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. WASHINGTON, 1. C.

Biology of the Narcissus Bulb Fly in the
Pacific Northwest’
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Pacific Northwest have been found woell suited for the production
of high-quality bulbs of the hardier types of nareissus. As a conse-
guence this region has become the prineipal producing section in the
United States for these types. The narcissus bulb fly apparently
has become well established in this area, and its control is one of the
prineipal difficulties confronting the growers in their efforts Lo main-
tain an excellent quality of the product for thelr markets. This
inscet has been studied to some extent in cortain sections of the world,
but detailed information on ils lfe and habits under conditions
equivalent to those in the Pacific Northwest has not been available.
A knowledge of an inseet’s biology is of primary importance in de-
termining and applying suitable control measures. This bulletin
presents information on the biclogy of the nareissus bulb fly in the
Pacific Northwesl obtained in the recent rescareh at the Sumner,
Wash., field laboratory of the Bureau of Entomology and Plant
Quarantine. . .

HISTORICAL RESUME

The first recond of the nareissus bulb iy which occurs in literature
appears 0 be the report by Résumur (30, r. 4, p. 499 in 1738, He
stated that a few wyeavs previcusly he had received i November
some nareissus bulbs in cach of wiieh a large worm was feeding, and
that in some cases (wo worms were present. These were kept under
observation, and ndults were obtained the following April. The
source of the bulbs is indiented only as Franee. The species was
named and describod by Fabricius (76) i 1792 as Syrplhus equestris,
AMeigen (26, r. 3, pp. 848-367), in 1822, deseribed a number of species
on Lhe basis of color patlern, presumably from muscum specimens,
which were later considered synon» ms of Merodon equestris.  Bouché
(), in 1845, reported that infescation had been present in his garden
fat Berlin] for several yvenrs. Bos (5) indicated the time of estah-
lishment of the inseet in the Notherlands as arvound 1840, perhaps
carlier, stating thal iU was so prevalent in 1847 near Haarlem that
the “new malady’ was discussed nt & meeting of the growers, and in
1849 the growers’ orpanization ritiated a general guestionnaire on
the problem. An anonvmous article in the Gardeners’ Chronicle
in 1842 (1) reported the colleelion of adulis in England ‘9 fow years
back,” but larval attack on bulbs in that country hnd apparently
not come Lo the atiention of that writer,

The carlier aceounts report that bulbs received in the more northern
sections of Europe from the Mediterranean region earried infesiation.
Ecden (14) indicated Marseilles as a possible source of the in-
festations reeeived i the Netherlands, and Bouché () reported that
infestod bulbs of Nareissus nivens wore received by him from southern
France and from Italy.  The information in the eaddier veports indi-
cates that the insect was probably a native of Haly and southern
France and possibly of southern Spain, and that it moved into the
northern part of Europe as the culture of narcissus developed there
and bulbs were imported from the infested regions,

In the Netherlands, where nareissus culture was developing rapidly
as o commereial venture abont 1840, concentralion ol plantings made
conditions favorable for o rapid increase of the insecl, as evidenced
by ifs recognilion ns w sericus pest by 18530, In England reports
of definite damage are Incking until 1869, when Verrall {(86) rvecorded

4 Tinlie nuesbers in prrentiesss refer te Biferatere Clited, pood,
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having found a specimen in his garden, adding that since then the
specles appeared to have increased in numbers in Britain to an enor-
mous extent. This was the peried when the culture of nareissus was
being taken up by many amateur gardeners in England, and com-
mereial production for flowers and bulbs was alse increasing con-
siderably. Several reports of serious injury in the poriod from 1880
to 1900 confirm the statement of Verrall, and the inseet has con-
tinued to be an impertant pest of narcissus in that country.

Jack (21) reported the presence of the inscet at Brookline, Mass., in
1879, stating that just previous to 1897 the damage was more severe
than uwsual and that the insect appeared to have been present in
more or less abundance every season since it was first noticed in the
place nearly 20 vears before.  The first accounts of extended injury
in North Ameriea, however, refer te infestations in British Columbia.,
Osburn (28} refers Lo the infestation in that arvea in 1908, and it is
Turther discussed by Hewitt {Z8) in 1911 and Trehierne (33) in 1914,
The presence of the insect in California was reported by Childs (10)
in 1914, and Essig (17, p. 325) in 1915 and Davidson (12) in 1916
stated that it was apparently estabiished in central California.
Mackie (25}, In 1925, reported it as present from San Diego to Hum-
boldt Counntics, Calif.  Wilcox and Mote {39) state that in 1926 a
survey indicated that it was present in practically ail the commereial
plantings in Oregon.  Weigel® surveved the principal narcissus-
growing regions of the United States in 1925 and found rather general
infestation in California, Oregon, and Washington, but no infestntion
in North Carolina, Vitginia, Maryiand, or Mississippi.

As in other regions, the period of inerease of the bulb fly to serious
proporiions on the Pacifie Coast has coincided in a general way with
the period of development of the commercial aspeets of the narcissus
industyy.  The fiy 18 definitely established on Long Island, New
York, and, while not yet very abundant, it seems to be definitely on
the ascendaney,  Dearving and Griffiths (13) stated in 1930 that the
msect was of ne consequence in the hulb-growing areas of the coastal
plain of North Carolina.  They stated that infested bulbs had been
unported into experimental plantings there up to 1927, but that the
insect had entirely disappeared.  Narcissus plantings ave rather ex-
tensive in Scuth Caroling, Florida, and Texas, bul as far as known
these plantings have apparently remained free from infestation.

SYNONYMY

The narcissus bulh My was originally deseribed by Fabrieius (16)
us Syrphus eguestris, but later the speeies was placed in the genus
Merodon.  Because of the extensive enlor variations a number of forms
have been eonsidered and deseribed as separate species. The generally
accepled svmenymy is that given by Kertdsz (28, . 7, p. 275) and
Saclk (31), ~hich, in order of priority, is as follows:

Syrphus equestris Fabricius, 1794, Enlomoelogia Systematien, v. 4, p. 292,
Syrphus flavicans Fabricius, 1794 {var), Entoinologin Systematics, v, 4, p. 202,
Syrphus fuciformis Fabricius, 170, Knlombologia Systemaliea, v. 4, p. 290;

Schellenberg, 1803, Gatlungen der Fliegen, pp. 54-55, pl. 1} fig. 1.

Merodon equestris (Fabricins) Tatreille, 1805, Histoire Naturelle, générale et

particulicre, des Crustaeés ¢t des Enseetes, v, 14, p. 360,

Eristalis naveiss? Fabricius, 1804, Systema Antlintlorurn, 2. 239

LAWWENEL, T, A, PRESENT STATUS OF ESTARLIEIMENT IN TUE UNITED STATES OF IMFONTED BULI FESTY
REIQRT OF DILR PESTS SURVEY. 8 ppn [1926]  [AIimesrraphied,]
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Eristalts ferruginens Fabrieius, 1805, Systema Antliatorum, p. 240.

Merodon nobilis Meigen, 1822 {var.}, Systematische Beschreibung der hekannien
curopiischen zweifligeligen Insckten, v. 3, p. 353,

Syrphus constons Wiedemann in Meigen, 1822, not Rossi, 17, Systematische
Berelhireibung der bekanetan curopiischen sweifliigeligen Insekten, v, 3, p. 354,

Merodon transversalis Meigen, 1822 (var.), Systematische Beschreibung der
hekannten envopiischen zweifingeligen Insekten, v. 3, p. 354,

Merodon validus, Wiedemanu 7n Melgen, 1822, Systematische Beschreibung der
Lekannten enropaisclen zweifliigeligen Insekten, v, 3, p. 364.

Merodon bulborum Rondani, 1845, [Bologna] Nuovi Ann. delle Sei. Nab. 2 (4): 256,

AMerodon tubercnlale Rondani, 1845, (13elognal Nuovi Ann, delle Sci. Nat, 2 (4): 256,

Merodon nigrithoraz Bezzl, 1900, Soc. Tint. Ttal. Bol, 32: 89,

DISTRIBUTION TN NORTH AMERICA

Inspection records compiled by plant quarantine units of the
United States Department of Agricultuve for 1931, 1932, and 1933 {345)
state that Aderodon equestris was reported in narcissus in California,
Hlineis, Michigan, New York, North Carolina, Ohio, Oregon, Pennsyl-
vania, Rhode Island, Utah, Virginia, and Washingfon. Statements by
Jack {21) and Johnson (22) definttely indicate the establishment of the
inseel in several parts of Massachusetts. Weiss (38) reports that
larvae were foand in New Jersey in 1913, Meteall (27 p. 277) roports
an infestation in Maine. Britten (7) states that it occurs in
Connecticut.

Whether or not the inseet is definitely established in all these States
is not known. Where nareissug bulbs are not produced commercially
the only trouble would be in garden plantings, which would not
ordinarily be serutinized very carefully, and hence an infestation might
escape recognition for some time, In the Paecific Coast area the
insect is known to be definitely established in California, Oregon, and
Washington, and in the Provinee of British Columbia.

DESCRIPTIONS OT TIIE STAGES
Tue Ece

The ogg (fig. 1) is chalk-white, vlongate-oval, subeylindrical, and
slightly narrower ab the micropylar {anterior® end. Its length is 1.5
mm. and ils greatest diameter 0.6 mm. The chorion has a netlike
appearance when viewed under magnification. The surfnee is covered
wilhh polygonal elevated areas, somewhat rugose and of very regular
shape. The separaiing lines which form the apparent pattern are
depressions between the elevated areas.

Tue lLarva
THE NUMBER OF LARVAL INSTARS

In the course of several years many Lhousands of laevae of Aferadun
equestris have been handled in experimental treatments and in develop-
mental studies.  Throughout all these observations molting has been
abserved al two distinet stages of development, namely, at about the
lengths of 3.4-4.0 and 8.5-9.0 mm. Freshly molled larvae are
casily discernible beeause of the very light coloration of the posterior
spiracular process, These observations therefore indicate that the
Iarval development proceeds through three instars.  Hodson (19)
states that there are four instars, deseribing them brielly, but present-
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In addition to these, several larvee had been collected at various
times in the process of molting, and thesc were preserved individuaily
with their associated exuvia. These larvac were measured as were
those of the main series, and also the widths of the spiracular processes
on the exuvia were measured (table 2). The widths of the newly
formed spiracular processes of larvae that are from 3.5 to 4.0 mm.
long are practically identical with the widths of the processes on the
exuvia, which ave shed when the larvae are from 8.5 to 9.0 mm, long,
and are also the same as those of the middle group of the serics
presented in table 1.

Tarve 2.—Widths of the posterior spiracular processes of freshly molled larvae of
Mergdon equestris and af the associaled exuviu

First lnrval molt Srcondd larval malt

"Wiedth of spirscular process— Wideh of spiraciiar provess—

Lenpth of larva — Longlh of larvs
{millitueters) . feniilieoters)

Oniarva  ° On exnvinm Q0 Inrva G exuvinm

Hevide waifs Seale wiifz Heafe wnits Soafe wnily

2 11 5 2

a2
22
25
24
az
i
2]
2%

SO0 50 L2000
ok kiaiss

3.1
a1
3.2
3.3
3.5 .
3.0
3.4 .
30
3.7 .
38
1.0

! Freshly malted torva withoul nxsoviated exuavien.
* Larva distorted, lenpth eslitnmtod.

This study leads rather positively to the conclusion that larvae of
Merodon equestris pass through three instars in their development.

The smalier larvae are very light straw-colored, sometimes appenr-
g almost white, but the larger lnrvac are slightly darker. The larvae
generally appear to be of various shades of brown because of staining
from the moist decomposed tissue in which they live. The posterior
spiracular process is very heavily sclerotized and therefore remains
practically unchanged in size throughout cach instar. At the begin-
ning of each instar, including newly hatched larvae, this process is
light in shade. It darkens, however, in a fow days, and then appears
almost black. The mouth parts are arranged as » pair of ventrally
directed, sharply pointed hooks uniting basally in a hoodlike formation
covering the mouth opening.  These mouth hooks are heavily sclero-
tized, very dark, and remain unchanged in size throughous the develop-
ment of each instar. The transverse wrinkles of the body obscure the
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segmentation, but cach segnient bears a transverse row of setae by
which it may be recognized. The larvae skin is covered with very
minute cutieular spines. The larva is somewhat subeylindrical, with
the ventral surface flattencd. The head is somewhat pointed and the
posterior end truncated. On each side of the posterior spiracular
process is a spine-covered tuberele from which protrudes a prominent
seta. The newly hatched larva is 1.5 mm. long and the mature larva
may attain a length of 18 mm. Length is a rather indefinite character
beeause of the ability of the larva 1o contract and extend its body.
This renders difficult the selection of a definite degree of extension
for comparative purposes. An extended mature larva might have a
length of 20 or 21 mm.

The three larval inslars may be distinguished readily by the width
of the posterior spiracular process. In the carlier phases of cacli instar
the body is considerably wrinkled, but the skin becomes somewhat
distended by the time the larva is re.dy to molt. In addition to the
posterior spiracular process there are other charmeters which distinguish
the thiree mnstars.

