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ABSTRACT

The tobacco hornworm, Manduca sexta, was reared under

labératory conditions. Development on seven different meridic

diéts, reproductive performance of 5 ratios of females to males,

exposure to sublethal doses of fenitrothion were studied.

A wheat germ based diet with dried tobacco leaves added and

a high water content best suited the nutritional requirements

of the tobacco hornworm.

A ratio of 3 females/3 males displayed the greatest reproductive
potential. Virgin females began oviposition later and lived longer

than mated females.

Larvae exposed to sublethal concentration of fenitrothion
ranging from 0.001 ppm to 1.0 ppm required more time to complete
development, had larger body weights, and incurred more mortalities
than the control group. The reproductive potential of all treated

groups was greater than the control.

Treated F] generation larva weighed less than the control

insects prior to the pupal stage. Treated larvae also had difficulty

"moulting, had more mortalities than the control, and had insects

entering the pupal stage at body weights less than 5 g. The

reproductive potential of the 0.001 ppm and 0.01 ppm groups was less
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than the control wHereas that of the 0.1 ppm and 1.0 ppm groups

was greater. Interference with the endocrine system is implicated.

e

A -
LR -



+ I, . Xiv

RESUME -

-~

Le sphynx du tabac, Manduca sexta, a gté éievé en laboratoire.
On a étudié'son développement sur huit d}fﬁérentes dietes méridiques,
sa performaﬁce reproductive femelles:ﬁgégg dans un rapport de 5:1,
et le développement de ses générations %iiiéles et pafernellés aprés

’

une exposition & des doses sous-1l&tales de fénitrothion.

Une diéte a base de germe dé;blé additionné de feuille de tabac
et avec une teneur en eau plus élevée &tait'la'plus adéquate pour

remplir les exigences nutritives du sphinx du tabac.

Un rapport de 3:3 de femelles:males a démontré le potentiel de
reproduction le plus &levé. Les femelles non~accouplées ont commencéd
I'oviposition plus tard et on vécu plus longtemps que les femelles

accouplées,

Les larves qui ont &té exposées i des concentrations sous-

- létales de fénitrothion {(de 0.001 ppm 3 1.0 ppm) ont requis plus de
temps pour compl&ter leur développement, ont atteint un poids plus )
€levé, et ont subi un taux de mortalité plus €levé que le groupe
étalon. Le potentiel de reproduction de tous les groupes gqui ont
€té traités Etait plus &levé que celui du groupe &talon.

Le poids des larves de la génération F1 était inférieur & celui
dgs insectes éﬁalons avant le stade de pupe. Les larves gui ont &té

kraitées ont aussi &prouvé plus de difficulté 3 muer, ont subi ' un
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taux de mortalité& plus &levé que les insectes &talons, et certains
-d'éntre eux ont commegcé le stade de pupe & un poids inférieur 3j

5 d. Le potentiél de reproduction des groupes traités é o,odl ppm
et 4 0.0l ppm &tait inférieur 3 celui du groupe &talon tandis que

celui des groupes traités & 0.1 ppm et & 1.0 ppm &tait supérieur.

‘Une interférence avec le syst2me endocrinien est suggérée.



INTRODUCTION . S

1. Manduca sexta:

The tobacco hornworm, Manduca sexta (Lepidoptera: Sphingidae),

is a multivoltine leaf feeder that grows rapidly up to 10 g in
thel larval stage and has been studied since the beginning of
the tobacco industry (Reinecke et al, 1980). It inhabits
South and Central America,lMexico, the West Indies, the

United States, and Southern Ontario and Quebec (Madden)

and Chamberlin, 1945). This species and a closely related

species, the tomato hornworm, Manduca quinguemaculata (L.},
ére serious pests of commerciél tobacco plants in the United
States, SOUtheQn Ontario, and Quebec (Cheng, personal commu~
nication; Hoffman et al, 1966). The primary food sources

of the tobacco hornworm are members of the solanaceous

family. Although the tobacco plant (Nicotiana tabacum) is

its principal host, tobacco hornworm larvae also eat the
leaves of a wide range of other solanaceous plants including
jimson weed, ground cherry, tomato, eggplant, Jerusalem cherry,

potato and pepper (Brinkley et al, 1975).

The tobacco hornworm has become a choice experimental
animal because of its large size and rapid rate of develop-

ment (Bell and Joachim, 1976). Many field studies and
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ph&siologiqal ané endocrineystudies have contributed to the
exﬁenéive accumulation of knowledge about tha tobacco horn-
worm (Bell et gl,;1975; Bollénbacher et al, 1975; Borg and’
Magks, 1973; Kramer et al, 1976; Madden-;nd'Chamberlin,
1945; Peterson, 1912; Reinecke et al, 1978, 1980; Sandburg
et al, 1975; Truman, 1972). 1In addition, there are many
descriptions on how to rear the tobacco hornworm under
field conditions (Hoffman and Lawson, 1964; Madden and
Chamberlin, 1945) and under laboratory conditions (Bell

and Joachim, 1976; Baumhover et al, 1977; Hoffman et al,

1966; Waldbauer et al, 1964; Yamamoto, 1968, 1969).

The life cycle of the tobacco hornworm lasts 60-70 days
(Bell and Joachim, 1976). Eggs are pale green, about 2 mm
in diameter, and are laid on the undersurface of leaves.

They hatch three to six days after oviposition.

The iarvae undergo four moults (five instars) during
their development. Newly émerged first instar larvae
weigh about 1.5 mg (Reinecke et al, 1980)., Most larvae
consume the contents of their €gg cases immediately after
hatching. First instar larvae have silk glands that
produce a strand which they can use to descend to a food
source. Second, third, and fourth instar larvae frequently

ingest parts of the ecdysed cuticle in order to recover

—
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some of the salés present in the cuticle (Philog&ne, unpublished).
This often occurs shortly after ecdysis and prior to the
resumption of feeding on the diet. Bell and Joachim (1976)
estimated that tobacco hornworm larvae ingested about 35 g of
artificial diet during their development. The bulk of this
dietary consumption occurred during the fourth and fifth
instars. Fifth instar larvae can weigh up to 10 g (Bell and
Joachim, 1976). Midway through the feeding stage, they excrete
fecal pellets coated with uric acid which gives it a chalky
white appearénce (Buckner ét al, 1980). WNijhout and Williams
(1874) termed the phenomenon "frosted frass".
. . i

The larval stage lasts about 30 days. Nijhout (1975) and
Nijhout and Williams (1975) concluded that a critical weight
of 5 g and a head capsule width of 5.1 mm were necessary to
initiate the prepupal stage. Once these critical dimensions
were reached, an unidentified process was initiated which
required 24 hours to be completed. The brain is then rendered
competent to release PTTH (prothoracicotropic hormone). 1In
other words, during the fifth instar, the presence of juvenile
hormone (JH) inhibits the secretion of PTTH. Once the larva
reaches the weight of 5 g or a head capsule width of 5.1 mm,
the corpus allatum ceases to secrete JH. The Jq is cleared
from the haemolyméh in about 24 hours. The brain begins to

release PTTH. The actual release of PTTH is gated by the
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photoperiod. Afte# the larva has passed the critical weight
and head capsule'@idth, the.gate opens during the very next
photophase (Nijhout, 1975).
. r
Shortly after the larvae surpass 5.0 g, feeding abruptly .-
stops. Thig is the first step of thé complex larval-pupal
transitién.-'Shortly after the cessation of feeding the
aorta becomes visible along the dorsal miéline near the horn
(Brinkley et al, 1975)}. Body wetting, which follows the
exposure of the aorté, was the first reported by - Baumhover
et al, (1977). This stage is Eharacterized by a sharp
turning of the head so that all dorsal and laterﬁl body

surfaces are coated with an oral'secretion. - ITmmediately after ,

LS

body‘wetting the wandering stage begins (Trhman and Riddiford,
1974) and the prepupae begin to burréw about 12 Hours later.
The insect will burrow just under the surface for several
hours before reaching a f£inal depth of 6-20 cm. A horizontal
pupation chamber is formed from frass, food and soil. Once
in the pupation chamber, the hornworm purges its gut. The
clear, viscous fluid distharge from the anus is responsible
for about a 40% loss in body weight (Nijhout and -Williams,
1974). The discharge is used to increase the humidity within
the pupation éhamber (Reinecke et al, 1980). The insect then
remains s£ationary for about two days and larval-pupal ecdysis

follows.



‘The newly formed pupa is greén.because the cutiéle is
initially transparent. The proboscis forms from the tip of v
the midthorax and is strétched from the head és ;he insect
straightens out from a head down posture to full length
(Reinecke et al, 1980). As development progresses the
cuticle gradually becomes tanned ahd sclerotized. This
process moves from the posterior to anteriof end and deepens
in colour as the insect ages (Brinkley et al, 1975). Just
before eﬁergence, the cuticle is very dark and soft. The
weight of the pupa décreases as it ages. A fully formed
pupa weighs about 4 g but, prior to emergence this has
decrgased to about 2.5 g. Non-diapause pupae reguire
épproximately 25 days to complete development whereas
diépause pupae require about 100 days (Bell et é;, 1975).

Adults emerge in the pupation chamber, defecate, and
work their way to the surface. They will c¢limb up onto
a vertical surface, begin dorso-~lateral revolutions of the
wings to a "butterfly" position, and begin to inflate them
(Reinecke et al, 1980). Once inflated the wings are folded
in the characteristics tent féshion. Adults will use their
wings about 3~5.hours after eclosion (Reinecke et gi,.1980).
These noctutnal sphinx moths (Hoffman et al, 1966) are large
animals having a wing span of about 12 cm and weighing

approximately 2 g. Almost all activities, i.e. feeding and
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Plate 1. Stage of the life cycle of the tobacco hormworm:
a: eggs; b: first and second instar larvae; c: fifth
instar larvae; d: prepupa; e: pupa; f: adults mating,
g: a closeup of the females ovipositor (top) and the males
intermitent organ (bottom).
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oviposition,‘occur during flight (Hoffman et al, 1966).
Feading, oviposition, and other activities occur in brief
flurries during dusk and dawn. Mating usually occﬁrs
between 21:00 and 02:06 hours (Allen ég al, lQSS).__Prior
to mating the female extends her ovipositor and releases a
pheromone which attracts and orients the male. Copulation
usually takes place on a vertical surface and lésts from
one to three hours (Hoffman et 2;,’1566). During the period
the "insects face in opposite directions, their abdomens
touching, and the female pgsit;oned with her wings over-<
lapping the male. Oviposition uétally begins on the thif
night after emergence and reaches a maximum oﬂ the fourth
or fifth night (Hoffman et al, 1966). Adults are host
specific and, therefore, require a host plant, usually
tobacco or tomato as an oviposition site. Fenmales usually
lay one egg per leaf.

2. Artificial Diets:

All insects have similar qualitative dietary needs (Dadqd,
1973; Fraenkel, 1959). The basic nutrient requirements of
insects are: carbohydrates, proteins, sterols, lipogenic
factors, polyunsaturated fatty acids, fat soluble vitamins,

minerals, B vitamins, ascorbic acid, and water {(Dadd, 1973;

Hodgson et al, 1977; Navon, 1978; Ouye and Vanderzant, 1964;



Singh, 1977; Vanderzant, 1974).

EXcess or inadequacies of nutrients may result in abnormal
growth and development (House 1965). A deficiency of ascorbic acid
may cause ecdysiql failure, larval mortality, reduced adult
yield, and defji:;;\lnsects (Chippendale and Beck, 1965; Dadd,
1960; Navon, 1978; Rock, 1967; Vanderzant et al, 1962). Navon

(1978) attributed ecdysial failure to an inhibition of melani-

zation and sclerotization.

The‘feeding behavior of many phytophagous insects is character-
ized by the rigid specificity of the;r diet (Jermy et al, 1968).
Many insects, being highly selective in food preference, choose
only a single species of plant or family of plants, or feed
" exclusively on the leaves, fruits or stems (Vanderzant, 1966).
Bottger (1942) was the first to successfully rear an insect on
an artificial diet. Since then, such diets have been extensively
used to rear a variety of insects (House, 1967: Singh, 1977;
Smith, 1966; Vanderzant, 1974). A sSuitable artificial diet
shouid satisfy all the nutritional requirements of the insect
and permit ad libitum ingestion_of food (Doughérty, 19;;;

Friend, 1958).

Artificial diets can be classified as holidic, meridic,

or oligidic (vanderzant, 1974). Holidic diets are used



primarily for nutritional studies. The chemical formulae of
its constituents are known (Dougherty, 1959). The purity,.
preparation, and mixing of the holidic diet are usually

described in great detail (Gordon, 1959).

Diets eontaining one or more unrefined substances from.-ér
plants, animals, or microorganisms such as plant tissue, liver
extracts, and yeast products are called meridic diets. Most
diets used for rearing laboratory colonies of insects fall into
this group. Successful rearing of many colonies of phytophagous

insects can be directly attributed to the addition of wheat

germ to the diet (Chippendale, 1972; Vanderzant, 1966, 1974).

Oligidic diets consist of those made up of crude plant
nutrients. These diets either imitate the insect's natural
food or are composéd of sﬁbstances of high nutrient content.
They are economical and can be used for mass rearing. Few
diets that use unrefined or natural plant products have proven

successful (Vanderzant, 1974).

A synthetic diet containing all the necessary ingredients
for growth and development is of little value if the insect
will not feed on it. Therefore, physical and chemical stimulants
must be added to the diet (Vanderzant, 1966). Physical

propertieslsuch as texture, hardness, palatability, and shape

f
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- 10 -

of the diet affects its ingestion (Vanderéant, 1969;
Vanderzant and Davich, 1961; Wardojo, 1967). Cellulose,
égar,land other non-nutritive inert materials, which act

as carriers for nutrient substances or to thicken the diet,
influence the physical properties of artificial diets
(Vanderzant, 1966). Chemical stimulants are often

provided by the nutrignts in the diet.‘ However, some insects
require the addition of secondary plant chemicals (Devitt,
1978; ﬁoffman et al, 1966). Sugars are probably the most
important feeding stimulants for phytophagous insects

(Beck, 1965, a,b,c ).

