pale and dark. Vein 5 with sub-basal dark spot, remainder mixed
pale and dark; 5-1 largely pale, with dark spot at m-cu and apex, and a few dark scales

or a dark spot between them; 5-2 dark on apical half, remainder pale or with a few dark

scales. Vein 6 pale with prominent central dark spot and some dark scales at base

and apex. Remigium dark, pale at centre. Humeral cross-vein dark scaled. Fringe

pale between 2-2 and 3.
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Legs: Coxae without scales. Fore and mid-femora dark, hind minutely pale at

apex. Fore-tibia pale at apex, mid- with small basal and minute apical pale bands, hind

pale at base and apex, the latter quite prominent. Fore-tarsi with small incomplete

apical pale bands on segs. 1 and 2 and a faint band on seg. 3; mid-tarsi dark, or with a

faint indication of banding on segs. 2 and 3; hind tarsi with small basal and apical

bands on seg. 1, a wider apical band on seg. 2, segs. 3 and 4 largely white, with a central

dark band equal to about one-third of the segment; seg. 5 pale.

Abdomen without scales.

Male.

Generally similar to female. Palps dark with a few pale scales at base of club.

Wing extensively pale. Pale apical band on hind tibia very small.

Terminalia: Phallosome with three pairs of long, subequal leaflets, the largest w^ith

fine serrations on the inner margin. Harpago (Fig. 4c) with prominent ventral lobe

bearing a stout apical spine, longer than the club, and a much shorter external hair

beside it. Processes of the 9th tergite long and thin, in length about three-fourths of

the distance between them (Fig. 4d)

.

Larva.

Head (Fig. 4e) : ic. simple, placed wide apart, the distance between them approxim-

ately equal to that between ic. and oc. ; oc. with 17-27 long fine branches; pc. short, fine

2-3 branched; sut. 3-4 branched; t. sut. 4-6 branched.

Shoulder hairs (Fig. 4/): is. simple or bifid; cs. 5-8 branched; both with incon-

spicuous roots. Pleural hairs: ppl. with 3 long simple, 1 very short, 2-4 branched;

mpl. with 2 long, 1 short, and 1 very short, all simple; mtpl. with 2 long and 1 minute,

both simple, and 1 short simple or bifid. Mesothoracic hair no. 1 with small stem and

13-21 branches. Mt. palm, developed with clear lanceolate leaflets.

Abdominal palmate hairs (Fig. 4gr): abd. I and II developed with clear lanceolate

leaflets; abd. Ill to VII developed, leaflets poorly differentiated, but strongly serrate on

the distal one-third'; dense, uneven pigment on the basal two-thirds. Lateral hairs on

abd. IV and V simple.

Biology.

This species was of rare occurrence, but larvae were occasionally found in heavily

shaded jungle pools of peaty water, associated with A. brevipalpis and A. iimbrostis; a

few larvae were also taken in a more open situation on the fringe of a sago swamp.
Several adults were taken biting man in the open during early evening; one was
dissected but gut and gland were negative. There is no evidence that this species

plays any part in malaria transmission.

Notes.

The adult of this species is easily recognized, even with the naked eye, by the

conspicuously white hind tarsi, and absence of a ventral scale tuft. The larva also is

easily identified by the widely spaced inner clypeal hairs.

The few specimens examined were typical of the species as described by Gater
(1935), but none showed the pale ring at the apex of the labium figured by Swellengrebel
and Rodenwaldt (1932). The male harpago also differed from that described by the
latter authors, in possessing a short external spine on the ventral lobe.

Distribution.—Brunei: Kuala Belait ; Sarawak: Mlri (Stookes) ; Br. Nth. Borneo: Papar

;

Membakut (Roper).

A. (A.) BARBiROSTRis Van der Wulp.

VAN DER WuLP, 1884.

—

Notes from the Leyden Museum. 6 : p. 24S.
Type locality : Mt. Ardjoeno, East Java.
Specimens examined : Twenty-five females, four males, numerous larvae.

Female.
Labium (Fig. 3&) dark, very shaggy. Palps (Fig. 36) dark, very shaggy. Clypeus

bare. Antenna with numerous dark scales on seg. 2, a dark tuft on seg. 3. Vertical pale

spot small.
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Text-figures 3 and 4.

Fig-. 3.

—

A. barMrost7^is van der Wulp. (a) Wing x 55. (6) Palp and proboscis x 55.

(c) Harpago x 590. (d) Leaflets of phallosorae x 910. (e) Male 9th tergite x 420. (/) Larval
head x 120. (g) Shoulder hairs x 205. (h) Leaflets from abdominal palmate iv x 570.

Fig. 4.

—

A. albotaeniatus Theobald. (a) Wing x 55. (ft) Palp and proboscis x 55. (c)

Harpago x 590. (<Z) Male 9th tergite x 420. (e) Larval head x 120. (/) Shoulder hairs

X 205. (f/) Leaflets from abdominal palmate iv x 570.
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Mesonotum dark, somewhat paler on the median area; anterior margin with central

tuft of narrow pale scales, lateral tufts of broader scales. Pn. 1 with prominent dark

tufts. Pleura dark. Pr. s. 3-5; ust. s. 3-6; sp. s. 5-10; variable patches of pale scales

usually accompanying hairs on propleuron, sternopleuron and mesepimeron.

Wing (Fig. 3a) : Costa speckled on basal one-half with pale scales of varying

extent, from a few single scales to groups forming small pale spots; subcostal spots

small, variable; apical pale spot involving apex of vein 1. Vein 1 with prominent

sector pale spot and variable pale speckling towards the base and from the accessory

sector region to past the subcostal region. Vein 2 dark; 2-1 dark with pale apical spot;

2-2 mainly dark with a pale sub-basal spot and variable pale speckling. Vein 3 with dark

basal and apical spots, mixed pale and dark scales between. Vein 4 dark; 4-1 and 4-2

dark at base and apex, pale or mixed between. Vein 5 with dark sub-basal spot, remainder

speckled; 5-1 with dark spots at base and apex and at cross vein m-cu., remainder

speckled; 5-2 dark apically. Vein 6 speckled on basal one-half, dark at apex and centre.

Remigium dark with pale central spot at anterior and posterior margins. Fringe pale

at apices of veins 2-1, 3 and usually 5-2.

Legs: Femora with pale band at base and often at apex. Tibiae pale at apex and

often at base. Some pale scaling on under surface of mid- and hind femora. Fore

tarsi with apical pale bands on segs. 1 and 2; mid-tarsi with very narrow pale apical

banding on segs. I-IV, these sometimes faint or absent; hind tarsi with narrow apical

bands on segs. I-IV, and a narrow basal band on V. Coxae usually with tufts of pale

scales on all legs.

Abdomen: Dorsal surface without scales. Ventral surface of segs. III-VI (some-

times seg. II) with small but distinct central tufts of pale scales and some scattered

dark scales; seg. VII with small pale median tuft on anterior half, followed by a

prominent dark tuft on the posterior margin.

Male.

Generally similar to the female. Antenna without scales. Wing without terminal

dark spots on vein 6. No ventral tuft on abd. VII, but dorsal surface with a patch of

white scales. Club of palp, viewed in certain lights, shows pale bands at base and
centre.

Terminalia: Phallosome long with 4-6 pairs of leaflets, half or more strongly serrate

on one or both edges; the two largest considerably broader than the others, with a

strong tooth at the base (Fig. M) . Harpago (Fig. 3c) with normal club, and two
bristles on the ventral lobe, one longer than the club and one shorter. Some specimens
with an additional small bristle on the dorsal face of the harpago. Ninth tergite

(Fig. 3e) with clubbed processes, a little more than one-half as long as the distance

between them.

Larva.

Head (Fig. 3/): ic. simple; oc. with a large number of branches in a broom-like

tuft; PC. bifid or rarely simple; sut. 6-9 branched; t. sut. 5-8 branched. Antennal hair

7-11 branched, placed about the middle of the shaft.

Shoulder hairs (Fig. Zg) : is. with 5-10 branches from near base; cs. 12-15 branched,

with a fairly prominent root. Pleural hairs: ppl. with 3 long simple, 1 very short with
2-6 spiny branches; mpl. with 2 long, 1 short, and 1 very short, all simple; mtpl. with

2 long simple, 1 short 2-3 branched, 1 minute simple or bifid. Mt. palm, weakly
developed with clear lanceolate leaflets. Mesothoracic hair no. 1 with stout flattened

stem and 22-25 branches.

Abdominal palmate hairs (fig. 31i) : Abd. 1 weakly developed with lanceolate

leaflets; abd. II-VII fully developed with long, pointed, poorly differentiated filaments;

pigmentation heavy, extending to base of filaments. Lateral hairs on abd. IV and V
usually bifid.

Biology.

Larvae of this species were extremely common, occurring in almost any collection

of ground water containing vegetation and not subject to extremes of light or shade.
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No larvae were found in jungle pools or open water without vegetation, the most
favoured situations being padi fields, overgrown drains and open, sedgy swamp.

Adults were taken biting man in the open and in houses during early evening, and
inside the jungle during daylight; however, they appeared to be more frequent in the

vicinity of cattle. Engorged females were found in lighted tents near tethered cattle,

apparently attracted to the light after feeding; none could be taken with human bait

during the same period, and apparently the cattle were a more attractive bait. Unfed

females were also attracted to light occasionally, but made no attempt to feed on humans
present.

Dissection of eight specimens showed all with negative glands, but of five guts

examined, one was positive, containing several small sporocysts. While it seems

unlikely that this species is a vector of major importance, due to its zoophilic feeding

habits, its potentialities should not be overlooked, since it will feed on man, and is a

local vector of some importance in Malaya and Celebes.

Notes.

The species is readily distinguished from most others present in the area by the

very shaggy, dark palps, the banded tarsi, and the pale scales on the basal one-third

of the costa. The larva is very similar to that of A. hyrcanus, but is distinct in the

branching of the inner shoulder hair. A. harbumbrosus. which also occurs in Nth.

Borneo, is very similar to barbirostris, but lacks the scaling on the venter of the

abdomen and has simple leaflets on the male phallosome; the larva has fewer branches

to the outer clypeal hairs (11-22 according to Christophers (1933) ).

The Borneo form agrees fairly well with the forms described from otlier areas, with

the exception of the Philippines. According to Russell and Balsas (1936), in the latter

country white scaling on the venter is very rare; in the Borneo form, this character is

quite conspicuous, in some specimens even more so than in the Philippine A. pseudo-

barbirostris.

The literature dealing with this species shows quite a considerable amount of local

variation in morphology and physiology, and division into a series of subspecies or races

should be possible. That this may be of use is shown by the two Malayan forms (Reid

1941), of which one is a vector and the other apparently harmless.

Distribution.—Brunei : Brooketon, Brunei, Limbang, Kilanis, Kuala Belait (local report)
;

Sarawak: Lutong, Miri ; Br. Nth. Borneo: Beaufort. Papar, Jesselton, Membakut (Roper).

A. (A.) BARBUMBKOSUS Strickland and Chowdhury.

• Strickland, C, and Chowdhurt, K. D., 1927.—Illust. Key Anoph. Larvae of India, p. 18.

Type locality : Noe.sa, Java, or Mandailing, Sumatra.
Speciinens exaynined : One larva.

Only one specimen of this species, a 4th instar larva, was taken; no description is

therefore given, but the above specimen conformed with the description given by Gater

(1934).

Distribution.—Brunei : Kuala Belait (local report) ; Labuan Is.

A. (A.) IIYRCAJN^US NIGEEKIMUS GlleS.

GiLE.s, G. M., 1900.—Handbook of Gnats or Mosquitoes. 1st Ed., p. 161.

Type locality : Calcutta, India.

Specimens examined : Thirty-two females, eleven larvae.

Female.

•Labium (Fig. 5b) dark, rather shaggy. Palps (Fig. 56) shaggy; seg. 5 all white

or with some dark scales at centre; narrow pale bands at junction of segs. 2-3, 3-4,

and 4-5, and a central patch of pale scales on inner side of seg. 2; remainder of palp

dark, usually with liberal admixture of pale scales. Clypeus with lateral tufts of

broad dark scales. Vertical pale spot small, with mixed forked and hair-like scales.

Antenna with broad scales on segs. 2 and 3, and a few scattered on other segments up

to seg. 9. Mesonotum dark grey with darker longitudinal lines; anterior margin with

central tuft of fine pale scales, and lateral tufts of narrow pale scales above, and broad

dark ones below. Pn. 1. with prominent dark tufts. Pleura dark with grey areas,

unsealed. Pr. s. 3-5; ust. s. 3-4; 1. st. s. 4-6; sp. s. 2-3.
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Wing (Fig. 5rt) : Costa darlt, except for rather small subcostal, and prominent

subaplcal pale spots, the former usually not involving vein 1; the latter does not extend

along the costa as far as the apex of vein 1. Vein 1 with prominent sector and subapical

pale spots, and liberal sprinkling of pale scales along almost its entire length. Vein 2

dark, with some mixed scaling distally; 2-1 with a subapical pale spot; 2-2 with a pale

spot near the centre and some mixed scales. Vein 3 with apical and basal dark spots

and a variable amount of dark scaling between. Vein 4 mainly dark with a variable

admixture of pale scales on the distal one-fourth; 4-1 and 4-2 dark apically and basally.

Vein 5 with long dai'k spot near base, remainder pale; 5-1 with dark spots at apex and

m-eu cross-vein, variable amount of dark scaling between, and a few dark scales at

base; 5-2 dark apically. Vein 6 with central and apical dark spots. Humeral cross-vein

unsealed. Fringe pale from apex of vein 1 to between 3 and 4-1, and rarely at apex of

5-2.

Legs: Mid coxa with patches of pale scales; occasionally a few on fore and hind

coxae. Fore femora pale beneath on the apical third; all tibiae and mid and hind

femora entirely pale beneath. Femora and tibiae of mid and hind legs with pale

apical bands. Fore tarsi with prominent apical pale bands on segs. 1-3 and occasionally

a small one on seg. 4; mid tarsi similar; hind tarsi (Fig. 5c) with prominent apical

bands of increasing width on segs. 1-3, seg. 4 pale with central band of dark scales;

seg. 5 and sometimes seg. 3 with pale basal band.

Abdomen without scales except for a dark ventral tuft, posteriorly on abd. VII.

Male.

The male is not known.

Larva.

Head (Fig. 5d) : ic. simple or bifid at tip; oc. with some 30-50 branches in a broom-

like tuft; pc. 2-5 branched; sut. 15-20 branched, t. sut. 9-13 branched, both with strong

stem and long branches (fig. 5e). Antenna! hair long, many branched, placed aboxit

one-third of the distance along shaft.

Shoulder hairs (Fig. 5/) : is. 2-4 branched towards tip or bifid near base; cs. S-15

branched; both with small root. Pleural hairs: ppl. with 3 long simple, 1 very short

with 3-6 stout brush-like branches; mpl. with 2 long, 1 short, 1 very short, all simple;

mtpl. with 2 long simple, 1 short 2-3 branched, 1 minute simple. Mt. palm, with large,

clear, lanceolate leaflets. Mesothoracic hair no. 1 with stout stem, long branches.