FIRST INSTAR

The first instars rang= from 1.5 to 3.8 mm. in length (fig. 2). The
setae are relatively long in proportion to the body diameter, much
more so {han in the later instars. The posterior respiratory procoess
is somewhat flattened, and the distal end is rather smoothly rounded,

Figore 2—Tirst instare of the narcissus bulb iy, 2, 3, 3.5 and 3.5 wm, long,
A to 1, respectively, X 10.

with a small conical projection in the conter (fig. 33, This centeal
projeetion is distinetive of the first Instar. The avernge width of (I
process is 0.13 mm., ranging lrom 0.114 (o 0,143 mm.  On each side
and slightly below the poesterior spirneular process is 2 fleshy elublike
protuberance about as long as the spirncular process. Each protuber-
ance is covered with small short spines. soaewhal larger than those
on the body integumoent, and bears at ity end a long bristlelike seta
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three times as long as the width of the spiracular process. Another
pair of setac of about the same length is located at the lateral ends
of the lobelike fold on the terminal body segment. Although many
of the setac on the rest of the body appear rather long, the longest
are only about half the length of ‘the four bristlelike Setac af tho
posterior end. The relatively long setac give the young larve a hairy
appearance,

/

.

. et |
B

=g - B
ety ot A

Tigure 3.—The posterior spiracular proeess of a first instar of the nareissus hulb
Ay, with the adjaceni tubcereles with long setae, X 8.

Ventrully, six pairs of protuberances like prolegs are casily seen in
the first instar. Each of these bears two bristles, the ends of which
are curved slightly, pointing backward. These are charactoristic of
the first instar.

SECOND [NSTAR

The lengths of second instars (fig. 4) range from 3.5 {o 8.7 mm.
The segmental setae are relatively short and spinelike, Those of the
posterior segments are o little longer than those of the anterior seg-
ments. There are no protuberances suggoestive of prolegs. The
posterior spirncular process is almost round, and is distinetly trun-
cated. Its average width is 0.33 mm., with a range from 0.286 (o
0.386 mm. The tubercles on caeh side of the posterior spiracular
process are short, and their setae are spinelike aud rather short. The
total length of tuberele and seta is only slightly mere than that of the
spiracular procoess,

THIRD INSTAR

The lengths of third instars (fig. 5) range from 8.1 to 18.4 mm.
The segmental setae are relatively very short and distinctly spinolike.
R G R T ST
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Those of the posterior segments are a little stonter and longer than
those of the main part of the body. There are noe protuberances
resembling prolegs. The posterior spiracular process is distinetly
truncated. Its average width is 0.84 mm., with a range from 0.758 to
0.93 mm. The posterior tubercles are short, with short, spinelike
setae. The total length of the tubercle and scta is about half that of
the spiracular process. The cuticular spines are larger than in the
carlier instars.
Tue Pupa

Since the skin of the mature larva beconies the case or ghell within
which pupation occurs, the external larval characlers are evident on
the puparium (fig. 6). Both ends become shortened and more rounded

B8

Fieunpe 8.—.4, Puparitm before emergence of the narcissus buth fy, » 7. A,
puparium after emergence of Lhe nareissus bulb fiv, X 7




12 TECEINICAL BULLETI¥ 809, U. & DEPT. OF AGRICULTURE

than in the larval stage, and the ventral side is flattened. The pos-
terior spiracular process of the larva is quite distinct in the puparium,
and the wrinkles and folds of the larva remain in evidence. The
skin becomrs distinetly hard and unyielding to pressiure, and becomes
dark brownish gray. Several days after the puparium forms, a pur
of respiratory cornua protrude from the upper part of the anterior
end. The puparium is from 12 to 15 mm. long and from 7 to 8 mm.
wide.
Tre ApuULT

The adult Aerodon equestris is a robust two-winged fly with dense
pubescence (fig. 7). A conspicuous toothlike projection on the under
side of the femora of the hind legs is characteristic of the genus, and

Tiaure T.-—Adult nareissus hulh fiy {Merodon equestris), X 7.

a stout spur nt the distal end of the tibia of the hind leg in the male is
distinetive for the speeics. The cyes are large, those of the males
jeined in the front, those of the females separated. The thorax is
approximately as broad as it is long, and the dorsal part is arched to a
slight extent.” It, of course, bears the Jegs and wings. The wings are
transparent, with prominent brown veins, and very little color except
o brownish shading near the base. Viewed dorsally, the fore part of
the abdomen is about #s broad as the thorax, and the latter half tapers
to the posterior end, which is rounded in the male and bluntly pointed
in the female. The length ranges from 12 to 16 mm.-—approximately
14 inch.,

Coloration of the flies is striking because of the extensive variation,
The pubeseent body, with its varied emors, produces a strong resem-
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blance to a bumblebec. The basic body color is black, and this is
the apparent color of those portions of the body that are not covered
with densc pubescence, namely, the eyes, the antennae, the venteal
pertion of the thorax and abdomen, and the legs. Nenr each edge of
the dorsal part of the sccond abdominal segment is an irregularly
round arca of the exoskeleton which is brownish orsnge. The pubes-
cence on the dorsal area of the thorax and abdomen is long and
thick, and varied in color, so that it masks the basic black of the
exoskeleton. This is the principal coloration visible in nature to other
forms of life, and jt might be considered a mimicry of bees as a pro-
teetive measure against birds or other potential cnemies.

Analysis of the color patterns reveals three trunsverse #ZONeS, or
bands, on: the thorax and three on the shdomen. The division between
the anterior and middle bands of the thornx follows the suture
separating the prescutum from the scutum, and the suture between the
scutum and postscutellum is the line of demarcation between the
middic band and the posterior band.  On the abdomen the first band
covers the first two apparent segments, the middle band correspondds
with the third segment, and the third zone extends to the tip. The
colors of the pubescenee are black, brownish orange, and a pale yollow-
1sh gray. These colors may be found in many combinations on the
siX primary zounes, and this allows an extensive variation. Difforent
writers bave used the terms fulveus, tawny, and ferrugincous to
deseribe the brownish-orange shade.  There ave cecasionally slight
variations in the shade, a bt lighter or darker, but characteristically
it may be considered as brownish orange with a moderate brillianey.

The eolows of the pubcscence are inost accurately observed by
viewing the fly laterally to eliminate the influence of the underiying
black body. The color varintion may extend from an almost all
black to a complete brownish orange,” No black specimen has heen
observed with the abdominal tip black. When the remainder of the
color is biack the tip arca is gray.  Every observed specimen having
the thorax all black was a famale, and o hlack front thoracic zonc
has been noted only in those forms in which all throe thoracic zones
were black.  Flies with the orange shade of pubeseence in all zones
have not been numerous, but all those observed have been males,
and it may be that this combination is a sex-linked color variation,
as is the all-black thorax. Very ecarly students of the group estab-
lished some of the color-variation fornis as separate spocios, but later
workers who reared adults have considered thal ouly one species
had been involved.  Several forms have been considered as varieties,
but these can hardly be termed varieties in the strictost interprotation
of the term, since the evidence indicates that the several forms mate
irrespeetive of color, and that the progeny of any mating, whethor
of similar or dilferent colorings, may be a heterogenous mixture of
color variations. Assuming that the term variety applics only to
forms which reproduce (hemselves in the same form, it is not proper
tola.p_ply the term to the adults of Merodon equestris on the basis of
eolor.

POSSIBLE CONFUSION WITH OTHER FORMS

In the United States and Canada no other specics of the genus
Meradon has been authorilatively recorded, although a considerable
number of species are known to occur in Rurope. The form most
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likely to be confused with the narcissus bulb fly is the larval stage
of a{esser bulb fly (Eumerus spp.). The mature larvae of the lesser
bulb flies are similar in size to large sccond instars of M. equestris,
hence any confusion would concern the smaller sizes of the latter.
The larva of M. equestris may be distinguished from Humerus spp.
by the dark-colored, very short and stubby posterior respiratory
process. In the lesser bulb fiy larva this structure is distinctly more
elongate and slender, and is a brick red.  Also, a larva of the narcissus
bulb fly is found by itself in a bulb, and in its younger stages is located
in o distinet tunnel or burrow, whereas larvae of the lesser bulb flies
work in groups, and the bulb tissuc in which they feed is reduced
to a homogenous, usually wet mass.

LIFE HISTORY AND HABITS

Life-history studies of the narcissus bulb fiy have been conducted
in the Pacific Nerthwest for several seasons. This work represents
conditions as they occur in the lower Puget Sound region—in a
general way the region between Seattle and Olympia, Wash. Al-
though accurate studies have net been made for all the Pacific North:-
west, occasional observations indicate that in the narcissus-producing
areas in northern Washington (Skagit and Whatcom Counties)
growth conditions in the spring are about 1 to 2 weeks later than in
the lower Puget Sound regien, while in southwestern ¥Washington and
in Oregon the spring is more or less in advance of the lower Puget
Scund area. The coastal scction of southwestern Oregon is differvent
from the Willamette Valley and Puget Sound regions, as the climate
there approaches the conditions ol central coastal California.  The
information obtained concerning the seasonal history of the narcissus
bulb fly in the lower Puget Sound region would not therefore apply
in detail to southwestern Oregon. 1t does approach the conditions
of the Willamette Valley, lower Columbia Valley, and northern
coastal arcas of Oregon, with due regard to advancement of season,
and of the northern counties of western Washington allowing for the
slight retardation of season there.

Tue Eec

The eggs of the nareissus bulb fly are deposited singly, olten on
the nareissus folinge approximately at or slightly below the ground
level (fig. 8). Frequently eggs are placed in the soil close to the
naveissus plant. Sometimes the soil around the plant may have a
wide erack or he epen otherwise, in which event the female fly backs
dowmward as far as possible before depositing the egg.  Henee oggs
may be found one-quarter or one-half of an inch below the soil surface.

Information on the incubation period has been obtlained under
ordinary voom temperatures. In these studics egge were removed
frem potted narcissus plants over which adults were eaged.  The
oggs were kept in stacked Syracuse watch glasses and water dvops
were placed on the bottom of each glass to help maintam humidity.
A soeries of observations made at Santa Cruz, Calif., in 1926 18 com-
pared in table 3 with dala obtained at Puyallup, Wash., in 1927 and
at Sumner, Wash., in 1932 and 1033,
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The duration of the ege stage in the Nethertands is stated to be
Pio 5 days (31 In lngland Hodson (/) found the e period Lo
range from 10-to 15 days, basing this on over 3 years' recovds. I the
United States various periods are veported.” Howard (27, po 1,
apparently referring o observations made ai Washington, 1), (
records that the eggs hately in 3 or 4 days. Woeigel (373, definitely
reporting on observations at Wushington, . ., states that the
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incubstion pertod under greenhouse comditions is from 2 to § days,
the average being about 6 days.  Broadbent (9), as a result of 2 vears
of observations at Washingron, D. C., states that a range of 10 to 14
days was noted at {emperatures from 17.1° to 20.5° C. (62.8°-68.9°
F.}, with an average of 12,35 days.  In Oregon Wilcox and Mute (39)
found that the majority of the eggs hatehied in from 8 to 10 days, wiln
arange of § to 15 days. Tt is of course practieally impossible to dupli-
cate the field envirenmental conditions that eggs experience.  Soil-
surface temperatures may rise high in bright sunlight, and of course
the foention of the eggs gives them varied amounts of shade, causing
varied temperature conditions.  Some of the shortest periods ob-
served by the writers probably represent unintentional errors, and
the same is Hkely with some of the shortes! perioda reported in lilera-
ture. In geners], 1t appears that a 10- to 12-day period is required
for embryological development in the eggs, and this is the approximate
range indicated by the studies of Hodson and Broadbent, which were
apparently sufficiently extensive to be considered accurate.

Tue Larva

The newly hatehed larva of the nareissus bully fly migrates imme-
diately from the cgg 1o the nareissus bulb, which i entors and in
which 1its entire developmental period is pussed. When ready to
pupate, the mature larva leaves the bulb and moves upward to the
soil surface, where o changes o the pupa. To mamtein larvae
under observation i conditions even approaching normal would he
oxtremely difficult. Even i kept in bulbs and examined from {ime
to time, a sericus disturbance of the environment is involved as well
as disturbanes of the larvae, for the bulbs must be cul open to reach
the grubs.  To avoud this disturbance lactor, larval development hns
boen studied by colleeting numbers of infested bulbs at intervals ansi
classifving the larvae from cach sam ple on the basis of size as expressed
by length. A study of the changes in the sizes from interval to in-
terval has furnished a distinet picture of the development of the
farvae. By this method actual development in natural conditions is
determined, and, partcularly, the method eliminates the influence
of disturbance of the inseet and environment which would be invelved
if observations were made gt intervals on the same indivicuals,

Populntion samples were collected af intervals eaeh season from
1934 (0 1938, inclusive.  Beeause the nunthers of Tsrvae in the various
samples varied, the proportion of each sample Tor ench length has
been caleulated, to make all the samples comparable, These data
are presented in lable 4. In all these studies the 20 and 3-mne.
larvae represent the first instar, 4- (o S-mm. Iarvac represent the
second mster, and 9- (o 18-mp larvae represent the third instar.
Typical p(‘:pu]ﬂtmn sumples are idllustrated in figure 9.

