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INSECTa INTROimC.ci;D '1'0 COJ.·JBAT .LA:fl'Ai.~A

Abstract

;:;item sections of the groi"1ing tip of the iveed., Lantana

camara var. aculea ta (L.) J..iol'denke were taken in four sites

in the .'iaianae J.'its., oahu, Hawaii, ten samples per site over

a period of 65 ilTeel.:s during 196J and 1964. JJamage by any of

the purposely introduced insects for control of this weed was

recorded along with species of insects present. Laboratory

studies and observations on the three most abundant insects,

l'eleonemia scrupulosa .:itQ.l, ,:{Y.eer:!~ ~rigat~ .lfabr., and

'Luere ivere significant positive correlations betiveen

the populations of insects and their respective damage and

between the insects and the abundance of foliage. There

were negative correlations between the leaf miner population

and that of' the tingid in site (f2, and negative correlations

between the leaf miner damage and the tingid population in

sites u=2 and 7{4. luis implies an interaction between these

two species of insects.

A relationship between the insect populations and the

populations followed the change in total foliaGe more closely

than did the population of 9. l~n~~~!:~a. J.'lowever, there i'laS

an indication that the 00~ulation of C. lantanella was related- - - ------
to leaves of a particular quality, the younger leaves, rather

than the total foliage present.



Abiotic influences caused greater population fluctua­

tions, l1.0\vcver, in si te if1 , the abiotic influences "lere lessen­

ed by the surrounding forest, but lantana exhiDited consider-

able defoliation here. i'hi s ',lay be accounted fo r by tile hi:::.;'h

tin,zid {JoiJulation in this si te throughout the sampling i)eriod.

in this site abiotic stress though iJossibly less than in the

other J,:;,hree sites, ,'las more severe on the ,plant than on the

tingicl.

lbe strongest biotic influence on the insect popula-

tions appeared to be food supply. $our species of eulophid

,:.)arasi tes ,;vere found attacking .G_!_ !.~:Elt~~e:.l.}._?:. larvae. l~Io"l'leVer,

the host ?opulation continued to increase in spite of their

~resence in the area. '1'11e 0 ther hlO lantana feeding Sl) eci es

in question here seemed to have no parasites or predators of

consequence.

The ino st effective of the three insects "lvas probably

:~.~:.~.5)J~,~~~l:...:i:..a.-~, since it reached rela ti vely high numbers in the

field, and since its population was related to the abundance

of folia~'e. in certain environments, such as a forest site,

it can heavily defoliate lantana and possibly prevent flower-

ing. ~l?_~:!.~ may have been of less importance in tnis stUdy

due to its lO"lv numbers; Q~~!~stoboi~~-?_:i;.a.:.may be of least

im:po l' tan ce since it probably causes li ttl e ma terial damage

to the plant, even though its popUlation may be increasing.
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IN'I'RODUCTIOI~

Lantana Introduction and Spread

Lantana camara var. aculeata (L.) Moldenke is a shrub

of the family Verbenaceae. The stem is quadrangular in

cross-section and bears thorns. lbe 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 i~ found in almost all the

major tropical and sUbtropical areas of the world, including,

Hawaii, Australia, New Zealand, Indonesia, India, Fiji,

~utcn Bast Indies, ~~dagascar and much of Africa, as well as

its area of origin, tropical America (Mexico, Costa Rica,

Cuba, Jamaica, Florida, California, and other areas)

(Cleland, 1952; ~resner, 1958; Kenoyer, 1927; ~immonds, 1931;

Atkinson, 1920; La Bathie, 1928; ~oidge, 1926; Sanders, 1946;

.l:'eridns and S.vezey, 1924; il.:rauss, 1953; Ohmann, 1934).

In about 1860 this plant was introduced into .dawaii

as an ornamental by the distinguished botanist, Hillebrand.

In tropical America, lantana was not a weed, but in Ha''laii,

with a favorable climate, ideal conditions for dissemination,

and a lacl, of natural enemi es, lantana could spread and

thrive (fig. 2). By the 1890's the plant had become a

serious ''leed in Hawaii, spreading over land former'ly covered

with grass. d.C.L • .t'erkins (1924) states that the major

agents of spread of the plant were the recently introduced
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Chinese tur"l:;le dove, Turtur chinensis (Scop.) and the Indian

mynah, Acridotheres tristis (Linnaeus).These birds fed

upon the berries and dropped the seeds in their feces,

thereby efficiently disseminating the plant.

Bconomic ImR,ortance as ~ Weed

.6y 1902 large tracts of formerly valuable grazing

land were thickly covered with lantana. 3ince ranching was

a very important industry in Hawaii, the invasion of tlus

'veed was of great concern. ~ome 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. Reports from India

(La1 et al., 1960), Australia (Brooks, 1961), Africa (aettam,

1933), .Ii'lorida, U.S.A. (3anders, 1946) and Fiji (Turbet,

1931) described the occurrence of this malady.

Lantana was suspected of causing a disease "pink

nose" of cattle as early as 1920 (Atkinson, 1920). Obser­

vations of a rapidly increasing disease of cattle in Fiji

caused by their feeding on lantana foliage ,vere reported

(Turbet, 1931). Sanders (1946) summarized the symptoms

caused by ~ camara in Florida. 1bese included photo­

sensitization to ultra violet rays with icterus, exfoliate

dermatitis, and conjunctivitis. Lesions, local or wide­

spread, occurred, frequently affecting the nasolabial region.

lbe amount necessary for poisoning is 3/4 to one pound of
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dried leaves for a 400 pound animal. Brooks (1961) reported

that in ~ueensland lantana poisoning is confined usually to

hungry cattle introduced into lantana-infested areas. As

little as two to three pounds of leaf material eaten in 12

hours will cause death. ~ymptoms listed were sunburning of

light-pigmented areas of the skin, swelling of the eyes,

cessation of feeding and cUd-chewing, refusal to move fronl

shade, and diarrhea, followed by severe constipation. Inter­

nally, the liver is jaundiced 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. ~ ale (1960) determined that of 40 species in the

genus, only Lantana camara is poisonous to livestock. The

principal leaf constituents are an essential oil and 1antanin,

present to the extent of 0.31 to 0.68 per cent in the leaves.

Lantana foliage is also poisonous to sneep (Louw,

1943) 't'lith the leaf extract, lantanin, a term later changed

to 1antadene A + b (Louw, 1948), fed at 2 gm per animal.

Al though thi.s dosage of lantanin vias composed of lantadene

A and lantadene B, only lantadene A was found to produce

toxic symptoms. Lou>v (194J, 1948, 1949a, 1949b) has done

considerable work to discover the chemical nature of this

cOiupound.

Historical Account of Control !\leasures

Few insects present in the Hawaiian islands in 1902

'tvere known to attack lantana. Among these were some poly­

phagous lepidoptera, including a COilllnon rlusia, one or two
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tortricids, and one or two species of ~cotorythra, and also

a scale insect, Orthezi~ insignis (~ouglas). l~e scale

insect was found to be somewhat effective in suppressing the

weed, although the lepidopterous insects had little permanent

or \videspread effect. The scale insect \vas a polyphagous

species, but it had a IImarked predilection" for lantana.

Ranchers in Hawaii purposely spread this scale insect into

various areas of the islands where lantana was a serious

weed. In ~ome areas the scale actually killed some plants.

Entomologists in Hawaii at the time were opposed to the

spread of this scale insect from island to island and from

rangeland to rangeland, since the scale 1.vas kno1.\Tn to feed

on some valuable plants in the tropics, such as Liberian

coffee. ROliever, the success of this insect in weed control,

al though very limited, encouraged l-Ial1Taiian entomologists to

take the big risk of introducing lantana insects into

Haw'aii from 0 ther areas of the 'tvorld.

In 1902, ~oebele, entomologist with the I~waiian

3ugar ~lantersl Association, was sent to Mexico to obtain

insects 'tvhich were found feeding on lantana. He sent these

insects back to Perkins, who l~d just been appointed by the

Commissioner of Agriculture to the post of entomologist in

charge of inspecting imported plants.

Transporting the insects from ~Hexico to Hawaii using

the slow' methods of transport prevalent at the turn of the

century ,vas an added problem. Special storage containers
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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.

