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THE BULB FLIES OF NARCISSUS WITH 
SPECIAL REFERENCE TO THE BULB 

INDUSTRY IN VIRGINIA 
By E. W. POOS' and C. A. WEIGEL 2 . 

INTRODUCTION 

The Narcissus bulb fly, Merocion, equestris Fab.,' often re- 
ferred to as the daffodil fly, and the lesser bulb flics,,Eumerue spp'3 
have long been recognized as the most serious insect pests of the 
Narcissus in Europe. The entry of these pests into the United 
States with Narcissus bulbs, together with the entry with such bulbs 
of other pests dangerous both to bulbs and to other cultivated plants, 
led to the promulgation by the U. S. Department of Ag -riculture of 
a quarantine, effective January 1, 1926, greatly restricting the entry 
of Narcissus. Under the quarantine, entry is limited to such impor- 
tations as may be necessary for propagation, for the introduction of 
new varieties, or for any necessary experimental or scientific pur- 
pose—all such entries to be made through the 1.J. S. Department of 
_Agriculture and under adequate controls, including the disinfection 
of the bulbs by hot water. 

There have been fairly extensive plantings of Narcissus, chiefly 
in the _Atlantic coastal plain, some of them dating back nearly a hun- 
(h- ed years. These plantings have been largely free from the com- 
mon bulb pests and have been used mostly for cut flowers. The exist- 
ence cif these plantings and other -‘videly scattered plantings indicate 
that suitable soil and climatic conditions for the production of ar-. 
cis us bulbs for forcing occur in various section -s of the United 
States, and during the past few. years considerable interest has de- 
veloped in the production of Narcissus: for the purpose of produc- 
ing a supply for forcing. The discussions in this paper have special 
reference to the production of such forcing stock in the tide -water 
region of Virginia. 

The region of tidewater Virginia, which for the past twenty- 
five years, has had a number of naturalized plantings* devoted en- 
tirely to flower production has rapidly developed the new industry 
of growing bulbs for forcing and planting stock during the past two 
seasons because of the decided advantages which are found here 
with reference to soil, climate, transportation and accessibility to 

(I) Names of authors arranged alphabetically. 
(2) Entomologist, Tropical and Subtropical Plant insect Investigations, U. S. Bu-

reau of Entomology, -Washington, D. C. 
(3) Order Diptera, Family Syrphidae. 

• (*) This stock was lifted about every three or four years in ordHr to obtain the 
best results. 
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markets. As evidence of this, fifteen growers in Virginia applied 
for field inspection of Narcissus bulbs during the season of 1926. Ac- 
cording to French (18)** these plantings were largely in Princess 
Anne, Norfolk, Sussex, Matthews and Gloucester Counties arid com- 
prised a total of about 300 acres which were conservatively esti- 
mated to contain twenty-five to thirty million of these bulbs. In 
addition the records of the Federal horticultural Board show that 
over three million Narcissus bulbs were imported into Virginia un- 
der special permit during the season of 1926. 

The tremendous expansion in the Narcissus bulb industry dur- 
ing-  the past few years and the fact that some of the planting stock 
imported prior to the placing of the restrictions was infested with 
bulb pests, has increased the risk of these pests becoming estab- 
lished, especially in the old, uninfested naturalized plantings. As a 
result of the widespread interest in bulb production, naturally the 
interest in bulb pests has also increased. It was, therefore, con- 
sidered advisable to review the history of the bulb flies, both in 
Europe and in this country, as a back-ground and to give some perti- 
nent facts in connection with the these insects for the benefit of 
Eastern bulb growers, especially, and for the protection of the bulb 
industry. A review of the American literature soon revealed the 
fact that entomologists apparently had given little attention to these 
pests from the point of view of life history studies and control meas- 
ures prior to the fall of 1924 when a detailed study of the Narcissus 
fly was started by Weigel (46 ) at Washington, D. C., and at the 
same time Broadbent ( 6) began the study of the life history of the 
lesser bulb fly. The literature on the bulb flies goes back nearly 
200 years and has been aptly described by one writer as being 
voluminous. .Npparently these species have been reported front 
every country in the world where Narcissus are grown and have 
been thus widely distributed by shipments of infested bulbs. Sev- 
eral hundred references have been consulted in the preparation of 
this paper but it was considered feasible to list only the more im- 
portant ones which relate directly to the subject under discussion. 
Each species will be treated separately except under the discussion 
of control. 

THE NARCISSUS BULB FLY (Merodon equestris Fab.) 

History and Economic Importance. 

Reaumur (35 ) in 1738 was apparently the first to record this 
insect pest in literature when he reported that some Narcissus in 
France taken from the ground in November contained a large 
boring worm and in some cases two worms. Adult flies were se- 

(**) Reference is made by number to "literature cited", p. 590. 
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cured from these the following -  April. The species \\.'a!-; described 
by Fabricius in 1792 as Syrphus oust "is, afterward placing it in 
the genus Alerodon, On account of the variability of the color mark- 
ings of the insect it has received a number of synonyms, among 
which appear to be Merodon flavicans, 211. cinercus, M. narcissi, 

ferrugineus, 	transversalis, 	coustans, 	nobilis, 	htbercula- 
his and M. 1m/bon/in. Verrall (43), the British authority on the or- 
der Diptera or the flies, reports that Merodon is an old-world 
genus originally from Southern Europe ,and that about 50 differ- 
ent _European species are known. Also, that serious damage was 
done to Narcissus bulbs in Cornwall in October, 1896, Avhen one 
gardener alone had been compelled to destroy several thousand 
Narcissus while many other records had been given in recent 
years of similar damage done near London and in other districts 
where bulbs are extensively cultivated. As for M. quest is Fab., 
the records seem to indicate a progressive movement of this pest 
from Spain to France, Holland and Belgium, reaching England 
about 1869. It was reported as a .p'est in Holland as early as 
1840. The importance of this insect as a serious pest of the Nar- 

. cissus is not questioned, as a bulb once attacked is nearly always 
entirely destroyed. It has been reported in bulbs other than the 
Narcissus but such occurrences are not common. 