Abdominal palmate hairs (Fig. 5^): abd. I and II poorly developed with clear,

lanceolate leaflets; abd. III-VII with poorly differentiated leaflets and rather diffuse

pigment, more or less confined to the basal two-thirds of the leaflets. Lateral hairs of

abd. IV and V bifid near base.

Biology.

Larvae were frequently found amongst vegetation in stagnant pools in the open,

particularly in padi fields, and other situations where green algae were plentiful.

Heavy breeding was also found amongst thick sedge in swamps in open country.

Adults were taken biting, both inside houses and in the open, during the first feAV

hours of darkness, and, though often taken with animal bait, seemed to prefer human
blood. Dissections of 69 salivary glands and 61 guts were all negative.

Notes.

The pale bands on the palps distinguish this from most other species of the subgenus

Anopheles present in the area; other characteristic features are the large apical fringe

spot on the wing, and the dark ventral tuft of the abdomen. From the subspecies

following, it differs in the smaller subcostal spot, wider apical fringe spot, scaled coxae,

and the broad bands on the hind tarsi.

The laiwa, with its bushy outer clypeal hairs, is similar only to A. barMrostris, but

is distinct in the form of the inner shoulder hair, which is simple or has short branches

at the tip. Subspecific identification is difficult in the larval stage but several tentative

characters are given in the description of the next subspecies.
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Borneo specimens agree fairly well with descriptions of this subspecies from other

parts of the Orient, although many appear to have an abnormal amount of pale scaling

on the palps. Most specimens examined showed very few dark scales or none at all

on seg. 5, and large pale areas on the dorsum of segs. 2-4. The apical fringe spot of

Text-figures 5 and 6.

Fig. 5.

—

A. hyrcanus nigerrimus Giles. (a) Wing- x 55. (&) Palp and proboscis x 55.

(c) Hind tarsus x 55. (d) Larval head x 120. (e) Sutural hair x 570. (/) Shoulder hairs
X 420. (g) Leaflets from abdominal palmate iv x 910.

Fig. 6.

—

A. hyrcanus subsp. near sinensis. (a) Wing x 55. (&) Male palp x 55. (c)
Harpago x 570. (d) Male 9th tergite x 420. (e) Leaflets of phallosome x 910. (/) Hind
tarsus x 55. (g) Sutural hair x 570. (h) Leaflets from abdominal palmate iv x 910.



86 AN'OPHELINE MOSQUITOES OF KOKTH-WEST BORNEO,

the wing also differed from that described from the Philippines; in the latter, this spot

commences at the apex of vein 2-1 (Russell and Baisas, 1936), whereas in the Borneo

form it commenced at vein 1 or a little before it.

In the larva, the sutural and trans-sutural hairs are rather more strongly branched

than usually recorded, but agree well with the "type B" of Swellengrebel and

Rodenwaldt (1932).

Scharff (1927), in his survey of Labuan Is., records only liyrcanus sinensis; a

detailed survey in 1945, however, showed nigerrimus prevalent and true sinensis absent

cr extremely rare. Unless the population has undergone a remarkable alteration, it

seems that the earlier record actually refers to nigerrimus.

Distribution.-—Brunei: Brooketon, Kuala Belait (local report) ; Labuan Is.; Br. Nth. Borneo:

Papar, Jesselton.

A. (A.) HYRCANUS subsp., near sinensis.

Specimens examined : One female, Ave males, two larvae.

This subspecies is generally similar to the preceding, but differs in the characters set

out below.

Female.

1. General appearance less shaggy.

2. Palpi more distinctly banded, with less scattered pale scaling.

3. Coxae without scales.

4. Wing (Fig. 6a) with subcostal spot involving vein 1 to a greater degree; vein 1

with less scattered pale scaling, confined to the basal one-third and subcostal region;

vein 2 largely pale with basal and distal dark spots; vein 4 dark at base, the remainder

with mixed scaling; the dark spot at base of vein 5 rather long; apical fringe spot much
shorter, extending from the tip of vein 1 only to the tip of vein 2-2 or a little past it.

5. Legs dark, except for small basal and apical bands on mid and hind tibiae.

Fore tarsi with small apical bands on segs. 1-3; mid tarsi similar, with minute apical

and basal bands on seg. 5; hind tarsi (Fig. 6/) with narrow apical bands on segs 1-4,

narrow basal bands on segs. 4 and 5.

Male.

Generally similar to female. Palp as in Fig. 6Z>. Abdomen without scales except on

coxites. Tarsi with less pale scaling on segs. 4 and 5.

Terminalia: Phallosome with 3-6 pairs of blade-like leaflets and several small and
spine-like, the largest and sometimes the second largest, with prominent serrations on

the inner margin (Fig. 6e) ; harpago (Fig. 6c) with broad club, strong apical spine,

1-5-2 times the length of the club, and a shorter external spine, a little shorter than the

club; one specimen had the apical spine replaced by a short, weak hair, and the external

spine absent; 9th tergite (Fig. 6r/) with long clubbed processes, about as long as the

distance between them.

Larva.

The several specimens examined differed from the preceding subspecies as follows:

1. Sut. 7-8 branched; t. sut. 6-7 branched; both with weak stem and fine branches

(Fig. 6c/).

2. Abdominal palmate hairs with patchy pigmentation, extending to the base of, or

into the filaments (Fig. 6/i.).

Biology.

Larvae were found in small numbers amongst tall grass or sedge in open swamps;
one larva was also recorded breeding with A. haezi, in brackish water. The adults were
taken biting man at dusk and dawn, but were not frequent. Dissections of nine adults

showed no parasites in guts or glands.

Notes.

The form described above, taken in a limited area in southern Brunei, appears to be
an undescribed subspecies or species, most closely related to A. Jiyrcanns sinensis
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Wiedemann. The less shaggy appearance, larger subcostal spot, and smaller tarsal bands

agree with the latter form, but there is a sharp differentiation in the very short apical

fringe spot, the absence of scales on the coxae, and the presence of small basal bands on

segs. 4 and 5 of the hind tarsi.

Full descriptions of the Philippine subspecies, 'pseudosinensis Balsas (1935) and

lesteri Balsas and Hu (1936), could not be obtained, but from the brief notes given by

Russell, Rozeboom and Stone (1943), the above form does not appear to correspond with

either. However, this uncertainty and lack of sufficient specimens make it undesirable

for the present to name and describe the above form as a new species or subspecies.

It seems probable that this is the form occurring in Northern Sarawak, referred to

as sinensis by Stookes (1927), and thought by him to be a vector of malaria in the

vicinity of Miri.

Distribution.—Brunei : Kuala Belait.

A. (A.) SEPAKATTjs Leicester.

Leicester, G. F., 190S.—The Culicidae of Malaya, p. 36.'

Type locality : Kuala Lumpur, Malaya.
Specimens examined : Thirty-four females, nineteen males, numerous larvae.

Female.

Labium (Fig. 7&) dark, shaggy near base. Palpi (Fig. Ih) rough with variable

ornamentation; seg. 5 usually entirely pale, rarely with apical half dark; seg. 4 dark,

with indistinct pale bands at either base or apex, or sometimes at both; segs. 2 and 3

sometimes with pale scales apically. Clypeus bare. Antenna with broad dark scales on

seg. 2 and a patch of pale scales on seg. 3. Vertical white spot with long lanceolate

scales anteriorly, short forked ones posteriorly.

Mesonotum dark, with blue-grey bloom on median area; anterior margin with

central tuft of narrow pale scales and lateral tufts of broader scales. Pn. 1 with dark

tufts. Pleura dark with some linear grey areas, unsealed; ppl. s. 2-4; ust. s. 1-3;

sp. s. 1-4.

Wing (Fig. la) : Costa dark, except for prominent apical and subcostal pale areas,

the latter involving vein 1, the former extending to the tip of vein 1 or a little past it.

Vein 1 dark with sector, subcostal, and apical pale areas; occasionally a few pale scales

between sector and subcostal spots. Vein 2 dark basally, remainder pale or mixed;
2-1 dark with subapical pale spot; 2-2 pale, dark at base and apex. Vein 3 dark at base

and apex, pale between. Vein 4 dark basally for a variable distance, remainder pale or

mixed; 4-1 dark at base and apex; 4-2 dark at apex. Vein 5 with long basal dark spot,

otherwise pale; 5-1 with dark spots at apex and crossvein m-cu, a few dark scales at

base; 5-2 dark apically. Vein 6 with central and apical dark spots. Remigium dark.

Apex of wing dark between veins 1 and 2-1; pale fringe spot from between 2-1 and
2-2 to 3.

Legs: Coxae without scales. Femora and tibiae brown, the former somewhat paler

beneath; tarsi with narrow apical pale bands on segs. 1-4, smallest on 4; seg. 5 some-

times pale apically.

Abdomen without scales.

. Male.

Generally similar to female. Wing with more prominent sector and subcostal pale

spots; veins 5-2 and 6 without apical dark spots. Dorsal surface of abd. VIII with

numerous narrow pale scales. Palpi dark on segs. 2 and 3, or with a narrow pale area

on the latter; club pale with narrow dark median band.

Terminalia: Phallosome strongly curved; each side with 4 large, strongly serrated

leaflets and several small and spine-like. Hai'pago (Fig. 7c) apparently trilobed; dorsal

lobe with club; ventral lobe with long apical spine, flattened on the distal half, and a

shorter external spine, about 1-5 times as long as the club; between them is another very

.short seta. Processes of 9th tergite short, clubbed, about half as long as the distance

between them (Fig. Id).
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Lai'va.

Head: ic. long, simple; oc. long with 7-16 dichotomous branches; pc. short, simple

(rarely bifid on one side) ; sut. 2-5 branched; t. sut. 4-8 branched. Antennal hair placed

about one-third distance along shaft, many branched.

Shoulder hairs (Fig. 7e) : is. short, with 2-5 branches at the tip, rarely simple;

cs. 10-14 branched. Pleural hairs; ppl. with 3 long simple, 1 very short with 2-6 stout

branches; mpl. with 2 long simple, 1 short with 2-3 branches, occasionally simple, and

1 minute simple; mtpl. with 2 long simple, 1 short 2-4 branched, and 1 minute simple.

Mt. palm, undeveloped, small, with 4-6 branches. Mesothoracic hair no. 1 rather weak.

Abdominal palmate hairs undeveloped, with filamentous branches. Lateral hair of

abd. IV with 2-5 branches (rarely up to 7). Psp. 3 branched.

Biology.

Larvae of this species were very common amongst tall sedge and grass in open

swamps away from the jungle; it was rarely taken amongst low or open vegetation,

and seemed to show a strong preference for the more heavily shaded situations. Despite

this preference, no breeding was found in jungle pools, though it occasionally occurred

along the jungle fringe. The adult was extremely common in most areas, and was by

far the most prevalent Anopheline taken in night catches with human bait. In the

Brooketon and Kuala Belait areas, where animals were scarce, biting rates of up to

30 per man per hour were recorded. However, on Labuan Is. and at Jesselton, where

cattle were numerous, their blood seemed to be preferred. In the latter area, numerous
engorged females were found entering lighted tents, apparently after feeding on cattle,

and during this period none at all could be taken with human bait.

Dissections of 254 specimens showed no parasites in the salivary glands, and 200

guts examined were also negative. It appears that this species plays no part or a very

minor one in malaria transmission, despite its large numbers and readiness to take

human blood.

Notes.

The main characters by which this species is identified are set out in the table on

page 93; in most specimens, the general brown colouration and prominent subcostal

spot are quite distinctive to the naked eye. Some larval specimens resemble rather

closely those of sp. A. near umbrosus and brevipalpis, but the simple posterior clypeals

and larger number of branches to the outer clypeals and central shoulder hair usually

make identification relatively simple.

All specimens agreed well with descriptions and specimens from Malaya and N.E.I.

,

though one specimen from Jesselton showed an unusual variation in having dark scales

on the apical half of palp seg. 5. A larval specimen also showed an unusually large

number of branches to the lateral hair on abdominal seg. IV, being 7 branched and

thus overlapping the range of A. baezi gateri.

Distrihution.—Brunei: Brooketon, Brunei, Limbang, Kuala Belait; Sarawak: Miri (Stookes) ;

Labuan Is.; Br. Nth. Borneo: Jesselton, Papar, Membakut (Roper).

A. (A.) BAEZi GATERI (Baisas).

Baisas, F. E., 1936.

—

Philipp. J. ScL, 59, No. 1: 65. (A. gateri.)

Type locality : Iwahig, Palawan, Phil. Is.

Specimens exatnined : Twenty-seven females, twenty-one males, numerous larvae.

Female.

Labium dark, ratlier shaggy. Palpi dark, shaggy. Clypeus bare. Antennae with

dark scales on segs. 2 and 3. Vertex narrow; vertical pale spot small, with prominent

central bare area, the pale scales longest at the anterior margin.

Mesonotum dark with blue-grey bloom medianly; anterior margin with median
tuft of very narrow pale scales and dark lateral tufts behind the pronotal lobes. Pn. 1

with tufts of broad dark scales. Pleura dark Avith some grey areas; pr. s. 2-4; ust. s.

2-7; upper mesepimeron with variable number, usually small, of flat, dark scales.

Wing (Fig. 8a) : Costa dark, except for subcostal and apical pale areas; the latter

extending only to the apex of vein 1. Vein 1 dark, with sector and apical pale areas.
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Text-flgures 7 and 8.

Pig. 7.

—

A. separatus Leicester, (a) Wing x 55. (b) Palp and proboscis x 55. (c) Harpago.
X 590. (d) Male 9th tergite x 590. (e) Shoulder hair x 205.

Fig. 8.

—

A. baezi ciateri Baisas. (a) Wing x 55. (&) Harpago x 570. (c) Male 9th tergite

X 420. (d) Leaflets of phallosome x 910. (e) Larval head x 120. (/) Shoulder hairs x 205.

((/) Tip of larval antenna x 420.

Otherwise similar to A. umbrosus (p. 91). The sector pale spot on vein 1 and the

subcostal spot are variable, the former being absent on 20% of specimens, the latter

on 30%, both absent on 10%; on other specimens, either may be represented by a

few pale scales only.

Legs: Coxae without scales. Femora and tibiae very dark; mid and hind femora

somewhat paler on under surface, hind tibia with a minute pale band. Tarsi uniformly

dark, or occasionally with indefinite, minute, pale bands at the joints.

Abdomen devoid of scales.
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Male.

Generally similar to female. Antenna without scales. Wing with subcostal spot

and sector pale spot on vein 1 usually present and rather larger than on the female;

DO apical dark spots on veins 5-2 and 6.

Terminalia: Coxites with scales. Phallosome with 3-5 pairs of blade-like leaflets,

curved in a somewhat "S"-shaped fashion, occasionally with a few small serrations

(Fig. M). Harpago (Fig. 8&) with club on the dorsal lobe, ventral lobe variable;

latter usually with strong apical spine and shorter external spine, a little longer than

the club; in some specimens these spines may be duplicated on one side, in others the

external spine may be shorter than the club or absent. Processes of the 9th tergite

rather short and stout, about half as long as the distance between them (Fig. 8c).

Larva.

Head (Fig. Be) : ic. long with finely frayed tips; oc. with 12-18 dichotomous

"branches; pc. simple or rarely bifid on one side; sut. 2-4 branched or rarely simple;

t. sut. 2-4 branched. Antennal hair many-branched (about 20), situated about one-third

of the distance along the shaft. Antenna with one sabre-shaped piece normal, the other

short and notched at the tip (Fig. ?>g)

.

