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TOMATO PIN WORM (Gnorimoschema lycopersicella (Busck))
IN FLORIDA

By GEORGE R. SWANK

The following account of the tomato pin worm (Gnrorimos-
chema lycopersicella) is a condensation of a report submitted
to the State Plant Board at Gainesville, descriptions of the
stages with the details of their activities as well as the tables
and drawings being omitted.

The investigation was carried on from April 1 to June 30,
1937. The State Experiment Station insectary was used and
the work was done under the direction of Professor J. R.
Watson.

The living larvae with which the investigation was started
were procured from materials sent in to the State Plant Board
taxonomist, Mr. G. B. Merrill, by inspectors working in Osceola,
Polk, Orange and Seminole counties, and from materials brought
by Professor Watson from Manatee County.

The first adult moths emerged from the collected material
on April 22. They were found to be five females and two males.
By the next day eleven more adults had emerged.

Seven adults, four females and three males, were placed
in a lamp chimney and supplied with a fresh tomato leaf on
May 23. Eggs were found on the leaf the next day and these
hatched on May 31.

In order to determine the time spent in each instar, without
the danger of injuring the tiny larvae in removing them from
the leaves, the following technique was followed. Seven adults
were confined in a lamp chimney with a fresh tomato leaf for
twenty-four hours. The leaf was kept fresh as long as possible
by having the petiole pass through a cork into a small bottle
of water. Fresh leaves were supplied in each lamp chimney
as they wilted or were consumed by the growing larvae. Each
day the moths were removed to a different lamp chimney.
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When a moth was found dead it was replaced by another moth
of the same sex and thus the number was maintained at seven.
When the moths were removed the leaf and container were
examined and the eggs counted. Occasionally eggs laid the same
night had to be supplied from other sources in order to have
at least twenty eggs in each lamp chimney.

On May 14 and again on May 21 five larvae were removed
from each lamp chimney and placed in separate vials of alcohol.
The width of the head capsule of each larva was later taken
and by the aid of Dyer’s law the following table of larval in-
stars was derived.

First instar—up to 4 days. Avg. 2.33 days

Second instar—from 3rd to 9th day. Avg. 2.65 days
Third instar—from 6th to 10th day. Avg. 3.33 days
Fourth instar—from 9th to 17th day. Avg. 2.04 days
Average number of days in larval stage—10.35 days.

The full grown larva may spend from part of one day up
to two days after it has ceased to feed until it changes to a
pupa. Only about ten minutes pass from the time the head
capsule splits on the back until the last larval skin has been
worked to the posterior end of the abdomen.

During the middle of April pupae from larvae which were
brought into the insectary lasted from nine to sixteen days
with an average of 10.5 days for the 30 cases for which accurate
time records were kept. The temperature over this period
(April 10-25) averaged® 69.6 degrees F.

The temperature averaged 79.8 degrees F. during the time
the next generation was in the pupal stage, from May 20 to
June 3. The males spent from 8 to 11 days with an average
of 9.11 days while the females averaged only 8.24 days with
a spread of from 7 to 10 days. The average for both sexes
was 8.64 days as compared with 10.5 days which the previous
generation spent in the pupal state.

The adult moths of the third generation were just starting
to emerge at the close of the investigation. The indications
were that the pupal period would average somewhat shorter
but not enough cases could be checked to get accurate results.

Both males and females were found mating the evening of
the same day on which they emerged. Copulation takes place

*The average of the maximum and minimum for each day as recorded
by the nearby U, S. Weather Bureau thermometers.
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during the late evening or early morning and lasts from 10
minutes to an hour and a quarter.

Eggs were deposited by mated females on the first night
after they had emerged. Eggs may be laid at any time of the
day or night but most of them are laid during the morning
or evening twilight at which time the moths are normally more
active. It takes only about five seconds to deposit an egg and
several may be laid in a few minutes. Eggs may be deposited
at any time during the life of the adult female moth which
may cover a period of almost a month.

There are indications of considerable seasonal variation in
the time it takes to complete a life cycle. Since this work was
done in the early summer only, there was not opportunity to
check these seasonal variations. It is interesting, however, to
compare the results which were obtained in Florida with those
published by Campbell! and Elmore for California.