The ultimate test for a nutritionally adequate diet
is to monitor its success in rearing many generations of
insects (Vandgrzant, 1966). Vanderzant et al (1962)
demonstrated that ascorbic acid could be passed from

anthonomus grandis adults to the egg. The egg is an

important source of trace nutrients which can be carried

over from one generation to the next.

There are some problems associated with artificial diets.
Insects reared continuously on synthetic diets may
demonstrate reduced vigor, fecundity, fertility,

longevity, and may lose their ability to survive on
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tﬁeir natural host plant (Lukefar and Martin, 1965;
Rathore et al, 1976; Vali gE al, 1967). Genetic
variation through inbreeding may cause these changes
rath;r than the inadequacy of the diet (Hinks and Byers,

1976: McDonald, 1976).

3. Adult Sex Ratios and Reproductive Performance:

The reproductive potential of adult insects is
dependent on the ratio of females to males {sex ratio).
The dependency is related to the reproductive physiology
and the behavior of the species (Jones et al, 1979).
Knowledge of the optimum sex ratio is important in order
to maintain an efficient laboratory colony. This

knowledge furthers our understanding of the basic o~

biology of the organism and can be incorporated into
mass rearing and sterile male release programs (Prostavko

and Boreydo, 1971).

All species have the genetic capacity to produce
a 1/1 ratio of adults. Sex ratios can be altered by
environmental factors, nutfition, and the age of the
adﬁlts (Brunson, 1934; and Prostovko, 1971). For instance,
in nature, the sex ratio of the carpenterworm moth

{Prionoxystus robiniae) is 3F/2M (Solomon, 1976).
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Sex ratios in laboratory colonies tend to vary (Brinton

et al, 1979: Prostavko and Boreyko, 1971).

Overcrowding of the mating cage may phfsically limit
the abiiity of the insect to mate and oviposit (Bell and
Joachim, 1976). Overcrowding may also inducé stress
related impairment of the normal reproductive behaviour
of the insect population (Guerra et al, 1972). Field
‘reared M. sexta females lay a greater number of eggs
per individual than do laboratory reared insectsr
(Yamamoto, 1968). The optimum mating space for the

corn earworm (Heliolhis zea) and the tobacco budworm

(H. virescens) is 1 and 3 pairs of adults per 4 litres
respectively -(Burton, 1969; Guerra et al, 1972; Jones

et al 1975).

High F/M ratios promotes a large egg production
with a reduction in spermatophore transfer, and,
ultimately, fertility {(Brower, 1975; Burton, 1969;
Guerra et al, 1972: Jones et al, 1875; Otake and
Sakuratami, 1972). Mated females have a greater
oviposition rate than do virgin females (Truman and
Riddiford, 1974). Unmated females develop the same
number of ripe eggs as mated females but onlyrlay about

one third of their egg complement (Wigglesworth, 1966).
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Wigg;esworth postulated that copulation p:ovides thﬁ_
stimulus for egg deposition. Low F/M ragios can |
result in a high egg production, mating efficiency, and
fertility but female longevity is reduced (Jones et al,

1979).

4. TFenitrothion:

Fenitrothion (0,0—dimethyl—0—4—nitro—m;tolyl
phosphorthiocate) is a broad spectrum organophorphorus
insecticide used throughout the'worl%iﬁo control
agricultural and forest pests, aszgéil as for malaria
vector control (NRCC, 1975; Payne &t al, 1977).
Fenitrothion is registered in Canada’%&} use on apples,
woodlands .and forests (Agriculture Canada, 1981,
unpublished information). The major use of fentrothion
in Canada is in large scale forest protection p;ograms
for the control of spruce budwérm outbreaks in mature or
overmature stands of spruce or balsam fir (Prebble, 1975).
From 1965 to 1973, New Brunswick, Quebec, Ontario, and
Manitoba sprayed 84 million hectares of forest with
3.7 million kg of fenitrothion for spruce budworm

control (Prebble, 1975).
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Despite its success as an insecticide, fenitrothionl
does have some adverse environmental effects. Fenitrothion
is relatively safe for birds and génerally safe for fish,
although slight mortality of fish-food organisms has been
- reported (Tucker and Crabtree, 1970). Yasutomi (1977)
and Georghiog (1973} have suggested the development of

resistance in Anopheles and Musca species to fenitrothion.

The environmental impact of fenitrgthion on target
and non-target organisms has been extensively investigated.

1

Areas of studies include the effetts of fenitrothion on
smallﬁmammals {Buckner et al, 1977), birds (Kulczyki, 1977;
Moulding,‘1976; Pearce and Peakall, 1977), foliage (Moody
et al, 1976; Prasad and Moody, 1976; Yule, 1974; Yule and
Duffy, 1972), lake ecosystems (Kingsbury, 1977),

amphibians (Lyons et al, 1976), fish (Kanazawa, 1917;
Peterson, 1975), behthic arthropods (Eidt, 1975), E;rget
arthropods (McLeod, 1976; Morris, 1972}, non—targéf |

arthrppods excluding pollinators (Leonhard, 1976) and

polliﬁétors (Kevan, 1975; Plowright,‘l977; Wood, 1977).

The‘mode of action of an organophosphous insecticide,
like that of a carbamate insecticide, is to inhibit the
enzyme acetylcholinesterase (EC 3.1.1.7) which hydrolyzes
the synaptic transmittor, acétylcholine, in cholinergic

neurons (Corbett, 1974). It should be noted that
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neuromuscular junctions of insects unlike those of
vertebrates are innervated with neurons which release ~
glutamate rather than acetylcholine (O'Brien, 1978).

In insects, cholinergic neurons are restricted to the

central nervous system (O'Brien, 1978).

The symptoms of organophosphous pesticide poisoning
in insects include restlessness, hyperexcitability,
tremorsT’EBHvulsions, paralysis, and finally deathas
Although Mengle and Casida (1958) demonstrated that
death, in flies, occurred at maximum cholinesterase
activity inhibition, the ultimate cause of death in an
insect is difficult to prove (Matsumura, 1975).

H

Most commercially significant pesticides. operate by
disrupting the pPassage of nervous impulses in an organism.
Since it is the basis of a co-ordination system an
animal cannot do witﬁout, even for short periods of time,
the nervous system of an insect is a suitable target for
an insecticide. However, it is unfortunate that: the
basic molecular events in the nervous systems of all
animals, including mammals, tend to be rather similar,

SO that selective toxicity between animal species is not
inherent to the site of action but, rather, must depend
on vagaries of uptake, metabolism, and compartmentalization

(Corbett, 1974).
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5. ‘The Sublethal :Effects of Insecticides:

A sublethal dose“may be defined as the concentration
of a pesticide which does not cause the immediate
mortality of an organism but may adversely affect it

at some later date.

Insects exposed to sublethal doses of insecticides
display a wide range of responses. Generally, growth
retardation results when larvae are treated with low

doses of insecticides. Pieris brassicae exposed to

lindane showed an inhibition of haeﬁolymph carboxyesterase
activity, a decrease in the amount of food consumed, . but
an increase in the dige§tability of food and the
efficiency of converting food into tissue biomass (Truman,
1972, 1975, 1977)'._ Tanton and Khan (1978a) suggested
that thé growth rate reduction observed in Parapsis
atomaria 0l. was due to poor food utilization and an
increase in excretion and n0t the’result of food intake
inhibition. Poor food utilization could be due to the
disintegration of the midgut epithelium proceded by
exfoliation of the epithelium from the subadjacent
connective membrane. Muscular contraction causes
separation of the intestinal epithelitim, and the walls

of the midgut cells become histologically indistinct
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(Pilot, 1935; Tanton and Khan, 1978c;. Woke, 1940).
Concurrent with the breakdown of the intestinal wall
is the dehydration of the insect. Copious amouﬁts of
fluids are lost through the mouth and anus of treated
insects. This fluid is not replaced by feeding and,

consequently, must be drawn from the haemolymphh

(Benz, 1963).

Other effects of sublethal doses of pesticides in
larvae includé a depletion of glycogen, carbohydrate, fat
reserves as well as qualitative changes in the protein
and liquid content Brown, 1963; Wongkobrat and Dahlman,
1976). The fat body is involved with pesticide
metabolism and reduces the incidence of mortality through
detoxification mechanisms (Dawterman and Hodgson, 1978).
However, since the fat reserves are consumed after
treatment, insects are more susceptible to an
additional exposures of pestiéides (Bennett and Thomas,
1963; Fast, 1964; Moore et al, 1967; Nakatsugawa and
Dahm, 1962). Sublethal doses of organophosphate
insecticides also are known to inhibit juvenile hormone

esterase activity (Pratt, 1975).

Pupal deformities and mortalities can occur in

insects that have been exposed to low concentrations of
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insecticides (Bond et al, 1969; Bond and Upitis, 1973;

Gough, 1939; Loschiavo, 1960).

Larvae exposed to sublethal_dqses of insecticides
metamorphose into adults that generally‘show a decrease in
fecundity, fertility, and longevity (Boles, 1974; De Coursey and
Webster, 1952; Grosch, 1975; Riviere, 1974: Zettler and Le Cato,
1974). Grosch (1975) found a decrease in the number,of_éggs
developing from vitellogenic oocytes. There was also an increase
in the reéorption of mature ova'and the largest ococytes to
adjust to ﬁhe nutritional deprivation resulting from a low
pésticide dose. Honek and Novak (1978) reported that

Pynhocoris apterus females treated with Intration-50 displayed

a faster rate of ovariole maturation and oviposition which was
possibly due to a shorter adult life span. Other sublethal
effects of pesticides in adults include mating impairment
(Zettler and Le Cato, 1974), chemosterilent effects
(Abo-elGhar et al, 1972; Flint et al, 1973; Moriarty, 1968;
Walker, 1970), adult deformities (Moriarty, 1968; Sherman

and Sanchez, 1964), and an increased reproductive potential
(Hodjat, 1971; Honek and Novak, 1978).

' An increase in the development time of a generation
(Hodiat, 1971; Tanton and Khan, 1978b) and behavioural

abnormalities in Dysdercus fasciatus (Hodjat, 1971) and in

bees (Schricker and Stephen, 1970; Stephen and Schricker, 1970)
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have been attributedlto sublethal doses of peéticides.
The effects of low doses of insecticides on subsequent
generaﬁioﬁs of insects has received limited attention.
@

It should be recognized that introducting a xenobiotic
like a pesticide into the insect body is a form of stress. In
addition, there are probably many other stressful agents
,associated with the day fo day mainteﬁénce of a laboratory
colony of insects. It is often not possible to separate the
response to the pesticide stress from the other forms of
stéess. Excessive stress whether it is physical or chemical
can lead to abnormal behaviour and even the death of the‘

insect (Beament, 1958; DerCoursey and Webgfer, 1952;

"Heslop and Ray, 1959; Roan and Hopkins, 1961; Sternburg, 1963;.

Sternburg et al, 1959). Hodjat {(1971) stated- that unrelated

environmental stress either insecticidial or non-specific

produce analagous effects in insects by the release of

pharmocologically active substances which may have profound
physioclogical and pathological consequences when they are

present in larger than normal gquantities.
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6. Objectives: )
%‘ . L3

The objectives of this study were:

a

v

(1} To develop a meridic(Eiet which would best promote

the growth and development of the tobacco hornworm;

(2) To determine the effects of different adult sex
ratios on ‘the reproductive biology of the tobacco

hornworm; and

(3) To evaluate the effects of oral, sublethal dose?
of fenitrothion on the development of paréntal

and filial genefations of Manduca sexta.
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MATERIALS AND METHODS

1.0 General Rearing Conditions:

)

Tobacco hornworm eggs were collected every one or two

days from thesundersurface of the leaves of potted tobacco

-
qe

plantg, Nicotiana tabacum, variety Delhi-77. The eggs were

piaéeé in pla;tic Petri dishes (100 mm dia. x 15 mm ht.)

which had lids lined with filter.paper which were moistened
daily toiincrease the internal relative humidity. Insects,
reared under'non—diapause conditions, were ﬁut in an incubator
at 25°C + 1°C with an 18/6 L/D photoperiod using 20W
fluorescent bulbs (Westinghouse Cool White), and at 45% -~

55% relative humidity.

Larvae which had emerged within a 24-hour period were
placed, in groups of ten, onto pieces of synthetic diet and
transferred to glass, foam-stoppered vials (37 mm dia. x 117
mm ht.). The foam plug prevented the larvae from escaping and
providéd enough ventilation.so that the condensation build-up,

observed by Bell and Joachim (1976) did not occur. When laid

on their sides,'thg_glass vials Were large enough to accomodate

-

all larval instars of the hornworm. Larvae were handled with
broad, pliable forceps to miniﬁize damage to the insect,
especially in the first, second and third instars. Forceps
and working area were frequently disinfected with Hinks—Byérs

Solution (Hinks and Byers, 1976) to reduce the incidence of

——



microbial contgmination. Larvae were transferred to indivi-
dual containers after 6 - 8 days. It was . necessary to isolate
the larvae because they cam\be cannibalistic and display aggres-
sive behaviour when reared in groups. In individual vials, the
development of each hornwbrm can be monitored from the first
instar till just prior ;o adult eclosion. It is difficult to
accept Bell and Joachim's (1976) statement that some of the
advantages of rearing M. sexta larvae individually were the
insurance of uniform rates of development and a decrease in

the risk of microbial contamination. It would seem more likely
that the uniform rates of dévelopment and risk of microbial
contamination are more a.function of quality.and guantity of
food available to each insect, and the sanitary conditions
employed iﬁ maintaining the laboratory colany rather than the

isolation of each larvae.

