
WAGENINGEN AGRICULTURAL UNIVERSITY PAPERS 
90-7 (1990) 

Environmental measures for 

malaria control in Indonesia 

-an historical review on species sanitation 

W. Takken1, W.B. Snellen2, J.P. Verhave3, B.G.J. Knols4 

and S. Atmosoedjono5 

Department of Entomology 
Agricultural University 

P.O. Box 8031,6700 EH Wageningen 
the Netherlands 

1 To whom all correspondence should be addressed. 

2 International Institute for Land Reclamation and Improvement, P.O. Box 45, 
6700 AA Wageningen, the Netherlands. 

3 Department of Medical Parasitology, University of Nijmegen, P.O. Box 
9101, 6500 HB Nijmegen, the Netherlands. 

4 present address: Department of Veterinary Services, P.O. Box 920034, 
Senanga, Zambia. 

5 National Institute of Health Research and Development, Ministry of Health, 
P.O. Box 226, Jakarta 10560, Indonesia. 

W a g e n i n g e n mm A g r i cu l t u ra l U n i v e r s i t y 

JT5~/(/~ B>3 tfz £t o 



tittttJOTHEEK 
DINDBOUWUNIVERSHEE! 

mammm 

Cip-Data Koninklijke Bibliotheek, Den Haag 

Environmental 

Environmental measures for malaria control in Indonesia : a historical review 
on species sanitation / W. Takken... [et al.]. -Wageningen : 
Agricultural University. - 111. - (Wageningen Agricultural University papers, 
ISSN 0169-345X ; 90-7(1990)) 
With ref. 
ISBN 90-6754-186-9 
NUGI835 
Subject heading: malaria control ; Indonesia ; history. 

© Agricultural University Wageningen, The Netherlands, 1991 

No part of this publication, apart from abstract, bibliographic and brief quo­
tations embodied in critical reviews, may be reproduced, recorded or published 
in any form including print, photocopy, microform, electronic or electromagne­
tic record without written permission from the publisher Agricultural Universi­
ty, P.O. Box 9101, 6700 HB Wageningen, the Netherlands. 

Printed in the Netherlands by Veenman Drukkers, Wageningen 



Contents 

Preface vi 
List of Tables viii 
List of Figures x 
List of Photographs xii 
List of modern and historical geographical names xiii 

1. Introduction. 1 
W. Takken 

2. Species Sanitation. 5 
W. Takken 

3. A taxonomie and bionomic review of the anopheline vectors of 
Indonesia. 9 
3a Taxonomy 9 
3b Bionomics of aquatic stages 21 
3c Bionomics of adult stages 37 
3d Evaluation of taxonomie and bionomic data with respect to ma­

laria epidemiology and control through species sanitation 52 
W. Takken & B.G.J. Knols 

4. Swellengrebel and species sanitation, the design of an idea. 63 
J.P. Verhave 

5. Success and failure of malaria control through species sanitation-
some practical examples. 81 
5a Introduction 81 
5b An early sanitation: Sibolga 93 
5c Marine fishponds 97 
5d Cihea, a case of integrated rural development avant la lettre 111 
5e House improvement and malaria 120 
W.B. Snellen 

6. Dr.ir. J. Kuipers - civil engineer and malariologist. 129 
W.B. Snellen 

7. Malaria control in Indonesia since World War II. 141 
S. Atmosoedjono 

8. Discussion: Relevance of the Indonesian experience for modern-day 
malaria control. 155 
W. Takken, W.B. Snellen & J.P. Verhave 

9. Acknowledgements. 158 
10. References. 159 

Wageningen Agric. Univ. Papers 90-7 (1990) 



Preface 

This review is the result of discussions held at the 1987 annual meeting of the 
WHO/FAO/UNEP Panel of Experts on Environmental Management for Vec­
tor Control (PEEM). PEEM was set up as an advisory and policy-making body 
to promote the application of environmental management techniques for the 
control of disease vectors. Recent information on the use of such techniques 
for the control of malaria is scarce, because since the discovery and large scale 
application of DDT, malaria control throughout the world has relied heavily 
on chemical insecticides. In view ofthat scarcity, and in the collaborative frame­
work between PEEM and the International Institute for Land Reclamation and 
Improvement (ILRI), this institute began collecting and reviewing information 
on the environmental measures that were used to control malaria in the former 
Netherlands Indies. The main objective was to compile a list of measures for 
malaria control, along with their working principles, applicability, and (cost) 
effectiveness. It soon appeared that making such a list required a proper under­
standing of the technique of 'species sanitation'. This technique, which is the 
subject of this review, aims to control malaria through the elimination or altera­
tion of the habitat of the most important vector species. 

ILRI, as a land and water development institute, did not have the specialized 
knowledge to deal with the entomological, parasitological and medical aspects 
of species sanitation so that the review became a collaborative project of several 
institutions. The Department of Entomology of the Wageningen Agricultural 
University studied the ecological and entomological aspects of malaria control. 
A chapter on Dr. Swellengrebel, the man who recognized and developed the 
unique aspects of species sanitation, was written by the Department of Micro­
biology of the Nijmegen University. ILRI studied the anti-malaria measures 
from Indonesia before World War II to evaluate which lessons can be learnt 
from that experience. Finally, the Ministry of Health in Indonesia provided the 
information that was required to bridge the pre-World War II data with the 
present day situation. 

Writing an historical review unavoidably presents difficulties concerning geo­
graphical names. This is especially so in a country that went from a colonial 
era to independence, in the process of which many names of islands, provinces 
and towns were changed. We have chosen to use the present-day names when­
ever possible. Previous names are indicated in square brackets in order to present 
the text more clearly. A list of present day geographical names, together with 
their historical names, is presented as a reference in the introductory pages of 
this review. 

Recent developments in insect taxonomy have made it possible to study the 
extent of 'species complexes' of anophelines. As a result of these studies the 
number of species of the genus Anopheles is likely to increase as differences 
become known. This is particularly true for anophelines of the South East Asian 
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region. Being well aware of these developments, we have chosen to use the gene­
rally accepted nomenclature as described by Knight & Stone (1977). Type locali­
ties for the different species were also taken from these authors. Any changes 
which may have occurred since this publication have not been considered. 
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Chapter 1 

Introduction 

W. Takken 

Of the many parasitic diseases of man in the tropics, malaria remains at the 
top of the list in terms of importance because of the very large number of people 
which contract the disease annually and the high death rate it causes among 
young children (WHO, 1987). For this reason, malaria control continues to re­
ceive high priority in health programmes. However, the way to achieve this goal 
is proving increasingly difficult. Apart from chronic shortages of funding for 
health programmes in many developing countries, the increasing occurrence of 
drug resistance as well as insecticide resistance are serious obstacles for malaria 
control. 

Indonesia is one of the countries experiencing malaria at a relatively high 
incidence. The country consists of several large islands and thousands of smaller 
islands (Figure 1.1) and at least 18 mosquito species have been confirmed as 
malaria vectors, distributed over the entire archipelago (Kirnowardoyo, 1988). 
Despite great efforts to control the disease, effective control is achieved in limited 
areas and malaria is still widespread (Harinasuta et al., 1982; Bang, 1985). New 
methods to improve this situation are highly desirable. During the colonial days 
the Dutch authorities experimented successfully with environmental methods 
of malaria control which since then seem to have been forgotten. In recent years 
these measures have been 'rediscovered' (Service, 1989). This prompted us to 

IRIAN 
JAYA 

[NEW GUINEA] 

i^TIMOR 

Fig. 1.1 Map of Indonesia and surrounding countries. (Areas indicated with * belong to the Federa­
tion of Malaysia). 
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review the pre-independence anti-malaria control strategies from Indonesia in 
order to assess their value for present-day malaria control. 

