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INTRODUCTION 
In the summer of 1925 the Bureau of EntQmolo~ established a 

laboratory in Washington County, Me., lmder the direction of A. L. 
Quaintance, for the purpose of conducting an investigation of the 

1 RJwgolet~ pomU1lPlla WalBh, order Diptere. family Trypetldae.'Too janior writer WOl! associated with tllis project from the beginning of tho season of 1926 until the 
close of theseason oU9'<8. B. F. Sazama assfsted 10 the work during the season 00925, and L. C; McAlister, 

. jr., sssisted during the season of 1929. The following fiold assistants were employed during the summers 
or the years indicated: Donald L. Collins, 11l2lJ; R. O. 'Newton. 1927.1928. 1929; Ross F. Nigrelli, 1927: 
D. :T• .Rudqulst, 1928, 1929; O. W. Lacaillade, jr., 1928; R. B. Whitten, 1928; IT.A. Peterson~ 1929; G. n. 
Geissler, 1929. ,Appreciation should also be expressed lor the generous cooperatlou of tho lVfaine State 
Department ot Agriculture IUld of thtl department of entomolQilY or the Maine Agricultural Experinlent
Station, The writers regret thut they are oollble to give speclJ\c credit for the analyses (or arsenical residue 
w11lch are utilized in this bulletin. It is known thllt some oC thorn were ntnde in the Inse'lticide d! ...lslon 
oCthe Burt.'\u of Chemistry Bnd Soils. Bud i~ is [lru\)'I\)le thBt others Were 11l1ltie in the iU5ectlci(le laborlllllry
.0/ the old insecticide nud fungicide board. 

7·154,1°-32-1 • 1 
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J>iology and. C?ntrol. of :th~blileberry mag~ot. A summary of the 
l'~sulta of this illvestigation, from the establishment of the laboratory 
i.J;l1925 until t~e close of the. season of 1929, is presented in this bulle­
tin.' 

THE' BLUEBERRY INDUSTRY AND LANDS 

In many respects the bluebeITy industry of northeflstern Maine 
stands umque ill American agriculture. As a commercial develop­
ment, blueberry culture .in this section seems to have begun some 50 
or 60 years ago. The industry slowly developed as the timberlands 
were cleared and as lumbering decreased in importance. The pro­
duction of blueberries has progressed largely without scientific study 
or direction until recent years, and, as necessitJ' demanded, methods 
were developed which in many instances are peculiar to this crop and 
to this sel}tion. Any effort to combat the blueberry maggot effi­
ciently must take into accoUht the conditions under which the blue­
bemes are produced. 

TOPOGRAPHY AND GROUND COVER OF THE BLUEBERRY LANDS 

. The blueberry'lands consist of high, fairly level plateau land or of 
moderately slopingto steep hillsides, all of which show the effects of 
glaciation. (pI. 1.) The soil is mostly of a sandy nature intermixed 
with gravel, and the surface is frequently studded with numerous 
bowlders and rock outcrops. (PI. 2, A.) On most of the productive 
blu~,berry land there is a surface layer of organic matter from 1 to 3 
or more inches in depth, over the sandy soil. 

For the most part the trees have been removed from the blueberry 
land. Some of the land still bears old snags here and there, or oc­
casionallv scattered trees-relics of the coniferous forests that once 
covered the land. These lands are now characterized by a typical 
acid-soil vegetation, with such plants as lambkill (Kalmia angustifolia 
L.),3 bunchberry (Oorn'U8 cancidensis L.),3 bearberry (Arctostaphylo8 
uva-ursi L.),3 mountain cranberry (Vaccinium vitis-idaea minor) and 
other species, in addition to the blueberries and huckleberries. 
Gray birch and alder "~prouts" spring up abundantly on the bluebe:rry. 
land, and sweetfern (Oomptonia peregnna (L.) Ooulter) often fOrnis 
a dense cover. Much labor is required to keep the weed bushes from 
overrunning the land and crowding out the blueberries. ; 

The blueberries are produced by native plants which have come 
onto this land entirely by natural dissemination. Two species 4 

produce the commercial blueberry crop. These are the lowbush 
blueberry (Vaccinium ang'll8tifolium Ait.),3 and the Oanada blueberry 
(V. canadense Kalm),a often known locally as the low sweet blueberry 
and the sourtop blueberry, rel3pectively. As would be expected, a. 

·number of varieties of blueberries are found in this section, and some 
authorities recognize one or more additional species. The blueben'Y 
plf!,nts grow tQ a height of 6 to 12 inches. On most of the land the 
stan~ ofplap.t~il? exceedin~ly pll-tchy and irregular. 