Every two days, unused diet and frass were removed from
the vials and the larvae given-a fresh piece of diet. The
weight of the diet cube ranged from about 0.5 g up to‘9.0 g
for the last two instars. The diet was cut in to cubes to
minimize the amount of water loss. If any mould or other
microbial contamination was observed on the unused diet, frass
or larva, thq insect was transferred to a new container otherwise
the larvae we;E reared in the same container until %hey

reached the prepupal or wandering stage.
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Hornworms in the prepupgal stage were\placed in upright
glass vials approximately half filled with vermiculite. The
containers were stoppered with foam plugs, placed in groups
of 24 in cardboard trays, and kept in the same incubator -
used to rear the larvae. Since é;lggﬁgg prepupae require
darkness to éomplete the pupation process (Bell and Joachim,
1976), the cardboard trays were covered with a black rubber
sheet. It was later discovered that laying the vials on their
sides decreased the incidence of pupal deformiéies to a
negligible level. The tréys were checked at two day intervals
for completely tanned and sclerotized pupae. Fully formed
pupae were transferred to a 0.357 m3 (0.63 m 1. x 0.63 m wt.
b4 6.9 m ht.) screened mating cage and allowed to develop.to
the adult stags.

Adults were maintained under an 18/6 L/D photoperiod,‘at
23°C, and about 40% - 55% humidity. Day lighting was provided
by a 100W incandescent bulb. A dimmed 25W bulb simulated
moonlight. The mating cage was equipped with a potted tobacco
plant and a feeding station consisting of three milk shake
containers taped end to end to form a tower. A scintillation
vial with an absorbent cotton wick was filled with a 20%
sucrose solution and fastened to the top of the tower. The
feeding station whiéh‘was generally at a greater height than
the top of the tobacco plant, was placed in the corner of the

cage near .the low light source (see Plate 2). Although the



Plate 11. Rearing conditions. a: 1incubator contaning
vials used to rear larvae. Pupae were kept under the black

sheet, b: the adult's mating cage. Note the tobacco plant
and feeding station on the right. '
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internal volume of the cage was sufficient to permit free
flight, flying adults would occasionally strike the sides and

roof of the cage resulting in slight wing damage.

At two day intervals eggs‘were collected, the sucrose
solution was replaced, and discarded pupal cases and dead
adults were removed from the cages; Empty cages were washed
witﬁ Hinks-Byers solution and allowed to air dry for one day.

1.1 Constitution and Preparation of the Synthetic Diet:

This colony of M. sexta larvae was reared on an artificial
diet which was slightly modified from the preparations given
by Bell and Joachim (1976) and Yamamoto (;969). The ingred-
ients are listed in Table l.. All’of the diy components, except
the agar, were mixed in a blender to ensure uniform distribution
of nutrients, theﬂ stored in a refrigerator (11°C) until needed.
It was advantageous to premix four to eight~fold quantities
of the dry ingredients at one time. Thus, only one weighing

of 131.02 g of dry ingredients was required when the diet was

prepared.

About one liter of diet was made from this recipe. The
agar was suspended in 400 ml of distilled water and heated to
90°C in a double boiler. An open flame can be used to heat

the agar. Although quicker, it was found that the agar tended

<
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Table 1. The constitution of the wheat germ based meridic
diet used to rear laboratory colonies of tobacco hornworm
larvae. ’

Ingredients Quantity

Premix (g)

Wheat germ 50.00
Casein 22.50
Sucrose 20.00
Torula yeast 15.00
Dried tobacco leaves 10.00
Wesson's salt mixture . 7.50
Ascorbic acid 2.00
Sorbic acid 0.75
Methyl-p-hydroxy benzoate 0.50
Cholesterol 0.25
Vitamins (mg)
Nicotinic acid 5.00
Calcium pantothenate 5.00
Riboflavin - 2.50
Thiamine HCI 1.65
Pyridoxine HCI . 1.65
Folic acid ' 0.10
Biotin . 0.10
QOthers
Agar (q) 10.00
Formalin {(ml) . 10.00
Raw linseed o0il (ml) 2.00
Distilled water (ml) 750.00

Total Weight (g) - 900.50




to burn at the bottom of the container and that the Erlenmeyer
flask would often crack when exposed to direct heat. Scme
authors have used an autoclave to melt the agar (Waldbauer

et al, 1964). The dry ingredients, linseed o0il, formaldehyde
and remaining water were poured into the blender and mixed at
a low pulsating'speed " while the agar was heating. Once the
agar had reached 90°C, it was added to the other ingredients,
thoroughly blended at a high speed for six minutes to a
uniform consistency then quickly emptied into plastic containers
and allowed to cool to room temperature. The containers were .
léter sealed with-cellophane and stored in the refrigerator.
The diet was brought to rooﬁ temperature before being used.
Bell and Joachim (1976} argued that chilliné and subseqguent
warming of the diet adversely affected its quality and anti-
microbial properties. The guantity of diet made was usually
consumed in four to seven days. The antimicrobial capabili-
ties of the diet did not seem to be affected in this time

span.

2.0 Diet Experiments:

Fifty newly eclosed larvae were established on one of
seven meridic diets in large 125 ml plastic medicine vials
{50 mm dia. x 90 mm ht.). The plastic lids were perforated
with small pin holes to increase the ventilation. These

containers were not as satisfactory as the glass vials.
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Condensation from the diet would collect around young larvae
causihg many to drown or contract m}crobial inféctions. Also,
the smaller sizedlcontainer may have cohfined the larvae de-
creasing the maximum larval body weight. The ingredients of
the meridic diets are listed in Table 2. Survival during

the first four days was measured. The thirty healthiest

looking larvae were allowed to develop on all diets except

group C. In that case, the healthiest 25 larvae were chosen.

Larval body weight, head capsuie width, amount of diet
consumed per gram inéect, development time and mortality
were recorded. All measurements were made at two day
intérvals unless otherwise specified. The larval head cap-
sule width was useful in determining the duration of each
stadium, maximum body weight pfior to mouiting and instar

mortality.

The amount of diet consumed per gram insect (ADCPGI)
was calculated.by taking the difference of the weight of the
diet given to the insect and the welght of the diet remaining
after two days. ‘This difference was then divided by the
weight of the insect on the day the second diet reading
was taken. It should be noted that é cube of diet will lose
a certain percentage of its weight through water loss even if
it is left untouched for two days in the rearing vial. This

water loss is dependent on the surface area to volume ratio.
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Table 2. The constitution of the seven meridic diets ured to rear é
Manduca sexta larvae. C: wheat germ not ground; F: wheat germ ground
to a fine texture; Tf: wheat germ ground to a fine texture, dried veb-
acco leaves added; Tfi: wheat georm ground to a fine texture, dried
tobacco leaves added, a significant increase in water content; Tfiv:
wheat germ ground to a fine texture, dried tobacco leaves added, a
significant increase in water content, Vanderzant's vitamin mixture
added; Bs: BioServe diet: and Bst: BioServe diet, dried tobacco

leaves added.

Ingredients cC F Tf - Tl Tfiv Bs Bst
Premix (g)
Wheat germ, coarsc 50.9 - - - - - -
Wheat germ, fine - 50.0 50.0 50.0 50.0- 28B.1 28.])
Casein 22.5 2.5 22.5 22.5 22.5 25,7 25.7
Sucrose 20.0 20.u 20.0 20.0 £0.0 - -
Fructose - - - - - 9.5 9.¢
Dextrose - - - - - 9.5 g.¢°
Torula yeast 15.0 15.0 15.0 15.0 15.0 15.0 15.¢
Wesson's salt mix 7.5 7.5 7.5 7.5 7.5 10.3 18.3
Sodium propionate - - - - - 1.2 1.2
Locust bean gum - - - - - 4.2 4.2
Cellulose fibre - - - - - 30.7 30.7
Ascorkbic acid 2.0 2.0 2.0 2.0 2.6 6.3 6.3
Sorbic acid 0.8 0.8 0.8 0.8 0.8 1.2 1.2
Methyl-p-hydroxy
benzoate 0.5 0.5 . 0.5 0.5 0.5 1.0 1.¢C
Cholesterol ) 0.3 0.3 0.3 0.3 0.3 0.7 0.7
Choline dihydrogen .
citrate - - - - - 0.2 0.2
i-Inositol - - - - - 0.2 0.z
Vitanins (mg)
Niacinomide - - - - zZ.0 20 4.0
Nictotinic acid 5.0 5.0 5.0 5.0 - - -
Calcium pantothenate 5.0 5.0 5.0 5.0 2.0 4.0 4.0
Riboflavin 2.5 2.5 2.5 2.5 1.0 2.0 " 2.¢C
Thiamine HCL l.6 1.6 l.6 1.6 0.5 1.0 1.0
Pyridoxine HC1l l.6 1.6 1.6 1.6 .5 1.0 1.0
Folic acid 0.1 0.1 0.1 0.1 0.5 1.0 1.0
Biotin 0.1 0.1 0.1 0.1 0.1 0.1 0.1
-Tocopherol - - - - 15.9 1.7 31.7
Choline chloride - - ~ - 49.1 158.1 198.1
i-Inositol - - - - 39.7 79.3 79.3
Bis (0.1%) - - - - 3.6 7.2 7.2
Others
Agar 10.0 1o0.0 10.0 - 1l0.0 10.0 19.8n 19.8
Formalin (ml) 10.0 10.0 16.0 10.0 10.0 - -
Aureecmycin (g) - -~ - - - 2.2 2.2
Raw linseed oil (ml) 2.0 2.0 2.0 2.0 2.0 - -
Coconut oil (g} - - 1.1 F.2

Dried tobacco lvs. (g) - - 12,5 12,5 12.5 - 12.5
Distilled water (ml) .367.5 367.5 367.5 75¢.0 750.0 819.0 8l39.¢

Total VWeight (g) 507.8 507.8 520.3 902.8 903.5 1001.3 1026.2
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Therefore, as the size of the diet cube decreases, the
relative ahount of water loss through evaporation increases.
Weight‘loss curves for different size diet cubes were con-
structed and used to help correct thg error in the ADUPGI
calculation (Fig. 1, Appendix A). The ADCEGI values, part-

icularly in the early stages of larval development, would

have been much higher without this correction factor.

The pupal charac£eristics studied included the per-
centage of larvae pup#ting; body weight, number of days till
tanned, development time, sex ratio, deformities and mortality.
Pupae developing from the prepupal stage till completely_
tanned are very sensitive. Their body weights had to be
measured indirectly by weighing the rearing vial containing
the developing pupa and subtracting the weight of the rearing
vial. Once the pupa was fully developed, it was placed in
an open Petri dish. Thus, each pupa could be observed until

the emergence of the adult.

The adult characferistics studied were percentage of
pupae surviving to the adult stage, adult development time,
sex ratio, the number of eggs laid per female per two days
(oviposition rate), the number of eggs produced per female
per two days (fecundity rate), prOporFion of.theltotal egqg
production retained by females, and the fertility of the eggs

laid. The abdomens of females who had died during a two day
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period were dissected in Insect Ringer's Solution and the

ripe eggs counted. This quantity was combined with the number
of eggs laid per female per two days to give an estima?elof
fecundity. Fifty eggs from the adults of each groﬁp were used
to determine fertility (% hatch). The difference between the
date an insect hatched and the date the resulting adult died

gave the total deveiopment time.

3.0 Reproduction Experiments:

The effect of the adult sex ratio (females (F) to males
(M)) on reproductive performance was determined. Pupae from
the colony were sexed and separated. Eive groups of six
adult F/M  combinations ranging from 1F/5M to 5F/1M were put
into 0.18m3 (0.63 m 1t. x 0.63 m wt. x 0.45 m ht.) mating cages.
The oviposition rate, fecundity rate, the proportion of the
total egg production retained by females, and fertility were

recorded and used to construct standard curves.

4.0 Toxicology Experiments:

Five samples of 30 newly emerged larvae were reared on
diet Tfi under non—éiapause conditions. 'Nine days old larvae
were starved for 24-hours then given an oral sublethal dose
of 0.001, 0.01, 0.1 and l.b ppm fenitrothion. Technical.

grade fenitrothion was dissolved in 99% ethanol and dispensed
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in a volume of lOpl-onto a small (0.05 - 0.1 g) piece of diet.
Two days aftér the dose the larvae were given an excess

amount of food and allowed té develop to the adult stage.
Larval, pupal and adult characteristics recorded for the diet

experiments were also noted for this generation and the F

5 1
‘generation.
5.0 Statistical Analysis of Results:
Mean values, provided there were more than two~Samples, o

were analyzed using a Duncan's Multiple Range Test, p£0.05
(Nie et al, 1975).

Numbers presented as proportions were analyzed using
confidence intervals for two randomly distributed percentages
noted in this text as Difference of Percentages, p4.05

(Lér;on, 1969; Sckal and Rohlf, 1969).



RESULTS

1.0 Diet Experiment:

1.1 Larval Development:

"

The quantity ana components of each of the seven meridic
diets affected the growth and development of tobacco hornworm
larvae. The larval populations of six of the geven diets
tested developed asyﬁchronously (Fig. l1}. Diets C and F
displayed a triphasic response in growth with body weight-
peaks of 2.448 g, 1.096 g, and 1622 g and ;22365 g, 3.159 g,
and 8.725 g respectively. Biphasic growtﬁLrates were observed
in groups Tf, Tfiv, Bs, and Bst with peakglsf 2.437 g, and
4.618 g, 3.123 g, and 1.615 g, 4.509 g and 5.555 g, and
'3.614Wg and 4.882 g respectively. Diet group Tfi, the only
population to develop synchronouslx, had a single body weight
maximum of 4.107 g. There was a statistical trend for larvae
in groups Tfi, Tfiv, Bs, and Bst to have larger body weight
means than groups C, F, and Tf from day 4 to day 16 (Tgble 37

Appendix A). There was no statistical difference amongst any

of the diet groups after day 16.