Until recently, malaria control was based on the principles of killing the para­
sites inside the human body with drugs and attacking the vectors with insecti­
cides. These methods are becoming increasingly unsuitable because, firstly, in 
many countries malaria parasites have become resistant against drugs and, 
secondly, mosquitoes have developed a high degree of insecticide resistance so 
that their use had to be discontinued (Najera, 1989). Several encouraging devel­
opments in the field of vector control occurred in recent years, which have led 
to the introduction of the term 'environmental management'. This means that 
it is envisaged to control or reduce vector populations by taking environmental 
measures which are disadvantageous for the target species, without damaging 
other organisms in that environment. One example of this is the periodic drai­
nage of irrigated rice fields in China, which kills the anopheline larvae without 
affecting other important elements of the rice field habitat. Environmental man­
agement for malaria control was widely practiced in Indonesia (formerly: the 
Netherlands Indies) before World War II. The advent of modern synthetic insec­
ticides such as DDT and dieldrin led to the abandonment of the aforementioned 
ecological methods of vector control. To-day environmental management is 
only used on a limited scale throughout the world, although the potential of 
this method appears to be large (IRRI, 1988). 

The present study was undertaken to review the pre-World War II literature 
about vector control measures developed in Indonesia. It was expected that the 
experience gained in those days might be useful for the development of alterna­
tive control strategies required to-day. Environmental management of aquatic 
anopheline habitats was the focus of our study, with special emphasis on the 
method called species sanitation. In order to utilize the existing data properly, 
it proved necessary to review the taxonomy and bionomics of the most important 
malaria vectors of the Indonesian archipelago. We used these data to evaluate 

The malaria cycle 

Malaria is a parasitic disease caused by protozoa (Plasmodium spp.) which are circulating 
in the blood stream. Four species of Plasmodium affect man: P. vivax, P. falciparum, P. 
malariae and P. ovale. The infection begins when parasites (sporozoites) enter the human 
body through the bite of an infected mosquito. Only mosquitoes of the genus Anopheles 
can carry the human malaria parasites. After rapid asexual multiplication in the human 
liver and blood cells, the parasites develop sexual stages (gametocytes). These are ingested 
by the mosquito during a blood meal. Inside the mosquito the gametes fuse and develop 
into oocysts, which are attached to the mosquito's stomach wall. Upon maturation, the 
oocysts burst and release large numbers of sporozoites which migrate to the salivary glands, 
from where they enter the human body during the next blood meal. Thus, whereas man 
is the definite host of the malaria parasites, anopheline mosquitoes are required for the con­
tinuation of parasite transmission. In this process certain anopheline mosquitoes function 
as vectors of the disease. The malaria cycle is being maintained as long as uninfected mosqui­
toes bite gametocyte carriers and, after an incubation time of 9-20 days, transmit the parasites 
to hitherto uninfected persons. 
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several vector control programmes conducted between the years 1916 and 1938. 
A mathematical model developed by Kuipers (1937a) to predict the effect of 
environmental factors on mosquito population dynamics in Indonesia is de­
scribed. It is shown how this model could have been used in vector control pro­
grammes. Recent information On malaria and malaria control operations in 
Indonesia are described in a separate chapter. The consequences of the environ­
mental management methods used in the past are then discussed with reference 
to present day malaria situations. Since the work of one scientist, Swellengrebel, 
appeared to have been overwhelmingly important in the development of malaria 
control in the Netherlands Indies, a special chapter has been included to describe 
his work. Many of the works reviewed in this paper were written in Dutch which 
hindered their distribution given the limited size of the Dutch language area. 
We hope that this review will be helpful to gain access to the papers mentioned, 
particularly since we found that many of these are highly relevant for modern 
day entomologists and health personnel and those engaged in land and water 
management. 
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Chapter 2 

Species sanitation 

W. Takken 

When in 1897 Ross published his findings on the development of Plasmodium 
inside the mosquito, and it was subsequently demonstrated that mosquitoes of 
the genus Anopheles were responsible for the transmission of malaria, it was 
soon realized that changing the aquatic habitat of the vectors would automati­
cally lead to interruption of malaria transmission. The most well known example 
of this method is the drainage of the marshes near Rome, Italy (for a detailed 
description see: Bruce-Chwatt, 1985). Malaria control through habitat modifi­
cation was at that time also attempted in Indonesia by filling small water bodies 
with soil, especially close to areas of human habitation (Hulshoff Pol & Betz, 
1908; Salm, 1915). In Malaysia, Watson (1911) experimented with the selective 
elimination of one species, Anopheles umbrosus, which had been incriminated 
as the principal malaria vector in a lowland area. Watson had previously found 
that not all the anopheline species in the area were responsible for malaria trans­
mission and he had also found that these mosquitoes were often restricted to 
a specialised breeding habitat (the same would be discovered by Jennings in 
Central America in 1912). Through the selective clearing of wooded habitat, 
the shade loving An. umbrosus was being exposed to the sun and subsequently 
disappeared. The previously widely present malaria went with it. This proved 
to be an economical method of malaria control: by identifying the most impor­
tant vector and the subsequent study of its biology and ecology, malaria control 
had been achieved without having to eliminate all anopheline species present. 

Watson discussed his findings with Swellengrebel on Sumatra (Indonesia) in 
1913. The latter became deeply interested in this method and called it species 
sanitation. This is the term with which we still identify the method to-day. In 
this review we define species sanitation as 'a naturalistic approach of vector con­
trol, directed against the main vectors, through modification of the habitat in such 
a way that the vectors avoid these areas' (Bruce-Chwatt, 1985, after Watson, 
1911). The method requires a study of the characteristic breeding habits of the 
main vectors and of the type of water in which they lay their eggs. Control is 
mostly directed against larval stages, but sometimes adults can be included as 
well. Species sanitation has the advantage above general sanitation, that often 
only one of a complex of several Anopheles species need to be attacked. 

Swellengrebel realized that in order to use species sanitation in Indonesia, 
a thorough knowledge of the taxonomy and bionomics of the local vectors would 
be required (Swellengrebel, 1916). He therefore encouraged health personnel, 
responsible for malaria control, to undertake a study of the vectors and describe 
as accurately as possible the number of species present, their habitat and habits. 
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At that time knowledge on Indonesian anophelines was scarce. By 1919 several 
studies had been published, which gave detailed descriptions of anopheline spe­
cies and their habitats from different regions on Java and Sumatra (Van Bree-
men, 1919; van Driel, 1919; Mangkoewinoto, 1919; Swellengrebel & Swellengre-
bel-de Graaf, 1919). Swellengrebel & Swellengrebel-de Graaf (1919) divided the 
anophelines into three groups, according to the breeding sites: (1) ubiquitoes 
(unspecialised ) species, (2) hill species and (3) specialised species. According 
to these authors species sanitation could only be applied for the last group. They 
especially mentioned An. sundaicus [An. ludlowi], which was present in specific 
habitats along the northern coast of Java. 

