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Hippelates pusio Complex in Puerto Rico
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INTRODUCTION

An exploratory scarch for natural control of Hippelales eye gnats was
conducted in Puerto Rico in the spring, summer, and fall of 1963 for the
purpose of introducing a greater complex of regulatory agents into eye
gnat-breeding areas of southern California. The importance of these insects
as vector species of human diseases has been frequently reported: Blanco
et al. (2),* Dow and Hines (3), IXumm (4), Mulla (8), Vargas (10). They are
of major concern in irrigated areas of southern California because of their
role as suspeeted veetors of the IKochs-Weeks bacillus and as nuisance
pests.

The diversified species of Hippelales reported from Puerto Rico (Wolcott
(11), Sabrosky (personal communication)) and their occurrence in rela-
tively low numbers made this part of the world a probable site for locating
a diverse parasitic fauna. Ever since Mulla’s initial discovery of a eynipid
parasite in 1961 (Mulla (6,7)), and subsequent finds by the authors (Bay
and Legner (7)) of three additional families of parasitic Hymenoptera
attacking eye gnats, it became well established that biotic agents play a
role in the natural control of Hippelates. By 1962 we had three parasitic
species in culture at Riverside, Calif., which were discovered in southern
California. With these parasites it was possible to improve techniques for
sccuring additional species in foreign countries.

METIHHODS AND MATERIALS

Hippelales eye gnats were captured in the field with rotten-cgg and fish-
bait traps, and laboratory cultures were established. Eye gnat eggs secured
in the rearing process were used in either of three ways: 1, The cggs were
exposed overnight directly in the field using fine-mesh bolting cloth fixed
to a plastic hoop; 2, eggs were seeded to artificial media for the ultimate
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production of pupae which were then field-exposed for 2 to 4 days. Such
exposure was accomplished by burying the pupae under 1; inch of soil
in small petri dishes, or by sandwiching them between two layers of 50-
mesh Nitex screen fastened together with plastic hoops (fig. 1); 3, the eggs
were seeded to small wax-paper-cup units containing local sandy soil and
sprouted millet, or succulent weed seedlings such as Portulaca spp. (fig. 2).

Units were initially irrigated with Hyponex plant-nutrient solution,
using 2 tablespoons of Hyponex per gallon of water, subsequent watering

Fia. 1.--1xposure of Hippelates pupac in a site favorable for the activity of para-
sites--exposure is made in a Nitex disk (right) and in a petri dish (below roof at left)

being with plain water. After 2 days when the hatched larvae had crawled
to cover on the roots of the seedling plants, the units were transferred to
the field where they were allowed to remain for 1 weck. During this time
the larvae fed and developed on the roots, and pupated, a habit which had
first been noticed by the authors with California Hippelates (Bay and
Legner (1)). Exposure was, therefore, attained of both larvace and pupac
under more natural conditions. Material which had been field-exposed was
returned to the laboratory and incubated for parasite and host emergence.

Host material was always exposed at or near the soil surface where natu-
ral breeding occurred (fig. 1). It was found desirable to limit such exposures
to areas which were shielded from the direet rays of the sun, and thereby
prevent desiceation of the living material.



PREDATORY AND PARASITIC AGENTS ATTACKING H., PUSIO 379

Areas monitored for parasite activity were the Lajas and Yauco valleys
of the southwest, and the environs of Ponce, Caguas, Rio Piedras, and
Isabela.

All parasite and host material sent to California was processed in quaran-
tine at the Department of Biological Control, University of California, at

F1g. 2.—Wax-paper-cup exposure units with developing millet seedlings and
larvae of Hippelates feeding on the roots.

Riverside, where thorough checks were made to avoid the aceidental intro-
duction of a noxious organism.

RESULTS AND DISCUSSION

Over 99 pereent of the Hippelates colleeted and reared belonged to the
H. pusio complex determined by €. W. Sabrosky. Sabrosky informed us
(personal communication) that the taxonomy of these inseets was in revi-
sion, and that he could not classify them as distinet species. However, ac-
cording to his original system of classifieation (Sabrosky (9)) it was evi-
dent that about 36.3 percent of the eaptured Hippelates belonged to the
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true H. pusio Loew., while the remaining 63.7 percent were very likely H.
Slavipes Loew.

