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INTRODUCTION

From July 1935 to early June 1936 the writer was.employed by the
Bureau of Entomology and Plant Quarantine to study the relationship

hetween ants and scale insects on coffee. Most of the observations were

made at or near Mayaguez, Puerto Rico, in an area quite representative
of the mountainous coffee-growing sections of the island.

The theories concerning the relationship of ants to honeydew-excret-
ing insects and to the plants on which the latter feed may be summarized
as follows: (1) By protecting them from predators and parasites, ants
may benefit insects which excrete honeydew ; (2) by assiduously attend-
ing their hosts, ants may cause them to feed more and thus hasten their
development ; (3) by moving them from plant to plant as food becomes
scarce, ants may ‘make conditions more favorable for their hosts; (4) by
removing the excess honeydew from the plant, ants may prevent their
hosts from becoming entrapped and killed by their excretions; (5) by
transporting their hosts from plant to plant, ants may spread plant
diseases; and (6) by removing the honeydew from their hosts or from
plants, ants may indirectly aid the latter by keeping the pores from be-
coming clogged with honeydew and dust accumulation.

1 Acknowledgment is made to the staff of the Federal Agricultural Experiment
Station at Mayaguez for laboratory facilities and helpful suggestions in connection
with the work. '

2 The ants referred to were identified by the author; the other insects were
identified by various specialists in the Division of Insect Identification of the Bureau
of Entomology and Plant Quarantine.

3 This work was made possible with special funds available to the United
States Department of Agriculture for studies of insects in Puerto Rico.
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ANTs AND ScaLE INsecTs oF CoFFEE

A rather intensive survey of coffee groves to determine the ants and
scale insects present in the various groves revealed that of the 66 species
of ants known to occur on the island of Puerto Rico 31 are commonly
encountered, and of this latter number the following 14 species were
noted attending the green scale, Coccus viridis (Green), and the hemi-
spherical scale, Saissetia haemispherica (Targ.) :

Solenopsis geminata (F.) (hormiga brava, or tropical fire ant)
. Wasmannia auropunctata (Rog.) (albayalde, or little fire ant)
. Brachymyrmex heeri Forel

. Brachymyrmex heeri var. obscurior Forel

Monomorium carbonarium subsp. ebeninuwm Forel

. Myrmelachista ramulorum Whilr. (hormiguilla)

. Monomorium floricola (Jerd.)

. Iridomyrmex melleus Whir,

Paratrechina longicornis (Latr.) (hormiga loco, or crazy ant)
. Tapinoma melanocephalum (F.) (albaricoque)

. Pseudomyrma flavidula F. Sm.

. Crematogaster steinheili Forel :

13. Pheidole fallax jelskii var. antillensis Forel

14. Pheidole subarmata var. borinquenensis Whlr.
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Detailed observations were made on Solenopsis geminata and Brachy-
myrmex heeri var. obscurior, and general observations were made on
Wasmannia auropunctata. Solenopsis geminata, the hormiga brava, or
tropical fire ant, is by far the most important because it is a large ant
of an aggressive and ferocious disposition, omnivorous in its habits,
and has many individuals per colony. It nests mainly in the soil, but
occasionally colonies can be found in rotten stumps and logs. Its nests
are more commonly found in, open, sunny areas such as the edges of
coffee groves. ,

Wasmannia auropunciata, the albayalde, or little fire ant, is a highly
adaptable species which nests in soil or in wood, both in open and in
shaded situations, and seems to thrive equally well under moist or arid
conditions. Its nests, although very populous, are not so easily located
as are those of the larger, tropical fire ant. Probably no ant in the
island surpasses the albayalde as.an attendant of insects which excrete
honeydew, regardless of the type.



RELATIONSHIP OF ANTS TO CERTAIN SCALE INSECTS 23

Although the colonies of Brachymyrmex heeri var. obscurior are not
large, this ant is widely distributed over the island and is a common
attendant on honeydew-excreting insects. It is capable of living both in
the ground and in rotten wood. _

The six species of scale insects commonly noted on coffee plants in
Puerto Rico are:

Saissetia haemispherica (Targ.) (the hemispherical scale)
Coccus viridis (Green) (the green scale)

. Cryptostigma inquilina (Newstead)

. Pulvinaria psidii Maskell (the green shield scale)

. Selenaspidus articulatus (Morgan) (the rufous scale)

. Ischnaspis longirostris (Signoret) (the black thread scale)
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Of these the two most important are the hemispherical scale and the
green scale. They are the commonest scales in coffee groves throughout
the island and are of special interest because they are attended con-
stantly by ants. Although these scales are usually of secondary eco-
nomic importance, they can become of real significance under conditions
particularly favorable for their development. FEither of these scales can
be found on almost any part of the coffee plant, but they are usually most

. abundant and noticeable on the smaller and more tender twigs of the
terminal branches; and the base of the fruit, or even entire berries, may
be incrusted- with them. It is almost impossible to find coffee plants
that do not support a few individuals of one or both these species.