In 1920 Swellengrebel published an overview of malaria control in Indonesia 
and its future prospects (Swellengrebel, 1920). Of the 20 malaria vectors known 
at that time, An. sundaicus, An. aconitus and An. maculatus were incriminated 
as important malaria vectors. Of these, An. sundaicus could be controlled 
through species sanitation. The author concluded that 'provided detailed vector 
studies were included in malaria control programmes, species sanitation was 
a potentially effective method of malaria control in Indonesia' (Swellengrebel 
& Swellengrebel-de Graaf, 1920). 

Between 1920 and 1935 species sanitation, along with general sanitation, was 
widely applied throughout the Indonesian archipelago. Of these, the sanitations 
of Mandailing (Sumatra), Tandjong Priok (Java), Alor, Batavia and Tegor, all 
against An. sundaicus, and of Tandjong Pinang (Sumatra) against An. maculatus 
and of the Tjihea plains (E. Java) against An. aconitus should be mentioned. 
These control programmes have been described by Rodenwaldt (1924; 1928), 
Essed (1928; 1932a; 1932b) and Hulshoff (1933). Walch & Soesilo (1935) sum­
marized the achievements of malaria control in the Netherlands Indies, in which 
they emphasize the control of aquatic stages. In particular the sanitation of the 
coastal fish ponds in Java is described in detail. Soesilo (1936) reviewed the sani­
tation programmes that were known up to that time and mentions that of the 
40 known anopheline species, 11 species should be considered dangerous. In 
1937 Swellengrebel writes 'the principle of species control remains unshaken, 
but some of the so-called anopheline species which had revealed themselves as 
dangerous malaria-carriers in one country and as harmless mosquitoes in 
another, were proved to be groups of two or more species, very much resembling 
each other in shape and design, but differing in their habits to such an extent 
as to render one an efficient malaria-carrier and another quite harmless'. With 
this statement he laid down the basis for the 'species-complex' principle which 
is widely accepted to-day (Service, 1988). This theory emphasizes the potential 
usefulness of species sanitation because by detailed studies of the local malaria 
vectors, which morphologically may be indifferent, malaria control can be di­
rected against the vector species only. An example of this is the control of an 
indoor-biting species without affecting an outdoor-biting sibling species, or the 
control of a shade-loving species while leaving a sun-loving sibling. 

Swellengrebel had based his statement on species sanitation on the discovery 
in the Netherlands that the local An. maculipennis consisted of two distinct 
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sibling species, An. atroparvus and An. messeae, each with different bionomics. 
Only An. atroparvus was a malaria vector and An. messeae was quite harmless 
(Van Thiel, 1936). These findings convinced Swellengrebel that future prospects 
for species sanitation were positive. 

Although by 1938 several malaria control programmes had failed to achieve 
the desired results, Overbeek & Stoker (1938) nevertheless published an overview 
'Malaria control in the Netherlands Indies' in which they strongly supported 
the principle of species sanitation. 

In conclusion, species sanitation has been widely applied for malaria control 
in the Netherlands Indies. The method requires detailed biological and ecologi­
cal studies on the local malaria vectors, before anti-mosquito measures can be 
taken. On the basis of these pre-control studies it should be decided whether 
species sanitation is feasible. Chapter 5 discusses several examples of species 
sanitation, and why they were successful or failed. 
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Chapter 3 

A taxonomie and bionomic review of 
the malaria vectors of Indonesia. 

W. Takken and B.G.J. Knols 

3 A - Taxonomy 
In this section an outline of the taxonomie development of the genus Anopheles 
in Indonesia is presented. An important consideration in undertaking this review 
was that a detailed study of the anophelines would be the only reliable basis 
for the interpretation of results of the malaria control operations from the past, 
in particular those with emphasis on species sanitation. 

For a long time it was thought that the taxonomie study of anophelines was 
purely of biological interest to entomologists. It was even sometimes referred 
to as being an 'affectation' (Swellengrebel, 1934). Many authors however noticed 
the importance of taxonomie studies and the names of Swellengrebel, Schiiffner, 
Walch and Rodenwaldt, amongst others, must be mentioned in this respect 
(Schiiffner & Swellengrebel, 1914; Fischer, 1917; Swellengrebel 1921, Swellen­
grebel & Rodenwaldt 1932). 

For this review we consulted Swellengrebel (1921), Swellengrebel & Roden­
waldt (1932), Bonne-Webster & Swellengrebel (1953) and Knight & Stone 
(1977). These taxonomie works were studied in order to extract lists of anophe-
line species known throughout the history of Indonesia. This resulted in Tables 
3.1, 3.2 and 3.3, in which the anophelines from the Indo-Australian region as 
they were known in 1921,1932 and 1953, respectively, are presented. 

An accurate description of all Indonesian anopheline species and their names 

Photo 1 Myzomyia ludlowi(= Anophelessundaicus). (Source: Swellengrebel, 1916). 
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Table 3.1 Systematic index of the anophelines of Indonesia (after Swellengrebel, 1921). 

I. ROSSI-group. 

1. Myzomyia vaga 
2. Myzomyia ludlowi 
3. Myzomyia ludlowi var. flavescens 
4. Myzomyia rossii 
5. Myzomyia immaculata 

n . ACONITA-group. 

6. Myzomyia aconita 
1. Myzomyia minima 

III. PUNCTULATA-group. 

8. Neomyzomyia punctulata 
9. Nyssorhynchus annulipes var. moluccensis 

10. Neomyzomyia leucosphyra 
11. Cellia kochii 

Dönitz, 1902. 
Theobald, 1903. 
nov.var., 1921. 
Giles, 1899. 
James, 1902. 

Dönitz, 1902. 
Theobald, 1901. 

Dönitz, 1901. 
Swellengrebel-Swellengrebel de 
Graaf, 1920. 
Dönitz, 1901. 
Dönitz, 1901. 

IV. NYSSORHYNCHUS-group. 

12. Nyssorhynchus fuliginosus 
13. Nyssorhynchus fuliginosus var. nivipes 
14. Nyssorhynchus schuffneri 
15. Nyssorhynchus maculatus 
16. Nyssorhynchus karwari 
17. Nyssorhynchus jamesi 

V. MYZORHYNCHUS-group. 

18. Myzorhynchus sinensis 
19. Myzorhynchus sinensis var. vanus 
20. Myzorhynchus sinensis var. séparants 
21. Myzorhynchus sinensis var. argyropus 
22. Myzorhynchus barbirostris 
23. Myzorhynchus barbirostris var. pallidas 

24. Myzorhynchus albotaeniatus 
25. Myzorhynchus umbrosus 
26. Myzorhynchus gigas 

VI. STETHOMYIA-group. 

27. 
28. 

Stethomyia aitkenii 
Stethomyia aitkenii var. insulae florum 

Giles, 1900. 
Theobald, 1903. 
Stanton, 1915. 
Theobald, 1901. 
James, 1903. 
Theobald, 1901. 

Wiedemann, 1828. 
Theobald, ?. 
Leicester, 1908. 
Swellengrebel, 1914. 
v.d. Wulp, 1884. 
Swellengrebel-Swellengrebel de 
Graaf, 1919. 
Theobald, 1903. 
Theobald, 1903. 
Giles, 1901. 

James, 1903. 
Swellengrebel-Swellengrebel de 
Graaf, 1919. 

