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Comparison of the effect of acquous leaf extract of the Australian cedar (bottom specimens in a, b and c) with
that of Spanish cedar (top specimens in a, b and ¢) incorporated in diet, on the mahogany shootborer. a. After
14 days of feeding. b. After 24 days of feeding. c. Pupae obtained after 28 days and 40 days from diet mixtures
containing Spanish cedar and Australian cedar respectively. d. Adult with shortened wings reared on diet con-
taining Australian cedar, For accompanying text refer to chapters 2.1.3, and 3,
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PREFACE

On relatively few occasions plantbreeders, foresters or entomologists
have had the privilege to come across a plant species which at once
combined a natural immunity to a notorious insect pest with all de-
sired qualities of the plant. My interest in Hypsipyla grandella, the
shootborer of Meliaceae, was aroused when I introduced the Australian
red cedar (Toona ciliata var australis) into Costa Rica in adaptability
trials of forest tree species, during which it proved to be resistant
against the attacks of this borer.

It was a fortunate circumstance that this applied silvicultural-ento-
mological research was carried out in the framework of a Technical
Assistance Project of the Netherlands Government, which allowed for
the proper development of the project, assistance and chamnels of dis-
semination. ‘

Although several aspects of this research remain to be solved, it is
encouraging to know that the Australian cedar is at present being planted
in the majority of the Latin American countries and that these trials
have confirmed the tree's resistance against this serious forest insect.

I am greatly indebied to Prof. Dr, J. de Wilde and Prof: Dr, L.M. Schoon-
hoven, who, with great interest, followed the development of this re-
search and who introduced me into new fields of plant-insect investi-
gations, thereby widening my entomological horizon and reinforcing my
interest in this relaticnship. Their guidance and assistance, as well

ag the critical appraisal of the manuscript, is gratefully acknowledged.

My gratitude is also extended to the Netherlands Bureau of International
Development Gooperation and the International Agricultural Centre, in
particular to Mr. H. J. van Rongen and Ir. A. Glas for their early re-
cognition of the potentials of this research project and for allowing
an additional year to round off and write up these studies.

In particular I want to thank Dr. J. BE. Araujo, Director General of the
Inter-American Institute of Agricultural Sciences of the Organization
of American States, Ing. M. Elgueta, Director of the Tropical Research
and Training Centre, and Dr. W. Albertin, Head of the Depariment of
Tropical Forest Sciences as well as Miss M. D. Malugani, Director, and
Ing. A, Gorbitz, Technical Editor of the Documentation and Information
Centre for their unwavering support during this research project.

My sincere gratitude is alsc extended to Prof. Dr. R. I. Gara of the
University of Washington, who very much stimulated my first steps

in Hypsipyla research at the Tropical Research and Training Centre in
Turrialba and provided me with fresh insights in insect ecology.

The joint investigation with Dr. S. C. Roberis on the toxic compounds
of Toona was a gratifying and fruitful experience which convinced me
of the important role which orgénic chemists should play in investiga—
tions on plant-insect relationships.



With pleasure I recall the long discussions with members of the Inter-Amer—
ican Working Group on Hypsipylas; more specifically I would like to express
my appreciation to Ing. V. O. Becker, Dr. O, Hidalgo-Salvatierra, Dr. XK.
Katiyar, Prof. Dr. G. G. Allan, Dr. F. D. Bennett, Dr. R. M. Wilkins and
Dr. D. D. Sliwa thereby thanking them for oontrlbutlng to my scientific

and personal formation.

The help received from colleagues, staff and personnel of the Laboratories
of Animal Physiclogy and Entomology has been of great value. In partic-
ular, I would like to thank Ir. E. A, Goewie, Ir. J. Wiersma, Drs. W. F.
Tjallingii, Ir. F. Dieleman, Drs. J. H. Visser, and Mr. C. van der Burg
for their assistance and advice. The kind cooperation of Miss E. van der
Meijden, Mr. C, van Eden and Mr. A. G. M. Roos during my stay in Wageningen
is deeply appreciated.

Lagt, but not least, I am most grateful for the assistance received on
aumerous occasions from Ir. J. T. Sterringa and the team of Costa Rican
workers under guidance of Mr. Oscar Ovares. Their diligent collaboration
will long be remembered.

Wageningen, September 24th, 1574.
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1.1 General aspects of the Hypsipyla problem.

The oligophagous shootborer Hypsipyla (Lep.:Pyralidae) is a pantropical
genus of insects which attacks commercially important tree species of the
family of Meliaceae.

Although this serious forest insect pest was already described in 1848,
methods to contrel its detrimental effects on artificial plantations were
inadequate or only partially successful.

The main damage caused by Hypsipyla spp. in the tropics of Africa, Asia,
Australia and Latin America is inflicted by the larvae which destroy the
principal terminal shoot by boring into the tips and tunneling in the stems
of young saplings.

Resprouting of the plants, followed by repeated attacks of the insects
results in the development of numerous.side branches and comsequently in
badly formed trees, unsuitable for timber productiom.

Economically valuable tree species of the genera Khaya and Entandrophragma

in Africa, Cedrela and Swietenia in Latin America and Toona in Asia and Aus—~

tralia are, among other genera, highly susceﬁtible to infestation by the
native Hypsipyla. Trials to establish large scale pure plantations of native
Meliaceae in countries of these continents invariably failed, which in turn
unfavourably influenced the interest in research on these species by forest
services and private forest companies.

In the natural hardwood forests of the tropics commercially sized Melia-
-ceae occur in limited numbers, often only at a rate of 1-5 per hectare, and
mixed with numerdus other tree species of the abundant vegetation.

The relatively low number of tree species presently considered of economic
value makes exploitation of the heterogeneous hardwood forests am unattrac-

tive enterprise, often employing the lowest-of-income and working on a non-
sustained production basis.

In developing countries of the tropics, agrarian reform programmes, colo-
nization schemes and population pressure on the land, tend to regard the
existing large areas of these forests as unproductive lands. As a conse-
quence, extensive forest areas containing Meliaceae are felled and burned
after superficial exploitation, to satisfy the need for higher immediate
benefits, thereby disregarding the long term capacity of the soil for these

alternative agricultural uses. The rate of forest destruection in Latin



America was estimated at 10 million hectares per year in 1962 (18). Cons-
truction of new transportation routes, such as the recent Trans—Amazonian
Highway, has opened up large tracks of virgin forest which will face a si-

milar fate, thereby increasing this figure considerably.

The rapid pace of destruction and depletiom of the existing natural re~
sources of Meliaceae, together with the obstacles encountered in success-
fully establishing and maintaining plantations of the native meliaceous
species, stressed the need to promote a programme of increased research on

this insect pest.

1.2 Organization and framework of the investigationms.

The concern of international organizations such as the Food and Agri-
cultural organization of the United Nations and the Commonwealth Forestry
Institute with regard to the problem of Hypsipyla has been expressed
repeatedly.

In a paper presented in 1968 at the 9th Commonwealth Forestry Conference,
on Entwistle, summarizing the situation on the shootborers, concluded that the
status of investigations on the control and plans for future research on
Hypsipyla were weak and alarming (17). Since forest services and forest
research organizations in tropical countries are particularly restricted in
developing research projects on insect pests due to their extremely lean
budgets, the need to centralize available resources, efforts and manpower
in a Hypsipyla research project was indicative.

Supported by the Inter-American Institute of Agri&ultural Sciences of
the Organization of American States, the Netherlands Bureau of International
Development Cooperation, FAQ, the University of Washington and the University
of Purdue, the Inter-American Working Group on Hypsipyla was established in
September 1970 at the Tropical Training and Research Centre in Turrialba,
Costa Rica.

This working group adopted as its main objective to execute research
projects for the development of a programme of integrated control of Hypsi-
pyla.

Hereto several fields of investigation were embarked upon, which incor-
porated the following projects:

a. Manipulation of the micro—enviroment as a partial control of Hypsi-

pyla.




b. Biological control.

¢. Chemical control by means of controlled release insecticides.
d. Development of an artificial rearing system.

e. Hostplant selection and flight behavior.

f. Natural resistance of Meliaceae against the shootborer.

The investigations carried out by the author fitted in this overall
scheme and referred to the projects on mnatural resistance of Meliaceae,
hostplant selection and flight behavior, development of an artificial rear-

ing system and biological comtrol. Except for the publication "Hexamermis
albicans (Siebold) (Nematoda:Mermithidae) a parasite of the larva", the in-
vestigations comprised in this dissertation were executed with the author
as main investigator. The chemical aspects of the research on the toxic
fraction of the Australian red cedar were taken care of by Mr, S. C. Roberts,

Department of Chemistry, University of Washington.

1.3 Location and climatic conditions.

The investigations were executed in the laboratories, in the Florencia
Sur tree species trials and in the Puente Cajdn experimental plantations
of the Department of Tropical Forest Sciences at the Tropical Training and
Research Centre of the Inter—American Institute of Agricultural Sciences

in Turrialba, Costa Rica.

The vegetation in this area is classified as Premontane Tropical Wet
Forest according to Holdridge's Life Zone System (27). Several Meliaceae
of the genera Cedrela, Guarea and Trichilia occur naturally in this area,

Cedrela being represented by C. odorata L.and C. tonduzii C. de Candolle.In

addition, plantations of Swietenia macrophylla King, which has its natural

distribution in the North Western part of Costa Rica, Toona ciliata M. Roem.

var australis and Khaya ivorensis A. Chev. respectively from Australia and

Africa, have been established in the experimental area.

According to observations over a 26-year period of the meteorological
station of the Centre, located at 83°38 w. L: and 9053' N. L. at an altitude
of 602 m, a.s.l., the climatic conditions are characterized by the following
means: annual temperature 22.3°C, daily amplitude 9.2°C, relative humidity
87.7 percent and an annual precipitation of 2,682.5 mm (Table 1). Sugar

cane and coffee are the main crops under culture in the area.
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1.4 The economic importance of Hypsipyla grandella (Zeller).

1.4.1 General information on the insect.

The genus Hypsipyla is represented in Latin America by H. grandella
(Zeller), H. ferrealis (Hampson), H. fluviatella Schaus and H. dorsimacula
(Schaus) (22). Of the four species which all occur in Costa Rica, H. gran-
della is the most harmful species, attacking the terminal shoots of all

members of the gemera Cedrela and Swietenia in Latin America, whereas H.

ferrealis has been reported to attack exclusively the fruits of Carapa
guianensis Aublet. A morphological description of all the Latin American
species is given by Heinrich; lately Becker (7) provided a redescription
of H. grandella and H. ferrealis. The hostplants of H. fluviatella and

H. dorsimacula are unknown yet.

With the exception of Chile, Hypsipyla grandella has its natural dis-

tribution throughout Latin America and the Caribbean islands to the South-
ern tip of the United States, where it has been recorded in Miami, Florida.
It is a native American species closely resembling H. robusta (Moore) which

causes considerable damage to Meliaceae in Africa, Asia and Australia.

The biology of H. grandella has been studied primarily by Ramirez (37)
and Roovers (43) in Barinitas, Venezuela. A review of the existing lite-
rature on the insect was published in 1964 by Tillmanns (54), However, since
then several other authors have published complementary information (7,23,
24,44 ,45,46,47,). A summary of the most important biological data is presen-

ted below.

The eggs of H. grandella are oval and flattened, measuring approximately
0.98 mm in length and 0.50 mm in width. Immediately after oviposition they
are whitish coloured turning into red within 24 hours. Generally the eggs
are laid separately but at times in small clusters of 3 to 4 in or near the
leaf-axils. Oviposition occurs on the leaves (44 percent) as well as the
stem of the hostplant (54 percent). Preferred oviposition sites are located
in and near the leaf-axils, on leaf scars, and adjacent to the mid- or side
veins of the leaflets. The period of incubation varies between 2.5 - 6 days

(average 4 days), depending on temperature conditions.

Young larvae often penetrate the leaf axis first and at a later stage
move to the unlignified young terminal shoot, axils or tips of side branches.

Feeding is generally continued on the pith, but consumption of bark, phloem and



leaflets has also been recorded. The number of larval instars may vary from
5 to 7, but most frequently 6 instars have been observed (24). Larvae pro-
tect their entrance holes and tunnels by constructing a web, which is co-
vered with plant particles and excrement; these protective structures are
also built before moulting. Last instar larvae often spin their cocoon at
the upper end of the tunnel, where they pupate. The total life cycle is
completed in 4 to 7 weeks (average 5 weeks) depending on climatic conditions
and availability of adequate food. Cannibalism has been observed frequently

both in the field as well as in the laboratory and affects larvae and pupae.

The average duration of the different stages of H. grandella (at 26°C
and 60 percent R.H.) are:egg stage: 4 days, larval stage: 20 days; pupal
stage: 10 days; adult stage (till oviposition): 2 days.

The greater majority of adults emerge during sunset, before light inten-—
sity has reached its lowest level. Except for a study on mating behavoir of
adults in captivity (47) little is known yet about the pattern of nocturnal
adult activity. Before mating, the female adopts a calling position by bend-
ing the abdomen dorsally upwards between the wings, thereby protuding the
ovitubus. Adoption of this posture is generally considered to serve as a
means of exposing the glands which produce the sex pheromone, facilitating

thus its dispersal.

Courtship activities are minimal; attracted males fly to the females
and walk to rear of these. After touching the abdomen of the female with
their antennae the males turn around and posterior to posterior copulation
is initiated. Adoption of the calling position by females is started about
six hours after light intensity approches its lowest limit, peaks three
hours later and ends after approximately 10.5 hours. On the average it lasts
1.6 hours (47). Since any shift of the light-dark cycle (12L:12D) results
in an equal shift of the time when the calling posture is adopted by virgin
females, it seems likely that the adoption of this position by virgin females

follows a circadian pattern.

Mating lasts between 1.5 and 3 hours (47) and may be followed by ovipo-
sition immediately afterwards. Under laboratory conditions, up to 1022
fertilized eggs have been obtained from a single female containing one sper-
matophore. In field plots with trees of approximately 1.60 m height, the

number of eggs found on a meliaceous sapling varied from 1 to 48; however,




on approximately 50 percent of these sampled trees only I to 3 eggs were
oviposited. In this survey, which was executed during the middle of the
growing season, 38 percent of the trees were not oviposited upon.

Ramirez and Sterringa (37,52) observed that adults can survive up to
7 days under laboratory conditions without food and water. Depending on
the availability of food and c¢limatic conditions the number of generations
per vear is likely to vary. Under the climatic conditions of the Turrialba
area, where high rainfall promotes resprouting of the saplings, H. gran-
della can be found all year round in young meliaceous plantations. 1In areas
with a pronounced dry season and mature trees the attacks of the shootborer

will switch from the shoots to the fruits during the dry period.

1.4.2 General information on the host plants,
Commercial meliaceous tree species in Costa Rica pertain to the

genera Carapa, Cedrela and Swietenia. The genus Carapa is represented by

C. guianensis Aublet of which the seeds are infested by Hypsipyla ferrealis,

However, in Brazil, shoots of the same tree species are reported to be at-

tacked by H. grandella (6).

In Costa Rica, C. guianensis can be found, up to 800 m elevation, in
the very humid areas of the Atlantic Plane and the Southern Pacific region.
It is a high forest tree which grows well in wet soils, along creeks, in

gullies and in swamps.

Of the genus Cedrela, the fruits and shoots of the following native
species are attacked by H. grandella: C. odorata L., C. angustifolia Sessé

& Moc., C. salvadorensis Standley and €. tonduzii C.DC.

Taxonomically, the nomenclature of C. salvadoremsis (51) and C. tonduzii

(14) has become confused. Smith (48) in the latest revision of the genus

Cedrela at first considered both species conspecific with . ocaxacensis C.DC.
& Rose. However, in posterior publications C. tonduzii, (49) and C. oaxacensis

(50) were redefined and separated again but C. salvadorensis was maintained

as a synonym of C. tonduzii.

Since C. salvadorensis and C. tonduzii have distinct morphological dif-

ferences and occur in completely different ecological regions, these species

too have heen kept separated here,
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Of the Cedrela species, C. angustifolia and C. odorata are widely dis-

tributed throughout Costa Rica and can be found from sea level up to

1,200 m. (7). The species require a well drained fertile soil.

C. salvadorensis is relatively rare in Costa Rica, with a restricted

distribution. During surveys only 6 trees were located of which four were
encountered on the slopes of the Pods volcano near San Pedro and two near
Villa Coldn, in the Central Valley. This species which has the largest

fruits in the Cedrela genus, grows on fertile volcanic soils, and can be found

at altitudes between 800-1200 m.

C. tonduzii is encountered in the higher altitudinal belts of the vol-
canos Turrialba, Irazidi and Pods, between 1,500 - 2,700m, where it also

grows on the fertile volcanic soil of recent origin.

The only species of Swietenia in Costa Rica is §. macrophylla King of
which the fruits as well as the shoots are attacked by H. grandella. This
tree inhabits the dry forest of the Korth Western Pacific side of Costa
Rica, where it occurs from sea level till approximately 500 m altitude.
Scattered in the forest, it is sometimes found in combination with C. odo-

rata along creeks and rivers.

All mentioned Costa Rican Meliaceae are susceptible to borer infestation.
Seedlings still in the nursery stage as well as trees over 30 m height are
attacked. From a silvicultural point of view, however, the first six years

are the most critical.

In this early stage, plants and saplings produce several fresh shoots

during the wet season, which are liable to be infested by H. grandella.

Cleaning operations, aimed at providing young plants with as much light
as possible, facilitate this frequent production of new shoots and conse-
quently favour a rapid build-up of the insect population. This repeated
sprouting, followed by attacks of the borer generally results in branchy
trees which are sometimes killed by secondary agents such as fungi and

termites, but rarely directly by the borer.

A reduction of Hypsipyla attack often takes place when the trees reach
the pole stage (8~10 m); in this stage the frequency of production of new
shoots has decreased to once or twice a year. Lateral branching is also less
frequent then, because of increased competition for light during the canopy

formation. In addition, the Meliaceae are deciduous in the dry season during
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which the shoots are harder and more difficult to penetrate for first
instar larve., Moreover, the larval period in trees under moisture stress
also increases (46). Together these factors excercise a considerable influ-~

ence on the posibilities of propagation of the borer.

Mature trees generally produce new flushes of leaves and shoots only
once a year. During the dry season, when trees are leafless, the attacks
of the shootborer are transferred to the fruits of the trees. Survival
during this period, which may last up to 4-5 months in the North Western
part of Costa Rica, is further facilitated by individual variability in
deciduousness, fruiting and flushing of new leaves and shoots of the Melia-
ceae. Resprouting of a few individual trees can sometimes be observed in
the middle of the dry season., Fructification gemerally starts at the age
of 12 or 13 years (35). It is estimated that a rotatiom cycle of 35 to 40
years would suffice to produce commercial timber, providing that the plan-
ting site is of good quality and attacks of H. grandella could be neglected
(35,55).

All Costa Rican Meliaceae are highly desired timber species which can
reach diameters up to 2,0 m and heights of over 40 m under optimum condi-
tions. The wood, which is principally used for furniture and veneer, is

easily worked and strong for its weight.

l1.4.3 Economic importance.

Although several thousands of hectares of pure meliaceous tree species
have been established in the past 50 years in Latin America, the literature

provides little information on the financial aspects of failures due to H.

grandella.

Quantified data about attack percentage, resulting deformation and
growth losses are equally scarce and difficult to obtain. On the other
hand this problem is aggravated by lack of silvicultural and economical
studies on the Meliaceae in Latin America; published records of increment,
yields and rentability of these species are virtually absent in the literature.
This is explained by the fact that most forest services and forest research
institutes in the tropical countries of Latin America have been established
after World War Il and face budgetarial limitations which hamper the exe-

cution of such long-term investigations. However, these studies conmstitute
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an important factor in establishing a proper economical basis for Hypsipyla

control and need to be undertaken.

Much information about potential development and yield of Cedrela spp.
and Swietenia spp., can be likely obtained from countries in Africa and
Asia where these Latin American Meliaceae are planted with more success in
view of the fact that they are not or in a lesser degree attacked by the
native H. robusta. Thus, tentative economic thresholds for control meas-

ures could be obtained. Data on growth of Swietenia macrophylla and §.

mahogani Jacq. have been published by Noltée et al (35), whereas informa-

tion on Cedrela odorata is at present being collected in Nigeria (31).

In the Turrialba area, a survey of 7 opengrown trial plantations of young

8. macrophylla, S. humilis and . odorata revealed that 62 percent of all

trees were attacked by the shootborer (45).

Similar genmeralized data are given for other parts of Latin America.
For example, attempts to use C. odorata for reforestation in Puerto Rico
were abandoned in view of the severity of H. grandella attack (53). Ac-
cording to Martorell (32) 835.000 mahogany trees (Swietenia spp.) and
1,000,000 Cedrela trees were destroyed between 1935 and 1943 in Puerto
Rico. Dourojeanni (16) indicates that in Tingo Maria, Peru, 10 percent
of S. macrophylla - and 60 percent of C. odorata - plantations were at-
tacked only four months after planting. 1In the Petén-area of Guatemala,

250 hectares of S. macrophylla, S. humilis, S. mahogany and C. odorata

established in line plantings, are severely attacked by the shootborer. In
Cuba, Fors (19,20) and Roig (41,42) evaluated the results of planting of

1,800,000 Cedrela odorata seedlings which were provided by Cuban nurseries

to private farmers and concluded that no more than 10 percent had survived.

Contrasting to these failures of which similar negative experiments
exist in Argentina, Brazil, Mexico and Venezuela, are a few reports men-
tioning successful pure meliaceous plantations, which apparently escaped
from damage of H. grandella. In the Guayaquil-area of Ecuador, plantations
of Cuban origin, established at the farm "La Mina" reached a height of 35 m
and had a diameter of 1.12 m at 26 years. Although these plantations were
established in the open, no Hypsipyla attack occurred (3!). Similarly, se-

veral young plantations of C. odorata, 5. macrophylla and S. humilis in the

Salitre area of Costa Rica have been reported to be without attack, whereas
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replications of the same seed origins in other areas were heavily attacked
(45). Special mention should be made of the successful plantations of C.
angustifolia which have been established in Venezuela and Surinam, notwith-
standing the fact that this species is heavily attacked there by the shoot-
borer (55). Since this seems to indicate a natural recovery mechanism
inherent to this Cedar species, it will be discussed in more detail in chapter
1.4.4.

Concerning the importance of the Latin American Meliaceae on the world
timber market, reliable statistics are difficult to obtain since differen-
tiation by timber species is rarely provided. Some examples may, however,
illustrate the market situation. Whereas Europe is a principal importer
of African Meliaceae, a great part of the export of the Latin American me-
liaceous timber species is absorbed by the North American market. Brazil

is one of the major exporters of meliaceous timber to the United States.

Swietenia macrophylla, Cedrela odorata and Carapa guianengis from the Pard
and Amazon provinces are exported through Manaus and Belém on the Amazon.

In 1969, prices of these timbers varied between US$ 95-125 per cubic meter
of sawn wood (36). Table 2 reflects the steady fall in export of mahogany

(Swietenia spp.) from Latin America to the United States.

Table 2. Exports of mahogany (Swietenia spp.) and cativo (Prioria copaifera)

from Latin America to the United States, 1960-1968,(21) in mil-
lions of Bdft.*

Year Mahogany Cativo all species
1960 25.2 - 25.3
1961 15.5 - : 20.3
1962 16.6 - 30.7
1963 13.7 4.5 23.8
1964 23.8 10.0 21.2
1965 12.8 11.4 21.5
1966 16.1 14.7 25.0
1967 10.5 9.7 21.3
1968 8.5 10.2 29.9
3

% 221 Bdft. = 1 m".
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Increasing scarcity of these Meliaceae has already led to partial repla-

cement of these species by cativo (Prioria copaifera Griseb). A similar subs-

titution of Spanish cedar (Cedrela spp.) by laurel (Cordia alliodora (Ruiz &

Pav.) Oken has also taken place on the internal markets of Venezuela and Costa
Rica.

Although temporary increases in production of Latin American Meliaceae will
occur when inaccessible areas are opened up by major road construction program—
mes, such as the Trans-Amazonian Highway and the Brasilia-Belé&m Highway, the
long-term trend is likely to be a continuing decline if no suitable methods are

developed to grow these timber species.

1.4.4 Possibilities of control.
1.4.4.1 Silvicultural control.

From an ecological point of view, large scale pure plantations of melia-
ceous tree species, particularly in the humid tropics, represent a highly un-
natural situation. The scattered occurrence of these trees under natural forest
conditions consequently led to the development of silvicultural methods imitat-
ing some of these ecological conditions. Basically, the principal factors taken
into consideration refer to: reduction of the number of Meliaceae per hectare,
presence of shade and the quality of the planting site. Mechanical control by
pruning attacked shoots and branches of trees is considered uneconomical,

The effect of shade is not always a subject of agreement; Chable (15) re-
ports that in Honduras, Hypsipyla damage is complete and widespread regardless
whether mahogany trees are located in the open or in heavy shade., Similar high
incidence of attack under heavy shaded conditions has been observed in trial

plots of mahogany under Gmelina arborea Roxb. in the Turrialba-area. Noltée

et al. (35) also indicate that the use of teak as a shelter for mahogany has
resulted in an important decrease in growth of latter. On poor soils, mixtures

of teak and Cassia siamea Lam. with mahogany showed better results. In India,

Beeson (8,9) reports reduction in level of shootborer attack by planting in mix-
tures and using shade trees. Roberts (40) mentions that attempted control by

silvicultural methods in Nigeria, employing Nauclea diderichii (De Wild.&Durr)

Merr. and Gmelia arborea as shade trees, were not very successful if the maho-

gany was planted in pure lines. However, some degree of control has been obtai-
ned if the shade trees and the Meliaceae were planted alternately in the same
row. In the Ivory Coast, Aubreville(5) employed several African Meliaceae in
line plantings to enrich the natural rain forest, emphasizing the need of late-
ral shade to promote height growth of these tree species. However, no informa-

tion about shootborer attack is given quantitatively nor qualitatively.
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In New South Wales, Australia, about 50 percent of shade is considered nec—
essary to reduce borer infestation so as to permit reasonable growth of Toona

ciliata M. Roem. var australis (17).

Huguet and Marie (29), in the French Antilles, indicate that poor soils,
excessive isolation and wind should be avoided in mahogany plantations. These
authors recommended the establishment of mixtures or small groups in the exis-
ting natural forest to reduce Hypsipyla attack. The plants should be laterally
protected by leaving brush on the sides.

Reduction or abolishment of maintenance in plantations during the initial
stages has sometimes led to a decrease in shootborer attack. Dourojeanni(16)

reports about a plantation of Cedrela odorata in Kcosnipata, Peru, in which

all cleaning operations were abandoned in view of the high incidence of attack.
After some time these Meliaceae proved to have recovered completely and were
developing into straight saplings. A similar experience has been recorded in
Costa Rica, in two plantations of C. odorata, although form of the trees here,
leaves much to be desired.

Imitation of natural forest conditions is most advocated by Holdridge(28)
who recommends to bring to maturity no more than 10 cedar trees per hectare,
in a mixture with other species. To this purpose, 50 seedlings per ha. should
be planted on well drained fertile sites in full sunlight between the other
species.

Differences in susceptibility of Meliaceae to attack have also been repor-

ted. Most authors (16,44,45) agree that Cedrela odorata is more susceptible to

attack than Swietenia macrophylla.

Special reference should be made on Cedrela angustifolia of which success-

ful line plantings and pure plantations_have been established in Venezuela and
Surinam. Although this rapid growing cedar is severely attacked by the shoot~
borer(37,44,55), it has the property to produce, even under open field condi~
tions, a straight new leader in the immediate vicinity of the attack. Escape
from subsequent attack, during the growing season and fast growth of the lead-
er after the dry season in Venezuela and Surinam, provides this species with
an advantage over C. odorata, which generally grows less vigourously and has
a tendency to produce and develop many side branches after attacks.

Recently an international Cedrela -provenance trial has been initiated
by the Commonwealth Forestry Institute, which should provide valuable in-

formation about the natural resistance of Cedrela odorata and C. fissilis

Vell. in the Ivory Coast, Nigeria and Uganda as well as in Latin America

itself, to the native shootborers. Most successful plantations of Meliaceae
A Y
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have been established by employing exotics. This aspect is dealt with in
more detail in Chapter 2.

1.4.4.2 Chemical control.

Attempts to combat Hypsipyla by means of spraying conventional insec-
ticides have repeatedly failed due to high rainfall and to the hidden
nature of the insect. At the Experimental Station in Tingo Maria, Peru,
trials employing lead arsenate, DDT and Parathion at 2 weekly intervals

were abandoned in view of lack of success and elevated costs (16).

In Barinitas, Venezuela, Ramirez (38) initially reported excellent
control of the shootborer with DDT, Aldrin, Fosfernmo, Telodrin, Parathion,
Metasystox, Endrin and combinations of these insecticides, when applied
every two days during oviposition periods. However, the short life cycle
and overlapping generations of the insect call for very frequent applica-
tions of the insectidices. The high costs of these chemical treatments

apparently impeded continuation of the trials, since they have never been

reported upon again.

However, a new method for chemical control of Hypsipyla is being
developed recently by Allan et al. (1,2,3,4,56). 1In this method a systemic
insecticide is chemically or physically combined with a polymer. After
insertion of the combination in the soil around the plants, the systemic
is gradually released from the polymer by hydrolysis or diffusion and
provides a continued supply of pesticide over an extended period to the
plant. Five systemicgs,carbofuran, methomyl, Isolan, phosphamidon and
monocrotophos, which had showed to have no phytotoxical effects on Cedrela
odorata and offered best protection out of 28 systemics tested, were used
in field trials conducted in Turrialba, Costa Rica (3,56). These polymer-
-systemic combinations were obtained by dissolution of each insecticide
at 25 percent concentration in molten polyamide resin and moulding the
mixture into cylinders of 1 cm diameter and 8 cm lenght. Twelve of these

cylinders were inserted around each plant, 30 cm from the stem in the soil.

Evaluation of the results indicated that no damage occurred for 90
days on the Cedrela trees treated with the Isclan, phosphamidon and mono-
crotophos polymer combinations. The methomyl-polymer combination was ef-

fective for about 160 days whereas the carbofuran combination protected




17

the trees for a 340 day period (56). An analysis of the cylinders of the
carbofuran-polymer combination showed that only 20 percent of the pesticide
had been released.® 1In view of the climatic conditions in the tropics
with respect to precipitation, the controlled release method of insecticides
obviously may present economical and ecological advantages when compared
with conventional spraying of insecticides (4). However, a number of points
will still have to be clarified before larger scale employment of this me-
thod might come into effect. In particular, uptake and translocation of
the systemic insecticide during transitional dry spells could constitute
a difficulty. In areas with a pronounced dry season, resprouting of maho-~
gany and Spanish cedar does not always correlate with the initiation of
the wet season. In addition, it can be imagined that repeated increasing
dosages of the polymer-systemic combination would become necessary in time
when both the root system as well as the stem and foliar area of the trees
to be protected increase. To this extent, it should be questioned whether
the failure of the systemic-polymer combination to protect the plants in
the Turrialba-trials for a period longer tham 340 days (although only 20
percent of the systemic was released) is merely due to an inefficient shape
of the cylindrical polymer cast, or whether this is due to displacement of

the active part of the root system.

Another aspect in need of evaluation is the effect of the systemic~

-polymer combination on other insects, parasites, and predators.

l.4.4.3 Biological control.

Under ideal circumstances biological control provides a self-perpetua-
ting system, whereby the pest population will fluctuate below an economic

threshold.

