Preliminary Survey of Microorganisms Associated
with Some Insects in Puerto Rico'
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ABSTRACT

Many bacteria, fungi and several species of nematodes were isolated during a pre-
liminary investigation of microorganisms associated with some insects of Puerto
Rico. Although most of the organisms did not prove to be parasitic, a few fungi,
notably Melarrhizium anisopliae and Entomophthora virulenla, were found highly
pathogenic under laboratory conditions. Several protozoa belonging to Microsporida
were found in Aedes medioviitatus, Anopheles grabhamii, Culex secutor, and Diairaca
saccharalis for the first time.

INTRODUCTION

The symbioses between microorganisms and insects constitute an im-
portant area of entomological research. One branch of such studies, insect
pathology, has become extremely important in agriculture and public
health because of the potential of controlling insect pests by means of
artificially-manipulated epizootics through use of pathogens (1,12).

Before applying microbial agents in a locality where extensive, artificial
dissemination of pathogens is contemplated, effective pathogens indigenous
to the area should be surveyed, isolated and identified. A majority of
effective pathogenic species available today were isolated originally in the
temperate regions of the world. However, many of these have demonstrated
to lose their viability or virulence—viruses and baecteria under ultra-violet
irradiation and higher temperature; fungi under dry environmental eondi-
tions. Although those disadvantages be partially alleviated by improvement
in formulation; e.g., use of protectant, encapsulation, etc., it still is desirable
to exploit both foreign and indigenous strains or species of pathogens which
may be better suited to a particular climate and other environmental situa-
tions. Furthermore, entomogenous pathogens isolated from insect species
in temperate regions may not necessarily be effective against tropical
insects, as many pathogens are host specific.

1 Manuscript submitted to Editorial Board April 23, 1974.
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Although Puerto Rico is by no means undisturbed in terms of microbial
flora (4,7,8,13), it still is worthwhile to continue searching for effective
pathogens here. This is a preliminary report on the survey of the micro-
organisms and neomatodes found associated with some selected insects,
with emphasis on their pathogenicity.

MATERIALS AND METHODS

COLLECTION AND EXAMINATION OF INSECT SPECIMENS

Dead or ailing specimens collected in the field were each put in separate
specimen vials and given an accession number. External signs of diseases
were recorded. Specimens then were dissected and both tissues and samples
of hemolymph were examined microscopically.

PATHOGENICITY TEST OF BACTERIA

Bacteria were isolated, then cultured in suitable media including
nutrient agar, nutrient broth, and Bacto-AC medium. In testing for
pathogenicity, living specimens were used of the same insect species from
which the bacteria were isolated initially. Experimental larvae (starved
for 24 hours prior to inoculation) were fed food contaminated with the
suspension of each bacterial isolate and then reared at 28° C. Whenever
mortality was recorded, the dead larvae were dissected and an attempt was
made to recover the bacteria used as inocula. Unless stated otherwise,
methods used for inoculating food, for rearing and observing treated larvae,
and for recovery of pathogens were identical.

PATHOGENICITY TEST OF FUNGI

Each fungus was cultured in one of the suitable media including Sabou-
raud dextrose agar, Sabouraud maltose plus yeast extract agar, Czapek
medium, yeast culture medium, and potato dextrose agar. Larvae were
placed on the sporulating culture of each isolate in petri dishes for 24 hours,
and reared thereafter with sufficient amount of food. In case of scale insects,
each fungal suspension was sprayed over the surface of chironja® fruits
infested with armored nymphs and/or gravid adult females of Selenaspidus
articulatus according to the method of Kuno and Colén (8).

PATHOGENICITY TEST OF NEMATODES

The live test insects were fed food contaminated with crude homogenate
of dead specimens containing live nematodes. Special care was taken to
facilitate possible cutaneous infection.

3 Chironja is a new citrus fruit discovered in Puerto Rico.
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PATHOGENICITY TEST OF PROTOZOA

One group of test insects was fed food contaminated with a homogenate
of dead insects. Another group was injected aliquots (2.4 microliters) of
protozoa suspension prepared after Ficoll density gradient (10 to 35 per-
cent) centrifugation (9) of the homogenate containing spores. Mosquitoes
were infected by contaminating the culture media of the larvae with a
homogenate of specimens killed by protozoan infection.

PATHOGENICITY TEST OF THE HOMOGENATE DERIVED FROM THE SPECIMENS
SUSPECTED OF HAVING VIRAL DISEASES

One group of experimental insects were fed food contaminated with a
homogenate of dead insects. Another group was intrahemocoelically in-
jected aliquots (2.4 microliters) of the suspected fractions after 0.5 ml of
the homogenate was laid on 4.5 ml of discontinuous sucrose density gradient
(15 to 80 percent) and centrifuged (with Beckman L2-65 ultracentrifuge)
at a force of 112,000 X g for 3 hours.