29. Stethomyia aitkenii var. papuae 
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in the past is needed to answer several important questions: 
- Has the name of a certain species (type or variety) remained constant since 

its first description? 
- Why were certain species divided into lower taxa (morphology, epidemiology, 

geographic distribution etc.)? 
- What is known about the breeding places of the anophelines, and how do 

descriptions of them vary over time? 
- How did the description of the bionomics of a certain species vary over time? 
- What is known about the epidemiological importance of each species? 

Once these factors for all the species are known, sanitation works as they were 
executed before W.W.II can be evaluated. From the data it is obvious that the 
number of described anopheline species increased rapidly after the first taxono­
mie studies were published, resulting in more than 116 different species by 1953 
(Table 3.3). Of these, not all species were described as malaria vectors in Indone­
sia and in fact only a few had been the subject of species sanitation. We therefore 
selected those species that were definitely present in Sumatra, Java, Kalimantan 
[Borneo] and Sulawesi [Celebes] and for which the following information was 
available: 
- geographical distribution 
- confirmed role as a malaria vector 
- bionomics of aquatic and terrestrial stages 

This selection resulted in a list of 24 anopheline species which were considered 
important malaria vectors in Indonesia. The history of the taxonomie status 
of these 24 species is shown in Table 3.4, to which the scientific names as they 
are in use to-day (Knight & Stone, 1977) have been added. Throughout the 
remainder of this review these latter names will be used, which for easier refe­
rence are shown separately in Table 3.5. The geographic distribution of these 
species across the major islands of Indonesia is presented in Table 3.6. These 
data were derived from Bonne-Wepster & Swellengrebel (1953). 

When studying the anophelines of South West Asia, it is interesting to notice 
the number of species that were originally described from Indonesia, as con­
firmed by the type locality for each species. Out of the 24 species mentioned 
in Table 3.5, seven were originally collected in and described from Indonesia 
(Java, Sumatra, Celebes), demonstrating the important geographical position 
this region played in the study of anophelines. 

In recent years several species complexes of the genus Anopheles have been 
described (Service, 1988; White, 1989), of which the An. balabacencis complex, 
the An. punctulatus complex and the An. maculatus complex are present in the 
Indonesian region. Much research in this field is still required in order to eluci­
date the nature of ecological and behavioural variation within species, which 
are known to breed in different habitats. For instance An. sundaicus, which is 
known to breed in fresh as well as in brackish water, may exist of a sibling 
complex of which the individual species have distinct ecological requirements. 

Wageningen Agric. Univ. Papers 90-7 (1990) 11 



Table 3.2 Systematic index of the anophelines of Indonesia (after: Swellengrebel and Rodenwaldt, 
1932). 
I. Subgenus: Brugella (Edwards). 

1. Anopheles travestitus 

II. Subgenus: Bironella (Theobald). 

2. Anopheles bironelli 

species: Anopheles papuae (Sw. and Sw.-d Gr.): 

3. -4. papuae typicus 
4. A. papuae typicus var. brugi 
5. A. papuae derooki 

6. A. papuae soesiloi 

III. Subgenus: Anopheles sensu striction (Meigen). 

A. Myzorhynchus - group, 

species: Anopheles hyrcanus (Pallas): 

7. A. hyrcanus typicus var. sinensis 
8. A. hyrcanus typicus var. nigerrima 
9. A. hyrcanus typicus \ar. pseudopicta 

10. A. hyrcanus separatus 
11. A. hyrcanus humeri 
12. A. hyrcanus peditaeniatus 

13. A. gigas var. sumatrana 

species: Anopheles barbirostris (v.d. Wulp): 

14. A. barbirostris typicus 
15. A. barbirostris typicus, var. barbumbrosa 
16. A. barbirostris bancrofti 
17. A. barbirostris bancrofti var. pseudobarbirostris 
18. A. albotaeniatus 
19. A. albotaeniatus var. montana 

20. A. umbrosus 
21. A. umbrosus var. novumbrosa 
22. A. umbrosus var. similissima 

Brug, 1928. 

Christophers, 1924. 

Sw. & Sw.-d Gr., 1920 (*). 
Soesilo & v. Slooten, 1931. 
Soesilo & v. Slooten, 1931. 
Soesilo & v. Slooten, 1931. 

Wiedemann, 1828. 
Giles, 1900. 
Grassi, 1899. 
Leicester, 1908. 
Strickland, 1916. 
Leicester, 1908. 

nov. var., 1932. 

v.d. Wulp, 1884. 
Strickland & Chowdhury, 1927. 
Giles, 1902. 
Ludlow, 1902. 

Theobald, 1903. 
Stanton & Hacker, 1917. 

Theobald, 1903. 
Strickland, 1916. 
Strickland & Chowdhury,1927. 

B. Mennemyia - group. 

23. Anopheles brevipalpis 

C. Lophoscelomyia - group. 

24. Anopheles annandalei var. djajasanensis 

D. Stethomyia - group, 

species: Anopheles aitkenii (James): 

25. A. aitkenii typicus 
26. A. aitkenii typicus var. bengalensis 
27. A. aitkenii typicus var. insulae florum 
28. A. aitkenii palmatus 

12 

Roper, 1914. 

Brug, 1926. 

James, 1903. 
Puri, 1930. 
Sw. & Sw.-d Gr., 1920. 
Rodenwaldt, 1927. 
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Table 3.2 Continued 

IV. Subgenus: Paleomyzomyia (Nov. Subg.). 

29. Anopheles parangensis 

V. Subgenus: Pseudomyzomyia (Theobald). 

30. 
31. 
32. 
33. 
34. 

A. ludlowi var. sundaica 
A. ludlowi (type) 
A. vagus 
A. subpictus 
A. subpictus var. malayensis 

VI. Subgenus: Myzomyia (Blanchard). 

35. A. aconitus 
36. A. minimus 
37. A. minimus var. varuna 

VII. Subgenus: Neocellia (Theobald). 

species: Anopheles fuliginosus (Giles): 

38. A. fuliginosus typicus 
39. A. fuliginosus philippinensis 
40. A. fuliginosus pallidus 

41. A. ramsayi 
42. A. schuffneri 
43. A. maculatus 
44. A. karwari 

VIII. Subgenus: Cellia (Theobald). 

45. 
46. 

A. errdbundus 
A. incognitus 

Ludlow, 1914. 

Rodenwaldt, 1926. 
Theobald, 1903. 
Dönitz, 1902. 
Grassi, 1899. 
Hacker, 1921. 

Dönitz, 1902. 
Theobald, 1901. 
Iyengar, 1924. 

Giles, 1900. 
Ludlow, 1902. 
Theobald, 1901. 

Covell, 1927. 
Stanton, 1915. 
Theobald, 1901. 
James, 1903. 

Swellengrebel, 1925. 
Brug, 1931. 

IX. Subgenus: Neomyzomyia (Theobald). 

A. Punctulatus - group. 

47. A. leucosphyrus 
48. A. leucosphyrus var. hacken 

49. A. amictus 

species: Anopheles punctulatus (Dönitz): 

50. A. punctulatus typicus 
51. A. punctulatus typicus var. moluccensis 
52. A. punctulatus longirostris 
53. A. punctulatus longirostris var. annulata 
54. A. punctulatus tesselatus 
55. A. punctulatus tesselatus var. orientalis 

B. Kochi - group. 

56. Anopheles kochi 

Dönitz, 1901. 
Edwards, 1921. 
Edwards, 1921. 