In tropical forestry, where rotation cycles of meliaceous tree crops
may take 25 to 60 years, and the compounded interest of early investments
is consequently bound to exercise great weight on the overall rentability
of the harvest, biclogical control could offer advantages when compared

for instance with chemical control methods.

% R. Wilkins, personal communication, March 1973.
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Although searches for candidate biological control agents of Hypsipyla
spp. had started earlier (8,9,33,34) it was not until the 1960's that a
major effort to establish a biological control project was initiated by
the Commonwealth Institute of Biological Control (CIBC) at Bangalore, India.
Rao and Bennett (39) of this institute surveyed and investigated the large
complex of natural enemies of H. robusta and listed the smaller number of
known parasites of H. grandella. One of their conclusioms was that since
none of the identified species recorded in India was known in Latin America,
reciprocal exchange could greatly enhance the possibilities of biological

control.

At the Trinidad Station of CIBC, Bennett and Yaseen (10,11,57) intro-

duced the following Indian parasites: Anthrocephalis renalis Waterston,

Tetrastichus spirabilis Waterston, Trichogrammatoidea nana (Zehnt) and an

Afrephialtes sp. Rearings of these parasites have been established (11)

and releases have been made since late 1960 in Trinidad and other islands
of the West Indies, British Honduras and Brazil. However, to date no field

recovery of these parasites from H. grandella has been reported.

In India, Africa and Latin America, a parasitic nematode of the genus
Hexamerﬁis has been reported from larvae of H. robusta and H. grandella (39).
Roberts (40) indicates that during the wet season the level of parasiti-

zation by this nematode in Ibadan, Nigeria, was as high as 40 percent in

some collections of larvae.

with regard to pathogens very few records exist; Myers (33) reports
about a fungus of the genus Cordyceps infesting H. grandella, whereas un- -
identified fungi were observed to attack H. robusta (39). Kandasamy (30)

recorded the suitability of H. robusta as a host for Beauveria tenella

(Delacroix) Siemaszko.

In Turrialba, Hidalgo~Salvatierra and Berrios (12,13,25,26) investi-

gated the susceptibility of H. grandella larvae for the fungi Metharrhizium

anisopliae (Metch) Sorokin, Beauveria tenella and Beauveria bassiana (Bal.)

and the bacterial pathogens Bacillus thuringiemsis var thuringiensis and B.

thuringiensis var entomocidus. These studies, executed under laboratory

conditions, showed that the fifth instar of H. grandella is the most sus-—
ceptible to infection by spores of M. anisopliae when dipped for one minute
in a spore suspension of 1.2 x ]07 viable spores per ml; mortality obtained

was 50 percent. In the experiments with Beauveria, one minute immersion of
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of the larvae in a suspension of conidiospores of B. bassiana at 1.4 x 106
viable spores per ml and of B. tenella at 2.9 x lO7 viable spores per ml re-
sulted in respectively 13.9 and 12.7 percent mortality. The preliminary ex-

periments with Bacillus thuringiensis indicated that first instar larvae of

the shootborer were more susceptible to the variety thuringiensis than the

variety entomocidus. In these tests, 91 percent and 20 percent mortality
occurred after the artificial diet on which the first instar larvae were
reared had been contaminated with an overnight bacterial culture of respec—
tively B. thuringiensis var thuringiensis and B. thuringiensis var entoﬁobi-
dus (26).

With regard to the occurence of parasites of H. grandella in Costa

Rica, none had been registered when the Interamerican Working Group on
Hypsipyla embarked upon its programme. However, during surveys and inves-—
tigations, a considerable number of natural enemies of this insect pest

were encountered. They are reported upon in Chapter 2.4.

1.4.4.4 Integrated control.

From the foregoing chapters it is clear that only the first steps have
been set on a long road towards economical control of Hypsipyla. Taking
into consideration the extended period during which trees have to grow
before they can be harvested, it seems unlikely that any method solely will
result in adequate protection of the Meliaceae if increased yields as
compared to natural forest conditions are to be obtained. Protection of
plantations of meliaceous tree species against the shootborer through bio-
logical control agents only, may never be obtained on the American continent.
However, in combination with silvicultural and chemical control the possi-
bility exists that a system of complementary protection measures could be
devised which would not only aim at the desired economical returns, but
also maintain the tree species in an ecologically sound equilibrium with

its envirvnment
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Toona spp. possible alternatives for the problem of the meliaceous shootborer

Hypsipyla grandella in Latin America.*

P. Grijpma™*, R. Ramalho **

ABSTRACT

Toona ciliata and T, ciliata, var australis are fast growing valuable forest

trees, which, when planted in forest plantations in their native countries,

suffer heavily from attacks of Hypsipyla robusta, a shootborer of Meliaceae,

Trials with T. ciliata and its variety australis in Latin America reveal
that these exotic Meliaceae, as well as some others, are not attacked by

Hypsipyla grandella, present in this continent. Parallel to this experience

are findings that Cedrela odorata introduced in other continents is not or

is less attacked by Hypsipyla robusta than native Meliaceae. Apparently some

preference exists, and selection is made by the native Hypsipyla moth. The
first author supposes that this selection is based on the attraction of the
Hypsipyla moth by a specific odour of the host tree, which could be different
for various Meliaceae. It was noted that when leaves and young shoots of

Cedrela odorata where crushed, a strong garlic-like smell was produced, which

was not noticed when leaves of T. ciliata var australis were treated in the
same way. Of the plots of both species, established in the Puente Cajdn

Species Trials in Turrialba, Costa Rica, Cedrela odorata is heavily attacked

by Hypsipyla grandella, while Toona ciliata var australis growing in the

gsame area is not attacked at all. It is thought that the hypothesis of the
olfactory orientation of the moth of Hypsipyla spp. might open new ways
toward the solution of the Hypsipyla problem: e.g. by means of (gas) chroma-
tography, the main odorific components of the essential oils in the leaves
and the shoots of the Meliaceae could be analysed and at a later stage per—

haps be used as attractants against Hypsipyla.

*Received for publication 15 October 1969
**Silviculturist, Department of Forest Sciences, Inter—-American Institute of
Agricultural Sciences (IICA), Turrialba, Costa Rica. Attached to IICA
through the Dutch Technical Assistance Program.
X rofessor of Dendrology of the Escola Superior de Florestas de la Univer-
sidad Federal de Vicosa, Minas Gerais, Brasil. Actually graduate student
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If the hypothesis of olfactory corientation of the Hypsipyla moth is cor-
rect, it might also be possible to select and breed Meliaceae, which do not
possess or have a low content of the attractant component in the leaves and
young shoots.
Crossing of the attack-free species (e.g._zgggi with Cedrela  } could

offer other interesting aspects. The fact that Toona and Cedreld . can be

propagated vegetatively, is an additional advantage.
This paper further reviews the available botanical, ecological, silvi-
cultural and technological data on T. ciliata and its variety australis. It

also includes a short summary of information on Toona sureni and Tocna calan_

tas, other species of this genus which may be of very much interest to Latin

America,
The authors
Introduction
Mahogany and Spanish cedar are two highly valued Latin American tree species

known all over the world for their quality timber. Both, species of the ge-

nera Swietenia and Cedrela, pertain to the family of Meliaceae and have their

natural distribution limited exclusively to the Neotropics.

Notwithstanding their high economic value for this continent, it has
been virtually impossible until now to establish economic plantations of
these species in Latin America due to the frequent attacks of the larvae of

Hypsipyla grandella (Zeller) a borer which infests several parts of the trees

but principally the shoots. The main damage caused consists of the destruc~
tion of the terminal shoot, as a consequence of which numerous new shoots

are produced resulting in deformation of the main stem. The repeated at-
tacks also cause a decreased growth and in some cases may result in the death
of young trees. A similar problem exists in other continents where forest
trees of the Meliaceae are attacked by other species of Hypsipyla (24). In

Asia and Australia for example, the attacks of Hypsipyla robusta impede the

development of Toona plantations, whereas in Africa, larvae of Bypsipyla
albipartialis and H. robusta inflict great damage on native Meliaceae (2,3,15,
22,38,50,53).
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Chemical control of Hypsipyla is difficult; in the first place because
the larvae upon eclosion from the eggs (deposited generally on the stem, on
the leaf axis and on the leafaxils) quickly penetrate in the plant tissues.
The time during which they would be accessible to insecticides unlikely ex—
ceeds a few hours (50). According to Ramirez (45) eclosion mostly occurs dur-
ing the first hours of the night, which would also constitute a difficulty
in the control of the borer. Another problem consists of the high frequency
of attacks due to the relatively short life cycle of Hypsipyla. The complete
life cycle of this insect takes 35+5 days; since the imsect can reproduce it~

self all year round, chemical control would be very costly.

In order to reduce the attacks of Hypsipyla on the Meliaceae, various
recommendations exist, which generally refer to the mixture of the Meliaceae
with other forest tree species, shade, soil types to be used and treatments
which limit the propagation of the insect. The use of systemic insecticides
and of biological control to combat Hypsipyla is also beig investigated. In

Puerto Rico, a parasite, Calliephialtes sp. has been recorded and in India 11

parasites have been encountered of which Trichogramma minutum may be the most

promising since it parasitizes the eggs of Hypsipyla robusta (46,50)

Although the previously indicated methods of control could be of high
value in the control of Hypsipyla and consequently could result in an eco-
nomic solution for the establishment of meliaceous plantations in Latin Ame-
rica, they will not be further discussed here. In this contribution the au-
thors wish to point out that a certain preference of the native Hypsipyla

seems to exist for certain representatives of the family of Meliaceae.

Analysing the literature on introductions of exotic Meliaceae in the
tropical countries of several continents it is noteworthy that certain spe-

cies tend to be less attacked by the native Hypsipyla spp.

In Queensland, Australia, the exotic Cedrela odorata from Latin America

is considered as a forest tree of great promise in view of its rapid growth

and the fact that it is not attacked by Hypsipyla robusta, which destroys

" 'Toona ciliata var australis growing next to it (53).

A similar phenomenon has been observed in Turrialba, Costa Rieca, in the

tree species trials of the Inter—American Institute of Agricultural Sciences,



where Toona ciliata var australis introduced from Australia is free of at-

tacks of Hypsipyla grandella, whereas the native species Cedrela odorata,

Swietenia macrophylla and S. humilis in adjacent plots, are frequently at-

tacked.

In Puerto Rico, Geary (27) indicates that Toona ciliata and T.sureni

are also free of attack, whereas Cedrela odorata and Swietenia macrophylla

in the same arboretum of Ciénaga Alto are severely attacked.

Cedrela cdorata does not seem to be susceptible to attacks by the native

borer in Africa (44). 1In Java, Indonesia, this tree species is attacked by

Hypsipyla robusta, but damage is not considered to be serious and the species

is used to replace Toona sureni which is heavily attacked by the shootborer
(3,56).

In the Philippines, plantations of Swietenia macrophvlla are free of

attack, and this tree species is used in reforestation schemes (50).

In Honduras, Chable (16) observed that the attacks of Hypsipyla grandella

are minimal in the following species: Khaya pyassica, K. ivorensis, Toona

ciliata and Entandraphragma rederi, all species of Meliaceae provening

from other continents. According to his information, Entandrophragma has

never been attacked.

In Turrialba, Khaya ivorensis planted next to Swietenia macrophylla is not

attacked either, whereas the mahogany is a complete failure due to borer

attack.

Notwithstanding this positive information it should be emphasized that
a strict specialization of the native Hypsipyla on native Meliaceae apparent-
ly does not exist. Various reports mention serious attacks of native Hypsi-
pyla on exotic Meliaceae. In Ceylon and India H. robusta is considered a se-

rious pest of the introduced Swietenia macrophylla (53)}; in Australia, the

introduction of Swietenia mahogani failed due to the attacks of the native

Hypsipyla (53) and the French Antilles it was observed that Khaya senega-

lensis, provening from Africa was attacked by H. grandella (50)

In view of the apparent immunity of Toona ciliata, T. ciliata var aus-

tralis, T. sureni, Khaya ivorenmsis and Entandrophragma spp. to attacks of the

shootborer H. grandella and considering the high quality of their timber,
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these species should receive a high priority in tree species trials in Latin
America. Since Toona ciliata and T. ciliata var australis appear to be most
promising Meliaceae to be tried in Latin America, a review of the existing
literature on this species and the variety australis is provided together

with a summary of data of some other Toona species of possible importance.
General

Botanical nomenclature

a. Toona ciliata M. Roem.

b. Toona ciliata M. Roem. var australis (F.v.M.) C.DC.

Synonyms

a. Toona ciliata: Cedrela toona Roxb. ex Rotll,

b. Toona ciliata var australis: Toona australis Harms; Cedrela australis

F.v.M,

Much disagreement has existed between taxonomists on the genus Toona: the
species of this Asian genus of forest trees were considered so similar to
those of Cedrela in Latin America that De Candolle (11) grouped them together
under Cedrela. Earlier, in 1846 Roemer (49) had separated the Asian cedars
from Cedrela bringing them together in Toona. 1In 1896 Harms (18,29) again

differentiated the cedars into two genera Tooma and Cedrela, however, De

Candolle reunited them again in 1908 (12). Recently, Smith (52}, in his re-

vision of the genus Cedrela confirmed that the separation of the two genera

established by Roemer was correct and recognizes the two genera,Toona in Asia

and Cedrela in Latin America,on the several differences indicated below (52):

a. One of the most important morphological differences comsists of the column
forming the gynophore, which is present in Cedrela but absent in Toona.

b. In Toona, the expanded filaments form a pillow-like mass in which the ova-
ry is generally buried, whereas in Cedrela the filaments are adnate to
the surface of the gynophore (Fig. 1)*¥

c. The petals of the flowers of Cedrela are adnate to the gyncphore by means
of a keel on their inner surface. 1In Toona the petals are connected by
their own base to the top of the pedicel far under the mass of expanded
filaments.

d. In Toona the five lvbes of the calyx are connected only briefly at the

¥ . ;
The tables and figures which accompany the text are located at the end of
this paper.
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base. Consequently the calyx will open flat or reflected during flowering;
since the petals are only joined at the top of the pedicel, they alsc open
widely. 1In Cedrela a cup is formed by the joined calyx segments: the con-
-nection of the petals with the gynophore only allow their opening above this
connection.

A revision of the genus Toona is needed to establish the nomenclature of its
species. It is unclear, for instance, if the Tooma species of the Australian
tropics is a distinct species (T. australis) or only a variety (T. ciliata
var australis)., It is also uncertain if T. ciliata from the Western .Pacific
Region (33) is the same species as the one occurring in India. According to

some authors (42) 20 varieties of Toona ciliata exist.

Local names:
I. Toona ciliata: Toon tiin, tiini, maha nim (Hindi); Tini, tdn, tina, 1ldd
(Bengali); Maha limbu (Uriya); Mahlum (Satpuras); Drawi (PB.); Tuni, bobich

(Nepalés); Simal (Lepcha); Somso (Bhutia); Poma, Henduri Poma (Assamés);

Goria nfm (Melghat); Grawa (Khond); Mahalimo (Saora); Kujva (Tippera); Katan-
gat (K6l); Madagiri vembu (Madura) Santhana vembu, thevatharam {Tamalés);
Mathagiri vembu (Mal); Vedi vembu (Trav. Hills); Sdli, mdli (Salem); Kal
kilingi (Nilgiris); Sandani vembu (Tinnevelly); Tundd, kempil gandagheri (Kan);
Nogé, chikado, tseetkado (Maghal@s); ShurdGzbed (Chakma); Thitkado, tawtama,
ni, kashitka (Burmés); Moulmein cedar, Indian mahogany, Singapore cedar, San-
dal neem, Happy Tree, White toon, Yomhom, Burma cedar. .In pNew Guinea,
the species has been. given the following .local names: Red cedar Mafus
(Lower Markham Valley), Epi (Suku), Kapere (Vailada), Mufus (Yulu). (5,7,31,
33,47). |
2. Toona ciliata var australis: Red cedar, Australian (red) Cedar, Australian
Toon (13,14,26,31,59).

Natural distribution:

Toona ciliata and its variety have a wide distribution; the trees are found

in India, East Pakistan, Birma, Thailand, South China, New Guinea, Malaya,
the Bismarck Archipelago Celebes, the Moluccas, Philippines and in vallies of
the Himalaya up to 1,300 m. altitude. It is genérally encountered on river-
banks, or in shaded gullies from Assam, Bengal, to the Western Ghats.

Often, it can also be found in swamps of the Himalayan foot hills. In South~

ern India it occurs mainly in humid tropical forests (5,30,33,34). Accor-
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ding to Kraemer (33), the species can be found scattered in the whole
Western Pacific region, where it grows in the tropical lowlands up to

1,700 m. altitude on mountain slopes. Toona ciliata var australis has its

natural distribution in Eastern Australia, from Ulladulla, South of Sydney
in the state of New South Wales up to Atherton in Northern Queensland (26,

30).

Description

General:
Toona ciliata and its variety australis are large deciduos trees which can
reach a height of 50 m and diameters of 1.50 m {15,18,33,38,). The trunk

is generally straight and for 75 percent free of branches (15,33); butresses

are frequent ,particularly in tropical and subtropical areas (26,33; Fig.2).

Bark:

The bark of mature trees is gray or red brown colored, with a thickness of

6~15 mm. The bark is shed in oblong scales (Fig.2) and consists of an outer
reddish layer and an inner white colored layer. Often it contains a dark

colored liquid of pleasant smell and bitter taste {5,15,26,33,60).

Leaves:

The leaves are alternate compound, frequently pari-pinnate, 30-30 c¢m long,
with 6~12 pairs of leaflets, mostly 7 pairs. Benthall (5) indicates that
the leaves may obtain a length of 100 cm. The leaflets are opposite or
nearly opposite, glabrous, ovate-lanceclate, obtuse at the base, apice acu-
minate, 8-13 cm long and 7-8 cm broad, margins often undulated; the two
sides are unequal.and curved; mature leaves are brillantly green, young
leaves reddish colored. The petiolules measure approximately 6 mm (5,15,
18,54,58).

The variety australis has alternate, compound, pari-pinnate leaves with
3-8 pairs of leaflets, each having the appearance of an ordinary leaf, un-

equal sides and petiolules of less than 1 cm long (26, Fig.3).

Flowers:
The inflorescence is a hanging terminal panicle consisting of white,
.unisexual, fragant flowers. Calyx,: cup-shaped, puberulent exteriorely,

with 5 ciliated sepals and 5 oblong ciliated petals; yellow, pubescent disc,
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shorter than the ovary; ovary pubescent, style glabrous; 5 stamens with
glabrous or pubescent filaments (5,15,18,58, Fig. 3). Francis (26) gives
the following description of the variety australis: flowers fragant, in a
large terminal panicle; the individual flowers are approximately 4 mm long
the calyx is 5 lobed and 1!-2 ﬁm long. On the inner side of the calyx are
5 oval petals of approximately 4 mm length. More towards the centre and
shorter than the petals are the stamens, varying between 4-6. The ovary
is in the centre of the flower and has a style with a flat, round stigma.

Smith (52) believes that the androecium is derived from a staminal
tube of 10 stamens, since many Toona spp. have staminodia alternating with
the stamens and because of the existence of the mass of tissue surrounding
the ovary (Fig.l).

In Calcutta, India, flowering of Toona ciliata occurs in February-March

(5). The variety australis, flowers in September-October. Florescemse and

fructification generally occur every year.

Fruit and seeds:

Fruit a pedicellate capsule, oblong, woody, 2~2.5 cm long and 0.7-1.0 cnm in
diameter, splitting open in 5 valves. Seeds with membranous wings on both
ends attached to the central columm in 5 grooves; 4-5 seeds in each groove

(26, Fig.3). Smith (52) indicates that the fruits of Toona and Cedrela

are basically similar, the difference being principally a degree of devel-
opment. E.g. the fruits of Toona are smaller than those of Cedrela and the
central column is only angled, whereas it is winged in Cedrela. In Toona

the apical area of the columm is not sterile, as it is in Cedrela.

Silvicultural aspects

Climate:
In its natural distribution T. ciliata can be found in regions with an.
annual rainfall of 1,125~4,000 mm (15,17,53); generally the dry season
lasts 3-4 months. The species prefers humid sites, but alsc grows in
drier places. Streets (53) indicates that the species can grow under rela—
tively dry conditions if it is irrigated and tended in the early stage (as
is done in India). Chevalier (48) observes that it will also grow in a mon—
soon climate with a prolonged dry season or template zones in China.

Toona ciliata adapts itself also to very dry conditioms (annual rainfall
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800 mm) if it is planted in fertile soils and has access to ground water du-
ring the dry season {15).

The trees shed their leaves at the beginning of the dry season. In
Turrialba, Costa Rica, where rainfall during the driest month still amounts
to 50 mm, this deciducusness did not occur until the trees where three years
of age. Benthall (5).reports that in Calcutta, India, the trees shed their
leaves at the beginning of the cold season.

The species and its variety australis are fast growing and light deman-—
ding trees, although they are tolerant to shade in the early stages.

The variety australis can be found in tropical rain forests of the coast of
New South Wales and Queensland, Australia, where precipitation is equivalent
to or exceeding 1,500 mm (26). The rainfall is uniformly distributed in New
South Wales but concentrated in the summer in Queensland.

Temperature in the area of natural occurrence of T. ciliata varies between
4300 {absolute maximum) and —20C (absolute minimum). Streets (53) indicates
that this species tolerates slight frosts. On the Atherton plateau in
Queensland, the absolute minimum temperature is -20C, whereas the absolute

. . 0
maximum is 28 C,

Soils:

T. ciliata and its variety australis grow well on the lower parts of slopes,
in fertile soils with good drainage; the trees can also be found frequently
on riverbanks. Establishment on compact clays or poor sandy soils generally
results in failures. Apparently T. ciliata has certain preference for calca-
reous soils (15). The root system is superficial, necessitating a good pro-
vision of water and nutrients in the upper horizons of the soil. In compar-

ison with Cedrela odorata, Toona ciliata appears to be less exigent with re-

gard to sail-drainage (15). Kraemer (33) indicates that in the Western Paci-
fic region, the species preferably grows on deep, well drained alluvial soils

but alsc is established on mountain slopes up to 1,700 m altitude.

Seed and planting practices
Seed collection: The seeds of Toona ciliata are light; one gram contains

between 280-425 seeds (39). The variety of australis contained 306 seeds

per gram. In hermetically sealed tins, dry seeds can be stored for the
duration of a year (39). According to Letourneux (38) the seeds can be

stored in sacks for a year, without losing more than 20 percent of its
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viability. Another source (15) reports that the matural viability of seed
of T. ciliata does not exceed 1-3 months, but that it will maintain its via-

bility for a yvear in hermetically sealed tins kept at 4-5°¢.

Germination:

Fresh seeds of Toona ciliata germinate well. Letourneux (38) reports an

average germination percentage of 90, at 8-12 days after sowing. Magini

and Tulstrup (39) indicate that germination starts 9 days after sowing and
that a germination percentage of 60-80 is obtained. Under laboratory
conditions in Turrialba, 84 percent of fresh seed of the variety australis
germinated; apparently a correlation exists between seed weight and germi-
nation percentage (Fig. 4). The species can also be propagated vegetatively

(53).

In Turrialba, Costa Rica, the seed is germinated in slats (50 x 30 x 10 cm)
made of wood or galvanized iromn, which are partially submerged in water;
humidification of the germinating medium is thus obtained by capillary action.
A fine fertile soil is used as medium and seeds are covered with a 2-3 mm
layer. Since the seeds are small and light and recently germinated plants

can be damaged by rain, the slats are placed under cover.

In tropical Africa (15), seeds are covered with a 2 cm layer of fine

soil whereas protection against heavy rains and sunshine is provided by a

straw roof, This roof is lifted when gefmination starts (generally eight
days after sowing) and only replaced by partial shade during the warmest
hours of .the day. Pricking—off* is generally executed when the seedlings
are one month of age and have attained a height of approximately 10 cm.

In Turrialba, pricking-off takes place two weeks after sowing, when the
plants measure approximately 5 cm in height.

Direct sowing in the field is generally not employed, only in case seeds
are abundantly available. This practice is not recommended since heavy

rains destroy the fragile plants (15).

Planting:

Field planting is executed employing stumps, striplings or seedlings from
the nursery. In tropical Africa one year old plants of approximately 1.20
m are used, which are succesfully planted either during the dry season

when the plants are deciduous, or during the beginning of the rainy season;

) S .
Pricking-off: transfer of seedlings from the germination-medium to bags or

beds. where they further develop until definite field-planting.
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in the latter case, stumps of 7cm length and approximately 25 cm of root
are used (15)., Stumps are also employed in tropical Asia (36,38). 1In
India, stumps immediately planted gave the best results, however, they could
also be stored for 6 weeks if kept humid; in dried condition, the stumps
would remain viable only for 3 or 4 days (36); In South-Rhodesia plants

of 8-15 cm height are used for planting purposes. In Turrialba, plants

of 30 cm height are used for field planting.

Spacing:

Ample spacing seems to be indicated in view of the superficial root system
and the need for water and nutrients of this species; in tropical Africa
(15) a minimum spacing of 4 x 4 m and an average of 6 x 6 m, is suggested.

However, in Puerto Rico it has been noted that the form of Toona ciliata

growing in the open is worse than that of Cedrela odorata, and close spa-

cing is recommended (55). Letourneux (38) indicates a spacing of 2 x 2 m.
The experience with the variety australis in Turrialba, indicates that plan-
tations of 2 x 2 m form a closed canopy in a year, thus, a more ample spa-

cing of for instance 2+5 x 2.5 m could be recommended.

Treatment of plantations:

Since young plants of T. ciliata and its variety australis are semsible to
weed competition, the plantations should be cleaned during the first years
(15,53). Generally, pruning is not practiced (15).

In Hawaii, up to 21 percent of trees planted at a spacing of 3 x 3 m
needed pruning (Table 1). Bad form of T. ciliata in trial plots is also

reported from cther countries in tropical Africa (53).

Growth and rotation cycle:

Few data exist on growth of the species and its variety australis in plan-
tations; volume tables are non-existing in the literature. Undoubtedly

this is due to the severe attacks of Hypsipyla robusta in the countries

where this species and its variety naturally oecur. In tropical Africa,
it is estimated that plantations on fertile soils could attain an average
diameter of 50 cm in 20 years (Table 2).

Letourneux (38) indicates that in tropical Asia a much slower initial
development exists: 30cm in the first year, but that subsequent development

is fast: Toona ciliata would attain a height of 19 m and a girth of 55 cm

at 22 years. In Hawaii, the variety australis is considered the most pro-
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mising introduced tree species. A plantation of 22 years had a height
which varied between 30-36 m and a diameter of 25-55 cm., On this island
plants of 30-60 ¢m height are employed in a naked root planting system,
Apparently this variety adapts itself best in low land zomes (13,14).

Geary (27) reports the following on two plots of T. ciliata in the Arboretum
of Ciéﬁaga Alto in Puerto Rico (altitude 650 m, annual precipitation 2,500

mm) .

Plot 34 A: Age 5.5 years; 9 trees; average height 3,3m (range 1.70-
-6.70 m); average diameter (D.B.H):5.3 em (range less than 2.5-9.5 cm),

without Hypsipyla grandella attacks, good form; better than Cedrela spp.

Plot 34 B:Age 5.5 years; 6 trees; average height 3.6 m (range 1.70~
=6.70 m)3; average diameter (D.B.H.): 4.0 cm (range less than 2.5 cm ~11.0

cm (range less than 2.5 cm=11.0 em), without Hypsipyla grandella attacks,

good form, vigorous.

In Turrialba, Costa Rica, Toona ciliata var australiéf proceeding from

Hawaii, has been planted in 12 localities and has not been attacked by

Hypsipyla grandella. Growth of T. ciliata var australis here is extremely

fast and promising (Table 1, Fig.5,6 and 7).

The immunity of T. ciliata var australis against attacks of H. gran-
della is most convineing in the individual tree plot trials where it is

planted at 3 m distance from Cedrela odorata, Swietenia humilis, Swietenia

macrophylla and Khaya ivorensis. In these plots, established in 3 loca-

lities with 4 replications each, none of the T. ciliata var australis trees

has been attacked, whereas Cedrela odorata, Swietenia humi ]lis and Swietenia

macrophylla, adjacent to these trees are attacked (Fig. 5,7).

With regards to a possible rotation cycle, insufficient data are avai-
lable to determine an optimum cycle. Taking into account the existing
experience and the most profitable use of the raw material (cabinet wood
and veneer wood) the rotation cycle could be estimated at 40-50 years (15).

In Turrialba, Costa Rica, it was observed that T. ciliata var australis

responds quickly to fertilization. (Table 1) by means of which the rotation

cycles could be reduced.

iAdditiona.l note: Herbarium material of this taxon has been preserved at

Wageningen (WAG) under nrs, Sterringa 40, 41, 42 and 43.
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Once a plantation has been established, the second rotation is facilitated
by the abundant natural vegetation, which generally proliferates. Many
countries, such as South-Rhodesia, Nyassaland and Uganda report that a
profuse natural vegetation is established. T. ciliata and its variety aus—

tralis are tolerant to shade during early stages.

Entomological damage:

In Africa, Asia and Australia, the borers Hypsipyla robusta and Zeuzera

coffea (8,15,17,18,22,24,26,38,44,53) are the principal ennemies, particu-
larly during the early stages of the plants. As far as T. ciliata and

T. ciliata var australis introduced in Latin America is concerned, no at-

tacks of the larva of Hypsipyla grandella has been observed in experimental

plantations established in Costa Rica, Honduras and Puerto Rico (16,27).

In Australia, larvae of Pihgasa sp. (Geometridae) feed on the leaves

of T. ciliata var australis and may cause considerable damage (9). 1In

Turrialba, leaf cutting ants of the genus Atta, can inflict considerable
damage in young plantations. During a particularly dry season, attacks

of a Planococcus sp. (Cochinilla harinosa) on leaves of T. ciliata var
australis were also observed, but the attack did not last long and did not

affect the trees appreciably.

Phytopathological damage:

Letourneux (38) reports that plantations of T. ciliata can be attacked

severely by the fungus Fomes lucidus.

Mechanical damage:

Herbivores appreciate the leaves of T. ciliata as fodder and may cause
damage in young plantations (5,8,15,38). Due to its thin bark, the species

and its variety australis do. not resist fire (53).
Characteristics and utilization of the wood

General:

Record and Hess (34) indicate that the wood of Toona ciliata can not be

distinguished from the wood of Cedrela odorata. The wood of this species

is identical to the wood of the Spanish cedar and is used for the same

pufboses. It has a reddish attractive color, is shiny, has a straight
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grain and is often highly figured. It is easy to season and to work; mode-
rately resistant to termites (5,18,20,25,26,53)., The wood is moderately
durable; experiments executed in Hawaii indicate that the natural durability
of posts without treatment would be approximately 4 vears (51). Specific
weight varies between 0.46-0.64 (20,31,33). Chevalier (18) reports an.
average specific weight of 0.57 gr/cm3. The color of the sap wood of T.
ciliata varies between rose colored to light brown (15) whereas the sap

wood of the variety australis has a white-vellowish color; the heartwood

of both is reddish.

Anatomz:

Francis (26) provides the following description of the variety australis:
the pores of the wood are single and in radial rows of 2-5 pores per row;
frequently concentric rings of single large pores can be seen at the begin-
ning of each ring. The rings are likely to be annual rings. Terminal

wood parenchyma oceurs in concentric circles but is often interrupted by

the concentric rows of large pores, which cause the figure of the wood.