Larval mortality was most prevalent during the first 22
1 .
days of development (Fig. 2). Mortality during the first'fou;

days of development (initial mortality) was less than 30% for

il



T~ 34 -

Fig. 1. ‘Development of tobacco hornworm larvae
reared on different meridic diets under non-diapause
conditions (25°C /- 1°c, 18/6 L/D photoperiod, and
45% - 55% relative humidity). Mean body weights are
presented. C: wheat germ not ground; F: wheat germ
ground to a fine texture; Tf: wheat germ ground to

a fine texture, dried tobacco leaves added; TFfi:
wheat germ ground to a fine texture, dried tobacco

- leaves added, a significant increase in water con-
tent; Tfiv: wheat germ ground to a fine texture,
dried tobacco leaves added, a significant increase
in water content, Vanderzant's vitamin mixture
added; Bs: BioSerwv diet; and Bst: BioServe diet,
dried tobacco leaves added.
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all groups (Téble 3). Samples C and F encountered the great-
est mortality (30.3% and 23.8% respectively). Mortality in
groups Tfi, Tfiv, Bs, and Bst were approximately 15%. Diet
groups Tf recorded tﬁe lowest mortality (4.0%). PFirst instar
morﬁality was less than 33.3% for all ngups. Second instar
mortality was less than 6.7% for all groups except F (20.0%).
Third and fourth instar mortalities ranged from 13.3% to
26.7% .for all groups except Tf and Bst (less than 4.0%).
Samples C and Tfiv incurred the most fifth instar mortalities
(28.0% and 26.7% respectively) whereas the other groups're—

corded mortalitigs of 10.0% or

ess. The majority of larval
deaths occurred during the third Ytadium for groups F, Tfi,
and Bs (38.1%, 53.3%, and 68.0% res ectively). Insécts on
diets Tf and Bst encountered mortalities of about 20.0% oﬁ
less during every stadium. Diet groups C and Tfiv lost most
of their larvae during the fifth stadium (46.7% and 44.5%
respectively). Total larval morﬁality ranged from 10.0%
(Bst) to 70.0% (F). The highest mortalities were recorded by
groups C, F, Tfi, and Tfiv (60.0%, 70.0%, 50.0%, and 60.0%

respectively) .

All groupé except Tf spent-an average of 4.0 days in
the first stadium_(Table 4) . Time needed for second instar
development ranged from 1.93 days (Tf) to 3.58 days (F).
fhe number of days required to complete the third stadium

ranged from 3.33 (Bg) to 5.00 (F). The amount of time spent



Fig. 2. Mortality during the course of larval
development insects reared on different meridic
diets under non-diapause conditions.
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as a fourth instar larva varied from 4.10 days (C) to 5.20
éays (F). Fiftﬁ instar deveiopment time ranged from 2.73
days (Tfiv) to 4.50 days {(Bs). A supernumerary sixth- instar
was observed for an insect in diet group F. Total larval
development time (DAL) varied from 17.64 days_(Tfiv) to 21.33
days (F). There was no|significaht difference in the total
larval development time taken by samples within groups (1)
C, Tfi, Bs, and Bst, and (2) C, F, and Tf. Groups C, F, and
Tf took an average of two or three more days to complete
lérval development than did group Tfi. Compared to Tfi,
group C required more time to complete the second and fifth
stadia whereas group F spent more time in the second, fourth,
and fifth stadia. Sample Tf took longer to complete first,
third, and fifth instar development than did Tfi.

able 5, illustrates the mean body ‘weights at the end
of each instar for each of the diets tested. All groups with
the exception of Tf had similar second Ynstar body weights.
Body weights at the end of the the third stadium ranged from
0.126 g (Bs) to 0.190 (Tfi). TFourth instar body weights varied
from 0.935 g (F) to 1.392 g (Tfi). Fifth instar body weights
ranged from 2.817 g (Tf) to 4.890 g (Bs). Maximum larval
body weights were least fo¥ group Tf (6.614 g) and greatest

for group C (7.814 g).

All groups consumed a large quantity of diet relative to
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Table 4. Mean number of days spent in each instar and
total development time for Manduca sexta larvae. DAL:
days as larvae. Numbers in brackets are times needed

for the first and last larvae to reach the prepupal stage
(range). Numbers in a column followed by the same letter
are not significantly different from each other (Duncan's
Multiple Range Analysis of Variance).
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Table 5. Weight at the end of each instar for tobacco
hornworm larvae reared on seven different synthetic
diets. Mean body weights (g) are presented with the
standard error of the mean (SEM}. Diet group F was the
only sample to have insects in the first stadia when
body weight measurements were taken. Numbers in a
column followed by a similar letter are not statisti-
cally different from each other (Duncan's: Multirange
Analysis of Variance)..
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the insects' body weight during the first ten days of larval
developmen£ (Fig. 3). This amount rapidly decreased-in\ah
exponential-like fashion as the population grew older, |
Diets Tfi and Bst showed the highest initial ADCPGI values
of about 16.0 g of diet per §ram insect. The ADCPGI at the
beginning of each instar (Table 6) shows similar character-
istics as Fig. 3. Second instar larvae of all diet groups
have large ADCPGI values, particularly groups Tfi and Bst

- (13.25 g diet/g insect and 14.85 g diet/g insect respect-

ively). There is no statistical difference in the third

and fourth instar ADCPGI values for any of the diet groups.

1.2 Pupal Development:

Samples Tf, Bs, and Bst had the greatest ﬂﬁmber of
insects pupating (80.0%, 66.7%, and 90.0% respectively)
(Table 7). Fifty percent of the larvae in group Tfi pupated.
Approximately 35% of the larﬁae'in groups C, F, and Tfiv

reached the prepupal stage.

The number of dayS'required for a last instar larva to

" moult and for the pupa to fully tan varied from 6.0 (C) to

7.56 (Tfiﬁ). There was no significant difference among groups
(1) ¢, F, Tf¥,8nd Bst and (2) F, Tf, Tfi, Tfiv, Bs, and Bst.

lThe range of days till fully tanned was determined by taking

the difference from the dates the first and last pupa became



Fig. 3. Amount of diet consumed per gram insect
during development of tobacco hornworm larvae
reared on different meridic diets under non-diapause
conditions. t
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Takle 6. Amount of diet consumed per gram insect at the
beginning of each larval stadium. Mean values are pre-
sented with the standard error of the mean (SEM) . Numbers
ina column followed by a similar letter are not statisti-
cally .different from each other using a Duncan's Multiple
Range Test. \

Diet ADCGPGI at the Beginning of Instar

I IIT v A v

¢ 9.353P 2.g93bP 1.35 0.87% -

. SEM 2.01 0.14 0.09 .  0.10 -
n=25 : » .

F 6.782 4.25° 1.442 1.10%  0.s0
sEM_ 1.22 0.60 0.13 0.08 -
= .
£ 5,063 3.043P 1,143 0.818 = -
SEl 0.42 : 0.18 0.06 0.10 -
Nz« -

TEL '13.25%¢ 2. 062 1.192 1.19 -
sl 1.52° 0.14 0.06 0.06 -

n= .

TEiv 9.032P . 1.622 1.482 1.242 . _
SEM 1.29 0.16 =~ 0.25 0.12 -
n=30 *? ) -
Bs 11.33P 3.97P 1.292 0.958 -
SEM 1.58 / 1.00 0.09 0.06 -
n=30 )
Bst . 14.85° 3,970 1.462 1.04 Z
SEM 1.30 0.27 0.07 0.08 -
n=30 ’

//
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L1

fully tanned and sclerotized. The ranges were similar for

all diets tested (about seven days) .

Group F had the shortest pupal developmenﬁ time of 28.0
days whereas group C required 36.0 days. There was no
significant difference amongst samples (1) T£i, Tfiv, and

Bs and (2) C, Tf, and Tfiv.

The weight at the beginning of pupation ranged from
6.614 g (Tf) to 7.814 g (C). There was no statistical
difference between groups (1) F, Tf, Tfiv, Bs, and Bst and
(2).C, F, Tf, Tfiv, Bs, and Bst. There was no instance of
larvae pupating before reaching a body weight of at least 5.0
g eﬁcept for grdups Tf and Bst (4.2% and 3.7% respectively) .
The body weights of pupae prior to eciosion ranged from
22451 g (Bst) to 3.089 g (C). ‘Statistically saméles in
gg@, (1) F, T, T£i, Tfiv, Bs, and Bst and (2) C, F, Tf,
Tfi, Tfiv, and Bs were not diﬁferent from each other.

The pupal sex ratio (females (F)/males (M)) was least

for groups C and F (0.80) and greatest for group Tfi (3.33).

It was convenient to monitor pupal mortality in two stages;

~

(1) prepupal mortality and (2) mortality of tanned pupae. Pre-

- pupal mortality included insects which had died after the

-

1n;t1at10n of the wanderlngnstage and before they were fully

[
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taﬁned and sclerotized pupae. Tanned pupae which had died
prior to eclosion were scored as tanned pupal mortalities.
Diet group C exhibited equivalent prepupal and tanned pupal
mortalities. Groups F, Tf, Tfiv, Bs, and Bst suffered the
majority of their mortalities as fully formed pupae. Group
Tfi encountered more prepupal than tanned pupal mortalities.
Sample Tfi tended to have the lowest incidence of pupal

mortalities. ‘ -

Pupal deformities were minor or majqr. Minoxr deformities.
did not seem to affect the insect's ability to emerge from
the pupal case, ﬁnfold its wings, or coil the proboscis.
Minor deformities included a flattened, crooked, split, orf
shortened tongue case, ﬁhe inability ﬁo shed the larval skin
from the abdomen of the pupal case, or incomplete suture lines

(Plate 3). Major deformities included incomplete formation of

the pupal case, that is large spaces between the wing pads or

o

-
hatﬁggg ;;;‘thcraéygnd abdomen which would not tan properly.
{

-

Other major pupal deformities included ocutgrowths or depression
along the body surface, the o0ld larval cusicle still attached
to the head, thorax, and abdominal regions of the pupa, and a
greatly distorted or reduced tongue case. Insects with major
deformities usually could not completely shed the pupal case
or failed to emerge as an adult. As a result of a major
deformity, adults could not expand their wings or had portions

of the old pupal case still attached to certain regions of

LY
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their body. Insects with major deformities commonly could
not retrieve their proboscis from the pupal case or had
pieces of the old pupal cutiéle remaining around the head
region. The proportion oflpupae with either minor or major
pupal deformities ranged fromea?% (Bs) to 6.7% (Tfi). There
was no 51gn1f1cant difference between samples in groups (1)
F anad Tfi, (2) C, F, Tf, and Tfiv, (3) C, Tf, and Tfiv, and

(4) C, Tf, Bs, and Bst.

1.3 Adult Development:

All diet groups had more than 50% of their pupae moulting
to the adult stage (Table 8). Samples within groups (1) F,
Tfiv, and Bs, (2) F, Tf, Bs, and Bst, and (3) ¢, Tf, Tfi,

Bs, and Bst were not significan}ly different from each other.

The mean number of days spent as an adult varied from
4.4 (F) to 7.05 (Bst). Samples within groups (1) C, F, Tf,
Tf£i, Tfiv, and Bs and (2) C, Tf, Tfi, Tfiv, Bs, and Bst were
statistically similar. The range of days as an adult was
calculated by subtracting the day the first adult emerged from
the pupa from the day the last adult died.! The range of days

varied from 2.0 (F) to 8.0 (Tfiv and Bs).

Adult deformities included individuals with crumpled wings

or those with parts of their pupal case still attached to the
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U

Plate 111, Pupal deformities. a: normal pupa; b,c,d

pupae with minor tongue case deformlties; e,f: major
pupal deformltles

-
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Table 7. Pupal characteristics of tobacco hornworms reared
on seven different diets under non-diapause conditions.

Pup. (%): percentage of insects pupating. Max. Pup. Wt.

(g): mean body weight at the beginning of pupation. Min.
Pup. Wt. (g): mean body weight at.the end of. pupation.

DTT (days): mean number of days till the pupa had completely
tanned. PM (%): total pupal mortality (%). PPM (%): pre-
pupal mortality (%). TPM (%): tanned pupal mortality (%).
Def. Pup. (%): the percentage of deformed pupae. DAP (days):
the mean number of days spent in the pupal stage. PSR (F/M):
pupal sex ratio (females to males). The numbers in brackets
are the minimum and maximum time needed to complete pupatl
development (range). Numbers in a column followed by a
similar number are statistically similar (difference of
percentage). Numbers in a column followed by a similar
letter are statistically similar {(Duncan's Multiple Range Test).
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dorsal surface of the head'and/or thorax. Quite often adults
with deformities emerged from pupae which had been previously
scored as having major deformities. Instances of adult de-
formities were observed in groups Tfiv, Bs, and Bst (16.2%,
7.1%, and 5.6% respectively).
-l

The adult sex ratio (F/M) ranged from 0.25 (F} to 5.0
’

(Tfiv). S

Géoups C, F, Tf, Tfiv, and Bs laid less thap one egg per
fémale per two days. Females of groups Tfi and Bst oviposited
about 30 eggs per female per two days. The fecundity rate
(mean number of €9gs produced per female per two days) ranged

from approximately 20 (c, F, Tf, Tfiv, Bs, and Bst) to about
60 (Tfi}.

Since females of groups C, F, and Tfiv had an ovipositioning
rate of zero, the fertility (percent egg hatch) of these groups

was also zero. Groups Tf£, Tfi, Bs, and Bst displayed a

- fertility of about 80%.

1.4 Total Development Time:

The total time required for M. sexta to successively
complete development was calculated by adding the mean number

of days as a larva, pupa, and adult (Table 9a). A minimum



Table 8. Development of tobacco hornworm adults reared on
different dietg under non-diapause conditions. Eggs laid
/F/ 2 days: mean number of ‘eggs oviposited per female per
two days (oviposition rate). Fec. /F/ 2 days: mean number
of days spent in the adult stage. The numbers in brackets
are the minimum and maximum time (days) spent in the adult
stage. ASR (F/M): ratio of female adults to male adults,
Numbers in a column followed by a similar number are -
statistically similar (differences of percentages). Numbers
in a column followed by a similar letter are statistically
similar (Duncan's Multiple Range Test).
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average of 54.0 days was observed for individuals of group Bs.
A maximum ave;agé of 5714 days was recorded by insects of‘\1
grodeF. There was no statistigél difference between indivi-
duals of groups (1) C, F, Tfi, Tfiv, Bs, and Bst and (2) F,

Tf, and Tfiv. The difference between the number of days needed
by insects to develop from a first instar larva to the end of
the adult stage (range) varied from 10 (C, Tfi, and Tfiv) to

14 (Bs).

