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STAYUS ANU REZLATIVE IWPORTANCE OF
INSECLS INTROOUCEL TO COMBAT LANTANA
Abstract

Stem sections of the growing tip of the weed, Lantana

camara var, aculeata (L.) woldenke were taken in four sites
in the waianae wts., Gahu, Hawaiil, ten samples ver site over
a period of 65 weeks during 1963 and 1964, uamage by any of
tihhe purposely introduced insects for control of this weed was
recorded along witih species of insects present, Laboratory
studies and observations on the three most abundant insects,

Leleonemia scrupulosa s5t8l, .jypena strigata fabr., and

Cremastobombycia lantanella Susck were studied in detail.

,

here were significant positive correlations between
the popdulations of insects and their respective damage and
between the insects and the abundance of foliage., lhere
were negative correlations between the leaf miner population
and that of tihe tingid in site 2, and negative correlations
between the leafl miner damage and the tingid population in
sites 42 and 4. fhis implies an interaction between these
two specles of insects,

A relationsihip between tihe insect populations and tihe
food material was indicated. 1. scrupulosa and dd, strigata
wonulations followed the change in total foliage more closely
than did the population of ¢, lantanella. wuwowever, there was

an indication that the popsulation of C. lantanella was related

to leaves of a particular gquality, tihe younger leaves, rather

than the total foliage present.



Ablotic influences caused greater population fluctua~
tions, however, in site j/1, the abiotic influences were iessen-
ed by the surrounding forest, but lantana exhivited consider-
able defoliation here. This may bde accounted for by tie high
tinzid population in this site throughouv the sampling period.
in this site abiotic stress thwugh possibly less than in the
other three sites, was more severe on the plant than on the
tingia,

ihe strongest biliotic infiuence on the insect popula-
tions appeared to be food supply. SHour specles of eulophid
parasites were found attacking C, lantanella larvae., idowever,
the host population continued to increase in spite of their
presence in the area, {he other ¢two lantana feeding species
in guestion nere scemed to have no parasites or predators of

conseguence.,

The most effective of the three insects was probably
Leleonenia, since it reached relatively nigh numbers in the
field, and since its population was related to the abundance
of foliaze., 1In certain environments, sucih as a forest site,
it can heavily defoliate lantana and possibly prevent flower-

ing. 4Gypena may have been of less importance in tnis study

due to its low numbers; Cremastobombycia may be ol least

importance since 1t probavly causes little material damage

to the plant, even though its population may be increasing.



INTRODUCTION

Lantana Introduction and Spread

Lantana camara var. aculeata (L.) soldenke is a shrub
of the family Verbenaceae, The stem is.quadrangular in
cross-section and bears thorns. 7The leaves are heart-shaped
to oval with toothed edges, the teeth being bluntly rounded.
Flowers (fig. 1) are in a pink, yellow, or lavender cluster
borne on a stalk. +This plant is found in almost all the
major tropical and subtropical areas of the world, including,
Hawaii, Australia, New Zealand, indonesia, lIndia, #iji,
dutcen rdast Indies, Madagascar and much of Africa, as well as
its area of origin, tropical America (iMexico, Costa Rica,
Cuba, Jamaica, Florida, California, and other areas)
(Clelaﬁd, 1952; Jresner, 1958; wnenoyer, 1927; dimmoﬁds, 1931;
Atkinson, 1920; La Bathie, 1923; Uoidge, 1926; Sanders, 1946;
ferkins and swezey, 1924; Krauss, 1953; Uhmann, 1934).

In about 1860 this plant was introduced into iawaii
as an ornamental by the distinguished botanist, fillebrand.
In tropical America, lantana was not a weed, but in Hawaii,
with a favorable climate, ideal conditions for dissemination,
and a lack of natural enemies, lantana could spread and
thrive (fig. 2). By the 13890's the plant had become a
serious weed in fHawaii, spreading over land formerly covered
with grass. R.C.L. Perkins (1924) states that the major

agents of spread of the plant were the recently introduced
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Chinese turtle dove, Turtur chinensis (3cop.) and the Indian

mynah, Acridotheres tristis (Linnaeus). These birds fed

upon the berries and dropped fhe seeds in their feces,
thereby efficiently disseminating the plant.

dconomic Importance as a weed

oy 1902 large tracts of formerly valuable grazing
land were thickly covered with lantana. Since ranching was
a very important industry in Hawaii, the invasion of this
weed was of great concern, Some ranchers cleared the land
at great expense only to have the weed return in a short
time as vigorous and thick as it was previously.

Besides the covering of rangeland, lantana foliage
presented a hazard as a livestock poison., HReports from India
(Lal et al., 1960), Australia (iBrooks, 1961), Africa (iettam,
1933), #Florida, U.3.A. (Sanders, 1946) and Fiji (Turbet,
l931j described the occurrence of this malady.

Lantana was suspected of causing a disease ''pink
nose' of cattle as early as 1920 (Atkinson, 1920).' Obser=-
vatiéns of a rapidly increasing disease of cattle in Fiji
caused by their feeding on lantana foliage were reported
(Turbet, 1931). Sanders (1946) summarized the symptoms
caused by L. camara in Florida; These included photo~
sensitization to ultra violet rays with icterus, exfoliate
dermatitis, and conjunctivitis, Lesions, local or wide-
spread, occurred, frequently affecting the nasolabial region,

The amount necessary for poisoning is 3/4 to ane pound of
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dried leaves for a 400 pound animal. Brooks (1961) reported
that in Queensland lantana poisoning is confihed usually to
nungry cattle introduced into lantana-infested areas. As
little as two to three pounds of leaf material eaten in 12
hours will cause death. Symptoms listed were sunburning of
light-pigmented areas of the skin, swelling of the eyes,
cessation of feeding and cud~chewing, refusal to move from
shade, and diarrhea, followed by severe constipation. Inter-
nally, the liver is Jjaundiced and the gall bladder is swollen.
The disease may be treated by feeding sugar and eggs to
relieve the liver damage and liquid paraffin as a laxative.
Lal. et al. (1960) determined that of 40 species in the

genus, only Lantana camara is poisonous to livestock. ‘The

pPrincipal leaf constituents are an essential oil and lantanin,

present to the extent of 0.31 to 0.68 per cent in the leaves.,
Lantana foliage is also poisonous to sineep (Louw,

1943) with the leaf extract, lantanin, a term later changed

to léntadene A+ 5 (Louw, 1948), fed at 2 gm per animal.

Although this dosage of lantanin was composed of lantadene

A and lantadene 3, only lantadene A was found to oroduce

toxic symptoms. Léuw (1943, 1948, 1949a, 1949b) has done

considerable work to discover the chemical nature of this

coimpound,

Historical Account of Control ileasures

Few insects present in the Hawaiian islands in 1902
were known to attack lantana., Among these were soie poly-

phagous leplidoptera, including a common frlusia, one or two
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tortricids, and one or two species of Scotorytira, and also

a scale insect, Orthezia insignis (uJouglas). The scale
insect was found to be somewhat effective in suppressing the
weed, althougi the lepidopterous insects had little permanent
or widespread effect. The scale insect was a polyphagous
species, but it had a "marked predilection'" for lantana.
Ranchers in Hawaii puréosely spread this séale insect into
various areas of the islands where lantana was a serious
weed. In some areas the scale actually killed some plants.,
sntomologists in dawalili at the time were opposed to the
spread of this scale insect from island to island and from
rangeland to rangeland, since the scale was known to feed
on some valuable plants in the tropics, such as Liberian
coffee, However, the success of this insect in weed control,
although very limited, encouraged dawailan entomologists to
talie the bilg risk of introducing lantana insects into
dawaii from other areas of the world.

In 1902, iKoebele, entomologist with the :rHawaiian
Sugar rlanters' Association, was sent to sexico to obtain
insects which were found feeding on lantana, He sent these
insects back to Periins, who had just been appointed by the
Commnissioner of Agriculture to the post of entomologist in
charge of inspecting imported plants.

Transporting the insects from ilexico to Hawaii using
the slow methods of transport prevalent at the turn of the

century was an added problem, 3pecial storage containers



with fungus-inhibiting chemical, carbolic acid, had to be
devised., Considerable trial and error took place, with
political pressures of the time and slow communication
between the two entomologists adding further frustration,
Bventually, of 23 species of insects sent to the islands,
eight were established (Table 1).