1f ill 	(51) in 1901 states the following in regard to its im- 
portance "The enormous increase in recent years of the growth 
of Daffodils has brought with it a terrible increase in the number 
and distribution of this pest." This author also believed that it 
always seemed to attack the rarest and most valuable varieties. 

This insect gradually became more common in England ap- 
parently because of large importations of infested bulbs from the 
South of Europe, In 1910 (1) it was scheduled as a pest of im- 
portance l) the Board of Agriculture, under the powers conferred 
upon them by the Diseases and Pests Act, and those in whose plant- 
ings it was found were bound, under a: penalty, to report its oc- 
currence to the Board Nv bile certain Counties prohibited the im- 
portation of the Narcissus unless they were certified to he free 
from the Narcissus fly or to have come from fields where the fly 
was unknown. MacDougall (27) reported in 1913 great destruc- 
tion of the Narcissus in different parts of Scotland and that the 
adult bull) flies had often been caught in large numbers. Dr. Van 
Slogteren (40) in 1920 reported great damage in England and that 
in I-Tolland there were places where growing of Narcissus was 
practically impossible on account of this pest. According to Go -vt 
Gaz. No 97, July 17, 1925, Sydney Australia, the Narcissus bulb 
flv was declared to be a pest, under a proclamation Of thc_ Plant 
Disease Act of 1924 in New South Wales. 
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Apparently the first reference to this insect in American 
writings Was by ,Packard (32) when lie reported that a Mr. San- 
born reared it from the pupa which he described. He stated that 
it had been introduced from Europe by the Importers of Dutch 
bulbs. jack (25) stated that in the Agassiz Museum at Cambridge, 
Massachusetts, there were larvae of this pest and damaged bulbs 
of the Narcissus which were received from a garden in Brookline, 
Massachusetts, in 1879. He also reported that during the year or 
two previous to 1897 the same establishment suffered more than 
usual damage from the ravages of the Merodon which he says "ap- 
pears to have been present in more or less abundance every sea- 
son since it was first introduced in the place nearly 20 years ago." 
Osburn (31) considered this insect a native species in British 
Columbia in 1908 where adults were abundant and often frequented 
the flowers of the Salmon-berry (Rub/is spectabiiis). In 1911 Hewitt 
(23) reported this insect noticeably present in British Columbia 
where it was a serious pest of bulbs; that Mr. A. E. -Wallace re- 
ported it as attacking the Narcissus near Victoria., B. C., about 
50,000 bulbs having been destroyed in the year. Apparently it was 
first reported in Canada at Mount Royal, Montreal, by Mr. G. 
Chagnon in 1903. Tullgren (39) reported M. equestris injuring the 
bulbs of daffodils in Sweden during 1912-1916. Childs (8) in 1914 
first records the occUrrence of the pest in California where it was 
collected in bulbs of amaryllis by B. B. Whitney, San Rafael, Calif. 
The specimens were determined by Dr. J. M. Aldrich of the U. S. 
National -Museum. In 1915 Treherne (38) gave warning that this 
insect was rapidly increasing its sphere of prevalence in British 
Columbia, because he hail observed an extraordinarily bad attack 
from it just outside the city limits of Vancouver. He reported that 
it had increased to a remarkable extent during the three preceding 
seasons. Riley (36) reported a shipment of 3,000 Narcissus from 
Holland in 1919, 20% of which were infested with this pest. Weiss 
(49) reports it is probably established in New Jersey. Many rec- 
ords of its interception have been reported in imported Narcissus 
at various places in the United States. Schoene (37) reports that 
it was intercepted in bulbs imported into Virginia during the 
autumn of 1919. 

These reports should be considered as records of interceptions 
and should be distinguished from established continuing infesta- 
tions. The wide distribution of the infested bulbs has apparently 
not resulted in general establishment of the pest throughout the 
United States. The Bureau of Entomology is now engaged in de- 
termining the actual distribution and establishment of this insect 
in the United States, and this information will probably be pub- 
lished when the survey is completed. 
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DESCRIPTION OF STAGES 

The description of the Narcissus fly given here is intended 
only for the use of the grower and not for technical purposes, The 
adult (Fig. 102, C and 103, N) is a large two-winged fly from Y8 to TA 
inch long. The name Ilicrodon signifies "tooth on femur" and this 
pest possesses a broad toothlike process on the underside of the 
thighs (femora) of the hind legs, near the tip. The male also posses- 
ses a sharp spur at the end of the tibia of the hind leg. The coloring 
of the flies, because of the great variation, is difficult to describe 
They resemble bumbiebees not only in size and color but in their 
actions. Usually they appear to have black bands across the thorax 
and abdomen, the remainder of the thorax being covered Ivith or- 
ange colored hairs, and the abdomen with tan. These bands, how- 
ever, are sometimes lacking and many different combinations of 
yellow', orange and tan marking are also found. The eves are very 
large, appearing to form the principal part of the head. They have 
moderately hairy eyes and black legs. The wings are somewhat 
short and rounded. The entire body is very hairy. The narrower 
body, the presence of only two wings, and the very active spas- 
modic lateral movement will serve to distinguish it from a bee. 