Dönitz, 1901. 
Sw. & Sw.-d Gr., 1920. 
Brug, 1928. 
Brug, 1930. 
Theobald, 1901. 
Sw. & Sw.-d Gr., 1920. 

Dönitz, 1901. 

(*) Sw. & Sw.-d Gr.: Swellengrebel and Swellengrebel-de Graaf. 
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Table 3.3 Systematic index of the anophelines of the Indo-Australian region (after: Bonne-Wepster 
and Swellengrebel, 1953.) 

I. Genus: Bironella (Theobald). 

Subgenus: Bironella (Theobald). 

1. B. gracilis 
2. B. confusa 
3. B. occulta 
4. B. papuae 
5. B. papuae var. brugi 
6. B. soesiloi 

Subgenus: Bmgella (Edwards). 

7. B. hollandi 
8. B. travestita 
9. B. walchiO) 

Theobald, 1905. 
Bonne-Wepster, 1951. 
Bonne-Wepster, 1951. 
Sw. & Sw.-d Gr., 1920. 
Soe. & Van Sloo., 1931. 
Strickl. & Chowdhury, 1931. 

Taylor, 1934. 
Brug, 1928. 
Soesilo, 1932. 

lb;2. 
la,b,c;2. 
la,b,c;2. 
lb,c;2. 
la,b,c;2;4. 
lb,c;2. 

lb;2. 
lb;2;4. 
lb,c;2;4. 

II. Genus: Anopheles (Meigen). 

Subgenus: Anopheles (Meigen). 
Group : Anopheles (Root), 
series : Anopheles (Edwards). 

10. A. aitkeni 
11. A. aitkeni 
12. A. aitkeni var. bengalensis 
13. A. aitkeni var. borneensis 
14. A. insulaeflorum 
15. A. palmatus 
16. A. alongensis 
17. A. atratipes 
18. J4. powelli 
19. A. stigmaticus 
20. A. brevipalpis 
21. A. lindesayi 
22. A. lindesayi var. benguetensis 
23. A. lindesayi var. cameronensis 
24. A. bulkleyi 
25. A. gigas 
26. A. gigas var. formosus 
27. A. gigas var. baileyi 
28. A. gigas var. danaubento 
29. A. gigas var. oedjalikalahensis 
30. A. gigas var. sumatranus 
31. A. wellingtonianus 

series: Lophoscelomyia (Edwards). 

32. A. annandalel 
33. A. annandalei var. interruptus 
34. A asiaticus 

James, 1903. 
James, aberrant form. 
Puri, 1930. 
McArthur, 1949. 
Sw. & Sw.-d Gr., 1919. 
Rodenwaldt, 1926. 
Venhuis, 1940. 
Skusse, 1889. 
Lee, 1944. 
Skusse, 1889. 
Roper, 1914. 
Giles, 1900. 
King, 1931. 
Edwards, 1929. 
Causey, 1937. 
Giles, 1901. 
Ludlow, 1909. 
Edwards, 1929. 
Moch. & Waland., 1934. 
Naiggolan, 1939. 
Swell. & Rodenw., 1932. 
Alcock, 1912. 

Baini Prashad, 1918. 
Puri, 1929. 
Leicester, 1904. 

(*) 
lb,c;4. 
lb. 
lb;4. 
lb. 
lb. 
lb;3. 
2. 
lb;2. 
2. 
lb. 
3. 
lb;3. 
lb;3. 
lb;3. 
lb. 
lb;3. 
lb;3. 
lb;4. 
lb;4. 
lb;4. 
lb;4. 

lb. 
lb,c;3. 
lb;3. 
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Table 3.3 Continued 

series: Myzorhynchus (Edwards). 

35. A. albotaeniatus 
36. A. montanus 
37. A. umbrosus 
38. A. baezai 
39. A. letifer 
40. A. roperi 
41. A. brevirostris 
42. A. samarensis 
43. A. separatus 
44. A. humeri 
45. A. similissimus 
46. A. barbirostris 
47. A vara« 
48. A. barbumbrosus 
49. A. bancrofti 
50. A. pseudobarbirostris 
51. A bancrofli var. barbiventris 
52. A hyrcamts 
53. A sinensis 
54. species near sinensis 
55. A term' 
56. A. pseudosinensis 
57. A nigerrimus 
58. A venhuisi 
59. A indiensis 
60. A peditaeniatus 
61. A. argyropus 

Theobald, 1903. 
Stanton & Hacker, 1917. 
Theobald, 1903. 
Gater, 1933. 
Gater, 1944. 
Reid, 1950. 
Reid, 1950. 
Rozeboom, 1951. 
Leicester, 1908. 
Strickland, 1916. 
Strickl. & Chowdh., 1927. 
Van der Wulp, 1884. 
Walker, 1859. 
Strickl. & Chowdh., 1927. 
Giles, 1902. 
Ludlow, 1902. 
Brug, 1938. 
Pallas, 1771. 
Wiedemann, 1828. 
Colless, 1948. 
Baisas and Hu, 1936. 
Baisas, 1935. 
Giles, 1900. 
Bonne-Wepster, 1951. 
Theobald, 1901. 
Leicester, 1908. 
Swellengrebel, 1914. 

lb. 
lb;4. 
(*) 
(*) 
(*) 
(*) 
lb,c;3. 
lb;3. 
lb(?). 
lb(?). 
lb,c. 
(*) 
(*) 
lb,c. 
(*) 
lb,3. 
lb;4 . 
3. 
(*) 
4. 
lb;3. 
lb,3. 
(*) 
5. 
lb,c. 
lb. 
lb,c. 

Subgenus: Myzomyia (Blanchard), 
group : Neomyzomyia (Christophers). 

62. A aurirostris 
63. A watsoni 
64. A kochi 
65. A Icolambuganensis 
66. A tesselatus 
67. A tesselatus var. orientalis 
68. A leucosphyrus 
69. A leucosphyrus var. 
70. A leucosphyrus var. 
71. A. balabacensis 
72. A. hackeri 
73. A. leucosphyrus near 
74. A cristatus 
75. A. longirostris 
76. A. annulants 
77. A. lungae 
78. A. meraukensis 
79. A. amictus 
80. A. amictus var. mï/i 
81. A. incognitas 
82. A. novaguinensis 
83. A. punctulatus 
84. A.farauti 
85. A. koliensis 
86. A. ctovvi' 
87. A. annulipes 

pujutensis 
riparis 

hackeri 

Watson, 1910. 
Leicester, 1908. 
Dönitz, 1901. 
Baisas, 1931. 
Theobald, 1901. 
Swell. & S.-De Gr. 
Dönitz, 1901. 
Colless. 1948. 
King& Baisas, 1936. 
Baisas, 1936. 
Edwards, 1921. 
(Celebes form) 
King & Baisas, 1936. 
Brug, 1928. 
De Rook, 1930. 
Belkin and Schlosser, 1944. 
Venhuis, 1932. 
Edwards, 1921. 
Woodhill and Lee, 1944. 
Brug, 1931. 
Venhuis, 1933. 
Dönitz, 1901. 
Laveran, 1902. 
Owen, 1945. 
Rozeboom and Knight, 1946. 
Walker, 1856. 

lb;3. 
lb;3. 
(*) 
lb;3. 
(*) 
lb;4. 
(*) 
lb. 
lb;4. 
(*) 
lb. 
la,b,c;4. 
lb;3;4. 
lb;2;4. 
lb;2;4. 
lb;2. 
lb;2. 
2. 
2. 
la,b,c;2;4. 
lb;2. 
(*) 
(*) 
(*) 
la,b;2;4. 
2. 
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Table 3.3 Continued 

group: Myzomyia (Christophers). 