Eventually, of 2J species of insects sent to the islands,

eight were established (Table 1).

In 1953, the Board of Agriculture of the territory of

Hawaii renewed its program of lantana insect introduction,

this time with the aid of modern, fast transportation with

improved handling facilities, and with more rigorous feeding

tests for the insects before their release. Davis and

Krauss were chiefly involved in the later work (Krauss,

1953). The Queensland Department of Agriculture and Stock

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 Hawaii 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.

Desides control by introduced insects, cultural and

chemical control measures have been attempted. clechanica1

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
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developing lantana is possible in small cleared areas, but

other methods of prevention of invasion have to be used for

large tracts. In ~ueens1and the areas are replanted in

Kikuyu grass or guinea grass (Goodchild, 1951); these grasses

compete well with lantana, and the latter grass, when it

dries, provides a good fuel for burning over the area to

destroy the weed. On banana plantations in ~ueens1and

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-'r, or 2-4-D (Griffith, 1941; Knott, 1955; Oosthuizen,

1964) will temporarily 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 ske1etonizers, a stem gall producer, 2

stem and root borers, and a sap sucker (Perkins and Swezey,

1924; Krauss, 1953; Fu11away, 1952; Davis and Krauss, 1962a;

Davis and Krauss, 1962b; Krauss, 1962).

It was hoped that a concerted attack by these insects

would cause lantana to die out and would halt its spread.

Noteab1e decreases occurred in the abundance of lantana

throughout the areas where the first eight insects were

established, but still more widespread success could be
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hoped for.

Scope of Present Study

~ome studies conducted over a short period of time

and involving only one particular species of lantana insect

have been reported. However, 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.

Several 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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dAI'ERIALS AND ~vIEI'HODa

Field Studies

Four sampling sites (fig. J) were selected in the

waianae ~fuuntains, Oahu, for study of the populations of

various lantana insects. 'fiLe sites were at different alti-

tUdes, and the ground distance between them varied consider-

ably. The sampling si tes were at the follo"tlTing al ti tudes:

Si te No.

1
2
3
4

Altitude Above Sea Level

1,900
1,630
1,36.5
1,100

Site #2 and if3, which were on a steep slope, were

exposed to sunlight. Site ff4 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 ffl were

openly exposed to sunlight several hours a day, but they

were shaded by the tall trees behind them and on the 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 ~~rch, 1964, in site ff2, and over a
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period of 51 weeks, i·iay, 1963 through June, 1964, in si tes

#1 and #4. Weekly rainfall records were taken in sites ffl

and #2, December, 1963 through June, 1964, and sites if3 and

#4, December, 1963 through ~~rch, 1964; this information on

the relative rainfall in the four sites was supplemented by

monthly rainfall records from the U.S. Weather Bureau

.:ita tion in the ~vaianae ll10un tains. A hygro thermogral:Jh in

area #2 recorded daily temperature and humidity fluctuations

April, 1963 through ....larch, 1964. l\.'Iaximum-minimum thermo­

mete~ ~ and the hygrothermograph were housed in suitable

shelters at the sampling sites. IvIaximum 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. Each 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 techniques were employed

over a period of several ,v-eeks in order to determine which

sampling technique 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. Each 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. lbe 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. l~~e 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 each successive week. In

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.

Each 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

1-1.9 em, 2-2.9 em, 3-3.9 em, 4-4.9 em, 5-5.9 em, 6-6.9 em,

and 7 em or more, respectively. Bach leaf and the stem

were carefully examined under a dissecting microscope, and

the species of insects present, the number present, their

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

them were recorded.
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'lbe 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. ]'0 reach 1 eaf

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. Damage by the stem

gall fly was recorded as nunlber 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. 'l11.e class of leaf on which the mine or mines 1.vas

found \vas also recorded. Damage by stem borers \vas recorded

for each stem section. 'Dne presence of flowers or berries

on a stem section was recorded along 1'lith any damage to them

by insects.

Twenty-t1'1TO of the recorded variables, including

insect populations, insect damage, number of leaves in each
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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 three most prevalent species of lantana insects found

in the field, ~e1eonemia scrupu10sa stRl, HLoena strigata

J:tabricius. and Cremastobombycia 1antane1la dusck. The three

insects were reared on bouquats, prepared by placing the cut

green stem of a section of lantana in a vial of water. the

stem being ~eld in place with a wad of cotton. ~ scrupulosa

in various developmental stages, H. strigata in various

larval instars. and ~ lantanella as pup~ ~ithin leaf mines

we!:",) collected in the field. One or two specimens of &.

strigata or T. 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 ~ lantanella

were placed in a metal cubical cage with a sliding glass

front. Any parasites emerging from the leaf mines within

the cage were ilnmediately removed. When the adult insects

began to emerge. a fresh bouquet of lantana was placed in



13

the cage each day in order to collect eggs deposited on a

known day. Observations were made day and night on be­

havior. The bouquets exposed to ovipositing adults were

placed in separate containers after removal from the cage

of adults. i1aily microscopic examinations of the leaves

of the bouquet were made.

R.ESULTSl

Description and Habits of the Insects

Hypen~ 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 is oval and pearly opalescent with a number of sculp­

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

of a ttacbment.

1 Each point in all graphs, except in figure 20 and in the

montluy rainfall average of figure 18 represent a three­

week average of weekly data.
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The first instar larva is pale and almost colorless.

Later instar larvae (fig 5) are pale green with prominent

primary 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 cOlumonly called the lantana

looper, due to the characteristic semi-looping manner of

locomotion of the larva. l'ihen disturbed by an object

brushing against the leaf on which the larva is feeding,

the larva ilumediately 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.

~upation occurs in the soil.

Teleonemia scrupulosa ~tRl

'l'he adult lantana leaf bug (fig.7) is a dull grayish

brown color. ~ith a long, sharp ovipositor, the female

(fig. 8) inserts the eggs into the peduncle and the veins

on the underside of leaves, mostly the-younger leaves,

those around 2-2.9 em in length. ~~e presence of a large

quantity of eggs may be detected by the deformation of the

leaves, which bear nwnerous 1\Tart-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 st~n. ~~e

early instars (fig. 9) are pale brown with prominent lateral

spines along the thorax and abdomen. Nwnerous 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

attaclc (fig. 11). l~ngid damage in the field is easily

recognized by the stippled or burnt condition of leaves (fig.

12); numerous fecal spots can be seen on the underside of

the leaves.

.9_~as~0~El..Ex.2i~;J..antane)....1_"':. .i:3usck

The sniny light reddish-bro"ilTn adult (fig. IJ) has

relatively long antennae and lonG legs. '£he color becomes

dull and Gray with age. ~he insect rests at an angle with

the abdomen held high and the "tvings folded rootlike over

the body.

The egg is oval and opaque \vhite in appearance. It

is placed on the underside of a leaf. The larva upon

eclosion immediately enters into the leaf, mining bet"i'iTeen

the outer leaf surfaces. The leaf mine at first is visible

only as a small light spot on the underside of the leaf.

As the larva feeds and grows, the mine enlarges, becoming a

light green blo tcl1.. 'J.'he larva (fig. 14) is opaque whi te in

color. The head is dorso-ventrally flattened and partly

concealed by the thorax. The thoracic legs are well­

developed, and the prolegs are very short, hardly protruding

at all from the abdomen. 'me thoracic area is large, and

the abdomen tapers slightly toward the tip. Just before

pupation, the larva becomes yellow and more opaque; the

mine is lined with silk and becomes swollen and light brown

at this time. ~upation occurs in a longitudinally-ridged
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silken coccoon (fig. 15) suspended by silken strands at

each end within the leaf mine. A number of leaf mines can

be found on a single leaf.

i'arasi tes of ih. lantanell~. There were four species

of eulophid parasites found attacking the leaf miner larvae

inside the leaf mines. lbese were Hemiptarsenus semial~

bic!.~~ Girault, l.Jniga1i.2_ exter1'!.c::. Timberlake, Sym,eei/?is

vagan~ Timberlal\:e, and !oagrammo som~ :rlay'!'olinea ta 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. 'lbe parasite larva

(fig. 16) was observed to feed externally on the~later

instar larvae. lue parasite pupated witlrin the leaf mine

i~nediately after consuming the entire host. TI~e pupa

(fig. 17) was shiny black.

