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INTRODUCTION 

Insects are generally attracted to materials for three purposes: 
(1). To obtain food for themselves or their progeny, (2) to lay their 
eggs, or (3) to gather material for their nests. In some instances 
the food of the adult and young is the same, and the eggs are laid 
directly on the substance which the adult eats. But there are many 
insects which show no such relation, in which the adult leads some 
part, often a considerable part, of its life in an environment very dif- 
ferent from that of its immature forms. Furthermore, certain adult 
insects do not feed at all, yet are able, in some manner, to deposit 
their eggs in locations which favor the ready access of the young 
larvee to their acccustomed food. Indeed, there is so much precision 
on the part of many insects in the selection of a place to deposit eggs 
that students were early impressed with the idea that something 
directs the gravid female to, and induces her to oviposit upon, food. 
suitable for her progeny. 

It is the purpose of this bulletin to discuss the various stimuli 
which affect the oviposition reaction of insects. Any treatment of 
the subject at this time must, however, be considered preliminary. 
Few attempts have been made to analyze this response, although 
numerous observations are on record which contribute toward its 
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understanding. Many of these records are found in the extensive 
life-history lterature of entomology under titles which conceal their 
presence. Tor this reason, some important contributions have prob- 
ably been overlooked and, although a sincere effort has been made to 
cover the ground, completeness is not claimed. 
‘The stimuli which determine when and where an insect will ovi- 

posit begin to operate far back in her life and may continue to affect 
her till the eggs are extruded. These influences are of two kinds, the | 
internal and the external, and for convenience they will be taken up 
below in this order. 

INTERNAL PHYSIOLOGICAL CONDITIONS AFFECTING OVIPOSITION 

NUTRITION 

There is evidence to show that the amount and character of the 
food of an insect affect the production of eggs. An adequate treat- 
ment of this subject would necessarily involve a discussion of nutri- 
tion and would lead beyond the limits of the present problem. It 
is sufficient to say here that numerous authors, including Kellogg and 
Bell (44),1 Baumberger (6), Glaser (26), and Kopeé (AT) have in- 
dicated that subnormal nutrition, whether due to the quantity or 
quality of the food, may have a decided effect on oviposition. 

AGE 

Among the groups of insects which possess mature eggs upon 
reaching the adult stage, some species, under favorable conditions, 
lay their eggs soon alter emerging, whereas others retain them for 
a more or less extended period of time. The state of nutrition and 
weather conditions modify greatly the extent of this period (26, 40). 
No particular attempt has been made to assemble the literature 
on this subject and only two references are given here. Breit (10) 
states that bombycid and noctuid moths lay eggs soon after mating, 
while most diurnal Lepidoptera fly around a few days before ovi- 
positing. Age has no influence upon the oviposition of Drosophila 
melanogaster Meig., provided sexual maturity has been reached 
( Adolph, 7). 

FERTILITY 

Horitiny appears to be a stimulus for oviposition in some species, 
influencing not only the time of egg laying but also the number of 
eggs deposited. Normal oviposition of the cotton boll weevil (An- 
thonomus grandis Boh.) apparently will not take place till fertili- 
zation has been accomplished, but it usually begins soon after that 
(41). Mating accelerates the oviposition of Heliothis obsoleta Fab. 
(62). ‘The fertile potato tuber moth (PAthormaea operculella 
Zell.), according to Graf (29), oviposits within 24 to 48 hours after 
emergence and most of the eggs are laid within 4 days. The number 
varies from 38 to 290 eggs, the average, from 114 to 209 eggs, depend- 
ing upon the nutrition of the female. Contrary to this, virgin 
females oviposit in from 1 to 7 days after emergence, the average. time 
being 4.4 days. The number of eggs ranges from 1 to 51, with only 
92.6 as an average. Unpublished: observations of the ‘writer on 

1 Reference is made by number (italic) in parentheses to ‘“ Literature cited,” p. 15. 

» 



THE OVIPOSITION RESPONSE OF INSECTS s 

E’phestia kuehniella Zell. indicate that oviposition is considerably 
delayed and the number of eggs reduced if copulation has not taken 
place. Guyénot (37) and Adolph (1) obtained evidence from Droso- 
phila melanogaster that mating is a stimulus for egg-laying; the 
former thought it was a mechanical stimulus because the first eggs 
deposited were frequently unfertilized. Picard (67) has also observed 
this effect in Phthorimaea and Hesperophanes griseus F. A recent 
work by Glaser (26) indicates clearly that association with the male 
sex stimulates egg production in M/usca domestica L. and Stomoxys 
calcitrans LL. Virgin females of the imported pine sawfly (Diprion 
stmiée Hartig) apparently wait 2 days before oviposition and 
although they can reproduce parthenogenetically, if not mated they 
lay only half as many eggs as fertile females (53). Mating is not a 
factor in the oviposition of many parasitic Hymenoptera (34, 61), 
nor in certain social Hymenoptera.” | 

INTERNAL PERIODICITIES 

Adolph cites the work of Back and Pemberton (3) on the melon 
tiy (Bactrocera cucurbitae Coq.) to show that internal periodicities 
may be responsible for the intermittent deposition of eggs by cer- 
tain species. Such periodic egg-laying occurs in other insects (9) 
though few references to it have been found. Bishop, Dove, and 
Parman (&) mention that the house fly (Afusca domestica) lays eggs 
at 8-day intervals. 