For T. ciliata the following description is given (19,20): the wood is
ring-porous or semi-ring porous (Fig.8). The number of pores varies between
144-368 per cm2 (33). Growth rings are present and can be distinguished

in cross and tangential cuts; between 2-15 rings can be found per 2.5 em.
Early wood contains large oval pores, without tyloses but often plugged

with a dark brown gum. The transition . to late wood is gradual. The pores
in late wood are smaller and occur solitary or in radial groups of 2-3 pores.
Gum ducts are generally absent but can sometimes be found in concentric
groups, containing a dark colored substance. Wood parenchyma can be seen
with a lens around the pores of early wood. Rays (40 per cm) are modera-
tely wide and can be seen with the naked eye in cross cuts (33). The fibers

of T. ciliata var australis have an average length of 0.75cm and 1.37 mm

respectively in early and late wood (6).

Wood utilization:

In India and Australia the wood is highly appreciated. Previously great

quantities of timber of T. ciliata were exported from Birma to Englénd. It
is principally used for veneers, furniture, fine cabinet-wood, carpentry,

cigar and tea boxes, general construction, shipbuilding, matches and fire-
wood (1,3,4,5,6,15,18,22,23,25,31,33,47,53,60).
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Other uses:

The flowers yield a red and a yellow dye, which is used for coloring cotton
in India. The leaves are used as fodder for cattle, whereas the bark of the
tree 1s used as a powerful astringent in the treatment of dysentery; it is
also considered a remedy against fever (5)}). The trees are planted as orna-—

mental shade trees in parks, gardens and avenues.

Other Toona species of silvicultural interest.
Nearly all species of Toona produce a high quality timber. 1In addition to
- T, ciliata and its variety australis, Chevalier (18} and Begemann (4) mention

the following species: T, calantas, T. fargesii, T. microcarpa, T. mollis,

T. multijuga, T. paucijuga, T. serrata, T. serratula, T. sinemsis and T.

sureni, of which T. calantas and T. sureni are probably of major interest
for Latin America. A summary of available information on these species is

given below. Of the other species mentioned, Toona sinensis could be an

interesting tree species for the subtropical and temperate regions of Latin

America, since it was succesfully introduced in Paris, France.

1. Toona sureni (Bl.) Merill

Synonyms :
Swietenia sureni Bl., Cedrela febrifuga Bl., Toona febrifuga (Bl.) Roem.

‘Surenus febrifuga 0. Kze, Cedrela toona mult. auct. (2,18).

Local names:

Soerén, laocet, redani (Java); Soren (Madura); Horemi, Lince (Summa); Suntang
putch, incoe, soeren (Malaya); Xdong mbt, Zileng mbt, xiong moc, hong dao
(Annam); Dhham Chharm chancha (Cambodia); Ka xua, sa tam, so banne (dialecto

Moi) (2,18,34).

Natural occurrence:

Vietnam: Bienhoa, Phanrang, Province of Baria. Cambodia: Phnon Changor,
Royaung, Annam: Blao. Indonesia: Java, Sumatra, Ambdn, Sunda jslands,

Sumba, Madura. Malayan Penninsula and Birma (2,3,18,34).

In Java, T. sureni occurs in the low lands as well as mountains of the
monsoon region (3). 1In Annam, it has also been found at an altitude of
1,020 m in the Djiring mountain range, but it generally is a species of the

dense tropical rain forest.
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General:

T. sureni is a fast growing, large forest tree which can attain heights of
20-40 m and a diameter of 0.60-2.00 m (3). It has strong branches which
are pubescent in early stages but later glabrous. The leaves are 60-80 cm
long, compound, generally pari-pinmate with 5-12 pairs of leaflets, fre-
quently 8; the leaflets are 12-16cm in length and 4-5 cm broad, acuminate,
glabrous on both sides, sometimes pubescent on the veins; 12-16 side veins;
petiolules of 6—~15 mm lengh. Petiocle 6-12 cm. Inflorescense a hanging
panicle shorter or of the same size as the leaves. Rachis pubescent; pedi-
cel pubescent. White odoriferous flowers of 4mm length; sepals rounded,
adnate at the base, petals oblong, pubescent exteriorely, disc pubescent,
ovary pubescent at the base; style and filaments of stamens glabrous.

Capsule woody, 2 cm long (3,18,34).

The wood of T. sureni is of good quality and highly valued. It is
easy to season and to work, attractive, fragant and has a brown-reddish
color;-it has a specific weight of 0.39-0.45 and is used for sawnwood,

cigar and tea boxes, furniture and interior carpentry (3,18,34).

In Asia, plantations of this species are heavily attacked by Hypsipyla
robusta (3). In Puerto Rico, Geary (27) reports that a trial plot of T.

sureni in the Ciend3ga Alto Arboretum, is not attacked by Hypsipyla grandella,

although adjacent plots of Cedrela odorata and Swietenia macrophylla are

heavely attacked, No data are available with regards to growth of this
species in Latin America. The following information (27) refers to the
plot of this species in Ciendga Alto, Puerto Rico {(altitude 650 m, annual

rainfall 2.500 mm).

Plot 35 A: Toona sureni:

Age 5.5 years; 14 trees; average height 4.3 m (range 2.3-8.3); average
diameter 7.0 cm (range from less than 2.5 cm to 13.5 cm); without symptoms

of Hypsipyla grandella attacks; some trees badly formed, possibly due to

climbers; the majority of trees are straight.

Toona calantas Merrill et Rolfe.

Sznonzms:

Cedrela odorata Blanco non L. Cedrela tooma F. Vill, non Roxb.
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Local names:

Kalantas (Pangasinan, Sambai, Tagalog): Al@nagi, alinki, anteng, bakdog,
porak (Lloko); Antdng (Ibanag); Kantingen (Iloko, Sambali); lanigda, la-
nigpa (Bikol); lanigpa (Samar-Leyte Bisaya, Cebili Besaya) (10,18).

Natural occurrence:

The species occurs frequently in the provinces of Mindanao, Palawan Luzbn,
the island of Bat&n, Visayas and Mindoro of the Philippines. In its area
of natural distribution it can be found generally near rivers and in low

lands subject to inundation.

General:

The trees can attain heights of 40-50 m with diameters up to 1.50 m, but
frequently the diameter is less. It has a straight and cylindrical trunk,
which is free of branches for approximately 50 percent. The bark has a
thickness of 5~18 mm and is brownish-red colored. The leaves are compound,
alternate and clustered at the end of branches, with 7-11 pairs of leaflets
which are pubescent during early stages but later glabrous; 5-13 c¢m in
length and 3,5-6 cm broad (Fig.9). Inflorescense and flowers as in T.
sureni. The capsules are larger 3-5 cm, frequently 4 cm (10,18). The
wood of T. calantas is highly valued in the Philippines and used for musi-
cal instruments, cigar boxes, furnityre and carpentry (10,18,34). It

contains an essential oil which is very similar to that of Cedrela odorata.

Brown (10) citing Brooke, indicates that cadinene is onme of the main es-
sential o0ils, The wood is soft, easy to work and has a red to dark red

color. 1Its specific weight varies between 0.41-0.44 g/cm3. A trial to

propagate T. calantas under nursery conditions by means of cuttings, failed

in the Philippines (32).

Discussion

The fact that experimental plots of T. ciliata, T. ciliata var australis

and other exotic Meliaceae in Latin America are not, or only in a minimal

way attacked by Hypsipyla grandella does not only offer good prospects

for the establishment of plantations of these fast growing tree species,

but it also permits the development of other approaches to solve the pro—

blem of Hypsipyla.
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Based on the available information one may deduct that the adult of H.
grandella obviously selects its host plant to oviposit, How is this seleec-

tion made? Would it be possible that the typical smell of Cedrela odorata

attracts the adult? By crushing the leaves and shoots of this species a strong
onion-like smell is obtained, which is not the case when leaves and shoots of

T. ciliata var australis are treated inm a similar manner. Would it be possi-

ble to isolate this constituent (possibly an essential o0il) employing gas
chromatography, produce it synthetically and use it to combat Hypsipyla?
Would it be possible to cross the Toona's which are not attacked with Cedrela
spp. and obtain a crossing which will not be attacked either? TIn Australia,

investigations with regard to the problem of Hypsipyla robusta and Toona

ciliata var australis indicate that a resistant variety may be obtained (50).

The source (50) does not indicate however, in which way T. ciliata var aus-

tralis would be resistant against the borer,

Note:
By importing seed of exotic Meliaceae for experimental purposes, the grave

danger exists that Hypsipyla robusta might be introduced into Latin America

also. 1In order to aveid this, the strictest phytosanitairy measures should

always be observed.

Literature cited
I. ALI, S.F. y WALLIN, W.B. Suitability of indigenous wood species for furni-

ture manufacture. Pakistan Forest Laboratory, Bulletim No. 1, 1963. 3p.

2, BACKER, C.A. and BRINK, R.C.B. van der. Flora of Java. Netherlands, Noord-
hoff-Groningen, 1965. pp. 641-643.

3. BECKING, J.H. et al. Agrarische Winkler Prins. Amsterdam, Elsevier, 1954.
v. 3. pPP. 545-546.

4. BEGEMANN, H.F. Lexicon der Nitzholzer. Augsburg, Verlag Emmi Kittel, 1963,
P. 526.

5. BENTHALL, A.P. The trees of Caleutta and its neighbourhood. Calcutta, Thacker

Spink, 1946, pp. 110-111.

6. BISSET, I.J.W., DADSWELL, H.E. y AMOS, G.L. Changes in fibre-~lenght within
one growth ring of certain angiosperms. Nature 165(4192):348-349., 1950.

7. BOONE, R.S. Paintability of two Hawaiili grown woods... Pacific Southwest

Forest and Range Experiment Station, Research Note PWS No 116, 1966, 6p.



9.

10.

11.

12.

13.

[4.

15.

16.

17.

ISI

19.

45

BOR, N. L. Manual of Indian forest botany. Oxford University Press,
1953. pp. 257-258

BRIMBLECOMBE, A. R. Control of the Cedar looper, Queensland Journal of
Agricultural Sciemce 15(3):159-160 1958.

BROWN, W. H. Useful plants of the Philippines, Manila, Department of
Agriculture and Natural Resources, Technical Bulletin No. 10, 1954.

v. 2. pp. 273-275.

CANDOLLE, C. de.Meliaceae DC. in Monographiae Phanerogamarum. Paris, 1878.
v. 1, pp. 399-752. (Original not consulted, ciged by  Smith, Jr.,
C. %. A revision of Cedrela (Meliaceae) Fieldiana: Botany 29(5):298.
1960,

A revision of the Indo-Malayan species of Cedrela. Records of
the Botanical Survey of India. 3(4):368. 1908. (Original not comsulted
cited by. Smith, Jr., C. E. A revision of Cedrela (Meliaceae). Fiel-

CARLSON, N. K. Honaunau forest. American Forests 66(4):16-19.53,55-58.
1960.

and BRYAN, L. W. The Honaunau forest: an appraisal after seven

years of planting. Journal of Forestry 61(9):643-647. 1963.

CEDRELA ODORATA Linné& et Toona ciliata M. Roem, Caracteres sylvicoles et
méthodes de plantation. Bois et For&ts des Tropiques No. 81:29-34.
1962,

CHABLE, A. C. Reforestation in the Republic of Honduras, Central America.
Ceiba 13(2):1-56. 1967.

CHAMPION, H. J. y BRASNETT, N, V. Choice of tree species. FAD Forestry
Development Paper No. 13. 1958 pp. 176~177. 180,

CHEVALIER, A. Les Toona's on Ci&dres bdtards, arbres de reboisement. Revue
de Botanique Appliquée et d' Agriculture Tropicale No. 272-274;152-165.
1949.

CHOWDHURY, K. A. The formation of growth rings in Indian trees. Part II.
Indian Forest Records 2(2):41-57. 1939.



46

20. . The identification of Burma commercial timbers. Indian

Forest Records (new series), {(Utilization) 3 (6):14, plate III 1945.

21. CORNER, E. J. H. Wayside trees of Malaya. 2nd ed. Singapore, Government
Printing Office, 1952, v. 1, 772 p.

22, DABRAL, S. N, Silviculture of the little known timbers of India and

their uses. Proceedings of the Symposium on Timber, New Delhi, 1959.
s.1., 1961.pp. 48-60,

23. DAS, E. S. Building timbers of the Punjab. Proceedings of the Symposium
on the Timber, New Delhi, 1959. sl., 196l1.pp. 35-41.

24 ENTWISTLE, P. F. The current situation on shoot, fruit and collar borers
of the Meliaceae. Oxford, Commonwealth Forestry Institute, 1968.
15 p. Paper of the 9th Commonwealth Forestry Conference. New Delhi,
1968. 15 p.

25, FORS, A. J. Maderas cubanas 4a ed. Habana, Impresora Mundial, 1957. 162 p.

26. FRANCIS, W. D. Australian rain-forest trees. Forestry and Timber Bureau,
Sydney, Commonwealth of Australia. 1951.pp. 202-203,206.

27. GEARY T. F. Instituto Forestal Tropical, Rio Piedras, Puerto Rico. Co—

municacién personal a P. Grijpma, 1969.

28. HADEN-GUEST, S. WRIGHT, J. K. Y TECLAFF, E. M. A world geography of

forest resources. New York, Ronald Press, 1965. 736 p.

29. HARMS, H. Meliaceae. In die naturlichen Pflanzenfamilien. 1896, v. 3,
PpP. 258-308. (Original not consulted cited by Smith, Jr., C. E. A
revision of Cedrela (Meliaceae) Fieldiana Botany 29(5):298, 1960.

30. HARMS, H. y MATTFELD, J. Meliaceae, In die natiirlichen Pflanzenfamilien.
Leipzig, Verlag von Wilhelm Engelmann, 1940. v. 1961. pp. 44-45,

31. HOWARD, A. L. A manual of timbers of the world. 3rd. ed. Londén, Mac-
-Millan 1951. p. 363.

iZ. JACALNE, D. V. y GALINATO, P. F. A study on the propagation of Cananga

odorata Lamark, Phaeanthus ebracteolatus Merril, Intsia bijuga (Cole-

brooke) 0. Kuntze, Cassia havanica Linnaeus, and Toona calantas Me-

rril and Rolfe by cuttings. Philippine Journal of Forestry 14(1-4):




47

33. KRAEMER, H. H. Native Woods for construction purposes in the Western
‘Pacific Region. Washington, D. C. Bureau of Yards and Docks, Dept.
of the Navy, 1944. pp. 140-141.

34, . Native woods for comstruction purposes in the South China
Sea Region. Washington, D. C. Bureau of Yards and Docks, Navy Depart-
ment 1945. pp. 120-121.

35. KRIBS, D. A. Comparative anatomy of the woods of the Meliaceae. American
Journal of Botany 17(8):724-738. 1930.

36. KRISHNASWAMY, V. S. and DABRAL, S, N. The life of stumps of some forest
species under moist and dry conditions. Indian Forester 81(7):408-
410. 1955,

37. and MATHAUDA, G. S. Phenological behaviour of a few forest spe-
cies at New Forest. Dehra Dun. Indian Forester 80(3):124-153, 1954,

38. LETOURNEUX, C. Les méthodes de plantations forestiéres em Asie Tropicale
FAO:Cahier No. 11, 1957. 178 p.

39. MAGINI, E. y TULSTRUP, N. P. Notas sobre semillas forestales. FAO:cua-
dernc de Fomentoc Forestal No. 5. 1956. pp. 121-122,

40. MARRERO, J. Forest planting in the Caribbean National Forest, past ex-
perience as a guide for the future. Caribbean Forester 9(1):85-148.
1948.

41, METCALFE, C. R. y CHALK, L. Anatomy of the Dicotyledons. Oxford, Claren-
don Press, 1950. v. 1. 724 p.

42. NEAL, M, C. In gardens of Hawaii. Lancaster, Bishop Museum Press, 1965,
924 p.

43, NELSON, S. E. y HONDA, N. Plantation timber on the island of Hawaii 1965.
Pacific Southwest Forest and Range Experiment Station. Resource Bulle-
tin PSW-3 1966.52 p.

44. PARRY, M. S. Métodos de plantacidn de bosques en el Africa Tropical.
FAO. Cuaderno de Fomento Forestal No. 8. 1957. p. 320.

45. RAMIREZ SANCHEZ, J. Investigacidn preliminar sobre biologia ecologia ¥y
control de Hypsipyla grandella Zeller. Boletin del Instituto Forestal

Latino Americano de Investigacidn y capacitacién No.16:54-77. 1964,



46.

47.

48,

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

48

RAO, V. P. y BENNET, F. D. Possibilities of biological control of the
Meliaceous shoot borer Hypsipyla spp. (Lepidoptera: Phycitidae).
Trinidad, Commonwealth Institute of Biological Contrel, 1968, 14 p.
Paper of the 9th Commonwealth Forestry Conference, New Delhi, 1968,
14 p.

RECORD, 5. J. y HESS, R. W. Timbers of the new world,Yale University
Press, 1947. p. 363.

RICHARDS, P. W. The Tropical rain-forest, an ecological study. Cambridge
University Press, 1964. pp. 193-349.

ROEMER, M. J. Familiarum naturalium regni vegetabilis synopsis mono-
graphicae, L. Wimariae, Hesper. 137, 1846 (Original not consulted
cited in Smith, Jr. C. E., A revision of Cedrela (Meliaceae) Fiel-
diana: Botany 29(5):298. 1960,

SHOOTBORERS of the MELIACEAE.Unasylva 12 (1):30-31. 1958.

SKOLMEN, R. G. Natural durability of some woods used in Hawaii... preli-

minary findings. U. S§. Forest Service. Research Note PSW-167.7p.

SMITH, Jr., C. E. A revision of Cedrela (Meliaceae). Fieldiana: Botany
29(5):295=-341. 1960.

STREETS, R. J. Exotic trees in the British Commonwealth. Oxford, Cla-
redon Press, 1962.pp. 219,223~224,

STURROCK, D. y MENNINGER, E. A. Shade and ornamental trees for South
Florida and Cuba. Stuart, Florida. Stuart Daily News Inc., 1946.
172 p.

TROPICAL FOREST EXPERIMENT STATION. Puerto Rico. Ninth annual report
and program. Caribbean Forester 19{(1):81-119. 1949,

VERHOEF, L. Cedrela mexicana M. Roem. Sebagai pohon kajoe jang dipenoe-

sahakan. Korte Mededelingen Bosbouwproefstation Buitenzorg. No.

80; 11 p. 1942,

WADSWORTH, F. H. Five years of forest research on the North Coast of
Puerto Rico, Caribbean Forester 9(4):373-380. 1948,

WHITE. F. Forest Flora of Northern Rhodesia. Oxford University Press,
1962, 455 p.



49

59. WONG, Jr., W. H. C., HONDA, N. y NELSON, R. E. Plantation timber on the
island of Lanai, 1966. Pacifiec Shouthwest Forest and Range Experiment

Station Resource Bulletin PWS-7. 1967. 18p.

60. WORTHINGTON, T. B. Ceylon trees. Colombo, Ceylon, The Colombo Apothe-
caries' Co. 1959. 429 p.



Table |. Toona ciliata var australis. Summary of data of some experimental plots in Turrialba, Costa Rica

and Honaunau Forest, Hawaii (14}.

Specifications Turrialba, Costa Rica Forest, Hawaii

Bajo Re= Puente Florencia | Florencia SP SP
ventazén Cajbn Sur Sur No. 10 | No. 8

Plot size (ha) 0,04 0,04 0,012 0,012 0.4 0,4

Soil type clay sandy sandy sandy B! AP’
loam clay clay

Precipitation (mm) 2,600 2,600 2,600 2,600 1,250

Age after planting (months) 12 1? 13 13 48

Number of trees 100 100 20 20

Survival (2) 95

Average height (m) 3,4

Maximum height (m} 5,0

Minimum height (m) 1,6

Average diameter {(DBH cm) 3,8

Maximun diamecer {DBH cm} 1,0

Minimum diameter {DBH cm)

Trees pruned:‘ (%)

Diseased trees (I}

Terminal bud damaged (%)

Arched trees (%)

Forked trees (%)

Fertilization yes ne yes no yes no no ne

Trees resprouting at base(X) 3 5 J 5 15 15

1.A: Rock with organiec and mineral soil PiPahoehoe rock with thin layer of soil.

2. Not indicated

3. In the Hawaiian plots, all branches up to 4 m height were pruned. 1In the plots at Turrialba (Atirro, Bajo Reventazdn
and Puente Cajbn) all branches up to 2 m were pruned. For the plots in Florencia Sur, the percentage of trees in
need of pruning is indicated.

4. Fertilization in Atirro was initial,trveatment comsisting of 50 gr 20-20-0 per tree; effected two months after Field
planting. Fertilization in Puente Cajin and in Florencia Sur was effected every three months with 50 gr and 62 gr

of 20-20-0 per tree, respectively.

Table 2. Estimated diameter snd height growth of Toona ciliata in Tropical Afriea (15).

Age (Years) Diameter Height

(cm, DBH) (m}

1 _ 1,20
2 [3 3
3 7 5
6 17 10
9 25 L4
12 33 18
15 40 22
20 50 25
30 60 30
40" 70 35

x After 40 years, growth decreases considerably.
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Fig.1.Morphology of a flower of Toona.A.Dissec
ted flower of Toona serrata(Royle)Roem.showing

petal inserted benecath mass of expanded fila-
ments and staminodia alternating with stamens.

The ovary base is surrounded by the pillow—

shaped tissue formerly described as a disc.

B.Fruit of Toona ginensis A.Juss.C.Base of a petal
showing small area of attachment.From Smith Jr.E.A.
(38).

Fig.3.Branchlet bearing inflorescense(lower part)
and capsules (upper part) of Toona ciliata var
australis.From Francis,W.D.(26).
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Fig.2.Toona ciliata var australis in the tropi- Fig.4.Diagram showing germination percentage and
cal rainforest in Australia,showing the develop- relation between weight and viability of fresh
ment of butresses and aspects of the bark.From seed of Toona ciliata var australis under labora-

Francis,W.D.{26). tory conditions.



Fig.5.5ingle tree species trials,Puente Cajdn,Turrialba,Costa Rica.Toona ci-
liata var australis,planted at 3 m distance from Cedrela odorata,is free of

attack of Hypsipyla grandella whereas Cedrela is heavily attacked.Toona has

been attacked by leaf-cutting ants of the genus Atta.Both species at 13 months
after field planting.The pole measures 3 m.
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Fig.6.Plot of Toona ciliata var australis 12 months after field planting in the
Bajo Reventazén area of Turrialba,Costa Rica.The pole measures 4 m.
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Fig.7.5ingle tree species trials,Bajo San Lucas,Turrialba,Costa Rica.Cedrela odo-
rata planted at 3 m distance from Toona ciliata var australis is heavily attacked

by Hypsipyla grandella,whereas Toona is free of attack.Both species at 13 months
after field planting.The pole measures 3 m.
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Fig.8.Cross cut of the wood of Toona
ciliata showing the difference in
size of pores in early and late wood.
From Chowdhury,K.A.(19).

Fig.9,Toona calantas.a.Branchlet bearing inflorescense.
b.and c.Capsules.d.Mature capsules.Frem Brown,W.H.(10).
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Immunity ot Toona ciliata M. Roem. var. australis (F.v.M.)
C.DC. and Khaya ivorensis A. Chev. to attacks of Hypsipyla

grandella Zeller in Turrialba, Costa Rica*

PIETER GRIJPMA**

COMPENDIO

En las parcelas experimentales del Institnto Imteramericanc de Ciencias Agri-

colas, Turrialba, Costa Rica, Toona ciliata var. australis (Cedro awstraliano) y Khaya
ivorensis { Caoba de Nigevia) no son atacadas por el barrenador de las Meliaceae (Hyp-
sipyla grandella), mientras que las Meliaceae nativas como el Cedro (Cedrela spp.) ¥
la Caoba (Swietenia spp.) Jom fuertemente atacadas, Ep mmuchos paises tropicales de
otros continentes estas Meliaceae latinoamericanas no son atacadas ¢ son menos atacadas
por las Hypsipylas nativas, aungque algunos paises informair sobre serios alaques,

El awtor supone gue aceites esenciales voldtiles en los brotes y lar bojas, los
cuales serian diferentes para vavias pero probablemente no para todas lar Meliaceae,
atraen la mariposa de Hypsipyla spp. a los drboles buéspedes. Una especializacion de
la mariposa de Hypsipyla sobre ciertos aceites esencidles de las Meliaceae nativas con-
ducirig a la inmunidad de las Meliaceae exdticas gue no tendrian estos aceites esen
ciales como componentes principales, Se proponen algunos proyectos de investigacion
relacionados con la hipdtesis de la orientacion por el olfato de la mariposa de Hypsipyla
o su drbol hudsped. En vista de su vdpido crecimiento, su valiosa madera y la ausencia
de atagues de Hypsipyla grandella, Za especie Toona ciliata var. australis parece ser muy

prometedora para plantaciones forestales en Awiérica Latina. — El autor.

Introduction

HE literature about tree species trials in various
tropical countries, indicates that several exotic
Meliacae are not, or are less attacked by the
native shootboter of Meliaceae (Hypsipyla spp.).
Cedrela odorata from Latin America, introduced in
Queesland, Australia, is consideted a very promising
plantation tree because it is not atacked by Hypsipyla
robusta, which destroys plantations of Toona cifiata var.
anstralis®, growing next to it (21). Lamb (18) and
Party (19) indicate that in Africa, Cedrels odorata is
unattractive to Hypsipyla robusta. In the Philippines,

4 Received for publication January 20, 1970,

%% Silviculturist, Department of Forest Sciences, Inter-American In-
stitute of Agricultural Sciences (IICA), Turrialba, Costa Rica,
attached to IICA through the Dutch Technical Assistance Program.

1/ Synonyms: Cedrela toona var. australis; Toona anstralis; Cedtela
australis,

Swietenia macrophylla is reported to be free of attack
and is used for reforestation (17). Damage to this
mahogany species is also insignificant in Malaya (20).

In Latin America however, it is impossible at pre-
sent to establish commercial plantations of these native
Meliaceas because of the heavy attacks of Hypsipyla
grandella, present in this continent.

It should be emphasized however, that apparently
the native Hypsipyla does not attack the native Meliaceas
exclusively; there are reports of native Hypsipyla attacks
on introduced Meliacese. For example, in Java, Indo-
nesia Cedrela odovata is attacked by Hypsipyla robusta,
but the damage is not considered serious, and the spe-
cies is used to replace the native Toona suremi in plan-
tations, a species heavily attacked by the borer (1, 15).
In India and Ceylon, Swictenia macrophylia is reported
to be heavily attacked by Hypsipyla robusta even though
the tree is an exotic (21). Moreover, Hypsipyla gran-
della attacks the introduced Khaya senegalensis in Mar-
tinique, French Antilles (20).



Although strict specialization of native Hypsipyla
spp. on native Meliaceae is not evident, the native shoot-
borers seem to prefer certain meliaceous species. The
available information on trials with exotic and native
Meliaceae in Latin America seems to suppott this theory.

Chable (6) observed in Honduras that the attacks
of Hypsipyla grandellz on the exotics: Kbaya nyassica,
Kbaya ivorensis, Toona ciliata and Entandrophragma
rederi are minimal, whereas the native Cedrela odorata
-and Swietenia macrophylla are heavily attacked. Ac-
cording to his information Entandrophragma was nevet
attacked. In Puerto Rico the exotics Toona ciliata and
Toona sureni are not attacked either by Hypsipyla gran-
della (13).

In the species trials of the Department of Torest
Sciences of the Interamerican Institute of Agricultural
Sciences in Turrialba, Costa Rica, a similar experience
is being observed (14); here Toona ciliata var. anstralis
and Kbaya ivorensis are free of any attack of Hypsipyla
prandella, while plots of Cedrela odorata, Swietenia
bumilis, Swietenia macrephylla and Swietenia macro-
phylla x mabogani are seriously attacked.

Although the species trials in Turrialba are of a
relatively recent date, a very prominent difference in
attack of the shootborer on the vatious Meliaceas in-
cluded in the trials exists, so that a report on these
observations together with growth data of the plots is
justified.

Species Trials with Meliacese in Tuyrialba, Costa Rica

Presently two types of trials established: Single
Tree Plot Trials and Block Trials. The Block Trizls
vary in size, number of trees per plot and treatment
(fertilized and non-fertilized), while the Single Ttec
Plot Trials only vary in treatment (fertilized and non-
fertilized).

Single Tree Plot Trials

These are preliminary selection trials in which
usually many species are planted together in a random-
ized design. The data of each tree are considered as
coming from one plot, the “single tree plot”. This
system of preliminary selection trials was devised by
C. B. Briscoe of the Institute of Tropical Forestry in
Puerto Rico (5). H. Barres, who worked with Briscoe
in Puerto Rico, introduced this design in Turriaiba,
Costa Rica. The Single Tree Plots have the advantage
of offering a better statistical base for comparisons of
growth and adaptation of trees to new eavironments.
This experimental design is also less costly to install
as less trees of each species are needed and a smaller
area is utilized. The Single Tree Plot Trials also have a
number of disadvantages, which are discussed in the
draft of “A Guide to Tree Species Trials in Tropical
America” {12) and will not be elaborated on here.

The Single Tree Plot Trials at the Interamerican
Institute of Agricultural Sciences in Turrialba, Costa
Rica contain 77 tree-species, varieties and provenances,
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planted in 3 locations (Puente Cajon, Bajo San Lucas
and Florencia Sur) with 4 replications in each location
of which 2 replications arc fertilized quarterly with 62
grams of 20-20-G (250 grams per year), and 2 are not
fertilized. Planting distance is 3x3 meters. Among the
77 species, varieties and provenances the following
Meliaceae have been planted: Toona ciliata var, australis
(Provenance: Hawaii), Kbhaya ivorensis (provenance:
Ivory Coast), Cedrela odorala (provenance: Costa Ri-
ca), Cedrela odorata (provenance: Ghana), Swietenia
humilis (provenance: Costa Rica}, Swietenia macro-
phylla (provenance: British Honduras) and Swietenia
macrophylla x mabogani (Provenance: Virgin Islands).
These Meliaceae were planted in a group, but random-
ized within the group; the group itself was located at
random in each replication. Each replication contained
one tree of each species, variety or provenance (Single
Tree Plot).

In October 1969, when all trees were 13 months in
the field, an evaluation of Hypsipyla attack on these
Meliaceae was made; this information, together with
growth data on the trees, is presented in Table 1.

Block Trials

A number of Block Trials containing the following
Meliaceae: Cedrela odorata, Swietenia macrophylla, Swie-
tenia humilis, Toona ciliata var. ansiralis and Khaya
ivorensis, has been established in various locations in
the Turrialba area. The size of these plo's varies from
0.012-0.040 ha. and the number of trees per plot from
20-100. Fertilized treatment was from non-fertilized
to 62 grams of 20-20-0 per tree, applied quarterly. In
view of the fact that all plots of the native Latin Amer-
ican Meliaceae are so heavily attacked by Hypsipyla
grandetla that growth data are of little value, only
three representative plots are included in Table 2.

Concinsions

From the data presented in Tables 1 and 2 the
following conclusions may be drawn:

1) All the Latin American Meliaceae included in
the trials were attacked by Hypsipyla grandeila, but the
exotics Taona ciliata vat. ausivalis and Kbaya ivorensis
were not attacked, although the latter two species were
planted at a distance of only 3 meters from the attacked
Latin American Meliaceae, in the Single Tree Plet T'rials
(Figs. 1, 2 and 3). In the Block Trials the distance
between the plots of the native Cedrela odorata and
Swietenia Lymilis (both heavily attacked and the exoti:
T'oona ciliata var. awstralis (not attacked) was 55 mstess
(Figs. 4 and 5).