Weather Conditions in Sampling Sites

Figure 18 indicates the average montluy rainfall for

the entire sampling period in the \~aianae l·Iountains (U. s.

Weather Bur~au 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 peaks occurring in August and .Dec~uber, 1963

and ivIarch, 1964. The weeldy 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 ifl and J2 had the highest rainfall; sites
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·If] and #4 had considerably less rainfall. 111.e period of

least rainfall occurred during the period of highest

temperatures.

lj'igure.19 indicates the average maximum 'tlfind veloci ty

in each of the four sampling sites between November, 196]

and June, 1964. 1be wind was consistently higher in site

If'). The highest average maximum w'ind velocity indicated is

15 mph, ho'tl/ever gusts up to 25 mph 'tll'ere recorded. .:3i tes 7';2

and j/4 follo'tlfed 'tll'i th lOHer maximum wind velo ci ti es. Site

ffl, in HInch surrounding trees blocked the wind, had the

10'tll'e s t maximwn Hind velo ci ty 0 fall •

.Jj'igure 20 indicates the maximum and minimum tempera­

tures in site if2 between April, 196] and ~~y, 1964 and in

site ffl and site if4 between ~~y, 196') and June, 1964. As

't\"Quld be expected, si te if1 had the 10'\vest maximum tempera­

tures and site i4 had the highest maximum temperatures.

'fne w'armest period occurred betw'een August and November,

1963 and the coolest during ~arch and April, 1964.

Lantana Sam:ele~

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, and 5 crn or more in lengtj,1. during the sampling

period. is indicated in fiGure 21. These three categories

represent combinations of results from examination of

smaller leaves in the leaf size categories mentioned earlier •

.::lite If] had. the most small leaves, site tf2 had the most
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intermediate leaves, and site ,f4 had the most large leaves.

Site tfl had the least small leaves, site -rf4 had the least

intermediate leaves, and site jJ had the least large leaves.

Th.e number of leaves decreased during the sunuuer months of

196J. This decrease occurred at all sites in the inter­

mediate and large sized leaves, and at site TfJ in the small

leaves. The i!lOst nWllerous leaves were the small leaves in

all sites throughout the samplinci period.

The average per cent of leaf material missing is

presented in fiGure 22. 3ite ifl indicates a far Greater

percentage of leaf material missing from leaves of all

sizes until early December, 1963. The percentage of leaf

material missing decreased sharply at this time. In sites

if2, ti3, and ,.;:4 there is a noticeable decrease in :percentage

of leaf material missing. '.chis decrease began during the

sUlmner months of 196J. 'the percentage of leaf material

illissing increased noticeably again in sites ,fl, If3, and yf4

beginning in February, 1964.

lue presence of flowers and oerries in each site

- betw'een ..:ieptember, 196J and. June, 1964 is ind.i ca ted in

tabl e 2. in site jfl there ,.;-ere no flolvers or berri es.

l'he peak of flower and berry production in the other three

sampling sites occurred in Octocler, 196J, 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, 196J in sites ifJ and #4.
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Insect ~opulations an~ Correlations

H. strigata. Correlations of k~ strigat~ populations

with abundance of leaf material and with the populations of

T. scr~ulosa and of ~ lantanella are presented in table 3.

J.'.'lost of the correlations 'tvere at the 99/0 confidence level.

All correlations except one were positive. In sites il, #3,

and 7/:4 the populations correlate with t~1.e total number of

leaves per stem section. The population correlates in all

four sites 'tvith the nwnber of leaves of this total 'tvhich

have part missing and 'tvi th the number of leaf classes pre­

sent on each stem section. In the four sites there is

correla tion bet'toleen the H. 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. 'lnere is negative correla­

tion of the .l-l. strigata population 'tvith tingid damage in

site iFl and 'tvith the leaf miner population in site "fi:2. No

other correlations betw"een 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.

'1'he popula tion >vas highest in si tes ifl and if3 during the

population peak of late .April, 1963, but 'tvas highest in

sites ff2 and #4 during the somewhat lower population in­

crease which occurred between November, 1963 and March,
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1964. ~1Le periods of low population in site ifl occurred

behreen September and late November, 1963 and from late

i,larch, 1964 through the end of the sampling period. Site

if3 had a 10\'1 population of Hyp~~ bet\veen i'lay and October,

1963 and from April through June, 1964. ;:;i tes 7f2 and Tf4

maintained a higher population of gy~~9~_ during the lower

popula tion period than the 0 ther t,vo si tes. The popula tion

of ~iZ£.~t:!.~ durinG the sampling period never reached the

density of the populations of the tingid and the leaf

miner.

Correlations between population of

'f. ~~~'?~ in the four sites, and the abundance of plant

material and the populations of H. ~~riJL~t~ and 9~

lantanella are presented in table 4. Aost correlations

were at the 99~ confidence level. As would be expected,

the tingid population correlates positively with the re­

corded damage by tIns 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 Ttl, i/2, and If4 and l."rith tiLe number of leaf classes

present in all four sites. It correlates positively with

the small to intermediate leaves in sites ifl and if2 and

po si tively 1vi th the in t ermedia t e to large 1 eaves in si tes

ifJ and 1t4. lbe tingid population correlates negatively

lvi tIl the number of large leaves in si te #2. There is no

correlation betw'een the tingid populations and those of
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H. strigata in the four sites. There is negative correlation

between the tingid population and that of ~ lantanella in

site ff2 and that of the damage by C. lantan~lla in sites #2
",

and i4, the sites where the leaf miner populations were

highest.

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 ff2, if3, and if4 there is a low tingid popu­

lation in August, 1963 and between December, 1963 and

February, 1964. In site ffl 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

ins tars in all si tes except si te Ifl, where the adul ts pre-

dominated. ,;jite if3 .had a very noticeably higher number of

early instar nymphs as compared 'vi th the number of later

instar nymphs and adults.fhe tingid population was lo'vest

in site Ji=3 and highest in site ril. The sex ratio of field-

. collected adults was 1:1.

90 lantanella. Correlations between the population

of ~ la~tanella and the abundance of leaf material and

between populations of the two other abundant lantana

insects are presented in table 5. Host correlations are at

the 99/0 confidence level. The number of leaf mines present

correlates positively with the insect population, as would be

expected.,ihere is a positive correlation betw'een tile h
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lantanella population and the number of leaves of intermediate

size in sites ifl, and ff2, the number of leaves of small size

in site i3, and the number of leaves of intermediate to large

size in site #4. ~ositive correlation between the population

of this insect and the per cent of leaf material missing from

leaves 2-2.9 em in length is found in site ffl, and there is

positive correlation between the H. strigata population and

that of this insect in site #2. In site #2 there is negative

correlation between the C. lantanella population and (l) the

tingid population, (2) tingid damage, and (3) per cent of

leaf material missing from leaves 1 to 4.9 cm in length.

~ositive correlation between the insect population and the

total number of leaves present l:>er stem section occurred in

sites if3 and #4. Correlation oetween the C. lantanella

population and number of leaves with part missing and the

number of leaf classes present occurred only in site ff4.

Figure 26 represents the population of ~ lantanella

during the period of sampling. The population began its

increase in late ~,ray, 1963 and reached its peak j?opulation

near the end of the sampling period bet\veen )j'ebruary and

June, 1964. In sites ~3 and ~ a decrease in the population

occurred in September, 196J. The population was lowest in

site ifl and highest in sites ff2 and #4.