Results of the field exposures are listed by area in table 1. A total of
24,492 eggs, 12,988 pupae, and 83 wax-paper-cup units were ficld-exposed
during the course of the exploration. Of these, recovered material which
could be held for parasite emergence totaled about 12,000 eggs, 7,998 pupae
from pupal exposures, and 1,702 pupae from wax-paper-cup exposures.

No parasites emerged from exposed Hippelales cggs. Where pupae were
exposed directly in the field, 6,363 emerged as adults, 1,614 were mummi-
fied, and 11 were parasitized; and with larval and pupal exposures in wax
paper cups, of the recovered pupae, 1,592 emerged as adults, 117 were
mummified, and 67 parasitized. Mummies may have resulted from para-
site host feeding. :

Five parasitic Hymenoptera and one Acarina species were found at-
tacking Hippelales (table 1). The first parasite was an encyrtid, Ooencyrius
submelallicus How., determined by B. D. Burks, discovered near Lajas on
April 4, 1963. One male and two female parasites emerged from a single
pupa. Only 1 out of 8 petri-dish exposure units and 1 pupa out of 20 exposed
was attacked, a 5-percent parasitization. Propagation to the I°-1 was ac-
complished in Puerto Rico with the production of a single male and female
from one pupa. I'-1 pupae sent to Riverside failed to emerge, and the F-1
adults reared in Puerto Rico died out after stinging and killing subjected
eye gnat pupae, no development to the -2 being therefore accomplished.
0. submelallicus is a known egg-parasite of the southern green stinkbug,
Nezara viridula var. smaragdula Fab. Living specimens of this parasite have
recently been introduced into Hawaii for biological control (Hawaii Report
(8)). Since this identification has been verified by B. D. Burks (personal
communication), and is, therefore, considered to be correct, it is the first
report of O. submelallicus attacking the pupal stage of a host. Such a com-
bination of host-stage preference is unique in the recorded literature of the
parasitic Hymenoptera.

The second parasite discovered at Lajas on April 22 was listed as an un-
deseribed species of Spalangia by B. D. Burks, a long series of which had
heen previously reared from Sarcophaga sp. in 1936. Three pupae out of
30 exposed in a Nitex disk were parasitized, a 10-percent parasitization,
One Nitex disk out of three placed in the area was attacked. A single adult
female parasite emerged in Riverside which gave rise to eight male progeny
in the I*-1 on California host material.

A third organism identified with the adult stage of the eye gnat was a
small undescribed species of elear mite, discovered near Aguadilla on April
25 infesting 6.1 pereent of the adult population, and again on May 21 near
Yauco where 6 pereent of collected adults were infested. Sometimes over
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TABLE 1.—Field exposure of larvae and pupac of llippelates in Puerto Rico