2) Although only 7 out of 77 trees in the repli-
cations of the Single Tree Plots were Meliaceae, attacks
of Hypsipyla grandella occurred. At least for the Tu-
rrialba area, this indicates that mixtures of Meliaceas
with other forest species do not garantee that Hypsipyla
attacks will not occur.



58

Table 1.—Growth data and incidence of Hypsipyla grandella attacks on native and exotic Meliaceas in
Single Tree Plot Trials in Turrialba, Costa Rica. All trees included in these trials were 13 months

in the field.

L L. Swiztenia y
: Kbaya Swieten’ Swietenia Toona ciliala
Species Cedrela odorata i?’OT?:JfI bt:mfli:‘ macrrapb;r!la ma;rr;g: g}‘:f;; * var. austrabis
British _—

Provenance Ghana (l‘ﬁit: g)‘;?; (i{‘}sct:' HD;(‘:\I- I:rlgf{';; Hawaii
Nimber of replications P 6 6 6 é P 6 P 6 6 6 6 6 6
(==tiees)

Trees attacked by

, 0 0
Hypsipyla grandella (%) 100 83 <0 80 0 0 20 17 33 33 33 50
Fertilization yest no | yes! no yesl | no yest | no yesl | no yesl | no yest | no
WNumber of surviving
trees (out of 6) 5 6 5 5 6 6 3 6 6 6 6 6 [ 6
Average height (m)} 1.30 | 130 | L.30) 1.10 | 160 [ 1.50( 090§ 1.10| 1.20| 1.20 | 1.20 | 1.40 | 3.10| 3.30
Tallest tree {m) 1.80 1.90 | 2.20 200 | 2.70 230 [ 0.95 2.00 0 179 2.15 1.40 1.95 5.00 5.70
Smallest tree (m) 070 | 0.50 | 0.75 035 | 1.00 | 090 | 085 090 080 | 080 | 095 | 095 | 080 | 120
Average diameter 13 13 1.5 13 1.3 1.1 1o | 1.0 Lo | 11 1.0 | 1.1 34 | 33
Biggest diameter
(B.H.cm) 2.0 2.0 3.7 2.5 2.5 o] Lo 1.0 1.5 1.0 1.3 6.5 48
Smatlest diameter .
(B.H.cm) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
1} Fertilization consisted of a quarterly application of 62 grams of 20—20—0 per tree (250 grams per year).

3) Of the Latin American Meliaceae in the Single Discussion

Tree Plot Trials, Cedrela odoraia is attacked most fre-
quently and Swietenia humilis the least, although the
Block Trials indicate that Swietenia bumilis (Fig. 4)
is also highly susceptible to attacks of the shootborer.
There is apparently no difference in susceptibility to
attack between the two provenances of Cedrela odorata
(Costa Rica and Ghana).

4) Of the two exotic Meliaceae that are not at-
tacked by Hypsipyla prandella, Toona ciliata var. ans-
tralis is far more promising than Kbays iverensis in
view of its faster growth and better form (Figs. 6 and
7); its valuable wood equals the qualities of Cedrela
odotata and other Latin American Cedrela species.

The present available data from the Single Tree
Plot and Block Trials cleatly indicate a preference of
Hypsipyla grandella for the native Meliaceae included in
the trials, and in particular for Cedrels odorata. It is
also appatent that Hypsipyla grandella is able to detect
and sclect these specific hosts from other trees. This
host specificity may be due to the moth’s ability to seek
out and attack trees which emit specific volatile mate-
rials. It is interesting to note, that when young shoots
and leaves of Cedrela odorata were crushed, a strong
penetrating, garlic-like smell was produced, which was
absent when leaves and shoots of Toons ciliatz var.
australis were treated in the same way.



Table 2.--Growth data and incidence of Hypsipyla grandella

Block Trials

in Turrialba, Costa Rica.
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attacks on native and exotic

Meliaceae in

C;dre.’d Swjefsr_r‘a X \ i Swietenix
. Toona ciligta ~ar. australis odorate. | humilis aya Frorenis. macropbylla
Plot location s - Provenan-| Provenan- Provenance: .
provenance: Hawali ce: Costa | ce: Costa Ivory Coast %:;:2::1‘:: '
Rica Rica
Plot location Atirro 2213352 Ei?g:f _Floteaciz Sur la:‘;: l::“a?g:g Florencia Sur ]::L;elg;e
Plot Size (ha) 0.04 0.04 0.04 0.012 0.012 0.04 0.04 0.012 0.012 0.04
river sandy sandy sandy sandy sandy | sandy | sandy sandy sandy
Soil type bank river clay clay clay clay clay clay clay clay
’ clay soil loam loam loam loam [oam [oam loam loam
. impet- imper- impet- | imper- impet-
Drainage fect good foct good good fect fect good good fect
Age after field planting 48
(months) 15 12 17 13 13 12 24 i3 13
Number of trees planted 100 100 100 20 20 100 100 20 20 49
Planting distance (m) 2x2 |2x2 2x2 |25x25|25x25(2x2 |2x2 |25x25]25%x23] 3x3
Survival (%) 95 9N 94 100 95 88 81 100 100 70
Trees attacked by
. 100
Hypsipyla grandella (%) 0 0 0 0 0 100 88 0 0
Fertilization* yes no yes no yes yes yes yes no yes
Average height (m) 410 | 4.40 5.70 3.00 3.40 0.57 0.67 1.43 1.47 1.43
Tallest tree (m) 680 | 6.10 7.10 4.60 5.00 1.20 1.40 2.25 2.30 3.30
Stnallest tree {m) 1.10 0.80 1.90 1.40 1.60 0.10 0.10 1.00 1.10 0.60
Average diameter 3.8 41 5.7 3.2 3.8 % 4 1.2 1.3 3.3
(B.H.cm) : . ' . '
Biggest diameter s s 2.5 2.3 5.6
(BH.cm) 7.4 6.5 8.4 4.7 3.0 . .
Smallest diameter o ww 1.0 1.0 1.0
(B.H.cm) 1.0 1.0 1.5 1.0 1.0 i i

* Fertilizer applications:

At.rro: one initial application of 50 grams of 20—20—¢ per tree, applied two months after field planting.
(200 grams/years).
Florencia Sur: quarterly applications of 62 grams of 20—20—0 per tree. (250 grams/years}.

Puente Cajén: quorterly applications of 50 grams of 20—20—0 per tree.

&

Trees are too small to be measured for diameters, due to tepeated attacks by Hypsipyla grandellz, and consequent ramification.
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ciliata w»ar. australis ir mot aitm‘ked._ Planting distance: 3
m; ail trees 13 months in the field. Height of Toona: 3.25 m.

Fig, 1. Simgle Tree Plot Trials, Pugnte Cajén, Tarrialba, Coita
Rica, Cedrela odorata (right} and Swicteniz mactophylla (left)
are heavily wmitacked by Hypsipyla grandella, while Toona

It is known that for oviposition some insects select
hosts that produce specific essentizl oils. Ehrlich and
Raven (11) discussing the selection of host plants by
butterflies, indicate that analysis made it clear that
their choices have a chemical basis.

These authors mention that Dethier had noted
already several years ago that the apparently unrelated
citrus and parsley families, which are both attractive
to a group of swallowtail butterflies, had in common
certain essential oils (methyl chavicol, anethole and
anisic aldebyde) which presumably accounted for the
attractiveness to the group of swallowtails. Dethier had
also found that caterpillars of the black swallowtait
butterfly would even try to feed on filterpaper soaked
in these essential oils.

It seems probable that host selection of Hypsipyla
on the Meliaceae may have a similar chemical basis.

Many investigations on essential oils of the Melia-
ceae, of which only a few are cited here, have already
taken place, (2, 3, 4, 7, 8, 16) but as far as the available
literature could be reviewed, they have not been related
to the attacks of Hypsipyla spp.

Much research on the essential oils of Meliaceae
has, for instance, been done in Nigeria by Bevan and
collaborators (2, 3, 4). These authors (4) indicate
that arthotecol, an extractive from Khaya anthoteca is
telated chemically and probably biologically to substan-
ces obtained from other Meliaceae. This could be the
common chemical basis and reason why in all continents
Meliaceas are attacked by Hypsipyla spp. Specialization
of the Hypsipyla spp. on certain essential oils, might
then result in immunity of exotic Meliaceae to borer
attack if the trees lack or hardly possess these specific
chemicals on which the native Hypsipyla bave spe-
cialized.

With respect to the serious attacks of Hypsipyia
robusia on Swielenia macrophylla, introduced into India
and Ceylon (21), a comparative study pn the essential
oils of the shoots and leaves of local and exotic Melia-
ceae, may clarify these and similar cases, e.g. attack of
Hypsipyla robusta on Swietenia mahogani in Australia
(21). On the other hand it is also possible that the
native Hypsipyla spp. may adapt to the new smell or
taste of similar essential otls found in exotic Meliaceae,



Fig. 2. Single Tree Plot Trials, Puense Cajin, Turrialbe, Costa Rica
Cedrela odorata (foreground) is heavily attacked by Hypsipyla
grandells. ‘Toona ciliata #ar. australis  (lefr) and aya
ivorensis (right, arrow) are unattacked,  Planting disfance;

m all trees 13 momths in che field. Height of Toona:

3 m.
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Yig. 3. Single Tree Plog Triale, Bajo San Lucas, Turrialba, Costs
Rica. Cedrela odorata (foreground) is aftacked by Hypsipyla
gtandella, wiile Toona ciliata sar. australis (dreotw, abave}
and Khayz ivorensis (arrow, left) are mmattacked, Planting
distance: "3m; all treer 13 monibs in the field, Height of
Toona: 5.00 m,

PFig. 4. Block Triz! of Swietenia humilis,
beavily attacked by Hypsipylz grandella.

24, monihs after Planting,
In the backgronnd

a_plot of Toona ciliata par. australis
Puente Cajén, Turrialbe, Costs Rica.

at a distance of 55 m,
(arrow), free of attacks.
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Fig. 5. Black Trial of Cediela odorata, 18 months after planting, is rhe plot of Toona ciliata var ausiralis, free of attacks.
Puente Cajdn, Turvialba, Costa Rira.

beavily attacked by Hypsipyla grandella. In the background

If the hypothesis of the olfactory orientation of the

vhich after all, are probably related chemically to those

of the native Meliaceae. A last possibility which is not Hypsippia moth is correct it might open new ways

very probable, but should not be completely discarded, towards the solution of the Hypsipsla problem. A

is that an exotic Hypsipyla spp. may have been imported number of interesting research projects could then be
initiated which ultimately would make it possible to

together with the exotic Melzaceqe.

of 20-20-0; wnattacked by Hypsipyla grandella. Puente Cajon,
Turriatba, Costa Krca.

Fig. 6. Plot of Toena ciliata »ar australis, 18 months after planting,
averdage height: 6.20 my; fertilized quarterly with 30 grams




Fig. 7. australis

Appearance of the trees of Toona ciliata var.
(unpruned) in the Block trialy im Puente Cajdnm,

establish, on a commercial basis, plantations of the fast
growing valuable Meliaceae in the tropics.

The following research projects in relation to the
Hypsipyla problem might be considered.

1) ‘The olfactory orientation of Hypsipyla to its
hosts. A preliminary investigation by the author is
presently underway in Tutrialba.

2) Investigation on other reasons why some exotic
Meliaceae are not, or are less, attacked by the native
Hypsipyla spp. If the moth of Hypsipyla grandella
would be given no other choice but to oviposit on
seedlings of Toona or Khays would the larvae then
enter the shoots? Or are the shoots and bark chemically
unpalatable to the larvae? This is also being investigated
presently in Turrialba.

3) Analysis of the volatile essential oil(s) in the
leaves and shoot of economically important Mefiacese,
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by means of gas chromatography and N.M.R. and the
subsequent determination of the host selection attrac-
tant(s) of Hypsipyla spp.; such chemicals might be
used conceivably in the combat of Hypiipyla spp.

4) Selection and breeding of Meliacear which do
not have, or only have a low content of the attractant
component in the leaves and shoots.

5) Crossing of the attack-free, or little attacked
Meliaceae with species that are attacked by Hypsipyla
(e.g. Toona with Cedrela) might also offer interesting
aspects. The fact that Toona as well as Cedrela spp. can
be propagated vegetatively is an additional advantage.

Finally the chemical composition of the essential
oils of the Meliaceae may also be of interest to botanists
and entomologists, who study the evolution and distribu-
tion of the Meliaceae and the genus Hypsipyla in the
world.

Sunimary

Toona ciliata var. ausiralis (Australian Red Cedar)
and Kbhaya ivorensis (Nigerian Mahogany) included in
Single Tree Plot and Block Trials in Turrialba, Costa
Rica, are not attacked by Hypsipyla gramdells, whereas
native Meliaceas such as Cedrela odorata and Swietenia
spp. are heavily attacked. In many countries of other
continents these Latin Ametican Meliareae are not,
or are less attacked by native Hypsipyla spp., although
some countties report serious attacks.

The author supposes that volatile essential oils in
the shoots and leaves, which would be different for
various but probably not all Meliaceae, attract the moth
of Hypsipyla spp. to its host trees. Specialization of
the Hypsipyla moth on certain essential oils of native
Meliaceae would lead to immunity of exolic Meliaceae
which do not possess these essential oils as main ele-
ments. Some research projects related to the hypothesis
of olfactory orientation of the Hypsipyle-moth to its
host trees are suggested. In view of its fast growth,
valvable timber and absence of attacks of Hypsipyla
grandella, Toona ciliata var, anitralis seems a most pro-
mising plantation tree for Latin America.
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Studies on the shootborer Hypsipyla grandella (Zeller) (Lep., Pyralidae).

XXVII. Biological and chemical screening for the basis of resistance of

Toona ciliata M. J. Roem. var australis (F. v. M.) ¢, Dc.*

P. (}rij,pm:a.,*i 8. C. Roberts. ™%

COMPENDIO

La presente investigacidén fue dirigida a estudiar la base quimica de la

inmnidad del cedro australiano {Toona ciliata var australis) al barrena-

dor de las Meliaceas, Hypsipyla grandella. En plantacicnes de campo se

constaté que el barrenador esta atraido y oviposita sobre el cedrc aus-
tralianc pero que las larvas eclosionadas mueren cuando penetran en los

tejidos de esta especie. Experimentos con injertos de Cedrela odorata L.

sobre un madriz de Toona resultaron en inmmidad de Cedrela al barrenador.
En pruebas empleando compuesitos de hojas extraidas por una serie de sol-
ventes orgénicos mezclados con los ingredientes de dieta artificial para
Hypsipyla se obtuve una mortalidad de 50, 53, 42 porciento de las larvas
del barrenador con las extracciones de acetona, aguna y hexano respecti-

vamente.

Utilizando la técnica de cromatografia de capa fina, se establecid
gque exisien probablemente dos componentes téxicos y polares en la extrac—

cion acuosa de hojas del cedro australianc, unc de los cuales es altamente
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polar. En cantidades equivalentes a 50 mg de hojas de Toona, estos com—
puestos cuando injectados oralmente en larvas del sexto instar de H. gran-—
della causaron una mortalidad de 80 porciento de las larvas., En una dosis
equivalente a 150 mg de hojas en Toona la fraccidén purificada del compues—
to mds polar, resulté en una mortalidad de 100 porciento de las larvas

tratadas.

INTRODUCTION

The Australian red cedar (Toona ciliata var australis; Meliaceae)

wag inbtroduced in November 1667 in Costa Rieca, for inclusion in the tree
species trials of the Department of Tropical Forest Sciences of IICA-CTEI
In May 1968, the first field plot was established which scon showed ex—
cellent growth and complete absence of atfacks of Hypsipyla grandelia

(Zeller). This absence of attacks was particularly striking since neigh-

boring trial plots of Cedrela odorata L. were heavily attacked by the shoot-

borer. The undisturbed growth and the fact that the leaves and young shoots

of the Australian cedar, in contrast to the native C. odorata, did not
produce any particular smell led to the hypothesis that H. grandella might
orient itself towards native hosts by means of chemo-reception, but that
the shootborer would be unable to detect the possibly different veolatile

compounds of young leaves and shoots of the exotic Australian cedar {5,6).

In May 1971 however, eggs of H. grandella were found on the Austral-
ian cedar during a field survey. This finding resulted. in a series of

investigations on the resistance of T. ciliata var australis against H.

grandella attacks, which are summarized below under confirmation, grafting

and toxicity trials.

Materials and methods

Resistance confirmation trials.

During field inspections in a mixed trial plot consisting of C. odorata,

Pinug pmassonianag Lamb., and T. ciliata var australis, 100 H. grandella

eggs were found on stems of five, approximately 3 m high Toona trees.
The egge were removed from the bark of the trees for laboratory investiga-

tions.
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Larvae emerging from the eggs were divided into two groups and placed
in sealed plasiic boxes containing leaves of C. odorata and T. ciliata
var australis respectively. Feeding material was renewed whenever neces—
sary, e.g. from once every five days during the first and second insiars

to once every two days in the last instar of the H. grandella larvae.

Observations with respect to feeding, mortality, pupation and emergencs
were made and two male and female adults were dissected for species iden-—

tification.

Average maximum and minimum temperature in the laboratory were 30.300
and 22,0% respectively; average maximum and minimum relative humidity were
68.9 and 50.5 percent.

Grafting trials.

In order to determine if chemical compounds present in Toona could be

translocated into C. odorata and promote resistance against H. grandella,

the native C. odorata was grafted on stems of Toona. The mortaliiy of
first instar larvae placed on these grafts was compared with that of larvae

rlaced on seedlings of Toona and Cedrela.

The experiment was conducted in a greenhouse where the average maximum
and minimim temperature were 31.400 and 19.000 respectively; the average

maximum and minimaum relative humidity were 96.2 and 78.4 percent.

Larvae provening from H. grandella reared on Cedrela plant material

were placed onto the middle of the stem of ten grafts of C. odorata on
Toona, ten Toona and ten Cedrela plants of approximately 45 cm height.
Each plant received two groups of four larvae, the second group being

released three days after the first 1o enhance suvival of the individuals.

The plants were checked for small ants and spiders which predate upon

*
first instar H. grandella larvae. Stickum-Special was put around the stems

at the height of the grafting to impede any future predation and to prevent

larvae from boring into the Toona stem.

Survival of the larvae was observed by daily remcoval of fresh frass

from the boring holes. If fresh frass was not produced during two days

fMichel and Pelton Go., Oskland, California.
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and no additional boring holes were noted, the larvae were considered

dead.

An additional experiment was conducted under laboratory conditions
as a conirol for the greenhouse grafting trial. First instar

H. grandella larvae were Treared on leaflets obtained from potted plants

of C. odorata, T. ciliata var australis and of C. odorata grafted on stems

of T. ciliata var australis respectively. The larvae (100/treatment) were

subdivided intc groups of ten and placed on the leaflets in small, sealed

plastic boxzes. Survival of the larvae was checked daily under a microscope.

Toxicity tests:

As the previously described tests strongly suggested the existence
of chemical toxicity in the plant tissue of the Australian cedar, further

experiments were conducted to isolate the responsible fraction(s).

Young shoots and leaves of T. ciliata var australis and C. odorata

(for control) were subjected to solvent extraction and subsequent thin
layer chromatography (TLG) in order to produce chemical fractions suitable
for bioassay. The solvents employed in the extractions; e.g. hexane, ethyl
ether, acetone, benzene, chloroform, methanol and distilled water; were se-
lected to include a wide range of solubility parameters, polarities and
hydrogen bonding capabilities (4,7). All solvents were reagent grade ex-
cept acetone and water which were distilled prior to use. Hydrophilic sol-
vents such as acetone, benzene and methanol were dried during the extrac-
tions with anhydrous sodium sulfate so that their solvent properties would

not change as result of hydration from the water in the leaves.

Extracts of Toona and Cedrela leaves (20g) were obtained by macerating

the foliage suspended in solvent (75m1) for approximately five min in an
Osterizer blender. The fibrous mass was soaked overnight and subsequently
filtered on the foraminous plate of a Buchner funnel. PFrequently further
clarification with analytical grade filter aid was required. The resulting

clear extracts were refrigerated until use.

In the first series of trials, each separate extract (75ml) was mixed

with the dry components of synthetic diet (64g) which consisted of commonly
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used ingredients (1) except for agar and its corresponding water component.
These were omitted since they did not add to the nutritional value of the
diet and only would dilute any possible toxic compound present in the frac-
tions. The mixtures were placed in an oven (4500) for two h to allow the
solvents to evaporate. Thereafter the liquid components of the synthetic
diet were added and thoroughly mixed with the dry parts which now contain-

ed the extractable chemical compounds of Toona (or Cedrela in case of the

controls).

When water extracts of Toona or Cedrela were mixed with the dry

components of the diet, an equal volume of water was omitted from the nor-
mal diet composition, as it was virtually impossible to evaporate the water
component of these fractions under the humid ambiental conditions of

Tarrialhba.

The concentration of the extracted chemicals was equivalent to approx-

imately one g of Toona or Cedrela leaves per 8 g of artificial diet.

However, the extraction process is not 100 percent efficient nor is it
assured that the active components of Toona are chemically stable. Moreover,
some chemical interaction(e.g. oxidation or reduction) between the arti-
ficial diet components and the Toona exiract could result in inactivation
of the originally toxic Toona compound{s). As the chemical constituents
of the Toona and Cedrela fractions might also be influenced by the acidity
bf the artificial diet ingredients and consequently influence mortality of
the second instar larvae employed in these experiments, the pH of samples
of these diets was determined and compared with that of the commonly used
rearing medium. For this purpose diet samples (2g) were diluted with dis-
tilled water (10ml) and the acidity of the suspension measured with a

Beckman Zeromatic pH meter.

Second instar larvae (10-20/treatment) were placed individually in
small rearing bottles containing the diet ingredients mixed with the ex-
tractives from one of the methanol, benzene, chloroform, hexane, acetone,
water and ethyl ether fractions of Toona and Cedrela. Development of the

larvae, mortality and time needed to pupate and emerge were recorded.

The bioassay of these diets yielded ambiguous results with réspect

to the toxicity of the Toona compounds obtained; nonetheless some indication



wag provided of which extracts contained possible toxicants.

At this point, additional fTorce—feeding tests (11) were employed: In
these experiments sixth instar larvae of H. grandella were force-fed with
concentrated water and hexane extracts of Toona leaves (30 ul/larva). The
higher concentration was prepared by extraction of a larger amount of Toona
leaves (40 g/75 ml solvent). Water and hexane extracts of Cedrela obtained

in identical procedures, were used as controls in these tests.

In order to avoid any effects of the organic solvent on the larvae
an aliquot of the hexane extract (13 ml) was evaporated onto the surface
of distilled water (2 ml) conmtaining a few drops of a surfactant Tween-207.
Prior to force~feeding the larvae, the extract film was emulgified in the
water, so that it could be readily injected.
An "Agla"™ micrometer syringe, Burrcughs Wellcome & Co., England and a
micrometer, Shardlow Micrometers Litd., Sheffield, England, in combination

with a blunted Yale No. 27 hypodermic needle were used in these trials.

Por each extract, ten to fifteen sixth instar larvae were individually

anaesthetized prior to treatment by placing them in a CO, chamber for approz-

imately 60 s. Subsequent force-feeding was facilitated b; the use of a
stereo microscope to ensure elimination of any larvae that might have been
injured during the oral injection. Needle penetration was approximately
3-4 mm into the mouth parts. After treatment, the force-fed larvae were
placed in glass jars and mortality during larval and pupal stages was

recorded.

Since the aqueous extract of Toona proved to be highly toxic, further
separation of its components was obtained through thin layer chromatography
(Tc) (12).

The TLC plates (Cellulose 300 G with Ca.SO4 binder, Macherey, Nagel and Co.)
were prepared using a Desaga type spreader (12) and dried in an oven at
105°C for 15 min. Three plates (20 x 20 cm) were used %o separate aliquote
of an aqueous extract {T-33) equivalent to 2 g of Toona per plate. The

developing solvent and the characteristics of the resultant observable

*ICI America Inc., Atlas Chemical Division, Wilmington, Delaware.
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bands (by visual or ultraviolet light) are shown in Table 1#*  Three bands
from sach of the developed plates were removed. The first contained the
starting band and the thin fluorescent band (254nm) (Rf=0.0—0.3); the

second band comprised the middle region with no identifying characteristics
(Rf=0.3—0.7) and the third contained the rest of the developed region
(Rf=0.7—1.0) including a green band and fluorescent band (254 nm). The
isolated TLC samples were extracted with water (10ml) for 24 h, concentrated
appropriately and the resultant acueous extracis force~fed to sixth instar
H. grandella larvae (10-20) as previously described using calculated doses
of 50mg of original foliage per larvae.

In the ensuing bioassay the third band was identified as being active;
thus, the separation was repeated on a fresh extract (T-34) with a more
polar ethyl acetate-methanol solvent (2:3) in an effort $o concentrate
the mobile components into the final region (Rf=0.8—1.0). This band was then
removed and rechromatographed with a less polar benzene—ethyl acetate (3:1)
solvent and separated again into three sections consisting of the starting
band, the middle (Rf=0.2—0.8) and the final region (Rf=0.8—1.0). These
gsections were again removed from the glass plates, extracted with water,
concentrated as before and force-fed to larvae in doses eguivalent to 150mg
of original foliage per larvae. It was expected that the less polar devel-
oping solvent would effect a better separation of the mobile components by

renoving the non-polar congtituents from the sample.

Results and discussion

Regisgtance confirmation trials

These experiments resulted in a 100 percent mortality of all first
instar H. grandella larvae that were placed on a Toona leaf diet. Actual
boring intoc the leaflets was observed and excrements were found on the
leafiets. Pifty percent of these larvae died within 24 hours, 42 percent
died within 48 hours and the remainder within 72 hours. The larvae readily
accept the offered Toona as food and are apparently unable to detect the
toxic properties of the plant material prior to feeding. Several dead
first instar larvae could be found with their heads still sticking in the
boring holes {(Fig. 1). This prompt death suggesied the existence of a

toxic compound rather than absence of essential food components.

iThe tables and figures which accompany the text are located at the end
of this paper.
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Seventytwo percent of the first instar larvae placed on Cedrela leaf-
lets were reared through to the adult stage; the remainder died due to
carnibalism and bacterial infections during the rearing. The dissected

specimens were identified as Hypsipyla grandella (Zeller).

Since H. grandella is attracted to the Australian cedar, oviposits
on it and its larvae are stimulated to feed on the plant material notwith-
standing its toxiciiy, the tree acts as a natural trap for the insect.
Therefore, it might be conceivable to employ the Australian cedar in
plantations where this exotic is mixed with native Meliaceae, s0 as to
reduce the Hypsipyla population and keep itis damage below a certain threshold.
However, several uncertainties ought to be considered before such planting
schemes are put into practice. Firstly, development of resistance of H.
grandella against Toona could well be promoted if larvae which started

to feed on this tree species might continue to feed on Cedrela or Swietenia,

e.g. by migration from Toona trees. Other aspects which should still be
investigated are, whether the adult has a preference for the different

tree species employed in these mixtures and to what degree the shootborer
population is effectively influenced by these mixtures. Moreover, a single
female can oviposit over 1000 eggs under latoratory conditioms

and field observations have shown that over 50 percent of the trees in a young

Cedrela odorata plantation contained only 1-3 eggs per tree; consequently

deficiencies in the effectiveness of Toona as a natural trap for Hypsipyla
in mixed meliaceous plantaitions are expected. Oviposition by lepidopiera
on introduced plants closely related to native ﬁosts but toxic to their
larvae, is also reported by Dethier, Straatman and others (2,3,10) Straatman
(10} suggests that there has been insufficient time for these insects to
adapt to the introduced plants, i.e. the adults are unable to discriminate
between the introduced plant and the native host, and the larvae have not
yet developed the ability to feed on them.

Painter (8,9) indicates that the development of host plant preference
involves a simultaneous evolution of both the plant resistance mechanisms
and of tolerance and host preference of the insect, resulting in the forma-
tion of a dynamic equilibriwm. In the case of the Australian cedar and

Hypsipyla grandella, the lack of this simultaneous evolution of resistance

mechanisms may have resulted in the present immnity of the tree to this
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insect species. However, as indicated in earlier publications (5,6) a
number of reports exist which show the successful attack of native Hypsipyla
spp. on recently introduced exotic Meliaceae. For example, of two Meliaceae

introduced from India into Puerto Rico, Chukrasia tabularis A. Juss. and

Toona ciliata, the former is successfully attacked by H. grandella and the

latter not.* Although no explanation has been found yet to account for
this difference in susceptibility, it is apparent that resistance does not
depend solely on the absence of a simultaneous evolution of the insect

and the tree species.

Grafting trials

The results of these trials under both laboratory and greenhouse

conditions are shown in Figs. 2 and 3. The grafts of Cedrela on Toona

were found to be resistant against H. grandella (Fig. 4, a-d) although

not to the same extent as the Toona plants.

The resistance induced in the grafts of Cedrela indicated that the
plant constituent(s) responsible for this resistance could be translocated
from the Toona understem to the Cedrela graft. However, it should be poin-
ted out that the grafts were only 4 months of age. Further experimentation
with older grafts is indicated to confirm the persistence of the induced
registance. In addition, it would be recommendable to include grafts of

Toona on Cedrela stems in these ftrials to determine whether the Toona

grafts would become susceptible to H. grandella attack.

Toxicity trials

The highest mortality of H. grandella larvae placed on diels consis-
ting of the commonly used rearing ingredients and the Toona leaf exiracts
was most consistently found in the water (T-17) and hexane Toona (T-16)
extracts {(Table 2). Fig. 5 demonstrates the anomaly in the development
of larvae feeding on diets containing these extracts. The larvae placed
on these diets not only developed more slowly but their mortality was
higher (25 and 20 percent respectively) than with other extracts. In
particular, initial pupation of the larvae feeding on the mixture of diet

ingredients and the aqueous Toona extract took more time than pupation

=, .
Geary, T. F. Institute of Tropical Forestry, Rio Piedras, Puerto Rico.

Personal communication, July 1969.
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of those placed on any of the other diet mixtures. In addition, in this
experiment, mortality during the pupal stage was remarkably high for the
treatments in which H. grandella was placed on mixtures of either the
water or hexane Toona extracts. In these treatments an additional 25 and
30 percent respectively of the H. grandella died during the pupal stage
(Fig. 6). Frequently incomplete wing development was observed in pupae

of' larvae feeding on these diets.

Pupal weight of H. grandella placed on the mixtures of the Toona
extracts with diet ingredients corregponded to a large extent with the
mortality percentages documented above. Average weight of pupae reared
on CTL (diet ingredients only) CT' T15, T14, T16’ and T17 diet mixtures
were respectively 159 mg (range 140-175 mg) 144 mg (range 115-165 mg),
149mg (range 90-185 mg), 144 mg (range 104-180 mg), 113 mg (range 65~170)
and 80 mg {range 45-120 mg). In the T17 mixtures only 20.0 percent of
the pupae weighed over 100 mg, whereas the corresponding percentages for
the T, ., T15, Tygr Cq and CTL mixiures (Table 3) were respectively 68.7;

88.93 1003 100 and 100 percent.