The number of leaf mines present is indicated by a

logarithmic scale in figure 27. ~~nage was present prior

to the period of observed increase in population of the
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1 evel in l'lay and June, 1963 follol.... ed 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 cJ.uring

~eptember corresponds with the decrease in population of the

leaf miner at that time. This decrease in both leaf miner

population and damage is less noticeable in sites )1 and ff2,

but both the leaf' miner population and its damage decreased

noticeably in sites IfJ and 71=4. In si tes -if2 and -iF4 the amount

of aw~aGe after thi~ decrease increased through the termina­

tion of sampling, but in sites ffl and ifJ the amount of aamage

d.ecreased somel.,rha t beginning in April, 1964•

.i.'he combined popula tion of all the eulophid parasi tes,

based on the nUi,lber found l ....ithin mines of .Q..!... l<:tntanell~., is

represented in fiGure 28. llLe parasite population began its

increase in site ~4 during late ~~y, 196J. l'he parasi te

population began to increase in site if2 in August, 1963,

in site ifJ in January, 1964, and in site ifl in £ebruary,

1964. Taol e 6 reiJresen ts the number of parasi tes, una ttackeo.

11.0 sts, and the {Jer cent parasi tization in sampling si -ces 1f2

and ,t4 Quring the latter part of the sampling period. 'TIle

per cent parasitization in sites if2 and if4 was highest

January to April, 1964. lhe per cent 1?arasi tizCl. tion was

higlLest in site ,,:1.~, although the host population was high.est

in site ff2. For the overall period the per cent parasitiza­

tion ' ....as almost twice as high in site T14 as in site if2.
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Since the parasites were only observed attacking the medium

or large-sized larvae, the small larvae were excluded from

the nWl1DerS of unattackeci hosts. ,eupae ,,,ere included, since

they had been potential hosts w'hile larvae. Adults Here

excluded naturally due to difficulty in sampling adults on

an equal basis ,vith sampling of the immatures.



lable l.-~stablished species of lantana insects, the year of release in l~waii,

the order and. family of the insect, and the area in \vhich each \lTas obtained.

{ear of
rlel ease ,jpecies Order .l!'alililZ .J.-'rocurement Area

l'ineidae ~\fexi co

Tephri tidae l'lexico

Agromyzidae Nexico

'fortricidae ~\Iexico

~terophoridae Mexico

l\l
\.n

l·iexico
~·iexico

l'iexicol'ingidae

.LycaeniJ.ae
Lycaenidae

Chrysomelidae Cuernavaca, l\lorelos,
i'.iexico

Noctuidae Los Angeles,
California, U;:jA

Cerambycidae Veracruz, Veracruz,
j,\iexico

Pyralidae Havana & .:iantiago de las
Vegas, Cuba; Coral
Gables, ~lorida, U,jA

Noctuidae Umtali, So. Hhodesiaj
uiani Beach, ~enya, Africa

Cerambycidae Jalapa, Veracruz,
Mexico

Chrysomelidae Vitoria, Espirito
,janto, Brazil

Coleoptera

Lepidoptera
Lepidoptera

Hemiptera

Coleoptera

Diptera

Lepidoptera

Lepidoptera
Lepidoptera

Coleoptera

Lepidoptera

Coleoptera

Lepidoptera

.Jiptera

Lepidoptera

.:itrzmon ec11.ion Linnaeus
,jtrymo}1. bazo chii
gundlachianus Bates
feleonemia scrupulosa
.still
Bpinotia lant~na rlusck
.ela typtilia
,eusillidactyla \~all~er

Cremastobomb~ci~

lan tanella .l:3uscl~

Butreta xanthochaeta
Aldrich
QEhiomy'ia lan~~
.lfroggatt
Octotollla scabripennis*
Guerin
Catabena esula Druce

.By-pena strigata
lfabricius
J:'lagiohammus spinipennis
111.omson
Urop~ata ~irardi J:'ic

Aerenicopsis 911.am2ioni*
.l:Jates
.:iyng~mia ~aemorrhoidalis

Guenee

1902

1902
1902

1902
1902

1902

1902

1953

1902

1955

1955

1956

1957

1960

1961

* l11.ese species are not definitely known to be established.
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'fable 2.-.l:~eproductive condition of lantana a·C 1.}

si tes in the IJaianae j;·iountains between September, 1963 and

June, 1964.

3i te 1
1963:

Sept. none

uct. none

Nov. none

'uec. none

1964:

Jan. none

l!'eb. none

~'J.ar. none

Apr. none

.lclay none

J·une none

Site 2

flo1vers and
oerries

flowers and
berri es

flo1vers and
berries

dried
berri es

none

none

few dried
bel"ries

none

floivers

floivers

i3ite J

none

flowers and
berries

dried
berries

few dried.
berries

few dried
berries

feiv
berri es

few dried
berri es

fe1v dri ed
berri es

few dried
berries

few dried.
berri es

3ite 4

none

flo1vers and
berries

dried
berries

fe\v dried
berries

ciried
berries

few dried
berries

few dried
berries

few· dried
berries

few· floivers
and few
ci.rieCi. berries

fe\v dried
berries
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Table 3. -Correlation of population of H. strigata in
4 sampling sites with populations of T. scrupulosa and ~
lantanella and with abundance of plant material. ~egrees

of freedom = 568.

+ 99',,,

+ 99,,,
99,v

+ 99'1~
+ 99,'0
+ 95,,,
+ 99-;0

+ 99,0

+ 99,0
+ 95,"
+ 99,0
+ 99,0
+ 95,0

+ 957u

+ 99io

+ 95i"

+ 99i~

+ 99,,,

+ 99,,,
+ 99,u
+ 95,'1)
+ 997a

+ 99iu

+ 99,0

+ 99,,,
+ 9970

+ 9970
+ 95,"

+ 99,,,,

Variable
Si te 1:

No. leaves per stem section
No. leaves with part missing

(fed upon)
Tingid damage
No. leaf classes present
No. leaves 1-4.9 cm in length
No. leaves 5-5.9 cm in length
~o. leaves 6-6.9 cm in length
Per cent leaf material missing from

leaves 1-5.9 cm in len5th
Si te 2:

No. leaves with part missing
(fed upon)

Leaf miner population
No. leaf classes present
No. leaves 3-5.9 cm in length
No. leaves 6 cm or more in length
i'er cent leaf material missing from

leaves 1-1.9 cm in length
~er cent leaf material missing from

leaves 2-2.9 ~m in length
Per cent leaf material missing from

leaves 3-3.9 cm in length
Per cent leaf material missing from

leaves 5-6.9 cm in length
;:ii te 3:

No. leaves per stem section
No. leaves with part missing

(fed upon)
No. leaf classes present
~o. leaves 2-2.9 cm in length
No. leaves 3-6.9 cm in length
~er cent leaf material missing from

leaves 2-6.9 cm in length
.:5ite 4:

No. leaves per stem section
No. leaves with part missing

(fed upon)
No. leaf classes present
No. leaves 2-4.9 cm in length
No. leaves 7 cm or more in length
~er cent leaf material missing from

leaves of all sizes

?osi tive or
l'iega tive

Correlation
Confidence

Level



, 'i'abl e 4. -Correla tion of popula tion 0 f f. :!.c rJ.'·-L'
in 4 sampling sites \lTith populations of ~ str.l.;....~t..1 ,ill.

lantanella and with abundance of plant matQr.l.dl. ~~,

of freedom = 568.

Variable

;;;ii te l:
lJ.ngid damage
~o. leaves per stem section
No. leaves with part missing

(fed upon)
No. leaf classes present
No. leaves l-J.9 cm in length

Si te 2:
Tingid damage
No. leaves per stem section
~o. 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

.::iite J:
1"ingid damage
No. leaf classes present
No. leaves J-J.9 cm in length
No. leaves 5-5.9 cm in length
No. leaves 6-6.9 cm in length

.::iite 4:
Tingid damage
No. leaves per stem section
No. leaves with part missing

(fed upon)
:No. leaf mines
~o. leaf classes present
No. leaves J-6.9 cm in length

.£:'0 sit i v 0 u r'
.'eGat..Lvo .......';il.' ".

Co rrela t..LU II ....) 'f '-,

+
-to

.,.
+
+

+
+

+

+
+

+
+
+

...

.,.
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fabl e 4. -Correla tion of population of 'r. ~rupu~
in 4 sampling si tes wi th populations of 1-1 •• strigata and C.,
lantanella and with abundance of plant material. Degrees
of freedom = 568.