EXTERNAL INFLUENCES AFFECTING OVIPOSITION 

TEMPERATURE 

Temperature influences the rate of many life processes, among 
which may be counted the activities connected with oviposition. 
Within the range of each species there is probably an optimum tem- 
perature for egg-laying. In the alfalfa weevil (Phytonomus posti- 
cus Fab.) mean daily oviposition follows in general the curve of mean 
daily temperature (57); a similar relation holds for the cctton boll 
weevil (Anthonomus grandis) (76). A reduction of 3° or 4° C. has 
been observed to lengthen the oviposition period of Vomécus (Ips) 
typographicus L. from 1 to 8 days (35). <A cool night retards the 
oviposition of Hypera punctata Fab. and it ceases between 7° and 
10° C., according to Hudson and Wood (39). <A recent study by 
Detouches (/9) on the wax moth (Galleria mellonella L.) shows how 
markedly temperature may affect the quantity of eggs laid. At 87° 

2 Some additional instances of fertility as a stimulus for oviposition have come to 
light since the above was written. According to Baker and Dayidson (Jour. Agr. Re- 
search, vol. 6, pp. 351-360, 1916), the female of Hriosoma pyricola Baker and Davidson 
fails to deposit the winter egg unless fertilized directly after the last integument has 
been cast. Hippodamia 13-punctata L. will oviposit without being fertilized but searcely 
one-fourth of the usual number of eggs are laid (Cutright, Ann. Ent. Soc. Amer., vol. 17, 
pp. 188-192, 1924). Sen (Rept.. Proc. 5th Ent. Meeting Pusa, February, 1923, pp. 
215-225, Calcutta, 1924) was not able to obtain eggs from unfertilized females of 
Aedes (Stegomyia) albopicta Skuse even after the insects were allowed to bite and 
suck blood. _ Studies on Chlorops taeniopus Meig. by Frew (Ann, Appl. Biol., vol. 11, 
pp. 175-219, 1924) show that unfertilized females commence ovipositing 10 to 12 days 
after emergence, while fertilized females begin laying in 4 to 5 days. Unfertilized flies 
alse lay fewer eggs than fertilized flies. Apparently the mite Tyroglyphus mycophagus 
(Mégnin) will not lay eggs unless if has been fertilized (Schulze, Zeitschr. wissen. 

Biol, Abt. A. Morph, and Okologie, 2, Heft 1 and 2, pp. 1-57, 1924). It is not yet 
clear whether this stimulus is a mechanical one, as Guyénot has suggested, or an internal 

one resulting from substances transferred to the female during coition. 
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C., the optimum for larval development, the female jays from 9 to- 
15 eggs. When intermittent temperatures of 1° and 37° are imposed 
for 24-hour periods throughout the life of the moth, it lives longer 
and lays 25 to 35 eggs. At temperatures intermediate between 20° 
and 37° not over 12. eggs are laid. The vital repose obtained by the 
lower temperature prolongs the life of the moth and_-an increase in 
egg production results. Temperature affects both the rapidity of 
egg-laying and the number of eggs deposited by Phthorimaea oper- 
culella (29). Glenn (28) states that low temperature delays egg- 
laying of the codling moth (Carpocapsa pomonelic). Isely and 
Ackerman (42), who have recently studied the oviposition of this 
insect, could detect no serious check in egg-laying under optimum 
light conditions till a temperature of 18.3°C. was reached. Below 
this few eggs were laid and oviposition ceased entirely at 16.7°C. 
The period of highest night temperature occurs immediately after 
sunset, which probably accounts for the heavy oviposition at. this 
time (Siegler and Plank, 74). Sharma and Sen (72) found that 
certain Indian mosquitoes preferred temperatures near 35° C. 
for oviposition, and high or moderately high temperatures under 
proper moisture conditions stimulate egg- laying in the house fly 
(Musca domestica) (Bishopp, Dove and ‘Parman, 8). It has been 
Hien by Roubaud (67) that Glossina palpalis Desv., which de- 
posits living larve. is active in this respect between approximately 
93° and 28° C., whereas at 30° C. reproduction is completely arrested. 
Lysiphlebus tritici Ash. (=A phidius testaceipes Cress.), a hymen- 
opterous parasite of the green bug (7 oxoptera graminum Rond.) 
attempted to oviposit, but Without success, at 1.7 ° C., the lowest tem- 
perature at which the oviposition activity of this species was ob- 
served (27). Temperature plays an important role in the Ee 
of H ovubeieon brevicornis (Wesmael) (34).° 