2. Reproduction Experiment:

Five, six adult ratios of newly eclosed females (F) and
males (M) were placed in mating'cages and allowed to reproduce.
The 3F/3M and 1F/5M groups reached their oviposition peaks |
four days after the experiment had begun (343 eggs per female
and 33 eggs per female respective{y) (Fig. 4). The 2F/4M
and 4F/2M ratios recorded maximums of 230 eggs per female and
-204 eggs per female on day 6. The 5F/1M group had a small
péak of 43 eggs per fem;le on day 4 and a second peak of 98
eggs per female on day 12. Eggs laid after day 8 dy females

I

of the 5F/1M group were infertile.

The 3F/3M and 4F/2M displayed the greatest rates of egg
production (140 and 132 eggs/F/2 days respectively) and ovi-
position (124 and 100 eggs/F/2 days respectively) (Table 9b)}.

The 2F/4M sample had a medium fecundity and oviposition rate
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Table 9. Tot81l developmental time of tobacco hornworms reared
on one of the seven meridic diets. DAL: mean number of days as
DAP: mean number of days as a pupa. DAA: mean number
of days as an adult. Total: total development time {(mean number
of days). Numbers under the means are- the standard error of the
means. The numbers in brackets are the range of days needed for
insects to develop in each stage. Numbers in a column followed

by a similar letter are not statistically different from each
other (Duncan's multirange analy51s of wvariance).

Diet

DAL

DAP DAA TOTAL
c 18.503b¢ 35.00° 6.003P 55.752
”  SEM 0.63 0.65 0.76 1.64
n=25 (16-22) (33-37) (4-8) (49-59)
F 19.20P¢ 33.80°¢ 4.40° 57,403
SEM 1.20 1.36 ° 0.40 2.04
H=30 (16-22) (29-37) _ (4-6) (51-63)
Tf - 19.88° 34,41° 5.532P 59.71°
SEM 0.61 0.61 0.40 0.84
n=30 (18-26) (30-40) (4-8) (55-67)
TEQ 18.00%P 31.333P 5.832P 55.172
SEM 0.00 T0.54 0.58 0.97
n=30 (18 (29-35] (4-10) (51-61)
TEiv 17.6730 33.33%P¢ 7 5 gg3P 56.002P
SEM" 0.3 1.96 1.13 1.91
n=30 (16418) (31-43) (2-10) (53-63)
Bs 17.14% 31,143P 5.712P 54.002
SEM 0.35 0.49 .78 1.27
n=30 (16—20) (27-35) (2-10) (47-61)
Bst 18.112P 30.79 .« 7.05% 55.42%
" SEM 0.32 0.53 0.39 0.83
n=30 (16-22). - (27-35) (49-61)

(4-10)
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(103 and 88 eggs/F/Z days). The two extreme sex ratios of
{

1F/5M and SF/lM recorded low rates of egg produdtidn (47 and

68 eggs/F/2 days respectively) and egg deposition (9 and 40

~

=
It is interesting to note that as the ratio of females
'y
to males deviates from 3F/3M, the proportion of the total
egg production retained within the females' abdomens increases.
The fertility of the eggs deposited decreased as the re-

lative number of males decreased.

. A por§noﬁial reéression for the fecundity, oviposi?ion,
and fértility data was performed. The 4F/2M ratio displayed
the greatest fecundlty in this model (Flg 5). The 3Fr/3M
sample laid the greatest number of €ggs per female. Fertility
is directly proportlonal to the number-of\males present;

(Fig. 6). The experimental values and predicted values differ
by a large margin . in some cases. It should be emphasized that
the regression analysis was performed on algméll sample size

and, as a result, may not be an accurate representation of

the experiméntal data.

3.0 Sublethal Toxicological Studies:

The population of each dosed group consisted of a mixture
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<

Fig. 5. Reproductive performance of females of
different sex ratios; 8" : total number of eggs
produced per female; #——s : regression curve for- the
number of eggs produced per female; ¢ : total
number of-eggs laid per female; ®-——e : regression
curve for the total number of eggs laid per female.
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Fig. 6. The fertility of eggs laid by females at

different sex ratios. 0 experlmental data; e—e
regression curve. :
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of second and third, or second, thiid, ahd fourth instar
larvae (Table 10} .. Each grofip had more than 50% of its
population in the third stadium. The results of this set of
experiments will be presented as'larval, pupal, and adult
development of the whole population, and larval and'pqpal

development of insects treated during the second, third, and

fourth stadia.

3.1 Larval Development of the Population:

Oral, sublethal doses of fenitrothion disrupted larval
development (Fig. 7). The contirol population grew synchron-
cusly to the pupal stage and had a single body weight peak
of 5.718 g. Samples treated with 0.00l ppm, 0.0i ppm, and
1.0 ppm concentrations displayed biphasic growth curves with
body weight peaks of 3.272 g and 4.847 g, 3.657 g and
4.696 g, and 6.064 g and 5.978 g respectively. A triphasic
growth curve was observed for the O.; Ppm group with bodf
weight peaks of 1.743 g, 3.764 g, and 2.708 g. the results
of a one way analysis of variance (Duncan's Multiple Rahge
Test) for the body weight data for each dgy is presented in
Table 2, Appendix A, The body weights of the control group,
0.001 ppm, 0.1 ppm, and 1.0 ppm we?e statistically similar
on the day of treatment. The 0.100 ppm sample's body weight
was slightly greater than that of the control. This trend

continued until day 22. From day 22 to day 24 the mean body
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Table 10. The instar composition of each group on the
day of treatment. :

Treatment Percent of Population in Each Instar

(ppm) - When Dosed

Instar.
I fos: I

Control 0.0 - © 80.0 20.0
n=30
0.001 14.3 81.0 4.8
n=30
0.010 0.0  56.0 44.0
n=30 . . _
0.100 . 0.0 84.0 - 16.0 v
‘nh=30
1.000 ' 22.7 72.7 4.5
n=30 g

-



Fig. 7. Development of a population of tobacco
hornworm larvae exposed to sublethal doses of
fenitrothion.  The larvae were reared under
non~diapause conditions.
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Qeight of the control groﬁp was significantly greater than L
those of the treated groups. There Qas no significant diff-
erence between any of the desed groups aftef day 26.
| {
Initial knockdown (% mortality) was npt‘signiﬁicantly

different from the controls (Table 11).

There seems to be a direct relationship betwéen the lower
doses of _fenitrothion aﬁd larvai mortality (Taﬁle 12). The
contrel group &xperienced a mortality of 5.0% following
starvation and treatment with 10 1 of 959% ethanel. .Mort—
aiities recorded -for the 0.001 ppm, 0.0l ppm, and 0.1 ppm
groups were statistically similar (14.3%, 16.0%; and 24.0%

respectively). The 1.0 ppm sample's mortaiity was the

~greatest¥(45.5%f. In all cases, the majority'of the mort-

alities occurred in the third stegium. The 1.0 bpm ;e§-
ulation was the enly group to exhibit second instaf mortal-
ities. Ail other treated gréups‘experienced fourth end in
one instance (0.0l ppm) fifth instar mortalities. 'Mortality
during the course ef larval development followiné treatment

with fenitrothion is presented in Fig. 8.

With the exceptlon 0of groups 0.001 ppm and l O Ppm,
the time spent in each stadium did not vary greatly (Table 13).

Larvae of the 0.001 ppm-and 1.0 ppm"concentratlons spent more

time in the second instar compared to the control. It should

3
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Table 11. The knockdown (KD) effect of oral subleth}a;l
doses of fenitrothion on tobacco hornworm larvae 48 QuUrs
after treatment. Numbers in a column followed by a sim-
ilar letter are not statistically different from each
other (differences of percentages).

TReatment - | KD (%) After 48 Hours
-(ppm)

© Control - ' 5,0%
n=30
0.001 4.89
n=30
0.010 4.0%
n=30
0.100 : : 16.02P
n=30
£.000 , 36.4°
n=30
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Table 12. Cummulative instar mortality\for tobacco hornworm
larvae treated with sublethal doses of fenitrothion. The
numbers in brackets represent the proportion each instar
mortallty contributes to the total larval mortality. Numbers
in a column followed by the same letter.are not significantly
different from each other (differences of percentages).

Treatment Cummulative Instar Mortality ‘
(ppm) : (%)

I iT IT1 v v Total
Control 0.0% . 0.02 5.0 0.0% 0.0 5.0%
n=30 (0.0) (0.0} (100.0) (0.0) {0.0)
0.001 0.0% 0.0% 9.5%Pn  4.g 0.02 14.3%
n=30 (0.0) (0.0) (66.6) (33.4) *(0.0)
0.010 . 0.0% 0.0% g.0% 4.0% 4.0% 16.0%
n=30 (0.0) ©(0.0) (50.0) (25.0) (25.0) .
0.100 - 0.0% 0.0  20.02P 4.0% % .02 24.0%P
n=30 - (0.0) (0.0)  (83.3)  (16.7) +(0.0)
1.ggo 0.02 13.6% 31.8P 0.0% 0.0% 45.5P
n=

{0.0) (30.0) (70.0) (0.0) " (0.0)




A

Fig. 8. Mortality of tobacco hornworm larvae
exposed to different concentrations of
fenitrothion. |
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"be noted that both of these grouPs had larvae in the second
stadium when dosed. The 1.0 ppm samplg also needed sién—
ificantly more time to reach the‘prepupal staée whereas the
0.0l ppm and 0.1 ppm samples todk the same time as the
control group.‘ The control group required a range 6f six
days to complete larval development (Table 13}. All‘treated
samples had a'conéiderably larger range 0.001 ppm: 12 days,
0.01 ppm: 18 days, 0.1 ppm: 10 days, and 1.0 bpm:‘lZ days);

-

. Regressive moUTtg\were.recorded for insects of the

0.001 ppm, 0.1 ppm, andﬂi‘gxsfm samples (10%, 8%, and 5%

respec%ively).

The weight at the end‘of each instar (Table.iA) gives
an indication of the relativé weights of each group prior to
moulting. Statistically most treated groups were not differ-
ent frgm the control sample. However, treated insects in the
third and fourth stadia and the prepupal stage tended to have
slightly larger body weights than did the control group.-

This trend was reversed for the fifth stadium. ,

The amount of diet consumed per gram insect (ADCPGI)
decreases as the insect grows (Table 15). Thé correction
pNied for the

: 4%
tokicology experiments. The amount of diet gi@en to each

factor used in the diet experiments was not ap

insect was too small, consequently the correction factor
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.prodhced toé large an error. ?Hére was iittlé statistical
difference between the ADCPGI of the dosed groups and that
of the control. An increase in the’percent change in ADCPGI
impl;es a décrease in the amount of diet eaten. All treated
larvae in the fifth stadium consumed‘less diet with respect
to the fourth stadium than did tﬁe controel group. Also,
48-hours followiﬂg treatment all treated groups except the
0:010 ppm sample showed an increase in the ADCPGI compgred

K

to the control sample.

3.2 Pupal Development of the Population:

< | \

The percentage of larvae pupating ranged from 95%

(control) to 54.5% (1.000 ppm) (Table 16). The incidence of
pupation appeared to be dose—dependeﬁt.f As the ‘concentration
of fenitrothion increased, the number of insects pupating
decreased,.
~

There was little difference between the maximum pupal 7
body weights of the control and the treated samples. All groups,
except 0.00l.bpm, had larger mean body weights relative to the
‘control. Body weights prior to eclosion were similar for all

samples. However, all treated groups displayed larger mean

values compared to the control.

The mean number of days spent in the pupal stage (DAP)
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ranged from 28.59 f0.0l ppm) to 32.15 (control). all dosed

groups spent less time in the pupal stége than the control

group.

Pupal mortality was statistically similar for all groups
tested. It ranged from 10.5% (0.01 ppm and 0.1 ppm) to
16.7% (0.001 ppm and 1.0 ppm).
. L
The incidence of pupal deformities was as low as 5.6%

(0.010 ppm) and as high as 25.0% (1.0 ppm). There was no

. L“j

significant difference ameng any of the groups tested.

The ratio of female pupae to male pupae (PSR) was least
for the 0.1 ppm sample (0.46) and the greatest for the 0.001

ppm, 0.0l.ppm and 1.0 ppm groups (1.00). S

3.3 Adult Development of the Population:

All samples had more than 80% of their pupae surviving
to the adult stage (Table 17). There was no statistical

difference amongst the five groups.

The mean ngmber of eggs laid per female per two days
varied from 22.74 (0.001 ppm) to 47.32 (O.i ppm) . The mean
number of eggs .produced per female per two days ranged from
42.72 (0.001 ppm) to 61.49 (O.l‘ppm). There was a trend for

all the treated samples (éxcept 0.001 ppm) to exhibit greater
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ovipositioning and fecundity rates than the control.
The propbrtion of the total egg production retained by

females was as low as'23% (0.1 ppm) and &s high as 46.7%

(control, 0.001 ppm). Females of the 0.0l ppm, 0.1 ppm,

and 1.0 ppm gamples tended to retain a smaller proportion of

their egg complement relative to the controi group.

* The fertility of the eggs laid was qreater thanJSO% for

(

¥

all samples.

1

i ]

The mean number of days spent in the adult stage ranged
from 5.80 (1.0 ppm) to 7.07 (control). Although not signif-
icantly different, all treated groups spent less time as
adults compared to the control.

* "'TThe_adult sex ratio was least for the 0.1 ppm group

(0.55) and greatest for the control group (1.0).