Variable

.:ii te l:
l~ngid damage
&0. leaves per stem section
No. leaves with part missing

(fed upon)
No. leaf classes present
No. leaves I-J.9 em in length

.:ii te 2:
'1.~ngid damage
No. leaves per stem section
~o. leaves with part missing

(fed upon)
Leaf miner population
No. leaf mines
No. leaf classes present
No. leaves 2-4.9 em in length
No. leaves 5 em or more in length

.:lite J:
'l~ngid damage
~o. leaf classes present
~o. leaves J-J.9 em in length
No. leaves 5-5.9 em in length
No. leaves 6-6.9 em in length

.:li te 4:
l~ngid damage
.L'Jo 0 leaves per stem section
No. leaves with part missing

(fed upon)
~IJO. leaf mines
~o. leaf classes present
~o. leaves J-6.9 em in length

£'0 si.tive 0 r
l~ egati ve

Correlation

+
+

+
+
+

+
+

+

+
+

+
+
+
+
+

+
+

+

+
+

Confidence
Level

997"
99,,,

99,,,
9970

99,0

99;0
99,0
99/"
9970

99,0
95,,,

99/"
99,0
99,(;
99'p
95;"

99,0
99,,,

99ju
95;0
99,0
99'i"
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.('able 5.-Correlation of population of C. lantane11a
in 4 saiupling si tes 1vi th popu1a tions of .d._. strIga~a:nd .'1'•
.!?..~r~u~~~ and with abundance of plant material. .uegrees of
freedom = .560.

Variable

,:;ji te 1:
~\;'o. leaf mines
~\·o. 1 eaves 3-3.9 cm in 1 ength
~er cent leaf material missing from

leaves 2-2.9 cm in length

i'ositive or
Negative Confidence

Oorrelation Level

+
+

+

.::ii te 2:
No. leaf mines
Looper population
llngid population
l~ngid damage
No. leaves J-J.9 cm in length
rer cent leaf material missing from

leaves 1-1.9 cm in length
2er cent leaf material missing from

leaves 2-2.9 cm in length
rer cent leaf material missing from

leaves J-J.9 cm in length
~er cent leaf material missing from

leaves 4-4.9 cm in lenGth

.:iite J:
.l.\jO. 1 eaf mines
~o. leaves per stem section
~o. leaves 1-1.9 cm in length
~o. leaves 2-2.9 cm in length

.:iite 4:
i\lo. leaf min es
No. leaves per stem section
rio. leaves with part missing

(fed upon)
~o. leaf classes present
~o. leaves J-J.9 em in length
~o. leaves 4-4.9 em in lenGth
~o. leaves 6-6.9 em in length

+
+

+

+
+
+
+

+
+

+
+
+
+
+

99/"
95>,
99/"
95i"
99i"

99;;;

99'{J
99'/"
99{"
9 j'/o

99,,,
99~<..I

99 io)
99 IV

99,,,
9,5ja
99'1"



l'able G.-humber of' parasites and unattaclced hosts* and the per cent parasitiza-

tion in si tes Tf2 and If'+ from l~ovember. 1963 to June, 1964.

;;ii te ...____~.2. 6J ._.. 1964
l-iO. Hov. Dec. Jan. Feb. l·lar. .!:!-iir • ~'~a.X_ ··--;tl;ll;~~ i'o tal--_.. ---_._..- --,.-

.:ialilpling
wee!c no. 36 39 42 45 40 51 54 57 60 6;; 66

2 l.J arasi tes t: Lj. ',) ;; 5 4 2 4 1 1 0 32-.; J ;

I

una t ta CK eel.
hosts JJ 21 1) 10 I j.J. 15

,', 14 2 19 5 157.J

l.-·er cent
parasitization 13 16 Id 14 26 21 40 22 ];; 5 - 17

Lj. .:.-arasites 4- J 1 d J 12- 12- 2 J 1 4- 58

Unattacked
ilO s ts 1" 12- 9 10 10 10 24 9 4 '1 5 Ild"-

J.~er cent
parasitization 25 20 10 44 )0 L1-O JJ 11:3 42 12 44 33

* unly medium an~ large larvae and pupae are included.

\.0
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2igure l.-Flower of Lantana camara yare
§l-£..~~eata_ (L.) doldenize-w-iti1. v:Csiting h.oney bee.
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.Jfigure 2.-Thick lantana grow"th.
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Figure J.-Area of oahu indicating location of
sawpling sites. £his area is snown stippled
on the inset map of.;anu.
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£isure 5.-Last instar larva of ~~pen~ str~~~ta

£abricius feeding on leaf of lantana •

.l!'ic:;ure 6. -..Jamage to lantana 1 eaves by ~~~E_~

~tri6a~~ 2abricius.
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Figure 7.-Adult of £~~~Jmi~ ~crupu~~. ~tRl
in do rsal vi el'J •

.t!'i~ure G.-Adult female of J:'e}eo~~~~_ .~.?Ellpu.3:..<?E'?:..
>.:ital, sLlOwing OVii)Ositor and bea•.:.
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ffigure 9.-Small nymphs of Teleonemia ~upulosa

stRl feeding on leaf.

Figure lO.-~xuvia of last instar nymph of
'feleonemia ~upulosa stgl, fastened to leaf
of lantana.
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Figure ll.-Leafless branches of lantana in
site #1.

Figure 12.-6urning and crinkling of lantana leaves
due to attack by Teleonemia scrupulosa stRl.
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Figure lJ.-Adult and pupal case of Crernastobombycia
lantanella Busck.
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------."'~

Figure l4.-Larva of ~~mastobombyoia

lantanella Busok feeding inside opened luine
on lantana leaf.

Figure 15.-Silken oooooon of Cremastobombyoia
lantanella Busok suspended inside silk-lined
leaf mine.



40



Figure l6.-Earasitic eUlophid larva ins~ae leaf
mine of Cremastobombycia lantanella Busck after
having eaten its host.

Figure l7.-~upa of parasitic eulophid inside
leaf mine of ~mastobombycia lantanella dusck.
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Figure 18.-Monthly rainfall in waianae Mountains
April, 1963 through June, 1964, and average
weekly rainfall in each of 4 sampling sites
between ~ecember, 1963 and June, 1964.
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Figure 19.-Average maximum wind velocity in
each of the 4 sampling si tes betl'ieen November,
196J and June, 1964.
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Figure 20.-,veek1y maximum and minimum temperatures
at J sampling areas AFri1, 1963 through ~~y, 1964.
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Figure 2l.-Average number of leaves 1-2.9 em,
J-4.9 em, and 5 em or more in length per stem
section of L. camara var. aeuleata (L.) Moldenke
in 4 sampling sites April, 196J through June,
1964.
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Figure 22.-Average per eent of leaf material
missing from lantana leaves 1-2.9 em, J-4.9 em,
and 5 em or mOl~e in length April, 196J through
June, 1964.
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Figure 23.-~opulations of Hypen~. ~Grigat~

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. -l-'opu1ations of Teleonemia scrupulosa
~ta1 on lantana, April, 1963 through June, 1964,
represented by average number per stem section
in weekly samples from sites *1 and J2.
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Figure 25.-Eopu1ations of Te1~2Eemia scrupu1os~

~tR1 on lantana, April, 1963 through June, 1964,
represented by average number per stem section
in i'leeidy samples from si tes if3 and rf4.
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Figure 26.-~opulations of ~~~~ombyc~~
lantanella Busck on lantana, April, 196)
through June, 1964, represented by average
number per stem section in each of 4 sampling
si tes.
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Figure 27.-D~nage as nwnber of leaf mines per
stem section in weekly samples of leaves of
lantana in 4 s~~pling sites due to the leaf
{niner, Cr~tobombycia lantanella Buscl.:.
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Figure 28.-Popu1ations of eU10phid parasites of
lantana leaf miner, Cremastobombycia 1antanel1a
Busck based on average nwnber per stem section
in each of 4 sampling sites, April, 1963
through June, 1964.



May July

o.

0.5
c
o-u
Q)

"'0.4
E
Q)-'"
~

Q)

0.0.3
'"Q)

'"c
~

c
0.0.2
ci
z

0.1

Apr.

Site I

Site 2

Site :3

Site 4

..................................