88. A. aconitus 
89. A. minimus 
90. A. minimus var. flavirostris 
91. A. filipinae 
92. A. mangyanus 
93. A. fluviatilis 
94. A. culicifacies 
95. A. jeyporiensis 
96. A. jeyporiensis var. candidiensis 

group: Pseudomyzomyia (Christophers). 

97. A. sundaicus 
98. /I. taora/is 
99. A. ludlowi 
100. A. parangensis 
101. A subpictus 
102. 4. subpictus var. indefinitus 
103. i4. subpictus var. malayensis 
104. ,4. vagus 
105. ,4. vagus var. limosus 

group: Neocellia (Christophers). 

106. A annularis 
107. A errabundus 
108. A philippinensis 
109. A pa/Zidus 
110. A schuffneri 
111. A maculatus 
112. A maculatus var. dravidicus 
113. A karwari 
114. A jamesi 
115. A ramsayi 
116. A splendidus 

Dönitz, 1902. 
Theobald, 1901. 
Ludlow, 1914. 
Manalang, 1930. 
Banks, 1906. 
James, 1902. 
Giles, 1901. 
James, 1902. 
Koidzumi, 1924. 

Rodenwaldt, 1925. 
King, 1932. 
Theobald (?), 1903. 
Ludlow, 1914. 
Grassi, 1899. 
Ludlow, 1904. 
Hacker, 1921. 
Dönitz, 1902. 
King, 1932. 

Van der Wulp, 1884. 
Swellengrebel, 1925. 
Ludlow, 1902. 
Theobald, 1901. 
Stanton, 1915. 
Theobald, 1901. 
Christophers, 1924. 
James, 1903. 
Theobald, 1901. 
Covell, 1927. 
Koidzumi, 1920. 

(*) 
(*) 
(*) 
3. 
3. 
3. 
3. 
3. 
3. 

(*) 
3. 
lb. 
lb. 
(*) 
lb;3. 
lb;3?. 
lb?. 
lb;3. 

(*) 
la,b,c;4. 
3,4. 
lb;4. 
lb. 
(*) 
lb,c;3. 
2. 
lb;3. 
lb,c. 
3. 

(*) : species is included in this report. 
la : geographical distribution unknown. 
lb : no epidemiological data, or species considered not to be dangerous. 
lc : no data on the bionomics of the species. 
2 : species of the Australian region. 
3 : species occuring north of Sumatra, Borneo, and Celebes. 
4 : species known from very few places or small islands only. 
5 : taxonomie status has changed. 

Table 3.4 See page 18,19 
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Table 3.5 Anopheline species considered to be important vectors of malaria in Indonesia in 1953 
(after Tables 3.3 and 3.4). Scientific names according to Knight and Stone (1977). 

species 

1. Anopheles aitkenii 

2. Anopheles umbrosus 

3. Anopheles baezai 

4. Anopheles letifer 

5. Anopheles roperi 

6. Anopheles barbirostris 
7. Anopheles vanus 
8. Anopheles bancroftl 
9. Anopheles sinensis 

10. Anopheles nigerrimus 

11. Anopheles kochi 

12. Anopheles tesselatus 

13. Anopheles leucosphyrus* 

14. Anopheles balabacensis* 

author 

James, 1903. 

Theobald, 1903. 

Gater, 1933. 
Sandosham, 1944. 

Reid, 1950. 

Van der Wulp, 1884. 
Walker, 1859. 
Giles, 1902. 

Wiedemann, 1828. 
Giles, 1900. 

Dönitz, 1901. 

Theobald, 1901. 

Dönitz, 1901. 

Baisas, 1936. 

15. Anopheles punctulatus** Dönitz, 1901. 

16. Anopheles farauti** Laveran, 1902. 

17. Anopheles koliensis** Owen, 1945. 

18. Anopheles aconitus Dönitz, 1902. 

19. Anopheles minimus Theobald, 1901. 
20. Anopheles flavirostris Ludlow, 1914. 

21. Anopheles sundaicus 
22. Anopheles subpictus 

Rodenwaldt, 1925. 
Grassi, 1899. 

23. Anopheles annularis Van der Wulp, 1884. 

24. Anopheles maculatus*** Theobald, 1901. 

type locality 

Karwar, Bombay (near Goa 
Frontier), India. 
[Pekan], Penhang, [Pahang], 
Malaya 
Pulau Langkawi,[Perlis], Malaya 
Malaya 

Kuala Kubu Bahru, Selangor, 
Malaya 
Mount Ardjoeno, Java 
Makassar, Celebes 
Burpengaly, Queensland, Australia 

[Canton], China 

Calcutta, [West Bengal], India 

Padang, [Tapanuli], Sumatra 

Taipang (=Taiping), Perak, Malaya 

Kajoe Tanam, north of Padan, 
[Tapanuli], Sumatra 
Balabac, Balabac Island,[Palawan], 
Philippines 
Stephansort, New Guinea & 
Herbertshoehe, Bismarck 
Archipelago 
Faureville, Vate(Efate), New 
Hebrides 
Koli Area, Guadalcanal, Solomon 
Islands 

Kajoe Tanam, north of Padang, 
[Tanapuli], Sumatra & Willem 
Island, Soekaboemi, Java 
Pokfulam, Hong Kong 
Camp Wilhelm, Tayabas 
( = Quezon),[Luzon], Philippines 

Indonesia 
India 

Mount Ardjoeno, Java 

Hong Kong, [China] 

* species belonging to the A. balabacensis complex. 
** species belonging to the A. punctulatus complex. 
*** species belonging to the A. maculatus complex. 
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Table 3.6 Geographical distribution of 24 important malaria vectors of Indonesia, (source: Bonne 

Wepster & Swellengrebel, 1953; Knight & Stone, 1977). 

Faunistic region 

Island 

A. aitkenii 

A. umbrosus 

A. beazai 

A. letifer 

A. roperi 

A. barbirostris 

A. vanus 

A. bancrofti 

A. sinensis 

A. nigerrimus 

A. kochi 

A. tesselatus 

A. leucosphyrus 

A. balabacensis 

A. punctulatus 

A. farauli 

A. koliensis 

A. aconitus 

A. minimus 

A. flavirostris 

A. sundaicus 

A. subpictus 

A. annularis 

A. maculatus 

Australian 

Irian Jaya 

O 

• 

• 

• 

• 

o 

Java 

O 

O 

O 

O 

O 

o 
• 

o 

• 

o 
• 

• 

• 

o 
• 

Oriental 

Sumatra 

O 

O 

O 

O 

O 

• 

• 

• 

• 

o 
• 

• 

o 
? 

• 

• 

• 
• 

Borneo 

O 

• 

• 

O 

o 
o 
o 

o 
o 
o 
o 
• 

o 
o 
o 
• 

o 
o 
o 

Celebes 

O 

o | 
o 

o I 
• j 

o 1 
o 
o 

o 
• 

• 

• 

• 

o 
o 

Explanation: 

O - species present in that part of Indonesia; 

O - species has shown to play a role in malaria transmission in that part of Indonesia. 