Eggs: 'File eggs ( Fig. 102, K . ) are small,. elongate, oval and 
Nvhite. They are about 1/16 inch in length. 

Larvae: The nevvly hatched larva is small, white and rather 
inconspicuous. The older larvae or maggots (Fig. 102. E and F ) are 
dirty Avhite or grayish yellow, legless, and from !,) to 4 inch in 
length when full grown. They have a dark red-colored, knob like 
projection (the breathing spiracle ) at the rounded hind end of the 
body. On each side of this is a short spiny horn. The body is stout 
and rounded and the joints are well marked. It is arched on the 
upper side and flattened on the under surface. 

Pupae : The puparium (Fig. 102, D ) is elongate, grayish brown, 
distinctly segmented with posterior projecting spiracles still visi- 
•le. It is about TA inch in length. 

LIFE HISTORY 

A11 data upon the biology of the Narcissus fly in the United 
States indicate that there is only one generation annually. Some 
European writers, however, claim to have observed a two-year life 
cycle for this pest. The winter is passed as full grown larvae in 
the bulbs. Larvae collected in bulbs received from Holland in 
November, 1926, pupated under insectary conditions at Norfolk, 
Virginia, in -March, 1927. Only a few specimens were available 
and no adults emerged due to interference with the pupae by ants. 
The larvae leave the bulbs and pupate in the soil. The pupa usu- 
ally occupies an almost vertical or somewhat slanting position with 
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its head end about levei with the surface of the soil, so that it is 
in contact with the air, (Fig. 102, G and H ). The tip of the head is 
exposed and the breathing -  spiracles are clearly discernible Nv hile in 
this position. Fig. 102, H shows a puparium in the soil from which 
an adult has emerg-ed. On April 24, 1926, unmistakable evidence of 
recently emerged Narcissus fly was found in a few bulbs in one of 
the plantings of Narcissus in tidewater Virginia, showing that adults 
had emerged by that date. The following life history data were re- 
ported by Broadbent (7) at Washington, D. F., under outdoor con- 
ditions: 

The larval stage requires about 10 months. Pupation occurred 
from March 25 to April 17 in 1926, and the pupal stage required 5 
to 7 weeks. Adults emerged May 8 to May 22 and some lived for 
four weeks although the average was about 16 days. Seventy-five 
percent emerged between daylight and 9:00 A. M. 1\4ating oc- 
curred only in bright sunlight beginning the clay after emergence. 
Each female deposited nearly 100 eggs and began depositing with- 
in 1 to 6 days after mating. The eggs were usually deposited be- 
tween the sheath and stem of the bulb or between the layers of 
skin enclosing the neck of the bulb. They are sometimes found in 
crevices in the soil. Eggs were laid singly or in groups of 2 or 3 
or more. Egg laying took place only during the daytime and rarely 
on cool, cloudy days. The incubation period was 10 to 14 clays. 
The larvae grew most rapidly during the first two months, and ap- 
peared to be full grown before cold weather set in. 

Weigel (46) found that extracted honey proved to be a suit- 
able food for the adults under cage conditions and that sunlight 
and food appeared to be a prerequisite for mating and egg deposi- 
tion. In the field this insect apparently feeds on the nectar of 
flowers and its first natural instinct is to go. in search of food. This 
habit is probably responsible for the perishing of many adult flies 
before they find opportunity to breed in regions where growing 
of Narcissus is not general or common. Weigel (46) also observed 
for the first time that the newly hatched larva worked its vay down 
through one of the outer bulb scales to the basal plate through 
which it apparently bored its way into the interior of the bulb. 
This phase of the life history of this insect has been the subject 
of much discussion, apparently based on superficial observation, in 
European literature, 

The observations reported above indicate that the seasonal 
development of the Narcissus fly in the Eastern part of the United 
States agrees substantially with the development reported by most 
writers in Holland and England. It also indicates that this species 
is capable of living over from year to year in case it becomes perma- 
nently established in our domestic bulb plantings. 
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NATURE OF IN JURY 