HUMIDITY 

Humidity is an important factor nm the egg-laying activities of 
many if not most insects. Shelford (72?) observed that tiger-beetles 
require moist soil for oviposition. By increasing the atmospheric 
moisture irom 55 per cent to 96 per cent, egg- laying of Toméicus 
typographicus was delayed from 1 to 7 days ( Hennings, 3D). 
Heavy precipitation delays oviposition in Carpocapsa pomonella, but 
whether from the effect of the moisture or from mechanical effects 
was not stated (Glenn, 28). High atmospheric moisture favors 
oviposition in the blow-flies (C alliphora spp., Lucilia spp., 81), 
and invariably imcreases the amount of egg laying in Drosophila 
melanogaster (1). It is also necessary for normal oviposition of the 
house fiy (8, 63. 64,68). According to Roubaud (67), the deposition 
of larvae by G lossina palpalis ceases when the atmospheric humidity 
reaches the saturation point unless the fly has previously been sub- ~ 
jected for several days to an accelerating temperature (28°C). The 
humidity of the usual habitat of this species is normally 90 per cent. 
Certain species of mosquitoes and other insects which lay their eggs 
upon the surface of the water probably develop a strong hydro- 

>The correct name for the species used by Hase (cf. Die Naturwissenschaft, Jahre. 
11, Heft. 39, p. S01, 1923) is juglandis. 
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tropism during the breeding season. However, the recent experi- 
| ments of Sharma and Sen (72) appear to indicate that dissolved 
| substances influence the oviposition response.t According to Hase 
(34), the degree of moisture has no effect on the ego-laying of 

| Habrobracon juglandis. 
| LIGHT 

The character of the response of an insect to hght has an im- 
portant bearing on the kind of environment in which the eggs will 
be laid. If the response is positive, oviposition will take place in a 
well-lighted environment, unless, as sometimes happens, there is a 
reversion of the normal heliotropism during the egg-laying period. 
The opposite will be true of negatively heliotropic insects. Grevil- 
lius (30) states that light plays an important part in the selection 
of a place for oviposition by the brown-tail moth (Zuproctis chry- 
sorrhoea L.). An appreciable degree of darkness is essential for 
heavy oviposition of the codling moth (Carpocapsa pomonella) 
(42). Dewitz (27) cites a number of references which indicate that 
the European vine moths Cochylis (Clysia) ambiguella Hiibn. and 
Polychrosis botrana Schiff. select the shaded grape clusters for ovipo- 
sition rather than those situated in strong sunlight. According to 
Wardle (81), blow-flies seldom oviposit in food exposed to the sun’s 
rays, but they lay their eggs readily in the shade. The response to 
light varies with the species of blow-fly concerned, Lucilia caesar L. 
being more strongly heliotropic than Calliphora vomitoria L. Light 
stimulates reproduction in the house fly (8), but is without effect 
on the egg-laying paar of Drosophila melanogaster Cie 
Few observations upon the effect of color on oviposition appear 

to have been made. The most important of these which the writer 
has seen are embodied in the recent work of Knoll (46) on the rela- 
tion of insects and fiowers. The experiments were made on J/acro- 
glossum stellatarum L., a European diurnal sphingid moth which 
lays its eggs chiefly upon cruciterous plants of the genus Galium. 
The oviposition flight of this moth is distinct from its flight when 
in search of food. Jnoll found that the gravid female made typical 
oviposition flights to reflected light from chlorophy 1] solutions 
(alcoholic solutions of crude chlor ‘ophyll and g- and $-chlorophyll 
from Galium plants) ; the moth reacted to the colored ii eht and not 
to the odor of the solutions. A number of artificial green and yellow 
objects induced the oviposition flight, but in only one instance was 
an egg deposited. To obtain the complete response, artificial flowers 
made of green or yellow paper dipped in beeswax and each contain- 
ing a drop of the press Juice from plants of Galiwm moliugo LL. were 
used. Gravid moths flew to these objects, exhibiting the character- 
istic oviposition flight and laid an egg on the under. side. This 
result was often repeated. From these experiments, Knoll con- 