Florida (California)

Minimum  Maximum Average
Incubation ... 4 (4) 9 (30) 6.7 (8.9)
Larval period ... 9 (9) 17 (63) 9.8 (27.9)
Pupal period ... 7 (15) 17 (52) 11.0 (30.2)
Egg to adult ... 20 (28) 43 (145)  27.5 (67.0)

It will be noticed that the development in Florida for the
time of the year covered by this work corresponds rather closely
with the minimum for California. This might be expected since
the tomato pin worm is probably native to the warmer climates
and Gainesville is several degrees closer to the equator than
California. During the latter part of June an entire life cycle
was completed in 21 days.

Instances were noted in which the male moths mated more
than once. In no case was more than one copulation noted for
any female.

Without food the female can be expected to live from six
to twenty-five days after copulation while the male will prob-
ably die before the sixth day, and frequently do so within forty-
eight hours.

If proper food is obtained it is possible that they would live
considerably longer. On the second of June 16 virgin females
were placed in a large test tube and fed with honey and water
daily. Nineteen males which had not mated were treated simi-

_1CAMPBELL, Roy E. and ELMORE, J. C. The Tomato Pinworm. Bulletin
c3>f %%%t' of Agri.,, Vol. XXIV, No. 3, July-Sept., Sacramento, Calif., pp.
01- .
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larly and by June 23 only four males and one female had died.
On June 30, at the end of 28 days, seven males and ten females
were still alive.

We see, therefore, that feeding increases the length of life
possible for unmated moths and would probably increase the
length of life after mating also as ‘well as the number of eggs
laid. Accurate data were not gathered on this point. The fact
that the largest number of eggs deposited over the longest
period by a single individual were laid by a female which was
being fed honey and water would, however, probably lend weight
to this idea.

The largest number of eggs from one female was 138, de-
posited on 15 of the 18 days she lived after mating. Forty-three
eggs was the largest number laid by one female in a 24-hour
period. The average number of eggs laid by 24 mated females
was 36.1. Two of these died before any eggs were deposited.

Very few eggs were laid by unmated females and none of
these hatched. Only one egg was found in groups known to be
from fertilized females in which the embryo was not developing
and it is possible that this egg had been injured.

The adult moth is a fairly strong flyer although its flights
are somewhat shaky or in the form of a spiral during the day.
At night their flights are probably longer and this is very likely
the way that they spread within a given infested area. It is
possible that their natural flights might account for their estab-
lishment in another trucking section if it were not too far dis-
tant. In Florida, however, where one trucking section may be
separated from the next by miles of uncultivated land, this
means of dispersal seems improbable except with the aid of
air currents.

Further investigation might reveal some native Florida
plants on which the larvae could live and develop properly and
which would serve to bridge the extensive uncultivated lands.
So far no such plant has been found. The nearest approach to
it is found in the cherry-tomato which sometimes grows as an
escape in waste lands or hammocks. Solanum sisymbriifolium
Lam. may also occasionally be found growing in Florida as a
weed.

A common means of distribution is quite likely on tomatoes
or packing material. A bushel of infested tomatoes was brought
from the southern part of the state for use in making a check
of insect parasitism on the tomato pin worm. They were trans-
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ported in a burlap sugar sack. Moths emerged from the empty
sack from three to ten days after it arrived. Thus it can be
seen that containers in which tomatoes are shipped may become
a source of infestation for some time even after the tomatoes
have been consumed. It is probable that this time would be
considerably increased if the pupae were subjected to lower
temperatures either through refrigeration or in being shipped
to a colder climate.

Ordinarily by the time the tomatoes are ripe enough for
the retail market few pin worms still remain in them. Most
of them leave the tomato to pupate and often those which do
remain are not able to find their way out when they become
adult moths. This may be due to the change in the position of
the tomato in shipment, to the fact that the hole through which
the moth would have escaped has become closed by fungus
growth or juice from the broken tissue.

Another possible source of spread of this insect which needs
to be investigated and means provided for any control that may
be necessary is the shipment of large numbers of tomato plants.
It is probable that the transportation of young plants is the
most important means of dispersal over the state.

Several attempts were made during the process of this in-
vestigation to induce the moths to deposit eggs on various plants
or plant parts, other than tomato, with but indifferent success.
In addition to this difficulty the fact that larvae will immediately
crawl from the plant when they have hatched if the material is
not exactly to their taste led to confining the various sized larvae
with the material to be tested.

On April 8 when the living material was received from the
southern part of the state, 5 larvae of various sizes were placed
with several of the common weeds as a preliminary test of their
ability to survive. Natal grass (Tricholaena rosea Ness.), green
briar (Smilax auriculata Walt.), pokeweed (Phytolacca rigida
Small.), cudweed (Graphalium spalutalum Lam.), Spanish
needles (Bidens pilosa Linn.), and horseweed (Leptilon cana-
dense Linn.), produced only negative results. The larvae all
died within a few days with no increase in size nor feeding
being evident.