The newly hatched larvae of the Narcissus fly begin feeding in 
the basal plate and later bore into the center of the bulbs causing 
a bad discoloration ( Fig. 102, F ). The actual damage is done by 
the larvae which often • destroy more than they eat by tunnelling in 
the bulb. The center of the bulb is usually hollowed out (Fig, 101, A) 
and the flower bud consumed so that only a mass of wet frass and 
decayed matter remains. The bulb usually rots completely and no 
root development takes place (Fig. 101, B). 	A larva may oc- 
casionally leave one bulb and enter another, Their presence is often 
quite difficult to detect, particularly while larvae are small. One 
method is to squeeze the bulbs near the neck when they are dug 
and if they "give" to the pressure of the hand they are almost cer- 
tain to be hollowed out by the maggots. Infested bulbs usually 
have a some whatsunken and corky basal plate -which, if closely 
examined, will reveal the entrance :hole of the larva. There is. 
usually but one maggot in a bulb, but occasionally two or three 
mav be found. Sometimes the splits are attacked and the center 
bulb left alone but the contrary is usually true. The lesser bulb 
fly is sonietimes associated -with it in the same bulb. -Norman (30) 
states that the true Narcissus type is most susceptible to attack and 
then come the intermediate season daffodils. He believed N. pocticus 
recurvus and Bcirri conspi(. ius to be most subject to attack, followed 
by N. poeticus ornatns, l'oetarum, it Watkin, Mrs. Langtry, an 
Sion, and Emperor, while Henry Irving, Golden Spur, and Prin- 
ceps -\were considered almost free as were the late daffodils. Bos 
(3) in 1886 reported that this pest attacked chiefly Narcissus tazetta 
and jonquillas in Holland, as these varieties were covered deepest 
-vvith soil in winter. Fryer (20) reported that the hard bulbs of 
Narcissus maxinuts and 	spurins were least attacked while AT. 
pocticns and N. Leffisii - ere most susceptible; also, that varieties 
with colored cups -\were more susceptible than those Nvithout. In 
bulbs imported into Virginia from Holland during the past two 
seasons the varieties of -Victoria and Emperor seem to have shown 
the heaviest infestations. 

HOST PLANTS 

The Narcissus fly has been reported from the following host 
plants according to various references consulted in the American 
and European literature: amaryllis (Flippeastrum or Habranthus), 
daffodil, Eltrycles (Brisbane lily), Gaitonia (Giant Summer Hya- 
cinth), (aianthits nivalis (snowdrop), hyacinth, Iris pviphiuntt (Span- 
ish Iris), ins xiphium x tingitana (Dutch Iris), Iris tingitana 
( French Iris), lilies, Letteofmn, Narcissus, S'cillu 	to is ( -Wild 
Hyacinth), tulips and Vallota purpllrea ( Scarborough lily). 
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THE LESSER BULB FLY (Eunierus strigatus Fallen) 

History and Economic Importance 

Cole (10) in 1920 gave the latest published synonomy of the 
lesser bulb fly. According to this it was first described in 1817. 
Much difference of opinion has been expressed as to whether this 
species is capable of attacking sound bulbs or whether it is merely ,  
a beneficial scavenger. The fact that it has been reported from 
a great variety of host plants suggests strongly the possibility of 
two or more different species, and also the Narcissus fly, being 
mistaken for Euments strigatus; or there may be biological races 
of the same species as suggested by Cole (10). The Bureau of 
Entomology has recently undertaken a biological study to determine 
this point and at the present time Dipterists are loathe to give a 
synonomy of this species vvhich they consider authoritative. Hodson 
(24) in a recent paper states that 90% of the injury to bulbs in 
Southwest England by the small flies is due to Euments tuberculatus 
Bond. which is similar in habit to E. strigatus and can be distin- 
guished from it only in the adult stage. It is an European- species 
and the larvae were recorded as feeding on the roots of cabbage in 
England as early as May, 1841, by Curtis (12 ). Apparently it was 
previously reported as a pest of onions, as he states "the maggots 
of this fly do not seen to be confined to the onion." In 1845 Dufour 
(16) reported an infestation by this pest in onions in France. Two 
years later Bouche (5 ) reported that - It lives in July in the bulbs of 

- common onions, Allium cepa, which it destroys completely. At times 
they destroy the entire crop". Verrill (44) in 1901 states that it is 
recorded from all North and middle Europe and also from Italy. 

In 1913 :MacDougall (27) reported that the fly did great dam- 
age to onions on the continent in 1847 and that the larvae have also 
been found in shallots and that Theobald found them in bulbs of 
hyacinth. In 1915 Herold (22) recorded that the tubers of potatoes 
were badly destroyed by the larvae of this species. Fryer (19 ) in 
1914 reported that this species had only recently become a serious 
pest of the Narcissus in England, although Widely distributed on the 
continent. Vassiliev (42 ) reported it as a pest of onions and garlic 
in Russia in 1914. Bos (4) in 1917 reported that the larvae of this 
fly occurred in the Narcissus in Holland and sometimes also in- 
fested onions and shallots. In 1919 Zacher (52) reported it as a 
primary pest of rotting potatoes in central Europe. Wahl (45) in 
1920 recorded it among the more important animal pests of the com- 
mon vegetables in Austria. Collin (11) in 1920 reported that plants 
chiefly attacked in Britain were the Narcissus, iris and lilies ; that 
onions were rarely attacked and that parsnips were apparently much 
damaged upon one occasion. Bogdanov-Katkov (2) in 1921 re- 
ported it as a pest in Russia. 
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The first _American record of this species which -was published 
was apparently by Johnson (26) in 1910 about specimens taken in 
1908 and 1909, although Gibson (21) in 1917 reported the earliest 
known capture of this species at Ottawa, Canada, in 1904 by Dr. 
Fletcher. In 1912 Felt (17) reported this species reared from iris 
roots in New York; also, that Dr. Chittenden reared this species in 
1906 at Washington, D. C., from bulbs which were sent to him 
from New York, Connecticut and Texas. Davidson (13) in 1915 
first recorded the presence of this species in California. Metcalf 
(29 ) in 1916 first collected this species in Maine. In discussing th,' 
distribution of this species this author says; "I believe that tins 
species, like its companion in habit, illerodon equestris, is thoroughly 
established in widely separated regions of this continent * * * * 
that it constitutes a real and totally unappreciated. menace to the in- 
terests of horticulturists, florists and onion farmers. It will be 
very surprising if we do not have a sudden and severe outbreak of 
one or both of these pests when they have become a little more 
thoroughly acclimated and have experienced a period of conditions 
favorable to their rapid increase in numbers." Schoene (37) in 
1920 reported the interception of this species in Virginia in Nar- 
cissus from Holland. Cole (9) first recorded this fly damaging 
onions in the United States at Hood River, Oregon, in 1918. Mackie 
(28 ) reported this insect taken on sixteen different hosts in Cali- 
fornia and stated that, in 1925, limited digging in a planting in Santa 
Cruz County showed that 25% of the Golden Spur, King Alfred 
and Van Waveren Giant varieties of Narcissus carried larvae of this 
fly. He also states that it is less common in hyacinth than in Nar- 
cissus, although about 10% of the hyacinths in Capital Park, Sacra- 
mento, are annually destroyed by it. These records indicate dis- 
tinctly the possibilities of this insect as a pest and that it is just be- 
ginning to multiply and become abundant enough to demonstrate 
such possibilities. 