In 1953, the Board of Agriculture of the Territory of
Hdawaii renewed its program of lantana insect introduction,
this time with tihe aid of modern, fast transportation with
improved handling facilities, and with more rigorous feeding
tests for the insects before their release, uavis and
Kkrauss were chiefly involved in the later work (Arauss,
1953). The Queensland Department of Agriculture and 3tock
was involved in a co~operative study in this later program,
since lantana had become a problem in Australia also (Wilson,
1960)., Australia sent a representative to Hawail to test
the insects on the economically important plants of Australia
before any of these insects were introduced there, and
another representative was sent to Hawaii more recently to
make additional investigations during the years 1965 and
1966,

oesides control by introduced insects, cultural and
chemical control measures have been attempted., usechanical
removal of the weed by grubbing it out manually (Knott,
1953), or by clearing large tracts by bulldozer has been

used in some areas. Continual inspection and removal of



developing lantana is possible in small cleared areas, but
other methods of prevention of invasion have to be used for
large tracts. 1In Queensland the areas are replanted in
Kikuyu grass or guinea grass (Goodchild, 1951); these grasses
compete well with lantana, and the latter graés, when 1t
dries, provides a good fuel for burning over the area to
destroy the weed. On banana plantations in wueensland
lantana is considered useful because it quickly covers
fallow banana fields and is easily removed when planting is
to be done again. Spraying with sodium chlorate solution,
2=4=5=T, or 2=4~D (Griffith, 1941; Knott, 1955; Oosthuizen,
1964) will tempofarily eliminate the weed, but the expense
is too great for large scale application,

Lantana Feeding Species Introduced

Of the species of insects released, there are now
possibly fifteen species established in Hawaii (Table 1).
These insects include a berry-feeder, 4 flower feeders,>2
leaf miners, 4 leaf skeletonizers, a stem gall producer, 2
stem and root borers, and a sép sucker (Perkins and Swezey,
1924; Krauss, 1953; Fullaway, 1l952; Davis and Krauss, 1962a;
Davis and Krauss, 1962b; iKrauss, 1962).

It was hoped that a concerted éttack by these insects
would cause lantana to die out and would halt its spread,
Noteable decreases occurred in the abundance of lantana
throughout the areas where the first eight insects were

established, but still more widespread success could be



hoped for.

Scope of Present Study

Some studies conducted over a short period of time
and involving only one particular species of lantana insect
have been reported, iowever, the true effectiveness of
these insects remained to be determined., This study is an
attempt to indicate the relative abundance and effectiveness
of the species at four different sampling sites.

Empirical data regarding population density, competi=-
tion, available natural resources, climate, parasites, pre-
dators, and insect dispersal will be analyzed in order to
determine the effective status of the insects of lantana.
JSeveral theories have been advanced regarding these factors
as to how they influence animal populations. The manner in
which populations of lantana insects conform to these
population theories will be discussed.
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HMATERIALS AND METHODS

Field sStudies

Four sampling sites (fig. 3) were selected in the
Walanae sountains, Oahu, for study'of the populations of
various lantana insects., The sites were at different alti-
tudes, and the ground distance between them varied consider-

ably. The sampling sites were at.the following altitudes:

Site No. Altitude Above Sea Level
1 1,900
2 1,630
3 1,365
4 1,100

Site #2 and #3, which were on a steep slope, were
exposed to sﬁnlight. 3ite ;4 was in a level area; some
plants here were in the open, and a few plants were shaded
by trees. Site #1 was in a forest area, with lantana plants
growing on the side of the road at a bend in the road and
on the side of a road cut. The plants in site j#1 were
openly exposed to sunlight several hours a day, but they
were shaded by the tall trees behind them and on tie other
side of the road during the early and late hours of the day.

The weekly maximum and minimum temperatures in three
of the four sites were recorded over a period of 52 weeks,

April, 1963 through rarch, 1964, in site 72, and over a



period of 51 weeks, iMay, 1963 through June, 1964, in sites
#1 and #4. Weekly rainfall records were taken in sites 3l
and #2, December, 1963 througzh June, 1964, and sites #3 and
i, becember, 1963 through March, 1964; this information on
ﬁne relative rainfall in the four sites was supplemented by
monthly rainfall records from the U,S3. Weather Bureau
sStation in the Wéianae Mountains. A hygrothermograph in
area 72 recorded daily temperature and humidity fluctuations
April; 1963 through sMarch, 1964, pHaximum-minimum thermo=-
meter 5 and the hygrothermograph were housed in suitable
shelters at the sampling sites. Maximum wind velocity was
checked once a week from October, 1963 to June, 1964 in each
of the four sampling sites by averaging three maximum wind
velocity readings. £EHach reading consisted of the maximum
wind velocity during a 10 second interval, and the readings
were taken at least 10 seconds apart.

Several preliminary sampling technigues were employed
over a period of several weeks in order to determine which
sampling technigue would be useful and practicable for
studying populations of the lantana insects which were
present and their effect on the plants. In each of the four
sites, ten samples were taken weekly for a period of 54
weeks, after which five samples were taken bi-weekly through
the 65th week of sampling. FEach sample consisted of approxi-
mately the upper six inches of a growing stem of lantana.

The stem sections were cut with shears, so that each fell
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into a separate transparent plastic bag, in which it was
stored until the time of examination, The sample plants
were selected randomly by a plotless method. In this method,
a plant in the site was chosen, and the first stem section
was taken from the first plant three paces or more from this
one. The direction of movement from the first plant was
changed each week, The next sample was taken from a plant
three paces or more in a different direction from this first
sample plant. This sampling procedure was followed until a
total of ten samples were collected at the site., Different
plants were used for sampling eaci successive week. Iin
addition to the random selection of plants in this manner,
the location of each stem section on an individual plant
was chosen so that each of the ten samples was cut from a
different relative location on each plant,

Bach stem section was examined separately in the
laboratory as soon as possible after collection. The leaves
were removed from the stem section and classed according to
their lengths into one of seven classes. Leaves less than
one centimeter in length were excluded from the classifica=-
tion, but damage was noted., The leaf length classes were
i-1.9 ¢m, 2-2.9 cm, 3-3.9 cm, 4-4.9 cm, 5-5.9 cm, 6-6.9 cm,
and 7 cm or more, respectively. rfach leaf and the stem
were carefully examined under a dissecting microscope, and
the species of insects present, the number present, their

stage of devélopment, and the damage caused to the plant by

them were recorded.,
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The damage was assessed by various methods, depending
on the insect involved, The damage by lepidopterous
defoliators was recorded as average per cent of leaf material
missing per leaf class per stem section, For each leaf
removed from the stem section, the per cent of the leaf
missing, i.e. that part required to form a whole leaf of the
size indicated by the part which was present, was recorded.,
An average per cent missing in each leaf class for each stem
section was then calculated by adding these percentages
missing from the leaves of the class and dividing this sum
by the number of leaves in the class. DUamage by the stem
gall fly was recorded as number and size of stem galls of
any age present on each stem section; size was noted only as
small, medium, or large. Damage by sap=-sucking insects was
indicated by a numerical scale, zero through five, indicating
the relative severity of leaf injury, including drying,
wilting, or burning of the leaves of each stem section.
damage by the leaf miners was recorded as number and size of
leaf mines per leaf; the size was noted only as small, large,
or medium. 7The class of leaf on which the mine or mines was
found was also recorded. UDamage by stem borers was recorded
for eachh stem section. Thé presence of flowers or berries
on a stem section was recorded along with any damage to them
by insects.

Twenty=-two of the recorded variables, including

insect populations, insect damage, number of leaves in eacn
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size class, and total leaves, were examined statistically
for correlation,

Besides the insects introduced to feed on lantana,
other arthropods, either feeding on lantana, feeding on the
lantana insects, or transitory were recorded. These insects
were preserved for later identification by specialists in
some instances.

Laboratory studies

Laboratory studies included rearing and observation
of the thhree most prevalent species of lantana insects found

in the field, Teleonemia scrupulosa 3t81, Hypena strigata

Fabricius, and Cremastobombycia lantanella Susck. The three

insects were reared on bouquets, prepared by placing the cut
green stem of a section of lantana in a vial of water, the
stem being peld in place with a wad of cotton., T. scrupulosa
in various developmental stages, H. strigata in various
larval instars, and C, lantanella as pupae within leaf mines
wer2 collected in the field. One or two specimens of H.
strigata or I, scrupulosa were placed on each bouquet, and
fresh bouquets were supplied to the insects as damage to the
leaves of the former bouquet depleted the food supply.
Leaves with swollen mines containing pupae of C. lantanella
were placed in a metal cubical cage with a sliding glass
front. Any parasites emerging from the leaf mines within
the cage were immediately removed. When the adult insects

began to emerge, a fresh bouquet of lantana was placed in
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the cage each day in order to collect eggs deposited on a
known day. Observations were made day and night on be-
havior. The bouguets exposed to ovipositing adults were
placed in separate containers after removal from the cage
of adults. Jaily microscopic examinations of the leaves

of the bouquet were made.

RESULTST

description and Habits of the Insects

Hypena strigata F.

The Hypena strigata adult (fig. 4) has a dull,
mottled grayish-brown body and forewings; The labial palps
extend prominently forward. The hind wings are a dull
white color. At rest the forewings are folded rooflike
over the body, giving the insect in side view the appear-
ance of an elongate triangle. when the adult is at rest
on a stem of lantana, the wings are folded downward,
concealing the portion of the stem on which the insect is
resting and resulting in an effective camouflage.