Infestation of the bulbs first becomes evident late in May or early
in June, and the number of new farvae increases through June, The
mdividual rates of development vary considerably, and the range of
sizes hecomes very wide as fhe season progresses. Second instars
were first absorved on June 22, 1634, June 20, 1935, June 35, 19346,
July 8, 1937, awd June 23, 1938, The fivst third instars were noted on
July 25, 1935, July 30, 1936, August 12, 1937, and Auvgust 5, 1938,
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TABLE 4.—Proportions of sizes, based on larval length of 3eradon equesiris larvae in
naturat population samples acquired al intervals
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TABLE 4.—Proportions of sizes, based on larval length, of Merodon equesiris Inrvae in
natural population samples acquired at m!eruals-—Contl nued

FROM EGGS DEPOSITED IN 1§35—Continued
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TaBLE £.— Propertions of aizes, based on Iarval length, of Merodon equestris larvae in
nalural population samples acquived al intervals—Continued

FROAMA EGGS DEPOSITED IN 1936—Continued
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A separation of the larvac into two distines groups becomes evident
in the fall months. Most of the larvae reach their full development
by fall, whicl is represented by a size rango of 14 te 18 mm. The
principal group is composed of these mature larvae. There is &
grouping of immature sccond instars which seemingly is held back in
development and which shows little change in size through the winter.
As the development of these smaller lavvae is followed in succossive
population samples it is cloar that they continue development through
the second year and do not emerge as adults until the seeond spring
after egg deposition. There is another grouping which is not so
distinetly separated as the second instars.  This is coriposed of third
instars in the smaller sizes, and in (his condition they pass Lhe winger.
A consuderable number of these alse apparently remain in the larval
stage through the ensuing summer and pupate and emoerge the second
spring after oviposition.  Thereis a definiteretardation factor in the
developmenial history of the larvae, and (his will be furthier discussed
in detail.  Normal development, representing approximately 80 per-
cent of the larval populations studied, is through a 1-vear evelo.

In the normal cowrse of dovelopment the first instars entor the
bulbs late in May and throughout June, and the peak of this instar
oceurs approximaltely the Arst of July. Transfermation to the sccond
msiar begins late in June, and the peak of this nstar occurs carly in
August.  Third instars appear carly in August and {hese develop to a
practically mature condition by the Inst of October, emain more or
less imactive through the winter months, and leave the bulbs carly in
the spring (o pupate.

Sinee the data for lavvae originating in 1936 are the most complote

and are practically [ree from ubnormal phases, the developmental
history ol these larvae was selected Tor graphic presentation, The
average size of the larvae collected on each date was ealeulated, and
these means have been plotted on o semilogarithmic seale in figrtire
10 1o demonstrate the developmental trend.  In figure 11 the develop-
ment of the Iarvae in such nstar is similarly ealeulnted and plotiod
in comparison with the developmental curve for the larvae of all
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instars. Because the eurves represent’ rates of development the
logarithmic scale is used to properly present the trend.
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Ficonre 1l.—XNormal trend in development of narecissus bulb fiy lsrvae, completed
in I year, as exhibited hy larvac of 1936 origin, The developmental trends
of the three separate instars are ineluded for comparison,

RETARDED LARYAL DEVELOPMENT

Although the normal development of the bulb Iy larva requires
only 1 year, it has been observed that the development of some lavrvac
is retarded (o such an extent that these do not pupate and transform
to adults until the second spring after the beginning of their life
eycle. Most published accounts of the lile history indicale that the
cvele from ogg to adult requires 1 year. Referring to conditions in
England, Stocks {32, p. 20 in 1914 said:

The life-cyele of Werodon equestris is of two years' duration, the larva carrying
on its ¢lestructive work from July one year to February in the second lollowing
year, the grob and pupa remaining in the bulb approximately 19 months,

While no data are presented in support of this statement, and it can
hardly be aceepled as completely true, it is possible that this observer
may have noted certain individuals whose development did require 2
years.

Bliss {4}, also i England, reporied in 1926 thatl certain individuals
reguired 2 years for the completion of their eyeles and offered evidenee
to support his statement. Poos and Weigel (29), in 1927, reported
that ““all data upen the biology of the Nareissus fly in the United
States indicate that there is only one generation annually.” Broadbent
(9}, in 1928, said:

In studies of this bulb fiy coutinning over & period of three vears from 1925 (o
1927, we have found no evidenee indicating that some larvae of this speeies may
require {wo years to complete their development.

In his rccount of 8 years’ studies of this inscet in Bngland, Hodsgon
{18}, 1n 1932, said;

It can he accepted fhat there is not more than one generation each year, hut
cortasin writers have put forward the suggestion that larvae sometimes feed for




BIOLOGY OF NARCISSUS BULB FLY IN PACIFIC NORTHWEST 23

two seasons before reaching maturity. * * ¥ In the writer's experience all
larvae, without exception, mature in one venr * * %

He considers that the confusion in this respeet was caused by the
great variation in sizes of larvace definitely of the same age. Hodson
reports his observations on several larvae which were of small size
during the winter months. None of these required a second year
for the completion of its development. The desceriplion of his toch-
nique in one series of larval studies is as follows:

The larvae were periedically removed frow their bulbs, measured, nnd returaed
to fresh bulbs, cach thus being atforded equat oppertunity of feeding and growth,

Whether similar methods were used throughout the studies is not
known, nor is it stated whether the bulbs containing the larvae were
placed in soil or kept as dry bulbs. [t is evident that the environ-
mental conditions surrounding these larvae were far from natural,
particularly if they were replaced in fresh bulbs after eaeh observation.

Hodsen (19) stated further that it was an “established faet that
quite small larvac are sometimes found in bulbs during the Inte
winter and carly spring months.”” This is definitely demonstraied in
the larval developmental studies carried out in the Puget Sound region
by means of interval population samples.  Whereas Hodson failed to
observe that the small larvae did continue their development through
a second season, the interval-population-sample technigue demen-
strates distinetly that these small Iarvae, passing the winter period in
the early phases of second-instar development, proceed in their
feeding and grow(h through the ensuing season.  This is evident in the
population-sample dala presented in table 4 and in the growth trend
for those larvace of 1936 origin as shown in figure 14.

The observations of development during the winter periods as given
in tuble 4 are further summarized in table 5 to demonstrate the pro-
portions of overwintering larvae in the various developmental groups.
The proportion of larvae passing through the first winter as second
mstars ranged from 1.2 to 168.1 percent ol the populations. Resump-
tion of developmental activity of the second instars becomes evident
the sccond spring during April and carly in May, transformation o
third instars begins late in May or carly in June, and the larvae become
of a size considered mature in August or later. They pass through
their second winter as mature larvao.

TABLE 5. - Proyortion of lnrvae of Merodon equestris overwindering as sccond fnstars,
tmature thivd instars, and mabure thivd instars during the years 1934 to ! 93K,
tuclnrive, al Olympia, Wash.

Praportion of overwinieriog bievae
i

Hpason ]
Third instur
Spentud
instar

mpatere . Matire

. Percent V Pereent Perccnt
O, 30, 1994, to Fob. 4, IN35 . . 11,26 1 L2 -

Oet, 23, 1435, 1o Thee, 20, 134 . . .40 ; g 40

Oct. 22, 19806, ta Fob. 11, 1937 | : 1560, [LASE

Cut. 21, T#7, th Fob, 3, 1938 . | 146, )2 b
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Throughout the studics of larval development a somewhat indis-
tinct grouping of larvae was evident in the overwintering populations.
These were larvae in the early stages of the third instar.  The grouping
15 indistinet beeause it merges into the maturelarvae group. An
analysis of the data has revealed, however, that many of these im-
mature third instars do not pupate until the second spring, and this
group may also be considered as affected by rvetardation factors.
During April these immature thivd instars resume activities and groaith
becomes cvident. The group beeomes merged with the retaraed
second-instar larval group late in July and in August, but appavenily
they reach maturity a little in advance of the latter group.  .As with
the latter, the second winter is passed as malure larvae. MMatuie
larvae from hoth types ol retarded development seem 1o be amonyg the
first, to leave the bulbs i the spring to pupate.

In addition (o the population-sample studies, Iarvae of known size
have been confined so that emergenee of {he adults conld be recorded.
Larvae of the smnllev sizes, seleeted during examination ol infested
bulbs, were replaced in nareissus bulbs which were buried in soil in
clay flowoerpots. Bach pot was individually covered with a small
wire-screen eage, and all were plenged in soil under a large cage.
The bulbs were not disturbed further.  During the period when adult
emergenee was expeceted the eages were examined ot [requent intsrvals
and those adults present were removeed.  The record of adult emergenee
is given in table G.

The eages mstalled in the winter of 1932-33 were continued into
1935 without disturbance of the bulbs or soil.  From the larvae that
were confitied at that Gme, and which were of 1932 origin, three adults
emerged in 1935, One of these that had been eaged Mareh 28, 1933,
when 4 mm. long, and one eaged Nay 20, 1933, when 10-12 nun.
long, emerged June 6, 1935; and the other, eaged Moy 23, 1933,
whien 10 non, long, emerged May 31, 1935, Al theee had hibernated
during three wimters.

These imstancees show that the relardation of development may
extend over 3 vears i some eases. It is evident that such relarda-
tion is not due to failure of the larvae, as judged by the size, lo ma-
ture earlier, for in two instanees they were in the third mstar when
enged in 1033,

1L lins 1ot been possible to delermine what factors are responaible
for (he retardation in development.  Observations indieate that the
condition is more prevalent where the bulbs have been left I the
agronnd for 2 or move years.  Adso there appears Lo be a goneral rela-
tionship between the deving of the basal plate amd retardation,
Tadson (423 considered the oecasional occurrence of small second-
mstars late in the winter and early in the spring as due (o desivenlion
or storage under exeessively drey conditions. Bt s thought by the
wrilers thatl the retarded larvae may be those that hatehed from
cggs Inid during the Inter part of the oviposition season and that
consequently al am early stage ehcountered drying conditions in the
bully tissue associnted with the muaturing of (he bulbs, 1t is alse
believed that the condition s associated with cool elimetes with con-
sequent late development of adults, and it may not aceur in warner
chmaloes.




BIOLOGY OF NARCISSUS BULB FLY IN PACIFIC NORTHWEST 25

TABLE 6.— Emergence of adults of Merodon equestyis from caged larvae

Larvac ‘ Ardults

Indiviiuats cinerged

Date caged and lot ‘ Diate emerged .
Mnle ; Fomnle

: I Aumber | Numbher
§ | Funed L. |

May M, ...

r{MnyH.._ e
May 2o L.

Afay 14

May 25

May 11,

May 33

May 26,

Mav 1.

June 6 .

Moy 4.
_{.\myn -

R 3.1 138 & DR

i

FMav L
Y iidone o

| Junch
Tpabayr.
{Ju::t‘li
June2s
!{M:t:.' 2

inm.

Jan. 25, 1

Mo, A .. . ’ -4

Mar.23, B3, . . 35 -
Mnar, 23, 0 . 4-6 |
Mar. 23, D 15 |

Mar. 24, E . . ' 46 oy s
Mawr. 25 ... . .. L. -4 1 Jone 6

Tue Pupa

Very carly in the spring the mature [arva leaves the bulb in which
it has developed and moves upward through the soil until its head
barely protrudes through the soil surface (fg. 12). The larval skin
hardens and becomes the pupal case in which the transformation to
the adult fly occurs. Broadbent (9) states that at Washington,
D. C., in 1926, the pupal period ranged from 33 to 50 days with mean
temperatures (corrected for soil rendings) of 53.6° to 60.3° F. (12.0°—
15.7° C.) and that in 1927 it ranged from 48 to 61 days with mean
temperatures of 53.2° to 55.8° 1. (11.8°-13.2° C.). Hodson (19)
states that in his experience in England the length of this stage showed
marked constancy, ranging only hetween 35 and 40 days. He con-

439581 —42—i
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sidered it highly probable, however, that it might be prolonged for
an wdditional 10 to 20 days.  Broadbent states that n large tempern-
ture characteristie is indieated m connection with the pupal period.
Tn an experment al Sumner, Wash,, the velation of temperature Lo
the duration of (he pupal period was studied in 1933, The mituence
of femperature s strong, ns indieated in the data summmarization
prescited i figure B3

: R bl A 7 L g%y iy “haif, b
Preeaee 120 Soil weennd nareissns bulbs partly reioved 1o reveal nareissus hinth
iy puparin in s,

&0

B e et e e

58 . - - - - - — ke - aaea
; 571 S - B -
w .
[T 56 3 - - e - -
>
i—
«
] 551 ' - H . -
a ;-
!—54 . . u' - '._‘_ -
Z i - ;
o3y — T “-TI*‘. - B
= 1 : e |

. . +
52 ot s e P T -
H | -’w"lr *: "y
e e e o e s T
50 | ! ST s
50 ! 1 |
40 30 60 70 80 S0

PUPAL DEVELOPMENTAL PERIOD (DAYS)

Fravns 13 Relationship of jran tempeentnee 1o lengih of pupal period of the
nnreissus bolls iy, The ddols represent period means of fdividands.
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In this experiment the range of the period was 33 to 80 days and the
mean temperature ranged from 50.5° t0 63.5° F.  These pupal periods
appear to be slightly greater than those observed by Broadbent (9)
for comparable femperatures.

General field studies were made at Olympia, Wash., in 1936, 1937,
and 1938 to determine the season of pupation and emergence, In
these studies infested bulbs were dug atregularintervalsand the Tropor-
tions noted of those from which the [arvac had migrated. Only mature
larvae were considered. As the time for expected adult emergence
arrived, samples of puparia were collected at regular intervals by
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Figune 14.—8eason of lasval migration and adult emargence based on samplos of

larvac aud pupae of the narcissus bulb fly colleetled atlintervals during 1936,
1937, and 1038,

screening the surface soil over the bulb rows. The proportion of
puparia from which adults had emerged was noted. The data are
presented in tables 7 and 8. The increase in migration from the
bulbs and in adult emergence is plotted graphically in figure 14. In
these graphs a horizontal distance between the two curves at any

point would represent the theoretical duration for that season. 1t
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is evident that the duration is markedly lessened as the season
advances, and it is assumed that scasonal rise in femperature is the
mos$ important factor involved in the shortening of the period.