during 1963

. Exposed— Hosts E .
Aren ot R . cmepeiperasit-| 5 [BRE T
Units | Hosts 1z _E:
Number | Number (N umber | Percent | Percent | Percent
Lajas vieinity | Apr. 2- Pupa 72, 12,798 | 760 3 183.2| 0.3 | 67.4
May 31 petri
Do. Apr. 2- do. 92, (3,740 1,773 5 | 73.8 2 1 35.7
May 31 Nitex
Do. Apr. 2- | Larva 35, — 249 0 | 8.7 0 s
May 31| and cups
pupa
Do. Sept. 1- | Pupa 6, 400 | 219 3 (821 1.1 | 33.2
13 Nitex
Do. Sept. 1- | Larva 25, — 35| 67 |87.3] 7.9 —
13 and cups
pup:
Punta Arenas | Apr. 2- Pupa 3, 60 44 0 |81.51 0 16.7
May 31 petri
Do. Apr. 2- do. 11, 220 | 121 0 |70.0] O 21.4
May 31 Nitex
Mayagiicz Apr. 2 do. 10, | 200 125| o0 {88.7]| 0 |20.5
May 31 petri
Do. Apr. 2- do. 22, 920 | 525 0 18.9| 0 34.4
May 31 Nitex
Ponce vieinity | Apr. 2- do. 14, 490 | 223 0 |81.51 0 44.1
May 31 petri
Do. Apr. 2- do. 34, 90 | 5143 0 |74.8]1 0 19.2
May 31 Nitex
Do. Apr. 2- | Larva i, _— 155 0 |85 0 —
May 31} and cups
pupa
Caguas Apr. 2- Pupa 12, 420 175 0 (90.7! 0 54.0
vicinity May 31 petri
Do. Apr. 2- do. 32, 860 [ 625 0 |81.8| 0 11.0
May 31 Nitex
Do. Apr. 2- | Larva 8, = 248 0 j95.3| 0 —
May 31}  and cups
pupa
Rio  Piedras | Apr. 2- Pupa 7, 350 | 114 0 192010 64.5
vicinity May 31 petri
Do. Apr. 2- do. 32, 830 | 533 0 177.2] 0 16.8
May 31 Nitex
Do. Apr. 2- | Larva 8, — 205 0 19401 0 —
May 317 and cups | |
pupa | ] |
Isabela Apr. 2- Pupa 8, | 800 | 585 0 g 88.6 | 0 9.4
vicinity Nitex ' |

May 31,




382 JOURNAL OF AGRICULTURE OF UNIVERSITY OF PUERTO RICO

30 mites were found grouped around the ventral portion of the thorax on
the adult gnat. Cultures of these mites with their host were sent to River-
side, but they failed to propagate. The mites were tentatively identified as
the hypopial stage of soil-inhabiting Acaridiae (Suborder: Sarcoptiformes),
and were probably phoretic.

A fourth Hippelales parasite discovered near Yauco on September 6 was
deseribed as a new species of Trybliographa (Didictyum) of the family
Cynipidae, determined by C. H. Weld, attacking the larval stage of the
eye gnat. Ten out of twelve and 8 out of 13 wax-paper-cup units were at-
tacked at 2 separate sites in the area. Thirty-four out of 531 pupae, 6.4
pereent, and 33 out of 321 pupae, 10.3 percent, were parasitized. This
species is currently in culture at Riverside, and attempts are heing made
to find a suitable means for mass-rearing it.

The fifth parasite, an unidentified species of Pteromalidae, was located
near Yauco on September 13 in Nitex pupal-exposure wiits. One of two ex-
posed Nitex disks was attacked and 3 of 33 recovered pupae were parasit-
ized, a 9.9-percent parasitization. Culture at Riverside was not attained.

Spalangia drosophilae Ashmead, the 6th species found in Puerto Rico,
was picked up on three separate occasions. The first discovery was made
on April 22 south of Lajas from pupac exposed in a petri dish. Only 1 pupa
out of 30 exposed was parasitized, a 2-percent paraistization. Sul:sequent
recoveries were made of the adult at Punta Arenas on April 19 and May 18.
A separate culture of this strain of S. drosophilae is now keing maintained
at Riverside in order to compare it with a previously obtained California
strain (Bay and Legner (1)).

Hippelales parasite activity based on information from the number of
discoveries made, was found to be restricted to a particular kind of environ-
ment. This may be characterized as an undisturbed grassy area where
sufficient moisture and adequate shade were afforded to keep vegetation in
an active growing state (fig. 3). Exposures on bare ground, either plowed
or unplowed, never twrned up parasites. Similarly, in woodlands where
grassy spots were few, there was no ohserved parasite activity. Areas where
rainfall was high and well distributed over the year were unfavorable. In
some cases parasite activity was observed in areas with moderate rainfall
when soil was sandy or drained quickly as southwest of Yauco and at
Punta Arenas.