A single egg is placed on a leaf of lantana. The
egg 1s oval and pearly opalescent with a number of sculp-

tured ridges running from the top of the egg to its point

of attachment.

1l &EBach point in all graphs, except in figure 20 and in the
monthly rainfall average of figure 18 represent a three-

week average of weekly data.
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The first instar larva 1s pale and almost colorless.
Later instar larvae (fig 5) are pale green with prominent
pPrimary setae. The larva in feeding allows the epidermis
of the leaf to remain (fig 5 and 6). As the larva feeds
it twitches the posterior fourth of its body, throwing its
fecal pellets. This insect is commonly called the lantana
looper, due to the characteristic semi-looping manner of
locomotion of the larva. \ihen disturbed by an object
brushing against the leaf on which the larva is feeding,
the larva immediately wriggles and drops from the leaf,
hanging by a silken strand from its head or falling
completely to the ground. This is true of all instars,
rfupation occurs in the soil.

Teleonemia scrupulosa 581

The adult lantana leaf bug (fig.7) is a dull grayish
brown color. withh a long, sharp oviposiﬁor, the female
(fig. 8) inserts the eggs into the peduncle and the veins
on the ﬁnderside of leaves, mostly the younger leaves,
those around 2-2.9 cm in length. The presence of a large
quantity of eggs may be detected by the deformation of the
leaves, which bear numerous wart-like protuberances on the
underside.

The first instar nymphs as they emerge from the eggs
cluster in a group under the leaves and on the stem. The
early instars (fig. 9) are pale brown with prominent lateral
spines along the thorax and abdomen, Numerous cast exuviae

(fig. 10) may be seen clinging clustered to leaves and stem.
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Complete defoliation may be caused by a heavy tingid
attack (fig. 1l1). Tingid damage in the field is easily
recognized by the stippled or burnt condition of_lpaves (fig.
12); numerous fecal spots can be seen on the underside of

the leaves,

Cremastobombycia lantanella Dusck

The shiny light reddisi-brown adult (fig. 13) has
relatively long antennae and long legs. [he color Becomes
dull and gray with age. fThe insect rests at an angle with
the abdomen held high and the wings folded rooflike over
the body.

The egg 1is oval and owaque white in appearance. 1t
is placed on the underside of a leaf. The larva upon
eclosion immediately enters into the leaf, mining between
the outer leaf surfaces., 'The leaf mine at first is visible
only as a small ligiht spot on the underside of the leaf.

As the larva feeds and grows, tine mine enlarges, becoming a
light green blotcih. The larva (fig. 14) is opague white in
color, 'The head is dorso-ventrally flaﬁtened and partly
concealed by thé thorax. The thoracic legs are well~-
developed, and the prolegs are very short, hardly protruding
at all from the abdomen. ‘The thoracic area is large;-dnd
the abdomen tapers slightly toward the tip. Just before
pupation, the larva becomes yellow and more opague; the

mine is lined with silk and becomes swollen and light brown

at this time., rupation occurs in a longitudinally-ridged
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siliken coccoon (figz. 15) suspended by silken strands at
each end within the leaf mine., A number of leaf mines can
be found on a single leaf.

rarasites of (. lantanella. There were four species
of eulophid parasites found attacking the leaf miner larvae

inside the leaf mines., These were Hemiptarsenus semial-

biclavus Girault, rnigalio externa Timberlake, Sympeisis

vagans Timberlake, and Zagrammosoma flaviolineata Crawford.

All have been recorded as external parasites of leaf-mining
larvae. A banana~shaped parasite egg was found inside the
leaf mine beside a medium=-sized larva. ‘The parasite larva
(fig. 16) was observed to feed externally on the later
instar lérvae. The parasite pupated within the leaf mine
immediately after consuming the entire host. The pupa
(fig. 17) was shiny black.

Wieather Conditions in Sampling Sites

Figure 18 indicates the average monthly rainfall for
the entire sampling period in the wWaianae iountains (U.S.
Weather Burecau data) and average weekly rainfall as
measured in each of the four sampling sites between
December, 1963 and June, 1964. The monthly rainfall was
greatest, 19 inches, at the beginning of the sampling
period, with peaiks occurring in August and uJecember, 1963
and March, 1964. The weekly rainfall data taken in the
four sampling sites also indicated greater rainfall in
December, 1963 and late iarch, 1964 in all four sampling

sites. Sites il and #2 had the highest rainfall; sites
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#3 and #4 had considerably less rainfall, The period of
ieast réinfall occurred during the period of highest
temperatures,

Figure. 19 indicates the average maximum wind velocity
in each of the four sampling sites between November, 1963
and June, 1964. <The wind was consistently higher in site
#3. The highest average maximum wind velocity indicated is
15 mph, however gusts up to 25 mph were recorded. Sites 2
and\#ﬂ followed with lower maximum wind velocities. Site
L, in which surrounding trees blocked the wind, had the
iowest maximum wind velocity of all.

Fizure 20 indicates the maximum and minimum tempera-
tures in site 2 between April, 1963 and say, 1964 and in
site #1 and site 4 between pday, 1963 and June, 1964, As
Would‘be expected, site j1 had the lowest maximum tempera-
tures and site ;4 had thé highest maximum temperatures.
fhe warmest period occurred between August and November,
1963 and the coolest during darch and April, 1964,

Lantana Samples

Variation in the numbers of leaves per stem section
in three leaf size categories, 1-2.9 cm in length, 3-4.9 cm
in length,land 5 cm or more in lengtn during the sampling
period is indicated in figure 21. These three categories
represent combinations of results from examination of
smaller leaves in the leafl size categories mentioned earlier.

site 43 nad the most small leaves, site ;2 had the most
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intermediate leaves, and site ;4 had the most large leaves.
3ite L had the least small leaves, site 44 had the least
interﬁediate leaves, and site ;3 had the least large leaves.
The number of leaves decreased during the summer montis of
1963. This decrease occurred at all sites in the inter=-
mediate and large sized leaves, and at site #3 in the small
leaves. The imost numerous leaveé wvere the small leaves in
all sites throughout the sampling period.

The average per cent of leaf material missing is
presented in figure 22, JSite F1l indicates a far ygreater
percentage of leaf material missing from leaves of all
sizes until early uecember, 1963. The percentage of leaf
material missing decreased sharply at this time. 1In sites
F2, 3, and 44 there is a noticeable decrease in percentage
6f leaf material missing., This decrease began during the
suwamer months of 1963. The percentage of leaf material
missing increased noticeably again in sites 1, #3, and 74
beginning in February, 1964, .

I'he presence of flowers and berries in each site
between Jeptember, 1963 and June, 1964 is indicated in
table 2. In site 1 there were no flowers or berries.

‘ihe pealk of flowerrand berry production in the other three
sampling site; occurred in Octcier, 1963, and the period

of little or no flower and berry production in these sites
occurred during January and February, 1964 in site #2 and

during September, 1963 in sites ;#3 and 4.
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Insect fopulations and Correlations

o

H. strigata. Correlations of [, strigata populations
with abundance of leaf material and with the populations of

T. scrupulosa and of (., lantanella are presented in table 3.

tost of the correlations were at the 99y confidence level,
All correlations except one were positive. In sites /L, #3,
and ;4 the populations correlate with tane total number of
leaves per stem section. The population correlates in all
four sites with the number of leaves of this total which
have part missing and with the number of leaf classes pre-
sent on each stem section.> In the four sites there is
correlation between the i, strigata populations and the
number of leaves in almost all the leaf size categories
and with the per cent of leaf material missing from leaves
of almost all size categories. ‘[here is negative correla-
tion of the H. strigata population with tingid damage in
site #1 and with the leaf miner population in site 2. ¥o
other correlations between the population of H. strigata

and that of T, scrupulosa or that of C. lantanella

occurred.

The population of H. strigata in the four sites
during the sampling period is represented in figure 23,
‘The population was highest in sites j1 and #3 during the
population peak of late April, l963,ubut was highest in

sites 72 and ;% during the somewhat lower population in-

crease which occurred between November, 1963 and dMarch,
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1964, ‘The periods of low population in site ;1 occurred
between September and late November, 1963 and from late
March, 1964 through the end of the sampling period. Jite
> had a low population of Hypena between ay and October,
1963 and from April through June, 1964, Sites 2 and 74
maintained a higher population of gypggg_during-the lower
p0pu15tion period than the other two sites., The population
of dypena during the sampling period never reached the

density of tire populations of the tingid and the leaf

miner.
L. scrupulosa. Correlations between population of
L. scrupulosa in the four sites, and tine abundance of plant

material and the populations of ., strigata and G,
lantanella are preipnted in table 4., sost correlations
were at the 99j% confidence level. As would be expected,
the tingid population correlates positively with the re-
corded damage by tinis insect in all four sites. It
correlates positively with the number of leaves per stem
section and with the number of leaves with part missing in
sites jl, #2, and /4 and with the number of leaf classes
present in all four sites. It correlates positively with
the small to intermediate leaves in sites L and #2 and
positively withh the intermediate to large leaves in sites
#3 and 4. the tingid population correlates negatively
Qith the number of large leaves in site #2. There is no

correlation between the tingid populations and those of
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4, strigata in the four sites. There is negative correlation
between the tingid population and that of C, lantanella in
site #2 and that of the damage by (., lantanella in sites 42
and fd, the sites where the leaf miner populations were
hignést.