TapLe 7.—Depariure of mature larvae of Merodon cquesiris from bulbs for the
purpose of pupalion, Olympia, Wash., 1936, 1837, and 1938

1 I

Inlestod i I . - Infesled !
Date axamined buibs Tarvae missing l Date examined hylbs | Larvae missing
1}
i

expmined exarminwd;

Nuwher l Nuwaher II Perceat
74 3

Number | Number | Perceal
14 14 14 g2

TaBLE 8.— Emergence of adulls from pupae of AMerodon equesiris collected In the
field at intereals through the spring season, Olympia, Wash., 1936, 1937, and 1938

[ '
Pupag Pupoe
X Propor- i
Date examined tion Dante exemined

I | Propor-

- . e

Un: lEnmrgod emerged | Cn
|

Lion
eierped

|
b T
emerged cmerged | Emivrsed

H L}
Mumber U Number | Pereenl i Number @ Xumber | Pereend
25 I 2 F M

25 ¢
24

i
|
1

gJune 8o
16 45

July b
31

A,
May §

~HBEraB

June

s

T.
1

W
=

Obscrvations in February and carly in Mareh indicate that the
migrating larvae may not assume the pupal condition for seversl days
after leaving the bulbs; later this period is shorter as the activity is
increased at higher temperatures.  Approximately two-thirds of the
mature larvac were found to have left the bulbs by the end of March.
The remaining larvac entered the pupal stage over the whole month of
April, and stragglers were still present well into May. This may also
be observed in the data on larval-population samples in table 4.
Many of the later individuals are thought to be larvae that passed the
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winter in s more or less immature condition, resumed feeding and
development early in the spring, and became sufficiently mature to
pupate the same season.  Apparently the inclination or urge to pupsate
1s associated with the spring season, since mature larvace have been
observed to continuc as larvac through the summer, fall, and winter,
seemingly waiting for the spring season before pupating.

TuE ApuLT

EMERGENCE

At time of emergence the adult pushes against the anterior end of
the pupal case, causing it to break along a line close to the anterior
resprratory cornua.  The round cap thus broken off is pushed to one
side and the fly works its way out of the case. Imunediately after
emergenee the body of the fy is distended with fluid, the wings are
unexpanded, and the body wall is soft. The fly secks some ohject
close by, such as grass or a leaf or other support, climbs up on this g
few inches above the ground, and complotes the (ransformation to the
adult by expanding the wings. The body fluids are cjected, and the
exoskeleton quickly hardens.  After these final phases of transforma-
tion gre accomplished the Ay assumes regular adult activities. [t has
been observed that cmergence always oceurs during the morning
hours. This corresponds to similar observations by Broadbent &
and Hodson (19).

ACTIVITIES

The adult narcissus bulb fiy is definitely a sunshine-loving insect.

Its activitics in the open are negligible unless the temperaiure is above
60° K. It avoids exposed situations, preferring arcas more or less
sheltered from winds.  The flies are seldom observed on eloudy days
unless the temperature is rather high.  Periods of cool, rainy weather
extending over 4 or 5 days probably cause many of the fies to perish
through inability to obtain food. Continuous periods of sunuy,
mitd weather are favorable to activity, particularly mating and ovi-
position. Probably weather conditions during the adult poriod have
a strong influence on the extent of bulb infestation beeause of their
cffect on ovipositional activity.

The males are more active fliers than the females. Tn a narcissus
planting s fly when first disturbed flies a short distance ahead of
thie observer, settling down again on a leal or clod. Sometimes a
second approach will cause the same action, but usually the second
or third disturbance causes {he fly to rise vertically a short distance
and depart rapidly and vigorously straight away in any direction, and
it is_very quickly lost to sight. Ordinary, undisturbed flight in a
nareissus planting is usually at o low level, a few inches below the
narcissus leaf tips, with a tendency to follow the rows, although the
fly frequently passes through or between plants to adjacent rows.
Very rarely individuals have been observed hovering—that type of
flying habit associated with many of the Syrphidac.  The fow times
that this has been observed the weather was warm, over 80° F.  The
flies maintained themselves in a relatively stationary position about
2 feet above the ground, and the period of hovering ranged bebween
10 and 25 seconds.

The adults are able to produce a strongly vibrant humming sound,
but this neise is heard infrequently from flies in the open, If caught in
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an insect net or spider web, or held between thumb and forefinger,
fly gets noisy, and it is posmbl{\ that this noise is o protective sound
associated with its beelike coloration, for it is similar to {he buzz or
hum of a bumblebee. Tt is suppom'dl\' made by vibration of the
dorsal part of the thor ax, for it 1s not associated with wihg mov mnvnt

While mating the files produce a mueh higher ])h('h{‘(l hum that is
quite characteristic. It has not been definitely delermined whether
this particular tone is produced by the male, the fomale, or both.  The
male is very netive preceding mating. Tts usual proc vdul e is Lo dart
rapidly from ahove a slowly fiving female, grasping it in the thoracie
region, the pair then coming to rest on the ground or on a horizonial
leaf surface, where actual union is accomplished.  Actively fiying
males have been observed on numerous occasions grasping ho;wvbt'm
just departing from flowers, which would seem (o indicate that the
female has no particular pr{'lumnm}' catl or other means of attraction.
This is further evidenee of the elose rosemblance of the flies to bees.

The duration of fife of individual fiies under natural conditions Is
difficult to estimate. In ecages, with food continuvously available, the
flies may live as long as 20 davs.  Qutside, the elimatic conditions are
important factors determining the length of adult Hfe.  If conditions
unfavorable to feeding, such as low temperatures, cloudiness, or pre-
cipitalion, are prolonged, the flies may suceumb quickly. In the
Pacific Northwest such conditions, lasting a week or more, are not
uncommon during May and infrequentiy occur durving June.  Henee
the ndult pepulation may be signifieantly sffeeted by unfavarable
weathor.

FEEBING 1ABITS

The adnlt fiies have been reported as feeding on a nunber ol Howers.
Tu England, Stocks {320 reported them feeding on dandelion and in
daffodil beds. He also stated that he had found them feeding on all
Kinds of flowers in masses and on fruit blossoms, particularly those of
apple.  Hodson {19 writes that the lies may often be taken at flowors
and that some preference is shown for those of various members of
the order Compositae, notably (he common dandelion.  He noted
also that Howering shrubs are visited as well as the large pink flowers
of Mesembryanthermum.  Osburn 128y reported speeimens of Merodon
equtesiris being taken at the flowers of silmonberry (Rubus spectabilisg
at Vaneouver, B, (',

En the Pacific Northwest numerous observations have been mnde
of the flies leeding at the lowers of various plants.  In cages the
flies fed readily on eane-sugar solutions and on dilute honey. The
flies in the field were also noted fee ding deep in Mowers as though
after neetar.  On some oceasions they were appurently feeding en-
tirely on poilen.  To check these observations on pollen foeding some
of the flies were disseeled amd their digestive tracts mounted on
microscope shides,  TU was found that many of the flies had ingested
considerable gquantities of pollen.  The grains appeared to be prac-
tieally unchanged, oven in the reetum, so there is some doubt as Lo
whether pollen really serves as food. Study of the ingested pollen
has indieated that a Iy feeds on several kinds of flowers, and that
in different loealities and al  different Gmes doring the season
flies would feed on nvailable flowers,  The pollen grains from the
digestive tracts of flies have been used fo some extent to check ob-
servations of feeding on certain plants.
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The following is a list of the flowers on which adults of Merodon
equestris have been observed feeding in the Pacific Northnwvest:
Scientific name: Comeion namie

Agoseris lactinea {Nust.) Greene
Cerastiwm arvense Lo__ ... __.__._.__._. .... Field ehickweed,
Claylonia (Mentia) sibirice (L.) Howell.___. __ Candy fiower.
Crepis cepillaris Walls_____ . __. ... ..  __.
Eriophyilum lanabum (Prush.} Forbes____ .. _ Woolly sunflorror.
Fragaria cunefolia Nute ... .. .. <. ... Wild ssrawboerry,
I;f[yperfcum perforatum L.___ . . - = 8t Johuswors,
ypochaeris radicata 1. . . _. ... False dandelion.
Narcissus albaplena sdorata_ - .. White doubie narcissus.
Polerdille gracilis Dougl. . .. Potentilla.
Ranunculus occidendalis Nunv __ .. . . Field buttercup.
Rephanus sativus L. {caped fliox). .. . Wild rudish,
Rubus parviflorus Nutt . | . o oo Thimbleboerry.
Sisyrinchivm fdahoense Bieknell | _ _ o Blue-eyed-grass.,
Tarazacum taraxacum {L.y Karst . ... Dandelion,
Thypmus spo.oue . .. ... ..__ ... ‘Thymo.

in only one instance was an unconfined fly found feeding on any-
thing other than flowers.  In this instance one was noted apparently
feeding on & ripe blackberry fruit, Rubdus sp.

OVIPOSITION

The neck area of the narcissus plant is the focal point for the act
of oviposition. Usually the movements of the leaves in the wind
cause Lthe soil to be more or less open arcund the neck.  As a rule the
female approaches this region by walking down a leaf to the soil,
then meves here and there, oceasionally extending her ovipositor,
apparcitly considering and secking the most favorable loeation for
piacing an ecgg.  She generally backs down the opening around the
plant, and places the egg cither on the plant itself or in the soil close
to the plant. The eggs are seidom more than one-fourth inch below
the soil surface.  After depositing an egg the Ay may walk along the
soil surface to an adjoining bulb, but more commonty she ascends a
leaf a [ow inches and from there flies slowly to another plant within
2 or 3 feet to deposit another egg.  In the field no fly has been noted
to deposit more than a single cgg at any one bhulb, hut the presence
of an egg at a bulb does not deler another female from depositing
there.  Multiple larval infestation of hulbs, therefore, usually repre-
sents progeny of different females.

Femeles probably deposit & considerable number of eggs cach day
when weather conditions are favorable. It is extremely difficult to
keep a single individual under continuous observation in the open to
determine the extent of this operation, and when the flies are caged
the unnatural conditions often retard egg deposition to some ex-
tent until shortly before a fly dies, when she may deposit a consider-
able number of eggs in a short time. The average number of cggs
deposited by caged females receiving suitable food was approxi-
mately 8¢. The maximum number of eggs laid by a single female in
these eage tests was 174, and the largest number deposited by 1 fly
in n single day was 102,

SEASONAL DEVELOPMENTAL HISTORY
PosLisuep Recorps

Information on various phases of the life history of Merodon
equesiris has been presented by a number of writers who have stud-



http:idahoen.se

32 TECHNICAL BULLETIN 809, U. $. DEPT. OF AGRICULTURE

ied the insect in several regions. As far as can be determined by
descriptions of technique employed, these studies were based on con-
fined or caged individuals. The comparative seasonal occurrence of
the several stages in the localities where comprehensive studies have
been made is indicated in table 9.

TasLe 9—Comparative seasonal occurrence of the stages of Merodon equesiris as
reported from different localities

Laratity . Aduir Eprr : Lacva

Notherlands {5) Muy ter NMareh-Aprid , March-Apsil

IR ¢ DU . § 71
England (i9}.......... i Ly 9L May into June oL May-Juneto March - i Aperil.
: S A
Distriet of Cohunbin j Apr, 24-Juned. ., . . de..... .. ] 1 : Aarch-May.

Orcéén ESQ).._.......... Mar, 27-May A Late April imte « Alay to March. .. ___.| Eady Mareh into
Aay. ; April,

The season of appearance of the different stages in these localities
is much the same. Wilcox and Mote (39) indicated that the spring
of 1326, when they studied the biology of this inscct in Oregon, was
exceptionally advanced, and hence the normal period when the stages
would be expeeted to oceur would be a little later than the tines
presented in their acceunt.

SEAsONAL DEVELOPMENT IN THE PACIFIC NORTHWEST

In the lower Puget Sound region the adult flies first appear late in
April or carly in May, depending on climatic conditions. In 1935 a
schedule of daily (except Sunday) observations, regardless of weather
conditions, was followed in the Puyallup Valley throughout the period
of adult activity, May 7 to June 27. Six narcissus fields, variety
King Alfred, were visited each morning between 10 a. m. and noon
by three of the laboratory staff, two fields being covered each day by
each ohserver.  The visitations were alternated so that cach field was
visited twice o week by cach observer.  Hxnctly one-half hour was
spent in o fickd, and the number of adults observed during that period
was recorded.  The summarized data of these studies are presented
in table 10, Two ficlds were noticcably more heavily infested than
the other four, and the data of these two fields have been compared
with temperature means and precipitation vecords in figure 15, It is
vory noticeable that the inereases in adult appearances are associnted
with temperature peaks.

Further information on the seasongl occurrence of adulis was
obtained from records made of the enmergence of adults within a large
sercen eage covering infested bulhs placed in the soil the preceding fall.
The datn obtained are presented graphically in figure 16,

The cage-emergence dats eorrespond in a general way with the field
observations except that flies were observed in the field several days
in advance of eage emergence.  The peak of emergence occurred during
the period from May 20 10 27.  During this period the peak of activity
inn the field was also observed. A secondary pealc of emergence in the
cage was noted at the end of May and the first few days of June, and
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this compares with a field activity pesk from June 3 to 6. Stragelers
emerged throughout the month of June and reduced numbers of adults
were noted in the ficlds during the same period.