Shoulder hairs (Fig. 8/) : is. short, 2-5 branched towards the tip; cs. with 7-9 long

branches; os. simple, longer than is. Pleural hairs: ppl. with 3 long simple, 1 very

short, 3-6 branched; mpl. with 2 long, 1 short, and 1 minute, all simple; mtpl. with

2 long simple, 1 short, 2-3 branched, 1 minute simple or rarely bifid. Mt. palm,

imdeveloped, with 4-8 filamentous branches. Mesothoracic hair no. 1 with stout flat-

tened stem and 18-25 branches. Abdominal palmate hairs undeveloped on any segment.

I^ateral hair of abd. IV with 6-12 branches. Psp. usually 4-6 branched, rarely trifid.

Biology.

Larvae were found in brackish waters, under medium to deep shade, in such

situations as overgrown tidal drains, Nipah palm swamp fringes, etc. Salinities recorded

langed from 300 to 1020 parts per 100,000 of chlorine. The adults were not taken in the

field.

JSlotes.

This species is readily identified in the adult stage by the total absence of pale

xnarkings on the palps and tarsi, and the general dark appearance. The larva, though
rather similar to others in the timhrosus group, is differentiated by the 6-12 branched
lateral hair of abdominal segment IV, and the notched antennal sabre. Subspecific deter-

mination is only possible in the adult stage, on the characters listed in Table 1.

The specimens here described agree very closely with A. gateri Balsas, as described

Toy Russell and Balsas (1934 and 1936), but show a degree of variation towards the
Malayan A. haezi Gater. This is well shown in the wing spotting, the subcostal spot

Tbeing indicated in only 10% of specimens of the Malayan species (Gater, 1933), in 80%
!0f Borneo specimens, and apparently in all specimens of A. gateri. In the shape of the

:Processes of the 9th tergite of the male terminalia, the Borneo form is closest to the

latter. In view of the identical morphology and bionomics of the larvae, the small
degree of difference between the adults, the geographic distribution, and the intermediate
condition of the Borneo form, it seems that A. gateri is best considered a geographic
subspecies of A. haezi. The Borneo form appears to represent yet another such
subspecies, but the differences involved are so slight that it is here identified with the
PhilippiTie form, pending more detailed examination of all three.

It is of interest to note that a similar trend of subspeciation, w^ith more pale-winged
forms distributed along a Malaya-Philippines cline, is shown by at least two other
species described below. (See pp. 103 and 110.)

On present information, the distinctive characters of the two subspecies are as
given in Table 1.
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Table 1.

Character A. haezi baesi Gater. A. haezi gateri Baisas.

Subcostal spot Present in about 10%. Present in 80% or more.

Apical costal spot Extends along fringe half-way
to, or as far as, vein 2-1.

Does not extend past vein 1_-

Processes of 9th tergite .

.

Rather long and thin ; more Rather short and stout ; about
than half as long as half as long as the dis-

distance between them. tance between them.

Distribution.—Brunei: Kuala Belait, Brunei (local report) ; Sarawak: Lutong ; Labuan Is. r

Br. Nth. Borneo : Kimanis.

A. (A.) xjMBROsus Theobald.

Theobald, F. V., 1903.—Mono. Culic, 3, p. 87.

Nee. Stanton, A. T., 1912 : J. Lond. School Trop. Med., 2, pt. 1, p. 3.

Gater^ B. a. R., 1935.—Aids to the Identification of Anopheline Imagines in Malaya..

, 1934.—Ibid.

Christophers, S. R., 1933.—Fauna of British India. Diptera 4, p. 163 (in part).

SWBLLENGREBEL^ N. H., and RoDENWALDT, E., 1932.—Die Anoph. von Ned. Ostind.

Type locality.—Penang, Federated Malay States.

Synonym. A. novtiinbrosus. Strickland, C., 1916.

—

Ind. J. Med Res., 4, p. 271.

Specimens examined.—Thirteen females, three males, ten larvae.

Female.

Labium (Fig. 9&) dark, rather shaggy near base. Palps (Fig. 9&) dark, shaggy, but

thinner than in A. MrHrostris. Clypeus bare. Antenna with a few scales on seg. 2, a

dark tuft on seg. 3. Vertex narrow; vertical pale spot with long, narrow, upright scales

at the anterior margin and successively shorter forked scales posteriorly.

Mesonotum very dark, with a blue-grey bloom when viewed from above; anterior

margin with a central tuft of narrow pale scales, and lateral tufts of broad dark scales;

there may be a few pale scales on the inner side of the lateral tufts. Pleura dark with

some grey areas; pr. s. 3-4; ust. s. 1-3; 1. st. s. 2-3; sp. s. 2-5.

Wing (Fig. 9a): Costa dark with small to minute subcostal spot (rarely absent),

and small apical pale spot, the- latter involving vein 1 and, to a varying degree, 2-1.

Vein 1 dark with small to minute sector pale spot (rarely absent) and an apical pale

spot. Vein 2 dark or mixed pale and dark with two dark spots; 2-1 usually with small

subapical pale spot; 2-2 with a pale sub-basal spot. Vein 3 pale or mixed, with a large

dark basal spot. Vein 4 dark on basal half, remainder pale or mixed, a dark spot at

r-m and sometimes another apically; 4-1 and 4-2 dark at the fork, 4-2 dark apically.

Vein 5 dark on the basal half, remainder pale; 5-1 with dark spots at m-cu and apex,

usually a few dark scales basally; 5-2 with a large dark spot at apex. Vein 6 with

prominent central dark spot, and a smaller one at apex. Remigium dark. Fork cell

index approx. 1-5. Fringe with only one pale area, between veins 2-2 and 3.

Legs: Femora and tibiae pale beneath; mid and hind tibiae pale at apices, most
prominent on latter. Fore tarsi (Fig. 9c) with small apical pale bands of decreasing

size on segs. 1-3, and sometimes seg. 4. Mid and hind tarsi similar to fore, but with

smaller bands; hind tarsi (Fig. 9(1) usually with very small basal bands on segs. 4 and 5.

Abdomen entirely without scales.

Male.

Generally similar to female. Antenna without scales. Propleural hairs 4-6. Fore

tarsi with small basal bands on segs. 2-4. No apical dark spot on wing veins 3, 4-2,

and 6.

Terminalia: Phallosome (Fig. 9/) long, wij:h very long, narrow, curved leaflets, the

longest approximately equal to the phallosome. Dorsal lobe of harpago with a club,

ventral lobe with a strong apical spine and a shorter external spine, the latter slightly

longer than the club (Fig. 9e). Processes of the 9th tergite rather thin, about half as

long as the distance between them.
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Larva,

Head (Fig. ^g) : ic. occasionally simple, but usually bifid or trifid at the tip; oc. with

12-20 branches; pc. short, simple or with up to four branches; sut. 2-5 branched; t.sut.

4-8 branched. Antennal hair with 15-25 branches. Shoulder hairs (Fig. 9i): is. short,

simple or bifid towards the tip; cs. long, 6-10 branched; os. simple, longer than is.

Pleural hairs: ppl. with 3 long simple, 1 very short, many branched; mpl. with 2 long

simple, 1 short 2-3 branched, 1 very short simple or bifid; mtpl. similar to mpl. Mt.

palm, not developed, branches filamentous.

Abdominal palmate hairs not developed on segs. I and II, rudimentary on segs. Ill,

VI and VII, and fully developed with weakly differentiated filaments, on segs. -IV and V
(Fig. 9^). Fan-shaped plate of the spiracular apparatus drawn out into a long "stigmal

club".

Biology.

Larvae were found only in the jungle, usually in deep shade, but occasionally

extending to the more open conditions along the jungle fringe and always in peaty water

with much leaf mould. Adults could be taken biting during the day in deep jungle

shade, and in the open and in native houses during early evening. Five specimens

dissected showed no parasites present in guts or salivary glands.

This species has been incriminated as a vector in Malaya (Hodgkin, 1936), and,

from Borneo, Roper (1914) and local hygiene reports record natural infections in

''uml)rosus" ; it must therefore be considered as a vector of some importance.

JSiotes.

It has long been recognized that the name A. umltrosus covers a group of at least

two, and probably more, closely related species. This was noted by Gater (1935), who
described under this name "what is taken to be this species in Malaya". A later

reference (Gater, 1936) states that this common umdrosus-li^e species is a new and

unnamed form and differs from the true A. umbrosus Tlieo. ; also that A. noviimdrosns

Strick. is apparently indistinguishable from the latter. This situation is readily

explained on the basis of the synonymy of novwrnhrosus and umbrosus, further evidence

for which has been obtained by examination of the umbrosus-like forms of N.W. Borneo,

which appear to correspond with those of Malaya.

The Borneo forms fall in three distinct species, here referred to as A. umbrosus and

species A and species B near umbrosus. The first is readily identified with ''A novum-
br-osus Strick.", by its very distinct larval characters, the second is apparently identical

or very similar to, the unnamed species of Gater (1936), and the third appears to be as

yet undescribed. However, comparison of "A. novumbrosus" specimens with the original

description of A. umbrosus (Theobald, 1903) shows no important differences, and further

information about the type specimen of the latter, supplied by Mr. Oldroyd of the

British Museum, convinces me that the two species are not separable. The only clear-

cut distinction mentioned in the literature is in the larval characters, and, in fact, the

specific status of A. novumbrosus was established on this basis (Strickland, 1916). It

seems highly px'obable that the original description of the larva of A. umbrosus (Stanton,

1912) referred in fact to Gater's unnamed species* and failure to realize the separate

identity of this species led to the subsequent establishment of A. novumbrosus.

Adults of umbrosus (as here defined) are readily distinguished from related forms

by the presence of propleural hairs and the small tarsal bands on all legs. These

characters also appear in Theobald's type specimen of umbrosus; the reduced wing
spots of the latter fall within the range of variation found by me in Borneo specimens.

If novumbrosus is to stand as a valid species, it would be necessary to prove the

existence of another species with identical adult characters, and a larva which has no

palmate hairs. Such a correlation, however, has never been definitely recorded.

It should be noted that such a combination of characters is described by Christophers

(1933) and Swellengrebel and Rodenwaldt (1932) from India and N.E.I, respectively,

* Now known as A. letifer Gater; see footnote p. 9 5.
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but it seems doubtful if their descriptions were based on homogeneous material. In

any case, the "u77ibrosus" of the latter authors possesses cei-tain features, principally the

scaling on the coxae and the fringe spot opposite vein 2-1, which would indicate a new,

unnamed form. However, the only specimens of N.E.I, •'umbrosus" examined by me
were species A and species B near umbrosus.

From the account given by Roper (1914) of variation in "A. umbrosus" it seems

probable that at least the 30% of his specimens which lacked the subcostal spot were

true umlyrosus, and, considering the comparative rarity of this feature in my specimens,

many of the remaining 70% must also have been of this species.

It is obvious that the group of umbrosus-\ike forms is badly in need of revision by

someone with facilities for examining a large series of specimens from a wide variety of

sources within the Oriental region. On present information, however, their principal

distinctive characters are as given in the list below. (The lai-va of A. brevipalpis has

been included because of its close resemblance to some members of this group.)

Adult.

Wing spotted, but without scattered pale scales on basal half of costa; abdomen

without dark ventral scale tuft on seg. VII.

A. Palps toitliout -pale hands.

1. A. mnbrosus Theo. : Propleural hairs present ; tarsi with small pale bands on all legs ;

coxae without scales ; male phallosome with very long, narrow leaflets.

2. Sp. A near uiiihrosus : Propleural hairs absent ;
pale bands on hind tarsi only ; coxae

without scales ; ust. s. 4-6.

3. Sp. B near iinibrosiis : similar to preceding but larger ; coxae with scales ; ust. s.

about 15.

4. A. baezi Gater : Propleural hairs present ; tarsi unbanded.

B. Palps with pale hands.

•5. A. separatus Leicester : Phallosome with leaflets.

6. A. hunteri Strick. : Phallosome without leaflets.

Larva.

Abdominal segments I-III and VI-VII without palmate hairs.

A. Palmate hairs present on segs. IV and V.

1. A. umhrosus Theo. : Stigmal club present.

B. Palmate hairs entirely ahsent.

2. Sp. A near umbrosus: pc. 2-3 branched near base; oc. 4-10 branched; cs. 4-S branched.
3. Sp. B near umbrosus : not known.
4. A. siniilissimus Strick. : oc. 50-60 branched.
5. A. baezi Gater: pc. simple; lateral hair of abd. IV 6-12 branched; one antennal sabre

notched at tip.

6. A. brevipalpis Roper: pc. rather long, 1-7 branched distally ; oc. 7-12; cs. 3-7 branched.
7. A. separatus Leicester: pc. short, simple; oc. 7-16 branched; cs. 10-14 branched; lateral

hair of abd. IV 2-5 branched ; t. sut. 4-8 branched.
8. A. hunteri Strick. : similar to preceding but t. sut. 2-3 branched.
Distribution.—Brunei: Kuala Belait ; Br. Nth. Borneo: Membakut (Roper).

A. SP. A. near umbrosus.
Specimens exatnined : Seven females, eight larvae.

This species closely resembles A. umbrosus Theo. but differs from it in the characters

given below.

Female.

1. Scales of the vertical pale spot rather uniform in length and shape; narrow
scales at anterior margin few in number or absent.

2. Anterior margin of mesonotum with central tuft of rather shorter scales.

Pr. s. absent; ust. s. 3-6; 1st s. 2-5.

3. Wing (Fig. 10a) generally paler; subcostal spot and sector pale spot of vein 1

both present in all specimens examined, the former sometimes slightly involving vein 1.

Vein 4 usually without dark spot at r-m.

4. Fore and mid tarsi dark, or with faint indications of minute pale bands; hind
tarsi (Fig. 10&) with narrow pale bands at apices of segs. 1-4, very small on the latter,

and narrow basal bands on segs. 2-5, very small on the latter.
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Larva.

Head (Fig. 10c) : ic. simple or divided into 2-3 branches at about three-fourtlis the

distance from base; oc. 4-8 branched; pc. divided at base into 2-3 branches; sut. 2-5

branched; t. sut. 2-3 branched. Antennal hair 8-15 branched, two-thirds the length of

the antenna.

Shoulder hairs (Fig. lOd) : is. short, simple or divided at about half-way into 2 or 3

branches; cs. long, 5-8 branched; both with weak root. Mt. palm, not developed, with

3-5 filamentous branches. Hair no. 1 of mesothorax weakly developed, with 10-14

branches. Pleural hairs: ppl. with 3 long simple, 1 very short with 4-8 spiny branches;

mpl. with 2 long simple, 1 short simple or bifid, 1 very short simple or rarely bifid;

mtpl. with 2 long simple, 1 short, 2-4 branched, 1 minute simple.

Abdominal palmate hairs not developed on any segment. Hair no. developed,

but very small, on abd. II-VII. Lateral hair of abd. IV and V 2-3 branched. A small

chitinous plate present on the ventral surface of abd. VII. Psp. 2-3 branched.

The male was not seen.

Biology.

Larval and adult habits closely resemble those of the preceding species, and the two

were often found together. The larvae did, however, appear to favour more open

conditions and were occasionally found in open grassy swamp away from the jungle.