As bearing on the parasitic nature of this pest, most American 
writers do not believe from their observations that the decay is 
primary and the infestation secondary. Fryer (20) who made per- 
haps the most accurate observations on this insect among the 
European writers and whose studies involved examinations of many - 
hundreds of bulbs infested with this fly, concludes "that there is lit- 
tle evidence to justify the assumption that 	tine -us strigatus is a 
harmless scavenger." Broadbent (6) states that the female flies 
deposited their eggs on sound bulbs and the larvae are equipped 
with rasping mouthhooks (Fig. 103, L.) which are capable of scrap- 
ing healthy tissue and of burrowing under the epidermis of the bulb 
scales. Weigel, in 1925, found that when these flies (fed and ma- 
tured ) were given, in cages, a choice of both sound and rotting 
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onions and Narcissus bulbs, they deposited eggs only on the healthy 
bulbs and never in decaying bulbs. The larvae NO-1k h hatched from 
these eggs developed normally into adults in firm and sound onion 
and Narcissus bulbs. These flies in turn gave rise through subse- 
quent breeding to a successful second and a partial third generation, 
all in sound bulbs of onion and Narcissus. These data would seem 
to indicate that the lesser bulb fly is not a mere scavenger. 

This fly is thought to be established in New York, New Jersey, 
Massachusetts, Connecticut, North Carolina, Virginia and the Pa- 
cific Coast States. However, as in the case of the Narcissus fly, its 
distribution throughout the United States is being determined by 
the Bureau of Entomology. 

DESCRIPTION OF STAGES 

Th e  follovx ing description of the lesser bulb fly is intended 
only to aid the bulb grower to recognize this pest in all of its va- 
rious stages: 

Adults : The adults (Fig. 103, M and P) are two-winged flies, 
about 1/3 inch in length and the body and legs are more or less ro- 
bust. The body is densely clothed with very short hairs and is thick- 
ly and distinctly pitted. The metallic bronze colored body of the flies 
glistens in the sunlight. The abdomen is black except for yellowish 
hairs at the tip and is marked with three crescent-shaped grayish 
white bands, and there is a white line on each side of the thorax. 
( Fig. 103, P ). The males are usually smaller than the females and 
their eves touch for a short distance just above the antennae while 
the eves of the female are widely separated. The thighs (femora) 
of the hind legs are thick and are usually rather conspicuous. 

Eggs : The eggs (Fig. 102, I) are white in color and average 
about 1/64 inch in length by about 1/3 as much in width. They are 
suhcylindrical in shape, one end tapers to a point and the other is 
rounded. The covering of the eggs is quite delicate and easily rup- 
tured. The eggs are much smaller than those of the Narcissus fly. 

Larvae : The full gro -wn larvae (Fig. 102, P average about Y., 
to 1/3 inch in length. They are usually a dirty grayish yellow color 
but this varies somewhat. depending upon the color of their food. 
They are extremely wrinkled, clothed with minute spines, and some- 
what flattened vertically. The posterior respiratory process pro- 
jects prominently as a horny tubercle and is usually brick red or 
chestnut colored. They have a characteristic and prominent tu- 
bercle on each side of the posterior respiratory process. It is thus 
easy to distinguish these larvae from any other to be found in bulbs. 
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FIG-URE 102 

C Adult Narcissus fly, Merodon equestris Fab. Enlatged. a.bour 3 times. D—P up ariu 
of Narcissus fl -v, enlarged about_ 3 times. E—Larva of Narcissus fly, enlarged about 2 times. 
F—Larva of Narcissus fly, showing 'injury to bulb. Slightly enlarged, G and FI— Puparia of 
Narcissus fly- in natural position in the soil. The adult fly has emerged from the puparium on 
the right. -Enlarged about 2 times. (After Weigel). I—Eggs of the lesser bulb fly, Eurnerus 
strigatus Fallen. Enlarged about 12 times. (After Broadbent). j—Larva of a lesser bulb fly, 
Eurnerus sp. Enlarged about 3 times. K—Eggs of the Narcissus fly, Alerodon equestris Fab. 
Enlarged about 8 times. (After Weigel.) 
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FIGURE 103 