? - distribution and role as vector unknown in that area. 
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3B - The bionomics of aquatic stages of anophelines 

Introduction 

An understanding of the bionomics of the vector is of importance in connection 
with epidemiological studies and in relation to malaria control. This branch 
of biology, often referred to as ecology, has to do with the relation of organisms 
to their environment. It involves, in so far as mosquitoes are concerned, place 
and time of oviposition, factors controlling larval development and also mating, 
feeding, flight, and resting behaviour of adults, together with whatever tropisms 
are believed to govern the reaction of the insect to environmental change. The 
various stages of the life-cycle will be considered in the following sections, start­
ing with the breeding habitats. 

At some stages of their life-cycle mosquitoes require a water surface on which 
to deposit their eggs. Even under suitable climatological circumstances, areas 
free of any stagnant water are usually free of malaria. Based on these principles 
one can extract viable control methods (WHO, 1982): 
- The application of chemical larvicides. 
- The introduction of biological agents in the breeding habits. 
- Environmental management works. 

These methods can be used on a large scale and can be highly effective, as has 
been demonstrated by numerous examples elsewhere (Bruce-Chwatt, 1985). 
However, in the Dutch East Indies of pre-World War II, chemical larvicides 
(and also adulticides for that matter) were hardly available and larval control 
was mainly based on environmental management. For the purpose of this review 
we studied factors such as larval ecology, breeding habits and environmental 
factors (light, temperature, salinity etc.) in relation to the control methods used 
in Indonesia at that time, in particular species sanitation. We are particularly 
interested in differences in breeding habits that can be exploited for vector con­
trol to-day. 

At the start of this century research in Indonesia was mainly focused on breed­
ing sites. Hygienists considered malaria control at the larval or pupal stage as 
more important than any other control method developed so far. However, they 
faced many problems (De Raadt, 1918): 
- There was no evidence that, once anophelines were eliminated in certain 

breeding places (e.g. fish-ponds), they could select other habitats (like rice 
fields). In other words, hygienists were unable to determine species as being 
'specialised' or 'indifferent'. 

- Nothing was known about the perniciousness of the anopheline species. 
- For certain species it was not known whether they were able to transmit mala­

ria {An. argyropus; An. schuffneri). 
- In some areas a species transmits malaria, whereas in another area it is com­

pletely harmless. 
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Although De Raadt mentioned some species which could be controlled, he was 
not convinced that malaria control at the larval/pupal stage could be successful 
in Indonesia. This view changed later as fundamental research on vector biono­
mics and breeding habitats gave more insight to viable control of the aquatic 
stages. In the next section the breeding habits of the 24 species listed in Table 
3.5 will be described. It must be stated that many of the descriptions found 
are not detailed, and apart from salinity estimations (mostly estimated by taste!) 
there are hardly any chemical (acidity, oxygen, nitrogen etc.), physical (tempera­
ture), meteorological (microclimatic) or ecological data given. Therefore it must 
be kept in mind that although species seem to be more or less indifferent, detailed 
studies of the breeding habits could determine whether species actually tolerate 
a broad spectrum of e.g. salt or organic matter (Williamson, 1927). This research 
could solve the question why for example An. sundaicus breeds extensively in 
certain marine fish-ponds but cannot be found in the same breeding places a 
few km further on; it might be caused by a small change in salinity (Balfour, 
1922; Kuipers, 1937). 

Characteristics of larval habitats 

In Indonesia studies on larval habitats began soon after Ross's discovery of 
the transmission cycle in 1897. Many expeditions in the Archipelago (mainly 
on Sumatra and Java) resulted in fairly good descriptions of breeding sites and 
distribution maps of the anophelines so far known (Swellengrebel & Swellengre-
bel-de Graaf, 1919a; Schuurmans Stekhoven & Schuurmans Stekhoven-Meyer, 
1922). Fischer (1917) describes 13 different factors which are of importance 
regarding anopheline breeding places. Schüffner (1916a; 1917) stressed the 
importance of knowing the exact breeding habitats in relation to the control 
of aquatic stages. Swellengrebel & Swellengrebel-de Graaf (1919a) describe 
breeding sites in great detail and list six general aspects required to attract a 
female that is ready to oviposit: 

1. Vegetation: With few exceptions it can be said that Indonesian anophelines 
are found in breeding sites where vegetation is present. Some antagonism be­
tween certain larvae and plants {An. sinensis and An. barbirostris with Pistia 
stratiotes) is reported. On the other hand water completely covered by vegetation 
is free of anopheline larvae (Russell et al, 1946) and some plants are thought 
to act as repellents to anophelines (Boyd, 1949). 

2. Size of the breeding place: Authors noticed anophelines breeding in small 
pools but also in lakes. They state however that breeding in habitats without 
vegetation occurs only in covered small pools (protection against predators; 
optimal foraging. The conditions under which this occurs have not been de­
scribed. 
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3. Depth of the breeding place: Larvae were mainly found in shallow water collec­
tions, and it was assumed that the way the larva feeds, and the frequency of 
breathing plays an important role with respect to water depth. 

4. Turbidity J pollution of the water. Most of the anophelines avoid turbid or pol­
luted water. Authors found An. subpictus, An. kochi, An. punctulata, and An. 
sinensis in turbid water, and An. punctulata in polluted water. Hill-species require 
clear water. Directly related to pollution is the oxygen content of the water, 
and larvae die rapidly when the oxygen concentration declines (Russell et al., 
1946). 

5. Absence of predacious fish species: Russell et al. (1946) and others, report 
the relationship between larvivorous fish, their effectivity and the role of vegeta­
tion in which the larvae seek shelter. 

6. Sunlight and shade: Russell et al. (1946) distinguish three groups as regards 
the relation of sunlight and shade to their typical breeding places: heliophilic 
(sunloving) species, like An. maculatus; heliophobic species like An. umbrosus 
and An. leucosphyrus; and indifferent species having well marked tendencies to­
wards sun or shade (e.g. An. culicifacies, An. albimanus, An. stephensi). 
Russell et al. (1946) add other important factors which determine breeding of 
anophelines (7-12): 

7. Water movement: Some species show high preference for running water, {An. 
aitkenii) whereas others require standing water. Several authors (e.g. Roden-
waldt, 1925) mention that tidal movement of seawater keeps An. sundaicus out 
of mangrove forests, but Russell et al. (1946) disagree with this. 

8. Temperature: Water temperature determines not only the development of 
larvae but also the distribution of the species. In general anophelines are less 
tolerant to low temperatures than culicines, a fact which may contribute to the 
more tropical distribution of the former. 

9. Surface tension: Most mosquito larvae must remain at the surface in order 
to breathe, and so are dependent on surface tension. In Boyd (1949) an explana­
tion for the orientation of larvae around vegetation and debris is given, based 
on surface tension. 

10. Hydrogen-ion concentration: Though seen as unimportant by Russell et al. 
(assuming that anophelines tolerate a broad spectrum of pH values), Boyd 
(1949) states the value of pH-measurements. 

11. Mineral salts: Most species can be readily classified as salt water, brackish 
water or fresh water forms. 
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12. Larval food: In nature all mosquito larvae probably depend directly or indi­
rectly upon microscopic plant life for their nutrition. The type of microscopic 
plant life as influenced by pH and other factors may determine to some extent 
the species of mosquito present. 

Boyd (1949) adds: 

13. Nitrates: The impact of nitrogen on larvae can be considerable, inhibiting 
certain species to breed (Williamson, 1928). 