The acidity of the Toona diet mixtures differed little from that of
the control and Cedrela mixtures (Table 2) thus, any effect of this factor

was discounted.

The only other Toona fraciion that caused high mortality of H. gran-
della larvae, was the acctone extract (T18) (Table 2). However, the mix—
ture of this extract with the diet ingredients resulted in a contaminated
{sour) feeding medium. It is unknown whether the contamination per se, or
a toxic Toona compound had caused this mortality. Further investigation
of this fraction was not pursued in view of the high mortality encountered

in the water and hexane extracts of Toona.

The mortality levels observed in the controls which consisted of
those larvas reared on either the commonly used rearing ingredients only
or the corresponding Cedrela fractions mixed with these ingrzdients, were

considered normal.

Since these diet-mixture tests suggested that the active compound(s)
of Toona might be chemically labile, the hexane (T32) and water (T31) ex—

tracts of Toona were bicassayed by force-feeding sixth instar larvae.
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The results of these tests clearly demonstrated th: toxicity of the fresh
aqueous Toona fraction, although a certain degree of toxicity was still
present in the hexane fraction (Table 4). Moreover, the reduced mortality
obtained with an aqueous Toona extract which had been stored under nitrogen
for one week at 500 seemg to confirm the suggested instability of the chem-
ical(s) involved.

Both agqueous subfractions T33-TLC-1 and T33-TLC-3, obtained from the
$hin layer chromatography plates, caused 80,0 percent mortality in the

treated larvae, whereas the subfraction T, -TLC~2 had practically no effect

337
(6.7 percent mortality). This finding appears fo indicate that two toxic,
water—goluble chemical compounds are probably present, one of which is
highly polar. Since neither of the subfractions T33—TLC—1 and T33—TLC-3

is as toxic as the original extract T., in spite of more concentrated

33
dosages force-fed (150 mg vs. 50 mg Toona leaf equivalents) a synergism

is suggested.

Confirmation of the toxicity of the highly polar compound in the
chromatographed aqueous extract TLC--B(’I'3 4) was obtained when this subfrac-
tion was rechromatographed in additional tests (T34—TLC—3—1,2,3). The mor-
tality caused by the subfraction T34—TLC-3—2 is probably due to some cver-
loading of the plates (Table 4).

The solubility of the toxicants in water would be in accordance with
the results obtained in the grafting trials, where translocation of the
toxicant(s) present in the Toona stems induced resistance against Hypsipyla

in the C. cdorata grafts.
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Table 1. Characteristics of observable bands of aqueous Toona extracts on

cellulose TLC-plates.

Sample Developing solvent Rf values Characteristics of
Code mo. observable bands
T33 Ethyl acetate=Methanol (I:1) 0.2-0.3 Fluorescent at
254 nm
0.8-0.9 Green
0.95-1.0 Fluorescent at
254 nm
'I‘34 Ethyl acetate-Methanol (2:3) 0.2-0.3 Fluorescent at
254 nm
0.8-0.9 Green
3.93-1.0 Fluorescent at
254 nm
T,,-TLC-3 Benzene-Ethyl acetate (3:1) 0.92-1.0 Light green

34
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Table 2, Average mortality of H. grandella larvae reared on mixtures of
artificial diet ingredients and Toona {(T) or Cedrela (C) leaf
extracts. ‘

Sample Code No. Extracting agent pH of No. of No. of Average
diet- repli- repli- Mortality
mix- cations cations (%)
tures with
dead
larvae

Tocna Tg Methanol 4.98 10 0 0.0
T10-T14 Benzene 5.06 30 8 26.6
T11.T15,Tqg Chloroform 5.00 40 1 27.5
T12,T16,T20,Tgp Hexane 5.01 50 21 42.0
T13,T17,T21,T25 Water 5.01 60 32 53.3
Tyg Acetone 4.96 10 5 50.0%
Tog Ethyl Ether 5.12 20 2 10.0

Controls (CLT) Diet ingredients 5.00 50 7 14.0

only

Cedrela Cj Methanol 4.95 10 0 0.0
C2,C10 Benzene 5.08 30 4 13.3
Cs Chloroform 5.02 10 2 20.0
Cy4 Hexane .5.04 10 1 10.0
C6:C7,C1p Water 5.04 50 9 18.0
Cig Acetone 5.06 10 0 0.0
C17,C19 Ethyl Ether 5.13 30 3 10.0

X Contaminated diet; turned sour.




Table 3. Pupal weight (mg) of H. grandella reared on mixtures of artificial diet
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ingredients and Toona (T) or Cedrela

(C) leaf extracts.

Pupa Control Water Chloroform Benzene Hexane Water
No. CTL C7 T15 T14 Tig T17
1 140 155 157 154 95 92
2 145 160 148 178 15 58
3 161 159 90 172 120 45
4 174 164 155 180 108 46
5 150 152 180 104 170 80
6 149 141 185 128 112 75
7 162 158 165 160 65 105
8 175 128 155 155 140 85
9 173 165 106 161 90 65
10 165 161 166 155 115 100
1 153 143 105 125 95 95
12 162 163 153 135 125 85
13 146 164 171 108 124 70
14 170 156 185 167 116 120
15 171 139 97 136 98 80
16 116 154 155 133 120. -—%
17 158 157 168 134 X ---%
18 149 158 149 107 ---x ---*
19 152 149 — — X —
20 ___x ___* — o ___! ___t
Average | gg 154 149 144 113 80

weight

Percen-

tage 100.0 100.0 88.9 100.0 68.7 20.0
2 100 mg

Xlarva died.
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Table 4. Mortality of sixth instar H. grandella larvae force-fed with

Toona and Cedrela hexane and water extracts and TLC-subfractions

of Toona water extracts.

Extracts and code number N° of N° of N° of
larvae larvae adults Mortality
treated pupated emerged %
Toona, water (T31) 12 2 2 83.3
Cedrela, water (021) 15 13 11 26.7
Toona, water (T3) 12 6 6 50.0%
Cedrela, water (Cp1) 12 11 11 8.3%
Toona, hexane (T32) 17 13 11 35.3
Cedrela, hexane (022) 17 15 15 11.8
Toona, water (T33) 15 1 1 93.3
TLC-1 15 3 3 80.0
TLC-2 15 14 14 6.7
TLC-3 15 3 3 80.0
Toona, water (T34)
TLC-3-1 12 1 0 100.0
TLC-3-2 12 10 8 33.3
TLC-3-3 12 12 12 0.0

%

Same extracts (T3;, C21) as used in previous test, but kept for 7 days in

. o
refrigerator at 5 C.



81

Fig.t. Due to a toxic compound in Toona ciliata var ausiralis, first in-

star larvae of Hypsipyla grandella boring into its tissue frequently die

in 2 to 4 h.

N® aof lrees with active otiocks
.3
'l

N
o T r T o TY
2 4 ) 8 te] 12 18

N2 of days ofter tast application of 13! msiar larvoe
(8 larvoe per potled plant)

Fig.2. Time dependence of boring ac-
tivity of first instar H. randella
larvae in plants of C. odorata fCi,
of T, ciliata var australis (T) and

of E. odorata grafted on T. ciliata
var australis (CgT).

100=

Accumuloted mortatity of lorvae (N2)

N2 of days olter dtrial irhigl

Fig.3. Time dependence of accumulat-
ed mortality of 100 first instar H.

randella larvae on leaf diets of C.
odorata (C), of T. ciliata var aus-
iralis (T) and of C. odorata grafted
on T, ciliata var australis (CgT).
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Fig.4.a-d. Effect of H. grandella attack on C. cdorata seedlings (a,b) and
on C. odorata grafted on T. ciliata var australis (c,d). Pictures taken
three weeks after placement of first instar larvae on the plants.
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2.2. INVESTIGATIONS ON THE HOST SELECTION OF H. GRANDELLA.
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Studies on the shoot borer Hypsipyla grandella Zeller.

[. Host selection behavior* P. GRIJPMA®*, R. L. GARA®**
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COMPENDIO

Este trabajo presenta los resultados de mna serie de experimentos velacionados
con la seleccion de los drboles hospederos por el adwlto de Hypsipyla grandella Zeller.
Los objetivos fueron: (1} investigar el comportamiento del adwito en cuanto al vuelo;
(2) estwdiar las condiciones microckimdticas asociadas con el vwelo; y (3) determinay
modelos de los atagues del barvenador en relacién a la fenologia del drbol hospedante
y posibles alrayentes, Los dalos oblenidos indicaron que, en wna parcela de Cedrela
odorata L. fueriemente atacada por el barvenador, los adwltos volaron a alturas mis
altas gue los arbolitos, los cunales tenian una altura promedio de 0,6 m. También se
observd otro modelo de vaelo que consistia en un vnelo corto de los drboles hospederos
a'la vegetacion baja que cnbre el suelo y viceversa. En cuanto a la relacion entre las
condiciones microclimdlicas v el wvuelo, la dwvacidn del estudio fue demasiado corta
para llegar a conclusiones definitivas. No obstante se observd gue los adultos no vola-
ron cuando la temperatura fue infevior a 17°C. Precipitacionss senores gque 11 mm
no smpidieron el vielo. La actividal mayor durante el periodo de estudio se registrg

després de una fnerte jinvia.

Hay indicaciones bastante definidas gue el adulto de H. grandella se orienta
it s hospedero por medio del olfato y que existe una alla correlacion entre el nimero
de atagres por drbol y la proporcién de bojas frescas. — Los autores.

Introduction

HE shoot borer of Meliaceae, Hypsipyla gran-

della Zeller., is the greatest detriment to the

establishment of Cedrels and Swietenia planta-
tions in the American tropics. The main damage oc-
curs when larvae bore into the growing tips of young
plants, thus destroying height growth for a season or
more. The biology and distribution of H. grandelia has
been described by Ramirez Sanchez (2).

* Received for publication April 7th, 1970.

¢ Silviculturist, Forestry Program, Inter-American [nstitute of Agri-
cultural Sciences, Turrialba, Costa Rica; attached t©o HCA
thrtough the Dutch Technical Assistance Program, Study to be
used by P. Guijpma for Ph.D. dissertation.

43 Associate Professor of Forest Entomalogy, College of Forest
Resources, University of Washington, Seattle.  Study supported
by Ford Foundation grant N¢ $7-74 and conducted under GTS
project Ne £8-38,

It is believed that H. gramdellz selects new hosts at
night as adults are active during this period. Ramirez
Sanchez (9) observed that greatest flight activity oc-
curred after dark and egg eclosion took place from
18:30 h. and on through the night.

Since trees over 6 meters in height are not as
heavily attacked as the shorter stems, it is assumed that
host selection flights occur mainly at lower levels, ie.,
the heights of seedlings and younger stems. Field
experience shows that once a plot is invaded by the
shoot borer the incidence of infestation augments rapidly
and eventually all of the plantation is infested. In time,
trees degenerate to such an extent that heavy mortality
ensues. Apparently, once a plantation is infested, the
moths tend to concentrate within the outbreak,

Unfortunately, little is known on microclimatic
and other environmental conditions that influence H,
grandelia flights. The only reports available indicate
that heavier attacks occur at the beginning of the rainy
seasons, with only minor infestations occuring at the
initiation of the dry season (1, 2,8, 9, 11). In addition,
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attacks primarily occur in open grown plantations, indi-
cating that temperature among other physical factors
may be important in guiding host selection flights.
Recent studies (7, 10) indicate that Hypiipyla spp. ex-
hibit definite host preferences for certain meliaceous
species. In Costa Rica, Grijpma (7) conclusively showed
that H. grandells preferred C. odorata over Swietenia
maerophylla King, S. bumilis Zucc. and a hybrid cross
of §. mahogany (L.) Jacq. X §. macrophyila. However,
the insects did not attack Tvoma ciliata M. Roem. var.
australis (FvM.) C. DC. and Khaya ivorensis A. Chev.
He suggested that the preference of H. grandella for
Cedrela was due to the olfactory response of shoot
borers to volatile materials emanating from the plant.

It is believed that a more complete knowledge on
the host selection behavior of the shoot borer would
provide insights into more imaginative and applicable
control methods. In particular, verification of primary
attractants could lead to isolation and identification of
such compounds; synthesis of these materials could be
used in the protection of valuable stands. Identification
of these compounds also could lead to a tree breeding
program in which less susceptible trees would be devel-
oped. Accordingly, the main objectives of the studies
described here were to gain insights into the host selec-
tion mechanisms of H. grandella. Specific objectives
were as follows: (1) to investigate the flight behavior
of shoot borer populations within a Cedrela plantation;

(2) to outline some of the micrometeorological condi-
tions associated with flight; and (3) to investigate pat-
terns of shoot borer attack in relation to host phenology
and possible attzactants,

Materials and methods

Fiight bebapior. Preliminary tests, designed to
measure the height of H. grandella flights, were estab-
lished in a plot of C. edorata in the pure block species
trials in the Puente Cajon area, Turrialba, Costa Rica.
The plot contained 100 trees, planted at distances of
2 x 2 m. The stand averaged 0.6 m in height and
was about 18 months old. The plantation, over the last
12 months, was completely infested and 18 per cent
of the trees were dead.

Height of flight was determined by means of 0.75
X 3.00 m wooden frames covered with polyethylene
sheeting stretched over the frames, Twelve of these
frames were set up in diagonals across the plantation,
cach 3 m from its neighbor. The frames were then
coated with Stickem-Special®*, a sticky compound that

* Michel and Pelton Co., Oakland, Califarnia

Fig, 1. Two typei of sampling barriers wied to determine flight parterns of H. grandella, The taller barviers iampled beight
af flight, the woibhers sampled flight in relation 1o bost selection.




remains viscous for a long time. For a period of 2
week the frames were checked daily and agout 90 per
cent of the shoot-borers caught were recovered from a
height of 1-2 m. ~

Taking into account results of this preliminary
test, the main set of trapping devices was established
at a mean height of 1.30 m. These devices, termed
trapping batriers (6), were constructed from 0.5 x 1 m
polyethylene sheets and covered with Stickem-Special.
Eighty barriers were hung from wires in such a man-
ner that most of the surviving trees had a barrier within
a meter distance (Fig. 1). A similar set of barriers was
established in a non-host stand of Fravinws ubdei and
in a stand of S. macrophylla that was grown under
shade of Gmelina arborea Roxb. The barriers were
checked nightly and in the morning; shoot borers trap-
ped on the barriers were collected and their position
in regards to the individual Cedrela trees was noted.
Temperature and rainfall were noted and the eesults
cotrelated with the shoot borer collections.

89

Temperature relations. Selected Meliaceae trees were
also enclosed within a 90 x 90 x 90 c¢m screened cage.
The enclosed trees were infested by shoot borer larvae.
As the larval mines extended into the stem the tem-
perature inside the stem was measured by inserting a
small thermistor into the larval mine; temperature ad-
jacent to the stems were measured by placing another
thermistor next to the stem; resultant temperatures were
recorded from a Yellow Springs, model 4256, meter.
In practice, one enclosed and infested tree under shade,
and another similarly infested tree in open sunlight,
were instrumented.

Adult movement, The movements of adults within
an infestation also were investigated by means of
ground barriers. In this case, 70 x 35 cm polyethylene
panels were coated with Stickem-Special and located
as fallows: (1) two were positioned directly under
selected trees, and (2) others in three concentric circles
around the trees. The radii of the circles were 0.5,

barviers aronnd « Cedrela free,

Fig. 2. Ground
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1.25 and 2 m respectively (Fig. 2). In the experi-
ment two types of trees were used, one type was
flushed with fresh leaves, the other type only had
older, mature leaves. Additional barriers (tree barriers)
were placed verticaily in the form of a cross around
one tree with new leaves and another with mature
ones,

To further check adult movement, male and female
adults were dusted with fluorescent powder. The
insects were then relased on selected trees and on the
ground. Their subsequent activity was followed by
observing their fluorescent trails on foliage and on
the ground by means of an U.V. light.

Hoit phenology. In order to relate possible syn-
chrony of fresh leaf production with incidence of at-
tack, periodical surveys were made of the Cedrela
plantation. Attack frequency was recorded together
with the number of fresh and mature leaves.

Astraction. ‘The possibility of primaey host at-
tractants was investigated in a series of experiments.
Two small tables were constructed, and located adjacent
to the Cedrela infestation, Four wooden frames, 0.5 x
0.5 x 1 m were placed on the tables, each occupying
an equal area. Strips of sticky polyethylene were strung

around the periphery of each frame in effect forming
a cage (Fig. 3) for convenience called an olfactory
cage.

Various potted meliaceous tree species were placed
in frames according to the test in progress.

Results

Flight activity. Flight of H. grandella mainly oc-
curred when nightly temperatures were over 17°C
(Figure 4). There was not a strict correlation between
flight and temperature; however, flight activity took
place between 17 and 24°C. Temperature diffetences
between the shaded Swiesenia and the open grown
Cedrela only varied between 2° - 3.5°C. in the larval
gallery and next to the stem. The open grown trees
demonstrated these higher temperatures between the
hours of 0900-1500. Ambient temperatures for 24 hour
periods virtually were the same under shaded and
isofated conditions. Even though ambicent temperatures
under the shade were equal to the non-shade aress,
fewer attacks occurred in the Swiefenia than in the
Cedrelz plots. Rainfall between 0.5 and 8.0 mm did
not hinder flight, but heavier rains, over 11 mm
prevented flight,

Fig. 3, Offactory cages comtwining potted Toona (left table) and Cedrela (right sable).
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The emergence of H. grandells from pupae placed
in outdoor cages corrclatej with flight activity of the
field population as the greater barrier catches occurred

: \ \ \ within 1-2 days after emergence (Fig. 4). During
2 periods of moth emergence only 4 insects were caught
-\\ \ \ \\’\’\ \ i the non-host stand.

Data from Table 1 indicate that moths are active

¢
n

Temporaase
s 38

. on the ground near the trec during early night, but

——————————————y invade their host later. The possibility that moths may

‘j inhabit ground vegetation during daylight hours is also

: b seen in a cage test where moths were observed resting

P during daylight (Fig. 5). When moths were dusted

¢ with fluorescent powder and liberated on trees and

[ ground, fluorescent trails left by moths indicated that

N B they moved from the ground to the trees and vice

. i r r r R versa,

i, Host selection. During the study it was noted that

H most of the bartier catches occurred near trees with new

S leaves (Fig. 6). Periodic surveys of the infestation

DH 00 ﬂﬂ 0 supported observations that moths preferred to oviposit

- T on trees bearing new leaves, Data from Fig, 7 indicate

that the trees most heavily attacked had a predominance

1 of fresh leaves, although trees sustaining a few new

E leaves atnong the mature also were attacked. At least
2

with only mature leaves was attacked.
In tests where Cedrela and Toona trees were used as

gl 1l

H during the latter part of the rainy season, just one tree
s o8 1

26

Secember - sonsory potted material in the olfactoty cages only the Cedrela

wes  mm trees were selected by moths, Similarly only Cedrela

Fig. 4. Relaifonships between ambiens temperatures, precipitation and trees with new leaves were chosen bY H. g?‘zl?!de”d when
emergence as well as carches of H. grandella on flight Barriers, new-leaved Cedrela trees were compared to cedar trees

with only mature leaves (Table 2).

Table t.—Accumuylated numbers of male and female . grandella caught on ground and tree barriers, neas
Cedrela odorata trees with fresh and matur: leaves on the nights of 5/6 January and $/6 March,

1970.
Barrier Catches
Fresh Leaves Mature Ledves
Tirne Ground Barriers Ground Barriers
Tree Tree
Barriets Barriers X
Innet ring 1.25m 2.00m Inper ting 1.25m 2.00m
19.10 0 59 29 13
19.15 0 19 Q 0
19.22 0 19 13 iH
18.50 i) i¢ 19 (4
20.00 19 29 13 13
20.12 o 19, 1¢ 0 4]
gg?g 29 " }28 % 8 8 — No insecis caught
21.17 13 49 13 0
21.35 0 0 14 12
2215 1@ Q 0 0
22.30 19 [} ) 0 0
22.50 29 o} 0 0
2330 1€ 0 e} 18
Totals 99, 23 112,13 39,42 43 0 0 0 0
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Fig. 5. A Hypsipyla grandella moaih resting om végetation,
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Table 2.—Catches of H. grandella on olfactory-cages
with different types of potted plant material.

Fig. 7. Relationthips between

o- 3 3t- 60

6l- 30
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H, grandellz attack and amount of
young folidge available on its host isee, Cedrela odorata.

Data Host Material
Feb-Mar
1970 Cedrela Teona
fresh leaves fresh leaves

Feb. 23 3 0

24 1 0

25 1 0

26 4] n

27 2 0

Cedrela-Fresh Cedrela-Mature

Leaves Leaves

Mar. 5 2 0

6 1 0

7 2 D

Discussion

Although night temperatures between 17 and 24°C.
did not seem to influence H. grandella flight, increased
flight activity was noted within 4-5 days after rain. It
is possible that the additional moisture may stimuilate
plant growth which in turn may attract more moths.
It is also conceivable that H. grandella emergence may
be induced by periods of higher relative humidity.
Tillmanns (11) suggests that after the dry season new
attacks by the borer occur soon after the first rains.

The fact that few insects were caught outside of
their host area indicated that H. grandella do not
disperse readily from an active infestation. Within an
outbreak, a short distance relationship between emer-
gence and subsectmnt host selection seems likely. Ap-
pacently during the day, adults rest in ground cover at
a short distance from their hosts. It also is interesting
that the moths' wing and body markings blend in
well with herbaceous material.

The results of the experiments strongly indicate
that H. grandella select hosts by olfactory responce to
volatiles emanating from fresh leaves. Evidence for
this olfactory orentation was supplied by the high
petcentages of catches on barriers located near fresh-
leaved trees and by the response of adults to fresh-
leaved Cedrela placed in olfactory cages. Turther
evidence for response to host volatiles was the fact
that H. grandella detected its host plant cutside of the
infestation. All these data, however, were taken during
the rainy season and most of the trees had fresh leaves.
Oviposition on trees without leaves also was observed
during the dry season, hence, the presence of new growth
can not explain host selection during this season. As
it was noted that leafless trees mostly had thin, papery
bark, it could be that volatiles responsible for host
orientation emanate through lenticels and the bark
per se. It also is possible that insects may select hosts
in response to volatiles emanating from old borings
and frass produced by larvae from previous attacks

(Fig. 8).
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Fig. B. Egg of Hypsipyla grandella ovipoisted on boring frass of
previoni attack,

It has been observed that Suietesia and Cedrela
plots often prosper for a short time, then gradually
deteriorate as H. grandelia attacks augment. When one
plantation is destroyed, neighboring meliaceous plan-
tations come under ever increasing attack. These ob-
servations indicate that flourishing infestations tend to
lozalize H. grandella populations within the outbreak
areas. It is likely that as long as the cmergence of
moths is synchronized with the abundance of new
growth, the population remains within the infestation.
On the other hand, when plantations finally collapse,
the moths disperse and become established in new focal
centers. Accordingly, the present study shows that
insects emerging in the outbreak area did not disperse
but rather attacked in synchrony with the production
of fresh leaves. It is interesting that during the dry
season, when the Cedrela plot was leafless, new attacks
began in the shaded, neighboring Swietenia plot that
was fully foliated and unattacked.

It is thought that attacks on Meliaceae are less severe
when trees are planted under shade (1, 2, 3, 4, 5, 8,
11). An explanation, in part for this phenomenon
may be the lack of suitable ground cover. Another
factor may be the differences in temperatures developed
under open or shaded stands; possibly larvae boring
in the cooler shaded stems emerge when their new
hosts are unsuitable for attack. Moreover, present
observations indicate that shaded Swieteiia trees often
saccessfully prevent attacks by exudation of gum,

Although olfactory orientation is indicated, it is
not clear whether both sexes are equally responsive to
host wvolatiles. Data from ground and tree barriers
show that most catches in immediate vicinity of the
trees are females. Pethaps females are more responsive
to volatile host material than are the males. Female
produced sex attractants could then explain the catches
of male H. grandellz on batriers near fresh leaved
trees.
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Studies of the shootborer Hypsipyla grandella Zeller.

II. Host preference of the larva*

P. GRIJPMA*#* R. I, GARA***

COMPENDIO

En wna investigacion previa (Turrialba 20(2):85-93) se informé que el
adulto de Hypsipyla grandella Zeller, tenia preferencia por las Meliaceae americanas,
Sin embargo, muy poco se sabe acerca de los estimulos que inducen a las larvas de
H. grandella @ alimentarse y desarvollarse en forma adecnada.

La pretente investigacién fue dirigida a estudiar el compertanricnto nuntricional
We larvas de H. grandella. Se empled como fuente de alimento, material vegetal
de cualra especies de Meliaceas, Cedrela odorata L., Khaya ivorensis A. Chev., Swictenia
macrophylla King. y Toona ciliata M. Roem. var. australis (F.e.M.) C.DC., y #na
especie no-Meliacea, Aucoumea Klaineana Pierre. Se constato que las larvar de H.
grandella también tienen preferencia por las Meliaceas amevicainas usadas en la inves-
tigacién.

Durante el curso de la investigacion, se observé una alta mortalidad en larvas
gue se alimentaron con material de T. ciliata var, australis, por lo cval se iniciaron ana
sevie de experimentos complemeniarios para determinar si el matevial vegetal de
T. ciliata var. australis tiene alguna sustancia toxica letal para Jarvas de H. grandella.
Los resultados de estos experimentos comprobaron gue T. ciliata var, australis es tdxico
para las larvas. También bubo evidencia de gne dicha sustancia tdxica liene cavacieris-
ticas voldtiles con lo cual se podvia explicar la no ovipoiicion de H. grandelia sobre
T. ciliata var. australis. Se piensa gque evla caracleristica podria ser empleada en el
fusnro como base para la seleccion genética de Meliaceas vesistentes a Hypsipyla spp. —

Los autores.

Introduction

display a definite species preference for the
various native Meliaceae (2). Recent obser-
vations reveal that Cedrela odovata L. trees with
a predominance of fresh leaves are attacked more
frequently than those with mature leaves (3). It is

S TUDIES indicate that Hypsipyla grandeila Zeller
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believed that the adult H. grandells find these preferred
C. odorata through olfaction (2, 3, 4). Accordingly,
the females must have a well developed ability of select
a host wherein subsequent larvae will prosper. Little
is known, however, on the chain of stumuli and res-
ponses that induce larvae to feed and develop properly.

The fact that other Meliaceae, such as Toona ciliata
M. Roem var. awstralis (Fv.M.) CDC, are not at-
tacked in Turrialba, Costa Rica, may be attributed to:
(a)- adults are not attracted to Toona, or (b} adults are
attracted and oviposit on Toowa, but the larvae after
eclosion soon die. However, tecent studies indicate
that H. grandells are not attracted to T. ciiata var.
australis (3). Investigations in Australia indicate that
T. ciliata var. amstralis is morte tesistant to attacks of
Hypsipyla robusta Moore than are the other Meliaceae
(7). No information exists, however, on whether larvae
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Fig. 1. Host prefevence test for H. geandella larvae, wiing glass tubes with ctems of 4 meliaceons ipecies and a non-hosi.

of H. grandellas would be able to complete their life
cycle in Toona.

The present study was undertaken to determine the
behavior of H. grandella larvae with respect to food
selection and feeding activity.

Materials and methods

Feeding preference. A number of techniques was
developed to evaluate the existence of food preference
among H. grandelfa lazvaze, Although it would have
been ideal to use instars of equal ages, the tests were
performed with larvae of 3rd-Sth instars; most were of
the 4th instar. Instars were determined by measuring
head capsules and were classified in accordance with a
table provided by Ramirez Sanchez (6).

To test food preference between four meliaceous
species and a non-host, H. grandells larvae were placed
in the center of glass tubes of about 1 cm in diameter
and 8 cm long (Fig. 1). Each tube contained 1 larva
and was given the choice of two tree stems which were
mserted into the ends of the tube. Normally, the larva
selected one of the species as a boring or feeding
medium, The experiment was carried out in a cros
treatment design  (5). In this design all possible
combinations of the 5 species were tested; hence, therc

were 15 treatments in total, of which 10 were combina-
tions of distinct species, while 5 were of the same spe-
cies. The species used were T. ciliata var. anstralis,
C. odorata, Swietenia macre phylla King, Kbhaya ivorenssi
A. Chev. and Awcoumea klaiieana Pierre, as a non-host.
After larvae were introduced into the glass cylinders,
their boring was checked 24 hours later. The length
of each larval mine was recorded and the amount of
boring was assumed to be a measure of host acceptance
or preference. About 20 per cent of the larvae soon
died within the tubes as a result of a nematode (Mer-
mithidae, probably Hexamermis sp.*) infestation. These
dead larva were replaced immediately with healthy ones
and their boring measured 24 hours later.

In apother experiment, larvae were allowed to select
a variety or homogenized host materials. In this case
3 plates, 24 cm in diameter, were divided into five
chambers by means of plastic separators. (Tigure 2).
Each chamber contained macerated leaves and shoots of
the same meliaceous species and the non-host as des-
cribed in the previous experiment. However, in one
test series only C. edorata and §. neacropbylla were used
as choices and larvae introduced into tests were sepa-
rated as either reared in Suietenia or Cedrele, On the

*  Personal communication from Dr. Calvin 1. Massey, Rocky Mountain

Forest amdl Runge Experiment Station, Albuauerune, New Mexico,
1.8, A




Fig. 2. Hust preference test for Ho grandella farvae wsing plutes divided
thte 5 chambers containing variews bost matertals,

Fig. 3. Laboratory olfaciometer nsed in evablishing host freferences
of H. grandella Jwriav. Food choices were placed in the 3
canals, aiv drawn through glass fube, presenfed lartae placed
in common enlrance chamber, with 5 airstreams containing
hast volatrfes,
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average, 4 larvae were placed in the center of each plate.
Subsequently, the three plates were placed in a darken:d
growth chamber. The location of cach larva was re-
corded within one hour and 24 hours later.

The possibility that larvae exhibit food preference
through olfaction as well as gustation was tested by
means of an olfactometer. Basically, the device was
made by fastening strips of wood in such a manner
as to form 35 distinct canals with a common entrance
thamber (Figure 3). By means of a vacuum pump, ait
was pulled through the 5 canals which, in turn, con-
tained the 5 different host materials used in the previous
tests. The air stream passing around the various ho-
mogenized host materials would thus contain the dif-
ferent volatiles and transfer them to the entrance cham-
ber. Here, latvae would be able to select the canal of
their choice through olfaction. In designing the device,
smoke was introduced into the air intakes and de-
monstrated, in theory, that the technique was usable as
five distinct air streams flowed within each canral and
then united at the entrance chamber.

Hoast toxicity. In the host preference tests, as above,
it was noted that larvae selecting Toona frequently
died. In view of this, another series of tests were
designed to determine the possible toxic effects of
Tosna on Hypiipyla larvae. In one experimental series,
slivers of bark containing eggs of H. grandella, col-
lected  from a €. odoraia field plot, were attached to
stems of potted Cedrela and Teoona seedlings. In total
10 Toona and 5 Cedrela seedlings were used; each tree
received two bark slivers (with one egg each). All but
4 of the eggs hatched, two of the eggs positioned on
one of the cedar plants died, while the other 2 were
on 2 different T'gona plants. During a period of 10
days, observations were made of the first instars’ boring
activity and associated behaviors.