Only one adult was dissected; both gut and glands were negative.

Remarks concei-ning the vector potentialities of the preceding species apply equally

well here.

Notes.

The distinctive characters of this species are given in Table 1 ; the adult characters

are quite clear-cut, but in the larval stage it is sometimes difficult to separate this

species from A. hrevipalpis (see p. 77).

This appears to be the species described as "A. iimirosus" by Gater (1934 and

1935), agreeing well in all points, except the wing fringe. None of the Borneo specimens

showed a pale area at the termination of vein 2-1, and if such a spot occurs, it must be

very uncommon. Possibly a subspecific difference is involved.

The Malayan form has recently been described and named by Gater* (Hodgkin,

personal communication), but I can find no reference to it in the literature and the

provisional name above has therefore been used.'

Distribution.—Brunei : Kuala Belait.

A. sp. B near xtmbkosus.

Specimens examined : Three females.

Very similar to the preceding species, differing in the following characters:

Female.

1. Noticeably larger; wing length 4-5-4-7 mm., as compared to 3-8-4-2 mm. in sj). A
near umTjrosus.

2. Vertical pale spot small, bordering a distinct bare area.

3. Upper sternopleural hairs weak, about 15 in number.
4. Wing (Fig. 11) with pale fringe spot at vein 2-1, separated from the apical spot

by a few dark scales. Sector pale spot on vein 1 and subcosta and subcostal spot all

prominent, the latter partially involving vein 1.

* Later information (Reicl, personal comm. ) shows that the Malayan species was named
A. letifer by Gater in a manuscript description, subsequently lost by enemy action.

Text-figures 9-11.

Fig. 9.

—

A. unihrosus Theobald, (a) Wing x 55. (&) Palp and proboscis x 55. (c) Fore
tarsus X 55. (fJ) Hind tarsus x 55. (e) Harpago x 570. (/) Phallosome x 420. (g) Larval
head x 120. (h) Leaflets from abdominal palmate iv x 910. (i) Shoulder hairs x 205.

Fig. 10.

—

A. sp. A. near umbrosus. (a) Wing x 55. (b) Hind tarsus x 55. (c) Larval
head x 120. (d) Shoulder hairs x 205.

Fig. 11.

—

A. sp. B. near umbrosus. Wing x 42.
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5. Mid coxae with patcli of narrow pale scales, fore and hind coxae with a few

scattered scales. Hind tarsi with small apical pale bands on segs. 1-4, small basal bands

on segs. 4 and 5.

The male and larva were not seen.

Islotes.

Two of the specimens described above were taken biting during the day in jungle

shade; the other was found in a collection of Oriental Anophelines in the School of

Tropical Medicine, Sydney University, and came originally fi'om Poeroek Tjauh, Dutch

Borneo. Despite the small numbers examined, their characters are quite distinct and
appear worthy of specific status; no attempt is here made, however, to describe fully

and name this species as material to hand consists of several females only.

An apparent earlier reference to this form is the mention by Roper (1914) of a

large variety of A. nml))-osiis from Nth. Borneo. This "variety" was also distinguished

by the presence of a fringe spot at vein 2-1, and seems most likely to have been the above

species. No other reference to such a form can be found in the literature and the species

may be confined to Borneo; however, undescribed umbrosus-lihe forms are known to

occur in Malaya, and possibly it will be found there.

Distribution.—Brunei: Kuala Belait ; Br. Nth. Borneo: Membakut (Roper).

A. (M.) Kociii Donitz.

DoNiTz, W., 1901.—Insectenborse, 18, p. 36.

Type locality : Padang, Sumatra.
Speciinens exatnined : Thirty-three females, seven males, numerous larvae.

Female.
'

Labium (Fig. 121)) dark on basal half, pale golden on apical half, with variable

interruptions of dark or golden scales, and usually a small dark ring distally behind
the labella; a ventral tuft of dark scales at base. Palps (Fig. 12&) : seg. 5 with narrow
dark basal band, remainder golden;, seg. 4 with narrow dark basal band, followed by
slightly broader golden band, apical two-thirds white; seg. 3 narrowly dark at base,

then golden or mixed golden and black; apical half white; the golden area often with
narrow dark band distally; seg. 2 white at apex, remainder dark with variable admixture
of golden scaling. Antenna with small pale scales on seg. 2; seg. 3 with a white tuft

and a few dark scales.

Mesonotum pale with prominent dark spots in posterior angle of the fossae and in

front of, and extending on to, the scutellum; also smaller spots in front of, and above,

the wing roots and in anterior angles of the fossae; anterior margin with central tuft

of mixed broad and narrow pale scales, and lateral tufts of broad pale scales with some
dark scales low down on anterior face; remainder of mesonotum clothed in pale scales,

broadest and most numerous anteriorly, in the fossae, and along the lateral margins.

Pn. 1 with tufts of dark and golden scales. Pleura dark with grey areas; pr. s. 2-4;

ust. s. and 1. st. s. 2-5; sp. s. replaced by several small pale scales. Small patches of pale

scales associated with ust. s., um. s., and pa. s.

Wing (Fig. 12o) : Extensively pale; dark spots very small. Costa with prominent
prehumeral pale area, often extending to wing base, followed by four small pale spots

and long subcostal, preapical, and apical pale spots; humeral and presector or sector

and accessory sector pale areas may be confluent. Sc. with presector and middle dark

spots. "Vein 1 with 1 or 2 dark spots in the sector region, two small spots at the centre,

two more at subapical region, apical dark spot undivided. Vein 2 pale or with 1 or 2

small dark spots; 2-1 with sub-basal dark spots and 1 near centre; 2-2 with sub-basal,

central, and subapical dark spots. Vein 3 with sub-basal and subapical dark spots.

Vein 4 pale with dark spots at centre and distally and sometimes another between these;

4-1 and 4-2 with large dark sub-basal spot and small dark subapical. Vein 5 pale with a

dark spot near base; 5-1 with a dark spot on each side of m-cu, and one subapically;

5-2 dark near apex. Vein 6 dark at apex, centre, and near base. Remigium pale.

Fringe mostly pale with dark spots between the apices of all veins from 2-1 to 5-1,

1 or 2 dark spots between 5-1 and 5-2, 2 between 5-2 and 6, and another beyond 6.
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Legs: Coxae with pale scales. Femora and tibiae pale at apices, the latter basally

also; bands minute on fore and mid legs, most prominent on hind legs. Femora, tibiae,

tarsi 1 and occasionally tarsi 2, liberally speckled with white. Fore tarsi with incomplete

pale apical bands on segs. 1-3 and sometimes 5, pale basally on segs. 2-4; mid tarsi pale

apically on all segs., bands on segs. 1-4 minute; hind tarsi with narrow pale apical bands

on seg. 1, broad apical bands on other segs.; also broad basal bands on segs. 3 and 4, and

a narrow basal band on seg. 5.

Abdomen: abd. II-VIII with flat golden scales dorsally towards the posterior

margin, most profuse on seg. VIII and cerci. Ventrally, abd. II-VII with dark out-

standing tufts on either side of centre line towards the posterior margin, seg. VIII with

a few golden scales laterally.

Male.

Generally similar to female. Proboscis more extensively pale scaled, dark inter-

ruptions very variable. Antenna with some scales on seg. 3.

Terminalia: Coxites heavily scaled. Phallosome short with 3-5 leaflets on each side,

some of the larger ones with 1 or 2 small serrations. Harpago (Fig. 12c) with apical

spine a little longer than club and 1-3 shorter setae internally or externally about its

base.

Larva.

Head (Fig. 12cl): ic. with short, fine side hairs, simple or rarely bifid on one side;

oc. fine, usually simple but sometimes with 1, 2 or rarely 3 branches; pc. placed wide
apart, simple or occasionally bifid on one side; sut. and t. sut. 1-3 branched. Antennae
usually lightly pigmented.

Shoulder hairs (Fig. 12e) : is. weak with 2-10 branches; cs. with 8-18 branches and

fairly prominent root. Pleural hairs: ppl. with 3 long simple, 1 short simple, or bifid;

mpl. with 2 long simple, 1 short simple, or rarely bifid, 1 minute simple; mtpl. with

2 long simple, 1 short 2-3 branched, 1 minute simple. Mt. palm, developed with unpig-

mented lanceolate leafiets.

Abdominal palmate hairs: abd. 1 small, weak, with filamentous or flattened

bi'anches, rarely with lanceolate leaflets; abd. 11 weakly developed, with clear lanceolate

leaflets; abd. III-VI developed with short, pointed filaments, broad basally; rarely with

lanceolate leaflets; pigment light, fllaments clear; abd. VII smaller and less well

differentiated. Lateral hairs on abd. IV and V 1-3 branched. Psp. 2-4 branched.

Biology.

This was one of the commonest and most widespread species found in the area,

the larvae being found to breed in almost any collection of water not subject to heavy
shade. Typical situations were drains, buffalo wallows, padi fields, seepages, etc., and
even in empty tins. Vegetation was apparently not essential, and extremely muddy water

was tolerated.

The adult was never observed to bite man, but during the first few hours of

darkness many could be caught in the vicinity of tethered animals. The species appears

to be almost entirely zoophilic in its blood preferences, though it may take human blood

in areas where animals are scarce. Two specimens dissected showed no parasites in

guts or glands.

Its zoophilic habits would appear to eliminate this species as a possible vector of

malaria in this area.

Notes.

The adult is readily identified by the prominent ventral tufts on the abdomen and
conspicuous ornamentation of the appendages. The larva is distinguished by the form
of the inner shoulder hair and the weakly differentiated abdominal palmate hairs; from
the rather similar A. tessellatus, it is differentiated by the presence of palmate hairs on

abdominal segments I and II. The lightly pigmented antennae and clypeal hairs also

offer a more easily seen and generally trustworthy criterion for separating these two

species.
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All specimens examined agreed well with descriptions from other areas.

Distribution.—Brunei : Brooketon ; Brunei ; Limbang ; Limpaku Is. ; Kilanis ; Kuala Belait

;

Sarawak: Miri (Stookes) ; Labuan Is.; Br. Nth. Borneo: Beaufort, Kimanis, Membakut, Papar,

Jesselton.

m'mm 'uiM' mwmm imet 'm«Hmi»ui«̂ S'3''"""!'!^

Text-figures 12 and 13.

Fig-. 12.

—

A. kochi Donitz. (a) Wing x 55. (b) Palp and proboscis x 55. (c) Harpago
X 590. (d) Larval head x 120. (e) Shoulder hairs x 290. (/) Leaflets from abdominal
palmate ii x 970. (g) Leaflets from abdominal palmate iv x 970.

Pig. 13.—A. tessellatus Theobald. (a) Wing x 55. (b) Palp and proboscis x 55. (c)

Harpago x 590. (rt) Leaflets of phallosome x 970. (e) Leaflets from abdominal palmate iv

x 970.

A. (M.) TESSELLATUS Theobald.

Theobald, P. V., 1901.—Mono. Culic, 1, p. 175.

Type locality : Taiping, Perak, Federated Malay States.

Specimens examined : Twelve females, five males, eighteen larvae.

Female.

Labium (Fig. 13&) dark basally, apical half pale golden with a small, dark ring

distally behind the labella. Palpi (Fig. 13&) : seg. 5 dark on basal half, golden apically;

seg. 4 with narrow dark basal band, remainder white; seg. 3 with basal half dai'k,

broken by dorsal patch of white scales, apical half white; seg. 2 dark with narrow
apical pale band and central patch of pale scales dorsally. Antennae with a few
scales on seg. 2 and a white tuft on seg. 3.
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Mesonotum with ornamentation similar to A. kochi; anterior margin witli pale

central tuft and lateral tufts of pale and dark scales; remainder with a few narrow
hair-like scales. Pn. 1. with very small dark tufts. Pleurae dark with grey areas;

pr. s. 1-2; ust. s. 2-4; 1. st. s. 3-7 in a compact tuft; sp. s. absent.

Wing (Fig. 13a) : Costa with usual 8 pale spots, including one in accessory sector

region; prehumeral pale spot sometimes absent; apical pale spot extending to apex of

vein 2-1. Vein 1 with dark spots in presector and sector regions; 1-2 under middle

dark spot, sometimes 1 or 2 under subcostal spot, 1-3 in preapical region, and 1 near

the apex. Vein 2 with a dark spot each side of the base of vein 3; 2-1 largely dark,

with 1 or 2 pale spots; 2-2 with basal and apical dark spots and 1-2 others between

them. Vein 3 with 5-7 dark spots. Vein 4 pale basally with 1 or 2 dark spots on the

central one-third and a very long dark spot before the fork; 4-1 and 4-2 with basal

and subapical dark spots. Vein 5 with 4-5 small dark spots; 5-1 with 3-4 spots distal

to m-cu; 5-2 with 3-4 dark spots. Vein 6 with 3-5 small dark spots. Remigium pale.

Fringe pale between 2-2 and 3 and at apices of the other veins.

Legs: Coxae without scales. Femora, tibiae, tarsi I and II with conspicuous white

spots ; femora pale basally and minutely pale apically ; tibiae minutely pale at base

and apex, the latter wider on the hind leg. Tarsi: fore leg with pale apical bands on all

segments, small basal bands on segs. 2-4; mid-leg similar but the bands minute and the

basal bands sometimes absent; hind leg with pale apical bands on segs. 1-4 and some-

times 5.

Abdomen: Cerci with pale scales, otherwise unsealed.

Male.

Generally similar to female. Labium dark. Abdomen with narrow pale scales

dorsally on seg. VII.

Terminalia: Phallosome with 5-7 leaflets on each side, the largest of a characteristic

broad, blade-like shape with 1 or 2 teeth on the inner margin (Fig. ISd). Harpago

(Fig. 13c) with apical spine slightly longer than the club, and no distinct internal or

external spines; the latter apparently replaced by several small hairs, set in large

sockets but otherwise indistinguishable from the numerous accessory hairs.

Larva.

Head: ic. simple, rather short and stout with short side hairs; the latter, though

never very long, vary from fine and inconspicuous to prominent and bushy; oc. simple,

fine, and very short; pc. short and fine, simple or rarely bifid on one side; sut. 1-3

branched; t. sut. 2-5 branched.

Shoulder hairs: is. with 3-6 branches and weak root; cs. usually rather stout with

7-14 branches and a prominent root. Pleural hairs: ppl. with 3 long simple, 1 shoi't

simple; mpl. 2 long, 1 short, and 1 minute, all simple; mtpl. with 2 long simple, 1 short

2-3 branched, and 1 minute simple or rarely bifid. Mt. palm, developed with long,

narrow, unpigmented, lanceolate leaflets or sometimes with flattened branches only.

Abdominal palmate hairs (Fig. 13e) : abd. I undeveloped with fllamentous branches;

abd. II similar but sometimes with flattened branches; abd. III-VI developed with

lanceolate or slightly differentiated leaflets, with long flne tips and light, even pigment;

abd. VII smaller, usually with lanceolate leaflets. Psp. 2-5 branched. Latei'al hair on

abd. IV bifld, on abd. V 2-3 branched.

Biology.

Larvae of this species were less common than those of the preceding, but frequented

similar breeding sites, generally small pools, drains, etc., usually open to the sun, and
with either clean or muddy water. The adults were readily attracted by human bait in

areas where animals were scarce, but in the presence of water-buffaloes, these seemed
to be preferred. Dissections showed no parasites in eight guts and ten salivary glands.