4In a. recent paper Crumb (Ent. News, vol. 35, pp. 242-243, 1924) states that 
certain odors arising from water are strongly attractive to gravid female mosquitoes 
(Culex pipiens L.). Experimentally, he finds dilute aqueous solutions of methane, hydro- 
gen sulphide, old yeast infusion, and stale urine to be considerably more attractive 

than water alone. 
5Thus Dietz and Zetek (U. S. Dept. Agr. Bul. 885, 55 pp., 1920) find that the 

eggs of the aleurodid Aleurocanthus woglumi Ashby are normally laid on the undersides 
of the leaves. The females are negatively heliotropic at the time of oviposition, for 
when a leaf upon which a female is ovipositing is turned over so that the light falls 
directly upon it, egg laying invariably ceases. 
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cluded that two factors were necessary to induce Macroglossum to 
oviposit, an optical factor, effective at a distance through yellow 
and green light and a chemical factor operating near at hand 
thr ough the specific odor of the larval food plant, Galum. Titschack 
(77) found that the color of wool stuffs is not a factor in deter- 
mining egg laying in the webbing clothes moth (7%neola biselliella 
Hum. % 

ATR AND WATER CURRENTS 

Aquatic and aerial insects are oriented in their environment by 
the movement of the medium surrounding them. It seems probable 
that ovipositing insects are also affected by stream or air movement. 
Wardle (SZ) states that wind is antagonistic to the oviposition of 
blow-flies. The cyrtid fly Pterodontia flavipes Gray deposits its 
eggs on the leeward side of trees (45), in which location it may be 
oriented by air movement. 

SURFACES 

In many insects, contact with an appropri iate surface seems to 
be a necessary prerequisite for oviposition. According to Loeb (49), 
a highly developed stereotropism exists in the segments of the repro- 
ductive organs of animals, and further there are indications that 
contact with a solid affects the behavior of living matter through 
an influence on the rate of certain chemical reactions. Crozier and 
Moore (1/6) show that the response of diplopods to surfaces in 
contact with the body is essentially like the response of a positively 
heliotropic animal to light; that is, the ay turns its head 
toward the side which is in contact with a solid surface. When both 
sides are stimulated by contact with surfaces of equal extent, the 
movement of the animal is along a straight path. 

In the cockroach Periplaneta americana L., contact with ote ee 
material is necessary to bring about the release of the ego case (32). 
According to Folsom (25 p. 349), some species of. grasshoppers 
prefer hard-baked soil for oviposition. The migratory grasshopper 
(Locusta migratoria L.) in Russia evidences a choice between dit- 
ferent kinds of soil. Isolated females insert the ovipositor into the 
soil a number of times before they deposit their eggs, and often a 
swarm which has alighted on soil too hard for oviposition will re- 
sume flight again (80). Baillon (4) also mentions that grasshep- 
pers choose between different types of soil for oviposition. The 
Mormon cricket (Anabrus simplex Hald.) is said to prefer a some- 
what firm but not very hard soil for this purpose (73). According 
to McColloch (50) the corn earworm moth (Heliothis obsoleta) 
deposits more eggs on corn plants which have rough hairy stalk and 
leaf surfaces than on plants with smooth surfaces. The moths were 
also induced to lay some eggs on cotton twine. Investigations of 
Benedict (7) and Titschack (77) on the webbing clothes moth 
(Tineola biselliella) suggest that the tactile stimulus may be the 
determining factor in the selection of a place for egg laying by 
this species. Any rough surface was observed by Titschack to call 
forth oviposition, regardless of the food value of the material for 
the larve. The moths with which Benedict experimented laid their 
eggs on cotton and silk as well as wool, the loose threads being es- 
pecially preferred. The character of the surface is apparently of 



de: 

THE OVIPOSITION RESPONSE OF INSECTS 7 

importance to the potato tuber moth (Pthorimaca operculella). 
In France, Picard (58) states that it generally lays its eggs in the 
cavities which surround the buds on the surface of the tuber, 
in incisions of the skin, or on the clumps of dried earth which 
adhere to the surface. It will also oviposit on the foliage of Ver- 
bascum and Cynoglossum which is felted and plaited, in preference 
to that. of Linaria, for although the latter is more closely allied to the 
Solanaceae than Cynoglossum, its leaves have smooth surfaces. In 
laboratory experiments, the moths often laid a part of their eggs 
on the muslin sides of the cage, even when potatoes were available, 
but eggs were placed only exceptionally on the glass walls. Graf 
(29), who has studied the potato tuber moth in America, likewise 
reached the conclusion that oviposition was stimulated by rough- 
ened surfaces. The Angoumois grain moth (Sztotroga cerealella 
Oliv.) does not require the presence of grain as a stimulant for 
egg laying, but, in captivity, will readily oviposit between strips 
of cardboard. Usually all the eggs are deposited in the crevice be- 
tween the strips (75). Dewitz (20, 22), while pointing out the 
possible role of odor in the attraction of the gravid female of 
Cochylis ambiquella, also states that oviposition on the grapevine 
bud may be attributed to a contact stimulation. In another paper 
(21 p. 233) he quotes Marchal to the effect that the female of 
Polychrosis botrana is guided during oviposition upon the smooth 
surface of the grape by the tactile power of the abdomen... Ovipo- 
sition would not take place on grapes covered experimentally with 
powder or a sticky mass. The experiments of Adolph (7) on 
Drosophila melanogaster show that the texture of the substance with 
which the gravid female comes in contact exercises a marked effect 
upon the quantity of eggs laid. Boiled agar was more potent in 
this respect than any of the solutions which were used to test the 
effect of taste, odor, or a combination of taste and oder. The 
character of the nidus also has a very evident influence upon the 
oviposition of the house fly (Jfusca domestica). Under appropriate 
conditions, pine sawdust is considerably less attractive than timothy 
chafl or horse manure, and moist’ absorbent cotton (containing 
ammonium carbonate only) was oviposited upon only once in 11 ex- 
periments (63, 64). Some observations by Picard (60) on the ovi- 
position of Pimpla instigutor ., a hymenopterous parasite of the 
ehrysalis of Pieris brassicae I... and of certain other Lepidoptera, 
are interesting in this connection. If an old chrysalis shell or a 
eylinder of white paper is coated with fresh blood from a chrysalis 
of Pieris, the parasite will pierce it with its ovipositor. The stimu- 
Ins is olfactory, but according to Picard the actual deposition of 
the egg depends upon a tactile stimulus produced by the, resistance 
of the living tissue within the chrysalis. Indeed, a chrysalis shell 
or a hollow cylinder of paper may be many times perforated by the 
ovipositor, but never will an egg be laid. The impartance of tactile 