""I "I \
I \

oJ

\
\
\
\
\
\
\
\
\
\
\

1963 1964

\.n
I\)



53

llISCUS.::)ION"

~~t ~opu1a~ions and Abiotic Influences

Generally, abiotic influences were severe on the

populations of H. striga~ and 't. scrupu1o?~. Abiotic

stress on ~ lantanella, however, seemed relatively low;

the population increased through hot, dry weather and

through cooler, wetter weather in all sampling sites. The

~ ~~ella 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 f~ scrupulosa populations in the four

sampling sites in figures 24 and 25 would indicate that

abiotic stress is acting directly on the insect populations.

Ln 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.

l~is difference in populations and age distribution was

likely due to the effect of the surrounding forest area in

site tl, acting as a baffle to limit the action of wind and

sun on the Te1eonemia population. Adult survival seemed

higher in si t e lf1.



~ect ~opulations an.~5iotic 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 (Bredd.),

which was purposely introduced for control of the sugarcane

leafhopper, was present in areas where tingid populations

,vere high. 'these predators feed on eggs of a few other

species, such 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. striz.ata larvae, it ,vas

anticipated that parasites would emerge from some of them.

However, none were obtained. Associated with high Hypen~

populations in the field, pupal cases of the braconid,

Apanteles trifasciatus Muesebeck, 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. strigat~.

The four eulophid parasites of C. lantanella were

numerous in mines of the leaf miners, but still the leaf
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min,er 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 thus did not determine

the size of the parasite population; the parasites were the

most numerous in site tf4, where the host population ,vas less

than that in site #2.

~wezey (~erkins and Swezey, 1924) states that as many

as 12 to 20 leaf mines per leaf could be 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 Oahu, but examinations of

lantana plants on Oahu in areas other than the Waianae

clountains during this study period never revealed as high

a population of leaf miners as tl1.at recorded by .:)\Vezey.

3eardsley has seen recent popUlations of ~ lantanella on

the island of J.\loloicai as high as that reported by .3"t'ITezey.

It is highly possible that a high population o:fT.

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 leaf miner feeding inside a fallen leaf would die



when the leaf dried. Also, leaves remaining on a £>lant l\Thicn

had a high tingid .population would be dried and brittle, thus

not only killing the larvae feeding inside, if any, but also

preventing any additional leaf miner feeding inside these

leaves and thereby limiting ~ 1antanella population increase.

This conclusion is supported by the negative correlations

between populations of T. scrupu~~ and C. 1antane11a in

si te tf2 and n egative co rre1ation betlveen .::G.. scrup~losa

populations and c~ ~~ntanel1a damage in sites ~2 and Jf4

and oetween 9~_ lantane11a population and ~ scrupu10sa damage

in si te 172. The lo1ver populations of C. lan tanel1a in si tes

'ifl and 1f3 may account for the lacl,- of suc.i.1. correlation in

these sites. T.he negative correlations betlveen the .9..!..

lantane11a population and the per cent of leaf material

missing (table 5) indicate that Ii. ~triga~~ may also reduce

the quality of food for tne leaf miner. Again, the lugher

nwnbers of C. 1antanella in site i2 may account for corre-

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

Lantana and Abiotic Influences.._--_._--------~ --
i..:renera11y, high t er;'1p era ture and 101.... rainfall had an

adverse effect on lantana. The highest temperatures were

encountered between the 18th and J,3rd weeH':S of sampling

July 3, 1963 through November 6, 196J. aainfall was re1a-

tive1y low during tius period also. oetween these sampling

dates noticeable decreases occurred in tl'le 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 December, 1963 by a period

of increased leaf production, ,.,hich lasted through the end

of the period of sampling. 'i'he dip in the number of leaves

present is evident in figure 21. 'rhis 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 nwnber of larger leaves in site if3 is probably due

to the rela tively high 'vind velo ci ty in the area, which

caused the leaves to become 'vind-hardened, i. e. brittle and

less flexible. The total number of leaves per stem section

of all sizes larger than 1 to 1.9 em in length began to

increase in all areas between the 36th and 42nd weeks of

sampling, November 13, 1963 to December 25, 1963. This 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. TI~is mutual dependence of plant and insect is

the basic principle of the biological control of weeds as

stated by Huffaker (1964). Based on tl~s premise, the

population of an insect which is effective as a control

agent of the weed should fluctuate in accordance with the
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fluctuation in weed abundance, or over a relatively short

period, in accordance with the fluctuation in abundance of

leaves, flowers, seeds, or other growing parts of the plant.

These mutual fluctuations in population should occur no

matter whether one is the cause or the effect of a fluctua­

tion in the other, and no matter whether the fluctuation was

caused by uiotic or by abiotic factors.

lne population of Hypena in the field more closely

follows the fluctuation in the nwnber of leaves of its food

plant, than does the population of the other two abundant

insects in this study. 11~is is supported by the correlation

data in table J, 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 2J, except during the period from April,

196J to the termination of sampling. The low'er nwnber of

samples and the 10,'1 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

,'lith the population of Hypena. 'rhe looper population shown

in figure 2J again does not strictly follow the change in

per cent of leaf material missing.
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Uvarov (19Jl) states that a plant with foliage reduced

by abiotic influences and attacked at that time by leaf-

feeding insects will have damage dispr.oportionately greater

than the damage caused by the insect to a plant with lush

foliage. In site ifl, l\There leaves l\Tere relatively low' in

nwnber, the amount of leaf material missing lvas considerably

higher (fig. 22) during the first 1mlf of the entire sampling

period than in the other three sites. "1'his occurred even

though the J:iypena population here lvas similar to ti'la t 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 Jl after the ~~~ena popu-

lation had subsided could be that damaged leaves would

remain on the plant longer in the area protected by the

surro unding fo res t. Thes e 1 eaves in turn lvould limi t nel',

leaf growth. HUCn of the recorded ~~~~ damage was notice-

ably old; the damage then must have remained even though the

Hyp~ po~ulation had since decreased.

The tingid population fluctuated lvi tl1. the amount of

leaf material in all four sites. '.chis is indicated by the

correlations between total number of leaves and the tingid

,:,)opulation (taol e 1.~) in all si tes except si te f/j. The l'lind-

hardened condition of the 1 eaves in site j:J and the lOll!

tincid po?ulation there may account for the lack of correla-

tion. The continual presence of T. scrul)ulosa in site il~l
~__" ....._ ..e-_..._._

may account in part for the lack of flower production there.

A low degree of sunlight was probably also a factor.
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'file change in insect numbers with the change in

quantity of food material supports the contentions of

Nicholson (1933, 1954), Uvarov (1931) and Brues (1946) that

food quantity can regulate insect populations. iiowever, the

factor of food quantity ,,,,as not operating alone in this study,

and would probably seldom be found operating alone in natural

outdoor situations. In most situations abiotic influences

would also be present.

l'he l)Qpula tion of .C. lal'! tal"!..c::,;!-la_ larvae feeding in the

leaves increased, beginning in June, ~ll.st ,,,,hen the total

number of leaves and the populations of the other two

insects were beginning to decrease, up to a peak popUlation

in April, 1964. The population in si te jf2 seemed to be on

the increase even through the termination of sampling.

TI~e £~ ~antanella population in all sites did not

seem to fluctuate seasonally, and any long term change in

tem::.:> erature, rainfall, or wind velocity seemed to affect the

leaf miner popUlation little. The belief that food material

is seldom limi ting to .tJopula tions, as expressed by ~\Iuir

(1914), 'Thompson (1929), ;:;mi'l;h (1935), and Imms (1937) at

first seems to be supported 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 quality 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 aypena populations decreased, did correlate with the

population of h ;!-antane11~; therefore, there must be a

re1a tionship betiveen the insect and thes e 1 eaves. 1'11.e

co rrela tion ext ending to the larger 1 eaves in si t e if:4 may be

accounted for by the high population in that area overfloiv-­

ing onto these leaves, iv11.ich ivere more numerous in si te #4

than in the other three sites. Although the population in

site #2 was also lrigh, there is an indication that the leaf

quality may have been reduced here, as indicated by the

nega ti ve correlations betiveen the C,. ~3'lntanelJa 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 abiotic 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 abiotical1y induced.