Although ants in general were voracious predators of Hippelates pupae
when these were exposed, their activity could be reduced by covering the
pupac with as little as ! inch of soil. Ant species actually observed feeding
on HHippelates pupae exposed in the field were Tapinoma melanocephalum
(F.), Monomorium pharamus (l..), Wasmannia auropunctata (Reg.), Sole-
nopsis geminala (1), and Telramorium guincense (I'.). These ants were
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undoubtedly responsible for a great deal of the predatism of exposed pupae
observed in the field (table 1).

That the predators will dig down at least 13 inch in the soil for eye gnat
pupae was shown in the petri-dish exposures where percentage predatism
ranged from 16.7 to 67.4 (table 1). Predators apparently did not normally
mutilate hosts which were not carried away. The percentage emergence
of adult gnats not parasitized or carried off by predators was not signifi-
cantly different from lahoratory checks (%83 percent), nor was there a
significant correlation between high predator activity and a lowered viabil-

el . y e

Fia. 3.-—Area near Lajas favorable for the breeding of Hippelates and activity of
their parasites. This field has been undisturbed for several months.

ity of surviving hosts. I‘'or that matter, when pupae were exposed in Nitex
disks at the soil surface and could presumably be pierced by the mandibles
of attacked predators, the emergence of surviving pupae was usually un-
altered. Pupae in Nitex disks were removed in separate pieces by the ants
since they were too large to pass through the 50-mesh sereen. Only two or
three instances of mutilation were recorded, and these were probably eaused
by scavenger beetles or field mice which attacked Nitex units, biting holes
in the sereen.

CONCLUSIONS

With due consideration of the fact that the search for natural enemies
of Hippelales cye gnats reported herein was by no means comprehensive
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of all breeding sites, nor all factors involved in natural biotic control (e.g.
pathogens), several important generalizations may be made. The attacks
of hymenopterous parasites did not appear to he seasonal, as discoverics
were made throughout the survey period; also the greatest parasite activity
seemed to be localized in southwestern Puerto Rico, sinece there were no
pickups, other than mites, in any other section. It would appear that pupal
parasites were not as effective regulatory agents as larval parasites. The
role of predators in natural control seemed to he significant, although their
cffectiveness on naturally breeding eye gnat populations was not measura-
ble.
SUMMARY

Hymenopterous parasites found attacking the Hippelates pusio complex
in Puerto Rico in 1963 were Qoencyrius submelallicus Howard (5 percent),
Spalangia drosophilae Ashmead (2 percent), Spalangia nov. sp. (10 percent),
Pteromalidace Genus sp. (9.9 percent), all pupal parasites; and a new species
of Cynipidae, Trybliographa sp., a larval parasite (6.4 and 10.3 percent).
An unidentified clear mite infested up to 6.1 percent of field-collected
adults. Predacious ants were Tapinoma melanocephalum (F.), Monomorium
pharaonis (1..), Wasmannia auwropunctata (Reg.), Solenopsis geminata (I°.),
and Telramorium guineense (F.). Parasite activity was apparently not
seasonal but was localized in the southwest portion of the Island.

RESUMEN

Los parasitos himendpteros que se encontraron en Puerto Rico en 1963,
atacando el complejo Hippelates pusio, eran el Qoencyrtus submetallicus
Howard (5 por ciento); Spalangia drosophilae Ashmead (2 por ciento);
Spalangia, n. esp. (10 por ciento); un Géncro sp. de la familia Pteromalidac
(9.9 por ciento), todos pardsitos puparios; y una nueva especie de Cynipidac,
Trybliographa sp., pardsito larval (6.4 y 10.3 por ciento). Un dearo transpa-
rente sin identificar infestd hasta el 6.1 por ciento de los adultos colecciona-
dos en el campo. Las hormigas rapaces que se encontraron fueron Tapinoma
melanocephalum (1°.), Monomorium pharaonis (l..), Wasmannia awropunc-
tala (Reg.), Solenopsis geminata (¥.), y Tetramorium guineense (I')). lLa
actividad parasitaria no fue aparentemente estacional, sino que se limitd a
la region suroeste de la Isla.
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