stimuli in the oviposition response of Habrobracon juglandis has 
recently been shown by Hase (Die Naturwissenschaft. Jahrg. 11, 
Heft 39, pp. 801-806, 1923). Touch is probably the directing sense 
in the oviposition behavior of Habrocytus (6/). 

In a recent publication, Howard (36, p. 36-37) declares that the 
stimulus for oviposition in certain chalcidoid parasites of gall-mak- 
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ing insects is not the morphological character of the host insect but 
of the gall which it inhabits. In some other parasites mentioned 
by this “author, the stimulus seems ‘to be furnished by the silken 
cocoons or webs of the host insects. 

ODOROUS SUBSTANCES 

A number of observations are on record which stress to a greater 
or less degree the importance of odor as a factor in oviposition. 
Scudder ( 71 ), in discussing the so-called botanical instinct of butter- 
flies, excludes taste and sight but believes the oviposition behavior is 
in keeping with the idea that the larval food plant is detected by 
means of the olfactory sense. Tragardh (79) places great emphasis 

_on chemotropism, and Picard (59) also emphasizes its importance 
but recognizes that light, temperature, humidity, and other physical 
factors play a part. Brues (77) states that there is much in the 
behavior of certain species to suggest that food plants are selected by 
the female insect on the basis of odor. In addition, Brues recog- 
nizes “some attribute of the plant, perhaps an odor, but far less pro- 
nounced to our senses than odor or taste” as a factor in the attraction 
of insects to plants. Grevillius (30) thought it probable that the 
choice of a food plant on the part of the brown-tail moth (/Luproctis 
chrysorrhoea) was determined by the olfactory sense. The cotton 
worm moth (Alabama argillacea Hbn.), which lays its eggs on the 
leaves of the cotton plant (Gossypium sp.), may be attracted by the 
nectar glands on the leaves (72). In fact, moths were seen alter- 
nately feeding from these glands and ovipositing. It was found, 
however, that no preference was shown for the portion near 
the glands on the involucre. This fact induced Comstock to 
question whether oviposition was here determined by the pres- 
ence of the nectar glands. Studies by McColloch (59) on Heli- 
othis obsoleta show that it deposits 60 per cent of its eggs on the 
silks when the corn plant is in silk. Artificial silks made of cotton 
twine soaked in the fresh juice pressed from corn silk received 79 
per cent of the eggs laid, while the controls (untreated cotton twine) 
received 21 per cent. Thus odor appears to be important in this 
case, but surfaces, according to MeColloch, must also be considered. 
Knoll (46) emphasizes the effect of odor upon Macroglossum stella- 
tarum when the moth is close to the plant upon which the eggs are to 
be laid. But green or yellow light is necessary to attract ‘the moth 
to the plant from a distance. The potato tuber moth is attracted by 
the odor of certain plants (67), but, as previously mentioned, the 
character of the surface is also highly important. Dewitz (20) 
thought the vine moth (Cochylis ambiguella) might be attracted and 
induced to lay its eggs upon or near the buds of the grapevine by the 
odor poured from the nectaries. But, in addition, he recognized the 
possible effect of contact stimulation. Loeb (49, p. 160) states that 
the blowfly © is attracted to and will oviposit on He ng meat but 
not on fat. It will also deposit eggs on objects smeared over with 
asafetida. A positive chemotr opism is responsible, according to this 
author, for oviposition. Tabre’s observations on the blow- fly, Calla 