TanLe J0.—Nuwumber of adults of Merodon eguestriz observed in six fields of King

Alfred narcissus during the period of adull activity, Puyallup River Valley, 1935
Temp. . Adults observed in fleld— i
O
‘ty 2 m. A D N E i

LEEH
uleer
vation

Weather conditions at tine
of observations

NHNE- N _\'run—. AU Num-iN s m- N
ber  her ber o ber D fer ber er
Q. .
o
i$

3 373 pereend cloudy
v Clear, tght breezs. ..
Seoode L, o,
© Clear, moderdle wingd. .
Clowdy, Lriel sunshine.. . .
- V5 pervent cloudy, light wind .,
Clear, Jight breeae .. ... 7 |
i Hazy, light brecae | .
5, Moin  pravions  night, 3 pereent
o clendy, lipht wind. . e
. Moderately bazy, Tizht brecze
- Cool, cloudy, light wind_ .. . . .| - a7
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Clear and hot 1l day exeepl 10:158, 1.~ !
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i - ‘Ihin clouds, fieht breoze ..
Clear, light breese, | . A X 2y
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Cloudy, coni, drizzle 930 ta 104, m. . L5-a0
Cloudy, cool, threatening, [ | 1]
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L bservotions discontinned,

The principal period uf egg deposition would naturnlly correspand
closely {0 the penk of adult activity. Entrance of larvae into the bulbs
would fellow the peak of aduly activity by about 10 to 14 days, the
time required for incubation.  In 1935, narcissus bulbs were examined
ab weekly intervals after April 25, Not until M ay 31, when three were
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found, were young larvae detected in the buths.  Approximately
equal numbers of bulbs were examined eich week and (he numbers of
new larvie found were ag follows;

| It Avher of wew dnrrye
May 31t 3
June 6 17
June 13. . . . . Ta
June 20_ . . 125
June 27 206
July 5. . 272

July 11. 284
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In the usual developmental procedure the farvac grow to mature
size by the late part of September or carly in October. These larvae
remain more or less inactive in the bulbs throughout the wintoer.
Early in spring they leave the bulbs and move close (o the soil surface,
where they pupate.  After the changes which occur within the pupat
cases have been completed the zdult flies emerge.

Thosc larvae whose development is vetarded during the first seuson
overwinter cither as ecarly second instars or early third instars and
resume development in the following spring.  These reach mature
size during the second summer and spend the second winter as mature
larvacewithin the bulbs, which they leave carly the next Spring Lo pupsate.
Figure 17 presents a disgrammatic comparison ol the normal develop-
ment of the narcissus bulb fly with two (ypes of retarded development
represented by the overwintering second and third instars.

FIEKM) PLANTH

Published accounts dealing with the narcissus buib v record a
number of bulbous plants as hosts.  Compilations of published host
records were presented by MacDougall €24) in 1913 and Frver (17)
in 1914, Hodson (/93 in his report on the inscet refers Lo Fryer's list
of hosts and adds FKuryeles and Qulanthus. Poos and Weigel (29)
list several host plants compiled from various reforences i Ameriean
and Buropean literature, the anly ones not ineluded by Hodson being
Iriz and lilies,

The Tists of insects intercepted by the plant quarsntine units of te
United States Department of Agriculture furnish additional host-
plant records.  According to these reeords (from 1915 Lo 1938) larvae
of Merodun sp. have been intercepted in various hosts as follows:

Nupihier of

Host plang: tutereeptions

liwm cepe

SAaparyllis belludonne rosea

Calanthus sp

Gladinlus sp .

Hyacinthus sp

Lachenalin ~p

Lencajmm ~p.

Lyeoris sp__ |

Muscar! comaziom teipolling

Nareissus <p .

{hrnithogalum <p

Seiffa sp

Sternbergia oo

Pulipa vp.

Assumedly, practically all these rvecords refor to larval attack,
Almost none of the published aceounts of plants attacked indjeato
that posilive determination of specirs was obtained by rearing of
tdulls.  Henee complete assurance cannot be had that Merodon
cquesiris was always the species involved.

Alost aecounts indicale that narcissus is he only liost of general
importance, infestation in the others being more or less incidental.
No reference to Muscari comosum as o host has been noted other than
the interceplion records Histed, but the large number of intereeptions
indicates that this bulb must be considercd as an imporfani host.
These infested bulbs came from Italy and Morneeo. It is possible
that the species involved in this host may not he equesiris.
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Ficure 17.—Comparison of the normal development of the narcissus bulb fly at Sumnoer, Wash., with development of retarded
forms overwintering as second instars and as third instars: A, Normal development; B, retarded second instars; C, retarded
third instars.
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Extensive larval infestation was observed by the writers in o stock
of potted Hrppeastrum hybrids in western Washington which were
moved from a greenhouse carly in May and plunged in soil outside.
The cxtensiveness of the infestation indicated that these plants were
very acceptable to the narcissus bulb fly. A grower in the same rogion
reported that appreximately 10 pereent of a planting of 2,000 Lycords
squamigere. bulbs were destroved by bulb fly larvae. From a home
garden in the Pugel Sound area infosted ivis bulbs and bulbs of 1 eliola
purpurea were brought to the laboratory one fall.

General experiencs indieates that narcissus is the most important
host, but it is probable that il Hippeastrum bulbs wore grown in &
region where the fly is present serious infestation might be expected.
Further information regarding the slatus of Muscari comosum would
be desirable.  While serious infestation may be experieneed in some
of the other hosts it is probable that the infestation veported for most
of these was more or less nccidental, and they need not be considered
as generally subjeet to infestation.

The several host plants recorded helong to three plant families, as
follows:

Iridacear (iris familyy

Cladiolus

1ris (hulbous 1ypesy
Amaryllidacene (Amaryilix family)

NAmaryllis

furycles (Brishane liivs

Hippeastram tincludes Flabrantfius)

Leucojum

Lycorts

Narcissus

Sternbergia Inlea

Vallota purptrca (Searborough i)
Liliaccae ¢Lily family)

Allivm erpa

Galtonia fsamner hyacinghy

flyacinthus

Luachenalia

Lilium

Muscer comosin

Ornithogatim

Seille

Tulipa

NATURE OF INJURY
Lanvarn ATtrack

Injury to its host is done by the Iarva of the narcissus bhulb fly,
which attacks the bulb immediately after it has hatched and feeds on
the bulb tissue until mature and ready (o pupate. The egg is deposited
on or close to the bulb folinge approximately at the soil surface, which
may be 2 to § inches above the bulb proper. The newly hatched larve
is actively geotropic and moves downward through thie soil, following
the folinge 1o the bulb and then moving around the bulb to the basal
plate. 1t has been recognized that the basal plate is the customary
region of initial larval attack, Observations of many recently attacked
bulbs have been classified according to the loention of the enirance,
and these data are presented in table 11.
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TanLe 11.—Region of entry into narcissus bulbs by newly halched larvae of Meradon
equestris, Olympin, Wash., 1933

Larvas entering bulb—

Date :
- Betwernsiab!  Inether

. i
claroot ring - Tonsanter | pdaves

Nwaber . Number | Nwmber
3. -

Juae B, coovon o e o e o Hn
13 il
21 ;

A

414

b Larvs entered conter of basal plate, | mian, from @ deeayed ares, X
_ * Larva entered buly through rotied portion previously infosted with M. eyrestriy, and was In seale nd-
jncent to this fress aear cepler of ball,

These observations demonstrate that the root ring around the
periphery of the basal piate is the usual region of entry. Figure 18

Fraure 18.—{ross section of basc of nparcissus bulb revealing place of entry of
a larva of the nareissus bulh #iy in root ring, X 3.

illustrates a typical entrance hole recently made in the root area of
the basal plate of a bulb. Entrance belween o slab and the center
of n bulb is sometimes observed. This oecurs in the mother-bulb
type where the slabs are somewhat separated from the eentral portion,
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and the larvae in their downward migration apparently get between
these parts of the bulb. This type of entrance is shown in figure 19,
In the course of these observations a fow bulbs were encountered in
which larval entrance was just boing effected.  When examined under
magnification it was noted that the larva had apparenty started its
feeting in a rool tissue belore moving upward into the bulh. In
figure 20 the root torn by an entering larv may be seen.  Whether
or not the larvae actunlly start in a2 root could not be observed in
most cases. bt the loeations of most of the entrance holes in the
root-ring area coincided with roots, and it is considered probable that
the typical method of entrance 15 to slart on a rool and foilow it
inward.  The nature of the tissue of the basal plate also would
strengthen this supposition. lor the root tssue would be of somewhat
sofler consisteney than the suerounding basal plate tissue.

PN

Fiarre 19, Enlranee of o swall larva of the marcissus hulby flv into the basal
plate of a wother bolb between contral portion and slab.  The slab has heen
pulled off ta revead the muure of the entry, = 5.

Oceasionally 2 bulh s encountored i which o larva had fod on the
outer seales. This type of feeding is seldom notieod in the earlier part
of the season. but later, as the outer sealos dry during the storage
season, the mjury is rather noticeable, The larva Teeds within g
single seale for seme time, tunneding back and forth (lig. 21), and
the arval path appears very similar (o mines made in leaves by Jeaf-
minmg insects.

In the more vsual manner of tneling, after a lnrva has entered
the basal plate through a root it changes the direetion of s path to
a more hovizontal plane and beging n tunmel which tends to follow
the root ring for a while hul eventunily may lead auvwhere in the
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Frevee 200 Swadl larva of the paveissie balb s envering the basal plate of o
marcissts b thirongh aoroot, wihidel the larva bas torn for oo shert distanee
bBolow the balty, - 6,

hasal tssoe iz, 22,0 The tds<ue sueronnding (he ooned bhcomes dis-
colored Tor o radins ol two or Uiree fitmes the {otmel's dimeter, i
almost all eases the larva eeninins in the basal plare ol after s
first molt. Soon after the <ceomnd instar period begins the larva provecds
upward into the sesde porton ol the bath ifig. 28y and there continnes
is Teeding, enlareing the hoerow, amd destroving o very considerable
amoint of hulh gissue by the vime 0 beeomes matuee g, 21,
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The injury to the basal plate is serious, for this region is morpho-
logically the stem of the plant and the destruction of it, or portions
of if, interferes scriously with the transfer of nuiriment from the
roots or storage of reserves in the scales. Smaller bulbs are wsually
completely destroyed by the Tarval atiack, but in larger bulbs, par-

Fisvie 21 Micing by young larvae of the narcissus bulbs fly in the ouier seales
of nareissus huibs,

teularly mother-bulb txpes, the injury is often concentrated in a slab
or one side of the bulh, and the remainder of the bulb remning sound.
Often portions of the basal plate may rematn sound, and from these
areas small hulbs may develop from adventitious growth poiuts. Such
bulbs require several yewrs (o reach normal size, and in commereinl
handling are usually discarded as substandard,

Infestation of a nurcissus bully is indicatod externally by a depressed
portion al the root ring around the basal plate. The tissue surround-
g the point of attack becomes dark brown, and this discoloration
extends over an irregular area of scale tissue adjacent to the sunken
part of the periphery of the basal plate.  The necrosis of the tissue
assoctated with the larval feeding is responsible for the sunken and
discolored condition.  1{ is evident as soen as the bulbs are mature
and at auy time throughout the storage season.  Shortly after a larva
enters a bulb the roolsin the area of entrance die and become shriveled
and hrown,  After the bulbs are dug practical examination is facili-
tated by cleaning the bulb bases with a brush or by a light scraping
with n knile blade.
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Ficvre 220 (ross section of basal plate of nareissus hully revesdiog exsiensive
tnnaeling by o Jaevie of the pareisus Bbully o which has proactically eneiveled
thie basa) plage, - 2,

Muormrene Larvan [Nrest ooy

Ovoly | beeva s commionly found in oan nfested paveissus buth,
Oeeasionally, however, bulls are noted with 2 or more lnivae, i
the course of life-history ebservations, control experments, amd in-
fostalion survess a considerable numiber of infested bulbs have been
examined. I these studies the presence ol more than 1 lapva noa
buth Las always heen veeorded. The highest numiber of larvae found
in & single bolly was 8. b this single ocenrpenee the lorvae were ina
mother bulh of the variety Twink, with 2 large slabs and a laree
central section, 3 larvae being in the central portion, 2 i one slab, |
in the other. One bodly was observed with 6 laevae, and | hallh has
been noted with 500 The total nwber of dnfested bulbs considered
in this study was 28,042, These contained Tarvae ax follows:

Nuamber of Levae pee Dl Nowatir o himihs
! . RERNIHY
= 1, 384
3 i)
! B
,'; |
j [
N |
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Fieunr 23.—Vertieal seetion of narcissus bulb indicating the movement of the
young hulb fly larva inte the scale tissue above the basal plate, X 2
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Figrre 24.~~Vertical section of narcissus bulh revealing extensive injury rosuft-
ing by the time the bulh iy larva has reached waturity, X 2.
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ECONOMIC IMPORTANCE

Losses of narcissus bulbs have been reported at various times in
major narcissus-growing regions.  Bos (3) states that already in 1847,
narcissus were suffering so much from the larvae of Merodon, near
Haarlem, that the new malady of these bulbs was the subject of dis-
cussions at the meetings of the Netherlands Society for the develop-
ment of the industry,

In England it was reported (2) in 1898 that a Cornwall grower had
to destroy several thousand bulbs of Nurcissus stella, X, gloriosy, and
other varietics.  MaeDougall (24, p. 595), referring to Great Britain,
SAVS:

In different parts of the conniry great dostruction of Narcissus buibs has been
vreported, and the aduli flies bave now and again been caught in laree numbers.

