
Introduction

Insecticide resistance and non-selectivity have posed new problems in the fight
against vectors of human diseases. These problems can be countered by integrated
control measures, providing for the careful timing and siting of insecticidal applica-
tions so as to avoid prejudicing existing natural limitation factors, and also for the
exploitation of both biological control and environmental manipulation. Such an
approach calls for the most detailed knowledge of the ecology of vectors and their
natural enemies.

Understanding of these matters is very far from complete. Nevertheless, there
is a considerable body of relevant literature, involving approximately 1000 species of
medically important arthropods and some 1500 pathogens, parasites and predators
from much of the animal kingdom and part of the plant kingdom too. Much of
the published literature consists of chance reports of a fragmentary nature, and there
are numerous laboratory observations on predation in the absence of a choice of
food, the significance of which is debatable.

At the same time, good critical work on the part played by predators in limiting
vector populations under natural conditions is now being undertaken using radio-
isotopes as tracers, while experience has accumulated on the practical biological
control of insects of public health importance in the field. A large part of this
experience has to do with predators, particularly the many larvivorous fish that have
been widely employed against mosquitos, sometimes with excellent results.

Non-biting mosquitos ofthe largely tropical genus Toxorhynchites (=Megarhinus),
the voracious larvae of which devour the developmental stages of other mosquitos
(and one another too), have been introduced into Fiji (Paine, 1943), American Samoa
(Peterson, 1956) and the Society Islands (Bonnet & Chapman, 1956) for the control
of Aedes polynesiensis. Introductions have also been made against Aedes albopictus
in Hawaii (Bonnet & Hu, 1951; Nakagawa & Mikuni, 1958; Weber, 1955). While
establishments have been duly recorded, there is as yet no evidence that prey popula-
tions have been significantly reduced. If such introductions are to add to our under-
standing of biological control mechanisms, it cannot be too strongly urged that they
should be both preceded and followed by detailed ecological surveys yielding adequate
information on the dynamics of the host and predator populations (Laird, 1959e;
Pepper, 1955).

Turning to blackflies, the chironomid Cardiocladius was tested for effectiveness
against Simulium in New Zealand thirty years ago. However, while it is recorded
that 1200 larvae transported there from Australia were duly released (Australia, 1932),
follow-up information does not seem to have been published. There are reports of
worthwhile results following the establishment of housefly predators in new areas.
Thus it has been claimed that muscid populations in Fiji were somewhat reduced
through the introduction (Jepson, 1915) of the wasp Polistes olivaceus, and despite
discouraging preliminary indications (Lever, 1938b) it seems that a measure of fly
control has resulted from the establishment of the beetle Platylister chinensis in the
same islands (Simmonds, 1958).

Parasites have been used for the control of some medically important arthropods.
Hymenoptera of the genus Spalangia have been employed with some success against
muscid pupae in field tests in Puerto Rico and the Pacific islands. A field trial of a
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hymenopterous egg parasite Telenomus emersoni achieved 50% control of Tabanus
hyalinipennis in Texas (Parman, 1928). On the other hand, attempts to control ticks
with another tiny wasp parasite, Hunterellus hookeri, in the USA, gave inconclusive
results: one report relating to Naushon Island, Massachusetts, suggested that an
initial reduction of a Dermacentor variabilis population had been achieved (Larrousse,
King & Wolbach, 1928), but a major field release of over four million of the wasps
in Montana in 1927-32 failed completely (Cooley & Kohls, 1934). As detailed on
page 88 there are records of both deliberate and accidental introductions of specific
hymenopterous egg parasites against cockroaches, an accidental importation of
Comperia merceti into Hawaii having practically eliminated Supella supellectilium in
some areas (Zimmerman, 1948). Also, the scelionid wasp Baeus californicus is said
to have caused a great reduction in the black widow spider population in Hawaii
(Bianchi, 1945).

Medical entomologists have paid less attention to specific pathogens of insects,
although, noting that certain fungi sometimes kill large numbers of their hosts (e.g.,
houseflies and mosquitos) in nature, they have undertaken several field experiments
with species easily cultured in the laboratory. Thus 50% (Dresner, 1949) and 100%
(Bernstein, 1914) housefly kills have followed the experimental use of Entomophthora.
Beauveria fungus is thought to have a potential for the control of muscid flies (Dresner,
1949) and ixodid ticks (Boicev & Rizvanov, 1960). In recent years, bacteria (Bacillus
thuringiensis) employed as a food additive have been reported to inhibit housefly
production in the faeces of chickens (Briggs, 1960; Burns, Wilson & Tower, 1961)
and cattle (Dunn, 1960). Also, in a pilot project jointly sponsored by the New Zealand
Government and the World Health Organization, Coelomomyces stegomyiae, a fungal
pathogen specific for certain mosquitos, has been successfully established in an atoll
of the Tokelau Islands, in the South Pacific, following its introduction from Singapore.

The recent revival and intensification of interest in the potentialities of biotic
procedures for vector control have coincided with professional and technological
advances that greatly increase our capacity to realize these potentialities. There has
thus been a growing demand for the compilation, cataloguing and evaluation of the
widely scattered information relating to biotic control in the public health field
(Laird, 1959e; Sailer, 1960). The present publication was prepared to meet this need.

Arthropods of strictly veterinary importance are omitted from consideration
herein, as are those of only minor public health significance (e.g., certain flies that
seldom attain pest status). Such an arbitrary restriction of subject-matter inevitably
leads to the missing of pertinent information. So does the fact that material must be
searched out from a multitude of publications (some of very limited circulation) in
many different languages and referable to diverse scientific disciplines. It is believed
that the coverage of predators will prove to be least complete, valuable observations
often being included in papers that carry no hint of this in the title or abstract.
Nevertheless, in gathering these data from some 1700 articles and books-including
numerous compilations covering specific subject-areas-efforts have been made to
render the lists of pathogens and parasites as complete and up to date as possible.1
In this connexion, it should be pointed out that there is only partial coverage of
literature published since 1960.