5Jt is here called ‘“‘ the common house fly,’ but the reference is undoubtedly to one 
of the Calliphoras (cf. Loeb, 48). 
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phora vomitoria, indicate that odor is a much more important factor 
in oviposition than the physical character of the material on which 
the eggs are laid (23). A variety of substances, colored paper, o1l- 
skin, tin foil, when placed over a receptacle which contained meat, 
were oviposited upon provided an opening was made in the cover. 
Dead birds wrapped in paper envelopes were visited by blow-flies, 
but they did not lay their eggs on the paper or attempt to oviposit in 
slits in the paper folds. Fabre attributes this behavior to a mater- 
nal foresight of the fly for an opening through which the progeny 
may find their way to food. His results, however, do not preclude the 
possibility that this behavior resulted from differences in odor con- 
centration. The same explanation might also be offered to interpret 
his experiments on the larvipositing fly Sarcophaga carnaria L., (op. 

_cit., pp. 831-340). Wardle (SZ) recognizes two factors concerned in 
the oviposition of blow-flies, (1) the nature of the foodstuffs and (2) 
meteorological conditions. The stimulus for oviposition, whether 
olfactory or gustatory he was not sure, probably resides in the exud- 
ing juices of the food substances. Howlett (37) induced an Indian 
species of Sarcophaga to deposit larve in a flask which contained a 
solution of skatole. Subsequent experiments with skatole by Lodge 
(Proc. Zool. Soc. London, September-December, pp. 481-518, 1916), 
Roubaud and Veillon (68), and the writer (64) have failed to sub- 
stantiate the attractiveness which Howlett claimed for this com- 
pound. He also obtained eggs of Stomoxys calcitrans upon cotton 
wool soaked in valeric acid, but an attempt to duplicate the latter 
result in America failed (65). 

In the case of the house fly (Musca domestica) , although the odor of 
ammonia from ammonium carbonate will, under suitable conditions, 
induce the female to oviposit (63, 64, 66), the immediate environ- 
ment from which the ammonia arises also shares in determining 
whether egg laying will occur. If we place several pieces of solid 
ammonium carbonate with a little water in a glass dish, female 
house flies are attracted by the odor, but will not oviposit in or near 
the dish. A very slight response is obtained with moist cotton and 
ammonium carbonate which is increased when butyric or valeric acid 
is added. Pine sawdust is better than cotton but inferior to timothy 
chaff or acidulated horse manure. Wheat bran is a favorable nidus 
in the presence of ammonium carbonate, but eggs have not been 
found in fresh, moist bran which does not volatilize ammonia. It 
has been shown conclusively that carbon dioxide, a decomposition 
product of ammonium carbonate, is not in itself attractive to the 
gravid female house fly but, together with other factors, may exert 
an influence upon oviposition which has not been detected (17, 18, 66, 
68). Adolph (2) found that odor is a shght stimulus to egg lay- 
ing in Drosophila melanogaster, being most marked when flies 
could gain contact with the odorous solution. Texture, however, 
was more effective than odor, and suitable combinations of texture 
and odor (the flies were prevented from reaching the odorous sub- 
stance) gave responses nearly equal to those which prevail under 

natural conditions. Townsend (78), in a study of the tachinid flies, 

observed that Hupeleteria magnicornis Zett., which deposits living 

larvee on the foliage of plants, seeks for this purpose only those por- 

tions over which the host caterpillars have crawled. The parasitic 

22803—25 2 
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larvee are usually placed on stems where a silken thread has been 
left by a caterpillar, and Townsend suggests that the sense of smell 
induces the flies to larviposit in such locations. Picard (60) states 
that the functioning of the ovipositor of Pimpla instigator is a re- 
flex determined by an olfactory sensation, but that the tactile sense 
governs the actual deposition of the egg in the host. The investiga- _ 
tions of Hase show that odor is all important in the discovery of 
the host by Habrobracon juglandis but that tactile stimuli are neces- 
sary to bring about the deposition of the egg (34, cf. also Die Natur- 
wissenschaft, Jahrg. 11, Heft 39, p. 801, 1923). 