Verrall (36) adds:

wany other records have boen given in recent Yours of shinilar damage done near
London and in othec distriets wieve hulbs are exiensively cultivaied,

Hewitt (I8) in 1911 savs;

T British Columbia, it I now a serious pest of bulbs, and Mr, A, 1. Walluce
reported it as altaeking nareizsus and dafTodil balbs near Vietoria, B, C., about
50,000 bulbs having been destroyed in the year.

Treherne (34), veferring to British Columbig, reported in 1915;
During the past spring [ observed an extraordinary bad attack from this insect
just outside the city limils of Vancouver, * #=  # Furthermore, Mr. Tom
Witson, Dominion Inspeetor of Tndian Orchards, informs me rhat fess than 1
per cent of o large bed of daffodils * £ % at Yale, 150 miles inland, matured.

In 1932 Hodson (19) reported:

At the present time commereinl grower- in Britain are faeed with veariy losses
of many thousands of pounds worth of valusile buibs as a direet onteome of
fix infestations * % &

These reports, while not very specifie, refleet the general impressions
of the growers.  Detailed data of the aetual amount of infestation is
generelly lacking,  In the Pacific Northwest sampling of eommercial
stocks for infestation has heen followed for a number of years by the
Sumner, Wash., laboratory staff.  In the onrlier years the sampling
was on a somewhat haphazard basis, but beginning in 1933 a definite
plan of sampling was adopted whereby the results obtained would be
on a comparable hasis, both for loeality and for year. Out of this
developed a definite festation survey which covered the major pro-
duction areas in weslern Washington and westorn Oregon.  Sampling
was vestricted to the vuriety King Alfred, as it is the principal variefy
grown and can be found in practically every commereinl planting, 1In
this variety coxamination was restricted fo the double-nosed hilbs,
which constitute the principal commereial grade selected for market-
ing purposes. Thus the mfluence of varietal aud bulb-size factors was
climinated in the survey.

The usual practice in bulb handling is to grade the bulbs roughly
when they have dried 2 weeks or more after the diggmg.  This grad-
ing separates the commereial sizes from the planting stock. The eom-
mereial sizes may be separaled to some extent in this first grading, or
may be grouped together und graded more exactly & second time.
Usually the bulbs heing graded are carried by a slowly moving helt
i front of several workers on the sides of & grading table.  The dump-
ing of miscellancous crates of bulbs onto the belt mixes the stock
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rather thoroughly, making it possible te select samples for examina-
tion which approach a true representation: of the condition of the stock
as & whole. Sometimes the commercial sizes are again mixed in the
counting operation, where they are again handled as in grading and
counted from the table into containers,  After being graded the hulhs
are stacked in shallow trays for further drying.  Ten samples of 100
bulbs each were examined for infestation if the stock had heen graded.
In a few instances where the stocks had not been graded 40 samples
of 25 bulbs each were examined.  Not wore than a single sample was
taken in any one stack of travs, except for a few small stocks.  The
results of this infestation survey are given in table 12, and the locali-
ties reprosented are shown on the map (fig. 25).

TiMmis L] L hEm iy
roLn nanpn
L]
Lmcova Jugwr.

Lies

IR ]

L1
pEverT
u-.ﬂ@\
“l"'_“- “ia
1o
&; [TFLTT frany TEveur [ agan
@ [
AL
v i
P B et LU X
-, Loy trgeant
i ! ﬁ chay
win Jane AS G 1 Ori
— + O
LR P Aman
-
L - miste
oo apuwa tury
ragur Lewin !
ThanaL [T !
Tarima i
= EaLiub 1
BT argr H
W awanee [TEEEY] SULLd L e 1
SLamer [oglumts . 1 i
et i
P
cLann .
[T i
wavempice i TR AL b

|
'
|
T

coEm bErvrLal
L] sanmiup
wsvurr
! " '
RETETT i
[A— l
I !
*
cumar | dertmny [ uaceben ) !
’ | i

Frovne 25.—Map of Washington and Oregon, with loculities where infestation
survey studies were made indicated hy dots.
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TanrLe 12.—TInfestation by Merodon equestris of nareissus bulbs, veriety King
Alfred, in commercial stocks grown in Washinglon and Oregon, 1381 io 1840

Year

f
;)
Locality (State and county) Sigg'k |

!

. 1 : ! i H i
1051 £ 1832 ) BEE P10 | J933 © 1936 ) 1037 | 1538 I 1934 | 1540
H i ' | :

Washingten: ! per- Per- | Per-  Per- | Per- | per- i Per- | Per- : Per- | Fer-
beeat ' cemt : eent . cemt i cent | ocent vocenl | ¢
IS SO SR A -

' .. ' i ;
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Skagit County
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King County. .. ..._._... {
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Previous to 1¢34 the examinations were somewhat scattered and
insufficient io be used as a basis for general representation. The
infestation data for 1934 and the following years have been weighted
according to the sizes of the plantings represented, and general aver-
ages calculated for Washington and Oregon and for the combined
areas. Thus the ficures for 1939 represent stocks of King Alfred
totaling 19,660,000 bulbs in Washingten, ol which 669,634 were in-
fested, assuming that the infostation found in the samples was repre-
sentative of the entire stuek. This amounts (o a general average
infostation of 3.41 percent for the Stale.  Likewise, in Gregon, m
1039, the samples represented stocks totaling 12,255,000 bulbs, of
which 472,670, or 3.86 percent, wore caleulated as infested,

The weighted mean infestation in pereentages Tor Washington and
Oregon for the years 1934 to 1940 are shown in table 13, The figures
lor 1034 are somewhat binsed beeause of a preponderanee of examina-
tions in the Puyallup Valley distriet, where inlestation was somewhat
bigh that year. There is o general range between approximately 2.3
pereent and 4.5 pereent from year (o year.

Tanus 13.- - Weighted meun infestation of iir:rrfsstm buths in Washington and Oregon,
1HA4 4

Average inbe=tion of nareissas Bulbs diring year--

Snde . - o —
s [L1:N] FREH [1x7y JRLE Y KA 10413

Frreent Precemt Perecnd Poreent Peroonf Percent Porcent

Washinpion L [ W 4. M 24N %570 L4 4. K

(repon qnd 204 1001 E 7 L 1] WGf 7.7

Washinglon anel Oreson eomdioed e 2wl f Ik ALY N B0h L

The total number of bulbs in commereial plantings in the two States
is estimated as 90,000,000 in 1939, The number of inlested bulbs in
1030 is ealeulnted as 3,222,000, The value of this quantity of bulbs
would be between $75,000 and $85,000 on a (onnage basis. It is
further estGinmied that there are approximately 25.000,000 narcissus
hulbs in noncommercinl plantings, prineipaily of an ornamental nature,
either in home gardens or parks.  The infestation in this type of
plantings is decidedly higher than in commercial felds, and a mini-
mum of 10 pereent of these bulbs may be eonsidered infested, or a
total of 2,500,000. The replacement value of these infested bulbs
would he approximately $30,000. Thus, the (otal value would be
over $125.000. A conservative estimate of (he yearly damage in
the (wo States wonld be $80.000 (o $100,000,

FACTORS INFLUENCING DEGREL OF INFESTATLION
PREFERENCE FOR NARCISSUS YV ARIETIES

The number of nareissus varietios is so arge (hat il precludes any
practical efforts to evaluate their relative susceptibilities to infesta-
tion by Merodun equestris. In various articles concerning the inscet,
statements are froguently encountered that the flies apparently favored
corlain varielios.  Hodson (78) states that he was unable Lo find con-
firmation of a suggestion thnl certain varicticg or 1Ypes were nore
snseeptible and believed that the eritival factor was almost certrinly
the ease or dificulty with which the flies could appronch the hulbs
for avipasition.
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In the laboratory planting at Sumuer a number of varieties have
been under cultivation each vear and in most seasons these have becn
examined to determine the amount of infestation present. In the
data for the years 1930 to 1939, presented in table 14, the varicties
are arranged each year according (o decrease in infestation. The
infestation in_any variety varies considerably from year to year,
One varioty, Twink. scemed to be heavily infested year after year,
exeept the first year it was included (1933), when only a small lot
was grown. In the 1934 vapor-heat series 40 pereent of the block
of Twink beeame infested.  Golden Sceptre on one side of Twink
wag only 7 percent infested and Majestie. on the othor side, only 4
pereent. In 1939 the infestation of 13 lots (50 hulbs each) of Twink
planted more or less at random throughout the laboratory planting
ranged from 38 to 72 pereent as follows: 38, 44, 44, 46, 52,52, 52, 54,
26,56, 60,66, 72, The mean infestatian of these lots was 53.2 percent.

TaBLE 1 Frfesiation by lareae of Meroden rgur stris of varfous nareissus parictics
L laboratory plot, Swmner, Wash., 1930 39

e Classi- g,

Sttt i Trie v . Cenr ariely B :
Yot und virgey inhentorl Year and variely ficatiom infoster

i
Prineeys
Golden Spur
Narcirsiy " Telvaaiug ple wne
Vietorin
Emipernr
Air Warkin
Lanrens Koster

3]
Manlin
okt ey
Rir Watkin
Nurcissus " Felnwioning plenaxt
Euinhiar ey
Galtlen 2pur
Corvaites
Emwror
King Alired
Snring (ilory
FPringe)s
Trovserve
Laitrens Koswer
Minisier Talua
Yielorin

Fiie
Will ~carlenr
Golden Ttemny
Fir Wmkln
Cranpge Cupe
THsoris
KRing Alrred
Tresserve
Enmiperor
Minister Talun
Hobert Ssdenbnn
Lord Kitehetor
VicLorin
Muojestie
Aduriration (11clins)
Cheliden Bpor
Bir Franeis Drake
MNarcixsn poctivis fare plesa
Narciwnitn viforns virgirionn e
Frans linls
Mlory of Snszonheim
Nureianies *Tvinmoning pleppee”
Silver Spair
Narcissun posdicuy ornundns
Spring Glory
Lourens Kestor

Boe fovtnoges ot end of table.

Frrrrnt

e e e ot P

1212

Muortlia
Twink
King Alfred

e
Vg hent 1reaied series

Twink

Kmnperoy
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Sir Franeis Vrake
Lanreaip

dlings

Livingsionn

Sir Waikin

The First
Trosgerye
Arhrelous

neile spur
Virtorin

By

King Allrsd
Lueinins

Gronel Sedull 07
Cealeletl Seeptee
Apring Glory
Lairens Kosler
Ginry of Sugsenhoim
Mnfestie . .

103;
Generpl stoek

Trisserye

Spring oy

=i Watkin

Victorin

Twink

Emperar. .

King Alfrwl .

Juliet

Narelnsin fanguilia siepler
filery of Sassenheim
Narchens poctics foee plenn

ke

|59 {108
Frreend

M5
127
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TaBLE 14.—Tnfestation by larvae of Merodon equesiris of various narcissus varielies
in leboratory plot, Sumner, Wash., 1930-33—Continued

| Classi- |

Year and variety 1 fleRtion

-
! Bulhs 1
inflested .

Yoear antd varivpy

o,
| !
!

Twink__
Kingr Alfred.
Vietoria

Minister Tulma. . .
Glory of Sassonhein
Sir Watkin._..._ ..

1887
Twink_........
King Alfred

Twink ... ... ...

Sir Watkin_ ...

8ir Fraticis Nrake .

Lady Moore . . ...

The First .

Livingsian _ e
Vieltorin. ... __. ...
Acrolite. . .

| Ly Moore
HEELLLE .

The Firs
P Vietorin. ... .

i flestion

Classl-

3
v

i Builbs

trpe : infusted

ing Alfred
P mier
{ Minister Talma .

1939

Twink .
1 Golden Seeptre
Cheerfulness. ... .

Avrolite

Clory af Snssenhetm... . ...

Lawginbus ., . .

1 Livingston ...
riVatkin, o . ..

King Alreedd L.

: Minixier Taltnn

: Mrs. Ernst I Krelape o

1

L Pereent
1.0
i a.Q

afl.
Ad.
3.

DS T SR C S S I e

1 As grotiped by The Roval Hortieultural Seciety I Clissifed List of Datfodil Nomnes.

In various plantings the infestation in several varieties has been
noted, and these data are presented in table 15, The limited number
of varietics involved in the examinations docs not permit definite
conclusions, but there are indications that possibly certain double
varicties, including Twink, may be more susceptible to infestation
than other varicties. Golden Phoenix (Butter and Eggs), a double
type, was the most heavily infested variety in the Olympia planting in
both years of sampling. The variety Cheerfulness, also a double, in
the 1939 laboratory planting developed 49 percent infestation.
Paralleling it in the next row the varicty Mrs, Ernst H, Krelage
developed only 3 percent infestation. Regarding infestation in
double varieties Hodson (79) states that-—-
in the Tamar valley those growers who speeialise in the colourless “Tauble white”

frequently find this more seriously damaged than colonred cups sueh as “‘Ornatus”
and “Horace.”