An additional experiment was designed to study
the possible toxic effects of Toona on larvae. A stan-
dard food medium was created by macerating 16 gr of

Fig. 1. Containers used 1o determine ioxic effect of volatiles emaynating
from Toona, Larvac prevented [rom physical comtact twith
macerated leaj material by means of Saran scveening,
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Swietenia and Toona plant material; the control merely
contained 16 gr of homogenized Swietenia. All of the
controls and treatments, in addition, contained 34 gr
of water, 1.5 gr of agar, and 0.5 gr of sodium benzoate.
Apart from the controls, the remaining 4 treatments
contained macerated Swietenia and Toona in the fol-
lowing proportions respectively: 75-25, 50-50, 25-73
and 0-100 per cent. Thus, the last treatment contained
solely Toona. The macerated food media were placed
into petri dishes; each treatment and the control was
replicated 5 times. One larva was introduced into each
petri dish and checked for survival and boring activity
twice daily during a period of 6 days.

Another experiment was designed to determine if
larval mortality induced by Teona was a result of toxic
volatile compounds or by ingestion of an unsuitable
diet. In this case macerated Toona material was placed
in the botom of each of 6 containers. Saran™ screening
was placed on top of this material so that the larvae
would not be in direct contact with the macerated
material. A similar series of 6 containers was estab-
lished, but with Cedrela as the host media, and, as a
control, 6 additional containers contained water soaked
cotton (Fig. 4).

Results and discussion

In the feeding preference tests where H. grandella
larvae were placed in glass tubes with different host
materials as choices, the following represents total
boring (cm) into selected choices: Toona, 0.00; Azcow-
mea, 1.24; Khaya, 9.68; Swielenia, 19.26; end Cedrela
19.68. An analysis of variance (Table 2) shows that

these differences are significant at the 95 per cent level

of confidence. A non parametric ranking test confirmed
the sequence of these preference. It is clear (Table 1)
that the larvae avoided boring into T'oona, while they
readily chose Cedrela or Swictenia.

The selection of host material by larvae placed
in plates with 5 food choices is seen in Fig. 5. It is

Humber 1 loma

Fig. 5. Selection of macerated bhost material by H. grandella larvase,
placed in the cemtre of plates; sabsequent chosce expressed by
the number of lavvae found in chambers comtaining either
Swietenia, Cedrela, Khaya, Toona or @ non-meliuceons species.

Table 1.—Results of feeding-preference test where
larvac were placed inside tubes with stems
of various hosts inserted at both ends of the
tubes; data expressed as distances (cm)
larvae bored into different host material:
Toona ciliala var. awstralis, Cedrela odorata,
Swietenia macrophylla, Khaya ivorensis and
Anconmea klaineana as the non-host control,

Toonn Cedvela | Swietenia | Kbhaya | Aucoumea

0.00 2.35 1.40 3,29 0.00
Toona 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00
Cedrela 0.72 2.57 1.05 2.98 8.40
0.00 0.00 0600 0.00 0.00
Stwietenia 1.6% 1.51 6.28 1.15 1.92
.00 0.60 1.19 2.61 .00
Khaya 0.41 1.05 0.00 0.90 1.23
0.00 1.01 4.16 0.18 .00
Ancoumea 1.24 0.00 0.00 0.00 0.00

Table 2,—Analysis of variance of the influence of host
on the boring activity of larvae placed in
glass tubes with stems of various hosts inser-
ted in the ends of the tubes.

Source of Variation D.F S.8. M.5.
Specific vs General 1 7328 7328
Specific Preference 4 13.9047 3.47617
General Preference 19 56.9716 299851
Toona vs. others 1 7.6452 7.6452%
Cedrela vs. others 1 10.9634 10.9634%
Swietenia vs. others 1 8.8620 8.8620*
Kbaya vs. Auconsnea 1 .4970 4970 N.S.
Remaining components | 15 29.0040 1.9336 N.S.
Ersor 25 66.1917 2.6477

TOTAL 49 | 137.8008

*=Significant at 93%
N.5.=Not significant

seen that, within one hour, most of the larvae chose
to enter compartments with the non-host material. Dur-
ing the one hour period, the remaining larvae showed
approximate equal preferences for Cedrels, Swietenia
and Khaya; there was a somewhat lower response for
Toons. After 12 hours a large proportion of the larval
population left the non-host and went into Swierenia
and Cedrela; less were found in Toonez and Khaya.
Moreover, many of the larvae remaining in the exotic
meliaceae and in the non-host died. The unusvally high
number or larvae found in the non-host, may have
been due to an arresting stimuli (1, 8). The non-host,
Awcoumea seems to have a high level of strong volatile
materials,




Table 3.—Relationship between H. grandella larvae
reared in either Swietenia or Cégrela and
their subsequent choice of either macerated
Swietenia, Cedrela or non-host plant ma-

terial.
HOST MATERIAL
Chaices of the larvae Non-Host
Larval
Plate Swietenia Cedrela
QOrigin
Imme- | After | lmme- | After | Imme- | After
diate | 12 hrs. | diate | 12 hrs. | diate | 12 hrs.
1 | Swictenia 0 1 0 1 6 0
2 | Swietenia 1 1 1 1 1 2
3 Cedrela 1 1 2 2 0 0
4 | Swictenia 1 1 1 2 1 1
S | Cedrela 1 2 0 0 2 1
6 | Swictenia 0 0 0 0 1 1
Totals! 4 6 4 6 11 5

* Two larvae raised in Swierenia made no chuice and remained in
middle of the plate.

In another test, larvae obtained from either Cedrela
or Swietenia plantations could choose as host material
cedar, mahogany, or the non-host. From Table 3 it is

a8

noted that, within an hour, most of the larvae went
into the Awcowmea. However, after 12 hours, the
larvae moved from this non-host to either Sw/etenia or
Cedrela. In fact, the larvae exhibited no differences in
their subsequent choice of these two meliaceous host
materials. clI'he olfactometer test (Fig. 6) showed
that 85 per cent of the total number of larvae entered
the canals with non-host material Awxcoumea (45 per
cent) and the native Meliaceae, Swietenia and Cedrela
(40 per cent). Again the arresting stimulus of Anrou-
mea was observed. Fifteen per cent of the larvae entered
the canals with Toouas, of which 33 per cent died.
subsequently.

Conclusions from these tests seem to indicate that
H. grandella larvae prefer their native hosts. It is
seen that, although the larvae may be initially stimulated
to select an exotic host species, they later leave these
hosts and are recovered in native Meliaceae, Fre-
quently, when H. grandella larvae were found for
protracted periods in non-hosts, they were moribund
and died. It is likely that the larvae left the exotic
host material because adequate gustatory stimulation
was lacking,

The food preference tests showed that a high per-
centage of larvae that chose Toona as a host died.
Results of the toxicity test, in which eggs of H. gran-
della were attached to potted T'oona and Cedrela plants

Table 4.—Activity of 1st. instar H. grandella larvae on potted plants of Toona ciliata var. awstralis and Ce-

drela odorata. Larvae hatched from eggs attached to the seedlings.

Larval Activity
;{;e Specics N‘i_'l a‘t)ghfggs Remarks
Boring | Dead | Active
1 Toona ciliata v. australis 2 X X Gum exudztions; larvae died in 24 hrs.
b Toona ciliata v. australis 2 x x Gum exudations; latvae died in 24 hrs.
3 Cedrela odorata 2 x x No gun produced. Larvae active.
4 Toona ciliata v. anstralis 2 x x Gum exudations; larvae died in 24 hrs.
5 Toona cilfata v. austyalis 2 X x No gum, exudation; larvae died in 24 hrs.
6 Cedrela odorata ] 0 0 0 Both eggs did not hatch, attacked by fungi.
7 Toona ciliata v. australis 1 x x 1 egg did not hatch, attacked by fungi.
1 larva died in 24 hrs,
8 Toona ciiata v. austvalis 2 x X No gum exudation, 1 larva died while boring.
other dead in 24 . hrs.
9 Cedrela odoraia 2 x x No gum produced, larvae very active
10 Toona ciligta v. ansiralis 2 x X Gum exudations; larvae died in 24 hrs.
11 Toona ciliata v. australis 1 x x I egg did not hatch, attacked by fungi.
12 Cedrela odorata 2 x % No gum exudation, larvae vety active.
13 Cedrela odorata 2 x x No gum exudation, larvae very active.
14 Toona cilista v. australis 1 X X 1 egg did not hatch, attacked by fungi;
no gum exudation. Larva died.
15 Toona ciliata v. anstralis 1 Cox x 1 egg did not hatch, attacked by fungi;
gum exudation. Latva died in 24 hrs,
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Fig. 6. Choires made by H. grandella larrae in olfalometric tesis

Larvae were placed within a laboratorial olfactometer containing
macerated host material of 4 meliaceons species and a nou-koit.

(Table 4), indicate that all first instars hatched on
Toona died within 24 hours after eclosion; larvae hat-
ched on Cedrela trees could be reared through their
complete cycle. It was interesting to note that 20 per
cent of the eggs on both tree species fziled to hatch.
Accordingly, T'oona did not adversely affect eclosion.
In many cases, the recently hatched larvae, were likely
killed by heavy gum exudation of the Toowa. This,
however, may not be the major cause of larval morta-
lity in Toona, as several first instars were found dead
with only their heads penetrating the plant’s epidermis.

Table 5.—Mortality of H. grandells larvae placed in
petri dishes containing macerated Teoons and
Swietenia plant material.

Percentage of Plant Accumulated Mortality {%)

Material Dzys of Test
Toona | Swictenia 1 2 3 4 y 6
0 100 0 [y 0 0 {1 0
23 73 0 0 20 2" 40 80
50 50 0 0 20 40 60 30
75 25 20 40 40 80 80 100
100 0 60 60 80 80 80 80
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Fig. 7. Regression equations of the death rate of H. grandella lurvae

expoied 1o wolatiles emanating from macerated Toona awa
Swietenia feaf material) larvae Pplaced veer water soaked collon
were nied a5 4 comtrol,

The patterns of larval mortality in the macerated
mixture of Toewa and Swictenia material is seen in
Table 5. The mortality rate of introduced larvae in-
creased markedly when the proportion of Topna increa-
sed from 75 to 100 per cent. For example, the response
of H. grandella to the toxic effects of T'oona can be
noted on the third day of the test when an increasing
percentage of Toona in the diet resulted in increased
mortality rates, ranging from 0 in the control to 80
per cent in the 100 per cent Toona medium.

In the final experiment there was evidence that
toxic volatiles emanating from Teons were responsible
for an accelerated mortality rate among the larvae
(Fig. 7). The results of the regression analysis revealed
a significant difference at the 95 per cent confidence
level between Toona versus Swietenin and control.
The difference between Swietenia and control was not
significant,

From the foregoing results it may be concluded
that T. ciliata var. australis is toxic to H. grandella
larvae. It is even possible that volatile, toxic compounds
from Toons may deter H. grandella moths from selec-
ting Toona for oviposition. These observations may
offer prospects for the breeding of resistant Cedrela
species.
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2.3. DEVELOPMENT OF AN ARTIFICIAL REARING TECHNIQUE.

Paper:

2.3.1. Studies on the shootborer Hypsipyla grandella Zeller. V.
Observations on a rearing technigque and on host selection
of adults in captivity. Turrialba 21(2):202-213. 1971.
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Studies on the shootborer Hypsipyla grandella Zeller.
V. Observations on a rearing technique and on host

selection behavior of adults in captivity.* P. GRIJPMA**

COMPENDIO

Se describe una técwica para la crianza en laboratorio de Hypsipyla grandella
Zeller y un método para la produccion masiva de buevos del insecto. Con base en los
datos observados en dos tipos de dietas, una sintética y otra nataval, se estimd una
ecnacion que velaciona el estado pupal y la emergencia en fancién del tiempo. De tres
distribuciones probadas (Poisson, normai y binomial} la binomial se afustd mejor a
los datos observados.

Las genesaciones de adultos de H. grandella eriadas con dieta sintética y bajo
las condiciones del experimento, comtinuaron ovipositando en plantay de Cedrela odo-
tata. Se comprobd que los adultos criados con dieta sintética son de mayor tamajio
gue los adaltos criados con dieta natwral de hojas y brotes tiernos de C. odorata, FEl
tamafio de la hembra de H. grandella criada con los dos tipos de dietas es significan-
temenie mayor que el del macho. Hembras criadas con ambas dietas vivieron mds tiempo
gne los machos.

Se encontré que adwltor de H. grandella criados con dieta natural son atraidos
durante la noche por la luz de un bombillo y por pupas n hofas desecadas de C. odorata.
Se sugieve un modelo de respnesta para wna serie de estimulos que podvian causar la
selectividad de H. grandella para las Melidceas. — El autor.

Litroduction Costa Rica, H. grandella eggs were collected from field
plots (2, 7). This was cumbersome and inefficient as

cpgs were not always available. Recent investigations

VAILABILITY of large numbers of adults and

other life stages of Hypsipyla grandella Zeller,

is of importance for research on the lifecycle,
host selection behavior, biological control and other
related studies. Although an artificial diet for Hypsipyla
robusta Moore, has been described by Achan (1), a
complete rearing technique, which should include mass
egg production, has not yet been reported.

In previous studies, executed at the Inter-American
Institute of Agricultural Sciences (IICA), Turrialba,

* Received for publication May 31st 1971,

*#*  Silviculturist, Forestry Program, Inter-American Institute of Agri-
cultural Sciences, Turrialba, Costa Rica, Attached to IECA through
the Dutch Technical Assistance Program. Study to be used by P.
Grijpma for Ph. D. dissertation.

have led to a rearing technique through which all life
stages are more easily obtained throughout the year,
This paper describes the research related to this method
and compares the life cycle of H. grandella raised on
an artificial diet developed by Hidalgo-Salvatierra (3)
with those reared on a natural diet of Cedrela leaves and
tender shoots.

Material and methods

The research was divided into two stages. In the
first stage, oviposition of H. grandella in captivity was
studied. Two wire screen cages (90 x 90 x 90 cm on
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During a heavy rainy period (from April 4-13,
1971) the oviposition cages were relocated and placed
under the eaves of the building in order to protect the
towel paper from teating and breaking at the perfora-
tions. The building had a night light (Osram, 50W,
115-125 V, Exc.) located at 3 m distance from, and
about 1 m above, the cage contzining adults raised on
the natural diet. The influence of this light on ovipo-
sition was determined during this period by comparing
the numbers of eggs oviposited on the one lighted side
with the others.

Duting the period of the rearing experiment (from
December 10, 1970 - May 27, 1971), the frames in
the cages were replaced every two days, and eggs
oviposited on the towel paper frames, screen walls and
the potted plants were counted. Stetile eggs were coun-
ted every two days. Counting of H. grandella eggs on
towel paper was facilitated by using a light box contain-
in two fluorescent tubes (Fig. 3). A Munsell Soil
Color Chart (9) was used to define the color, under
laboratory conditions, of recently deposited eggs and
eggs 24 hours old. In the air conditioned laboratory
temperature and humidity were recorded continuously.

Mating and oviposition behaviot of adults was fol-
lowed in the cages.

Fig. 1.—Quipasition cage and frames covered with towel paper. The
mafority of eggs (circled) on the lefr frame, is deposited on
the upper balf of the towe! paper,

0.50 m long legs) were placed in the open field at ap-
proximately 4 m distance from a building. Location of
the cages 1n the open field was chosen because preli-
minary experiments, utilizing the same cages in the
laboratory had never vesulted in oviposition of fevtile
eggs. Inside the cages, six wooden frames (38 x 85
cm, two per wall) covered with ordinary corrugated
kitchen paper towels were suspended on nails in such
manner that three of the four vertical walls were covered
(Fig. 1 and 2). The fourth wall had a door, wide eaough
to retrieve the frames. In each of the cages 2 potted plant
of a host tree (Cedrela odorata 1) and a nen-host
{Cananga odorata (Lam.) Hook F. & Thoms.) were
placed to determine if adults raised on artificial diet
would still be host specific (Fig. 2). Periodically, these
potted plants were removed for several days to establish
it the presence of the plants influenced oviposition.

Unsexed H. grandella adults reared on natural and
synthetic diets were released nightly at 20:00 houts af-
ter emergence in the laboratory in their respective cages.
No food was provided for the adults in the cages;
during dry spells, however, the paper frames were
wetted daily with approximately 30 cc of water to

. : : Fig. 2.—Frames and poited host (Cedrela odotata, right) and mon bos
PI’OVIC'C adtdts with moistire. (Cananga odorata, feft} in oviposition cage. .



Fig. 3.—Counting of H. grandella eger, facilitated by light box.

In the second stage of the experiment, a comparison
was made between the life cycle of H. grandella raised
in the laboratory on 2 natural diet (leaves and tender
shoots of C. odorata) and on a synthetic diet developed
by Hidalgo-Salvatierra (3). Fertile eggs, oviposited on
the paper of the frames in the cages, were clipped out
and put on small sheets of aluminium foil. These sheets
were then put in hard, uncompartmented, polystyrene
containers (size 28 x 13 x 4 cm) on top of the natu-
ral and atificial diets.

Previous trials had shown that if fresh eggs were
placed directly on the synthetic diet (Ph=5.7) hatching
would not, or only rarely, occur. If soft plastic con-
tainers were used larvae bored holes into the lids and
escaped.

‘The number of eggs placed inside each container
varied with their availability. In general, between 20 to
60 eggs were used. Forty grams of fresh leaves and ten-
der shoots of C. edorata were used each time the natural
food was changed. The weight of the synthetic diet was
200 gr, which covered the lower fifth of each container.
Synthetic diet often became contaminated with fungi
and bacteria. When symptoms of contamination were
obsetved, the larvac were removed and placed in clean
containers with fresh diet. Data referring to contamin-
ated containers were excluded from the rearing results.
However, the adults obtained from these transferred
larvae were used in the oviposition cages in order to
mantain the population.

The following datz were recorded with respect to
rearing: number of days after oviposition needed for
hatching, pupation, and emergence.

An embryo was considered hatched, when it had
left the chorion. Pupation was recorded as soon as a
larva had spun a surrounding cocoon, including thus,
the prepupal stage. An adult was considered emerged,
when it had left the cocoon surrounding the pupa.
When pupae had chitinized, they wete temoved from
the containers and placed in marked glass jars covered
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with gauze so that emergence could be traced back to
the original batches of eggs.

To compare the yield of the two diets, the fol-
lowing data were noted with respect to each con-
tainer: number of eggs hatched, number of larvae
pupated and number of adults that emerged. These
adults were subsequently used in the oviposition cages,
te determine fecundity and sex ratio, Separate cages
were used for adults reared on each diet. No attempt
was made to determine the effect of the diets on the
reating of successive generations. Eggs oviposited in
each cage were used for the continously tearing of new
adults on borh diets.

To determine the quality of adults reared on
both diets, the following propertics of the insects were
compared: longevity, size, average number of eggs
oviposited, per female and percentage of eggs hatched
in the containers. In the longevity test, executed in the
laboratory, 24 recently emerged adults, of both diets
wete put in glass jars covered with gauze. No food nor
water was provided. In order to avoid the possible
influence of factors such as light (windows are only
located in one of the walls of the laboratory) on
longevity, the jars were placed in a rectangular block of
4 x 12, in which the adults reared on each diet alter-
nated. Mortality, sex and size were determined at 07:
45 and 19:45 during this test. The size of the dead
adults was established by measuring the distance be-
tween the fringes of the wing and the tips of the head
with a vernier caliper, which measured to an accuracy
of 0.01 cm. If the fringes of the wings or the wing
tips were damaged size was not determined. In addition,
sex and size were determined on samples of adulis of
both diets, taken randomly during the whole rearing
period. Analysis of variance was used to help interpret
results obtained from the rearing experiment and the
longevity test. A mathematical equation for the distri-
bution of pupation and emergence of H. grandella
reared on both diets, with respect to time was deter-
mined, At this point Poisson, normal and binomial
distribution were tested for best fit. Daily records of
pupation and emergence were pooled together into 2-day
intervals, so as to facilitate interpretation.

Results and discussion
Oviposition

The described method to obtain fertile H. grandelia
eggs from captive adults reared on synthetic and natural
diets resulted in an ever increasing insect population.
Egg production of adults from both diets during two
periods (one at the beginning and one at the end of
this evaluation), is presented in Tables 1-3. Although
a strict comparison of these oviposition data cannot be
made because of different number of insects, dif-
ferent ambient conditions and possibly different sex
ratios, some valid information has been obtained. In
none of these periods did oviposition take place until



108

Table |.—Number of adults, mortality, sex ratio and oviposition data of H. gramdells in captivity, during
the period of January 11 - February 11, 1971, Adults reared in the laboratory on natural diet,

Ne and ;e){ of dead
Date N¢ of adults|Ne of adults . Adults N# of fertile N* of sterile Oviposition on potted host and non
{night of) in cage added Mortality 3 2 ovi;%%'?ted ovii:f)%?ted " st "“spirtl the cage®
11-12 January 1971 1] 1 — — — —
12-13 1 2 — — — — -
13-14 3 —_— —_ — - 7 2
14-15 3 2 —_ —_ — 101
15-14 5 2 —_ — — 37
16-17 7 4 — — — 70 -
17-18 11 9 —- — —_ 122 17
18-19 20 2 2 1 1 125
19-20 20 3 —_ — — 144 49
20-21 23 2 2 2 -_— 87
21-22 23 1 2 — 2 127 19
22-23 zi _ 64 2%% 3 3 96 38 eggs on Cedrela
23-24 1 7 2 — 2 161
2425 19 3 5 2 3 70 ¢
25-26 17 2 i 1 — 392 271
26-27 12 10 4 1 3 94 124 eggs on Cedrela
27-28 2 —_— 4 1 3 101 \
28-29 20 k) — —_ _ 284 4
29-30 23 6 3 — 3 36 1 84 eggs on Cedrela
20-31 26 — 2 — 2 89
31-1 February 24 5 — — —_ 147 18
1-2 29 — 1 — 1 221
2-3 28 — 1 —_ 1 222 12
3.4 27 2 4 1 3 65
4.5 25 — 2 1 1 232 27
5-6 23 — 6 5 1 164
6-7 17 o 4 3 1 16 43
7-8 1% — 44-2%= 3 1 35 ;
8-9 7 — 5 3 2 —
9-10 2 — 1 1 — — -
10-11 1 —_ 1 1 — — —
264 epgs on Cedrela odorata;
Totals 66 66 29 33 3,295 242 no eggs on Cananga odo-
Tatg
*  Potted host and non-host trees were placed in the cages from January 20-31, 1971,

*#* Escaped ot predated.

the third night after release of the first insects in the
cages. Only once in the whole rearing period were eggs
observed after the second night of release, If oviposition
took place on the potted trees, adults of both diets by
far preferred Cedrela odorata. Oviposition on the non
host appears to be accidental and may have been influen-
ced by the nearby host tree. Distance between the pot-
ted plants was only 35 cm (Fig. 2).

Location of eggs of synthetic and naturally reared
adults on the potted Cedrela was similar to location of
eggs found on host trees in the field; i.e. on leaf scats,
near leaf veins, near lenticels and in small fissures of
the bark. Larvae, hatching from these eggs behaved
normally and bored into leaf-stems and axils of the
topshoot uatil they pupated and emerged.

Presence of a host tree in the cages was not required
to obtain fertile eggs.

The majority of eggs were deposited singly, in the
pits of the corrugated towelpaper. Most of these
eggs were located on the upper half of the frames
(Table 4, Fig. 1 and 4). When female adults becamne
old and were not able to fly or climb anymore, they
oviposited fertile and sterile eggs on the wire screening
of the cage bottom. This behavior could explain oc-
casional oviposition of fertile H. grandella eggs on
grass leaves or stones neat host trees in field plots.

Freshly deposited H. grandells eggs are pale yellow
to yellowish brown (Munsell color 2.5Y6/4 - 2.5Y7/
4), whereas 24 hours old eggs are red (Munsell color
5R4/8). This difference in color is easily seen with
the naked eye and facilitated recognition of fresh and
one day old eggs, when the frames were retricved every
other day.
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Table 2.—Number of adults, mortality, sex ratio and oviposition data of H. grandells in captivity, during
the period of March 27 - May 22, 1971. Adults reared in the laBoratory on natural diet.

N¢ and :ie:i: of dead
Dat N¢ of adults|N9 of adult . acults Ne of fertile [N© of sterile; 1 ocition on potted host and non
(“iﬁli' Eﬂf 3 l"(:ﬂ“iz"f"'lt'l ’ :d aﬁdu | Mortality 2 ] ovi;gcg?ted ovii’%%?ted e hlol; tr:esp{i)n cthn: zsge‘
27-28 March 1971 0 4 — — — —
28-29 4 — 1 ##% — — _ —
29-30 3 ] — — — 10 20
30131 8 4 2 1 1 4
31-1  April 10 4 — — — 190
1-2 14 9 2 2 — 303 -
ﬁ %_1, g ; __1 -_3 2?2 — 22 eggs on Cedyela
4-5 22 4 — — — 135 _
5-6 26 5 2 1 1 29
. *%
g; gg ; 4+54 ;21 f 113 3 5 eggs on Cedrela
8-9 19 —_ —_ — — 37 1
9-10 19 — 2 1 1 11
:(1)_11; ig _ ; -_5 2 -{rg — 15 eggs on Cedrela
12-13 7 8 3 — 3 141 _
13-14 12 — - — _ 32
14-15 12 11 1 — 1 17 5
15-16 22 5 — — —_ 7
}-(;{; E,S ;1 -1, _2 ; f;g 21 23 eggs on Cedrela
:;;g gg é lg g 18 E 46 3 eggs on Cedrela.
20 21 12 8 — — — 57 2 eggs on Cananga
21-22 20 16 4 1 3 34 30
22.23 32 23 3 2 1 43 176
23-24 52 11 10 4 6 63
24.25 53 21 3 2 1 146 161
25-26 71 7 5 3 2 240
26-27 73 — 8 5 3 454 128
27-28 65 10 16 9 7 286
28-29 59 21 9 4 5 128 215
26-30 71 12 21 8 13 355
30-1 May 62 7 8 3 5 312 232
1-2 61 —_ 10 6 4 486
gi zé lg li g g 23; 131 7 eggs on Cedrela
4-5 54 5 7 3 4 73 148
5-6 52 6 8 4 4 182
5:; ;g 12 13 13 Z 2;2 277 5 eggs on Cedrela
g.?g :g 13 1; g j gz; 140 ‘11 eggs on Cedrela
10-11 50 3 6 2 4 91 163
11-12 47 3 11 3 6 220
12-13 39 — 5 1 4 191 76
13-14 34 — 11 6 5 26
14-15 23 — 15 9 6 10% 25
15-16 8 _ . o _ 59
1617 8 — 5 3 2 52 _
17-18 3 — 1 1 — —
18-19 3 — 1 1 - — i
19-2¢ 2 — 1 — 1 -
20-21 1 — — — — —
21-22 1 — 1 1 — — -
Totals 299 209 145 148 2,533 2,064 91 eggs on Cedrela odorata
2 eggs on Cananga odorata
®*  Potied hostand non-host trees were placed i the cages from March 28-Aprii 19, and from May 1-May 22, 1971.

*% Yscaped or predated,
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Table 3.—Number of adults, mortality, sex ratio and oviposition data of H. grandella in captivity, during
the periods of December 14-20, 1970 and April 20 - May 18, 1971, Adults reared in the laboratory
on a synthetic diet.

N¢ and ée:]r of dead
N¢ of adults adults N of fertile|N® of stetile s
Date N¢ of adults s Oviposition on potted host and
(night of) ?;E::E: addedu Morality P o uvi;goﬁted ovi;gosgzted pohOSl tleespinethe [:;saget fon

14-15 Dec. 1970 0 2 — — — — _

15-16 2 — . — —_ —

%g_;; % _ _ : _ ég — 28 eggs on Cedrela

18-19 2 — — — —_ —_ .

19-20 2 —_ — — —_ 18

20-21 2 4 — — — 12 o

21-22 6 1 — _ _ 23

2223 7 1 - - —_ 93 8

23-24 8 — — — — 41

24-25 8 — 1 1 — 75 1

25-26 7 — 1 1 —_ 162

gg;; g — ; —1 i fﬁ 17 15 eggs on Cedrela

28-29 3 — 2 2 _ — o

29-30 1 — 1 — 1 —_

43 eggs on Cedrela odorata
Totals 8 8 5 3 574 36 no eggs on Cananga odo-
fata

20-21 April 1971 0 7 — — — — i

21-22 7 11 — — — —

2223 18 4 — — — 3 o

23-24 22 6 2 1 1 3

24-25 26 4 — — — 111 157

25-26 30 _— 5 4 1 125

26-27 25 7 4 2 2 176 93

27-28 28 3 5. 3 2 244

28-29 26 [ 5 3 2 285 32

29-30 27 [ 1 1 — 127

5(1]_; May 33; _1 lg g g }gg 13 3 eggs on Cedrela

2-3 17 17 1 1 —_ 23 27

2:‘51 ii 12 g % é 523 1 egg on Cedrela

5.6 38 _ 2 1 1 o4 138 22 eggs on Cedrela;

6-7 36 _ 3 - 3 047 1 egg on Cananga

7.8 33 _ [T _ - 777 197 38 eggs on Cedrela;

89 31 — 6 2 4 549 1 cgg on Cananga

9-10 25 — 1 — 1 170 128 35 eggs on Cedrela

10-11 24 — 4 1 3 192 41

11-12 20 — 5 3 2 181

12-13 13 —_ 2 i 1 17 27

13-14 13 — 1 1 — 88

14-15 12 — & 4 2 — 8

15-16 [ — 4 1 3 —_

16-17 2 — 1 1 — — _

17-18 1 — 1 1 — —

99 eggs on Cedrela odorata

Totals 84 g4 43 39 5,434 861 2 eggs on Cananga odorata

* intted host and non-host trees wete placed in the cage from December 14-18; December 24-30, 197¢ and April 29-May 10, 1971,
*% Escaped or predated. ’
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Table 4—Location of H. grandella eggs on towel paper, in a oviposition cage located near a common light

bulb. Adults raised on natural diet.

(nilg)l'ﬁuaf) Tm::,g;ﬁg; 883 Ij;p(;frfi:life?; attlfed Percentage or?] ;oﬁe:iiaelifoc:f“:}m Percentage oi%%iu{:%%g&gelg{le:{t: Eo Percentage

4.5  April, 113 88 78 25 22 108 96
1971

5-6 29 16 5% 13 45 23 79
67 56 35 63 21 37 32 93
7-8 125 96 77 29 23 120 96
89 37 22 59 15 41 37 100
9-10 [ 6 100 — — 6 100
10-11 77 43 57 34 43 57 74
11-12 20 5 25 15 75 20 100
Totals 463 311 67 152 33 423 91

Fig. d.—One day old fertile epps on whe apber half of the frames. The
eggs are located in the pits of the towel paper.

During the heavy rainy period, a remarkable ef-
fect of the night light on oviposition was observed.
Ninety-ope percent of all eggs oviposited during this
period were located on the two frames uearest to the
light (Table 4). The fact that H. grandelia is attracted
to light was also obsetved tepeatedly during the nightly
releases of adults in the cages, when the recently
emerged adults could be transferred from the jars to the
cage with the help of a flashlight. This attraction to
light of a lantern has also been observed by Ramirez
Sinchez (10),

Another interesting observation was made during
this period. If occasionally a jar containing pupae and
dessicated Cedrela leaves was left in the cage of the
adults raised on natural diet, H. grandella adults could
be found the next morning on the gauze covering the
jar (Fig. 5). If the gauze was removed during the
night, the adults could be found repeatedly i# the jars
again, Although no formal experiment was executed
with respect to this behavior, the response of H. gran-
della to the night light and the jars containing pupae
and dessicated Cedrela leaves could fit into a hypothe-
tical model for the chain of stimuli causing host selec-
tion of H, grandella.