3.4 Total Development Time of the Population:

Insects in the 0.0l ppm, 0.1 ppm and 1.0 ppm groups
required less time to complete development compared to the
control (Table 18). Generally, these thfee groups needed .more

time to complete larval development but completed pupal and

adult development faster than the control group.
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. The 0.001 ppm, and 1.0 pmeconéentrations had larvae in
the second stadium when'doséd (Fable i@f. Third instar con-.

trol larvaé were included for the purpose of cdmparison. The

. control group developed‘%&nchronﬁusly and had alsingle body "
'weight maximugkﬁf 5.718 g (Fig. 9}. The OLObl ppm sample
developed asynchrdnously and displayed body weight peaks 6f
3.535 g and 6.206 g. No larvae in the 1.0 ppm group survived
to the pupal stage. ' The initial knockdown éf fenitrotﬁion

48-hours after treatment was less than 7.0% for the control K

and 0.001 ppm groups and 60.0% for the 1.0 ppm sample (Table 19).

All of the control group's mqrtélities o¢éurred during
the third stadium (6.3%). All larvae in the 0.001 PPM group
reached the prépupal stage. Sixty percent of the larvae in
the 1.0 ppm sample diéd in the second stadium and the femaining

40.0% in the third. . N

ﬁoth the 0.001 ppm and 1.0 ppm groups requiredlsi§nififm
cantly more time to complete second instar development comparéa
to the control (Table 20). The time néeééd to complete first,
third, fourth, and fifth instar development was similar for
all groups. Larvag'of the 0.001 ppm sample-: took about five

days longer to reach the pupal stage compared to the control.

\
\ ' - "
4 |

%



Table 19. The\knockdown (KD} effect of oral sublethal
doses of fenitrothion on second instar tobacco hornworm
larvae 48 hours after treatment. Numbers in a column
followed by a similar letter are not significantly diff-
erent from each other (difference of percentages).

Treatment (ppm) KD (%) After 48 Hours
Control 6.3
n-24
0.001 . 9.0
n=4
1.000 ) 60.0

n=6
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Fig. 9. Development of larvae treated during

the second stadium with sublethal concentrations
of fenitrothion.
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The dlfference betWeen the time needed for the first and last
larva in each group tc reach ‘the wanderlng stage was similar
for 'the control and 0 ODl ppm groups (4 and © days réspectively).

Larvae of the.0.001 ppm sample tended to have large?ﬂmean

body weights at the end of the thira, fourth, and fifth stadia,

and maximum larval body weight (Table 21).

s seen previously, the ADCPGI values decrease as the

ol both the 0.001 ppm and 1.000 ppm groups
showed a ‘decrease in the ADCPGI.following treatment.

3. 6~'Pupal Development of Larvae Dosed During the Second
Stadium: i

As mentioned previously, only the 0.001 ppm and 1.000 ppm
groups were treated during the second stadium. Third instar
control larvae were used for comparison. No larvae in the NN\\e

1.000 ppm group survived to the pupal stage.

The number of insects pupating was similar for the control

. group (93.8%) and the 0.001 ppm group (100.0%).

The mean body weights at the beginning and at the end of
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Table 21. Mean body weight (g) at the end of each instar

for second instar insects treated with different concen-
trations of fenitrothion. Maximum larval body weight

is the weight of the larva prior to the non-feeding,

wandering stage. B

Treatment' Body Weight (g) at End of Instar Maximum
(ppm) ' larval
_ . . . _ wt. (g)
I Im I W ¥ |
Control 0.006 0.020 0.132- 1.250 4.888 7.220
SEM 0.001 0.001 0.033 0.108 0.365 0.334
n=24 \
0.001 0.007 0.032 0.234 1.325 7.956 7.277
“j\ SEM 0.000 0.018 0.041 0.307 1.096 0.875
. n=4 .
| | ~ B
' ~
1l.000 0.008 0.014 ~¢ - - -
SEM 0.001 0.033 - - - -
n=6 ’
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the pupal stage Qere larger in the 0.001 ppm group (7.277 g

~and 3.273 g) than in the control group (7.196 g and 2.903 g).

The 0.001 ppm sample regaired 34 days to complete pupal

J T
development whereas the control grolp” required 31.64 days.

There was no mortality in the control sample but it
: 3
reached 33% in the 0.001 ppm sample. A total of 6.7% of the
control group had pupal deformities whereas the 0.001 ppm

group had 0%.

The ratio of femalé:bupae to male pupae was 0.75 for the

contrel group and 0.5 for the 0.001 ppm sample.

3.7 Development of Larvae Dosed During the Third Stadium:

~

Insects of all dosed populations developed asynchronously
(Fig. 10). The control group had a body weight maximum of
5.718 g. All treated samples displayed biphasic growth curves
with body weight peaks of 3.092 g and 4.847 g (0.001 ppm),
3.675 g and 4.696 g (0.0l ppm), 3.;50 g and 2.708 g (0.1 ppm),
and 6.064 g aod 5.978 g (1.0 ppm). There was no significant
difference in the mean body weights among any of the samples
from day 14 to day 18 (Table 3, Appendix A). The control
group's mean body weights were greater than those of the treated
groups from day 20 to day 22. There was no Statistical differ-

ence in mean body weights'among the four dosed groups after



o

PFig. 10. Development of tobacco hornworm larvae
‘exposed to sublethal doses of fenitrothion during
the third stadium.
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day 22.
The initialk knockdown (3 mortality) 48- hou:§ after treat-

ment was statlstlcally similar for all groups (Table, 23)

£

However, as the concentratlon of fenitrothion was 1ncreased
the 1nc1dence of 1n1t¥il larval mortallty ‘also increased.

As with the XD défa, total larval ﬁortality also seémed .
to follow a dose—;eébénsé relationship (Table 24). The control
group displéyed the lowest mortality (6.3%) whereas the l.b |
ppm sample had the highest mortality (31.3%). All groups.
encountered at least 66.7% oﬁ their total mortality during.
the third stadium. The 0.01 ppm sample lost 7.1% of its larvae

during the fifth stadlum and the 0.1 ppm group lncurred mort-

alities during the fourth stadium (4.8%). .

.

With the exception of foyrth instar larvae of the 0. di
ppm group, time spent in each instar-did not dlffer greatly
(Table 25).‘ Treated groups requlred more time to complete the
third and fifth stadia. The mean‘number of days spent as a
larva was greater for all treated groups except for the 0.010
ppm sample,(Table 25) . The range of days needed to complete
lérval development was narrow for the control group (4 days)
and considerably larger for the dosed groﬁps (0.001 ppm and
0.100 ppm (10 @ays), 0.010 ppm (18 days), and 1.000 ppm
(12 days)). =



.‘?‘ - aé.-

. )
Table 23. The knockdown (KD) effect of oral sublethal doses

of fenitrothion on third instar tobacco hornworm larvae 48
hours after treatment.

Treatment ' KD (%) After 48 Hours .
{ppm) :

Control ! 0.3

' n=24
0.001 . ) o s.9
n=25 ) to &
0.010 ‘ ' - 14.3
n=17
0.100 19.1
n=25
1.000 - 31.3
n=23




_86-_

Table 24. Instar mortality of larvae treated with different
concentrations of fenitrothion durihg the third stadium.

The numbers in brackets represent the
mortality contributes to, theé total lar

-

proportion each instar
val mortality.

Treatment
(ppm)

Instar Mortaiity (%)

"Total larval
mortality (%)

Control
SEM
n=24

0.001
SEM
n=25

0.010
SEM
n=17

0.100
SEM |
n=25

1.000
"SEM
.n=23

IT IIT
0.0 6.3
(0.0)  (100)

0.0 11.8
(0.0) {e66.7)

0.0 14.3
(0.0) (66.8)
0.0 23.8

(0.0) (83.2)

0.0 31.3 .

(0.0) (100)

17.7
21.4
28.6

31.3
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Table 25. Mean number of days spent in each instar and total
development time of . tobacco hornworm larvae treated with
different concentrations of. fenitrothion during the third
stadium are presented with the standard error "off the mean .

. (BEM). Numbers in brackets represent the age (days) of the
first and last.:Larva to reach the prepupal stage. Numbers

in a column followed by & similar letter are statistically
similar (Duncan's Multiple Range Test).

Treatment ) Time (days) Spent in Instar Days as
(ppm) : ) : : larva
T it IIT’ v v :
Control  4.00% 2,757 7,072 4 ggf 5.g73P . 53 732
SEM 0.00 0.37 0.51 0.43  0.24 - 0.47
n=24 . (22-26)
0.001 4.00° 4.86° 7.87%P " 5.00% ¢.002P 26.002
SEM 0.00 1.44 0.57 0.41 0.30 0.70
n=25° : ' (24-34)
0.010 4.00% 2.18% 7.172 2.83  7.46° 23,452
SEM 0.00 0.18 0.58 0.63 0.77 1.53
n=17 - _ (20-38)
0.100 4.00% 3.17%P  7.502 4.80% 5,732 24,672
SEM 0.00 0.58 0.65 0.47 0.38 - 0.54
n=25 ] Jf (20-30)
1.000 - _ 95.46°.  4.55% §.363P 56 362
SEM - . - - 072 0.72  0.93 1.07
n=23 : : (22-34)
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The mean body weights at the end of the first, secdnd,
and fifthsétadig were statistically similar for all groups
tested (Table 26). The 1.000 ppm s?mple had a larger mean
body weight at the end of the third stgdium compared to the
other groups. The.mean body weight of the 0.010 ppm group at
the end of the fourth stadium was sig$ificantly less than those
of the other samples. The 1.000 bpm was the only group to dis-
play a significantly larger maximum larwval body weight compéred
to the control. It should be noté& that the mean body weights
at the end of the fifth stadium and the maximum larval body

weight tended to increase.with the concentration of fenitrothion.

The ADCPGI at the beginning of each stadium did not vary
greatly (Table 27). All groups except the 0.01 ppm sample
showed a slight decrease in the quantity of diet consumed
48-hours following treétment with fenitrothion compared to the

control group.

3.8 Pupal Development of Larvae Dosed During the Third Stadium:

The number of insects surviving to the pupal stage ranged
from 93.8% (control) to 68.8% (1.0 ppm) (Table 28). Although
there was no significant differenceramong any of the samples,
the number of insects pupating decreased as the concentration

of fenitrothion increased.
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Table 26. Mean weights (g) at the end of each instar for
insects treated during’the third stadium with different
concentrations of fenitrothion. Maximum larval weight (g)
is the mean weight of the larvae prior to the non-feeding,
wandering stage. Numbers in a column followed by a similar
letter are not statistically different from each other using
& Duncan's Multiple Range Test.

Treatment Body Weight (g) at the End of Instar Maximum

(ppm) : larval
I I T W v we- {g)

Control  0.006% 0.020% 0.132%° 1.250% 4.880% 7.220%P
SEM 0.001 0.00l - 0.033 0.108 0.365 0.334
n=24 .

0.001 .  0.006% 0.029% 0.210%P 1.258% 4.334% 6.4102
SEM 0.001 0.003 0.038 0.114 0.338 0.308
n=25

0.010 0.008% 0.030% 0.170%° 0.242° 4.417%  6.8703%"
SEM 0.002 0.003 0.037 0.098 0.362 0.299
n=17 o, . i ‘

0.100  0.006% 0.028% 0.129% 1.343% 4.753% 7.390ab
SEM 0.000 0.003 0.025 0.115 0.360 0.288
n:25

1.000 - 0.026% 0.262° 1.120%P 5.082%  7.759P
SEM - 0.002  0.075 0.160  0.448 0.396

=23
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Table 27. The ADCPGI at the beginning of each instar for
third stadium larvae treated with different concentrations .
of fenitrothion. The numbers in brackets represent the per-~
cent change in the ADCPGI for successive instars. It was
calculated by dividing the difference of the older ADCPGI
value and that of the previous stadia by the previous stadia
and multiplying by 100. The percent change in ADCPGI when
dosed was calculated as above except the ADCPGI before
treatment and 48 hours after treatment were used. Numbers
in a column followed by a similar letter are statistically
similar using a Duncan's Multiple Range Test. :

Treatment _ ADCPGI at the Beginning of Instar % Change
(ppm} [ — — — in ADCPGI
aI IIT v v when dosed
Control 59.78%  14.5g2P 4.592 0.962 54.7
SEM 17.19 1.14 0.77 0.12
n=24 (=) (75.6) (68.5) (79.1)
0.001 99.99 14.153P 3.82% 0.932 53.1
SEM 20.45 1.82 1.41 0.09
n=25 (-) (85.8) (73.0) , (75.7)
a
0.010 . 29.55 10.622 3.032 1.47P 56.5
SEM 3.78 1.16 0.57 0.16
n=17 (-) (64.1) (71.5) (51.5) ‘
0.100 52,622 10.54% 3.452 0.892 36.4
SEM 8.06 1.23 0.61 0.09
n=25 (=) (80.0) (67.3) (74.2)
1.000 - 16.07° 4.57% 0 1.193b 47.3  *
SEM - . 1.84 0.96 0.09

n=22 (~) (~) (71.6) (74.4)
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There was no statistical difference between the maxiﬁum
pupal body weight of the control group and:the four treated
. groups. The 0.001 ppm and 0.01 ppm saﬁples haé'mean body
weights smaller than the control whereas the makimum pupal
body weights of the 0.1 ppm and l.O PPm groups were larger than
the control. The maximum pupal body weights of the dosed groups
increased as the level of fenitrothion was increased. The min-
imum pupal body weights were statistically similar for all
samples. All treated groups, except the 0.1 ppm group, had
lower mean body weights than the contr8l prior to eclosion.

The mean number of days required.to complete pupal devel-
opment.varied from 28.67 (0.01 ppm) to 31.64 (control). Compared
to'the control grouﬁ, all treated groups spent less time in the

/“”’\

!

pupal stage.

Pupal mortality ranged from 0% (control and 0.01 ppm) to
18.2% (1.0 ppm).
H
The 0.01 ppm had the least number of pupal deformities

0%) whereas the 1.0 pPpm group incurred the greatest number

(27.3%).