L—Cephalopharyngeal skeleton of larva of Eumerus strigatus Fallen showing chitinized 
mouth hook. Greatly enlarged. M—Lateral view of adult of the lesser bulb fly, Eumerus sp. 
Enlarged about 3 times. N—Adult of the Narcissus fly, Merodon equestris Fab. Enlarged about 
5 times. 0—Bulb injured by the larvae of the lesser bulb fly, Eumerus strigatus Fallen. (After 
Weigel and Sasscer). P—Dorsal view of the adult of the lesser bulb fly, Eumerus sp. Enlarged 
about 3 times. R—Same, with wings removed to show markings on thorax and abdomen. 
Q—Puparium of the lesser bulb fly, Eumerus sp., from which adult has emerged. Enlarged 
about 23/4 times. 
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Puparia : The puparia (Fig. 103, Q ) average about TA inch in 
length. The color is usually a light, dirty gray but sometimes with 
a brown or red tint. The exterior surface. is very ,  rough and when 
the larva pupates in the soil the puparium is almost entirely covered 
with fine particles of soil. 

LIFE HISTORY 

The most complete life history of the lesser bulb fly in the 
United States has been reported by Broadbent (7) at Washington, 
D. C., and Wilcox (50) in Oregon. The following information is 
taken from these papers. There appear to be two complete gener- 
ations and a partial third each year. The winter is spent as full 
grown larvae in the bulbs, but in some cases in the soil. During the 
early spring the larvae migrated into the upper two inches of the 
soil and pupated. The first generation of flies emerged and were 
active during April and May in Oregon. The second generation of 
flies emerged during June, July and August and a partial third gen- 
eration of flies emerged during the latter part of August and in 
September. The eggs that were laid in August and September pro- 
duce most of the larvae that pass the winter. The eggs are laid prin- 
cipally in the soil adjacent to the plant, the majority being about V4 
inch under the surface. The flies crawl down into cracks and deposit 
their eggs as much as three inches below the surface of the ground. 
Many eggs are deposited on and under the dead skin covering the 
bulbsand on the base of the leaves. Eggs Nv e re sometimes laid on the 
bulbs in storage. The eggs are laid singly -  or in groups of from 2 to 
40. Egg deposition takes place on sunny days but usually in the cool- 
er part of such clays. More than 100 eggs have been found deposited 
around a single plant. The incubation period ranged from 5 to 10 
days. The newly hatched larva emerged from the pointed end of 
the egg. The larvae outdoors were inactive all Ivinter and had their 
mouth parts retracted. The over-wintering -  generation was in the 
larval stage about seven months while the spring generation aver- 
aged 30 days. Some puparia were found on the surface of the soil 
while others were four inches beneath the surface. .A number of 
pupae were found in or on the bulbs and in the boxes or trays in 
which th e  bulbs were stored. The average length of pupal pericki 
for the over-wintering generation was 30 days with a maximum of 
40 and a minimum of 18 days. • The pupal stage of the summer gen- 
eration ranged from 7 to 14 days. At Washington, D. C., in August, 
1924, the pupal period of 66 specimens ranged from 8 to 16 days 
and averaged 11.5 days. Most of the adult flies emerged at night. 
When they were fed extracted honey on the wire of their cages, 
they lived an average of abbut 3 weeks, the maximum period being 
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36 days. Cool, humid conditions -were the main requiremnts for keep- 
ing the flies alive. Mating took place in bright sunlight but could 
be induced by artificial light on cloudy days. 

A survey of the plantings of Narcissus in tidewater Virginia in 
August, 1925, yielded evidence of slight infestation by this species 
in two widely separated plantings. fn 1926, larvae and pupae of this 
species were found on April 24th, in a few bulbs in two plantings in 
Matthews County. On April 23rd plants in the vicinity of Norfolk 
were examined with negative results. On April 26th, however, in 
the same plantings there were found both male and female adult 
flies on the wing. Emergence had apparently just begun. Because 
of the unusually cool weather on this date several flies )were cap- 
tured easily along the ground and among the foliage. A few visits to 
these plantings during May gave no - further evidence of this species. 
On July 24th a few larvae and pupae of this species were found in 
bulbs of the Victoria variety which had been dug for inspection. The 
first adult emerged July 26th and adults continued to emerge from 
this material until August 8th. Sixteen adults emerged from one 
bulb and were placed in a breeding cage to continue their life cycle. 
Nothing was reared and this was apparently due to lack of proper 
care in feeding the adults. On April 14, 1927, a few adults of this spe-- 
cies were collected in the Norfolk-Portsmouth section, although no 
further evidence of this species was noted at an other time in any 
of the plantings of Narcissus in tidewater Virginia up to August 1, 
1927. It should be stated that no great amount of time was avail- 
able for making a large number of detailed observations. 