Notes.

The adult is readily identified by the conspicuous ornamentation of palps and
proboscis and the spotted wings, being rather similar to A. kochi but lacking the ventral
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scale tufts. The larvae of these two species are also rather similar; for their distin-

guishing features see under A. Kochi (p. 96).

The Borneo specimens appeared to show no variation from the usual description

of this species from other countries.

Distribution.—Brunei: Kuala Belait ; Sarawak: Miri (Stookes) ; Labuan Is.; Br. Nth.

Borneo: Jesselton, Membakut (Roper).

A. (M.) LETJCOSPHYETJS BALABACENSIS BaisaS.

Baisas, F. E., 1936.

—

Philipp. J. Sci., 59, 65.

Type locality : Balabac Is., Philippine Is.

Specimens exainined : Fifteen females, twelve males, numerous larvae.

Female.

Labium (Fig. 156) dark, rather shaggy towards the base ventrally. Palps (Fig. 15&)

with narrow pale apical bands on segs. 2-4 and a broader apical band on seg. 5, the

latter equal to or somewhat wider than the subapical dark band. Antennae with pale

scales on seg. 3. Vertical chaetae arranged in a more or less regular single row
(Fig. 15(Z). Palp/proboscis ratio 0-98-1-03, mean 1-01.

Mesonotum dark with a greyish bloom, and a conspicuous pattern of paired dark

spots, one in the posterior angle of the fossa, one behind this and slightly lateral to it,

and one above the wing root, together with a central dark area in front of the scutellum;

anterior margin with central tuft of pale narrow scales, and lateral tufts of broader

scales, mostly dark; a few broad flat scales usually present in the fossae and some pale

erect scales laterally in front of the wing roots. Halteres conspicuously white above,

black below. Pleura dark with some lighter areas; pr. s. 1 or 2, rarely 3; spirac. s. 1 or

2, one sometimes replaced by a flat scale.

Wing (Fig. 15a) : Costa with usual pale areas; prehumeral pale spot sometimes

absent; a partial or complete accessory sector pale spot usually present; apical pale

spot extends along fringe only to apex of vein 2-1. Vein 1 with the presector dark

spot on at least one wing, divided by 1 or 2 pale areas, the middle and subapical dark

spots variably subdivided. Vein 2 dark basally; 2-1 and 2-2 dark at base with 2-3 other

dark spots. Vein 3 with 6-7 dark spots. Vein 4 with dark or mixed scaling, and
definite dark spots at the crossveins and before the fork; 4-1 and 4-2 with central and

apical dark spots. Vein 5 pale basally with 3-5 dark spots; 5-1 Avith 5-6 dark spots,

5-2 with 3-4. Vein 6 with 3-7 dark spots. Fringe pale between 2-2 and 3 and at apices

of 4-1-5-1, usually at 5-2, and often between 5-2 and 6. The long spot between 2-2 and 3

may be broken into a small spot at the apex of each vein or at the latter only. Bases of

the fork cells approximately level or pf. slightly further from the wing base; fork cell

index 1-76 (1-7-1-8); af. petiole index 0-61 (0-5-0-7)
;

pf. petiole index 1-1 (0-9-1-2).

Legs: Coxae without scales. Femora, tibiae, tarsi I and sometimes tarsi II, with

conspicuous white spots. Hind femur with narrow pale apical band, hind tibia with

narrow basal band and broad white apical band; the latter, in conjunction with a broad

basal band on tarsus 1, forms the conspicuous knee spot which characterizes this species

and its near relatives. Fore tarsi (see Fig. 14f7-) with seg. 2 usually spotted, segs. 1-5 with

pale apical bands, segs. 2-4 with pale basal bands; mid tarsi (see Fig. 14e) with narrow
apical bands on segs. 1-4, often on seg. 5 also; hind tarsi (Fig. 15c) with very broad

basal pale band on seg. 1, narrow apical bands on segs. 1-5, and a small basal pale patch

or band on seg. 4 and sometimes 5; seg. 2 sometimes spotted.

Abdomen: Dorsal surface with numerous golden scales on seg. VIII; ventral surface

with a dark tuft on seg. VII, and some flat golden scales on seg. VIII. Cerci with golden

scales.

Male.

Generally similar to female. Fore legs without basal banding on segs. 1-3, seg. 4

basally banded or entirely pale, seg. 5 pale. Wing with prominent accessory sector pale

spot on costa; presector dark spot on vein 1 simple or divided. Abdomen with profuse
golden scaling on dorsal surface of seg. VIII and a few dark scales ventrally on segs. VII
and VIII.
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Terminalia: Phallosome with 8 or 9 blade-like leaflets on each side, several of the

larger ones with serrations (see Fig. 14;'). Harpago (see Fig. 14i) with club and apical

spine slightly shorter than club; other spines variable; usually 1 internal spine about

half the length of the apical spine, and a short seta below it on the face of the lobe;

however, either of these may be duplicated or the short seta may be absent, on one or

both harpagones.

Larva.

Head (see Fig. 14fc) : ic. simple or with fine side hairs; oc. simple, about one-third

length of ic; pc. simple; sut. 1-3 branched; t. sut. 2-3 branched. Shoulder hairs

(see Fig. lil) ; is. 10-24 branched and prominent pigmented root; cs. 8-14 branched with

prominent root, often joined to that of is.; os. short, simple. Mt. palm, weakly developed

with long stem and lanceolate leaflets. Pleural hairs all simple, except for a short 2-3

branched hair in the metapleural group.

Abdominal palmate hairs (see Fig. 14)n) rather variable; abd. I small and

undeveloped; abd. II developed with lanceolate leaflets, sometimes with poorly differen-

tiated filaments; abd. III-VI developed with variable degree of differentiation, from a

short, pointed filament with broad base to a practically undifferentiated condition;

abd. VII smaller, usually lanceolate.

Biology.

The typical breeding place of this species as recorded from other countries is in

deeply shaded pools, under jungle cover. Although the above subspecies was recorded

on several occasions from such places, heavy larval concentrations were frequently

found in open, lightly shaded or sunny, situations, in bomb craters, wheel ruts, and

miscellaneous pools; these usually had a fine silt bottom and clear water. However,

McArthur (1946) records A. leucospliyrus as an almost exclusive jungle breeder in

Nth. Borneo, and it seems likely that the atypical breeding sites recorded above were

due to abnormal seasonal conditions, possibly the drying-up of jungle seepages.

The adult was rarely taken in the field, due probably to its shy habits and late

flight period. Dissections of seven females, taken with human bait, were all negative.

McArthur (op. cit.) has proved A. leucospliyrus to be a dangerous vector in the interior

of Nth. Borneo, but there is no certainty that this was the subspecies involved, and

subspecific differences in vector ability may occur.

ISiOtes.

The adult is readily identified by the conspicuous pale band at the hind tibio-tarsal

joint and the relatively broad pale bands on the palps; the rather similar A. Tiaclceri is

distinguished by its very narrow palpal bands, and the Philippine A. cristatns by a

dark interruption to the pale tibio-tarsal band. The larva is characterized by the

prominent shoulder hairs with their large pigmented roots, the simple clypeal hairs,

and the developed, but weak, palmate hair on abd. II. The subspecific status was based

by Baisas (1936) principally on the presence of a small basal pale band on hind tarsal

seg. 4 of the adult.

This is almost certainly identical with the subspecies described by Baisas (op. cit.),

from Balabac and Palawan Islands, which lie close to the north coast of Borneo.

However, the characters differentiating this form from the type-form require further

investigation as specimens from Malaya and N.E.I, sometimes show the basal band

on hind tarsal seg. 4 and the fork cell characters appear to be rather variable. In this

last character the Borneo form differs from the Philippine to a noticeable degree;

possibly further subspecific differentiation has occurred, but it may also be explained

by a high degree of variation between local populations. The systematic value of this

character requires further investigation.

Distribution.—Brunei : Brunei ; Labuan Is. ; Br. Nth. Borneo : Jesselton.

A. (M.) LEUCOSPHYRUS PU.JUTENSIS U. Subsp.

Types : Holotype female, allotype male, six female paratypes, six male paratypes, together

with cast skins of holotype and four paratypes, and one morphotype larva in Museum of
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Division of Economic Entomology, Council for Scientific and Industrial Research, Canberra,

A.C.T.

Type locality : Pujut, Northern Sarawak.
Specimens examined : Twenty females, twenty-two males, numerous larvae.

Female.

Closely resembles A. I. halabacensis, differing in the following characters:

1. Apex of labium with narrow ring of golden scales proximal to labella (Fig. 14&).

2. Palp/proboscis ratio 0-81-0-91, mean 0-86 (Fig. 146).

3. Vertical chaetae arranged in two markedly irregular rows (Fig. 14^).

4. Propleural setae 3-4 (rarely 2).

5. Wing with presector dark spot of vein 1 undivided and equal in length to

corresponding spot on costa (Fig. 14a).

6. Forked-cell index 1-5-1-7, mean 1-63.

7. Hind legs almost invariably without pale basal markings on tarsal seg. 4

(Fig. 14/).

Male.

Generally similar to female; differs from A. I. halabacensis in characters 1 and 7

above; other characters appear unreliable or were not investigated. No differences

could be detected in the genitalia of the two subspecies (Figs. 14i, 14;).

Larva.

Shows no constant differences from A. I. halabacensis.

Biology.

The only larval breeding places recorded were pools of casual water lying in rather

open situations under light to medium shade. Probably the normal habitat is similar

to that of the preceding subspecies. The adult was not taken in the field.

Notes.

The characters given above separate this subspecies quite distinctly from
balabacensis, and in the. golden tip of the proboscis and the short palps, it differs from
all other forms of A. leucosphyriis described from other countries. The arrangement of

the vertical chaetae also differs quite noticeably from that described by Christophers

(1933). It is difficult to make a detailed comparison with the type form, as descriptions

from other countries vary considerably in some characters; it seems that there is need

for further subdivision in this species if precise definition is required.

Such a subdivision has been applied to A. leucosphyrus in the Philippine Is., where
three subspecies and one closely related species are now recognized (Russell and Balsas

1936; King and Balsas 1936). It should be noted in passing that the subspecies from

Luzon Is., referred by Russell and Balsas (op. cit.) to the subspecies A. I. leucospliyrus,

is most probably quite distinct from it. For instance, the relative positions of the bases

of the forked cells do not correspond with that usually shown for the type form (figures

in Theobald 1903, Gater 1935, Swellengrebel and Rodenwaldt 1932), in which the anterior

fork is nearer the wing base than the posterior fork; the banding of the front tarsal

segments also appears to be rather distinctive.

The actual status of the form described here is somewhat uncertain but it is

morphologically quite distinct from A. I. balabacensis. Statistical analysis of the palp/

proboscis ratio shows a high order of significance (P less than 0-01); the forked cell

difference was not statistically significant but is suggestive and the other characters

described, particularly those of wing, proboscis, and tarsi, give a complete separation

Text-figures 14 and 15.

Fig. 14.

—

A. leucosphyrcus piijuteiisis n. subsp. (a) Wing x 55. (&) Palp and proboscis

X 55. (c) Male palp x 55. (d) Fore tarsus x 55. (e) Mid tarsus x 55. (/) Hind tarsus

X 55. (g) Vertex pattern x 205. (h) Pharyngeal teeth x 910. (i) Harpago x 570. (j) Leaflets

of phallosome x 910. (fc) Larval head x 120. (O Shoulder hairs x 205. (m) Leaflets from
abdominal palmate iv x 570.

Fig. 15.

—

A. leucosphyrus halabacensis Baisas. (a) Wing x 55. (&) Palp and proboscis

y. 55. (c) Hind tarsus x 55. (d) Vertex pattern x 205.

K
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of all specimens examined. The question remains as to whether this is a geographic

subspecies or a true species and until further distribution records are available, no

decision can be made. Those which are available seem to indicate a subspeciflc distribu-

tion, as little or no overlapping of the two forms was observed. The boundary appears

to lie in southern Brunei, with balabacensis to the north, and pujutensis to the south;

one specimen from Seria, in this boundary zone, showed apparently intermediate

characters. However, a male specimen from Beaufort, in Br. Nth. Borneo, appears

to be pujutensis, and Edwards (1921) mentions a specimen, collected by Roper and
presumably from Membakut, Br. Nth. Borneo, which had very short palps and may
therefore have been this form. This would indicate either a wide zone of overlapping

or a specific distribution. For the present it seems best to consider this form as a

subspecies, until it can be shown whether the two forms exist together without

interbreeding.

It is interesting to note that some records from eastern Borneo and almost all

records from Celebes, relate to "var. hackerV (Swellengrebel and Rodenwaldt, 1932). It

seems unlikely that this is the true liackeri, a rather rare Malayan and Sumatran species

of restricted breeding habits, but may represent a short-palped form, related to pujutensis,

or even identical with it, as the golden tip to the proboscis is very inconspicuous, unless

close examination is made. However, hackeri, as described from the N.E.I, by Swellen-

grebel and Rodenwaldt (op. cit.), has a characteristic palpal ornamentation, and if the

above records conform to this description, they may indicate the existence of yet another

species or subspecies.

The distribution of the known members of the leucospliyrus complex is:

1. A. cristatus King and Baisas; Mindanao, Philippine Is.

2. A. hackeri Edwards; Malaya; Sumatra.

3. A. leucospliyrus leucosjihyrus Donitz; Java to eastern India.

4. A. I. balaMcensis Baisas; Nth. Borneo; Balabac, Palawan, Philippine Is.

5. A. I. pujutensis n. subsp.; Sarawak, Brunei, Borneo. Limits of distribution not

known.

The following are forms which may possibly be distinct and seem worthy of further

study:

6. "A. I. leucospliyrus" (Russell and Baisas, 1936): Luzon, Philippine Is.

7. "A. I. leucospnyrus' (Christophers, 1933): Western India; Ceylon. This form
is included here on the basis of its geographic separation from other forms and the

insistence of Theobald (1903, 1907, 1910) on the separate identity of his ''Myz. elegans"

James, from the west coast of India; this was synonymized with leucosphyriis by James
and Stanton (1912).

8. A. I. "var. hackeri'' (Swellengrebel and Rodenwaldt, 1932): Eastern Borneo;
Celebes; Sangir and Talaud Is.

Distribution.—Brunei : Seria ; Sarawak : Pujut ; Br. Nth. Borneo : Beaufort.

A. (M.) KARWARi James.

James, S. P., in Theobald, F. V., 1903.—Mono. Culic, 3, p. 102.

Type locality : Karwar, west coast of India.

Specimens examined : Six females, five males, sixteen larvae.

Female.

Labium (Fig. lib) dark, shaggy on ventral surface near base. Palps (Fig. 17&) :

seg. 2 shaggy, dark with narrow apical band; seg. 3 similar but band somewhat wider;
seg. 4 and seg. 5 dark on basal third, remainder pale; the pale apical band of the palp
a little narrower than the subapical, both much wider than the corresponding dark bands.
Antennae with a few scales on segs. 2 and 4, and a pale tuft on seg. 3.