RESULTS AND DISCUSSION
The following tabulation shows the results of the study:

Taec ool e e Sutsd
COLEOPTERA
Diaprepes abbreviatus B. Micrococcus sp. S
Serratia sp. S
Metamasius hemipterus B. Aerobacter sp. U
N. unidentified U
Phyllophaga portoricensis B. Bacillus sp. U.
P. gregarine U
DIPTERA
Aedes aegyply B. Aerobacter sp. S
Mzicrococcus sp. S
Bacillus sp. S
F. Amoebidium parasiticum® C
P. gregarine U
Thelohania sp. PIC
A. mediovitlatlus P. Microsporida U
Anopheles grabhamii P. Thelohania sp. PIC
Culex quinquefascialus P. Microsporida U
Culex secutor P. Microsporida PIC
HEMIPTERA-HOMOPTERA
Bemisia tabact F. Spicaria riley: U
Myzus persicae F. Entomophthora virulenta* P
Nezara viridula F. Aspergillus spp. S
Saccharicoccus sacchari F. Aspergillus sp. U




Insect

Associated microo;ﬁanlisms and/or
e8:

nemat

Natare of
association?

Selenaspidus articulalus

Sipha flava

HYMENOPTERA
Polistes major
Sceliphron assimile
Xylocopa brasilianorum

e

. Fusartum episphaeriaes

F. roseum?
Verticillium sp.

Two unidentified specimens

of Fungi Imperfectt

. Aspergillus flavus

Aspergrllus sp.

. Aerobacter sp.

S:Ps
S
S
S

LEPIDOPTERA
Diatraea saccharalis

W

. Aerobacter sp.
Micrococcus sp.
Bacillus sp.
Aspergillus flavus
Candida parasilosis’
Fusarium moniliforme®
F. roseum
Metarrhizium anisopliae
. Cephalobus sp.?
Miecrosporida

. None

. Aerobacter sp.
Bacillus sp.
Clostridium sp.
Micrococcus sp.

. Aspergillus sp.
Candida parasilosts’
Fusarium moniliforme
Spodoptera frugiperda B. Bacillus sp.

ORTHOPTERA
Scaptertscus vicinus N. Thelostomatidae?®

Unidentified insect F. Cordyceps sp.

=
mRmrnguang aa®n

W<
Q

Heliothis zea

=y
e nomunnn®nnd

1 Abbreviations: (B, bacteria; F, fungi; N, nematodes; P, protozoa; V, viruses).
2 Many entomogenous fungi are known to be both true parasites and saprophytes.
Nevertheless, any organism which demonstrated infectivity under laboratory con-
ditions is listed as a parasite in this report.
C: Commensal.
IC: Result is inconclusive due either to a small number of replicates, or to lack
of inoculum or of laboratory-maintained insects.
P: Primary parasite.
PIC: Obligatory parasite but laboratory experiments failed to produce disease.
S: Secondary parasite, saprophyte, or accidental contaminant.
U: No laboratory test conducted due to difficulties.
3 Identified by R. Lichtwardt.
1 Jdentified by D. M. MacLeod.
s Identified by W. Snyder.
¢ Pathogenic to crawlers, but mostly saprophytic to armored individuals.
7 Identified by C. P. Kurtzman.
8 Strong evidence exists that this may be a secondary parasite.
9 Identified by W. R. Nickle.
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Extensive lists of microorganisms associated with insects of Puerto Rico
were published by Johnston (5) and Charles (2), who dealt exclusively with
the fungi.

Monographs such as these are still useful but it has become necessary
in recent years to reappraise relationships between insects and their associ-
ated microorganisms. Mere presence of microorganisms in or on dead
insects was reported on many occasions in the early days as parasitism
without the proof of performance by pathogenicity tests under the con-
trolled environment of the laboratory. It now is extremely important to
analyze the pathogenicity and/or virulence of microorganisms associated
with insects from the standpoint of microbial control of economic insect
species. The need for such information was stressed by Gustafsson (4)
and Kuno and Colén (8) who reported the ineffectiveness of a fungus previ-
ously thought to be an effective agent for the biological control of a number
of insect species.

The need for more extensive surveys is indicated as many fungi listed
by Charles (2) have not been isolated thus far in this study. As shown by
this study, the strong virulence of Metarrhizium anisopliae to Diatraea
saccharalis and other insects (11,13) confirms the effectiveness of this
fungus as a natural control agent. Entomophthora fungi cited frequently as
effective entomogenous fungi also were reported earlier by Kevorkian (6).
However, a caution must be given in considering the artificial dissemina-
tion of Entomophthora fungi as several have been implicated in cutaneous
infection of some mammals.

One of the interesting results of this preliminary survey is the discovery
of Microsporidan parasites in several mosquito species and the sugarcane
borer, D. saccharalis. Although Nosema aedis (7) and others have been
reported from Aedes aegypti, this is the first report so far as the author
knows of Microsporidan parasites from Aedes mediovittatus, Anopheles
grabhamii, Culex secutor, and Dialraea saccharalis. No definite evidence
of viral pathogens was found but a strong possibility exists that they will be
isolated in the future as a granulosis virus (10) and an unidentified virus
(3) were reported from D. saccharalis in Louisiana and in Guadeloupe,

respectively.
RESUMEN

Durante la primera fase de la investigacién sobre los microorganismos asociados
con varios insectos de Puerto Rico, se aislaron muchas bacterias y hongos, asi como
varias especies de nematodos. Aunque la mayoria de dichos microorganismos probaron
no ser parasiticos, se encontré que algunos hongos, particularmente Metarrhizium
anisopliae y Entomophthora virulenia, eran muy patogénicos bajo las condiciones
prevalecientes en el laboratorio, Ademds, varios pardsitos protozoarios pertenecien-
tes a los microspéridos, fueron descubiertos por primera vez en Aedes medioviitatus,
Anopheles grabhamii, Culez seculor, y Diatraea saccharalis.
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