Species-specific review of larval habitats 

Using these criteria (1-13) details of the breeding habitats of the 24 selected 
anopheline species are listed below. From the many references cited it appears 
as if most species occupy a very wide range of breeding habitats. It should be 
mentioned, however, that on a local scale this is rare, and mostly one or two 
habitats are preferred. These habitats will be studied with a view to estimating 
for each species the level of danger related to malaria epidemiology and the 
potential for vector control. For easier reference, the data from this section are 
summarized in Table 3.7. 

Whenever the years 1921, 1932, and 1953 are mentioned, they refer to the 
taxonomie works cited in section a of this chapter. Throughout the remaining 
chapters of this review, the nomenclature used was taken from Knight & Stone 
(1977). 

1. Anopheles aitkenii (James, 1903). 
Swellengrebel & Swellengrebel-de Graaf (1919a) classify An. aitkenii as a typical 
'hill-species', they found the species in low hills up to 1500 m. Russell et al. 
(1946) denote An. aitkenii as an upland form, Boyd (1949) as a typical jungle 
form. In 1921, 1932, and 1953 the descriptions of the breeding places remain 
the same: the larva prefers shaded breeding places, particularly at the edges of 
swiftly running small streams, seepage springs; in jungle and forest, seldom in 
rice fields. It has been found in swamps, marshes, channels, rivers, and rock-
pools, once at the mouth of a hill stream, where it reached the sea; the water 
was decidedly brackish. Although in 1953 the epidemiological importance of 
this species is neglected, Swellengrebel (1920a) gives records of malaria in which 
An. aitkenii played a role (though together with other more dangerous species 
like An. aconitus), and he found An. aitkenii for 97% in running small streams. 

2. Anopheles umbrosus (Theobald, 1903). 
De Raadt (1918) classified An. umbrosus as a specialised species. Of the three 
types of specialised species (1. forest species, 2. shade-demanding species and 
3. running-water species) An. umbrosus belongs to the first type, breeding inside 
forests and depositing eggs in clear water. Swellengrebel & Swellengrebel-de 
Graaf (1919a) distinguish brackish and fresh water breeding places,-and classify 
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Table 3.7 Breeding site characteristics and natural and man-made breeding sites of important mala­
ria vectors in Indonesia. 
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Light 
intensity 

Salinity 
of the water 

Turbidity 
of the water 

Heliophilic 
Heliophobic 

High (brackish) 
Low (fresh) 

Clear 
Polluted 

Water 
movement 

Stagnant 
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Vegetation Higher plants, algae etc. 
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^ Common, most typical for the species concerned 

• Rare 

? No reference found 
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water 
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water 
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Slow flowing rivers 
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Irrigation channels 

Small streams 
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# Preferred habitat 

% Common habitat 

O Rare habitat 

An. umbrosus as a shade-demanding species. In 1920, though, Swellengrebel also 
reports sunny habitats. Boyd (1949) and 1953: breeding places in the dense 
swampy jungle of the coastal plains, where the water is brown and peaty. They 
are seldom found outside the jungle and then only under heavy shade. The larvae 
have been found in small numbers in innumerable pools. Also in overgrown 
ditches in rubber plantations. It seems likely that they should also be looked 
for in pockets along the edges of small deep, slow moving water courses. Swellen­
grebel (1919) thought this species to be specialised, but the variety of places 
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Myiorhynchus Umbrosus (Theobald). Nyssorhynchus FuUginosus (Giles). Nyssorhynchus Schûffîneri N. Sp. (Stanton). 

Nyssorhynchus Maculatus (Theobald). Nyssorhynchus Karwari (James). Anopheles Gigas (Giles). 

Photo 2 Original drawings of Anopheles species from Indonesia, (source: Schiiffner W. & H.N. 
Van der Heyden (1917) De anophelinen in Nederlands Indië, -Medeelingen van den Burgerlijken 
Geneeskundigen Dienst in Nederlandsch-Indië 4: 25-41) 

suitable for breeding, a.o. mangrove swamps (Rüssel et al., 1946), stagnant 
pools, swamps and ponds (Bruce-Chwatt, 1985), justify classification as an indif­
ferent species. WHO (1982): pools, ponds, swamps, and sluggish streams, par­
tially or heavily shaded water in forests or jungles. References to larvae in brack­
ish water possibly refer to An. baezai (Horsefall, 1955). 

3. Anopheles baezai (Gater, 1933). 
This species very much resembles An. umbrosus. In 1953 the description is almost 
the same as that for the latter species: stagnant pools and swamps under shade 
(unlike An. sundaicus which favours sunlit breeding places) along the coast; as 
a brackish water breeder it easily finds favourable conditions along the extended 
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coastline of the Malayan Archipelago; sometimes it breeds in water with a very 
high salt content. An. baezai tolerates a wide range of salinition from fresh water 
to water that is as salt as the sea (Horsefall, 1955). The species disappears with 
the exclusion of salt water. 

4. Anopheles letifer (Sandosham, 1944). 
Closely resembles An. umbrosus and An. baezai. 1953: abundant on the flat coast­
al plain, where the larvae are found in the many pools and stagnant agricultural 
drains of the Malay settlements and plantations. It has a preference for the dark 
brown water of peaty land that was formerly covered with jungle swamp, but 
it is found in many places along the coast where there is vegetation in or over­
hanging the water. An. letifer is intolerant of salt water; it was never found where 
there was contamination with more than 3% of sea water despite its presence 
in fresh water pools only a few yards away. It does not breed in the virgin swampy 
jungle of the coastal plain, while contrasting strongly with An. umbrosus. WHO 
(1982): shaded or partly sunlit pools, drains, especially with accumulations of 
decaying leaves and other vegetation. 

5. Anopheles roperi (Reid, 1950). 
1953: This species seems to be most common in low, rolling jungle country, 
where the land is mostly from 100 to 300 feet above sea level. The streams mean­
der sluggishly through the jungle, and there are frequent shallow side channels, 
into which they overflow in wet weather. When such a stream subsides shallow 
pools are left in the storm-water channels, and decaying leaves soon collect in 
them. It is in these pools that An. roperi is principally found, though it sometimes 
appears in similar pools in shaded drains on rubber estates in this type of 
country. These temporary pools in the storm-water channels of jungle streams 
seem to be much favoured by the jungle-dwelling Anopheles spp. {An. roperi, 
An. umbrosus). 

There is a general resemblance between the breeding places of the various 
species of the umbrosus-group, but each has its own preferred breeding places, 
and these preferences result in a characteristic zonation. An. baezai is confined 
to the brackish water zone; An. letifer and An. umbrosus follow on the flat coastal 
plains, one in the open country and the other in virgin jungle, while An. roperi 
appears in the foothills (Bonne-Wepster & Swellengrebel, 1953). 

6. Anopheles barbirostris (Van der Wulp, 1884). 
De Raadt (1918) classified An. barbirostris as a specified species, demanding 
shade (see also above under An. umbrosus). This is denied in 1932, where it is 
stated that there is no preference for shaded places. De Raadt (1918) also stated 
that this species could be found anywhere with the exception of brackish water, 
but Swellengrebel (1919), Russell et al. (1946) and Boyd (1949) report indepen­
dently that the species is found in salt-water ponds and swamps. 1953: Breeding 
places usually in clear water (rice fields), slowly running streams, ponds (Swellen­
grebel & Swellengrebel-de Graaf (1919a) found 61 % of 8739 larvae in fresh water 
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