The results were positive or doubtful in the following cases:
nightshade (Solanum gracile Link.), Florida tomato (S. aculea-
tissimum Jacq.), peppergrass (Lepidium virginicum Linn.),
potato and tomato foliage which was run as a check.
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The reason for the results being doubtful in some of these
cases where only negative results appeared later was probably
due to the fact that not all of the larvae were tomato pin worm
larvae. Several potato tuber moths (Gnrorimoschema operculella
Zell.)* and the nightshade moth (Gnorimoschema striatella)
were reared from this same material and it is easily possible
that there may have been others.

In the later tests, 10 larvae were placed separately on small
pieces of host material. These were then each caged in a 1.5
by 15 cm. test tube which was plugged with a cotton stopper.
Fresh host material was added daily. The old piece was re-
moved unless the larva was very small and had mined into
the leaf. Rather than risk the injury to the small larva in
removing it from the leaf-mine it was allowed to feed on the
old leaf until it left of its own accord.

In addition to the previous list cotton and corn were tried
as host materials from outside of the Solanaceae or nightshade
family. Peppergrass (Lepidium viginicum Linn.) was also re-
checked but in no case was feeding observed on any plant not
included in the Solanaceae.

Twenty-two tests were run on plants in the family Solana-
ceae, The tomato pin worm fed on only nine of these readily
enough to carry it through to pupation. They were the garden
tomato (Lycopersicum esculentum Linn.), cherry tomato (L.
cerasiforme Dunal.), potato (Solanum tuberosum Linn.), egg-
plant (S. melongena Linn.), S. sisymbrillfolium Lam., S. mexi-
canum, and two tests on S. citrullifolium A. Br.

One of the ten larva placed with the Fragrant Cultivated
Tobacco (Nicotiana sp.) reached the pupal stage. Since it
was a large larva it is possible that it pupated without having
eaten after it was placed on the leaf. Unfortunately there
was not sufficient time left to run another series.

A few of the larvae fed slightly on Solanum munistrum and
Datura stromonium Linn. As a result they lived longer than
those that did not feed but none which were placed on either
of these plants formed pupae.

The larva of the tomato pin worm starved when placed with
the following Solanaceous plants: Physaloides physaloides Linn.,
Physalis sp., Solanum glacile Link., S. capisicastrum Link., S.
nigrum Linn., S. munistrum, Capsicum annum Linn., Datura

*These determinations were made by H. H. Kiefer, Assistant Systematic
i]jI}ntqmologist: of the State Department of Agriculture, Sacramento, Cali-
ornia.
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metel Linn., D. stromonium Linn., Nicotiana tabacum Linn. and
Petunia hybrida Hort.

A series was also run on tomato petioles. Pieces of petiole
with no leaf were placed with the larvae. Most of them ate
more or less at the material even though they did not seem to
develop properly. In fact one larva lived three times as long
as it should have taken it to complete its larval growth but did
not grow nor pupate. The average length of time for the ten
larvae was almost twice as long as it should have taken to
reach the pupal stage, yet none of the ten pupated.

Attempts were made on various occasions to rear the insects
on green tomatoes. Fifty of the first larvae received were
placed on a green tomato and confined in a lamp chimney. Of
these only three emerged as adult moths. At another time
tomatoes were supplied in the lamp-chimney series instead of
the usual tomato leaf. Where the average number of adult
moths for the series was eleven, only one emerged from the
chimney containing the tomatoes. These figures are still more
significant when it is realized that five or ten larvae were re-
moved from most of the other lamp chimneys and placed in
alcohol for the purpose of measurement while none were re-
moved from the lamp chimney containing the tomatoes.

These instances would seem to give the impression that the
normal food of the tomato pin worm is the foliage rather than
the fruit, that infestation of the tomato is more of an incidental
matter. It is true that tomatoes may become highly infested
but since the attack is generally under the calyx lobes or at
a point where the tomato is in contact with a leaf or another
tomato, it would seem to be due to the reaction of the larvae
to select a small corner in which to start a mine rather than
a preference for the tomato. Observations in the field, how-
ever, seem to indicate that the larvae desert the leaves in favor
of the tomato when the fruit appears. This point needs fur-
ther checking under field conditions.

The only important hosts of the tomato pin worm in Florida
so far investigated are tomato, potato and eggplant. These
are all cultivated plants and as such can be watched by the.
grower better than weeds or wild plants.