Both scales are of the soft, unarmored type. The hemispherical
scale is more convex and larger than the green scale and is easily recog-
nized by its dark-brownish color. The green scale is flatter and pale
green in color. Both give off a great amount of honeydew, and for that
reason are eagerly visited by various species of ants. The hemispherical
scale was selected for study in the scale-ant relationship because of its
greater availability.

RELATIONSHIP OF THE ANTS Solenopsis geminata AND Brachymyrmex
heeri VAR. obscurior To THE HEMISPHERICAL SCALE

Many hours were spent in watching Solenopsis geminata and Brachy-
myrmezx heeri var. obscurior as they visited the hemispherical scale for
honeydew. To obtain honeydew from a scale, a worker ant stood to
the rear of the insect and dragged the tips of its antennae back and
forth over the caudal end of the scale until the scale responded or until
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the ant ceased its attentions and moved away. Not every solicitation
resulted in the production of honeydew, for on many occasions the ants
left the scales after stroking them for some time unsuccessfully, but
usually the ants were rewarded for their efforts. When a scale re-
sponded, the worker ant eagerly seized the droplet of honeydew with her
mandibles and allowed it to remain suspended from the lower part of
her mouth where it hung while being gradually sucked up, a process
requiring from 1 to 2 minutes. The solicitation of the scales by the
ants appears to be aimless. For instance, a worker ant was seen to
obtain a droplet of honeydew from a certain scale, walk off, and' return
immediately to the same scale and solicit it again. On one occasion a
worker ant was seen trying to obtain food from the caudal end of a
ladybird beetle larva which happened to be in the midst of a group of
scales. Ants also have been seen trying to “milk” dead scales or scales
too immature to excrete honeydew.

An attempt was made to learn if the presence of ants stimulated the
scales to produce more honeydew and thereby speed up metabolism, thus
causing them to become more abundant. Detailed observations indicated,
however, that the scales did not void quite so often in the presence of
the ants as when no ants were near, but there was not a pronounced
difference. Although it was not practical to measure the size of the
droplets of honeydew obtained by the soliciting ants, these appeared to
be generally larger in the presence of the ants than otherwise.

The visits of the Solenopsis to the scales seemed to be influenced to
a large extent by both temperature and ‘wind. Workers were not seen
in large numbers attending scales on plants until well along in the day
when the temperature was high. The ants also did not seem inclined
to visit scales during strong winds.

On no occasion during the studies were workers of either Solenopsis
geminata or Brachymyrmex heeri var. obscurior observed to show any
evidence of interest in transporting, guarding, or fostering the scale in-
sects in any way. No cartonlike coverings were made over the scales
by workers of Brachymyrmex, but the tropical fire ant has been ob-
served to make these coverings over the hemispherical scales, especially
where the latter were very near the soil level on coffee plants in nurseries.

RELATIONSHIP OF ANTS T0 THE PARASITE Encyrtus infelix (Embleton)

One of the objects of the study was to ascertain what relationship
ants bear to parasites of the scale insects of coffee. It is claimed com-
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monly that ants help scales increase in number by protecting them from
parasites which, if unmolested, would diminish their numbers. The
parasite most commonly seen attacking the hemispherical scale, and for
that reason chosen for specific observations, was Encyrtus tnfelix, which
was noted in coffee groves, in nurseries, and in experimental plots. This
species is about 2 mm. long, of a dark-brown color, and of the general
form of workers of the acrobatic ants (Crematogaster spp.), closely re-
sembling the latter superficially. It was noted that the female wasp,
while apparently preparing to oviposit, would often stroke the scale with
her antennae, thus causing the scale to void honeydew. The wasp would
then eagerly lap up the excreted honeydew. Similar observations have
been made by Cendaifia * in the case of Coccophagus scutellaris (Dalm.),
a parasite of the black scale, Saissetia oleae (Bern.). This author
states that the adult parasites were often seen to “massage” the posterior
portion of the body of the host with the antennae and forelegs, thus
inducing the excretion of a drop of honeydew, which was immediately
consumed. In this instance there is apparently no direct relationship
between this habit and oviposition.

All data secured showed that the ants exerted little if any effect in
reducing parasitization of the hemispherical scale by Encyrius infelix.
The wasps were on the plant hour after hour, and day- after day, para-
sitizing the scales as they chose, unmolested by the ants. If a wasp,
while running over a plant in search of a suitable host for parasitization,
encountered an ant unexpectedly, it moved to the right or left and
avoided the ant. Often the ant and parasite passed within a fraction
of an inch of each other without either taking notice of the other.
Sometimes a wasp met an ant face to face, whereupon it showed its
disturbance by dashing somewhat excitedly to the side and away from
the ant. On some occasions the ant attempted to avoid the wasp. An
ant was never seen to capture a wasp, and it is doubted that this would
be possible, considering the agility of the latter. Although the fire ant
is more vicious and aggressive than Brachymyrmex, its relation to the
parasite was not noticeably different from that of Brachymyrmex. How-
ever, on a number of occasions twigs heavily infested with the hemi-
spherical scale and attended by tropical fire ants at the time of collection
were brought to the laboratory and placed in cages. A large number of
Encyrtus infelix emerged from the scales on the twigs, further suggest-

¢ Cendana, S. M. 1937. Studies on the Biology of Coccophagus (Hymenop-
tera) A Genus Parasitic on Nondiaspidine Coccidae. Univ. Calif. Publ. Ent. 6:
383.
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ing that the ants exerted no appreciable effect in preventing para51tlza-
tion of the hemispherical scales by the wasps.