Tanue 15.—7nfestation of narcissus bulbs by Merodon equestris in verious plani-
Tngs 1o wesltern Washinglon

PUYALLUT, 1928

Buths
infest-
ol

Classi-
feation
iypet

i
Percead 1
20,1 Vivtaria
4.4 1 Emperar
7.7 b King Aliced
6.8 Y Taurens: Koster
i, 5 7 Buring Glory

Clngsi- | Bulbs
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typet D owd

Name of varioy Name of variely
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Sir Walkin, . .
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Glory of Sassenbein
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8
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!
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1.2

Kl Alfred . . .
lory of Saggenhelin
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Golden Phoenlx
Emperor. . _ ... .
Narcissus " Telamani 1.8
Prineeps. ... L. ] ; i
Qlympin ... . e e 7.2
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TaBLE 15.—Infestation of narcissus bulbs by Merodon eguestris in variows plant-
ings in western Washinglon—Continued

OLYMPIA, 1532

Pacific Spur_. ...
Narcissuy recurrus

TACOMA, 1832

H
Emperor, i 47.2 ! (I}xing Alfred

Vietoria. i l¢ 444 [F

SUMNELR—HOME GARDEN, 1932

King Alfred 1n
Emneror... . . J 2 .
Trosoris.__ 4 Spring Glory.
Tresserve. in v Golden Beaudy
Frans Hal PO 8 A

King Alred 2 Ewmnperor_ ... ... ... __.
Novefssus poctions srnalus - Sprine Glory .. .. .. ..
. pdorue rugufosns_ . .. __ Trosserve . .

! As grouped by The Reyul Hortieullural Secioty In Classified List of DafToedi) Nomes.

In general it may be considered that the influcnce of the varictal
factor on the degrec of infestation is rather minor and is considerably
overshadowed by environmental factors which influence the activities
of the adult flies.

Bure DerTu

Several experiments were conducted to determine whether planting
depth might have some influence on the infestation of the bulbs,
Throughout this discussion the terms bulb depth, planting depth, and
depth are used interchangeably to designate the distance of the base
of the bulbs frem the soil surface.

In the first series bulbs were planted in boxes at depths of 6, 8, and
10 inches, and by keeping the soil level with the top of the box the
depths were mamtained constant throughout the growing scason.
Larvae were allowed to hateh in the laboratory and then were either
placed on the leaf slightly below the soil surface or allowed to drop
down a crack nnear the leaves.  Later the bulbs were d ug and examined
for infestation. A total of 525 larvace were placed in the soil over 369
bulbs. Infestation was found in 53 bulbs. ~ The proportions of these
in the several lots is presented in table 16.

TanLe 16.—Tafestation by larvae of Merodon eqitestris of norcissus bulbs planted
al various depths, Swmner, Wash,, 1938

} Larvae .
Plantiog deplh {inches) Dulbs | cr;tulrling } lofestation
wins

Pereent
17

o
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In the second series comparison was made of the effect of depth in
two types of soil, & peat and a silt, both of which are comnionly used
for narcissus growing. In this test cggs from caged adults were placed
against the folinge of the bulbs at the soil surface, and after maturity
of the bulbs they were examined for infestation. The results of this
examination are given in table 17.

TABLE 17.—7Infestation by larvae of Merodon equesiris of narcissus bulbs planfed al
various depths in peal and silf soils, western Washinglon, 183435

Bazlhs l Larsae
: Tounl

Buib depth e L TP tneval

{inchos) A © ton . vha:
Ez?:t?ll Infested | . Adive  Aissingd, M talit v

LN PEAT R0OTL, B

Nuember  Nuwher  Percent o Nuather  Nuawher  Percent
G2 5 e v 5 32

] a1 24 A i
b5 0 e [ A

iy 20 A3

IN SILT, v

Total. ... .

Total nt 4 inches
Total at § inciies
Total at § inches

PN STLT, 1935
44
i N b
1 i £
s T i

VEL ANIHINLLERD, 933

INFTIELDWITH AU RFACE LE

5Ld fsofl dovelt. ... e m emeael hy] ! L IS 19 a1
938 fsoit hilled) _.. . ... . I Iny ’ 5 17 4

1 Presumably dend andd se recorded.

A third series of tests was made in 1935 comparing planting depths
of 6, 8, and 10 inches in silt soif.  In this scries vggs obtained from
caged adults were placed on the necks of bulbs, The data are also
presented in table 17.

A somewhat different test was made with bulbs growing in the lab-
oratory planting to determine the effeet of keeping the soil hilled up
around the necks of the bulbs, This in effect was a test of the
influence of bulb depth.  In six paralle]l rows three sections, each 10
feet long, were marked, Early in the spring ss the leal tips were
breaking through the soil the winter hillimg of alternate blocks was
leveled, During the growing season the soil was carefully maintained
on a hilled or Jevel basis according to the plan.  No artifieial infesta-
tion was attempted, dependence being placed on natural infestation.
In this serics there were nine sections of bulb row in each ol the two
types of culture, At digging time the average depti of the bulbs in
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each section was determined, and all the bulbs in cach seetion were
examined fer infestation. The average depih of the bulbs with level
culture was 5l inches, and the bulbs where the soil was kept hilled up
were at an average depth of 9% inches.  The infestation data obtained
in this test arc summarized in the lowest block of table 17.
Throughout these several experimental series the indieations are
that planting depths within practical limits (not more than 10 inches)
do not aflect the degree of infestation.  In the one series in which a
4-inch depth was tested the natural larval mortality resulting at this
shullow depth was much greater than in the bulbs at greater depths.
This may have been associated with an earlier malurity of the bulbs
and consequent carlier drying out of the basal tissue.  Further tests
would be desirable, however, to delermine whether this was due to the
shallow depth alone or whether other factors might have been involved.

So1. Tyee

In one of the experiments for hulb-planting depth two types of soil
were used,  One type, a peat soil, obtained from a bulb farm, is a
true peat, with a rather low proportion of inorganic constituents.
The other type was silty in nature, of river-deposit formation, rather
high in sand. The infestation that developed in the bulbs in this
expermment is tabulated in summarized form in the first twe (otal
lines of table 17.

These data indieate that greater infestations develop on peat soil
than on silt.  However, as there are numerous soil types this test is
hardly more than a general indication that soil type may be a faclor
of some imfluence i the infestation of narcissus bulbs by Inrvae of
Meradon equestris,

Locamion 1x Fienn

Ohservations have indicated that bulbs in marginal areas of nar-
cissus plantings appeared o he more heavily infested than the bulls
in the more eentral portiens. Certain infestation data have heen
studied m conneetion with mapped plantings (o determine the extent
of the marginal influence.

The laboratory planting at Sumuer, Wash., for the season of 1931-32
included & block of experimental tolorance tesis.  Most of a reclan-
gular Hock 70 feet by 140 feel was planted with 253 lots of narcissus
bulbs, which were all free of larval infestation at time of planting.
The mfestation of 246 of the 253 lots was determined andd this informa-
tion mapped. The bloek was arbitearily zoned into 9 more or less
concentrie zones, approximately 5 feet wide,  Zone 1 is the periphoery
of the arca and zone 9 the contral zone.  The infestation percentages
for each of the zones is presonted in table 18,

TapLe 18.- ~{ nfestation by larvae aof Meradon equesiris in narcissus hulhs at Sy pnRer,
Wash., in 1542, tubnlaled aecording to position in plenting

Bulbs It [HHI O
Lol N - nfesig. g A ~ Infestn-
Lane N, ~ tinn Zane N Lion

Total Infested . Toaf Infested ]

Number  Nuniler  Tereeat Numher  Nundizr - Pereend
1hv 13, T 42 4.4

I, 4l . i

1,74 12l PLUR T 3 4.5

1388 LS . . L] ] 3.2

1, K20 ] 4.6 PR

1] GE Tain! . . 11, 14 e fi. 4
1




34 TECENICAL BULLETIN 808, ¥. 5. DEPT. OF AGRICULTGRE

It is evident from the data that there js a distinet coneentration of
infestation in the outer zone (No. 1) and that the infestation becomes
lower as the central areas are approached. An analysis of distribu-
tion of the infestation in zone No. 1 showed the northern edge to
have an infestation of 28 pereent and the southern edge 21 pereent,
whereas at the western edge ol the planting the infestation was only
6 pereent.

In a commercial planting containing seversl varieties, one variety,
Seagull, was sampled for infestation in 1933 according to distance
from the field edge. The rows ran all the way across the planting,
and the tlree rows of this varioty were in the cenfral bloek. Kach
sarnple vepresented about 59 feel of row taken at the stated distances
from the ends of the rows.  The infestation ohserved was as follows:

Infestutinn,
Loeation of sample: pereent
AL Wost edge of feld___ S ... 230
I3, 120 vards frem west edge . L 47
C. 230 yards from west edge o .4
. 400 yards from wesl odge. . _ o .8

Sample D was at the approximate center of the entive planting.
As in the previeus ease ihe infestation on the edge of the Planting
was mueh heavier than that in the more central portions.

Infestation in o moderale-sized planting was studied in 1932 by
examination of samples of bulbs dug at various places throughout
the arvea.  The planting was laid out in the shape of a letter L. The
long axis, extending north and seuth, was bordered on the cast by a
woods of moderately thick second-growth fiv, slaping away from the
butb ficld and separated from the bolbs by o strip of grass andl weeds
ranging in width from 10 te 25 yards.  An nanlysis of the infestation
data has been made an the basis of position in relation 1o (he castern

100
%0
go}
7o} ©
60

5Qf

INFESTATION (PERCENT)

Lo . . .rj§/:.

. oy
50 D 260 750
DISTANGE FROM WOODS EDGE OF FLANTING (YARGS}
Frorre 26, Relation between degree of infostndion by Mevadon cipuestiis and
distance from edge of planting adjaccut to woods, Olympia, Wash,, 1932,
The eireles represent the aversge infestation of the samples examined at the
distances as indicated; {he wrens of Lhe larger eireles are proportional to the
nuner of bulhs expmined and the ureas of the shaded inner eireles are piro-
portional to the number of larvae found,




W

BIOLOGY OF NARCISSUS BULB FLY IN PACIFIC NORTHWEST 55

edge, adjncent to the woods, and a very distinct influence of the woods
on the distribution of the infestation is evident. The infestation is
shown by varietics in table 19 and presented graphieally in figure 26.

Tanve 19.—TInfestation by Meredon eguestris in narcigsus samples al various
distances from woods al the euslern edge of a planting, Olympia, Wask., 1832

Infestatinn in samples selecled at distances in yards from oasiern, or woods, edge
of planting
Varioty

s i i 3 . : |
7 o5 bows e Faa | o e
: i

 Pet. L Pet. ) Pet. i opey, | Pet. i Pet, | Pet. J. Pet.
'y a - .
Golden Phoenix ... { 7 B :

ANurcisdus recurous. . 22

5

251,00

Goiden Spur

- -

Stella . __

Prineeps. . _.____ !

Nareisses “Teln- |
waning Nemm"..‘.

‘Jlﬂ—‘ml
i - pr

-1

Vietoria ... _.

Pacific Spor., . |

Emperor.... ..o

Laurens Koster. ., A ... ; .

All edges of a field do not necessarily exhibit inereased infestation.
The marginal infiuence is considered as being associated with two
phases of adult bulb fiy Labits. The adults feed on pollen and
neetar of various flowers and must search for these in arcas outside
the bulb planting. Also to a large extent, the adults’ nocturnal
habitat is in brushy or weedy growth, sometimes adjacent to the
planting, occasionally at some distance. Consequently the adults
are away from the narcissus plantings frequently, and it is quite
natural for the females when approaching plantings to stop for ovi-
positional activities more frequently at the margins than in the inner
areas.

A further factor of influesor is the presence of windbresks of any
sort close to the edges of, or within, plantings. These cause condi-
tions favorable to the adults, and the consequent eoncentration of
the flies is refleeted in an inereased infestation in that immediate
protected area.

Buwe Sz

In a number of instances bulbs of mixed sizes were examined for
infestation. In these cases the bulbs were graded before examination
and the data recorded separately according to the general grade size.
Such data, which represent corresponding size groups from individual
bulb lots, are presented in table 20. Tn this tabulation the sizes have
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been grouped in two classes, termed large and small.  The classifica-
tion “large’”’ includes the double-nosed grades and some mother
bulbs. ¢ term “small” refers almost entirely to round bulbs.
The data compare the infestation of large and small sizes in 38 lots
of narcissus bulbs examined during 7 seasons. The infestation of the
large bulbs was 12.48 percent and of the small bulbs 7.10 percent.
In 29 of the 38 lots the infestation of the large-sized bulbs was greater
than that of the small-sized bulbs,

TasLe 20.—Comparative infestalion of large and small sizes of narcissus bulbs by
Merodon equestris, western Washingion

Large bulis ! Small buths

Yonr ool variety ! ! :
| Infested

© O Exan-

Infesta- : Exam- . 1, Infesta-
inoel : © Infested P

tion  : Tned lon

v

; . | : .

Nigmber | Numtber  Percenf | Number ' Nuwmber | Percent
Emperor 1,855 : 48 7.3 T3 4 N
Golden Beatly . oo canvuacia. o : 8 .
Golden Spar________ s
King Alfred... ... . . 2,012,
Alinister Talma.._. . LK)
Sir Watkin..___.... s Fi
Spring Gloey. _. .
'Cresserve.
Vietorin...on. ... ..

G e
£ i e =] e GG
Hem ] e S A TR D

Emperor (3.

Brmperor {RY.. ... .. e
Golden Spur (GY .. ..

Crolden Spur (R)

King Alired (LY.L . ...

King Alfred (Y. . _.__.

TLaurens Kostoer_ ... .

Pocifle Bpur_ . ..