Callahan (4, 5, 6) developed a theory for the inter-
mediate and far infrared sensing of nocturnal insects.
Since common lightbulbs, such as the night light, are
known to emit a great quantity of the infrated spec-
trum, the oviposition behavior of H. grandells during
this period might well be 2 responsc to infrared, The
attraction of H. grandella to the jars in the cages might



Fig. 5.—H. grandella aduits in cage, on ganze of beaker comiaining
Pupae and dessicared Cedrela leates,

possibly be caused either by an aggregation hormone
or wavelength emission of the dessicated (darker)
Cedrela leaves.

Taking into account these observations, a hypothe-
tical model for H. grandelis host selection could be the
following:

Remote and intermediate  a: wavelength emission
orientation: of host

Intermediate and nearby  b: a+chemoreception of

orientation: host odors and ag-
gregating hormones;
sex attractants

Landing and oviposition: c: a+b+copulation and
tactile response,

With respect to mating behavior, observed in the
cages during the releases at 20:00, observations gave
cvidence for the existance of a female sex attractant.
H. grandels females often remained stationary on the
oviposition frames, while lifting their abdomen and
“fanning” their wings, supposedly to “fan away” a sex
attractant. Fourteen out of 15 “fanning” adults sam-

pled in the cages during the period of the rearing ex-
periment proved to be females. Both males and females
made flight exercises however, and also used their
wings to climb up the frames.

In early hours of the morning (05:30-06:30)
coupled pairs (tail to tail) were observed several times.
Coupling itself has not been observed.

With respect to oviposition, a decrease in average
egg production and an increase in the average number
of sterile eggs per female of each diet can be noticed
{Tables 1-3) when the two periods are compared.
Average egg production per female reared on natural
diet, was 100 fertile and 8 sterile eggs in the period of
January 11-February 11, 1971, whereas these figures
are 65 and 14 in the period of March 27-May 22,
1971, Average egg production per female raised on
the synthetic diet was: 191 fertile and 12 sterile eggs
in the period of December 14-30, 1970 and 161 fertile
and 22 sterile in the period of April 20 - May 18,
1971.

The main cause for these phenomena could possibly
be attributed to the increased number of insects per
cage, to sex ratio or to ambient conditions rather than
degeneration of the insect population. Evidence re-
garding the possible effect of sex ratio was obtained
when later (May 18-May 27, 1971) 10 sexed adults
{5 females and 5 males) raised on synthetic diet, were
placed in a cage. These females produced 1062 eggs,
of which only 61 were infertile; i.e. an average produc-
tion of 200 fertile and 12 sterile eggs per female. Sex
ratio during the rearing period was approximately 1:1
(Table 1-3)

Rearing

Figure 6 represents the daily temperature and rela-
tive humidity fluctuations of the air-conditioned labora-
tory during the week of May 3-10, 1971. Although
minor differences from this regular pattern occurred
during the rearing period, daily maximum and minimum
temperature never reached over 30°C or below 22°C,
respectively. Relative humidity varied between 50 and
68 per cent during the rearing. Maximum temperature
and minimum relative humidity in the laboratory ocour-
red at approximately 14:30 hours.

Of three distributions tested, Poisson, normal and
binomial, the latter fitted the observed frequencies best.

Figures 8 and 9 show the observed and expected
frequencies of pupating larvae (A) and emerging
adults (B) of both diets in relation to time (expressed
in days after oviposition).

Observed maxima for pupation and emergence of
H. grandella reared on syathetic diet occurred 26 and
37 days after oviposition, respectively, Observed maxi-
ma for pupation and emergence of H. grandella reared
on natural diet occurred at 25 and 35 days after ovipo-
sition.

The difference in time needed for maximum pupa-
tion of larvae raised on both diets might be due to the
spinning of a sort of “community web” (Fig. 7) which
occurred in the polystyrene containers with synthetic
diet, but not in the natural diet.
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This delaying effect, can also be noted from the
observed and expected time needed for pupation of
larvae from both diets (Fig. 8 and 9). The pupation-
curve for larvae reared on artificial diet is flatter than
the one for larvae reared on natural diet. Larvae reared
o synthetic diet often crowded and bothered each

Table 5—Yield of H. grandefla adults, reared under laboratory conditions

uncompartmented polystyrene costainers.

L1X-0 rd

Bastelizeichen: 82TH

other. Larval and pupal cannibalism was frequent in the

contairets with synthetic diet.

$) was higher in natural than in synthetic diets.

ference in size of adults reared on both diets.

Yield of adults (Table

Difference in duration of the prepupal and pupal
stage in both diets, might be explained by the dif-

on natural and synthetic diets in

Adults
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Synthetic 389 319 82.0 150 47.0 133 41.7 based on data from
| § containers




Fig. 7.—""Community web”, spun by H. grandella larrae on synithetic
liet. Pupac can be obierved in the web.

reared on synthetic diet were generally bigger than those
reared on natural diet. This could indicate a def-
ficiency in the natural diet of leaves and young shoots,
or differences in feeding response to each diet. In
natural conditions H. grandella larvae will feed mainly
on the pith of shoots,

The size of male and female adults reared on syn-
thetic diet was based on 35 measurements for each sex,
and ranged from 13.0 - 19.4 mm and 13.0 - 22.1 mm,
respectively. Average size of these male and female
adults was 16.7 + 0.8 mm* and 17.9 + 1.] mm*,
respectively.

The range in size of male and female adults reared
on natural diet was from 11.8 - 18.0 mm for males and
from 13.0 - 22.1 mm for females, based on 28 and 26
measurements respectively, Average size of these male
and female adults was 14.6 + 0.9 mm* and 15.1 =
1.1 mm¥*, respectively.

0.01 x
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In the longevity test (Fig, 10), a significant dif-
ference at the one per cent level, was found between se-
xes; female H. grandella of both diets lived longer than
males. It should be noticed however, that these obses-
vations refer to unmated adults under the specified
test conditions. In the cages, where only water was
provided (either in the form of rain or offered water
during dry spells) longevity of adults reared on synthe-
tic and natural diet ranged from 3-15 and 2-10 days
respectively. Adults drinking water could be observed
frequently, particularly during the dry spells when
water was offered.

Mass rearin 4

The previously described techniques have led to a
preliminary mass rearing program in which larvae are
teared on synthetic diet in compartmented polystyrene
containers, so as to avoid cannibalism. Oviposition
cages are smaller (30 x 30 x 40 cm) and towel paper
has been replaced by cheese cloth. "Eggs are washed
off in 2 0.15 per cent solution of sodium hypochlorite
which at the same time sterilizes the egg surface. This
it turn, reduces contamination of the synthetic diet.
Cocoons are removed with 2 2.5 per cent solution
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Fig. 8.—Qbierved and expected frequencies of pupating larvae (A)
and emerging adults (B) of H. grandella on synihetic diet,
in relation to feme,
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nor water provided,
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of sodium hypochlorite and pupae are sexed (8). Some
steps of the preliminary mass rearing procedures still
have to be perfected in order to reach the same level
of efficiency as rearing programs for othet species of
insects (11, 12, 13). Oviposition of fertile eggs in the
laboratory has been obtained (at a relative humidity
of 65 per cent and 25°C) but the technique needs
further investigation, In addition, removal of eggs
should be improved and yield of H. grandella adults
should be increased.
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Studies on the shootborer Hypsipyla grandella (Zeller) (Lep.,

Pyralidae). X. Observations on the egg parasite Tricho-

gramma semifumatum (Perkins) (Hym.: Trichogrammatidae)”

P. GRIJPMA**

COMPENDIO

Eir este artictdo se hace mencion de los siguientes vegistros nuevos relacionados
a los estudios sobre el barvenador de las melideeas: 1. La oviposicion de Hypsipyle

grandetla (Zeller) sobre el cedro ansiraliono Toona cilista M. Roems var. australis
(F.v. M.) C.DC. fue obiervada por priniera vez el 20 de mayo de 1971 en una parcela
experimental en Puente Cajon, Twrvialba, Costa Rica. 2. Mortalidad de larvas del
primer instar de H. grandella que atacan el cedvo anstraliano. Estas larpas mueren
dentro de uno a tres dias, sugiviendo la existencia de un compuesto t6xico o la aunsen-
via de un compuesio vital para las larvas en los tejidos del cedro anstralians. 3. Para-
sitismo de Trichogramma semifumatum (Perkins) sobre lo; bnevos de H. grandella.
Esta es la primera vez gue se registra la presencia de este pardsito en Costa Rica y
de un nuevo hospedante Hypsipyla grandella (Zeller). 4. Segiin la determinacion
del Dr. §. Nagarkatti, del Commonwealth Institute of Biological Conirol en India,
el material original colectado contenia también Trichogramma pretiosum Riley y posi-
blemente nna ofva especie no registrada Trichogramma cerca de pretiosum.

Se establecié wna cria pura de T. semifumatum sobre hneves de Hypsipyla
grandella y se bicieron ochiservaciones con vespecto al ciclo de vida, emevgencia, copu-
lacién y comportamiento de este pardsilo.

Un inventario de la plantacién vecidn establecida del cedro ausivaliano vevels
un alto porcentaje de parasitacicn de los huevos de H. grandella gue podria ser conie-

cuencia de una época seca anorial. — El autor,

Introduction

on the resistant Australian red cedar, Toona

ciliata M. Roem. var. anstralis (Fv.M.) C. DC,,
was recorded by the author for the first time on May
20, 1971, in a field plot in Puente Cajon, Turrialba,
Costa Rica. First instar larvae of H. grandelis boring
into this species die within 1-3 days, suggesting the
existence of a toxic, or the absence of a vital component

OVIPOSITION of Hypsipyla grandella (Zeller)

*  Received for publication Segtember 27, 1972,

Silvicultutist, Farestry Program, Inter-American Institute of Agri-
cultural Sciences, Turrialba, Costa Rica. Attached to JICA through
the Dutch Technical Assistance Program. Study to be used by
P. Grijpma for Ph. D. dissertation.

for the larvae in the plant tissues of T. cilfata var.
anstralis®

A 100 per cent survey, conducted in a plot of re-
cently planted Australian cedar not only revealed a high
incidence of H. grandella eggs on the seedlings but also
a high percentage of parasitization of these eggs by
Trichogramma. Subsequent rearing of the Tvichogram-
ma population on H. grandella eggs was initiated and
resulted in a series of lzboratory experiments on the
parasitization of H. grandells eggs Dby this parasite,
which are reported here.

® Studies on the shootborer Hybsipyla grarvdelly (Zellerd (Lep..
Pyralidze}. On the resistance of Teona ciliata M. Roem, var.
arstralis (Fov.M.) €, DC. (in preparation},
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Materials and methods

A 100 per cent survey on the incidence of para-
sitized and non-parasitized H. grandella eggs was con-
ducted on December 30, 1971 in a two months old
plantation of the Australian cedar. Height of the
seedlings was measured and the number of eggs de-
posited on each was determined. The plantation con-
sisted of 480 trees planted between approximately 1.50
m high Cedrela angustifolia Sessé & Moc. ex. DC. trees
(provenance Barinitas, Venezuela). Of the Australian
cedar seedlings, 432 had been planted with naked
roots, the remainder as potted seedlings {4). Precipi-
tation data in the plantation area wete recorded. Sur-
vival of the Toona seedlings was determined and living
as well as dead trees were checked for oviposition. Plan-
ting distance between seedlings was 1 x 1 m. The
plantation was established in an open field, covered
with vegetation consisting mainly of grasses and weeds,
on property of the Inter American Institute of Agricul-
tural Sciences, Turrialba, Costa Rica. The neighboring
vegetation consisted of a pure Cedrela angustifolia
plantation and an abandoned coffee plantation, heavily
shaded by 15 m high Erpthrina trees. A sugar cane
plantation was located at about 100 m distance from
the meliaceous p1antations, behind the abandoned cof-
fee field, Successful H. grandella attacks, indicated by
fresh frass, were observecf" on the C. angustifolia plants
in the pure plantation as well as in the part of the
plantation mixed with the Australian cedar seedlings.
Two rows of the pure C. angusiifolia plantation, con-
sisting of 46 and 41 plants respectively, were also
surveyed to determine the incidence of parasitized and
non-parasitized H. grandella eggs.

Parasitized eggs were removed from the T. ciliata
var. australis and C. angustifolia trees with a razor blade
and a preliminary rearing method was developed for
the Trichogramma parasites utilizing H. grandella eggs
(5). Hereto, the parasitized eggs wete put in small
polystyrene boxes (12 x 9 x 3,5 cm) and provided
with eggs of the shootborer each time upon emergence.
Observations wete made on the life cycle, emergence,
and mating behavior of this Trichogramma sp.

An experiment was conducted to determine and
compare the pire-emergence and incubation periods
respectively of parasitized and non-parasitized H. gran-
della eggs. Fifty parasitized eggs of which the time of

parasitization had been recorded and 50 fertile, ron-
parasitized, fresh H. grandella eggs were put in one of
the polystyrene boxes. The age of these eggs may have
varied between 2-14 hours. Temperature and humidity
in the air-conditioned laboratory were recorded con-
tinuously. No water was added to the polystyrene box.
Upon hatching, first instar H. grandella larvae were re-
moved from the box, to avoid consumption of the para-
sitized eggs by the first instar H. grandella larvae which
have been observed frequently feeding on H. grandella
eggs in the absence of other feeding material.

Samples of the original Trickogramma population
were sent to Dr. B. D. Burks of the USDA Entomology
Research Division in Beltsville, Maryland; to Dr. L.
De Santis, Museum of La Plata, Argentina, and to
Dr. 8. Nagakatti of the Commonwealth Institute for
Biological Control, Bangalore, India, for determination.
Samples of the subsequent rearing were forwarded to
Dr. Nagakatti for determination.

Preference of the T'richogramma sp. for fresh eggs
(1, 6), was tested in an experiment in which 20 fresh,
20 one-day old and 20 two-days old H. grandella egys
were exposed simultaneously to 20 female parasites in
one of the polystyrene boxes, The three age groups of
H. grandella eggs had been obtained employing a newly
developed technique (8), and were distributed randomly
on 9 cm? of towel paper. Behaviour of Trichogramma
with respect to preference and the parasitization per se
was followed through a microscope.

The sex-ratio of the egg parasite, teared under
prevailing laboratory conditions, was established by
counting male and female populations of eight poly-
styrene rearing boxes after they had died. -

Finally, observations were made on the parasitiza-
tion of unfertilized H. grandella eggs by this Tricho-
gramma.

Results

The 100 per cent survey for H. grandella ovipo-
sition in the T’ ¢iliata var. anstralis plot of 480 seedlings
showed that 123 seedlings planted with naked roots
had died. No oviposition of H. grandells was observed
on these dead seedlings. Of the remaining 357 plants,
93 had a total of 221 H. grandella eggs, of which 217
were black, indicating patasitization, and 4 were red.
The only other category of H. grandella cggs found,
consisted of 12 empty, transparent chorions which were
collected on 7 seedlings. No further count was made
of these hatched eggs, in view of the great difficulties
encountered in locating them. No damage to the Toona
seedlings was noticed, although H. grandella larvae
had apparently hatched on at least 7 plants. Average
height of the Australian cedar seedlings was 55.4 ¢m.

Microscopic examination of the four red H. gran-
della eggs, showed that they were also parasitized.

The inventory of the two rows of the neighboring
Cedrela angusiifolia  plantation presented the same
picture. Here, 30 parasitized eggs were found on 13
of a total of 87 plants. Average height of these plants
was 1.75 m. Two of the collected eggs were red but
also proved to be parasitized when examined under
the microscope. The number of parasitized eggs on
the T. ciliata var. anstralis seedlings varied between 1
and 10, averaging 2.4 per tree. The number of parasi-
tized eggs on C. angustifolia plants varicd between 1
and 9, averaging 2.3 per tree.

The apparent high incidence “of parasitization ob-
setved in these meliaceous plantations may have been




Averoge precipitation (26 years]‘

t’-“‘
- - ~*-
- X
- o -x
€ et
[ -
- |20
]
: o
[-%
s %0
-
&
6o Precipitafion meosured in T ciliata vor. gusivalis plot.
L1e]
Y T T T T 1
| 8 5 22 29 7 14 21 2830 1971
Nov. Nov.  Nov. Nov. Nov. Dee. Dec. Det. Dec. Dec.

Fig. 1.—Weekly precipitation registered in 'T. ciliata var australis plos
ar compared io precipitation averages of 26 years (1944-1870).

¥ Sowrce: Meteorological observation station at HCA-CTEL
Turrialba, Costa Rica. Lacation approximaiely 1 km from
T. ciliata var, australis plantation.

influenced by abnormally dry weather conditions. Figure
1 compares the average precipitation of 26 years with
the rainfall measured during the first two months after
planting of the Australian cedar in the field,

Laboratory rearing of the Trichogramma popula-
tion on H. grandella eggs proved to be easy, and was
obtained by offering fresh eggs of the shootborer as
long as female parasites were alive in each box. About
33 geperations have been teared meanwhile and the
parasite population is still increasing. The daily fluctua.
tions of temperature and humidity in the air conditioned
laboratory varied between 22 and 28°C and 50-60 per
cent R.H., respectively.

The incubation period of H. grandelis eggs and the
developmental period of Trichogramma, under the
indicated laboratory conditions, vatied between 84-116
h and 231-240 h, respectively. The greater variability
in the incubation period of H. grandella eggs is most
probably due to differences in time of oviposition.
The age of white, “fresh” H. grandells eggs may have
varied from 2-14 hours under the conditions of this
experiment. The H. grandella eggs utilized for parasi-
tization by the Trichogramma sp. were all exposed at
the same time for parasitization by the parasite.

Observations made during this experiment indicated
that H. grandells eggs become reddish-black approxi-
mately 3 days after parasitization and are completely
black 4 days after having been parasitized by the
Trichogramma (Table 1). Since most Trichogramma
emerged three days after having been collected from
the field plot, it can be taken for granted that all H.
grandella larvac hatching from un-parasitized eggs had
already emerged on the seedlings, The empty chorions
encountered in the field gave further evidence to this
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Table 1.-~Development of ITrichogramma semifuma-
tum in Hypsipyla grandella eggs. The most
important observable changes in 50 parasiti-
zed eggs are recorded in hours after parasiti-
zation, parasitization took place between
15.30 and 16.30 h.

Time lapse

after Observations

parasitization

29 h Yellowish “cells” have become visible within
red colored H. gramdella eggs. One or two
dents can be noticed in the egz shell.

38 h Net like concentration of red pigment in eggs.

45 h Walls between developing Trichogramma vi-
sible; ted pigment concentrated near walls,

51 h Further delineation of walls within H. grau-
della eggs. Red pigment is concentrated near
the walls and edges of the patasitized egg.

68 h Conwentration of red pigment in the developing
embrtyos {reverse situation of the records made
from 29 h - 51 h after parasitization). Devel-
oping Trichogramma can be easily counted
now.

72 h Individual bumps for each Trichogramma
visible. Walls are yellowish colored, red pig-
ment inside.

75 h Eggs are turning reddish-black; walls are stil]
yellowish colored.

78 h A few eggs have turned black.

88 h Majority of the eggs are black.

93 h All eggs are completely black now. No further
changes noticed until emergence.

232 h First Trichogramma emerged, Cleaned anten-
nae and unfolded their wings- employing last
pair of legs. Emergence took approximately
10 minutes; cleaning of antennae and un-
folding of wings also,

reasoning. It may therefore be assumed that the encoun-
tered high percentage of parasitization of H. grandella
€ggs was fpro]:vably not at all representative of the ef-
ficiency of the pagasite nor did it give a correct picture
of the actual rate of parasitization in this case.

Burks* and De Santis* identified thc specimens
of the originally collected population as 7. semifamia-
tum and T. pretiosum respectively. Nagarkatti*, y Na-
garkatti y Nagaraja (7) indicated that T. semifumatum,
T. near pretiosum and possibly T. pretiosum were pre-
sent in the specimens of the original population. The
data presented on the lifecycle, emergence, copulation
and behavior only refer to T. semifumainm, of which
pure populations were established in the laboratory and
later identified by Nagarkatti*,

*  Personal communication,
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The prefetence of Trichogramma semifumatum for
fresh H. grandells eggs was demonstrated in the pre-
ference test (Fig. 2). The lapse of time needed to
parasitize 20 eggs of cach age group (fresh, 1-day,
and 2-days old) by 20 females of T. semifumatum was
taken as an indication of preference. Microscopic
observation of the parasitization of these 60 H. gran-
dells eggs demonstrated the preference of the patasite
for fresh eggs. The female egg parasite could be seen
walking over 1-day and 2-days old eggs to reach and
oviposite in the fresh H. grandella eggs. This is in
agreement with the records of Clausen (1), Hidalgo-
Salvatierra and Madrigal (6).

Parasitization of fresh (1-14 h old) 1-day old eggs,
age between 26-38 h, was 100 per cent succesful, 7.e.
larval development of H. grandells was halted com-
pletely whereas parasitization of the 2-days old eggs,
age between 50-62 h, still resulted in hatching of 30
per cent of the H. grandella larvae.

Superparasitism was observed frequently on fresh
and 1-day old eggs, but to a far lesser degree on the
2-days old H. grandella eggs.

During the 11-month period in which approximately
33 successive generations of T. remifumatum were rea-
red, observations were made on egg development,
emergence and behavior of the parasite. Table 1 re-
presents the changes noticed during the pre-emergence
period. The number of developing Trichogramma pet
egg was determined on 128 eggs which had been
exposed for a period of 24 hours to 79 males and 79
females of this parasite.

A counting of developing embryos of the parasite
pet H. grandella egg, 3 days after initiation of the
cxperiment resulted 1n 11 eggs containing 1 embryo;

62 eggs containing 2; 36 eggs containing 3; 13 eggs
contatning 4, and 6 eggs containing 5 developing
embryos.

The majority of the adults emerged through one
exit. Of 1918 parasitized eggs, 1762 or 91.9 por cent
used the same exit hole; 151 eggs or 7.9 per cent had
two exit holes and oaly 5 eggs or 0.2 per cent had
three exit holes. Adults when emerging, faced away
from the oviposition stratum and were either of the
same sex, only males or females, or of mixed sex.
All three possibilities were observed during the rearing
period. On a number of occasions male parasites could
be observed sitting on top of parasitized eggs from
which Trichogramma were emerging. Mating ot mating
attempts by these males, took place as soon as a female
or male had actually emerged. Occasionally attempted
cviposition on empty chorions from which first instar
H. grandella larvae had already hatched was observed.
Form and texture of eggs are probably important factors
for parasitization by the female Trichogramma. Parasiti-
zation behavior is similar to that described by other
authors (1, 2, 3).

Determination of the sex of 1742 T. semifumatum
adults emerging in 8 polystyrene boxes indicated a sex

aztio of - approximately 1:1 (877 G 4 versus 865

?e)

Parasitization of unfertilized H. grandells eggs took
place any time they were offered. However, the ma-
jority of these H. grandella eggs collapsed and dried
out within a day.

Nevertheless, several well developed egg parasites
were obtained from unfertilized shootborer eggs. It
is assumed here that unfertilized H. grandella eggs are
permeable to water and will dry out or swell depending
on the availability of water either in the air in the form
of vapor or on the surface on which they were ovi-
posited, Succesful parasitization of these H. grandella
eggs may depend on the time needed by the parasite
to form the inner layer (1), or may take place in those
cases in which the availability of water in the air or
on the substrate is enough to permit the normal for-
mation of the inner layer of the parasite in the H.
grandella eggs. Once this layer has been formed,
protection of the egg against changes in its water
balance may have been secured and normal development
of the parasite may take place,

Some evidence supporting the assumption of the
permeability of unfertilized H. grandella ¢ggs to water
was obtained by moistening the towel paper on which
unfertilized eggs had been oviposited. These eggs
swelled and collapsed within 24 hours when they dried,
Apparently, fertile H. grandella eggs do not dry out
and collapse,

Succesfully parasitized unfertilized H. grandella eggs
are black with a yellowish tinge, indicating that the
black color of patasitized eggs is the result of parasiti-
zation by Trichogramma.
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Studies on the shootborer Hypsipyla
grandella (Zeller] (Lep., Pyralidae)
XVIIl. Records of two parasites new
to Costa Rica.

Sumario, Se registran dos pardsites del barrenador de
las melidceas, Hypsipyla grandella {Zeller), nueves para
Costa Rica. Adultos de Trichegromma fasciotum (Perkins)
{Hym., Trichogrammatidae) fueron obtenidos de huevos de
H. grandelia recolectados schre frutos de Cedrela odorata
L. v de ramas préximas a los frutos, en un bosquete ubi-
cado en $anta Cruz, Guanacaste a 200 m s.n.m. Adultos
de Brachymeria conica (Ashmead) fueron criados de pupas
de H, grandella recolectadas en frutos de €. odorata en el
misme lugar mencionado y en tallos tiernes de €. ton-
duzzii C, DC,, C. odorata y Swietenic moacrophylla King en
plantaciones jGvenes de estas melidceas, estoblecidas en
los ferrenes del Departamento de Ciencias Forestales Tropi-
cales del HCA-CTEL Turrialba, Costa Rica, ¢ 650 m s.mm.

Any biological control program on a speific insect
should preferably be preceded by an.exhaustive inven-
tory of the biocontrol agents already present in the
country. With respect to the shootborer Hypsipyla
grandella (Zeller) such surveys have been carried out
repeatedly in Costa Rica since the establishment of the
Inter-American Working Group on this forest insect
pest in September 1970. In previous surveys by the
author, the larval parasite Hypomicrogaster bypsipylae
De Santis (4) and threc egg parasites, Trichogramma
semifumatum (Petkins), T. pretiosum Riley and a Tri-
chogramma sp. near pretiosum were found parasitizing

H. grandella in Turrialba, Costa Rica, at 650 m eleva-
tion (2). During more recent inventories two additional
parasites were obtained.

The egg parasite Trichopramma fasciatwm (Per-
kins) was reared from H. grandells eggs which were
collected on fruits and small branches adjacent to
fruits of Cedrela odorata L. trees growing at 200 m
elevation in Santa Cruz, Guanacaste. The seed capsules
were located at a height of 12 m on trees in open
pasture land. Collection took place on January 23,
1973 during the dry season.

Nagarkatti and Nagaraja (3) indicate that T. far-
ciatums attacks Diatraea saccharalis (F.) (Pyralidae) in
the West Indres, Peru and the USA. This Trichogram-
ma species has also been collected in Mexico from eggs
of Heliothis 2¢a4 (Boddie) and from an unknown host
in Argentinz.

The patrasite Brachymeria conica (Ashmead) was
reared from H. grandella pupae collected on January
23, 1973 in fruits of C. edorata at Santa Cruz, Guana-
caste. Adults of this parasite were also reared from
H. grandella pupae found in young shoots of C. ron-
duzii C. DC., C. odorata and Swietenta macvophylla
King in a two years old mixed forest plantation of
IICA-CTEI at Turrialba, Costa Rica.

In addition, B. ronica adults were obtained from
pupae of Paramyelois transitella (Walker) (Lep., Phy-
citinae) found in fruits of a Forchhammeria sp. (Cap-
paridaceae) on the beach of Playa Hermosa, Guana-
caste. They were also reared from pupae of Anadasmus
porinodes (Meyrick) (Stenomidae) found in shoots of
Ochyoma lagopus (Bombacaceae) in a forest plantation
at [ICA-CTEI at Turrialba, Costa Rica.*

It is of interest to note that B. conica apparently
has a wide ecological range. The Guanacaste area of
Costa Rica has 2 dry period of 4-6 months, whereas the
Turrialba region generally has only a one month dry
season. Burks (1} indicates that B. conica has a distri-
bution from Texas to Brazil. Tt has also been collected
in Trinidad,
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Studies on the shoothorer Hypsipyla

grandella {Zeller) (Lep., Pyralidae)

XXV, Hexamermis albicans (Siebold)

(Nematoda: Mermithidae) a parasite
of the larva

Sumario. Se registro una nueva osociocién parasitico
entre el nematodo Hexoamermis albicans y el barrenador
de los Melidceas {Hypsipyla grandella). Entre 5 y 25 por
ciento de los larvas del barrenader, muestreadas en una
plantacién de Melidceas del Departamento de Ciencias
Forestales Tropicales del CATIE en Turrialba, Costa Rica,
murieron debido al parasitisme por el nematede. El
nivel mds alto’ de parasitismo se encontré en la época
de mdas llyvia y el nivel mas baojo al final de la época
seca. Los larvas porasitedas fueron recolectadas de ramas
de Cedrela spp. y de Swietenia macrophylla King, encon-
tradas entre 1 y 2 metros encima del svelo. Se incluye
una lista de lepidépteros parasitados por miembros del
género Hexamermis,

Research on the control of the mahogany shootborer
Hypiipyla grandellz (Zeller) in Costa Rica, has unco-
vered an interesting parasitic association between the
mermithid nematode. Hexamermis albicans and this pest
insect.

Although a mermithid, probably of the genus
Hexamermis, had been collected earlier in 1969 from
larvae of H. grandella in Costa Rica (8), it had never
been identified properly, possibly because no adult stage
could be obtained.

Specimens of Hexamermis albicans were reared
from H. grandella larvac collected during surveys for
biocontrol agents in a meliaceous plantation [ocated
in the Florencia Sur forest of the Tropical Agricultural
Research and Training Centre at Turrialba, Costa Rica.
These insect larvae were obtained from branches of
Cedrela spp. and Swietenia macropbylla, located between
1 and 2 m above the ground. The adult stage of the
nematodes was. obtained by placing the nematodes for
approximately six weeks on moist sand after they had
emerged from the H. grandella larvae. Figure 1 shows
the relative size of the parasite after emergence, as
related to the insect larva. The larvae die after the
parasite exits from the body cavity.

Some adult nematodes were also collected from the
sandy clay loam soil beneath the trees. The percentage
of living H. grandella larvae which proved to be para-
sitized by H. albicans varied between 5 and 25 per
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cent. The highest level of parasitism was found towards
the end of the rainy season and the lowest at the end
of the dry season.

Measurements of Hexamermis albicans frem Costa Rica
(Fig. 2).

Five males: L = 25.5 mm (11.0 — 33.2 mm).

W = 129.0 m'crons (114.0 — 136.8 microns). Spicule
= 113.3 microns (92.6 — 130.0 microns). Four

females: L = 57.7 mm (42.0 — 83.8 mm). W ==
187.4 microns (156.8 — 220.4 microns). V = 47.4
per cent (40.2 — 53.7 per cent). Egg — 127.3 x
88.7 mictons.

The identification of this nematode as the ubiqui-
tous H. albicans follows the redescriptions of this spe-
cies by recent Soviet workers. Tt appears to have a very
wide host range. Comparison of the Costa Rican speci-
mens with specimens of European H. albicans collected
by Steined in the early 1920's shows little difference.
Hexamermis spp. are often found parasitic in lepido-
pterans; some of these are listed in Table 1.

A review of the literature of Hypsipyla shows that
a Hexamermis sp. has also been collected from H.
grandella in Venczuela (20) and British Honduras (3).
In India, a Hexamermis sp. is reported to parasitize
larvae of Hypsipyla robasta Moore in Kalimpong, Top-
Slip (Madras) and Dehra Dun. The percentages of

Fig. 1.—Relative size of nematode parasite compared with lasva of ma-

hogany shootborer. (Courtesy of Fdward Holsien).
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Table 1.—List of lepidopterans reported parasitized by Hexamermiis.
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Host Region Authority, year & reference
MACROLEPIDOPTERA
Pieridae
Aporis crataege (L.) Euroge Assmuss, 1958, (2)
USSK Artyukhovsky, 1955, (1)
Nymphalidae
Inachis io (L.} Europe Siebold, 1853, (24)

Mellicta athalla (Rott.)
Nymphalis antiopa (L.}
Polygonia c-album (L.}
Vanessz sp.