RELATIONSHIP OF ANTS TO THE PREDATORS OF ScaLE INSECTS

The scales on which detailed observations were made had very few
predators ; hence, there was little opportunity. for a study of the relation-
ship of ants to the predators of scales. Occasionally adults of coccinel-
lids, thrips, or the hemipteron Asthenidea picta (Uhler) were seen on
the plants, but no ants were seen pursuing, attacking, or killing these
insects. In a survey of coffee groves, larvae of the syrphid fly Baccha
capitata. (Loew) were often observed destroying scales, but none of the
fly larvae appeared to be attacked by ants although there were many
species of ants in their vicinity besides Solenopsis geminata (F.) and
" Brachymyrmex heeri var. obscurior.

"ErrFecT oF ENTOMOGENOUS FUNGI ON THE ABUNDANCE OF THE
HEMISPHERICAL SCALE

The fact that tropical fire ants prefer to nest and work in sunny
areas may have caused observers to believe that the ants are responsible
for the increase of the scale in those  areas. The observations made
by the writer, however, indicate that the scale becomes more abundant
in sunny locations because conditions there are unfavorable to ento-
mogenous fungi, which in more humid situations keep the scale well
in check.

The importance of entomogenous fungi in controlling scale insects
was forcibly impressed on the writer when he was attempting to run
some experiments to determine the relationships between ants and the
hemispherical scale. A number of coffee plants infested with scales, but
with no apparent entomogenous fungi on them, were placed on tables in
a well-shaded coffee grove. Within a period of two months the fungi
had increased so rapidly as to wipe out the scales completely, and as a
result the experiments had to be discontinued. The worst infestation
of scale the writer saw on the island was that in a grove of the thick-
leaved Excelsior variety of coffee. This coffee does not require shade
like Coffeea arabica (L.), the common Puerto Rican coffee, and condi-
tions were ideal for the development of the scale. That certain ecological
conditions apparently are responsible for the increase of the scale is
brought out by the observation that (1) plants in exposed places, such as
ridges and edges of fields, usually are more heavily infested than those
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more centrally located or better shaded; (2) the scale is generally more
abundant in dry weather; (3) hurricanes or storms that destroy the
shade of coffee seem to cause the scale to increase. The conditions
enumerated are those in which entomogenous fungi cannot successfully
develop because of the lack of sufficient shade and moisture. The fact
that the scale has not become abundant evidently is due to the control
exerted over it by entomogenous fungi, one of the most important of
these being Cephalosporium lecanii. When an extremely dry spell oc-
curs, or when some of the plants become unduly exposed to sunlight, the
scale immediately begins to increase in abundance, and its economic
significance rises sharply. According to extension workers of Puerto
Rico, the truth of this statement was well- brought out by the San
Felippe hurricane of 1928. Shade trees of coffee were either blown
down by this storm or many of the branches stripped from them, thus
depriving the coffee of its normal shade. As a result one of the worst
outbreaks of scale that the island has experienced took place.

SUMMARY

Of the 14 species of ants attending scale insects of coffee, the three
most commonly observed are the tropical fire ant, Solenopsis geminata
(F.), the little fire ant, Wasmannia auwropunctate (Rog.), and Brachy-
myrmex heeri var. obscurior For. The most important scales are the
hemispherical scale, Saissetia haemispherica (Targ.), and the green
scale, Coccus viridis (Green). The commonest parasite is Encyrtus
infelix (Embleton).

The process of ingestion of honeydew by ants is described. At-
tendance of the scale insects by ants did not result in more frequent
voiding of honeydew but did seem to increase the quantity voided.
Little evidence of special care or colonization of the hemispherical scale
by ants could be detected, and little discrimination was shown by the
ants in soliciting honeydew.

No restraining action of the ants against the parasite Encyrtus in-
felix, or against general predators, was observed. The wasp Encyrtus
infelix, while apparently preparing to oviposit, often stroked the scale
with her antennae, thus causing the scale to void honeydew, which was
immediately and eagerly lapped up by the wasp.

The principal factors regulating abundance of coffee scales appeared
to he certain entomogenous fungi, especially Cephalosporium lecanii.
These fungi were favored by shade, coolness, and moisture. Scales
were accordingly less abundant in the normal shady locations.