In site 1i1, ivhere 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. This ivould indicate the attainment of a

balance between insect and plant in t11.is instance. This

term balance as expressed by Smith (1935) depends on the

inherent capacity of a species 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 ff2, ffJ, and ff4 also.

The densi ty of lantana 't-.as low'est in si te 'ifl. The plant

density can be lowered by changing its environment, and tIllS

change may be brought about by the introduction of insects

which feed on the plant.

In tills study the introduced tinGid, looper, and leaf

miner 'tvere correlated Il1"i th the abundance of lantana foliage.

Tilis correlation is less apparent in the leaf miner, since

the relationship does not extend to all leaf sizes in all

sites. ~ypena would be considered of importance, since its

feeding 'tvas producing stress in all si tes. Its low numbers

in this study, hO't'iever, lvould not indicate that it is of

prime importance as a control agent. Teleonemia would be

considered of importance in some areas because it 1vas

present in relatively high numbers, and in some instances

W"here extreme abiotic influences on the insect 1vere 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 a illustrates bare branches of

lantana at site ifl at a time when the tingid is abundant and

abiotic stress on the plant, due to the period of lo't';er

rainfall and higher tell~Jeratures, is greatest.

l11.e population 0 f Cremasto bombycia also is related. to
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the abundance of lantana foliage when the necessary quality

of plant material is present. ",uality is considered im­

portant by 3mith (1935), Nicholson (1954), and HuffaKer (1964).

l'he period "I:-/hen there "lvas a sufficient quantity of food of

necessary quality might have alloNed time for the insect

population to increase to a high level and favor its popu-

la tion for an extended period. of time. Andrewartha and

Birch (1954) consider the availability of material resources

(food quali-(;y and quantity, and a place in 1·:hich to live),

dispersal and searching capacity of the species, and the

time during which the rate of increase of the species is

positive, of prime importance in population regulation.

The value of ti1.e leaf miner is questionable, since

t.i1.e i)l'esence of a mine on the leaf may lJroduce little stress.

~11.e leaf was not destroyed by the presence of the leaf miner,

and if it had been destroyed this could have affected its

aim survival. ;,;ld leaf mines could dry out and cause dead

spots on the leaves, but iV'hether this 1;vould inhibit tile

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. In this

instance, it seems tllat the interaction is unfavorable for

the leaf miner. .ioi·lever, t.i1.is would indicate a need for

caution in the introduction of all species of beneficial

insects available, since they could ?ossibly inflict only

sliGht damaGe to the iveed, but could inhioi t another
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bsneficial insect of greater potential importance.

hvaluation of Coptr?~~ Lantana 6ased on this S~~dl

Ci-enerally, lantana ivas omnipresent in the area i'lili ci1.

was sampled, however, the presence of the insects on the

plant definitely inflicted stress.lbis stress seemed

effective, hOi-,rever, only ilThen abio tic factors i1!ere producing

a stress on the plant and less stress on the insect, such

as is evidenced by the defoliation, and lack of floi'lering

in si te )fl, ';·...hich was lii:>:ely due to the abundant tingiCi.

population. Continuous attack by lantana insects at stress

periods can defoliate the plant and prevent seed production,

thus limiting the spread of lantana and actually causing

aie-back in some cases. However, in the eXiJosed sites

where abiotic stress was periodically heavy, lantana was

tlLLc~ly abundant when the abiotic stress lessened and thus

i·:as not under control in these sites, even though numerous

lantana insects iv-ere present. 'i'he judicious introduction

of more species of lantana insects should be of value in

10i~ering the density of the plant, since the stress applied

by them possibly 10i'iervs tile plant densi-c;y, thouGh only

sli:;htly. A concerted attack by a number of sj?ecies of

these stress-producers could bring about control.



.:m~·wLAi-l.Y A1.~J.) CONCLU3ION;.;j

In four sites, each at a different altitude in the

liaianae l\Iountains, Oahu, fiawaii, stem sections of lantana,

each consisting of approximately six inches of the growing

tip, were collected. ~en of these stem sections, each from

a separate plant, were collected weekly in each site for a

period of 54 1veei-:s, after 1'Jhich five stem sections were

collected bi-\veeldy through the 65th weel-.: of sampling.

'llLese stem sections were examined througlLly in the laboratory

for introduced insects of lantana and their damage. Labora­

tory rearing and observation~ere conducted on the three most

,abundant species found in the field, ~~ strigata F.,

Te~~ni~ scrup~l~~~ stal, and premastoDombycia ~~~ella

Dusek, in order to supplement the field data.

The positive correlations of populations of these

insects ,vi th their specific type of damage ,vas expect ed and

occurred in all sites. ine populations of ~ strigata and

:h scrupulosa changed more noticeably as the total abundance

of leaf material changed than did the population of .~ ~an­

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 \lTas unaffected by the looper and the tingid •

.t'otentially higher populations of C. lantanella than that

found in this study are possible, according to separate

reports by two other entomologists. lbe parasitization of
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h lantanella in this study as well as interaction bet\'leen

~ lantanella and the insects attacking lantana may account

for this difference. The parasite population followed the

change in ho s t population very clo s ely. ":Che higher \'lind in

site ff~ 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 if2 and if4.

There was a definite difference in the populations of

insects, their damage, and the abundance of lantana leaf

material and fruiting structures present. "nLis was probably

due to the differing conditions in the sampling sites. Site

ffl was coolest and was surrounded by a forest area, site #4

was warmest, and was partially in the open and partially

shaded. Sites it2 and if3 \-lere openly exposed to sun and \\Tind

and had the highest wind velocities, the highest of all being

in site i3. The lughest rainfall was in sites vl and ff2,

and the lowest in site if4.

Lantana \'las in w'orst condi tion in site 7f1, \'li th many

plants often being defoliated compl etely. 111.e tingid popu­

lation \\Tas 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. 1be tingid is probably

the most important of the three insects present in the sites

sampled here during the sampling period. The population of
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Hypena 'l.1aS too low to be of very much consequence, al though

much 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 'lJ'11.en the Hypena

population 'lJ'as so low that almost no larvae "lere collected.

Although the population of g. ~tanella was relatively high

near the termination of sampling, there 'l.lJ'as li ttle 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 ffl in

which abiotic stress was least evident, that is, the site

w'i th highest rainfall, lowest temp eratures, louest \-iTind

velocity, and least direct sunlight, uas the site in which

lantana control seemed most effective. A,biotic stress \'las

no doubt affectinG the lJlant durin:.; this period of defolia­

tion, since defoliation \'las ,no st 0vid.en t in 5i te lfl durinG

the lJeriod of adverse condi tions. Based on this, it ,vould

seem that biological control of lantana is most effective

where stress on the ~lant is present, but stress on the

insect ::.:>o,;,:mlation during this period is relatively 10''1.

~~e insect population seemed of more im90rtance in effect­

inG control here than did the abiotic influences.
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AP~ENDIX

TI~e insects attacking lantana but not exceptionally

abundant during the sampling period are listed in table 7.

The seed fly, QEhiomyia (Agromyza) lant~~ is not listed

here, but studies on it were conducted. 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 ?latyptili~

pusillidactyla, Bpinotia lantana, and Ophiomyia lantanae.

Of the insects feeding on the flowers and the flower and

berry receptacles Epinotia was the most abundant, and pro­

bably the Inost effective. This insect was found to attack

the flolvers, the flower receptacles, the berry receptacles,

and even the young green stem. Larvae of h2inotia were

often found boring within the stem, hollowing it out, so

that only the outer shell remained. Plat~iLtili~ 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. rtipe 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 8 per cent. One

species of parasite, Zaischnopsi~ sp., emerged from the

berries which were collected. With about 92 per cent of the

berries surviving the attack of Ophiomli~, it is probable

that it has little controlling influence on the production

of ~w.plants through seeds.