Figures 24 and 25 indicate the populations of tingids
of different age groups, based on size and stage of develop=-

ment, in the four sampling sites.

In sites #2, #3, and ;% there is a low tingid popu-~
lation in August; 1963 and between December, 1963 and
February, 1964, 1In site #1 the population never remained
at a low level for any appreciable period of time, The number
of early instars always outnumbered the adults and the later
instars in all sites except site fFlL, where the adults pre=
dominated. Site 73 had a very noticeably higher number of
early instar nymphs as compared with the number of later
instar nymphs and adults., The tingid population was lowest
in site #3 and highest in site ;1. The sex ratio of field-
-collected adults was 1l:1.

C. lantanella. Correlations between the population

—ra— o m————

of C. lantanella and the abundance of leaf material and
between populations of the two other abundant lantana

insects are presented in table 5, iost correlations are at
the 995 confidence level., The number of leaf mines present

correlates positvively with the insect population, as would be

expected. ‘[here is a positive correlation between tine C,
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lantanella population and the number of leaves of intermediate
size in sites jl, and 2, the number of leaves of small size
in site +3, and the number of leaves of intermediate to large
size in Site =L, Positive correlation between the population
of this insect and the per cent of leaf material missing from
leaves 2-2,9 cm in length is found in site L, and there is
positive correlation between the H., strigata population and
that of this insect in site 2. 1In site j2 there is negative
correlation between the U. lantanella population and (1) the
tingid population, (2) tingid damage, and (3) per cent of
leaf material missing from leaves 1 to 4,9 cm in length.,
Positive correlation between the insect population and the
total number of leaves present per stem section occurred in
sites #3 and ;4. Correlation between the C. lantanella
populaéion and number of leaves with part missing and the
number of leaf classes present occurred only in site #4,

figure 26 represents the population of C. lantanella
during the period of sampling., The population began its
increase in late May, 1963 and reached its peak population
near the end of the sampling period between KFebruary and
June, 1964, 1In sites i3 and i#4 a decrease in the population
occurred in September, 1963. The population was lowest in
site 71 and highest in sites 72 and #4.

The number of leaf mines present is indicated by a
logarithmic scale in figure 27. Jamage was present prior

to the period of observed increase in population of the



insect, The amount of damage decreased sharply to a low
level in say and June, 1963 followed by an increase begin-
ning in June, 1963 as the insect population increased. The
decrease in the number of leaf mines in all four sites during
september corresponds witihh the decrease in population of the
leaf wminer at that time., This decrease in both leaf miner
population and damage is less noticeable in sites il and #2,
but both the leaf miner population and 1ts damage decreased
noticeably in sites ,f3 and #4. 1In sites 42 and ;4 the amount
of aamage after this decrease increased through tiie termina-
tion of sampling, but in sites #1 and ;3 the amount of damage
decreased somewhat beginning in April, 1964,

e combined population of all tihe eulopinid parasites,

based on the nuaber found within mines of C., lantanella, is

represented in figure 28. [he parasite population began its
increase in site 4 during late #ay, 1963. L[he parasite
ponulation pezan fo increase in site 2 in August, 1963,

in site #3 in January, 1964, and in site ;1 in February,
1964, iaple 6 represents the number of parasites, unattackea
hosts, and tihe per ceit parasitization in samoling sites ;2
and /& auring the latter part of the sampling period. The
per cent parasitization in sites ;2 and 4 was highest
January to 4pril, 1964. ihe per cent pafasitization was
highest in site 4, although the host population was highest
in_site #2. For the overall period the per cent parasitiza-

tion was almost twice as high in site ;/# as in site 2.
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Jince the parasites were only observed attacking the medium
or large-sized larvae, tihne small larvae were excluded frou
the numbers of unattaciked hosts. iupae were included, since
they had been potential hosts while larvae. Adults were
excluded naturally due to difficulty in sampling adults on

an equal basis with sampling of the immatures.



ltable l.,-istablished species of lantana insects,
the order and family of the insect,

Year of

RrRelease species

1902 Strymon echion Linnaeus

1902 otrymon bazochii
gundlachianus Bates

1902 Lfeleonemia scrupulosa
stal

1902 dHpinotia lantana pusck

1902 riatyptilia
pusillidactyla walker

1902 Cremastobombycia
lantanella Busck

1902 putreta xanthochaeta
Aldrich

1902 Ophniomyia lantanae
Froggatt

1953 o©Octotoma scabripennis¥*
guerin -

1955 Catabena esula udJruce

1955 Aerenicopsis championi*
HBates -

1956 gSyngamia haemorrhoidalis
Guenee

1957 Hypena strigata
fabricius

1960 rlagiohammus spinipennis
Lhomson

1961 JUroplata girardi ric

* These specles are not definitely known

order

Lepidoptera
Lepidoptera

Hemiptera

i.epidoptera
Lepidoptera

Lepidoptera
Jiptera
Diptera
Coleoptera
Lepidoptera
Coleoptera

Lepidoptera

Lepidoptera
Coleoptera

Coleoptera

Eamilx

iycaenidae
Lycaenidae

Tingidae

Tortricidae

Pterophoridae

Tineldae
Tephritidae

Agromyzidae

Chrysomelidae

Noctuidae

Cerambycidae

Pyralidae

Noctuidae

Cerambycidae

Chrysomelidae

the year of release in idawaii,
and the area in which each was obtained.

rrocurement Area

riexico
riexico

siexico

sexico
MeXxico

riexico
riexico
MeXico

Cuernavaca, »orelos,
Mexico '

Los Angeles,

California, UsA
Veracruz, Veracruz,
Mexico

Havana & osantiago de las
Vegas, Cuba; Coral
tables, KFlorida, UsA
Umtali,  So. Rhodesia;
vliani Zeach, kKenya, Africa
Jalapa, Veracruz,

Mexico

Vitoria, Espirito

santo, Brazil

to be established.

¢2



lTable 2,=rkeproductive condition of lantana at 4

sites in the wailanae siountains between sSeptember, 1963 and

June, 1964,

Site

Site 2

1963:

sept. none

uct. none

Nov. none

ideCo, none

Jan. none

Feb. none

Har. none

Apr. none

may none

June none

flowers and
perries

flowers and
berries

flowers and
berries

dried

berries

none

none

few dried

berries

none

flowers

flowers

none

flowers and
berries

dried
berries

few dried
berries

few dried
berries

few
berries

few dried
berries

few dried
berries

few dried
berries

few dried
berries

none

flowers and
berries

dried
berries

few dried
berries

dried
berries

few dried
berries

few dried
berries

few dried
berries

few flowers
and few
drieu berries

few dried
berries
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Table 3.-Correlation of population of H, strigata in
4 sampling sites with populations of T. scrupulosa and C.
lantanella and with abundance of plant material, uegrees
of freedom = 568.
Positive or
Negative Confidence

Variable Correlation Level
Site 1:
No. leaves per stem section + 9940
No., leaves with part missing
(fed upon) + 9990
Tingid damage - 995
No. leaf classes present + 999
No. leaves 1-4.9 cm in length + 995
No. leaves 5-5.9 cm in length + 9 550
Ho. leaves 6-6.9 cm in length + 9970
rer cent leaf material missing from
leaves 1-5.9 cm in length + 99
site 2
No. leaves with part missing
(fed upon) + 9950
l.eaf miner population + 9 54
No. leaf classes present + 990
No. leaves 3~5.9 cin in length + 994
No. leaves 6 cm or more in length + 9 5%
Per cent leaf material missing from
leaves 1~-1.9 cm in length + 95
rer cent leaf material missing from
leaves 2-2.9 cm in length + 9970
Per cent leaf material missing from
leaves 3-3.9 cm in length + 957
Per cent leaf material missing from
leaves 5-6.9 cm in length + 995
site 3:
No. leaves per stem section + 99ys
No., leaves with part missing
(fed upon) + 994
No. leaf classes present + 9950
Ho. leaves 2=~2.9 cm in length + 9 5%
No. leaves 3-6.9 cm in length + 99%
rer cent leaf material missing from
leaves 2-6.9 cm in length + 994
Site 4:
No., leaves per stem section + 995
No. leaves with part missing
(fed upon) + 9970
wo. leaf classes present + 990
No. leaves 2-4.9 cm in length + 9940
No. leaves 7 cm or more in length + 9 5v0
fer cent leaf material missing from
leaves of all sizes + 999



fable 4.-Correlation of population of i, scru

AL S

in 4 sampling sites with populations of wn. stri_ata wuic.