Pyronia tithonus (L.)
Mirmas tiliae (L.)

Arctia caja (L.)
Diacrisia (Spilosoma) lubricipeda (L.)
Endrosa aurita (Esp.}

Agrotis infusa (Boids.)

tis ipsilon (Hufn.}
etia {Heliophila) pallens (L.}

Apamea monoglypha (L.)

Astoides (Mormonia) sponsa (L.}
Autogtapha gamma (L.)

Callierges (Lithocampa) ramosa (Esp.)
Catocala nupta (L.)

Cerapteryx (Episema} graminis (L.)
Cucullia scrophulariae (Schiff.)
Cucullia tanaceti (Schiff.)

Cucullia verbasi (L.)

Diloba caerulocephala (L.)

Ephesia fulminea (Scop.)

Epilecta linogrisea (Denis & Schiff.)
Euxca burnnea (Hufn.)

Mythimna (Leucania) l-album (L.}
Noctua orbona {Hufn,)

Polia persicaridae (L.)

Polia {Melanchra) pisi (L.)
Scollopteryx libatrix (L.)

Biston betularia (L.)

Cidaria berberata {Schiff.}
Deilinia exanthemata (Scop.)

Ennomos alniaria (L.)
Hydriomena coerulata {F.)
Hydriomena furcata (Thun.)
Lomaspilis marginata (L.}

Furope, Asia

Europe, Asia
Europe, Asia, N. Amer.
Eutope

Europe

Saryridae

Europe, Asia
Sphingidae

Europe, Asia
Arctiidae

Europe, N. America
Europe, N. Asia
Europe

Noctuidae

Australia

USA

Europe

N. America

LEurope, Asia

Asia

Europe, Asia, Africa
Europe

Europe, Asia to India

Europe, N. America
Europe
Europe; Asia

Europe, Asia
Europe, Asia
Europe

Europe, Asia
W. Asia, Europe

C & 8 Europe
Eurcpe, Asia

Siberia

Europe
Europe
Europe Asia, N. Amer.

Geometiidae
N. Asia, Europe

Europe
Eutope, Asia, Canada

Europe

Europe, Asia
Europe, N. America
Europe, Japan, Asia

Linstow, 1898, (14);
Schultz, 1900, (22)
Schultz, 1900, (22)
Linstow, 1898, (14)
Linstow, 1898, (14)
Siebold, 1833, (24)

Linstow, 1898, (14)
Hagmeier, 1912, (10)

Siebold, 1855, (25)
Schultz, 1900, (22)
Linstow, 1898, (14)

Common, 1954, {7);
Welch, 1963, (27)
Putiler et 4l, 1973, (19)
Assmuss, 1958, (2);
Schultz, 1900, {22)
Linstow, 1898, (14)
Linstow, 1878, (11)
Assmuss, 1958, (2)
Schulez, 1900, (22)
Siebold, 1853, (24)
Linstow, 1898, (14)
Siebold, 1853, (24);
Linstow, 1898, (14

)
Linstow, 1878, (11); 1898, (14);

Schuitz, 1900, (22)
Siebold, 1853, (24);

Linstow, 1878, (11); 1898, {14)

Linstow, 1898, (14)
Linstow, 1898, (14)
Linstow, 1878, (11)
Schultz, 1900, (22)
Siebold, 1853, (24);
Linstow, 1898, (14)
Assmuss, 1858, (2)
Siebold, 1853, (24);
Linstow, 1898, (14)
Assmuss, 1858, (2);
Schultz, 1900, (22)
Linstow, 1898, (14}
Siebold, 1850, (23)
Assmuss, 1858, (2);
Linstow, 1898, (14)

Siebold, 1853, {24);
Linstow, 1898, (14);
Schultz, 1900, (22)
Linstow, 1898, (14)
Siebald, 1858, (26);
Linstow, 1898, (14)
Assmuss, 1858, (2)

Schultz {Kriechbaumer), 1900, {(22)

Schultz, 1900, (22)
Siebold, 1858, (26)
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Host

Region

Authority, year & reference

Operophtera brumata (L.)

Oporinia dilutata (Schiff.)

Selenia {Ennomos) bilunaria Esp.

Thera juniperata (L.)

Dasychira sp.
Euproctis chrysorthea (L.)

Lymantria dispar (L.)

Stilpnotia salicis (L.)

Gastropacha sp. (Eriogaster)
Malacosoma neustria (L.)

Odonestis pruni (L.)
Philudoria potatoria (L.)
Poecilocampa populi (L.)

Notodonta dromedarius (L.)
Notodonta ziczac (L.)
Phalera bucephala (L.)

Ptilophora plumigera (Esp.)
Zygaena purpuralis’ Briinnich

Heyda salicella (L.)
Laspeyresia pomonella (L.)

Pandemis corylana (F.)
Pandemis heparana (D & §)

Tinea sp.

Diatraea saccharalis (F.)
Hypsipyla grandella (Zeller)

Hypsipyla robusta Moote
Cossus cossus L.
Hepialus humuli (L.)

Yponomeuta evonymellus (L.)

Yponomeuta padellus (L.)

USSR, Europe, N. Amer.

Europe

N. Asia, Europe
Europe
Lymantriidae

USSR

Europe, N. America

USSR

Europe .
Europe, N. Asia
Lasiocampidae

Europe, Asia .
Europe, N. & W. Asia

Italy
Europe
Europe

Notodenitidae

Europe

Europe |

Europe, Asia

USSR

Europe
MICROLEPIDOPTERA
Zygaenidae

Europe, W & N Asia

Tortricidae
Siberia Eutope

Europe, USA, Africa

Europe
Europe

Tincidae
Europe
Pyralidae

Cuba, Venezuela
British Honduras
Venezuela
Costa Rica

India
Cossidae
Europe
Hepialidae
Europe

Yponomeutidae
Europe, Asia

‘Europe, Asia

Artyukhovsky, 1955, (1);
Linstow, 1898, (14);
Schultz, 1900, {22);
Polozhentsev, 1955, (17)
Linstow, 1898, (14)
Linstow, 1889, (13)
Linstow, 1898, {14)

Artyukhovsky, 1955, (1)

Linstow, 1898, (14);

Siebold, 1853, (24}

Polozhentsev, & Artyukhovsky, 1953,
(16); Polozhentsev, 1935, (17); Po.
lozhentsev, Artyukhovsky, & Kharchen-
ko, 1964, {18)

Linstow, 1898, (14)

Linstow, 1898, (14)

Linstow, 1898, (14)
Linstow, 1878, (11);
Linstow, 1898, (14)
Siebold, 1853, (24)
Assmuss, 1858, (2)
Linstow, 1879, (12);
Linstow, 1889, (13)

Linstow, 1898, (14)

Siebold, 1853, (24)
Siebold, 1853, (24)
Artyulhovsky, 1955, (1)
Linstow, 1808, (14)

Siebold, 1853, (24);
Sichold, 1838, (26}

Sichold, 1853, (24)

Linstow, 1898, (14)

Siebold, 1853, (24);
Linstow, 1898, {14);

Schultz (Goeze), 1900, (22);
Chittenden, 19035, (6)
Linstow, 1898, (14)

Linstow, 1898, (14)

Sicbold, 1853, (24)

Linstow ,1879, (12)

Guagliumi, 1962, (9)

Bennett, 1968 (3)

Rao & Bennett, 1969, (20)
Nickle, & Grijpma, 1974, (present
paper)

Chatterjee & Singh, 1965, (5)

Assmuss, 1858, (2)
Assmuss, 1858, (2)

Linstow, 1878, (11);

Linstow, 1898, (14)

Bugnion, 1878, (4):

Linstow, 1878, 1898, (11, 14);
Siebold, 1853, 1858, (24, 26)




parasitism during the rainy season at Dehra Dun and
Kalimpong were 5 and 9 per cent respectively (20).

Roberts (21) reports a Hexamermis sp. parasitizing
Hypsipyla robusta 1n Nigeria and indicates that this
nematode was responsible for the death of as much as
40 per cent of some of the larval samples collected
during the wet season at Ibadan. The same author
found that of all parasites encountered in H. robusta,
the nematode has the highest level of parasitism. This
information points at the possibility of employing
Hexamermis m a succesful biocontrol program of Hyp-
sipyla. ‘The most urgent needs with respect to future
investigations on insect parasitic nematodes in such
biocontrol program are activation of mass production,
field release and the establishment of succesful field
trials (15).

Summary

A new parasitic association between the mermithid
nematode, Hexamermis albicans and the mahogany
shootborer Hypsipyla grandella from Costa Rica is re-
ported. From 5 - 25 per cent of the insect larvae
sampled were parasitized and killed by this parasite.
The parasitized larvae were found in branches of
Cedrela spp. and Swietenia macrophylla, located be-
tween 1 to 2 m above the ground. Highest level of
parasitism was found towards the end of the wet
scason and lowest level at the end of the dty season.
A review of the literature on lepidopterans parasitized
by Hexanermis is included.
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3. ADDITIONAL INFORMATION AND DISCUSSION.

Natural resistance
Apart from being of direct silvicultural importance, the resistance of

Toona ciliata var australis also offers interesting aspects of a co-evolu-

tionary nature which enable the analysis of a mechanism by means of which
a tree species protects itzelf against the attacks of an insect which has

specialized on this arboreal family.

Various scientists have reporited on the effects of a compound and of

extracts of the tree species Azadirachta indica A. Juss., and Melia azedarach

L. (both Meliaceae) on several insects pertaining to different families

which have no relationship with the Meliaceae (2,3).

In 1968, Butterworth and Morgan (2) isolated a substance from Azadirachia

indica, which suppressed the feeding of the desert locust Schistocerca

gregaria Forsk. In additional research, these authors ( 3} described the
procedure to cbiain this chemical (azadirachtin), confirmed its deterrency

to desert locusts and determined its molecular formula as well as other

physical properties.

Gill and Lewis (15) demonstrated the systemic action of azadirachtin
and possibly other compounds of A. indica in young bean plants by water-
ing the soil with alcoholic concentrates and aqueous extracts of seeds
and of the pure chemical., Apart from repelling the desert locust from
the bean plants, these treatments also deterred nematodes of the genus

Pratylenchus in barley.

Experiments by Ruscoe (27) and Leuschner (22) showed the ecdyson-like

effect which azadirachtin and a methanolic extract have on Pieris brassicae

L. and on Antetiopsis orbitalis bechuana (Kirk.) In addition, the former

author reports an anti-feedant effect and high mortality in Flutella

Xylostella, Pierig brassicae, Heliothis virescens and some mortality in

Dysdercus fasciatus.

Diet mixtures incorperating chloroform extracts of leaves of Melia
azedarach also have an anti-feedant and growth retardant action on

Heliothis zea (Boddie) and Spedoptera frugiperda (J. E. Smith). Diets

containing 10 mg equivalents of M. azedarach, caused 100 percent mortality

in both insect species feeding on these diets (24).



The influence of phytoecdysones on growth and mortality of Bombyx mori
has been investigated by Shigematsu et zl. (30). These scientists found
that in diet mixtures ponasterone A had a marked effect on larval growth

and mortality, in contrast to ecdysterone and inckosterone.

Recent investigations (Grijpma and Coewie, unpublished results) showed
that the toxic, anfi-feedant and growth retardant effects of the Australian
cedar on H. grandella can also be obtained when dessicated Toona leaves
are employed instead of fresh leaves. In these experiments, dry powdered

leaves of respectively Toona ciliata var australis and Cedrela odorata

(dried for 8 h at 10000) were homogenized together with the commonly used
diet ingredients at a rate of 20 mg per gram of diet. Thirty first instar
larvae were placed individually in small jars coniaining approximaiely

6 g of each diet mixture and the mortality of the larvae as well as the
time necessary to pupate and emerge were observed. The results of this
experiment correspond with the earlier conducted diet mixture tests (3192
2.1.3), although the effect of the dried Toona leaves on shootborer larvae
was far more pronounced. Eighty percent of the larvae placed on the Toona
diet mixture died versus only 10 percent of those placed on ithe Cedrela
mixture. A number of larvae which died during moulting were unable to
shed their head capsules., Pupation of the larvae placed on Toona diet mix-

ture started 18 days later than of those placed on Cedrela mixture.

As in the previously conducted test, a large percentage (60%) of the

pupae obtained from the Toona diet mixture, was deformed. The most striking

deformations consisted of shortened pupal'wing sheaths and antennae. However,

deformation of the first and last pair of legs as well as of the palpi was

also observed.

4All sixth instar larvae, force-fed with 30)ul of aqueous Toona extract

(containing the equivalent of 8 mg of dried Toona leaves) died.

Summarizing, Toona compounds appear to have an anti-feedant, growth
retardant and toxic effect on H. grandella larvae and in addition seem to

upset moults and pupal development of this insect species.

The simjilarity of the results obtained by the earlier indicated authors
(2,3,15,22,24,27) and those obtained with Hypsipyla in grafting trials
(systemic action) and in diet mixtures containing dry Toona leaves and

aqueons Toona extracts, makes it worthwhile to investigate whether a




133

phytoecdysone of the Australian cedar might be responsible for these

effects.

However, ii is interesting to note that sixth instar H. grandella
larvae, feeding on the Australian cedar, or force-fed with fractions of
it, frequently die within 4-6 h. Another fact to consider is that while
shortened pupal wingsheaths are frequent,other characteristics of ecdysone-
like activities have not heen observed. But it is also of interest to
observe that in a preliminary experiment executed in Wageningen, azadi-
rachtin, added to artificial diet, caused the death of fifth instar H.
grandella larvae and that this chemical is reported to possess some of

the structural features of insect ecdysones (27).

Host szlection.

Host selection and the attraction of male insects to females by means
of chemoreception are fields of investigation which are receiving increasing
attention in the last decade. Of more recent date, however, ig the revival
of the research on the reception of infra-red radiation by insects which,
according to some authors,is presumed to play a role in hostfinding and
the location of mating partaers.

The host selection of Hypsipyla is a subject which has hardly been
studied yet. Apart from the research reported in this dissertation, only

one additional investigation has been conducted in Puertc Rico by Gara

et al (14). The results of tbat investigation not only confirmed that

H. grandella is attracted to the young foliage of Cedrela odorata, but

also indicated that an acetone extract of young C. odorata leaves in
combination with a potted . odorata plant having only mature leaves,
attracted the shootborer. Neither C. odorata plants with only mature
leaves, nor acetone extracts of young leaves of this host alone, attracted
any Hypsipyla to the traps. Providing that the information reported by
these authors is significant, these findings seem to point at the fact
that stimuli other than the oclfactory gualities of young host material

may also be invelved in the host selection of H. grandella.

In complementary experiments, conducted at the Department of Animal

Physiology in Wageningen, the attraction of H. grandella to host odours
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and infra-red radiation was investigated. First, an electrorhysiological
study employing the electroantennogram (EAG) method was made to determine
whether the receptors on the antenna of the shootborer were stimulated by

odours present in extracts of the young leaves of Cedrela cdorata. Isclated

antennae of female moths were exposed to a puff of air containing scents
from the acetone and ether extracts of which the solvents had been evapo-
rated. The volatile compounds of both extracts elicited negative EAG's,
indicating that the scents activated the receptors on the anterma. However,
similar results were alsc obtained with volatile compounds of non-hosts,

such as Anthocephalus cadambas Mig. As indicated by Schoonhoven (29) nega-

tive receptors potentials do not necessarily represent an "atiractive" re-
sponse, but are merely indicative for the excitatory value of the odour.
Subsequent olfactometer tests, in which plants and extracts of C. odorata
were employed, did not result in the attraction of the shootborer to the

acents of this host plants.

The process by means of which monophagous and oligophagous insects locate
their host plants is often thought of as a catenary process (20) in which
a sequence of stimuli calls forth a sequence of responses. However, it

is more likely that the interaction of different external stimuli as well

as the interaction of external and internal stimili influence the behav-

joural thresholds of the insect.

Since H. grandella is a nocturnal insect, the olfactometer tests were

conducted in a darkened room. However, complete darkness immobilized the
great majority of the insects and those that did enter the chambers of

the olfactometer, through which host and non-host scents were introduced,

were distributed evenly over the iwo compartments. This was also the case
when a low intensity, diffuse light was placed at the end of the two chambers.
In the latter experiment, however, all females were highly mobile and were

attracted towards the light source.

The attraction of nocturnal insects to light is a phenomenon which
is little understood yet. Several investigalors have suggested explanations;
thus, Wigglesworth (33) indicates that these insects orient towards a light
gsource by maintaining a constant angle to 1t. Although this explains how

the insect arrives at the 1light source and will continue to circle around it,




135

it does not clarify why the insect is initially attracted to it from a
great distance. Mazokhin-Porshnyakov (23) suggests that the light-orien-
tation is a breakdown of a natural mechanism. Field-inhabiting insecis
would initially fly to a light source because it is an indication of open
space. As the inseci comes closer to the light, the increasing brightness
would decrease the insect's gensivity for night vision to a point where
only the light source is seen. Laidlaw {21) has suggested that the visible
radiation of the light is confused with some other invisible stimulus.
Verheyen{32) in a detailed study on the atiraction of 1light to animals,
considered the trapping effect of light to be a consequence of the re-
afference of motoric activity which is constantly matched with the szensory

input from the environment.

Theories that insects might observe other parts of the electromagnetic
spectrum than the visible portion alone were confirmed when it was shown
that bees and other insects can see ultraviolet light (33). The speculation
that insects might also perceive infra-red radiation of selective bands
of wavelengths was suggested in 1948 by Grant (16) who pointed out that
sensillae and sensory pits of certain insects have dimensions which would

permit them to sense such radiation.

Since 1964, Callahan (4,5,6,7,8,9) has become the major upholder
and investigator of the theory that nocturnal insects respond to elec-
tromagnetic radiation in the infra-red region and employ the sensillae
and sensory pits on lhe antemmae ag a delecting system. The concepts
of his research and further developed theories of infra-red reception
by insects have been refuted as well ag confirmed by several other scien-
tists (10). Hsiao arnd Hackwell (18) concluded that the eyes of Helio-
this zea (Boddie) are the only sensors which mediate the attraction to
a Tungsten light source. However, in another publication, Hsiao and
Susskind (19) showed the existence of sensillae, similar to the sensilla
trichodea on the antenna, at the interstices of facets of the compound
eye of this insect. According %o this publication, the optimum wavelength
at which these sensillae would operate if they were to act as infra-red
detectors, would be 4.5}MniJe. exactly in one of the infra-red windows
of the atmosphere. The authors reached the conclusion that although the
corn earworn does not appear to be attracted to broadband infra-red

radiation, the possibiliiy should not be excluded that the insect would
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be sensitive to specific wavelengths. Tn a later article, however, Hsiao
(17) ruled out the possibility that infra-red radiation could be involved

in the long distance atiraction of male Trichoplusia ni moths to females.

Neese {25,26) determined in experiments, that the sensilla trichodea on
the compound eye of the honey bee take part in the measurement of the sun-

angle and in flight control of the bees,

Investigations which confirm Callahan's theories and experiments on
the attractive response of insects to infra-red radiation have also been
reported by several scientists. Evans (13) established that sensory pits

located at the mesothoracic legs of the fire beetle Melanophila acuminata

DeGeer sense radiation in the wavelength region of 0.8-2.7}um This insect
also respcocnded when the antennae were exposed to intense infra-red radiation
between 0.8-1.25 um. This author,who could not establish any attraction

of the beetle to smoke, carbon dioxyde or carbon particles in olfactometer
tests, concluded that the beetle orients itself to firee by detecting infra-

red radiation at considerable distances from the heat source.

Bruce (1) determined that the spiny rat mite Laelaps echidnina Berlese

responde to incoherent infra-red radiation. In radiation experiments employ-
ing wavelengths varying from 1.6-743,um, the mites were most sensitive to
a wavelength of 4.5 pm. The setae on the tarsi of the first pair of legs

of the mite were proposed to be the infra-red receptors.

Strong attraction to infra-red radiation have been reported by Eldumiati
and Levengood (11,12) for Heliothis zea, Spodoptera frugiperda (J.E. Smith)

and Plodia interpunctella (Hibner). These investigators, who employed a

hydrogen cyanide laser emitiing at 337 um, conclude that their results are
in agreement with Callahan's theory and that the sensors on the antermae

of these ingects serve as infra-red detectors.

The attraction of Hypsipyla grandella fto a low intensity light source and
its favourable effect upon mating and oviposition as compared to mating and
oviﬁosition under completely dark conditions, has been cobserved frequently -

during the artificial rearing of this insect.

In order to verify if the infra-red portion of the spectrum emitted
by this light source was responsible for these effects, an experiment was

conducted in which the response of H. grandella to broadband incocherent

radiation of wavelengths between 0.8-2.5 um was compared with the response
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of the insect to broadband incocherent radiation of wavelengths befween

0.38-2.5 um of the same light.

The results of this investigation showed that the infra-red radiation
alone did not elicit a significant response by the insects, in contrast
to the radiation incorporating the visible part of the spectrum (0.38-
2.5fnn), which was highly attractive. Moreover, electrophysiological

tests, in which isolated antennae of H. grandella were exposed to infra—

red and visible radiation of the same light source, did not elicit any
negative EAG. From the resultis of these investigations the conclusion

is reached that, under the conditions of the experiments, H. grandella

moths appear not be attracted to broadband incoherent infra-red radiation
of wavelengths between 0.8-2.5 pm, nor does the antenna seem to mediate

in the perception of wavelengths between 0.38-2.5 um of this light source.

Artificial rearing techniques.

As far as the artificial rearing of Hypsipyla grandella is concerned,
geveral improvements have been effected since its initiation. Samaniego
and Sterringa (28) reported on a new method to obtain oviposition of the
shootborer in captivity. In this system, mated females are brought to the
laboratory and placed individually in small polystyrene boxes containing
towel paper on which the eggs are deposited. Instead of obtaining ovi-
position on large sheets of towel paper in outdoor cages, the eggs which
are laid singly normally, are now concentrated on a limited surface and
obtained in the laboratory. These anthors determined that this new method
was more economical than the previously used method and concluded that
male and female moths (sex ratio 1:1) should remain for 72 h in outdoor
copulation cages to obtain maximum oviposition {210 eggs per female) under

laboratory conditions.

Sterringa (31) provided a detailed cost caleculation of the artificial

rearing of H. grandella in Costa Rica and compared the yield of shootborer

adults obtained in four different rearing-itreatments. TIn these treatments
respectively one and two larvae were placed on diet in sterilized and
non-sterilized glass jars. The results of these investigations indicated
that the treatment consistiing of two larvae in non-sterilized jars yielded

more adults than any of the other treatments. However, the differences
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between the treatments were not significant at the 10 percent level.

Burvey of natural enemies.

With regard tc fthe survey of biological control agenis,two parasites

of H. grandella have been recorded in a@dition to the natural enemies already

mentioned in this dissertation. Becker collectisd a larval parasite of the

genus Apanteles in the Turrialba-area and the egg parasite Trichogramma

beckeri Nagarkatti. The latter was reared from H. grandella eggs on fruits

cf Cedrela tonduzii, collected near Santa Cruz on the slopes of the Turrial-

ba Volcano at an altitude of 1,500 m.

Of all Hypsipyla parasites collected in Costa Rica, Hypomicrogaster

hypsipylae, Trichogramma spp. and the nematode Hexamermis albicans occur

most fregquently. The ecological range of the nematode and H. hypsipylae

is restricted to the wet humid regions of Costa Rica, whereas the egg

parasites can be found in the dry as well as the wet areas.

The vast distribution of H. grandella on the American continent where

the insect is found at altitudes ranging from sea level up to 2000 m and

in dry and wet areas maks it improbable that a biological control program
alone could be of great effect on shootborer populations. However, as
complementary control measure the parasites may well contribute significantly

to the overall regulation of this insect pest.

On the other hand the natural enemies of the shootborer could be wvery
effective in biological control program on islands in the Caribbean, such

as Jamaica, Trinidad, Cuba and Hispaniola.
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4. SUMMARY

The shootborer Hypsipyls grandella (Zeller) (Lep., Pyralidae) is the main
obstacle to the artificial regeneration of valuable meliaceous tree species
such as mahogany (Swietenia spp.) and Spanish cedar (Cedrela spp.) in

Latin America. On the other hand, the natural regeneration of these species
is endangered due to depletion of the naturally existing resources and
burning in colonization projects.

This dissertation concerns the development of several fields of
research, which when incorporated in a programme of integrated control may
contribute to a solution of the Hypsipyla problem.

Chapter 1 contains a general introduction on this insect pest and its
host plants in Costa Rica. In addition, a review is provided of the eco-
nomic importance of the pest in tropical forestry and of the previous and
contemporary investigations on the possibilities of its control.

The research carried out in the framework of the Inter-American
Working Group on Hypsipyla at the tropical Research and Training Centre of
the Inter-American Institute of Agricultural Sciences at Turrialba, Costa
Rica, is dealt with in Chapter 2.

These investigations refer to the natural resistance of Meliaceae,
host selection, development of an artificial rearing technique for H. gran-
della and to a survey of parasites in Costa Rica which might be employed in
a biological control of the shootborer.

The main results are:

a. Two exotic Meliaceae, African mahogany (Khaya ivorensis) and the Aus-
tralian cedar {(Toona cilists var australis) were introduced and were
found to be immune against attacks of the shootborer. Biological and
chemical screening for the basis of resistance of the Australian cedar
led to the location of two toxic components in the aqueous fraction
of young leaves and shoots of this tree species. The toxicity of Toona
can be translocated to Cedrela odorata grafted on the Australian cedar.

b. Experiments on the host selection of H. grandella point at the exist-
ence of a host selection mechanism in which the female adult orients
itself towards the host by means of olfaction. TFourth instar larvae
of the borer prefer native hosts to exotic species as food sources.

¢. An artificial rearing technique was developed for H. grandella. A diet
(Vanderzant) used for rearing Heliothig zea appeared to be a suitable
medium for mass rearing Hypsipyla. Although initially mating of adults
could only be obtained in outdoor cages in Costa Rica, subsequent
rearing in Wageningen, under completely artificial conditions, proved
to be perfectly feasible. Larval and pupal periods of H. grandella
reared on artificial and natural diets were determined and compared.
Female adults are generally larger than males and live longer. Arti-
ficially reared females still restrict oviposition to meliaceous host
plants.
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4 survey of biological control agents of the shootborer resulted in
the following new records of H. grandella parasites in Costa Rica:
Trichogramma fasciatum, T. pretiosum, T. near pretiosum, T. semi-
fumatum, Hypomicrogaster hypsipylae sp. n., Brachymeria conica and
Bracon chontalensiss an Agathis sp. has 10 be identified yet. 1In
addition the nematode Hexamermis albicans was found to parasitize
larvae of the shootborer in Swietenia macrophylla and Cedrela spp.
The egg parasite Trichogramma semifumatum could be reared casily

on eggs of H. grandella.
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5. SAMENVATTING

Terwijl de kunstmatige verjonging van waardevolle Meliaceeén soorten in
Latijns Amerika, zoals mahonie (Swietenia spp.) en ceder (Cedrela spp.),
enerzijds wordt tegengehouden door de schade welke de topboorder Hypsi-
pyla grandella (Zeller) (Lep., Pyralidae) aanricht, wordt anderzijds de
natuurlijke verjonging van deze soorten in gevaar gebracht doordst de
bestaande voorraden worden uitgeput en decor branden ten behoeve van
kolonisatie projecten worden vernietiggd.

Dit proefschrift op artikelen, handelt over de ontwikkeling van
verscheidene gebieden van onderzoek over deze topboorder welke, in een
geintegreerd bestrijdingsprogramma opgencmen, een bijdrage vormen tot
de oplossing van het Hypsipyla probleem.

Hoofdstuk 1 bevat een algemene inleiding over dit schadelijke insect
en haar waardplasnten in Costa Rica. Tevens wordt een overzicht gegeven
van het economisch belang van de plaag voor de bosbouw en van eerder uit-
gevoerd en contemporain onderzock naar de mogelijkheden wvan haar bestrij-
ding. '

In het tweede hoofdstuk worden de verachillende onderzoeken behandeld
welke in het kader van de Interamerikaanse Hypsipyla Werkgroep in het
Tropisch Onderzoeks— en Opleidings Centrum van het Interamerikaans Inmsti-
tuut voor Landbouwwetenschappen te Turrialba, Costa Rica, werden uitge-
voerd. Deze cnderzcekingen hebben betrekking op de natuurlijke resisten-
tie van exotische Meliaceeén, waardkeuze, ontwikkeling van een kunstmati-
ge kweek methode voor H. grandella en op een inventarisatie van in Costa
Rica voorkomende parasieten welke in een biologisch bestrijdingsprogramma
zouden kunnen worden opgenomen. De belangrijkste resultaten hiervan zijn:

Twee Meliacee&n, de Afrikaanse mahonie (Khaya ivorensis) en de Australische
ceder (Toona ciliata var australis) werden in Costa Rica geintroduceerd en
immuun bevonden voor aantasting door de topboorder. Biologische en chemi-
sche onderzoekingen naar de oorzask van de resistentie van de Australische
ceder leidden tot de localisering van twee componenten in de waterfractie
van bladeren en jonge scheuten welke toxisch zijn voor larven van H. gran-
dellsa. Enting van de inheemse, voor aantasting vatbare Cedrela odorata op
onderstammen van Toona, bleek tot resistentie van de inheemse ceder te
leiden.

Proeven met betrekking tot de waardkeuze van Hypsipyla adulten duiden op
een orientstie-mechanisme waarbij de vrouwelljke vlinder gebruik maakt
van in de waardplant voorkomende vluchtige geurstoffen. Als voedselbron
prefereren larven van het vierde stadium inheemse Meliacee&n boven
exotische.

Een kunstmatige kweekmethode werd ontwikkeld voor de topboorder. Een
Vanderzant dieet voor Heliothis zea bleek tevens geschikt te zijn voor

de massakweek van Hypsipyla. Hoewel in Costa Rica copulatie van vlinders
alleen in in de buitenlucht geplaatste kooien gunstig verliep, bleek dit
in Wageningen onder volledig kunstmatige condities mogelijk. De larvale
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en pupale pericde van op kunstmatig dieet gekweekte H. grandella werden
bepaald en vergeleken met die van op natuurlijk dieet gekweekte exem—
plaren. Vrouwelijke vlinders zijn over het algemeen iets groter dan
mannelijke en leven langer. De waardkeuze van op kunstmatig dieet
gekweekte vlinders blijft zich tot de Meliaceeé&n beperken.

Het onderzoek naar het voorkomen van parasieten van de topboorder leidde
tot de volgende nieuwe registraties:

Ei parasieten: Trichogramma fasciatum, T. pretiosum, T. semifumatum en
een Trichogramma soort nauw verwant aan T. pretiosum.

Larvale parasieten: Hypomicrogaster hypsipylae, Bracon chontalensis,
Brachymeris conica en een Agathis soort nauw verwant met A. albispina.

Tevens werd de nematode Hexamermis albicans verzameld welke larven van
H. grandella in Cedrela en Swietenia macrophylla parasiteert.

De eiparasiet Trichogramma semifumatum bleek gemakkelijk op eieren van
H. grandella gekweekt te kunnen worden.
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