1 The World Health Organization, appreciating that there are bound to be gaps in an initial compilation of so extensive
and scattered a literature, would welcome notices of omissions. These should be addressed to: Environmental Biology,
Division of Environmental Health, WHO, Geneva. - ED.
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With the notable exceptions of the excellent books by Steinhaus (1946, 1949b 1),
texts on the biological control of insects have been largely confined to economic
entomology. The Review of Applied Entomology proved valuable as a guide to the
literature, as well as a source of abstracts of unavailable papers. Other reference
sources used included the Bibliography of Agriculture (United States Department of
Agriculture), Biological Abstracts and the "literature on mosquitos " section of
Mosquito News. Among the compilations found useful were several relevant to
mosquitos: Christophers (1952), Gerberich (1946), Hiniman (1934a, b), Howard,
Dyar & Knab (1912) and Speer (1927). Others dealt with blackflies (Grenier, 1943),
houseflies (West, 1951), tsetse flies (Buxton, 1955) and cQckroaches (Roth & Willis,
1960).

Table 1 (page 9) indicates the distribution among the various groups of medically
important arthropods of some 600 species of pathogens and parasites actually known
to cause morbidity or mortality. Although a single such organism may be associated
with two or more major host groups, and the totals in this table therefore refer not
to species of pathogens and parasites but to pathogen- or parasite-host associations,
restriction to one group is the general rule. Many of these organisms are in fact
restricted to an individual species, or at all events genus, of host. Of the 610 pathogen-
or parasite-host relationships listed in Table 1, 191 refer to the protozoa. Next in
order, with 97 relationships, come the Hymenoptera-a group that has been of
major importance in the development of biological control in economic entomology,
but from the attentions of which the more important vectors, with the exception of
tsetse flies, seem singularly free. Then come fungi (90 relationships), bacteria (71)
and nematodes and acarina (53 each). While the last-mentioned group is unlikely
to prove of much practical significance in vector control, it should be noted that the
Conference on the Biological Control of Insects of Medical Importance held in
Washington, D.C., in February 1960, expressed the view that fungi (especially the
mosquito pathogens of the genus Coelomomyces, but also Beauveria and Ento-
mophthora) have considerable control potential. Among the protozoa this Confer-
ence rated microsporidians highly, while mermithid nematodes were considered to
have real promise too. Finally, although Table 1 lists only five relationships between
medically important arthropods and viruses-which are currently attracting con-
siderable attention among the economic entomologists-this almost certainly reflects
a lack of relevant research rather than of viral pathogens. The recent report of a
possible viral polyhedrosis from Californian Culex tarsalis (Kellen, 1961; Kellen,
Clark & Lindegren, 1963) is encouraging in this regard.

Table 2 (page 10) summarizes data on 907 different relationships between predators
and the major groups of medically important arthropods. Some of these are of con-
siderable importance under natural conditions; many others, reported from laboratory
observations, are probably not. Fish, larvivorous species of which have so often
been employed in mosquito control, account for 207 of the relationships listed in
Table 2. Next come the Diptera, with 161 relationships (these are particularly active
against mosquito and blackfly larvae). The above-mentioned Conference emphasized
the biological control potentialities of these two groups of predators, and suggested
that studies on housefly predation (e.g., by macrochelid mites and Platylister beetles)
might also prove particularly rewarding.

1 Also Steinhaus (1963); published after this bibliography had been compiled.-ED.
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Of course, quite apart from the possibility of their being used as biological
control agents, pathogens, parasites and predators are of incalculable importance as
factors contributing towards the natural regulation of vector populations. Wherever
available, therefore, pertinent quantitative data are summarized for the various
organisms figuring in the following lists.

In conclusion, it should be pointed out that, although the manuscript has been
reviewed by specialists in various fields, in some instances new material has been
incorporated at a later stage and has therefore not been subject to scrutiny by the
specialists concerned.
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TABLE 1

PATHOGENS AND PARASITES OF MEDICALLY IMPORTANT ARTHROPODS

Arthropod

Houseflies

Tsetse flies

Blackflies

Sandflies

Stablefly

Horseflies

Mosquitos

Lice

Ticks

Fleas

Cockroaches

Bedbugs

Triatomid bugs

Lepidoptera

Spiders
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TABLE 2

PREDATORS OF MEDICALLY IMPORTANT ARTHROPODS

Arthropod Yd C. . -

Houseflies 1 0 - 7 7 17 2 1 2 248

Tsetse flies 3 4 - - 3 1 6 - - - 2 3 22

Blackflies 2 1 6 4 10 7 32 10 14 1 15 - 102

Sandflies 1 I I - - 6 1 1 _ 11

Stablefly 1 2 2 3 4 I 13

Horseflies 1 5 _ 1 8 14 2 1 64 1 97

Mosquito larvae 21 3 20 38 2 53 85 - 190 18 3 15 - 448

Mosquito adults 15 28 7 1 19 8 _ 6 7 7 2 100

Lice.... 3 . . . . 3

Ticks _ 4 I 8 4 5 3 25

Fleas I _ - 5 - 2 - - - - - 8

Cockroaches 8 1 4 3 1 1 18

Bedbugs 1 3 3 . . .. . 7

Triatomid bugs _ _ 3 I _ _ 4

Spiders1 2 4 I5 |

ToTAL 24 48 66 58 12 87 161 78 207 30 13 112 1 1 907