lantanella and with abundance of plant material.

of freedom = 563,

Variable

Site 1:
Tingid damage
No. leaves per stem section
No. leaves with part missing
(fed upon)
No. leaf classes present
No, leaves 1-3.9 cm in length

Site 2
Tingid damage
No. leaves per stem section
No., leaves with part missing
(fed upon)
Leaf miner population
No, leaf mines
No. leaf classes present
No. leaves 2=4,9 cm in length
No. leaves 5 cm or more in length

site 3:
Tingid damage
No., leaf classes present
No., leaves 3-3.9 cmn in length
No. leaves 5-5.9 cm in lengtn
No. leaves 6-6.9 cm in length

site 4:
Tingid damage
No., leaves per stem section
No. leaves with part missing
(fed upon)
No, leaf mines
No. leaf classes present
No. leaves 3-6.9 cm in length

Ffositive our
sepative
Correlation

L i z
Ll

L

N SIS

[ER B

e

+ 4+ + + 1+ +
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lfable 4,-Correlation of population of L. scrupulosa
in 4 sampling sites with populations of u. strigata and C.
lantanella and with abundance of plant material,

of freedom = 563,

Variable

site 1:
fingid damage
No. leaves per stem section
No. leaves with part missing
(fed upon)
No. leaf classes present
No. leaves 1-3,9 cm in length

site 2:
fingid damage
No. leaves per stem section
No. leaves with part missing
(fed upon)
Leaf miner population
No. leaf mines
No. leaf classes present
No. leaves 2-4.9 cm in length
Noe. leaves 5 cm or imore in length

site 3:
Tingid damage
No. leaf classes present
No. leaves 3-3.9 cin in length
No. leaves 5~5.9 cm in lengtn

No. leaves 6-6.9 cm in length

site 4
fingid damage
No. leaves per stem section
No. leaves witih part missing
(fed upon)
No. leaf mines
No. leaf classes present
No. leaves 3-6.9 cm in length

Jegrees
Sositive or
Negative Confidence
Correlation Level
+ 997u
+ 590
+ 997.;
+ 99;0
+ 99";0
+ 99‘,0
-+ 995
+ 9970
- 595
- 990
+ 99'}0
+ 9970
- 955
+ 99“’0
+ 99"/0
-+ 99}0
+ 99
+ 9 5w
+ 9940
+ 99‘/0
+ 995
- 957
+ 9970
+ 99‘,‘0
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fable 5.~Correlation of population of C. lantanella
in 4 sampling sites with populations of e Surlgata ta and s
scrupulosa and with abundance of plant material. degrees of
freedom = 563,

rositive or
Negative Confidence

Variable Correlation Level
Site 1
No. leaf mines + 99
NOo., leaves 3=3.9 cm in length + 99w
rer cent leaf material missing from
leaves 2=2,9 cm in length + 95
site 2
No. leaf mines + 9975
iLooper population + 955
Tingid population - 99y
fingid damage - 95
No. leaves 3-3.9 cm in ;enwth + 9950
rer cent leaf material missing from
leaves 1-1,9 cm in length - 9550
rer cent leaf material missing from
leaves 2-2,9 cm in length - 99,
rer cent leaf material missing from
leaves 3=3.9 cm in lengtin - 45y
irer cent leaf material missing from
leaves 4=~4.,9 cm in length - 99;¢
wsite 3
80, leaf mines + 995
No., leaves per stem section + 990
1o, leaves 1-1.9 cm in lengtia + 590
n0. leaves 2=2,9 cn in lengti + 95
site 4
No. leaf mines + 99y
Lo, leaves per stem section + 99-.
No, leaves witih part missing
(fed upon) + 990
40, leaf classes present + 99
Ho. leaves 3-3.9 cm in length + 99
Wo, leaves 4- .9 cm in lengti + 9354
do. leaves 6-06.5 cm in length + 990



lable O.-ivumber of parasites and unattacked hosts* and the per cent parasitiza-

tion in sites #2 and 4 from wovember, 1963 to June, 1964,

sSite ““~w&963wm. 1964

NO . dov. Mec, Jan., reb, uar, Apr, uday June lotal
pampling 3 . ' . i
weekk no. 36 39 L2 45 48 51 sS4 57 60 63 66

2 i‘arasites g L 3 3 5 4 2 4 1 1 0 D32

|

Jnattaciked ‘ :
hosts 33 21 13 lo 14 1l5 3 1L 2 19 5 1s7
ier cent i _
parasitization 13 10 10 1L 26 21 49 22 53 5 - 17

Q rarasites 4 3 1 ] 3 12 1z 2 3 1 4 50
Unattaciked
1nosts 12 12 9 10 13 10 24 9 4 7 5 110
rer cent
pvarasitization 25 20 i0 Ll 30 4o 53 18 L2 1z 44 33

¥ Unly medium ana large larvae and pupae are included.,

ot



figure l.~-Flower of Lantana camara var.
aculeata (L.) soldenke with visiting honey bee.
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¥Figure 2.,-Thick lantana growti,
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Figure S.-Area of {Janu indicating location of
sampling sites. [fhis area is sihown stipnleda
on the inset mmap oif vanu,
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figure 4.~gdypena strisata fabricius adult,
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fizgure 5.~Last instar larva of idypena strigzata

Fabriclius feeding on leaf of lantana,

Strigata Jsabricius.









. , PO . _ .0
figure 7.-Adulv of releonemia scrupulosa stal
in dorsal view.

figure S.-Adult female of Teleonemia scrupulosa

stal, snowing ovipositor and bea.,
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figure 9.-3mall nymphs of Teleonemia scrupulosa
3t81 feeding on leaf.

Figure 1l0.~dxuvia of last instar nymph of
Teleonemia scrupulosa Stgl, fastened to leaf
of lantana,







Figure 1l,-Leafless branches of lantana in
site 1.

Figure 1l2.~3urning and crinkling of lantana leaves
due to attack by Teleonemia scrupulosa st8l.
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Figure 13.~=Adult and pupal case of Cremastobombycia
lantanella iBusck.
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Figure 1l4.-Larva of Cremastobombycia
lantanella Busck feeding inside opened mine

on lantana leaf.

Figure 15.~311lken coccoon of Cremastobombycia
lantanella BSusck suspended inside silk~lined
leaf mine.
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Figure 16,~-Parasitic eulophid larva inside leaf
mine of Cremastobombycia lantanella Busck after
having eaten its host.

Figure 17.-rfupa of parasitic eulophid inside
leaf mine of Cremastobombycia lantanella susck,
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Figure 18, -sonthly rainfall in wWaianae Mountains
April, 1963 through June, 1964, and average
weekly rainfall in each of 4 sampling sites
between december, 1963 and June, 19064.
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Figure 1l9.,=-Average maximum wind velocity in B
each of the 4 sampling sites between November,
1963 and June, 1964,
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Figure 20,~Weekly maximum and minimum temperatures
at 3 sampling areas April, 1963 through pay, 1964,
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Figure 21,=~Average number of leaves 1~2.9 cn,
3-4.9 cm, and 5 cm or more in length per stem
section of L, camara var. aculeata (L.) wmoldenke

in 4 sampling sites April, 1963 through June,
1964,
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Figure 22,.,-Average per cent of leaf material
missing from lantana leaves 1-2.9 cm, 3-4.9 cm,
and 5 ci or more in length April, 1963 through
June, 1964,
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Figure 23.~ropulations of Hypena strigata
Fabricius on lantana, April, 1963 through June,
1964, represented by average number of larvae
per stem section in each of 4 sampling sites.
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Figure 24,-ropulations of Teleonemia scrupulosa
3t21 on lantana, April, 1963 through June, 19064,
represented by average number per stem section
in weekly samples from sites 41 and 2.
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Figure 25.=-Populations of Teleonemia scrupulosa
3t81 on lantana, April, 1963 through June, 1964,
represented by average number per stem section
in weeikkly samples from sites #3 and #4.
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Figure 26,=-ropulations of (remastobombycia
lantanella Busck on lantana, April, 1963
through June, 1964, represented by average
number per stem section in each of 4 sampling

sites.
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Figure 27.-damage as number of leaf mines per
stem section in weekly samples of leaves of
lantana in 4 sampling sites due to the leaf
@iner, Cremastobombycia lantanella BSusck,
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Figure 23.-Populations of eulophid parasites of
lantana leaf miner, Cremastobombycia lantanella
Busck based on average nunber per stem section
in each of 4 sampling sites, April, 1963
through June, 1964,




ost

0.5
c
2
g L
w04 Sitel & mimimi—i———-
£ ,
o Site 2 @ —— - .
w
- Site 3 e
o
0.3 Site 4 1
724
@ \
= \
o \
5 \
Q0.2 !
o \
z \
\
|
0.1 ‘
.\.
\
0 e

Apr.  May July Aug.  Sept. Nov. Dec. Jan. Mar.  Apr

49



DISCUSSION

Insect ropulations and Abiotic Influences

Generally, abiotic influences were severe on the
populations of H. strigata and I, scrupulosa. Abiotic
stress on . lantanella, however, seemed re;ftively low;
the population increased througih hot, dry weather and
througih cooler, wetter weather in all sampling sites. The
C. lantanella population was considerably higher in April 1,
1964 than during this month of 1963. Abiotic stress on T.
scrupulosa and on H., strigata may have been partly indirect
by limiting the quantity and quality of the food supply.