CONTACT WITH CHEMICAL SUBSTANCES 

In addition to the effects produced by the purely physical char- 
acter of surfaces there yet remains the possibility that the oviposi- 
tion behavior may be influenced by direct contact of the insect’s body 
with chemical substances. Responses due to the sense of taste and 
to the general chemical sense probably belong here. McIndoo (51,52) 
believes that the senses of smell and taste in insects are inseparable. 
Minnich (54, 55, 56), however, has recently described a chemical 
sense analogous to taste located on the tarsi of two species of Lepi- 
doptera, Pyramezs atalanta L. and Vanessa antiopa i. Experi- 
ments on Drosophila melanogaster (1) indicate that the taste of an 
aqueous glucose solution is much more effective in evoking oviposi- 
tion than the odor of a solution which contains a mixture of acetic 
acid and alcohol, although the latter mixture has a marked food at- 
traction for this fly (6). Sharma and Sen (72), in a study of the ovi- 
position of mosquitoes, find that weak solutions of sodium chloride, 
sodium citrate, sodium tartrate, and certain other salts are conducive 
to egg laying, while the corresponding acids are repellent. Observa- 
tions of Hancock (33) on the oviposition of the grasshopper Orcheli- 
mum glaberrimum Burm. reveal the interesting fact that this insect, 
when searching for a place to lay its eggs, either ignores the plants 
distasteful to it or subjects them to a brief mouth test (cf. 4, p. 134). 
Although not proving the point, these observations suggest that 
taste plays a part in the selection of the plant. Brues (7/7) places 
taste among the senses which direct gravid female insects to plants. 

DISCUSSION 

Insects which spend most of their lives upon substances that offer 
food for themselves or their offspring probably exhibit the simplest 
Oviposition responses. When the internal physiological conditions 
are right, simple contact with the stimulating medium appears to be 
all that is necessary to release the eggs. The behavior of the ovi- 
positing queen bee suggests that the response is largely determined 
by the tactile sense and this may also be true of other colonial in- 
sects. The webbing clothes moth (Zineola biselliella), which ovi- 
posits as readily upon the surfaces of indigestible materials as upon 

- the natural food of its larva, likewise seems to lay its eggs largely 
in response to tactile stimuli. 

Contrasted with these simpler cases, the oviposition response of 
many active free-living species is much more complex. The inten- 
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sity and wave length of light, temperature, and humidity, rate of 
movement of the medium in which she lives, odor, and the physical 
and chemical character of surfaces aid in bringing the gravid female 
insect into contact with the specific larval food and induce her to re- 
lease the eggs. A. given set of stimuli is not effective for all species. 
Thus, for Drosophila melanogaster the stimuli may be roughly clas- 
sified in the following ascending order of effectiveness: Odor, mois- 
ture, taste, odor and taste, texture, texture and odor, and a combi- 
nation of texture, taste, and odor. In comparison with Drosophila, 
the house fly is more dependent on the odor of the medium; most 
substances which do not liberate ammonia probably seldom, in na- 
ture, evoke egg deposition. The response of Macroglossum to green 
and yellow lhght presents a reaction at present apparently unique 
among insects, but which further study may show to be widespread 
in those species which lay their eggs on green plants. 

The experimental evidence at hand suggests, then, that a chain 
of stimuli is, in many species, necessary to induce egg deposition. 
‘Adolph (1, p. 38) sets forth this view in the following words: 

HKgg laying in itS nature is a complete response (‘all or none”); that is, 
partial stimulation can not be measured. A single potent factor in the chain 
may never lead to the extrusion of eggs. 

A similar view is gained by Knoll (46, p. 349) from his study of 
‘Macroglossum, by Picard (60) from observations on Pimpla insti- 
gator ¥., by Hase from studies on Habrobracon juglandis, and the 
results of the writer’s experiments on the house fly are concordant 
with it. 
Loeb (49) seems to favor the idea than an odor stimulus is suffi- 

cient to produce oviposition in certain free-living insects. He says 
ip tGO) : 

The fact that eggs are laid by many insects on material which serves 
‘as a nutritive medium for the offspring is a typical instinct. An experi- 
‘mental analysis shows again that the underlying mechanism of the instinct 
is a positive chemotropism of the mother insect for the type of substance 
serving her as food; and when the intensity of these volatile substances 
is very high, that is, when the insect is on the material, the egg-laying 
mechanism of the fly is automatically set in motion. Thus the common house 
fly [see footnote, p. 8] will deposit its eggs on decaying meat, but not on 
fat; but it will also deposit it [them] on objects smeared over with asafetida 
on, whieh the larve can not live. * * * It seems that the female insect 

“lays her eggs on material for which she is positively chemotropic, and this 
-is generally material which she also eats. 

Fabre’s observations on the blow-fly Calliphora vomitoria empha- 
‘size the predominance of odor in this response, and Howlett’s re- 
‘sults with Sarcophaga would appear to leave little doubt that odor 
~alone can induce insects to oviposit. It must be said, however, that 
Howlett’s experiments are given in little detail and might be acci- 

“dental or unusual rather than the customary response of the fly 
“in question. And the observations of Loeb and Fabre do not exclude 
“effects due to the surface with which the flies came in contact. At all 
events, it is desirable that thoroughgoing evidence be obtained before 

“accepting as fact the proposition that free-living Diptera can be 
induced to lay eggs solely by means of an odor stimulus. It seems 

‘necessary to stress the dependence of chemotropism upon other fac- 
tors at this point because certain entomologists have rather accepted 
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it as the stimulus responsible for the oviposition of insects. From 
present knowledge, however, it seems doubtful whether a free- 
living insect can ever be induced to oviposit by means of an odor 
stimulus alone. 