NATURE OF INJURY 

The lesser bulb flies are often the cause for the lack of leaf 
growth of plants in the field and infested bulbs may usually be de- 
tected by examining vacant places in the row. Sometimes stunted 
leaves appear when the bulbs have not been entirely killed. The 
larvae usually begin to attack the bulb at the base but sometimes 
only the neck of the bulb is attacked. After entering the bulb they 
feed in the interior which soon becomes slimy and full of a semi-liq- 
uid decaying mass (Fig. 103, CY). Generally the basal plate becomes 
entirely rotted in heavily infested bulbs. Bulbs so infested are en- 
tirely destroyed with nothing but the outside layers of skin remain- 
ing. Usually 10 to 30 larvae are found inhabiting one bulb. Dou- 
cette*, of the U. S. Bureau of Entomology, reported as high as 558 
maggots in one bulb of the Van -Wayeren Giant variety in Septem- 
ber, 1925. This species is sometimes found in the same bulb with 

(lc) Unpublished notes. 
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the Narcissus fly, Merodon equestris. This is probably responsible for 
many conflicting statements in the literature regarding the habits of 
these species. 

HOST PLANTS 

The lesser bulb fly has been reported from the following host 
plants according to the various references consulted in the American 
and TA:uropean literature : Amaryllis, cabbage roots, yellow calla 
(Calla elliottiana), Eurycles, Galtonia, garlic, Gladiolus, hyacinth, iris 
rhizomes, iris bulbs, Iris xiphium, 	xilthfuni x tingitana, I. tingitana, 

pogoniris, 	su,s. iana, 'swine calathina, lilies, Easter lily, (Lihum 
longiflorum), gold banded lily (Lilium auratum), 	candiduin, 

lium speciOn(111, Narcissus, onion (Allium cepa), parsnip, Sci 
shallot (Allium ascarlonicum), Sprekelia formosissinia_, and Valiota. 

CONTROL 

Control measures for both species of flies are similar and are, 
therefore, discussed together. European writers have suggested 
many methods of control, such as collecting the adult flies (which 
are more or less inactive when the temperature is comparatively 
low) in nets and destroying then ; early lifting of bulbs and drying 
as quickly as possible in order to kill the young larvae ; careful sort- 
ing and picking out of the defective bulbs and burning them; 
roguing and destroying -weak, sickly plants in the field in early 
spring in order to remove infested bulbs ; clearing off all foliage after 
it has dried and fallen ; disturbing or working -  the soil in order to fill 
up the boles. Avhich thus prevents the female flies from depositing 
their eggs within easy reach of the bulbs below; the application of 
-various deterrents for the purpose of preventing the flies; from de- 
positing their eggs upon the bulbs soaking in water for a week or 
treating-  in various chemical solutions covering small lots of choice. 
stock with a thin, silk cloth to protect the bulbs from egg deposition: 
trapping and baiting adults. Field control experiments in the United 
States, however, have not proceeded far enough to permit any defi- 
nite recommendations being made at this time. 

The control method which has been used extensively in Europe 
and has accomplished the most is the annual lifting of the bulbs 
and the destruction of all those which are found to be infested. As 
an additional safeguard, suspected stock is subjected to the hot 
water treatment, a method developed by Ramsbottom (34) of Eng - - 
land and an Siogteren (41) of Holland. Essentially this treatment 
consists of the immersion of the bulbs in water kept at a tempera- 
ture above 110 degrees F. and under 111.5 degrees F. For the cou- 
troi of the nematode or eelworm, this immersion must continue for 
t least two and one-half hours, and this time must be calculated 
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from the time when the temperature of the whole mass becomes 
equalized. For th e  control of the bulb flies Doucette (14) shows 
that immersions of 40 minutes or longer in water at 110 degrees F. 
results in 100% mortality of the larvae of both species, The hot 
water treatment is being required at present by the Federal Horti- 
cultural Board for all imported Narcissus and also for all domestic 
stock moving it 	which is found to be infested. 

The hot water treatment is not to be considered a method of 
complete eradication of the bulb flies, as there are several sources 
from which bulbs may become reinfested. It serves, however, to 
reduce the population of the insects considerahl -y and assures the 
grower that his planting stock is clean. 

Many factors in connection with this treatment remain to be 
thoroughly worked out, such as the influence of the size of bulb, 
varietal differences, conditions of handling and drying, and climatic 
effects. It is known that there is considerable latitude possible with 
this treatment, but the optimum conditions for it are not vet defi- 
nitely determined. In 1927 Doucette (15) made a. preliminary report 
on experiments in central California which indicated that July 20th 
to 3:0th was the hest period for treatment of bulbs in that section. 
He also reported that bulbs treated at 114 degrees F. for three 
hours at the above season apparently made a more satisfactory 
growth than bulbs treated during September at 110 degrees F. 
Weigel (47. 48 has shown that Paper White and Trumpet Narcissi 
can be forced with fairly satisfactory results after hot water treat- 
ment if proper precautions are followed. 