A comparison of T, scrupulosa populations in the four
sampling sites in figures 24 and 25 would indicate that
abiotic stress is acting directly on the insect populations.
In the three open field sites, the populations reached very
low population levels and fluctuated greatly, especially in
the sporadic, high production of early instar nymphs. The
mortality rate must have been very high in the open sites,
as evidenced by the production of numerous progeny, but the
survival of relatively few later instar nymphs and adults.,
This difference in populations and age distribution was
likely due to the effect of the surrounding forest area in
site L, acting as a baffle to limit the action of wind and

sun on the Teleonemia population. Adult survival seemed

higher in site #l.
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Insect rYopulations and Biotic Influences

In this study relatively few species of parasites and
predators of insects attacking lantana were found. Besides
general predators in the field, such as spiders and praying

mantises, the egg sucking bug, Tytthus mundulus (sSredd.),

which was purposely introduced for control of the sugarcane
leafhopper, was present in areas where tingid populations
were high., ‘fhese predators feed on eggs of a few other
species, suchh as the corn planthopper, and it is likely that
tingid eggs, which are inserted into plant tissue in a
similar manner, could be fed upon by them also. However,
the populations of these predaceous bugs in the lantana
field were too sparse to be of much consequence as an
effective agent of reduction of populations of T. scrupulosa.
In rearing field-collected H, strigata larvae, it was
anticipated that parasites would emerge from some of them,
However, none were obtained. Associated with high iHypena

populations in the field, pupal cases of the braconid,

Apanteles trifasciatus »uesebeck, were found. Since it

attacks lepidopterous larvae, it is likely that some Hypena
may have been attacked by it. There were less than a dozen
of these parasite pupal cases observed in the field through-
out a two year period, however, so they were probably of
little influence on the populations of H, strigata.

The four eulophid parasites of C. lantanella were

numerous in mines of the leaf miners, but still the leaf
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miner population continued its general trend of increase from
June, 1963 through June, 1964. Generally, the per cent of
parasitization and the actual number of parasites were higher
in site #4, possibly because of physical conditions., The
wind, which was of higher velocity in site #2, would be a
definite disadvantage to an insect as small as a eulophid.
The size of the host population alone tgus did not determine
the size of the parasite population; the parasites were the
most numerous in site f%4, where the host population was less
than that in site 2.

Swezey (Eerkins and Swezey, 1924) states that as many
as 12 to 20 leaf mines per leaf could bé found, with an
average of 5.65 per leaf in leaves collected in the field.
In the study here presented, this level was never reached.
The difference could be due to his collection of the leaf
mines in different areas of Qahu, but examinations of
lantana plants on (Qahu in areas other tihan the iijaianae
rlountains during this study period never revealed as high
a population of leaf miners as that recorded by oswezey.
Seardsley has seen recent populations of . lantanella on
the island of jloloikai as hign as that reported by Swezey.

It is highly possible that a higi population of [,
scrupulosa on leaves attacked also by C. lantanella could be

deleterious to the latter insect. Since feeding by T.

scrupulosa causes leaves to fall from the plant, an early

instar leafl miner feeding inside a fallen leaf would die
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when the leaf dried, Also, leaves remaining on a plant wihicn
had a high tingid population would be dried and bribtle, thus
not only killing tihe larvae feeding inside, if any, but also
pPreventing any additional leaf miner feeding inside these
leaves and thereby limiting C, lantanella population increase.
This conclusion is supported by the negative correlations
between populations of I, scrupulosa and C. lantanella in
site 72 and negative correlation between I, scrupulosa

populations and {, lantanella damage in sites #2 and 74

and petween {. lantanella population and L, scrupulosa damage
in site 2. The lower populations of C. lantanella in sites
#1 and #3 may account for the lacik of sucih correlation in
these sites. ‘The negative correlations between the C.

lantanella population and the per cent of leaf material

missing (table 5) indicate that [i, strigata may also reduce

the quality of food for tihe leaf miner. Again, the higher
numbers of C. lantanella in site #2 may account for corre-

lation here, although there was none in the other sites.

Lantana and Abiotic Influences

aenerally, high temperature and low rainfall had an
adverse effect on lantana. The highest temperatures were
encountered between the 18th and 3353rd weeks of sampling
July 3, 1963 tiharough November 6, 1963. Rainfall was rela-
tively low during tils period also. osDetween these sampling
dates noticeable decreases occurred in the total number of

leaves per stem section present in all four sampling sites.
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This sampling period in which the number of leaves was
relatively low was followed in Jecember, 1963 by a period
of increased leaf production, which lasted through the end
of the period of sampling. The dip in the.number of leaves
Present is evident in figure 21, This effect is less
noticeable in the smallest leaves, possibly because adverse
temperature and moisture conditions tend to prevent growth
of these smaller leaves into larger leaves, thus maintaining
a relatively steady number of small leaves on the plant.
The low number of larger leaves in site #3 is probably due
to the relatively high wind velocity in éhe area, which
caused the leaves to become wind-hardened, i.e. brittle and
less flexible. The total number of leaves per stem section
of all sizes larger than 1 to 1.9 cm in length began to
increase in all areas between the 36th and 42nd weeks of
sampling, November 13, 1963 to udecember 25, 1963. ‘his is
attributable to lower temperatures and increased rainfall.,

Lantana and Biotic Influences

Food quantity and quality as regulators of population
are important biotic factors acting on insect populations.
The insects may in turn act on the plant to regulate its
abundance. This mutual dependence of plant and insect is
the basic principle of the biological control of weeds as
stated by Huffaker (1964). Based on this premise, the
population of an insect thch is effective as a control

agent of the weed should fluctuate in accordance with the



58
fluctuation in weed abundance, or over a relatively short
period, in accordance withh the fluctuation in abundance of
leaves, flowers, seeds, or other growing parts of the plant.
These mutual fluctuations in population should occur no
matter wnether one is the cause or the effect of a fluctua-
tion in the other, and no matter whether the fluctuation was
caused by oiotic or by abiotic factors.

‘The population of Hypena in the field more closely
follows the fluctuation in the number of leaves of its food
plant, than does the population of the other two abundant
insects in this study. This is supported by the correlation
data in table 3, which indicates a concurrent fluctuation in

amount of leaf material and number of Hypena throughout the

sampling period in all four sites; The lantana looper popu-
lation changed as did the abundance of leaves, as indicated
in figures 21 and 23, except during the period from April,
1963 to the termination of sampling. The lower number of
samples and the low numbers of loopers overall may account
for this.,

The average per cent of leaf material missing also
decreased and increased concurrently with the populations
of Hypena as is indicated by the correlation of per cent of
leaf material missing in most of the leaf size categories
with the population of Hypena. The looper population shown
in figure 23 again does not strictly follow tihe change in

ner cent of leaf material missing.
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Uvarov (1l931) states that a plant with foliage reduced
by abiotic influencés and atvtacked at that time by leaf-
feeding insects will have damage disproportionately greater
than the damage caused by the insect to a plant with lush
foliage. In site #l, where leaves were relatively low in
number, the amount of leaf material missing was considerably
higher (fig. 22) during the first half of the entire sampling
period than in the other three sites. “Lhis occurred even
though the udypena population here was similar to that of the
other three sampling sites. Uvarov's theory may explain
this greater damage. A possible explanation for the persis-
tence of high leaf damage in site 71 after tne iypena nopu-
lation had subsided could be that damaged leaves would
remain on the plant longer in the area protected by the
surrounding forest. These leaves in tufﬂ would limit new
leaf growth. HMNuch of the recorded Hypena damage was notice-
ably old; the damage then must have remained even though the
dypena population had since decreased,

The tingid ponulation fluctuated witih the amount of
leaf material in all four sites. [This is indicated by the
corrclations between total number of leaves and the tingid
population (table &) in all sites excent site 3. The wind-
hardenea condition 6f tihhe leaves in site ;3 and the low
tinzid population there may account for the lack of correla-
tion. ‘The continual presence of I, scrupulosa in site il
may account in part for the lack of flower production there.