The larvae are so small that the infestation may be much
higher than is realized by the casual observer. One hundred
twenty-four adult moths were reared on a potted tomato plant
which was only twelve inches high. Estimates were made that
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the average larva consumed about three square centimeters of
tomato leaf during its larval development. The amount neces-
sary, however, may be considerably less than this. From these
figures it can be seen that the average tomato plant grown in
Florida could support several hundred larvae without stopping
the production of tomatoes.

Forty sound and 40 infested tomatoes were compared as
to their keeping qualities. The most of them were green when
the test was started and were matched for size and maturity.
They were placed on a table in the insectary and covered with
a cloth screen. Each day the tomatoes were examined and those
which were rotting were removed. When the test was closed,
at the end of 35 days, seven infested tomatoes had lain a total
of 939 days or an average of 23 and a half days each, as against
1168 days or an average of 29 days for the sound tomatoes.
The tomatoes had all ripened sufficiently to be used by the end
of ten days so that under ordinary conditions the difference
in keeping qualities would have made little difference between
the number of sound and infested tomatoes which reached the
retail market.

The presence of a larva or cavity in a tomato is often very
difficult to detect. This is especially true if the larva has entered
the tomato under the calyx and the calyx is still in place. The
hole where the larva entered is not only small and often well
hidden but may also be filled with a thin silken web which is
not easily seen even after the calyx has been removed. The
presence of a few tiny black pellets of frass which are held
in the delicate web may often be the only external evidence.

The larva may mine just under the surface of the tomato
where it produces a sunken darkened spot covered with a papery
tissue after the larva has left. It is more common, however,
for the mine to penetrate toward the center of the tomato. The
larvae seem to prefer the solid tissue but may occasionally be
found in the seed cavity of an unripe tomato.

The reasons why the grower will wish to avoid the tomato
pin worm besides the fact of the decrease of production due to
the reduced foliage are (1) the destruction of large numbers
of young plants in seedbeds, (2) increased cost due to the re-
quirement of closer inspection, (3) loss due to increased culling,
(4) the necessity of fumigating tomatoes to be shipped to
several states, (5) the danger of larval parts being found in
the processed product with resulting decrease in quality and
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sale value, and (6) the poorer quality of the finished product.
In regard to this last point, many tomatoes which are attacked
when small become somewhat leathery and remain green in
the center when mature. In addition, many tomatoes will be
found with the interior of the seed cavity turned black as a
result of the entrance of fungi when the larval tunnel was
open. These blackened spots require considerable trimming
or a resulting inferior product.

Ten parasites emerged from the first material brought into
the laboratory. These with six others which emerged from
material brought later were sent to the National Museum of
Washington, D. C., for determination. Almost one hundred
other parasites emerged later but no opportunity was left for
study and comparison after the above determinations were re-
turned.

The second supply of material which was brought from
Sarasota County about May 30th seemed to be much more highly
parasitized than that which had been collected there about six
weeks previous. In fact it seemed to be difficult to find larvae
in the foliage. However, a quart of foliage which was col-
lected yielded more parasites than half a bushel of infested
tomatoes. It is possible that the larvae which were in the
tomatoes were better protected from the parasites than those
in the leaves.

Pupae and cocoons were buried at various depths in moist
and dry sifted sand. The greatest depth from which moths
emerged was one-half an inch. One adult out of five succeeded
in reaching the surface through this depth of moist sand and
two of ten in dry sand. By the time they had reached the
surface, however, they appeared light in color due to the loss
of scales from their wings and were scarcely able to fly.

SUMMARY

1. The tomato pin worm completed a life cycle in as short
a time as 21 days in Florida during the month of June.

2. The egg laying period of the female continues until near
enough to the emergence of the next generation so that a con-
tinuous infestation may be expected.

3. Under favorable conditions parasites become very num-
erous and their effect as a check on the number of tomato pin
worms is important.
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4, The shipment of plants, tomatoes and shipping containers
are the most potent means of spreading the insect from one
trucking district to another.

5. The feeding of the larvae is confined to tomato, potato,
eggplant and a few other plants included in the Solanaceae
family. They are unable to complete the life cycle when placed
on wild Florida tomato, nightshade or pepper plants.

6. Infestation does not reduce the keeping qualities suffi-
ciently to keep the unsound tomatoes from the retail market.

7. All material remaining in the field after the crop is har-
vested should be carefully plowed under in order to reduce the
danger of the patch becoming a resevoir for infestation of a
near-by or a succeeding crop.
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