Mesonotum dark, clothed with medium to broad pale scales, broadest in the fossae;
a linear bare patch posterior to each fossa; anterior margin with central tuft of long
narrow pale scales, lateral tufts of broader scales, indistinctly grouped. Pn. 1. without
scales. Pleura dark, unsealed; pr. s. absent; ust. s. 2-3; 1. st. s. 1-3; sp. s. 2-4.

Scutellum with pale scales on posterior margin.
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Wing (Fig. 17a) : Generally similar to that of the species following {A. macidatus).

Costa without prehumeral pale spot. Vein 6 with small dark sub-basal spot, and long

subapical spot, the latter covering about one-third length of vein. A fringe spot present

between veins 5-2 and 6 and another long one between vein 6 and wing base.

Legs: Coxae with scales. Fore femur pale beneath on distal third, other femora

and all tibiae pale beneath to a varying degree, with some pale scales at their apices,

most prominent on hind tibiae. Mid and hind tibiae usually with a patch of pale scales

laterally near their bases. Fore tarsi with small apical pale bands on segs. 1-3,

decreasing in size distally; mid tarsi similar but bands smaller, even absent on seg. 3;

hind tarsi with apical pale bands of increasing size on segs. 1-3; seg. 4 with broad

apical and basal pale bands, in length about one-third and one-fourth of the segment

resp.; seg. 5 entirely pale.

Abdomen: Dorsally, with a few narrow pale scales on seg. VII, more numerous and

broader on seg. VIII. Ventrally, a few narrow pale scales laterally on segs. VII and

VIII. Cerci with numerous broad pale scales dorsally, dark scales ventrally.

Male.

Generally similar to female. Antennae with pale tufts on segs. 3 and 4. Wing
without fringe spot between veins 6 and 5-2. Legs without apical bands on seg. 3 of

fore and mid tarsi. Abdomen with numerous pale scales dorsally on seg. VIII, a few

on seg. VII; ventrally, seg. VIII with numerous dark scales and some pale scales

laterally on segs. VIII and VII.

Terminalia: Phallosome with 5-7 leaflets on each side, these rather broad and
blade-like with serrations on the lower margin (Fig. 17a). Harpago (Fig. 17c) with

club and strong apical spine, about half as long again as the club; also one stout

external and one to two finer internal spines, all shorter than the club; near base of

internal spine is a quite large, socket-like pit, occupied by a minute seta.

Larva.

Head: ic. pigmented, long, simple with short side hairs; oc. about one-half length

of ic, simple with stout side hairs; pc. equal in length to oc. but finer, simple or bifid on
one side; sut. simple or bifid on one side; t. sut. with 3-6 branches, rarely simple.

Shoulder hairs: is. dark, with stout, flattened stem and rather prominent root,.

19-27 branched; cs. similar but longer. Pleural hairs: ppl. with 2 long simple, 1 long:

and branched, 1 short with 3-5 stout branches; mpl. with 1 long branched, 1 long simple
or rarely bifid, 1 short simple or with 2-4 branches, 1 minute simple; mtpl. with 2 long
branched, 1 short, 3-6 branched, 1 minute simple. Mt. palm, undeveloped, with 2-7

filamentous branches.

Abdominal palmate hairs (Fig. lie) : abd. I rudimentary, with 1-5 filamentous or

flattened branches; abd. II weakly developed with narrow unpigmented lanceolate

leaflets; abd. III-VII fully developed, with short, blunt-tipped filaments, about one-fourth

the length of the blade; pigment patchy, concentrated distally. Hair no. 5 on abd. II

with 4-8 branches, usually 5 or 6. Lateral hair on abd. IV with 7-11 branches, on abd. V
and VI 7-12 branches. Psp. 5-8 branched.

Biology.

The larvae were found usually in grassy pools or seepage water, exposed to the
sun or lightly shaded. Heavy concentrations were recorded from seepages bordering
padi fields. Adults were not taken in the field, and presumably play no part in malaria
transmission.

Notes.

The dark legs and characteristic markings of palps and tarsi readily identify this
species in the adult stage. From the rather similar A. maculatus both adults and
larvae are distinguished by the characters discussed under that species (p. 107).

Certain variations of the Borneo specimens from the usual descriptions of this

species are worthy of note The Indian and Malayan form is shown by most authors.
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as possessing a narrow pale basal band on seg. 5 of the palp, but all Borneo specimens

lacked this, the dark band extending almost to the base of the segment, with a very

narrow bare area proximal to it. The male terminalia also show characteristic features;

the harpagones have 1-2 internal setae, a character not described for the Indian or

Malayan form, and the leaflets of the phallosome appear to be more strongly serrate,

the teeth extending almost to the base of some leaflets. These characters also occur

in the Philippine form of this species (Russell and Balsas, 1936) and are probably

correlated with some degree of geographic subspeciation. Further statistical studies

may give definite evidence on this point.

Distribution.—Brunei : Brunei ; Labuan Is. ; Br. Nth. Borneo : Jesselton.

A. (M.) MAcuLATX's Theobald.

Theobald, F. V., 1901: Mono. Culic. 1, p. 171.

Type locality : Hong Kong.
Specimens examined : Four females, two males, ten larvae.

Female.

Labium (Fig. 16&) dark. Palps (Fig. 166) : seg. 2 shaggy towards base, with apical

band; seg. 3 pale on apical one-third, remainder dark with a few scattered pale scales

dorsally; seg. 4 pale with narrow dark band at centre; seg. 5 entirely pale; apical pale

band of palp approximately equal to the subapical. Antenna with a few pale scales on

seg. 2, seg. 8 with a pale tuft, and a few scattered pale scales on seg. 4.

Mesonotum dark, lighter medianly, clothed with broad flat white scales, these

broadest in the fossae; a bare lateral strip posterior to each fossa, and a median bare

area in front of the scutellum; anterior margin with prominent central tuft of pale

hair-like scales, and smaller lateral tufts of broader scales. Pn. 1. bare or with a few

scales anteriorly. Pleura dark; pr. s. absent; ust. s. and 1. st. s. both 2-4; sp. s. 3-5; a

few pale scales associated with sternopleural and prealar hairs.

Wing (Fig. 16a) : Costa with prehumeral dark spot undivided or incompletely

divided; apical pale spot extends along fringe to apex of vein 2-1. Vein 1 with rather

long sector dark spot; central dark spot with 1-2 pale interruptions. Vein 2 with 1-2

dark spots; 2-1 with sub-basal and subapical dark spots; 2-2 with central and subapical

dark spots; either or both 2-1 and 2-2 may lack one dark spot. Vein 3 with 2 dark spots

near base and 1 near apex. Vein 4 pale with a few dark scales or a spot proximal to

m-cu, and a long dark spot just before the fork; 4-1 and 4-2 with sub-basal and subapical

dark spots or with either of these missing. Vein 5 with prominent sub-basal dark spot;

5-1 with dark spot each side of m-cu and another near apex; 5-2 with a dark spot near

apex. Vein 6 with central, sub-basal and subapical dark spots. Remigium pale. Fringe

pale from 2-2 to past 3, and apices of other veins; there may be a small dark inter-

ruption between 1 and 2-1, or between 2-2 and 3. i

Legs: Mid coxae with scales. Femora, tibiae and tarsi 1 with white spots; may
be 1 or 2 pale spots on tarsi 2 also. A variable amount of pale scaling on inside of

mid and hind femora; hind femora and tibiae with narrow pale bands at apices. Fore

tarsi with rather broad apical bands on segs. 1-3, smaller basal bands on segs. 2-4;

seg. 4 may have a minute apical band. Mid tarsi similar to fore. Hind tarsi with broad

apical bands on segs. 1 and 2, sometimes a small basal band on the latter, segs. 3-5

pale with dark band on central third, seg. 5 entirely pale.

Abdomen: Dorsal surface with a few narrow golden scales laterally towards the

apex of segs. IV and V, becoming more numerous on segs. VI and VII, seg. VIII thickly

Text-figures 16-18.

Fig. 16.

—

A. maculatus Theobald. (a) Wing x 55. (&) Palp and proboscis x 55. (c)

Harpago x 590. id) Leaflets of phallosome x 970. (e) Larval head x 120. (/) Shoulder hairs

X 290. (fy) Leaflets from abdominal palmate iv x 970.

Fig. 17.

—

A. karwari James, (a) Wing x 55. (6) Palp and proboscis x 55. (c) Harpago
X 590. (d) Leaflets of phallosome x 970. (e) Leaflets from abdominal palmate iv x 970.

Fig. 18.

—

A. philippinensis Ludlow. (a) Wing x 55. (b) Palp and proboscis x 55. (c)

Harpago x 570. (d) Leaflets of phallosome x 910. (e) Hind tarsus x 55. (/) Larval head
X 120. (g) Shoulder hairs x 315. (h) Leaflets from abdominal palmate iv x 570.
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scaled. Ventral surface with a few dark scales near the apex of seg. VII and a few

golden ones laterally on seg. VIII. Cerci with numerous dark and golden scales.

Male.

Generally similar to female. Antenna without scales on seg. 2. Venter of abdomen

with a few golden scales laterally on segs. VII and VIII, the latter with a median patch

of dark scales towards the posterior mai'gin. Wing may show complete prehumeral

pale spot on costa. Legs with basal banding reduced on fore and mid tarsi.

Terminalia: Phallosome bearing on each side 6-7 leaflets of decreasing size, the

largest rather broad and strongly curved at the tip, with numerous serrations on distal

half or entire length of concave side (Fig. IGd) ; smaller leaflets with palmate teeth at

apex. Harpago (Fig. 16c) with club and strong apical spine, a little longer than club,

and 1-3 shorter internal setae, about two-thirds length of club; apical spine may be

double.

Larva.

Head (Fig. 16e) : ic. long, rather stout, pigmented, simple with short side hairs;

oc. about one-half length of ic, simple with rather stout side hairs; pc. about equal to

oc, simple; sut. long, simple, rarely bifid at tip on one side; t. sut. 3-4 branched.

Shoulder hairs (Fig. 16/): is. with 20-24 branches; cs. with 19-24 branches; both

with stout flattened stem and prominent root; os. rising very near root of cs. Pleural

hairs: ppl. with 2 long simple, 1 long branched, 1 short with 3-5 branches; mpl. wath 1

long simple, 1 long branched, 1 short simple or 2-3 branched, 1 minute simple; mtpl. with

2 long branched (1 with noticeably sparser branching than the other), 1 short 3-4

branched, 1 minute simple. Mt. palm, rudimentary, variable, 2-5 fllamentous or

flattened branches or very narrow lanceolate leaflets. Mesothoracic hair no. 1 with

strong, pigmented, tapering stem and about 50 branches.

Abdominal palmate hairs (Fig. 16/) : abd. I undeveloped with filamentous branches;

abd. II developed, with lanceolate or poorly differentiated leaflets; abd. III-VII fully

developed, very similar to A. karwari. but with tapering, flne-pointed filaments. Hair

no. 5 on abd. II 5-6 branched. Lateral hair on abd. IV-VI with 3-6 branches. Psp. 5-9

branched.

Biology.

This species was rarely encountered. Small numbers of larvae were found amongst

grass roots in shallow seepages, open to the sun, and in small backwaters of hillside

streams, and one case was recorded of rather heavy breeding in rainwater in a wooden
container. The usually low larval densities seemed to be due to the numerous predators

present.

Adults were not taken in the field, but McArthur (1946) reports the northern

Borneo form of this species to be highly zoophilic and a non-vector of malaria; this

differs considerably from the high vector efficiency shown by the Malayan and N.E.I,

forms.

Notes.

The broad banding of the hind tarsi and conspicuously spotted legs readily identify

the adult of this species; A. karwari is somewhat similar but has dark legs. The larvae

of the two species are, however, rather difficult to separate; the most reliable character

seems to be the lateral hairs of abdominal segments IV-VI, which are 3-6 branched

in maculatus and 7-12 branched in karwari. The fine-pointed filaments of the abdominal

palmate hairs are a characteristic and easily seen feature of maculatus, but may become
broken off to resemble karwari. The branching of hair no. 5 on abdominal segment II,

used to separate the two species in Malaya, cannot be used for the Borneo specimens,

being usually 5-6 branched in both species.

In the small series examined, no morphological characters were found which might
distinguish this foi-m from the Malayan and N.E.I, forms; the considerable difference

in vector efficiency, however, seems to indicate that some degree of subspeciation has

occurred. Such characters may be found if more detailed analyses are carried out.
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on a larger number of specimens, as done by Christophers (1931) on the Indian forms

of this species.

Distribution.—Brunei: Brunei (local report); Labuan Is.; Br. Nth. Borneo: Jesselton,

Tambunan (McArthur).

A. (M.) PHiLippiNEisrsis Ludlow.

Ludlow, C. S., 1902.

—

J. Amer. Med. Ass., 39, p. 426.

Type locality : San Jose, Luzon, Philippine Is.

Specimens examined : Forty-five females, four males, numerous larvae.

Female.

Labium (Fig. 18&) dark. Palps (Fig. 18&) rather shaggy, particularly seg. 2; segs. 2

and 3 narrowly pale at apex; seg. 4 similar but with very narrow band; seg. 5 entirely

pale; segs. 3 and 4 usually with pale scales along inner surface; apical pale band of

palp about equal to preapical dark band. Antenna with pale scales on segs. 2-5, those

on seg. 3 forming a tuft.

Mesonotum very dark, clothed in numerous, flat, rounded, pale scales, except for a

bare strip behind each fossa; anterior margin with central tuft of narrow pale scales,

and lateral tufts of broader pale and dark scales. Scutellum with pale scales on posterior

margin. Fn. 1. without scales. Pleura dark; pr. s. absent; ust. s. and 1. st. s. both 1-4;

sp. s. 1-3; usually a few pale scales in the sternopleural and prealar regions.

Wing (Fig. 18a): Costa usually with small prehumeral, pale spot; outer third

(from middle dark spot on) pale scaled on 50% or more of its length. Vein 1 with long

sector dark spot, equal in length to that on costa; middle dark spot with two pale inter-

ruptions. Vein 2 with 1 or 2 dark spots; 2-1 with sub-basal and long subapical dark

spots; 2-2 with dark spots at centre and towards base and apex. Vein 3 with 2 small

dark spots near base and 1 subapical. On the last three veins, spotting is rather

variable, and any but the subapical on 2-1 and those near the base of 3, may be missing.

Vein 4 dark on distal half, except for a pale area in the region of the crossveins; 4-1 and
4-2 usually with sub-basal and subapical dark spots but variable. Vein 5 with prominent

sub-basal dark spot; 5-1 with a dark spot near apex and one each side of m-cu; 5-2 with

subapical dark spot. Vein 6 with 3 dark spots. Remigium pale. Fringe pale between

veins 2-2 and 3 and at apices of all other veins, with a long pale area towards wing
base.

Legs: Mid coxae with a tuft of pale scales, sometimes a few scales on fore coxa.

Fore femora pale beneath on distal third; other femora and all tibiae and tarsi 1, largely

pale beneath, with some pale scales at their apices; the latter form noticeable bands

on the tibiae. Mid and hind femora with a pale patch on the outer surface near the

apex, particularly conspicuous on the mid leg. Fore tarsi with pale bands at apices

of segs 1-3; mid tarsi similar but with smaller bands; hind tarsi; seg. 1 with narrow
pale apical band; sometimes very small; seg. 2 pale on distal 30%-50% (mean 40%);
segs. 3-5 entirely pale.