A low degree of sunlight was provably also a factor.,



fhe change in insect nuubers with the change in
quantity of food material supports the contentions of
Nicholson (1933, 1954), Uvarov (1931} and Brues (l946) that
food quantity can regulate insect populations. iHowever, the
factor of food quantity was not operating alone in this study,
and would probably seldomn be found operating alone in natural
outdoor situations. In most situations abiotic influences

would also be present.,

the population of C. lantanella larvae feeding in the

leaves increased, beginning in June, Just when the total
number of leaves and the povulations of the other two
insects were beginning to decrease, up to a pealk population
in April, 1964, The population in site ;72 seemed to be on
the increase even through the terminatioh of sampling.

the C, lantanella population in all sites did not
seem to fluctuate seasonally, and any long term change in
temperature, rainfall, or wind velocity seemed to affect the
leaf miner population little. The belief that food material
15 seldom limiting to populations, as expressed by suir
(1914), Thompson (1929), smith (1935), and ILmms (1937) at
first—seems to be suppdrted in this instance, however; even
though the leaf miner population is not related to total
number of leaves, the necessary presence of a number of
leaves of particular guality indicates a dependency of
population on food material., The smaller and intermediate=

sized young leaves, which were affected less as the tingid
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and dypena populations decreased, did correlate with the
population of C, lantanella; therefore, there must be a
relationship between the insect and these leaves. ‘lhe
correlation extending to the larger leaves in site ;4 may be
accounted for by the high population in that area overflow-
ing onto these leaves, which were more numerous in site 4
than in the other three sites. Although the population in
site #2 was also high, there is an indication that the leaf
qualify may have been reduced here, as indicated by the
negative correlations between the €., lantanella population
and damage by tingids and the looper. Also, there were
fewer large leaves here.

Difficulty arises in attempting to evaluate a biotic
stress on lantana in the presence of an ablotic stress on
lantana. The abiotic stress may induce the biotic change
which may in turn bring about a change in insect population
or food material. The greatest fluctuation in leaf material
and insects present in this study is abiotically induced.

In site 1, where there was some protection from physical
stress, the population of tingids fluctuated relatively
little, and there was less oscillation in the amount of leaf
material present. 7This would indicate the attainment of a
balance between insect and plant in this instance, This
term balance as expressed by Smith (1935) depends on the
innherent capacity of a specles to exist at an equilibrium

density in a given environment, Over a several year period
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there would possibly be an indication of balance between
tingids and plant material in sites 72, 3, and #4 also.

The density of lantana was lowest inisite #l. The plant
density can be lowered by changing its environment, and this
change may be brought about by the introduction of insects
which feed on the plant,

In this study the introduced tingid, looper, and leaf
miner were correlated withh the abundance of lantana foliage.
This correlation is less apparent in the leaf miner, since
the relationship does not extend to all leaf sizes in all
sites. Hypena would be considered of importance, since its
feeding was producing stress in all sites., Its low numbers
in this study, however, would not indicate that it is of
prime importance as a control agent., Teleonemia would be
considered of importance in solae areas because it was
present in relatively high numbers, and in some instances
where extreme abliotic influences on the insect were reduced,
such as in the forest area, it can possibly maintain a high
population and defoliate some of the plants. The seasonal
high temperatures and lower rainfall would still be affect-
ing the plant in this site also, but to a lesser extent than
in the open sites. figure J illustrates bare branches of
lantana at site #L at a time when the tingid is abundant and
abliotic stress oh the plant, due to the period of lower
rainfall and higher temperatures, is greatest,

Ihe population of Cremastobombycia also is related to
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thé abundance of lantana foliage when tihe necessary qguality
of plant material is present., «uality is considered im-
portant by Smith (1935), Nicholson (195354), and Huffaxer (19064).
The period wien there was a sufficient qﬁantity of food of
necessary quality might have allowed time for the insect
population to increase to a high level and favor its popu-
lation for an extended period of time., Andrewartha and
Bircih (1954) consider the availability of material resources
(fooa qualify and quantity, and a nlace in which to live),
dispersal and searching capacity of the speclies, and the.
time during which the rate of increase of the species is
positive, of prime importance in population regulation.

The value of the leaf miner is questionanle, since
tihhe presence of a mine on tihe leaf may produce little stress.
The leaf was not destroyed by the presence of the leaf miner,
and if it nad been destroyed this could have affected its
own survival. Uld leaf mines could dry out and cause dead
spots on the leaves, but whether this would inhibit tiae
plant materially is doubtful, On the contrary, there is
evidence of interaction between the population of this
insect and those of the tingid and the looper, IiIn this
instance, 1t seems that the interaction is unfavorable for
the leaf miner. .owever, tihls would indicate a need for
caution in the introduction of all species of beneficial
insects available, since they could possibly inflict only

sligint damage to the weed, but could inhibit another
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beneficial insect of greater potential importance,

isvaluation of Control of Lantbtana Sased on tihhis sStudy

Generally, lantana was omnipresent in the area wiicia
was sampled, however, the presence of the insects on the
wlant definitely inflicted stress. This stress scemed
effective, however, only wihen abiotic factors were producing
& stress on tiie plant and less stress on tie insect, such
as is evidenced by the defoliation, and lacik of flowering
in site 1, which was likely due to the abundant tingic
populatidn. Continuous attaci by lantana insects at stress
periods can defoliate the plant and »revent seed production,
taus limiting the spread of lantana and actually causing
aie-back in some cases. iowever, in the exposed sites
wiere anlotic stress was periodically heavy, lantana was
thickly abundant wiren the abiotic stress lessened and thus
was not under control in these sites, even thougih numerous
lantana insects were present. ‘fhe judicious introduction
of more species of lantana insects should be of value in
lowering tie density of the plant, since the stress applied
by them possibly lowers tihe plant density, though only
slizhtly. A concerted attack by a number of species of

these stress-producers could bring about control,
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SUMARY AN CONCLUSIONGS

In four sites, each at a different altitude in the
wWwalanae sountains, Oahu, Hawaii, stem sections of lantana,
each consisting of approximately six inches of the growing
tip, were collected, <Ten of these stem sections, eachh from
a separate plant, were collected weekly in cach site for a
period of 54 weeks, after which five stem sections were
collected bi=-weekly through the 65th week of sampling.

‘these stem sections were examined throughly in the laboratory
for introduced insects of lantana and their damage, Labora-
tory rearing and observation were conducted on the three most

~abundant species found in the field, dypena strigata ¥.,

Teleonemia scrupulosa St&l, and Cremastopombycia lantanella

Bdusck, in order to supplement the field data.

The positive correlations of populations of these
insects with their specific type of damage was expected and
occurred in all sites. The populations of H., strigata and
L. scrupulosa changed more noticeably as the total abundance
of leaf material changed than did the population of C. lan-
tanella. This may have been due to the apparent interaction
of T. scrupulosa and H. strigata populations with that of C.
lantanella and due to the abundance of food and shelter
material which was unaffected by the looper and the tingid.
rotentially higher populations of C, lantanella than that

found in this study are possible, according to separate

reports by two other entomologists. The parasitization of
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C. lantanella in this study as well as interaction between

C., lantanella and the insects attacking lantana may account
for this difference. The parasite population followed the
change in host population very closely. The higher wind in
site #2 may have had an adverse effect on the population of
the eulophid parasites, and could account for the difference
in per cent parasitization between sites ;2 and #4.

There was a definite difference in.the populations of
insects, their damage, aﬁd the abundance of lantana leaf
material and fruiting structures present. This was probably
due to the differing conditions in the sampling sites. Site
#1 was coolest and was surrounded by a forest area, site #4
ﬁas warmest, and was partially in the open and partially
shaded. 3ites 32 and 3 were openly exposed to sun and wind
and had the higﬁest wind velocities, tne highest of all being
in site #3. The highest rainfall was in sites #1 and 2,
and the lowest in site i,

Lantana was in worst condition in site #l, with many
pPlants often being defoliated completely. The tingid popu-
lation was relatively high here throughout the sampling
period. Although greater fluctuations in the tingid popula-
tions and in the abundance of plant material occurred in
the other sites, the lantana plants still produced lush
foliage and fruiting structures. The tingid is probably
the most important of the three insects present in the sites

sampled here during the sampling period. The population of



67
idypena was too low to be of very much consequence, although
muciy damage could be inflicted by a single larva. It
appeared that much of the leaf-feeding damage present,
especially in site #L, was old damage, as evidenced by the
per cent of damage present on lantana leaves when the Hypena
population was so low that almost no larvae were collected,
Although the population of J, lantanella was relatively high
near the termination of sampling, there was little evidence
of a suppression of plant material abundance by this insect,
therefore its value is questionable.

Although abiotic stress produced the greatest fluctua=-
tions in leaf material and insect populations, site L in
which abiotic stress was least evident, that is, the site
with highest rainfall, lowest temperatures, lowest wind
velocity, and least direct sunlight, was the site in which
lantana control seemed most effective., Abiotic stress was
no doubt affecting the plant during this seriod of defolia-
tion, since defoliation was most evident in site 41 during
the period of adverse conditions., Based on this,-it would
scem thav biological control of lantana is most effective
wiiere stress on the plant is present, but stress on the
insect population during this period is relatively low.
ifhe insect population seemed of more importance in effect-

ing control here than did the abiotic influences.