The ratio of female pupae to male pupae varied from 0.50

(0.1 ppm) to 1.20 (1.0 ppm).
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3.9 . Development of Larvae Treated During the Fourth Stadium:

The control group developed synchronously and had a body

weight maximum of 4.354 g 18-days after eclosion (FE&. 11).

' The 0.1 ppm group had two body welght peaks of 3.698 g and

4.275 g. Larvae of the 0.001 ppr, 0.01 ppm and 1.0 ppy samples
reached their body weight peaks (4.587 g. 5.156 g, and 3.154qg,

respectively} four to six days after ?he control group.

The initial knockdown (% mortality} 48-hours after treat-
ment was zero for all groups tested. The 0.010 ppm sample was

the only group to record instar mortalities (9.9% during the

fourth stadium). \\\E’ o
A &

All dosed groups exce?t 1.0 ppm spént more time than the
control in the fourth stadium (Table 29). The, 0.100 ppm
group spent less time completing the_ fifth stadium than the
other samples. All dosed groups required more Eime to complete
larval development compared to the control group.' The range of
days needed to reach the prepupal stage was narrow for_all

groups.

All treated sémples displayed larger mean body weights at

the end of the' fifth stadium compared to the control whereas

' that of the 1.0 ppm sample was less than the control group

(Fable 30). Compared to the control group, all treated samples
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Fig. 11. Development of tobacco hornworm larvag

treated with sublethal doses of fenitrothion
during the fourth stadium
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Table 29. Mean number of days spent in each instar and total
development time of larvae treated with different concentra-
tions of fenitrothion during the fourth stadium. Numbers in
brackets represent the age (days) of the first and last

larva to reach the prepual stage.

Treatment

./"—""‘\

Time (days) Spent in Instar Days as
(ppm) larva
T T A
Control ~ 3.00 5.00 . 7.00 20.00
SEM - 0.58 0.58 0.58 0.00
n=6 (20)
0.001 - 4.00 6.00 8.00 22.00
SEM - - - - -
n=1 (22)
10.010 - 3.27 5.80 7.00 201,80
SEM - 0.36 0.20 0.33 0.33
n=13 (20-22)
2 0.100 - 2.00 v 7.50 5.50 21.00
SEM I 0.00 50 0.50 1.00
nz5 e {20-26)
f/h\\\.OOO - 4.00 4,00 10.00 22.00 .
. EM - - -~ - -
, =1 (22)
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had gredter maximum larval body weights.

The ADCPGI at the beginning of the fourth stadium coﬁld
not be calculated (Table.Bl). .Fifth instar ADCPGI values were
similar for all groups. All treated groups exceptlthe 0.100
ppm sample showed a slight depfessien in the ADCPCI 48-hours

following treatment.

3.10 Pupal Development of Larvae Treated During the Fourth
Stadium:

The number of pupae within each group ranged from 1 (0.001
pPpm and 1.0 ppm) to 10 (0.0l bpm) . Due to the small sample

sizes, no statistical analyses were performed.

The percentage of fourth instar larvae Pupating was

greater than 90% for all groups (Table 32}.

The maximum pupal body weights ranged from 6.643 g (control)
to 8.072 g (1.0 ppm}). The body weights increased ag the con-~
centration of fenitrothion increased.. Body weights prior to
eclosion was a low as 2.415‘g (control) and as high as 3.547 g

(0.01 ppm). A1l treated groups had larger mean body weights

than the control.

The amount of time spent in the pupal stage varied frém

28 days (1.0 ppm) to 35 days (control). all treated groups
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n=1

. Treatment Body Weight (g) at the 'End\of Instar Maximum
(ppm) / . . larval
_ _ o _ weight (g)
I I T ™ v
Control - 0.021 4.354 6.638
" SEM - 0.005 - 0.514 0.601
n=6
0.001 - 0:023 0.191 0.751  4.857 7.153
SEM - - - - -
n=1
0.010 - 0.021 0.164 0.812 4.939 7.714
SEM - 0.003 0.011 0.162 0.250 0.344
n=13 .
0.100 - 0.036 - 0.128 1.178  4.532 7.062
SEM - 0.002 0.013 0.197 0.268 0.365
n=5 -
1.000 - 0.016 0.104 0.441 3.359 8.072
SEM - - - - - -
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Table 31. The ADCPGI at the beginning of each instar for
fourth instar larvae treated with different concentrations

of fenitrothién. The percent change in ADCPGI when dosed was
calculated by dividing the difference of the ADCPGT value
prior and after treatment by the ADCPGI value prior to treat-
ment and multiplying by 100. Fourth instar values could not
be obtained because all larvae were moulting to the fourth
instar when they were starved prior to dosage.

Treatment ADCPGI at the Beginning of Instar $ Change
(ppm) ) : in ADCPGI
' When Dosed
= T i "
Control - - 14.70 - 1.71 . 66.1
SEM - 4,17 - 0.13 .
n==6 ]
0.001 - 16.56 - 1.53 47.6
SEM - - - -
n=1 -
0.010 - 13.17 - - 1.50 57.9
SEM - 2.25 - 0.09
n=13 '
0.100 - - 5.41 - 1.21 67.2
SEM - 0.61 - . 0.02 "
n=5 -
1.000 - 6.59 ¢+ - . 2.35 64.3
SEM :

n=l , - - - -
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required less time to compléte pupal developméhﬁ than the

contrdi"gﬁgup.

The only control group and the 0.0l ppm group incurred
pupallmortalities ﬁ503 and ,20%, respectively) and pupal de-
formities (25% and 10%, re;Eectively)..

The ratio 9f female pupae to male pupa

varied from 0/1

to 1/0 (1.0 ppm and 0.001 ppm, respectively) to 2.00 (control).

4.0 Larval Development of the Fj Generation:

Synchronous growth curves were recorded by groups 0.001
and 0.01 ppm (Fig. 12). Both had a single body weight maxim
of 4.948 g and 4.0@% g resbectively. Larvae of the control an
6.1 ppm samples displayed biphasic growth curves with body
weight'peaks 6f-2.9?2 g and 6.036 g, and 3.415 g and 6.032 g
respectively. The 1.0 ppm group had three body weight peaks

-

(2.788 g, 3.097 g, and 1.749 g).

* Larval mortality -varied from 4% (0.01 ppm) to 52% (L.0
ppm} (Table 33). With the excepﬁion cf the .0.01 ppm sample,
mortality of all treated groups was higher than the control

group. ) _ &

Incomplete ecdysis was common in all treated groups.
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Fig. 12. Development of F1 generation larvae
whose P) generation was reared under non-diapause

conditions and exposed to sublethal doses of
fenitrothion.
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Table 33. The developmefit of F] generatio?}ﬂ; sexta larvae
whose parental generation was treated with /sublethal doses of
fenitrothion. Numbers in a column followed by a jsimilar humber
are not statistically different from each other (difference of
percentages). Numbers in a column followed by similar letter

are statisticallf similar (Duncan's Multiple Rdnge Test). The
sample size of all groups was nw=25. :

Parents Larval Maximum Days ~ Larvae

Treatment Mortality Larval - As Pupating

{(ppm) (%) wt. (g) Larva Before
. 5.0 (qg)

(%)

Control 15.5%-2 7.998  20.82% 0.0t

SEM 0.246 0.69

0.001 36.0°°3 6.8452 21.502 12.0%

SEM 0.521 0.70

0.010 4.0t 6.660% 18.50 12.0%

SEM 0.296 0.37

0.100 36.02%°3 6.656% 22.382 12.0t

SEM 0.401 0.52

1.000 52.07 6.701% 20.673 4.0%

SEM 5 - 0.375 0.71

N

}
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There was one instance where a larva'of the 1.0 ppm group was
unable to completely shed its cuticle. Haemol&mph filled the
' cavity between the o0ld and the new cuticle (see Plate'4). The
haemolymph disappeared after a day. fhe larva died two days

later.

The control group hdd the highest mean larval body weight
(7.998 g) (Table 33)}. This was sEgtistically larger than the

four treated samples.

There was no significant difference in the mean number of

days spent in the larval stage among any of the groups.

All treated samples had instances where larvae pupated
prior to reaching a minimum larval weight of 5.0 g. The values
varied from 4% (1.0 ppm) to 12% (0.001 ppm, 0.0l ppm, and

0.1 ppm).

4.1 Pupal Development of the F]. Generation: : "

The proportion of larvae reaching the pupal stage varied

from 48% (1.0 ppm) to 96% (0.0l ppm) (Table 34) .

The mean maximum pupal body weights of all treated groups
were statistically:smaller than the control group. The mean

minimum pupal body weights of the treated groups alsc tended
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Plate 1V. Ldarval deformities. a: normal larva (top)
shedding smaller head capsule. A regressive moult
{below). Note the larger head capsule being shed. b:
incomplete larval ecdysis with haemolymph £illing the
space between 0ld and new cuticle. c¢: a closeup of
b- .
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to be smaller than the control.

The mean number of déys spent in the pupal stage was as
low as 35.5 days (0.1 ppm) and as high as 39.14 (control) .
All treated groups took léss time to complete pupal develop-

ment relative to the control sample,

Pupal mortality was 25% or less for the control, 0.001 ppm,

]
0.1 ppm, and 1.0 PpPm groups.and 63.3% for the 0.01 PpPm sample.

Pupal deformities ranged from 0% (1.0 ppm) to 22.2%

(control). ’

All groups had a greater number of female Pupae than male

pupae. The ratios varied from 1.33 (0.1 ppm) to 3.0 (1.0 pom) .

h.

4.3 Adult Development of the F; ‘Generation:

The 0.0l ppm sample had the least number of Pupae surviving
to the adult stage (36.7%) (Table 35). All other samples had

75% or more adult emergence.

The mean number' of eggs laid per female per two days was
12.92 for the control. The 0.001 ppm and 0.01 ppm group values'
were less than the control's (0.0 and 0.28 respectively) and

the 0.1 ppm and 1.0 Ppm groups values' were greater than the
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control's (66.79 and 47.2 respectiveiy). The meén number of
€ggs produced per female per two days showed similar trends.
The values of the 0.001 ppm and 0.01 Ppm groups (8.42 and 22.19
reSpectively)'w?re less than the control (32.59) whereas the
0.1 ppm and 1.0 Ppm were greater tban the contiol (87.32 and
59.63 respectively). The proportion of the egg production
total retained by females varied from 100% (0.001 ppm) to

20.8% (1.0 ppm). The 0.001 ppm and 0.01 ppm samples were

lower than the control group and the 0.1 ppm and 1.0 Ppm groups
- - t

“had values greater than the controls.

Fertility of the eggs laid ranged from 0% (0,001 bpm and

0.01 ppm) to 84.0% (1.0 ppm) .

Although not statistically different, all treated samples

spent more time in the adult stage compared to the control group.

The proportion of female adults to male adults was as low

as 3/0 (0.0l ppm} and as high as 3.0 (0.001 ppm) .

414 Total Development Time of the F1 Generation:

Insects of all treated groups tended to take slightly
more time to complete development than £4d the control (Table

36). In general, treated groups required about the same time
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to complete larval development, less time to complete pupal
'development, and more time to complete adult development in

relation to the control sample.

1

—— e ——
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Table 36. Development of F1 generation M. sexta adults whose
parental generation was exposed to sublethal concentrations
of fenitrothion. Numbers in a column followed by a similar

letter are. statistically similar (Duncan's Multiple Range
Test) .

i

.

Parents ays -Dayé ' Days .+ Total
Treatment As As As Development
{(ppm) Larva Pupa Adults Time (Days)
Controk 20.822 39.149 - 7.71% 71.142
SEM . 0.69 1.44 1.87

n=25 . - . '

0.001 1 21.508 . 3g.178° 15,332 77.002
SEM 0.70 . 1.19 2.17 2.49
n-_—25 :

0.010 - 18.50 36.00% 16.67% 71.33%

_ SEM ,0.37 3.06 0.67 : 2.40

" n=25 : . }

) by

0.100 '22,38%" 35,50 11.50% . 71.17%
SEM - 0.52 1.40 1.64 - 2.76
n=25 , ’

a a T a a

1.000 20.67. 36.00 13.50 73.50
SEM 0.71 3.06 2.17 5.12
n=2% ’



DISCUSSION

h of the Tobacco Hornworm on Different Diets:

N~

L]

Tobacco hormworm larvae were reared most successfully on

]

diets Tfi, Bs, and Bst. ,Of the seven diets tested, only larvae
) ] ) .

of group Tfi developed synchronously. With the exception of

larval mortality and mean number of days spent in the %g;yaﬁf'”'

stage, insects reared on Tfi fared better than those reared on
Bs or Bst. .

Larval mortality was high for most groﬁps including Tfi.
The small plastic ;earing vials used in this experiment limi-
ted the larva's space and were poorly ventilated. Condensation
would build up in the vial either drowning the larvae or promo-
ting the growth of microbial contaminants. Mortality of control
larvae reared in larger, better ventilated vials on diet Tfi in

the toxicology experiments was low (see Table 12).

The additioﬁ of water to Tf resulted in an increased ADCPGI.
Insects tend to consume more diet when the nutrients are dilﬁted
(Vanderzant, 1969). The addition of tobacco to the diets ‘also
increased the ADCPGI. Tobacco had a phagostimulatory effect on
tobacco,ﬁornworm larvae. This insect has been successfully
reared on tobacco-free diets for many years (Bell and Joachim;

197s). ﬁowever, the larvae lose -their specificity to tobacco

and, in addition, can no longer survive on tobacco plants or



tobacco baded diets (Dethier, personal éSmmupicatiqp+~Je£$y‘
et al, 1968). “ AN

The greater incidence. of pupal mortalities an&/defofmitleég
in groups Bs and Bst could have been the result/pf excessive or
lnadequate levels of essentlal nutrients (House! 1965).