Abdomen: Dorsal surface: usually a few dark scales laterally on segs. III-V;

segs. VI and VII with pale scales centi'ally and dark scales laterally towards the apex;

seg. VIII thickly scaled, mostly pale but with large dark patches laterally towards the

apex, forming projecting tufts; the dark scales in a similar position on segs. III-VII

also tend to form tufts. Ventral surface; seg. VII with a few broad dark scales towards

the centre of the posterior margin; seg. VIII with narrow pale scales laterally and a

small tuft of dark scales at the posterior lateral angles. Cerci with numerous dark

'

scales and a few pale ones at apices.

Male.

Generally similar to female. Wing with reduced spotting on branches of veins 2

and 4. Tarsal banding reduced on fore and mid legs. Abdomen: seg. VIII with pale

scales on dorsal surface, numerous dark scales on ventral surface towards the posterior

margin; other segments with lateral tufts reduced or absent.

Terminalia: Phallosome with 6-9 leaflets on each side, 1 or 2 small and spine-like,

the others larger, blade-like, serrated on one or both margins (Fig. ISd). Harpago
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(Fig. 18c) very variable; club present, usually incompletely fused, with 1 or 2 subsidiary

clubs or clubbed hairs; apical spine strong, slightly longer than club, occasionally

doubled; usually 1-2 external spines and 1-3 internal spines, all somewhat shorter than

the club; also several very small internal setae with large basal sockets.

Larva.

Head (Fig. 18/) : ic. long with numerous conspicuous side hairs on the distal two-

thirds, often concentrated towards the tip to give a tufted appearance; oc. about one-half

length of ic, more or less dichotomously divided into numerous fine branches, giving a

brush-like appearance; pc. short, divided at base into 2 or 3 (rarely 4) branches; sut.

2-4 branched; t. sut. 3-5 branched. Shoulder hairs (Fig. l^g) : is. 17-23 branched;

cs. 12-18 branched; both with flattened stem and rather prominent, lightly pigmented

root. Pleural hairs: ppl. with 2 long simple, 1 long sparsely feathered, 1 short 3-4

bi'anched; mpl. with 1 long sparsely branched, and 1 long, 1 short, and 1 minute, all

simple; mtpl. with 2 long sparsely feathered, 1 short 2-3 branched, 1 minute simple.

Mt. palm, developed with clear, pointed, lanceolate leaflets.

Abdominal palmate hairs (Fig. 187i) : abd. 1 developed, leaflets lanceolate or poorly

differentiated; abd. II-VII fully developed, with tapering filaments, one-half to one-third

the length of the blade; pigmentation light and even in abd. I and II, darker, concen-

trated distally in the others. Lateral hairs of abd. IV-VI with 2-3 branches on distal

half.

Biology.

Larvae of this species were found in a variety of situations, often in large numbers,

usually in clear water with a fair amount of green vegetation and algae, open to the

sun or lightly shaded. Favoured sites were padi fields, either with growing rice or

overgrown with sedge, grassy roadside pools and drains, swamp edges, etc.

The adults could be taken in large numbers during early evening, feeding on man or

water-buffalo, or resting on tent walls; in the .latter case they were apparently attracted

by light. The numbers caught seemed to indicate that animal blood was preferred to

that of man. Dissections of 27 guts and 35 salivary glands were all negative, and there

was no indication that this species plays any part in malaria transmission.

Notes.

The conspicuously pale hind tarsal segments of the adult, and the branched clypeal

hairs of the larva, distinguish this species from all others known from this area. The
rather similar A. annularis and A. pallidus have not yet been recorded from Borneo,

except for one instance of the former from Dutch Borneo; this record is doubtful,

being apparently based on a larval identification and possibly refers to the rather

aberrant Borneo form of philippinensis. However, in the presence of these species,

A. philippinensis adults may be distinguished by the absence of dark markings on

vein 5 in the region of the fork, the presence of a pale apical band on hind tarsal

segment 1, and by the rather scanty abdominal scaling. In the larval stage, identifica-

tion may be difficult, but the species is reasonably well defined by the unpigmented basal

tubercles of the shoulder hairs, and the relatively short filaments of the abdominal
palmate hairs.

Covell (1928) has made an interesting analysis of variation in this species, and
shows the existence of "local varieties", distinguished by the proportion of pale scaling

on the outer third of the costa, and on the second hind tarsal segment. These ratios

were highest in specimens from the Philippines (50% and 40% resp.), falling progres-

sively to a minimum in the western Indian form (about 30% and 15-5% resp.).

Corresponding ratios in the Borneo specimens examined by me were 40% (range

30%,-53%) for the hind tarsus and 50% or more for the costa, i.e., identical with the

Philippine specimens examined by Covell.

An examination of published descriptions shows a further distinction between
eastern and western forms, in the branching of the posterior clypeal hairs of the

larvae. In the Philippines, this hair is 2-4 branched (Russell and Baisas, 1934), but

in the N.E.I., Malaya, and India, is 5-11 branched (Swellengrebel and Rodenwaldt
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1932, Gater 1934, Christophers 1933). The N.W. Borneo specimens again coincide with

the Philippine form.

In the light of modern theories of speciation, it seems that the "local varieties" of

Covell (op. cit.) are best considered as geographic subspecies, arranged in an East-

West cline of increasing melanism, a feature of many other animal groups, and seen

also in other Anopheline species (see A. haezi gateri and A. sundaicus). Although

exact definition of such subspecies may prove difficult, it seems that there are at least

two distinct forms, one from N.W. Borneo and the Philippines, and one from N.E.I.,

Malaya, and India; these may be separated by the degree of pale scaling in the adult

and the branching of the posterior clypeal hairs in the larva, the latter character

being non-overlapping.

Distribution.—Brunei: Brooketon, Kuala Belait (local report); Labuan Is.; Br. Nth.

Borneo : Jesselton.

A. (M.) SUNDAICUS Rodenwaldt.

RoDENWALDT, E., 1926.

—

Meclecl. Volks. Ned. Ind., D.l (for. ed.), p. 87.

Type locality : Sunda Is.

Specimens examined : Twenty-two females, four males, numerous larvae.

Female.

Labium (Fig. 19 &) dark. Palps (Fig. 196) with narrow pale apical bands on

segs. 2-4, seg. 5 entirely pale; pale apical band of palp about as wide as, or a little

wider than, the preapical dark band. Antennae with pale scales on segs. 3 and 4.

Mesonotum grey-brown, darker laterally and in the fossae; anterior margin with

central tuft of narrow pale scales, lateral tufts of broad scales. Pn. 1. without scales.

Pleura dark without scales; pr. s. 2-4; ust. s. 3-5; 1. st. s. 2-5; sp. s. 5-i6. Fossae

with a few broad pale scales.

Wing (Fig. 19a) : Costa without pale interruption to prehumeral dark area; sector

and presector pale spots sometimes small and bridged by dark scales on the costal

margin, or rarely absent; preapical dark spot longer than pale areas adjoining it, in

length 42-58% of subcostal plus preapical pale spots. Vein 1 with presector dark spot

as long as, or slightly shorter than, the corresponding spot on costa; middle dark spot

divided into two small spots. Vein 2 with two dark spots, and sometimes another just

before the fork; 2-1 and 2-2 pale at base and apex with one or two dark spots. Vein 3

with two dark spots near base and one near apex. Vein 4 with long dark spots, one in

region of the cross veins and one just before the fork; 4-1 and 4-2 pale apically and basally

with two dark spots each. Vein 5 with a sub-basal dark spot; 5-1 dark near apex, and

at m-cu with a few dark scales basally, dark areas totalling 42-72% of length of vein;

5-2 dark near apex. Vein 6 with central and subapical dark spots. Fringe spots present

at apices of all veins, those at veins 1 and 2-1 sometimes confluent, forming one large

spot.

Legs: Coxae without scales. Femora, tibiae, and tarsi 1 liberally speckled with

white patches; mid and hind femora usually with much pale scaling beneath; all tibiae

and hind femora with pale scales at apices. Fore tarsi with apical pale bands on segs. 1-3,

narrower basal bands on segs. 2-4, seg. 5 dark; mid tarsi similar to fore, but with

smaller basal bands; hind tarsi with apical bands on segs. 1-4, seg. 5 dark.

Abdomen with a few pale scales dorsally and ventrally on seg. VIII. Cerci with

mixed pale and dark scales.

Male.

Generally similar to female. Antennae without scales. No ventral scaling on

abdomen but numerous narrow pale scales dorsally on seg. VIII.

Terminalia: Phallosome with 7-11 leaflets each side, the larger ones blade-like or

fusiform, the shortest spine-like; usually, one of the large ones with a prominent tooth

near base, and sometimes some fine serrations on one of the others (Fig. 19(Z). Harpago
(Fig. 19c) variable; usually with strong apical spine, nearly twice as long as club, and

a small external spine about one-third length of club; there may be 1-2 other external

or internal spines present, and the club may show subdivision.
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Larva.

Head (Fig. 19e) : ic. simple; oc. simple, about one-half length of ic; pc. simple,

rather long, extending past base of anterior clypeals; sut. simple or 2-3 branched;

t.sut. 3-7 branched.

Shoulder hairs: is. 9-15 branched; cs. 10-14 branched; both with small root. Pleural

hairs: ppl. with 2 long simple, 1 long 2-4 branched (rarely simple on one side only),

1 medium simple or bifid; mpl. with 1 long simple or 2-3 branched, 1 long, 1 short, and

1 minute, all simple; mtpl. with 2 long feathered, 1 short simple or bifid, 1 minute simple.

Mesothoracic hair no. 5 with 3 branches, rarely bifid. Mt. palm, undeveloped, with 3-7

filamentous branches.

Abdominal palmate hairs (Figs. 19/) : abd. I developed, leaflets lanceolate with long,

elongate tips; abd. II-VII fully developed, leaflets with sharply differentiated filaments

with pointed tips, narrow bases, nearly as long as blade. Psp. 5-10 branched, usually 6-8.

Posterior membranous area of anal segment with numerous setae, those at level of saddle

hair rather coarse, with some pigment. Lateral hairs on abd. IV-VI with 3, or I'arely 2,

branches from near base.

Biology.

Larvae wei'e usually found in brackish water, not subject to tidal flushing and
containing vegetation; particularly favourable were large ponds used to cultivate a

floating weed which was fed to pigs. The salinity of these ponds was probably main-

tained by urine washed from the adjacent pig pens. All breeding sites did not conform

to the above description however, and heavy larval densities were recorded on several

occasions in water containing no vegetation at all; other records included breeding in a

small tidal creek, and several cases from apparently fresh water. Salinities recorded

ranged from 40 parts CL per 100,000 in a native well to 800 parts in a blocked tidal

drain, but the usual figure was in the vicinity of 300-400 parts, i.e., one-fifth to one-sixth

sea-water.

Adults were taken biting man during the early evening and, in small numbers,

throughout the night, and were observed to enter houses in search of human blood.

Small numbers could be found in defective mosquito nets during morning searches of

native houses. No specimens were taken using animal bait, however. Dissections of

28 specimens showed all with negative salivary glands; in 21 of these, the gut also was
examined and found negative.

Considering its avidity for human blood, its bad reputation from other areas, and

its incrimination as a vector at Miri (Stookes 1927), it seems that this species must be

looked on as a dangerous or potentially dangerous vector wherever it occurs.

Notes.

The characteristic speckled legs, normal tarsal banding, and the presence of 2 or 3

dark spots on wing vein 6, differentiate the adult of this species from others usually

found in the area. However, the very similar A. ludlowi and A. litoralis have been

reported from N.W. Borneo (McArthur, pers. comm.) ; from these species, sundaicus

may be distinguished by the absence of a fringe spot between veins 5-2 and 6, the

presence of only two dark spots on vein 1 under the middle dark spot of the costa, and

the uniformly dark prehumeral area.

The larva, in common with other members of the "ludlowi-suhpict us" group, is

identified by the small, unpigmented roots of the shoulder hairs, and the sharply

differentiated filaments of the abdominal palmate hairs. From the other members of

this group, separation is rather difficult in some cases, particularly from A. suhpictus.

From the descriptions given by King (1932), it appears that sundaicus differs from
litoralis in usually having more than three branches to the trans-sutural hair, and more
than nine branches to the shoulder hairs; it also differs from Indlowi in the basal

branching of the lateral hairs of abdominal segments IV to VI. Differences from

vagus limosus are given under that species.

As already mentioned, the separation of larvae of sundaicus and subpictns is rather

difficult, and various characters have been proposed for use in this regard. Venhuis

(1938) gives a good summary of characters found by him to give an almost certain
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separation of the two species in tlie N.E.I., but whether these hold for the Borneo forms

is uncertain at present, as subpictus is apparently of rare occurrence in this area and

no material is available for examination. Several of Venhuis' principal characters are

given below; these hold for the Borneo sundaicus, and may possibly hold for subpictus

also:

1. Setae lying between saddle hair and anus: coarse and pigmented in sundaicus,

finer and unpigmented in subpictus.

2. Pleural hairs: all long hairs on pro- and mesothorax simple in most subpictus,

two or more hairs branched in most sundaicus.

3. Postspiracular hair: usually 7 branches or more in sundaicus, 5 branches

or less in subpictus.

The Borneo species is here referred to as A. sundaicus but in certain characters it

shows an intermediate condition between the Netherlands East Indies type form and

A. litoralis, the Philippine equivalent of this species. This was recognized by Walch

and Soesilo (1929), who used specimens from Balikpapan, Borneo. They found that the

ratio of dark to light scaling on the outer part of the costa (preapical dark spot/subcostal

+ preapical pale spots), and on vein 5-1, fell between those given by Rodenwaldt (1926)

for A. sundaicus and A. ludlowi; these ratios have since been shown by King (1932) to

be similar in ludlowi and litoralis. The specimens examined by me showed an inter-

mediate condition and agreed with Walch and Soesilo's figures for the costal ratio, but

were higher for the vein 5-1 ratio; this latter is rather hard to determine, however, and

is much less definite than the costal ratio.

In Table 2 are set out the figures for the above ratios, together with certain other

characters in which the Borneo form shows a similar intermediate condition.

Table 2.

% dark/ light. % vein 2/

vein 2-2.

Sector pale

costal spot.

Leaflets of

Costa. 5-1.
pliallosome.

Sundaicus
(Rod. 1926—
mixed specimens)

56-3

±•69
63-6

±1-04
Always present.

Never bridged
(Gater 1936).

Without obvious
serrations (all

authors).

Sundaicus
(ibid.—total of all

broods)

54-7 67-9

Sundaicus
(King 1932—12
specimens from
Singapore)

57-0 58-0 58-0 Occasionally
bridged

(King 1932)

Sundaicus
(W. and S. 1929

—

Balikpapan)

47'-4

±1-3
43-0

±1-2
One leaflet with
a prominent

tooth.

Sundaicus
N.W. Borneo

specimens

48-0

±•9
52-0

±1-8
85-0 Rarely absent,

occasionally

bridged.

Litoralis

(King 1932)

38-0 44-0 S8-0 Absent in 25%,
occasionally

bridged.

With obvious
serrations.

N.B.—Statistical analysis shows the difference between Rodenwaldt's figures for sundaicus
and those recorded from N.W. Borneo to be highly significant (P less than -01).