APPENDLX
The insects attacking lantana but not exceptionally
abundant during the sampling period are listed in table 7.

The seed fly, Ophiomyia (Asromyza) lantanae is not listed

here, but studies on it were condﬁcted. The two lantana
butterflies are included under the genus Strymon, since
only the larvae were collected; they were present only
during the period of flowering and fruiting. Others pre-

sent only during flowering and fruiting were rlatyptilia

pusillidactyla, fpinotia lantana, and Ophiomyia lantanae,

Of the insects feeding on the flowers and the flower and
berry receptacles Bpinotia was the most abundant, and pro-
bably the most effective., This insect was found to attack
the flowers, the flower receptacles, the berry receptacles,
and even the young green stem, Larvae of Efpinotia were
often found boring within the stem, hollowing it out, so

that only the outer shell remained, Flatyptilia and

Strymon generally fed only on the flowers and were there-
fore probably less effective than Epinotia since they were
present only during the periods of flowering.

Ophiomyia lantanae was present whenever newly

developed and ripe berries were present, =Ripe berries
were collected in the field and kept in the laboratory for
emergence of adult flies. The numbers emerging are
presented in table 3. The greatest destruction of berries
indicated was 25 per cent. The average per cent of the

berries collected which were destroyed, based on one berry
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or seed destroyed per emerging adult, was 38 per cent. One

species of parasite, Zaischnopsis sp., emerged from the

berries which were collected, With about 92 per cent of the
berries surviving the attack of (phiomyia, it is probable
that it has little controlling influence on the production
of new. plants through seeds.

The leaf skeletonizer, oyngamia, was present in lower
numbers than Hypena, but it is possible that some of the per
cent of leaf material missing was attributable to this
insect.‘ Jamaze by sSyngamia is rather characteristic, how-
ever, and relatively 1little of it was found in the field
samples. Syngamia feeds by forming an enclosed saelter of
the leaf and feeding inside it. Syngamia forms this shelter
by tying a leaf margin to the central area of the leaf. Two

species of parasites, Tratihala flavo-orbitalis Cameron and

Casinaria infesta Cresson, emerged from last instar Syngamia

larvae,

The population of the other leaf skeletonizer Catabena
esula was at such a low ebb that only two larvae were collect-
ed during the study presented here. At the time of this
writing, however, this insect is more numerous, and it has
been reported feeding on plants in the sampling area,

The stem gall fly, Hutreta xanthochaeta was more

numerous during tihe first part of the sampling period.
galls of this insect have readily attracted the attention

of visitors to lantana areas, and many of these people have
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given creditv to this insect for a severe attack on tihe plant,
However, many of the galls which they saw were old galls,
which probably affected the growing condition of lantana
little. In fact, even the galls which contained living
larvae seemed to produce no deleterious effect upon the

plant. One species of parasite, Opius tryoni Cameron, which

was originally introduced for biological control of fruit
flies, and wnichh also attacks the pamakani gall fly, emerged
from a large zall on a stem section of lantana. All of
tihese nosts of tihils warasite are in tie same family,
Tephritidae.

The otiher insects of lantana listed in table 7 are
not yet establisinied on vahu, but may be found attaciing
lantana on some of the otner mawalian Lslands. ‘e establish-

ment of two of them, Jctotoma scabripennis and Aerenicopsis

championi, is still questionable.

Table 9 inadlcates insects found associated with
lantana, other than the ones purposely introduced for control
of the weed. oolde of these feed on lantana, and others are
merely »Dresent in the area and are tewporarily resting on

the plant.



Table 7.-Number of lantana insects besides three

most abundant species in combined samples.

Syngamia
haemorrhoidalis

APT,=AUug.

dei)t . -Jan .

Zutreta
xanthochaeta

Strymon sp.

doinotia
lantana

fltyptilia
pusillidactyla

Catabena
esula

1963 1964
L5 22
39 7

9 22
Ls L2
27 27

1 0

Feb,~June

71

1964 Total
19 36
13 64

0 31
27 114
23 77

0 1
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Table 3.-Number of berries and emerging lantana seed
1y, Ophiomyia lantanae, adults from field collected samples
July - September, 1963.

No., rPer cent berries &Amerging

date Lo. berries seced flies destroyed* parasites**
July, 1963 61 2 3 0 N
69 15 22 0
117 28 24 0
152 12 3 0
195 11 6 0
154 138 12 1

(@)
=
[
[
(@]

Aug,, 1963 L6 0 0 0
21 0 0 0
L9 1 2 3
87 1 1 0
638 2 3 1
Sept., 1963 70 5 7 1
20 6 15 0
120 7 6 0
12 > 25 0
fotal 1345 112 Bk k% 6

* Bdased on destruction of one berry per fly,.

** Lalschnopsis sp.

*¥*¥*% Average pver cent berries destroyed.



Table 9.~List of arthropods besides those introduced for lantana control found
associated with lantana in four sites in the faianae iountains, Oahu.

Order

Collembola

Orthoptera
£socoptera
Thysanoptera

bermaptera
Hemiptera
(Heteroptera)

Hemiptera
(Homoptera)

INSECTA

Jpecies

salina maculata [olsom

Several other unidentified species
also collected,

Conocepinalus saltator sauss,
Unidentified species.

Haplothrios gowdeyi (franklin)
Several unidentified species. .
Unidentified species,

LTytthus mundulus oredd.

Nezara viridula var. smaragdula
Fabr.

Orthezia insignis Uouglas

Fhenacoccus gossypii Towns and
Ckll.

Hemiberlesia lataniae signoret
Trialeurodes vaporariorum (westw.)

Aphis gossypii Glov.

Other unidentified species of
aphids collected also.
Siphanta acuta (Wallk.}
Stictocephala festina say
Unidentified Cicadellidae

Remarks

Occasionally found on lantana
leaves,

in lantana flowers.

rossibly feeding on eggs of
Teleonemia,

Pair collected in copula on lantana
leaf. Others seen resting on
lantana at a lower elevation.
Feeding heavily on lantana during
some periods.

on stem of lantana and within
empty mines of C. lantanella.
Feeding on stem of lantana.
ffeeding on lantana; all stages
found on leaves.,

Aphids feeding on leaves and
often found within empty mines

of C. lantanella.

Probably transitory in area.
Yrobably transitory in area.
Probably transitory in area,. -



Table 9 (continued)

Order

Coleoptera

Neuroptera
j.epidoptera

diptera

Hymenoptera

INSECTA

Species

Pantomorus godmani (Crotch)
Hyperaspis Jocosa iuls.,
Coelophora inaequalis
Cryptolaemus montrouzieri suls.
orcus chalybeus (S3oisd,)
Sruchus pruininus Horn
Unidentified weevil
Unidentified nitidulid
Chrysopa macropiya sicLachlan
rlusia chalcites isp.
Unidentified geometrid larva
Chrysomyia sp.

Unidentified Sarcophagidae
Apis mellifera (L.)

frathala flavo-orbitalis Cameron

Casinaria infesta Cresson

Apanteles margineventris Cresson

Apanteles trifasciatus pruesebeci

[

upius tryoni Cameron

Azathis hawaiicola Ashmead

Zaischnoosis sp.

Hemiptarsenus seinialbiclavus
girault

Remarks

rrobably transitory in area,
i’redaceous ladybug of Orthezia.
Adults

Adults and larvae found on lantana.
Adults on lantanae.

Transitory

iarvae found on lantana.

Feeding on lantana leaves.
IFeeding on lantana leaves.
Transitory

Transitory

Visiting lantana flowers

Bmerged from last instar larva of
Syngamia haemorrhoidalis

fZmerged from last instar larva of
osyngamia haemorrhoidalis

Pupa collected on lantana leaf in
area of high gSyngamia population.
Found associated with high popu-
lations of Syngamia and idypena,
Adult parasite emerged from gall
of idutreta xanthochaecta.

Adult on stem section of lantana,
associated with high populations
of Syngamia and Hypena,

Adults emerged from berries
containing lantana seed fly.
rarasite of U, lantanella.

e



Table 9 (continued)

{sopoda

Acarina

Araneida

poecies

£nigalio externa rimberlake
syinpeisis vagans [imberlake
sLagramnosoma flaviolineata Crawford
several unidentified species of ants

CRUSTACEA

Unidentified pillbug

srevivnalpis phoenicis (ueijsikes)
anblyscius so. .
lTetranychus telarius (L,)

lTuckerella pavoniformis (azwing)
Anystis baccarum (L., )

flower mites

urb-web weaving, and jumping spiders
(several species) were noted, but

as yet unidentified

rYarasite of
rarasite of (,
rarasite of C,

Collected with

lantana,

Feeding on
iredaceous
Feeding on
Feeding on
rredaceous

Remarks

C. lantanella.
lantanella.

lantanella,

-

lantana
mite,
lantana
lantana
nite,

In flower heads of

stem sections

leaves.

leaves,
stem,

lantana,

of
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