—;

Adults of Tfi had the greatest reproductive potential of

all the diets tested. Reduced adulit yield, ecdysis feilure,
mortalities, and deformities of inseg¢ts reared on an 1nadequate\'_
diet is well documented (Chippendale mand Beck, 1965 Dadd, 1960;
Navon, 1878; Rock, 1967; Vander ant et al, 1962). It is clearly
evident from the data tha; ingredient/s of Tfi best' satisfied

the nutritional requirements of the tobacco hornworm and pro-~
moted the insects' growth and development better than the other

i

diets tested.

2. Adult Sex Ratio and Reproductive Performance:

The optimum sex ratio for laboratory reared tobacco horn-
worm adults was“3F/3M. This ratio displayed the highest rates
of bvipesition and egg production of the five groups tested
(Table 9) and is in agreement with the work of Otake and
Sakufatami (1872). The percentage of the total egg production
'retained in the abﬁomens of females of the 3F/3M gioup was

least. Females of the 2F/4M and 4F/2M samples also had good
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oviposition:and fecundity rates.

The fertility of the eggs laid was dependent on the number
of males present in the group (Table 9).% This agrees with the
findings of Burton {1969), Guerra, et al (1972),

Jones et al (1975, 1979), and Otake and Sakuratami (1972).

Females of the 1F/5M and 5F /1M ratios showed some interes-
ting trends. Mated females of the 5F/1M group éeposited fertile
eggs within the first 8 days of eﬁergepce (Fig. 4). After this
period infertile eggs were laid. The firgt peak (day 4) of the
5F/1M group corresponds with the fertile eg¥% deposition peak of
the 1F/5M sample. The second peak (day 10) is related to the
activity of virgin females. Wigglesworth (1966) stated that
virgin females produced the same number of ripe eggs as mated
females and that copulation was the stimulus for oviposition.
Females of the 5F/1M group may have delayed oviposition because
of the absence of the copulatiég §timulus. Eight days after
emergenée, an . overriding mechanism may have. induced the females

to begin laying infertile eqgygs.

Jones et al (1979) found that large numbers of males rela-
tive to the number of females decreased female longevity. This
appears to be the case with the 1F/5M group. The longer life

span of females of the 5F/1M group ({(about 14 days) could be

attributed to the low number of males present. However, it is

SR
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apparent from Fig. 4 fhat virgin females reach their oviposition
peak after mated females and live longer thanlmated females.
Therefore, the longevity of females appears to be related to the
matiﬁg status of the female rather than the number of males

present.

The percentage of the total egg production retained by
females was highest for the 1F/5M ang 5F/1M samples. The higher
percentage shown by the 5F/1M group could be attributed to the
virgin femalés ip the sample as Wigglesworth (1966) had observed.
The femalelof the 1F/5M group laid fertile eggs. The large
proportion of the total egg production retained by this female
may have been the result of a stress related impairment of re-

productive behavior that Guerra et al (1972) proposed.

3.0 The Sublethal Effects of Fenitrothion on the Development of

the P; Generation:

3.1 Development of the Population:

Sublethal doses of fenitrothion had a definite effect on M.
sexta development. All treated pPopulations developed asynchronously
to the pupal stage (Fig. 7). In general, the mean number of days
ﬁeeded to complete laréal‘development was greater for most treated
groups compared to tQ? control (Table 13). Associated with the

treated groups' longer development time was the larger mean body

<y
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weights at the end of the larval stage (Table 14). The ADCPGI
Was reduced for all treated groups 48 hours after treatment with -

fenitrothion (Table 15).

The reduced rate of development of the treated groups was
probably the ‘'result of a decrease in food consumption (Turunen,
1972, 1975, 1977) and poor food utilization (Tanton and Khan,
1978c). Fenitrothion could have disrupted the midgut epitheluim
so that the efficiency of food absorption and utilization was
reduced. Many treated larvae were observed discharging partially
digested semi-liquid wastes both orally and rectally. The
. damaged disgestive system could also have had an inhibitory in-

fluence Bn feeding.

The treated larvae required more time to surpass the mini-
mum f£ifth instar body weight required for pupation to be initiated
(Table 13) (Nijhout, 1975; Nijhout and Williams, 1975a,b). The
dose-~dependent incréase of the groups' maximum larval body weight
(Table 14) could be the result of an inhibition of JH metabolism

(Pratt, 1975) or some other impairment of the insect's endocrine

system.

As might be predicted, mortality was dose-dependent. The

ecorded in groups 0.001, 0.1 and 1.0 ppm in-

cate that fenitrothion affected some larvae of each group more

S

than others.



- 116 -

- ‘” .
Pupae of all samples recorded similar body weights prior

to adult eclosion (Table 16). The mean number of dayé spent

in the pupal stage was less for the dosed groups with respect to
the control. There also may be a critical minimum weight pupae
must reach prior to emergence. The control group had éimilar
mortalities and deformities as the treated groups. It is more
likely that these effects are the result of the stress involved
with starvation and géﬁeral rearing_rather than latent toxic

effects of fenitrothion. «

Adults of treated larvae recorded 4 greater reproductive
potential compared to the control adults (Table 17). The in-
crease in the rates of oviposition and fecundity of the treated
groups tended to be dose-dependent. These results are consistent
with the findings of Hodjat (1971) and Honek and Novak {1978).
The reduction in the Proportion of the total egg production
retained by females of the treated groups could be attributed
to the short life of these adults. As the concentration or
the pesticide dose increased, the life-span of the adults decreased.
The reduced longevity of the treated adults could haye been the
result of latent toxicity, an impairment of endocrine function,
or an inadeqﬁate supply of protein, carbohydrate, or liquid reser-
ves. This could follow from remarks made earlier on the absorp-
tion of food in treated larvae. As the fertility of all treated

groups was high, mating did not appear to he affected.

/
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‘The total development time of the treated impaired inéects
was generally shorter than the control. Treated larvae took
longer than the control to develop, while treated pupae and
adults required less time to complete development. Boles (1974),

De Coursey and Webster (1952), Grosch (1975), Riviere {1974), and

-

/
seem that once larvae have overcome the detrimental effects

Zettler and Le Cato (1974) recorded similar results. I;,mgfjd
of the insecticide,surviving individuals possess an- adaptive
mechanism. that ensures the emergence of -adults at roughly equal times.

This is similar to the effect of naturally occurring alkaloids

on the dark—sided_cutworm (Devitt 1978).

3.2 Development of Insects Treated During the Second Stadium:

Only two groups contained second instar larvae at the time
of treatment: 0.001 ppm and 1.0.ppm. The sample siée of each
group was small. Third stadium control insects were used as a
comparison. It is recognized that using third instar control
insects is not the most accurate approach for interpretation of

the data but this still permits some comparison of treated and

untreated insects,

The 1.0 ppm dose of fenitrothion was very toxic to second
instar larvae whereas the 0.001 ppm dose was not. Compared to
the third instar control data, second instar larvae of the 0.001

ppm sample required more time to complete larval development,
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' weighed more at the end of the pupal stage, and displayed a
decrease in the ADCPGI 48 hours after treatment.
Pupae of the 0.00l ppm group weighed less than the control

and took longer to complete pupal development.

3.3 Development of Insects Treated During the Third Stadium:

The population of all treated gfoups grew asynchronously
(Fig. 10). Weight at the end of the larval stagé was less tﬁan
the control for the 0.001 and 0.0l ppm groups and greater than
the control for the 0.1 and 1.0 ppm samples (Table 26). Maxi-
mum larval body weight increased with the concentration of feni-
trothion. Presence: of sublethal doses of fenitrothion in the
dev%loping larvae appears to offset'%h% minimum larval body
weight proposeé by Nijhout (1975) and Nijhout and Williams (1975
a,b).. Sublethal‘doses could also the affected_the ;nitiatioﬁ
of pupation by interfering with the insect's endocrine system,
Low doses of fenitrothion had no apparent effect on the ADCPGI

(Table 27). A greater

egree of intestinal tract damage in the
0.1 and 1.0 ppm groups may have caused the depression of th%
ADCPGI valves. TMortality was dose-dependent (Table 24).

number of days spent in the pupal stage of all

treated groups was less than the control (Table 28). As suggested

earlier, this could be a mechanism to compensate for the longer
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larval development time of the treated samples and ensure
synchronous eclosion. The higher incidence of mortalities
and deformities of the 0.001, 0.1, and 1.0 ppm groups is
consistent with the findings of Bond et al (1969), Bond

and Upitis (1973), Gough (1939), and Loschiavo (1960). =

3.4 Development of Larvae Treated During the Fourth Stadium:

The asynchronous development of the treated fourth instar larvae

(Fig. 11) was less pronounced than for treated -second and
third instar larvae. However, treated fourth instar larvae
still required more time to complete their development

(Table 29) and weighed more at the end of the lar&al stage
(Table 30) compared to the contfol sample. The low mortalities
recorded by all treated groups indicates that fourth instar
larvae are less sensitive to sublethal doses of fenitrothidn
ranging from 0.001 - 1.0 ppm or are better equipped to cope

with the toxicant.

The pupal body weight prior to adult emergence of the
dosed samples was éreater than the control (Table 32).
Consistent with previous results, the number of days required
for treated pupae to complete development was less than the
contfol. Fewer:pupal deformities a?d mortalities were
recorded in the fourth instar treated groupsvthan in the third

instar treated groups.
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4.0 The Sublethal Effects of Fenitrothion on the Development

of the F] Generation:

Sublethal doses of fenitrothion not only affected
development of the/él generation but the F; generation as
well. Larvae of all treated groups weighed less at the end
of the larval stage compared to the control (Table 33).

Most treated larval groups experienced a greater number of
larval mortalities. The higher incidence of larvae initiating
pupation at body weight.lower than 5.0 g an&ééhe incidence of
incompleﬁe ecdysis of larvae of treated groups suggests an
interference with the insect's endocrine system on a long-
term basis.

1]

As recorded with the Py generation, the weight of the
treated pupae prior to adult emergence was less than the
control group (Table 34}. The‘development time of the treated .

pupae was consistently less.than the control.

The oviposition and fecundity rates of the F] control
group were less than the control values of the Pj generation
(Table 35). Adults of the 0.001 and 0.01 ppm groups recorded
very low fecundity and egqg laying rates whereas those of the
0.1 and 1.0 ppm groups was greater. The females of the 0.1
and 1.0 ppm groups managed to lay a ldrger proportion of their
eggs compared to the other groups. Ail treated adults spent

more time in the adult stage than did control adults.

PR
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Treated pupae ténded to take less
development whereas the treated adults
"longevity compared to the control. .As
span of all treated groups was greater

group.

time to complete
displayed a greater
a result, the life

than .the control

v
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CONCLUSIONS

l. Diet experiments:

4

A wheat germ based diet with dried tobacco leaves added,
and an increased water content (Tfi) best satisfied the
nutritional requirements of the tobacco hornworm and was
the 'most successful in promoting the growth and develop-

ment of the tobacco hornworm.

2. Adult Sex Ratio and Reproductive Performance:

a)

b)

c)

d)

The optimum sex ratio for laboratory reared tobacco horn-

worm adults was 3F/3M.

The fertility of the eggs laid was dependent on the

number of males present in the group.

Unmated females of the 5F/1M group began oviposition 8
days later than mated females and lived 14 days longer

than mated females.

Females of the 1F/5M and 5F/1M samples retained a larger

proportion of their egg complément compared to females

of the other sex ratios.
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3. Effects of Fenitrothion on the Development of the Py “\?
Generation: J;
. ]
a) All treated larvae displayed a lower growth rate than

)

c}

d)

the control.

Larval‘mortality was dose—dependent.

~

Treated pupae required less time than the control, to

complete development.

Treated adults exhibited a greater reproductive potential
than the control. Therefore, fenitrothion, at low

doses,” appears to have a stimulatory éffect on fecundify.

Total development time of all treated groups was less

than the control.

&

4. Effects of Fenitrothion on the Development of the F;

Generation:

a)

b)

Tredfed larvae weighed less at the end of the larval stage

compared to the control.

Larval moftality of all treated groups was less than the

control.
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¢) In treated larvae, the initiation of the pupal stade

could occur at body weights of less than 5 g.

d) -Pupae of the treated groups required less time than the

control to complete development.

e) The reproductive potential of the 0.001 ppm and 0.01 ppm
'adults was less-ghan the control whereas that of the
0.1 ppm and 1.0 ppm adults was greater than the control.
f) The time spent in the adult stage.and total development

time of the treated groups weére greater than the control.
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Most research projects generate more questions upon their
completion than were initially asked before the work was begun.

Some further studies should prove ihteresting and enlightening

"~ in the following areas: (l) repeat the diet experiments under

better rearing condltlons and for more generatlons in order to
verlfy the results presented in this the51s, (2) it would be-
lnterestlng to conduct a histological study of the dlgestlve
tract of the treated tobacco hornworm larvae so that the presence
or absencé of lesions can be determined. These studies might
aleo'pro&e"useful in elucidating the amount of time required for
the digestive tract to recover from sublethel doses of fenitrothion:
(3) Investigate the subl thei‘effects of fenitrothion on the.
insect's endocr;ne s%JQ;:

v ,
acetylcholinesterase inhibition with JH, ecdysone, and PTTH

One should attempt to correlate

titers and how this inhibition would affect growth, ecdysis,
initiation of the pupal and adult stage, and on the reproductive
potential of the.tobacco ornworm; (4) Study the Fl generation
of treatedgedults to determine whether any impairment of the
endocrine system resulted from the barental generatlon being
exposed to low doses of fenitrothion; (5) It is important thae -
a protocol be established to separate the effects of stress of )

the perturbant and the effects of stress from the environment.
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FPig. 13 The weight loss of Bst diet cubes after two
days. The regression curves were used to correct exrors
in the ADCPGI calculations for the diet experiments. The
regression equations of the other diets were:

-

c: y= 45.82x 0-76 ,
F: y= 49.87x"0-72 7 L S
Tf: y= 50.33x 0-80 \)
TEi: y= 63.55x 0°%° _
TEiv: y= 57.01x"0-80 ‘ | |
Bs: y= 53.42x O '8 L -
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