The systematic value of the anterior fork cell ratio used by King is rather doubtful.

His figure for Singapore specimens is much lower than that indicated in descriptions and
illustrations by Gater (1936).

The characters in the table above show that the Borneo form of this species differs

quite significantly from the type form from the Sunda Is., and is probably worthy of

subspecific rank. It also shows a connecting link between the type form and A. litoralis.
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From the above characters, it would also appear that this last species is better considered

a subspecies of sundaicus than a separate species, being the Philippine representative

of a widespread polytypic species. A. litoralis is further distinguished by the presence

in many specimens of a fringe spot between veins 5-2 and 6, an accessory sector pale

spot on the subcosta, and pale scaling anteriorly on the prehumeral dark area of the

costa. These further manifestations of hypomelanism make the Philippine form more

distinct morphologically than the other two, but this is in accordance with the situation

Text-figures 19 and 20.

Fig-. 19.

—

A sundaicus Rodenwaldt. (a) Wing x 55. (&) Palp and proboscis x 55. (c)
Harpago x 570. (d) Leaflets of pliallosome x 910. (e) Larval head x 120. (/) Leaflets from
abdominal palmate iv x 570.

Fig. 20.

—

A. vagus Umosus King. (a) "Wing x 55. (b) Palp and proboscis x 55. (c)
Harpago x 570. (d) Leaflets of phallosome x 910. (e) Larval head x 120. (/) Shoulder hairs
X 205. (f/) Leaflets from abdominal palmate iv x 570.
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in other animal groups, where the most outlying geographic subspecies is frequently

the most distinct (Mayr. 1940, p. 167). It is interesting to note that these forms show

the same arrangement of progressively paler forms as one moves from the Malayan

Archipelago to the Philippine Is., as already shown in A. baezi and A. pMlippinensis

.

It is of course possible that A. litoralis has become genetically, as well as

geographically, isolated, and in this regard it is interesting to note that this form has

been reported from N. Borneo (McArthur, pers. comm.). This may possibly refer to an

extreme variation of the Borneo form, but it is also possible that litoralis has extended

its range back from the Philippines into N. Borneo. Should it be found there meeting,

but not interbreeding with, the form described above, full specific rank will have to be

accorded it.

Distrihution.—Brunei: Kuala Belait, Seria ; Sarawak: Baram R. ; Labuan Is.

A. (M.) VAGUS Liiiosxjs King.

King. W. V., 1932.

—

Philipp. J. Sci., 47, p. 307.

Type locality : Balinatawak, Luzon, Philippine Is.

Speciinens examined : Seven females, ten males, nineteen larvae.

Femcde.

Labium (Fig. 206) dark. Palps (Fig. 206): seg. 2 dark, shaggy with narrow apical

pale band; seg. 3 dark with similar band; seg. 4 dark on basal third, remainder pale;

seg. 5 pale; apical pale band of palp 3-4 times width of the preapical dark band and
subapical pale band, which are approximately equal. Vertical pale spot rather large

with scales at centre narrow and more closely appressed to the head. Antenna with a

few pale scales on segs. 2 and 4 and a pale tuft on seg. 3. Mesonotum pale with dark

median line, clothed in narrow, hair-like, pale scales, these broader in the fossae;

anterior margin with central and lateral tufts of pale narrow scales, the latter with

some dark scales laterally. Pn. 1. without scales. Pleura pale with several irregular

longitudinal dark lines; pr. s. 4-5; ust. s. 3-4; 1. st. s. 4-6; sp. s. 2-3.

Wing (Fig. 20a): Costa with the usual six pale areas; prehumeral dark area

undivided; preapical dark spot usually noticeably shorter than the pale areas adjacent

to it. Vein 1 with small sector dark, spot, one-third or less the length of corresponding

costal spot, frequently absent; 1 or 2 small dark spots under mid dark costal spot.

Vein 2 pale with a few dark scales towards base; 2-1 and 2-2 with 1 or 2 dark spots.

Vein 3 with dark spot near apex and one each side of basal crossvein. Vein 4 pale to

just past crossvein r-m, then dark to the fork; sometimes a few pale scales near m-cu;
4-1 with long dark basal or sub-basal spot and a shorter subapical; 4-2 with dark subapical

spot, sometimes dark basally. Vein 5 with prominent dark spot towards base; 5-1 with

a dark spot each side of m-cu and one subapically; 5-2 dark near apex. Vein 6 dark

at centre and near apex. Remigium pale. Fringe spots present at apices of all veins

and sometimes between 5-2 and 6.

Legs: Coxae without scales. Fore femur dark towards base and apex on outer

surface, remainder mixed pale and dark, but predominantly pale on distal half; other

femora dark on outer surface with variable admixture of pale scaling, inner surface

entirely pale except for dark subapical band on hind femur; mid femur with prominent

pale subapical patch on outer surface. Tibiae pale on inner surface but hind tibia dark

towards base; fore tibia dark on outer surface, others with more mixed scaling; mid
tibia with narrow pale apical band; hind tibia similar but band more prominent. Fore

tarsi with broad bands at the joints formed by apical pale bands on segs. 1-3, and
basal bands on segs. 2-4; mid and hind tarsi similar but with much narrower bands,

particularly on hind leg where basal bands on segs. 2 and 3 may be absent; hind tarsi

may also show small bands at base of seg. 5 and apex of seg. 4.

Abdomen: Ventral surface with a few narrow golden scales on seg. viii and the

posterior margin of seg. vii; dorsal surface with golden hairs only.

Male.

Generally similar to female. Antenna with scales on seg. 3 only. Pr. s. 2-3. Wing
with middle dark spot rather long and subcostal spot shorter, relative to preapical dark



116 ANOPHELINE MOSQX^ITOES OF NORTH-WEST BORNEO,

spot; presector and sector pale spots may be reduced or absent; sector dark spot on

vein 1, one-half-one-third length of corresponding costal spot. Abdomen with numerous
narrow pale scales on dorsum of seg. viii.

Terminalia: Phallosome bearing on each side 4-6 blade-like leaflets of decreasing

size, the largest long and somewhat "S"-shaped, and 2-3 short and spine-like; most of

the large leaflets with serrations along one edge (Fig. 20d) . Harpago (Fig. 20c) with

club and strong flattened apical spine, about twice length of club; also 1-2 shorter

external spines, about one-third length of club; internal to apical spine is a sensilla

resembling a spine-socket, but bearing no spine and apparently representing a vestigial

internal seta.

Larva.

Head (Fig. 20e) : ic. long simple; oc. simple, less than one-half ic; pc. simple, a

little longer than oc, placed well back, behind or slightly internal to ic; sut. long simple

or occasionally bifid; t. sut. 4-7 branched.

Shoulder hairs (Fig. 20/) : is. with rather stout flattened stem, 12-17 branches, and

medium root, widely separated from other hairs; cs. with 7-18 branches and moderately

developed root. Pleural hairs: ppl. with 3 long simple and 1 medium simple; mpl. with

2 long, 1 short, and 1 minute, all simple; mtpl. with 1 long feathered, 1 long with sparse

side branches, 1 short bifid or rarely simple, and 1 minute simple. Mt. palm, not

developed, with 3-6 filamentous branches.

Abdominal palmate hairs (Fig. 20sr) : abd. 1 weakly developed with 3-5 flattened

branches or lanceolate leaflets; abd. II-VII fully developed with well differentiated

long tapering filaments, about one-half length of blade; pigment light, even. Lateral

hairs on abd. IV-VI divided into 2 or 3 branches near base. Psp. 4-6 branched.

Biology.

Little can be recorded of the biology of this species as it was only taken on one

occasion in a limited area near Papar, Br. Nth. Borneo. There it was found breeding

in association with A. kochi in small open muddy pools, wheel ruts, buffalo wallows, etc.,

typical situations for this subspecies as recorded from the Philippines. The adults were

not taken in the field.

Notes.

The adult of this subspecies may be identified as a member of the •'suhjnctus-vagus"

group by the form of the banding on palps and tarsi and absence of speckling on the

legs. From other members of the group it is distinguished by the very broad apical pale

band of the palps, the uniformly dark proboscis, and the short preapical dark spot of

the costa and sector dark spot of vein 1.

The larva rather closely resembles the other members of the group Pseudomy-
zomyia. From the type form of A. vagus, it differs in the position of the posterior

clypeal hairs; from the other species, in the short outer clypeals, the very weakly
developed palmate hair on abdominal segment 1, and the unequally branched long hairs

of the metathoracic pleural group. This last character, a very distinctive one in Borneo
specimens at least, is not mentioned in the literature on this subspecies, but is described

by Gater (1934) for the type form. Specimens of simdaicus and sub2ncti(s may show
some inequality in the branching of these hairs, but to a far less degree than that

described above.

This appears to be the first record of this subspecies outside the Philippine Is., but

its close similarity of A. suhinctus maJayensis may have obscured its occurrence in

other areas. All the specimens examined showed close agreement with the descriptions

by King (1932) and Russell and Baisas (1934 and 1936) except in the shape of the

leaflets of the phallosome. These are described and figured as long and straight in the

Philippine form, but Borneo specimens show them as slightly longer and with a distinct

"S"-shaped curvature, somewhat resembling those of A. ludlowi. The vestigial internal

setae of the harpago are not described by the above authors but are figured by Russell

and Baisas (1936). Apart from this slight difference, there appears to be no doubt as

to the identity of the Borneo form with this subspecies.

Distribution.—Labiian Is. ; Br. Nth. Borneo : Papar.
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General Biology.

(1) larval breeding places.

The usual types of breeding place are roughly classified below, with the Anopheline
species typical of such situations in N.W. Borneo.

(i) Casual pools, buffalo wallows, etc.; light to medium shade or none; with or

without vegetation; A. harhirostris, hyrcanus nigerrimus, hyrcanus near
sinensis, kochi, tessalatus, leucospJiyrus (both subspp.), philippinensis, vagus
limosus.

(ii) Seepages:

(a) Open to sun or lightly shaded; kochi, leucosphyrus (both subspp.),

maculatus, karicari, philippinensis, barbirostris.

(&) Deeply shaded; leucosphyrus balabacensis, aitkenii.

(iii) Swamps, without forest cover, but with tall grass, sedge, etc.; barbirostris,

hyrcanus (both subspp.), separatus, sp. A near umbrosus, kochi, philippinensis

(last two at edges only),

(iv) Jungle and jungle fringe swamp pools; brevipalpis, albotaeniatus, umbrosus,
sp. A near umbrosus.

(v) Padi fields; barbirostris, hyrcanus nigerrimus, kochi, philippinensis.

(vi) Tins and other artificial containers (rare) ; maculatus, kochi.

(vii) Brackish water pools, usually with vegetation:

(a) Open to sun or lightly shaded; sundaicus.

(b) Medium to heavy shade; baezi gateri.

(2) ADULT HABITS.

(i) Periods of Flight.

Numerous observations showed that the bulk of the Anopheline population feeds

during the first two hours of darkness, with maximum intensity during the first hour;

for the remainder of the night, feeding is isolated and sporadic. However, information

from other sources, notably unpublished data of McArthur, indicates that where
A. leucosphyrus occurs in relatively large numbers, a peak of flight activity occurs

during the first hour of the morning. Local information seemed to indicate that a

similar midnight peak may occur in A. sundaicus.

During the day, under jungle cover, females of A. umbrosus, and spp. A and B near

umbrosus, were frequently taken biting, together with an occasional specimen of

A. barbirostris and A. separatus.

The following species were seen to enter houses in search of blood: A. leucosphyrus

balabacensis, sundaicus, philippinensis, hyrcanus nigerrimus. None of these, however,

showed any strong inclination to remain after dawn, and morning searches of native

houses yielded only an occasional specimen of A. sundaicus trapped in a defective

mosquito net.

(ii) Blood Preferences.

An attempt was made to determine the anthropophilic indices of the species present

on Labuan Is. using the numbers caught with animal and human baits. It was soon

realized that such an attempt is futile, but mathematical analysis shows that it is

possible to arrange the species in a series of increasing or decreasing preference for

human blood. An elementary analysis of this problem is given below.

Let X and y be the anthropophilic indices of two species, the term being used in its

usual sense as the proportion of the population of that species which will normally

obtain human blood. It must be remembered that this figure will only be constant for a

given locality, depending to some extent on the relative opportunity of finding human or

animal blood in that area. Also, let A and B be the available populations of the two

species during the period when the catches are made with human bait, i.e., the number
of mosquitoes searching for a blood feed in the area of attraction of the bait. Then
during another period when catches are made with animal bait, the available populations

may be represented by FjA and F„B, the factor F allowing for differences in the avail-

able populations during the two periods, caused by differences in actual population
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density or physical factors wliicli alter the range (or power) of attraction of the bait

(amount of bait, wind, etc.). If the relative composition of the total population remains

constant during the period of both catches, and if there is no interaction between the

various factors combined under the "F" factor, then Fi and F, will be equal.

The numbers taken in the two series of catches will then be as in Table 3.

Table 3.

Species. Human bait. Animal bait.
Ratio of human to animal bait

catches. (K)

1

2

xA
yB

FA(l-x)
FB(l-y)

x/P(l-x) (K,)

y/P(l-y) (KJ

It can be seen from Table 3 that, since two variables are involved, the actual indices

X and y cannot be derived from the catching records alone, except where they equal

or 1, or where the F factor equals 1. The ratio "K" can be derived, but cannot be

used for direct comparison of the two species, as the ratio of their K values is not

directly proportional to the ratio of the indices. However, it can be seen that if y is

greater than x, K2 is greater than Kl, and so the species can be ranked according to

their K values in a series of increasing or decreasing indices.

In Table 4 are given the figures for human and animal bait catches made over a

period of several weeks on Labuan Is. Catches were all made during the same period

of the evening, under roughly similar atmospheric conditions, and the F factors for the

various species may be considered approximately equal. The species are arranged in

order of increasing K values.

Species. Human bait. Animal bait. K.

kochi
pMUppinensis . . . .

1

33

11

3

6

93

11

42

91

20

3

1

14

•024

363
harbirostris •550

tessellatus

separatus
1^000

6^000

hyrcanus nigerrimus
leucosphyrus balabacensis

6^643

Infinite

From Table 4 it can be seen that A. leucosphyrus dalaMcensis is the most avid

seeker of human blood, with an infinite K value, and thus an anthropophilic index of 1

(100%), followed by the other species in the order shown. This order agrees well with
that recorded from the interior of British North Borneo by McArthur (pers. comm.), but

the accuracy is limited by the small numbers treated in some of the species.

The above shows that some information can be obtained from catching records as

the blood preferences of the species concerned, but unless a figure can be fixed for the

F factor, any results so obtained are quantitatively meaningless, and bear no relation to

the index obtained by precipitin tests on mosquitoes from natural resting places. It

should be noted, however, that the latter method is entirely dependent on accurate
sampling of the mosquito population, and if reasonable control of the F factor could be
obtained the catching method would be much simpler to use. By careful control of the

various variables, it should be possible to reduce the value of F to a figure close to unity

and so eliminate its influence. For instance, all catches could be made simultaneously,

using a ratio of human to animal bait considered equivalent to that normally encountered
by the mosquito population. Such a method would of course have to take into account
all types of animal bait found favourable by the species concerned and in areas with a

complex fauna of vertebrates, this may prove impossible.
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