5ir Watkin... ..

el Rl Rl |

; N s
T e DD S

1933
Ring Alfred (LYY ... .. ... .
King Alfredd {12y .. ... .. ..
Wing Alfred (L3)__.__.__
King Alfrod (L4} e
Tresserve. ool ..

1034

Fabl ol £

Glory of Sassenheim__ ..
King Alfred ..o
S[r Watkin._, ..

Spring Glory -

T

1055
King Allred (LY _.... 0 .0 L.l
King Alfrecdd (W) ... _ ...,
Twink. ..o . o

1038 :
King Alfred e e mmmm e eae s
Minister Talme. .. . .
TWInK. o e e at

o b i
PR A

1637 :
King Allred_ ... .0 ceme e
Twink. . ... e

Totnl . . aiiaii L

Menn relative infestation

1 Letters in parentiheses refer to the lahoratory eade ditferenliating steeks of the snme variety,

An analysis of varianee was made in order to show definitely whether
these differences in infestation were due to chance varviation or to a
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real associntion between infestation and buib size. This analysis
determined that the mean difference of 5.8 had a standurd error of
1.3, which made it evident that the bulb size hiad u bighly significant
cffect on infestation.

It is very probable that the fact that the larger bulbs have more
leaves and growth shoots than the smaller bulbs is responsibiv for the
greater infestation.  Fhis lurger number of leaves would be conducive
to more cgg deposition.

NATURATL LARVAIL MORTALITY

Larval mortality is discussed by Hodson (79) but his reference is to
mortality of newly emerged larvae.  Contrary to his observation {hat
“premature death is very rare once a larva has entered a buib and
survived the first fow weeks,” it has been observed in the Pacifie
Northwest that a considerable number of larvae snecumb after an
apparently successful initiation of bulb attack. Bulbs in which such
mortality oceurs exhibit typical external basal symptoms of infesta-
tion.  When the bulb is sectioned the course of the larva in the basal
plate is quile distinet, and more or less of the basal-plate Ussue and
some seale tissue is found to have been killed (lig. 27).  Usnally the
feeding and accompanying necrosis of bulb tissuc are sufliciently ex-

Figgne 27.—Vertical section of a narcissns bulb, demonstrating extent of hulb
injury cuaused by a larve of Merodon equestris which was unsuccessful in main-
taining itsclf for inore than o few weeks.
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tensive to destroy at least one growth region of the bulb. Adven-
titious buds may develop around the injured area, according to the
amount of healthy basal-plate tissue remaining, but flower production
is definitely impaired, and the bulb growth does not become normal
until the second year of ensuing growth, or later. Observations indi-
cate that envirommental conditions are probably responsible for this
phenomenon.  In some instances larvae have been observed eaught

between fhe sides of their tunnels by an apparently rapid growth of a

corky nature.

To determine the influrnce of commereial handling methods and
certain environmental conditions o block of bulbs of the variety
Golden Phoonix, known to be rather heavily infested, was dug and the
bulbs placed in the conditions to be obhserved.  Five different condi-
tions wore represented as follows:

(1) Stored in a shed, protected from rain bat with free air eirculation.

12} Stored in & field sinek of {rays, subjected to some acensional light reins, but
not exposed to direet sanlight,

{3) Buried in a light sandy loam, coninining cnough moisture 1o be in good tilth
bat not particularly wet, and no attempt made to keep the soil damp.

(1) Stored in moist peat moss in g box,  The pear moss was maintained in o dis-
tinctly damp condition, and at the time of examination new roofs several
inches long were cotminan.

£531 Bloek of bulbs loft undug untit the end of the period of the test, The Yight,
sandy soit was dev oat the fime this sample was dug.

The bulbs were dug fexcept lot 8 on July 10 and immediastely
placed m their test situations, They were examined for infestation
during the firat 10 days of Seplember, and the resulls obtained from
the examination are summarized n table 27,

Taprs 21 Marlality of larvae of Meoradan equestris accurring i §ulbs subjected
to rarious storage eonditions

Larvig
s e Loyl
storage ooomdilio ) mierinlity
Tl Adlve Byoqnd
Nunaber Nuwher Number frrreent
11 Sl siorney L) X 14 [}
18y Field sinek [Ee #3 K3 My
50 aeried in siln denoee [EXs] iR e RIS
4y I pedst et i 151 wtj E
51 Lol T soil kL) 20a LX) na

The difference in resulling mortality hetween storage in the shod and
in 2 field stack is small, nnd there was e difference in the mortality
in the two lots huried in silt soll and in moist peat, The differenee
hetween tray storage, (1) and (23, and soil “sterage,” (3) and {4,
1s marked.  Also, the sample which was not dug undl the end of the
cxperimental period had Lhe least mortality, quite u bit less than (hose
bulbs dug earlier and replaced in soil. This indicates that a disturb-
anee factor is associnted with digeing thit causes o cortain amount of
lnrval mortality.  The factor of drving in storage also seems to be
important i ennasing mortality.

Further oxperimoental work was condueted Lo determine the influ-
ence of the stornge period and of Lhe digging date. Ramples of
bulhs of Narcissus recurrus were dug at weekly intervals from an
shandoned planting tn whicli the bulbs had been in the ground
at least ¢ years. Each sumple was stored ab the laboratery for 1
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month after it was dug and was then thoroughly mixed and divided into
two portions. Oue hall was examined for infestation and larval mor-
tality and the other half replaced and held in storage until the end of
the storage season (late in September). A summary of the data is
presenied in table 22,

TasLe 22.—Nalural mortelity of larvae of Meradon cquestris in semples of narcissus
bulbs dug at weekly intervals and examined 1 month after digging aend ot the el
of the sierage season, Sumner, Wash., 1938
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In this experiment small darkly stained areas in the root-ring area
of the basal plate were considered as having been eaused by unsuecess-
ful larval attack, and such spots were counted as eases of larval mor-
tality.  Also, the bulbs, having been in the ground for 4 or more vears,
were naturally small and dried quickly after the digeing.  These two
Tactors were largely responsible for the very high mortality reported
throughout this series of tests. The mortality alter 1 month of
storage following the diggmg varied irregularly, and there is no indi-
cation that the digging date in itself exerted any influence on mortality.
The mortality at the end of the storage season is highest in those lots
dug carliest, and a decreasing trend is indiented in this part of the data.
Thus earlier digging dates exert a certain amount of influecnee beeause
of the ronsequent inerease in the storage periodl.  The study indicates
that the carher part of the larval life is the more critical period.

Through several seasons of the larval-development studies, snmples
of infested bulbs were collected at intervals from an undisturbed
narcissus planting.  When these bulbs were examined for infestation
notations were made of those bulbs in which larval attack had attained
an apparently satisfactory start but in which no larvae could bo
located.  Very slight symptoms indicating possible failure of larvac
to become well established were not considered, as there were no inter-
grading degrees of injury, and such very slight injury would indicate
that the larve had only partially entered the bulh tissue. The diffi-
culty of interpreting stich symptoms after a considerable lapse of time
made it advisable (o ignore this type.  The type of injury considered
sufficiently extensive Lo be included in the data of table 23 indiested a
minimum feeding period of 2 or 3 weeks, and the larval burrow could
easily be discerned.  The data eoncerning the mortality observed in
these interval larval samples are summarized in table 23,
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TaBLE 23.—Sensonal asccurrence of nutural mortalily of lareae of Merodon equestris
trn narcissus bulbs dug at tnlervals during the scason of principol larval achivity in
Olympia, Wash., 1935 10 1838
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From these dala il is scon that the larval mortality begins each
season about the middle of July and inereases at a fairly even rate
undil the middle of September, when it appears to reach an approxi-
mate level.

The extent of natural mortality has also been determined in many
commercinl stocks of nareissus bulbs in the prineipal bulb-producing
areas in Washington and Oregon {fig. 25). This information has been
obtained in conneclion with the inlestation survey which has been
carried out for several seasons.  Bulbs exhibiting sympioms of infesta-
tion, obtained from the survey sumpling of double-niosed King Alred
bulbs, were cut open to determine the larval stalus. The data are
presented in table 24.
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TabLE 24.—Nalural mortality of larvae of Merodon equestris in commereial stocks
of narcissus bulbs, double-nosed size, variely King Alfred, grown in Washington
and Oregon, 1934~89
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Although the dafa from the several stocks are hardly comparable
because of the great variation in such conditions as digging dato,
type of storage, climate, date of exnmination, cle., arithmetical means
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have been caleulated for ecach year to furnish an mdication of the
approximate mortality occurring in the different years. These means
are as follows:

Year: Xfetin nf mednral woctality pereenfuyes
1934, .. . . . 32
1935.. . . 42
1936 _ . 25
1937.-. 32
1938.. . . . al
1939_. . a8

Tt is evident that in the Pacifiec Northwest a very appreciable pro-
vortion of the larvac that enter bulbs are not able to continue their
development to maturity.  The factors involved in this phenomenon
have not been definitely determined, but they are princpally condi-
tions of environment. The moisture aspeet of Lthe environment is
probably (he most important. TPossibly the Factors involved
retardation of larval development may be the same as those involved
i larval mortality, but with the retarded larvae being subjecled to
ihe conditions in losser degree of intensity than those larvae that
succumb.

NATURAL ENEMIES

Very few natural enemies of the narcissus bulb [y have been
observed.  Ocensionally, in the course of collecting pupal samples,
puparia have been found with the end broken ofl aud pinched and the
contenis gone,  In a few instances when birds have found entry into

Fratne 28. - Purusite fhembobivg abdominelis cmorging fram puparinm of the
mreissus bulhb dly, X 5.
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cages, pupac caten by them have been loft in this same condition, so
it has been assumed that such puparia found in the field show the
results of feeding by birds. These have been noted so infrequently
that it docs not appear to be a factor of any particular importance,

Only once has a parasite been found attacking the narcissus bulb
fly. In 1927 at Sumncr, Wash., o quantity of bulbs that had been
forced in a greenhouse were dumped outside during the latter part of
February. Larvae in the bulbs migrated to the surface of the pile of
soil and bulbs, where they pupated. The soil surface was examined
and 206 puparia were collected.  These were kept inside to furnish =
supply of adults. Eleven ichneumonid parasites emerged from these
puparia (fig. 28) and these were determined by R. A. Cushman (17)
as Rhembobius (Phygadeuon) abdominalis Prov. Examination of all tho
puparia {rom this lot that failed to produce adult bulb flies revealed
that 16 others had been parasitized but the parasite adult had failed
to emerge.  Thus a total of 27 of the 206 pupac collected, or 13 per-
cent, were parasitized.  An adult ichneumonid which had emerged
from a puparium of Fumerus sp. in Santa Cruz, Calil., in 1926 was
also determined by Cushman as the same specics.  This parasite has
not been encountered since, however, nor has any evidence of any
other parasitic form been obtained in the eourse of the studies,

SUMMARY

The nareissus bulb fly has become one of the major insect pests
confronting the recently cxpanded narcissus bulb indusiry in the
Pacific Northwest, and losses are experienced overy season by proc-
tically every grower.

Three lnrval instars are indicated by the sizes of the individuals
and the widths of the spiracular processes. The skin of the mature
larva hardens to form the pupal ease. The adult bears o strong
resemblance to a bumblebec.

The eggs are laid at the base of the folinge or in a crack in the soil
nearby. The incubation period is genceraily from 10 to 12 days.

Normally the narcissus fly requires 1 year for the development of
a generation.  Newly hatelied larvae entor the bulbs late in Alay and
in June and develop through three instars to mature size by late
September or October, passing through the winter as larvae still
within the bulbs.  The mature larvae leave the bulbs carly in spring
and pupate close to the soil surface, and the adults emerge in Nay
and June. For some individuals, larval development is retarded
during the first summer, so they pass through the first winter as carly
second instars, or less frequently as carly third instars. These ini-
mature larvac continue development during the second spring and
summer, reaching mature size in the middle of or late in summer,
remaining as larvae in the bulbs through the secoud winter and pupat-
ing the next spring.

Larvae attack bulbs immediately after they have hatched, usually
entering through the root ring into the hasa plate, where they feed
for some time, tunneling through the tissue. Later they burrow
upward into the scale region, eventually consuming a large part of
the buth. Usually only one Jarva is present in a bulh, but occastonally
two may be present and rarely three or four. Single records of five,
six, and cight larvae per bulb have been noted.
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Narcissus is the principal host aflected economically, but infesta-
tion has been recorded in a number of bulbous plants, and some of
these may become hosts of general importance.

The general average infestation of nareissus in the Pacific North-
west has ranged between 2.5 and 4.5 pereent during the seasons of
1934 to 1940 and the value of the infested bulbs tn this region is
estimated at $806,000 to $100,000 each year.

Xo positive preference for particular narcissus varielies ling heen
observed, although indications have heen noted that the fly may
prefor certain varieties under certain conditions.

Depth of bulb planting and type of seil in which bulbs are grown
influenee to some extent the amount of iufestation.  Infesiation
has beon ohserved to be more intense on the marging of plantings
than in the central arens, and infestation has been observed lo be
distinetly greater in large than in bulbs of smaller size.

An important proportion of larvae succumb (o certain influences,
presumably environmental, in the carlier stages of development,  Tn
commercial stocks ihe proportion of this natural Iarval mortality
has averaged between 25 and 51 pereent of the larvae suveessfully
entering the bulbs,

Only one instanee of parasitization lias heen observed, involving an
iehmeumonid, Rhembobius abdominalic. Birds may possibly find
and destroy a small nuuber of pupac. Natural enennes have not
vel berome a Tactor of importance in the Pactfie Northwest.
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