HOT WATER TREATEMENT AT NORFOLK 

Because of the meager data available upon the effect of the 
hot water treatment upon the vegetative qualities of Narcissus in 
Virginia, some preliminary experiments were started in 1926. The 
bulbs grown by 	E. Thrasher & Sons for the United Bulb Com- 
pany of Sassenheim, Holland, -were kept under observation since 
being subjected to the sterilization October 27—Noyember 15, 1926. 
The wholehearted interest in the work by these firms and the bulbs 
furnished for experimental \\'0 rk are gratefully acknowledged. The 
entire shipment of these iniported bulbs was treated 2/7 hours in 
hot \rater at a. temperature of 110-111.5 degrees F. The treatment 
was not intentionally delayed but the importation of equipment and 
various circumstances pre -vented earlier treating. The following 
varieties were involved : America, Empress, Emperor, Elvira, Glory 
of Sassenheim, Golden Spur, King Alfred, Laurens Koster, P. or- 
natus, Princeps, Spring Glory, Sir Watkin, Sulphur, Victoria, Van 
Sion, Early, and Perfection. The results of treating so late in the 
season and planting without drying almost immediately after treat- 
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ment were awaited with interest. No ill effects on the vegetative 
qualities of any of these bulbs have been noted to date, (September 
1, 1927) with the exception of the occurrence of a few abnormal 
blossoms in some of the Van Sion variety, which is reported by 
some to have a natural tendency to develop imperfect flowers. 

As previously reported by Poos (33), about 400 bulbs of each 
of the following lots were planted on November 15, 1926, in an ex- 
perimental plat : Victoria (round bulbs), Victoria (double nose), 
Golden Spur, Van Sion, Sir Watkin (round bulbs), Sir Watkin 
(double nose), F,mperor, Laurens Koster. Each lot was planted 
in four separate rows, 100 bulbs to each row, from left to right as 
follows: check : no treatment; one-hour treatment; two-hour treat- 
ment; and three-hour treatment ; all hot water treatments at 110- 
111. degrees F. The general condition of the foliage was good 
with a healthy green color except for a few varieties which showed 
some mottling in the leaves of the lots which had been treated for - 
three hours. This, however, did not appear to be serious enough to 
be of any consequence and no deformed leaves were in evidence. The 
height of the foliage was apparently the same in the treated plats as 
in the untreated for all of the six varieties tested. The percentage 
of bloom was approximately the same in treated as in untreated 
Oats. 	o 411.01.1rY to tl)e, ) -)asa.\ p\ate w\-ncYi cot6A .\)e ai[Vvi\-ymea 
the hot water treatment was noted. In co-operation with the Staff 
'Horticulturists, two examinations of the root systems were made in 
the fall and the general opinion prevailed that the treated bulbs con- 
tained a slightly better developed root system than the untreated 
bulbs on the same date. The treated bulbs showed foliage above 
ground slightly earlier than those which were untreated. There 
was, however, little difference in the time and period of flowering. 
These bulbs were dug on July 16, 1927, and 50 bulbs -  from each lot 
of each variety were weighed in order to compare the increase in 
the treated versus untreated. No differences could be noted. Al- 
though all the bulbs were treated very late in the season and ivere 
planted almost immediately after treatment, without being spread 
out to dry, they apparently developed very satisfactorily. The facts 
presented in this paper indicate that the hot water treatment is not 
a i limiting factor in the development of the bulb industry in Vir- 
ginia. 

SUMMARY 

The most important insect pests of Narcissus in Europe are 
the Narcissus fly, Merodon equestris Fab., and the lesser bulb flies, 
Ements spp. Th e  entry of these pests into the United States with 
Narcissus, together with the entry in such bulbs of other pests 
dangerous both to bulbs and to other cultivated plants, led to the 
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promulgation by the LT. S. Department of Agriculture of a quaran- 
tine, effectiv e  January 1, 1926, restricting the entry of Narcissus to 
such importations into the United States as may be necessary for 
propagation, for the introduction of new varieties, or for any nec- 
essary experimental or scientific purposes. All such imported stock 
is now subject to sterilization in hot water at 110-111.5 degrees F. 
for 2V2 hours. To prevent the further dissemination of these pests 
in this country all domestic grown stock offered for interstate move- 
ment which on inspection is found to be infested is given the same 
treatment. 

The bulb growing industry expanded greatly in this country 
during the past two seasons. Tidewater Virginia, where some Nar- 
cissus has been grown for commercial flower production for the 
past twenty-five years, was responsible for its share of producing 
bulbs for forcing and planting stock. 

Little investigation of bulb pests had • been done in America 
previous to 1925. The Narcissus fly which has been known in 
Europe since 1738, passes through one generation annually. On 
the other hand, the lesser bulb fly, which was first described in 1817 
in Europe, passes through two complete generations and apparently 
a partial third generation annually in the region of tidewater Vir- 
ginia. Various host plants are reported for these pests, but serious 
losses rarely occur except in the Narcissus. The lesser bulb fly E. 
strigatits, has been confused with one or more other species and much 
discussion has arisen as to whether it attacks healthy bulbs or 
whether it is merely a helpful scavenger. Recent work both in the 
United States and in England indicates that it will attack sound 
bulbs and should be considered an in 	pest. Apparently 
these pests have gained a slight foothold in certain sections of the 
United States. The U. S. Bureau of Entomology is at present en- 
gaged in studying their distribution. The evidence is not clear as 
the repeated occurrence of these pests in a vicinity where infested 
bulbs were imported every few years would permit the occurrence of 
these pests and not necessarily mean that there was a continuing in- 
festation in the domestic bulb plantings. 

The effect of the hot water treatment on the vegetative quali- 
ties of the Narcissus and their subsequent development under cli- 
matic conditions in tidewater Virginia was the subject of prelimi- 
nary experiments beginning in the fall of 1926. These bulbs de- 
veloped satisfactorily and it does not appear that treating will limit 
the production in Virginia. 
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