The reaction of Drosophila to odor concentration is interesting. 
It has been shown by Adolph (7, p. 334, 335) that odor concen- 
trations are never so low that they fail to call forth positive re- 
sponses, and even very faint odors have full stimulating value. 
If this proves true of many insects it will perhaps explain how 
the faint odors emanating from the green portions of some plants 
may possess great stimulating value, particularly when the insect 
is near by. 

In captivity, some species will oviposit on almost any convenient 
surface, but others hold strictly to specific substances and refuse 
to oviposit in their absence. Among Lepidoptera, for example, 
there are species (Satyrus dryas, Carpocapsa pomenella) which lay 
their eggs at random on the walls or fioor of the cage, and others 
which refuse any but a particular food plant for this purpose 
(Papilio machaon L., Pieris brassicae., Arginnis selene Schiff., and 
others, 24, 43, 69). These results show the difference in oviposition 
behavior that may occur in the same family of insects. 

Tt has been observed, however, that there are occasional errors 
of judgment on the part of female insects which have specialized 
food plants; that eggs are, in fact, sometimes placed upon plants 
which can not nourish the larve. Knoll (46) observed the habits 
cf Macroglossum stellatarum in captivity, the larva of which is 
closely restricted to plants of the genius Galium. After retaining 
the eggs a long time, the female will deposit them on any avail- 
able green portion of a plant, regardless of its botanical relation- 
ships. And more recently Schwarz (70) concludes from observa- 
tions on Catocala extending over a number of years that such 
mistakes in oviposition are a phenomenon of old age and a sign 
of physical exhaustion. 

The question now arises, how has the female insect obtained the 
ability to respond to these stimuli which lead it almost unerringly 
to the specific larval food? Is it impelled by a series of tropisms, 
or by an instinct which is the result of natural selection, or by an 
acquired instinct now hereditarily fixed? The tropistic view has 
been advanced by Loeb (48, 49), Tragardh (79), Howlett (37, 38), 
and others. Brues (71) and Loeb (49, p. 160) have mentioned the 
possible relation of natural selection to food selection by the female 
insect. Bachmetjew (2) believes that the female insect must have 
an acquaintance with the taste of the larval food plant which it has 
inherited from the larva. To use his own words (p. 7/3). 

Allein der Geruchsempfindung bei der Wahi der betreffenden Pflanzeging die 
Geschmacksempfindung geschichtlich vyoran, denn um zu wissen, Wo er seine 
Bier ablegen soll, musste der Falter zuerst mit dem Geschmack der betreffen- 
den Pfianze bekannt gewesen sein, resp. dies von der Raupe geerbt haben. 

Wheeler (82, p. 71-72) states that oviposition and feeding upon 
the host blood in the parasitic Hymenoptera are congenitally or 
hereditarily conditioned reflexes. Little of an exact nature seems 
to have been done to elucidate this important question. However, 
the very suggestive experimental investigation of Craighead (14, 15) 
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throws considerable light upon it.? Craighead finds that nearly all 
adult cerambycids display a marked preference for the host wood 
in which they have fed as larvee, and that certain species which can 
be induced to feed in a new host show a preference for that host 
when they become adults. Concerning oviposition, he says (14. p. 
220) : ‘ iriwdy 

Although the’ adults show a decided predilection for a favored host in 
ovipositing and even, in certain species, a preference for the plants in which 

the larve have fed for one or two generations, the. instinct to oviposit seems 
to overbalance that of host selection, consequently new hosts are frequently 
selected—possibly more frequently in nature than is generally realized. 

If it can be shown that the food of the larva determines the host 
preference of the adult, a decided step in advance will have been 
made. Another step then will be to explain whether the “ memory ” 
of the food plant which the larva has passed on to the adult is the 
result of or is influenced by the chemical or physical effects of 
the food in the growing larva. 

CONCLUSIONS 

ne following internal factors may condition the oviposition 
responses of insects: The nutritive state as affected by the amount 
and chemical constitution of the food, age, fertility, and internal 
stimuli which determine periodic egg-laying. 

The external influences which may affect the oviposition response 
are temperature, humidity, hght (including color), air currents (and 
probably in some species water currents), the physical character of 
surfaces, the chemical constitution of substances which stimulate on 
contact, and the volatile constituents of substances. 

The simplest oviposition responses are probably shown by insects 
which spend most of their lives wpon substances that serve as food 
for themselves and their offspring. 

Most. free-living insects, however, require a chain of stimuli to 
provoke egg laying; a single stimulus is insufficient to call forth a 
normal response. Many species demand a specific chain of stimuli. 

The odor of a substance may attract gravid female insects, but is 
probably never in itself sufficient to induce normal oviposition. 
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