'The leaf skeletonizer, ciyngamia, was present in lower

numbers than Hypell~, but it is possible that some of the per

cent of leaf material missing was attributable to this

insect. ~mage by ~yngamia is rather characteristic, how-

ever, and relatively little of it was found in the field

samples. §yngamia feeds by forming an enclosed snelter of

the leaf and feeding inside it. Syngamia forms this shelter

by tying a leaf margin to the central area of the leaf. 'n~o

species of parasites, Trathala flavo-orbitalis Cameron and

Casi~~~ ~n~esta Cresson, emerged from last instar 3Yngal~

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

,v-riting', how'ever, this insect is more numerous, and it has

been reported feeding on plants in the sampling area.

l11.e steHl gall fly, ~utreta xanthochaeta ,.,ras more

numerous during the first part of the sampling period..

Jails of this insect have readily attracted the attention

of visitors to lantana areas, and many of these people have
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given credit to this insect for a severe attack on the plant.

Ho,.. ever, many of the galls ,..hich 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, 92iu~ ~~on~ Cameron, which

was originally introduced for biological control of fruit

flies, and iVilich also attacl.-:s the parnalcani gall fly, emerged

from a large gallon a stem section of lantana. i-Ul of

tnese l1.0sts of this parasite are in the same family,

Tephri tidae •

.tue other insects of lantana listed in table 7 are

no t yet es tablis.i.1.ed. on Ijahu, but may be found a ttacldng

lantana on some of 'I:;he ot.her .i.'2a,';aiian Islands. Ti:le establish-

ment of t'toiO of them, Q~ct_'?__~.21.~":l_ ,§-,~~br.ipeE_~?:E and Aerenic012..~_~_~

champion:i;., is still questionable.

'fable 9 indicates insects found associated \.,rith

1~1tana, other than the ones pur~osely introduced for control

of the weed. ~ome of these feed on lantana, and others are

merely lJresent in the area and are teinporarily resting on

the plant.
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lable 7.-Number of lantana insects besides three

most abundant sl)ecies in combined samples.

~~~mic:!-~
haemorrhoida1is-------------

Butreta----xanthochaeta

Eoinotia
.~-~

lantana

;~;~1.j;x.e.~~~:i:_~
pusillidactyla.

Catabena
esula

j~..pr. -Aug.
__1962....-_

39

9

27

1

3ept.-Jan.
. J:..2_~!!-_. __

22

7

22

42

27

o

Feb.-June
1 0 64

~._--_..

19

18

o

27

o

Total

86

64

31

114

77

1
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Table 8.-Number of berries and emere;ing lantana seed
fly, Ophiomyia 1antanae, adults from field collected samples
JUly - ~eptember, 196:;.

No. .J?er cent berries :&nerging
Date No. berries seed flies destroyed* parasites**._.. ---_._- -

JUly, 1963 61 2 3 0

69 15 22 0

117 28 24 0

152 12 8 0

195 11 6 0

154 18 12 1

84 1 1 0

Aug. , 1963 46 0 0 0

21 0 0 0

4,9 1 ') 3'-

87 1 1 0

68 2 3 1

Sept. , 1963 70 5 7 1

40 6 15 0

120 7 6 0

12 J 25 0

1'0 tal 1.345 112 8*** 6

* Based on destruction of one berry per fly.

*** Average per cent berries destroyed.



'Table 9.-List of arthropods besides those introduced for lantana control found
associated lvi th lantana in four sites in the.1aianae i·Iountains, Oahu.

IN>:iECTA

Order

Collembola

Orthoptera
l.JSoCOl)tera
'fhysanoptera

lJermaptera
Hemiptera
(Heteroptera)

Hemiptera
(I-romoptera)

;;;ipeci es

Salina maculata Folsom
';;ieveral'-o th"erunidentifi ed spec~es
also collected.
Copocepl~lus saltator ciauss.
Unidentified species.
Haplo thrips gOlvdeyi (,franklin)
Several unidentified species.
Unidentified species.
:fY_ttl~ mundul~s dredd.

Nez~ viridula var. smaragdula
.I!'abr.

Orthezia insignis lJouglas

!:he~acoccus iit0ssypii Towns and
Clell.
Hemiberlesia lataniae Signoret
Trialeurodes ~rariorum (~estw.)

Aph.i. s ~~Le!..:i.::. Glov.

other unidentified species of
aphids collected also.
~iphanta ~ta (~alk.)

~tictocephala festina Say
Unidentified Cicadellidae

,H,emarks

Occasionally found on lantana
leaves.

In lantana flowers.

~ossibly feeding on eggs of
Teleonemia.
~air 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 l'li thin
empty mines of C. lantanella.
Feeding on stem-of lantana.
Feeding on lantana; all stages
found on leaves.
Aphids feeding on leaves and
often found lvi thin empty mines
of ~ lantanella.

Probably transitory in area.
£robaoly transitory in area.
~robably transitory in area.

--.:l
\.oj



Table 9 (continued)
J:l-J.:i.!iCTA

Order

Coleoptera

.L'J europtera
Lepidoptera

iJiptera

Hymenoptera

.:>pecies.

~nt..s>.E!..9~ go dman :i:.. (Cro t ch)
Hyperaspis jocosa Muls.
Coelophora inaequalis
GrJ:'J?tolaemus montrouzieri i'luls.
9rcus chalybe~E (doisd.)
Bruchus pruininus Horn
Unidentified weevil
unidentified nitidulid
Chrysopa macrophya J.,,icLachlan
rlusia chalcites ~sp.

Unidentified geornetrid larva
ChYJ.3-.0myia sp.
Unidentified 3arcophagidae
Auis mellifera (L.)--Trathala flavo-orbitalis Cameron.._----- -----------
Casinaria infesta Cresson- ._.._......~-

~~ntel~~ !~argi~even~ris Cresson

;i~;p_a_~te~~_~..~_ri!.r:t~_£.:i:~tus .J:>1uesebecl>:
I

upius. .:!'_:sl9ni Cameron

~:...~ thi2.. halvaiicola Ashmead

:lai_s_C?b119PSJ-.2. sp.

H~mi..e~~_~_~~J?_~_ ~~~l~~...<?l~~
G-irault

R.emari~s

~robably transitory in area.
rredaceous ladybug of Orthezia.
Adults
Adults and larvae found on lantana.
Adults on lantanae.
Transi tor)'"

Larvae found on lantana.
Feeding on lantana leaves.
Feeding on lantana leaves.
l'ran s ito ry
'l'ransi tory
Vi si ting Ian tana flolvers
Einerged from last instal' larva of
~ngami~ ha~~rhoidalis

Bnerged ffom last instal' larva of
.-?yngamia h.a_~niorrhoidali_~

rupa collected on lantana leaf in
area of high ,jyng~~ population.
Found associated with high popu­
lations of 9xn~mia and Hxpena.
Adult parasite emerged. from gall
of ~utreta xanthocl~eta.

Adult on-stem-section-Df lantana,
associa ted lvi th high populations
of Syngamia and Hypena.
Adults emerged from berries
containing lantana seed fly.
lJarasi te of .9..!.. lan_~~~l~ .• -...:l

+:-



'.cabl e 9, (continued)
IN;:iECTA

Order--_.- ;;;oecies... b _ l-temarks------
;l:.Jni~_-!:-~_C2. ex~'!.~ 'l~mberlal\:e

~~_ei~_t..~ y~gans 'l'imberlake
~<:t;;r~1~~~ fl~vi5~liJ)_~a~_~. Crmvford
~everal unidentified species of ants

C~U;;;j'l'ACEA
---~._-----._-.

l~arasite of
.t'arasite of
..earasi te of

C.
C._

Q.!-

lantanella.--"-'---'---lantanella •
lan~anella.

lsopoda

Acarina

Araneida

Unidentified pillbug

AKACHi\:f~A

urevioalDis pho enicis (u-eij sl.:es)
--~~-- ----..-...---_.-
.:unblysciu~. Sl).

'l'etranychus tel~_rius (L.)
'l'L!cl~X.~.'h..~ :p~'?E-iforill:!:_s_ (.c.1ving)
~illystis 9~~~ (i..)
.i)'lower mi tes
Urb-i'leb iveaving, and jumping spiders
(several species) were noted, but
as yet unidentified

Collected with stem sections of
lantana.

~eeding on lantana leaves.
.i,Jredaceous mite.
ffeeding on lantana leaves.
Feeding on lantana stem.
.eredaceous mi teo
In flower heads of lantana.

-...:!
v,
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