. - . . . . . 
lPlants Identified by F. V. Covine, BurellU or l'Illnt Industry, U. S. Department ot Agriculture. 
4 The hlghbusb blueberry (V. corllmbom'l/l Alt.) occurs commonly In Mnlne along the borcj.ers 01 ~ 

lffid PP!1dsl lI!;1~ th~~t ot t~Bpec1~ J;l !;Iqr!!~1lJz!l<! comm~rclall.y In thIs~~1AA: ... . 
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tt:~:on the whole, the blueberry land usually :receives little' culture~ 
THs cUstom8..lJ" to mow the weed bushes on the better land every third 
year, . during the fallprece9ing burning. On some of the land the 
weed bushe'H al'e mO'wed each f!tll in order to give the blueberry plants 

. " better opportunity for growth. 
'., Every third year an attempt is Ip'ade to burn over the blueberry 
,"land. (pIs. 3 and 4.) This is donlilin early spring, after the snow is 
,coff, but before the frost is out of tli:e 'ground,and while the plants are 
,'still dormant. Favorable conditj'orts for burning usually occur 

'during April or the fll"st week in May. By removing the portions 
.J' . theplants above the surfacei of the soil, burnin~ serves as a pnming 
"process, stimulating new'growth.· As the bernes are produced on 
. growth of the preceding season, there is no crop produced on burned­

over land during the summer immediately following the burn. The 
',' 'second summer lollowingthe burn marks the production of the first 

'. berries,'·usually an abundant crop. The second crop is usually less 
abundant than the first, although the relative productiveness of the 

.' (two crops varie.s with the ~ea~~s and .with.the characteristic~ of the 
:. 'land. SU0ceeding crops diminish rapIdly if the land remaros un­
.' burned, and. the land soon becomes practically nonproductive where 

it is not burned over. Each landowner attempts to burn about one­
third of his blueberry land each spring, so as to have an:approxi­
mately constant area in bearing every season. 

The facility with which land can be burned varies greatly with the 
.;: season. Some seasons are favorable for burning, and it is easy to 
.:~:burn over the land thoroughly. Other ceasons. are unfavorable, and 
'"there may be only one or two days during the burning period when the 
'~fire will run, well over the land. without leaving numerous skips. 
~Usuany the wild land on the barrens is poorly burned, patches and 

'.: !.streaks of unburned bushes being left throughout the burned-over 
,"area. On the better land, many of the growers spread hay during the 
, fall, to insure a thorough burn the next spring. The hay is spread 

; uniformly in a thin layer, usually from one-half ton to 1 ton of hay 
.. ~'per acre being used. 
;t Most of the blueberries produced in this section are used in the 
{canning factories, The berries aro picked by means of metal rakes. 
~·:tpl. 2, B.) Picking usually does not begin until practically all of the 
. Ekerries are ripe; then the land is picked clean. The berries are put 

tllrough a hand winnowing machine in the field to remove most of the 
leaves and debris which are ~athered with the berries. After this 

.. 	 preliminary cleaning, the beroes are placed in half-bushel boxes for 
transportation to the factory. 

HISTORY OF THE BLUEBERRY MAGGOT" , , • .1. 
If<. ;The blueberry maggot (Rhagoleti8 pomonella) is apparently a native 

( insect that has been present in the New England area for many 
centuries. Maggots have been observed in blueberries in Washin&,­
toI! County, Me., from the earliest recollect-ions of the oldest inhabI­
tants. During the early years, when blueberries were of little or no 
commercial value, this insect attracted slight attention. As the 

C , blueberry ,crop increased in commercial importance, the blueberry 
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"'inu,ggot 'becu,me ri~omand '~ore troublesome. ,In the season of 1924 
-"tht\:~ituaJ;iOl;r beGame actue, anci, because of the heavy infestation of 

, 'We;:bll;l,eb~:rries~thecanning, factories were severely hampered in 
.th~irl)p¢ratiolls...As no method was known for removing the infested 
·berries.from the pick,it appeared for a . while that the development 
of the industry would be :.permanently retarded. . 
,:T,he. mst. published.record, of R1fagol~tis f?monellainfesting be~pes 

:apcnearsto have been Issued by BrItton (4) m 1906 when he reported 
finding this species ,infesting huckleberries in ConIlecticut. Smith 
{16) ,reported the species as -occurring on huckleberries in New .Tersey 
in·190.9•. Woods (19) recorded the OCCUlTence of the species on blue­
be,rries in Washington County, Me., in 1914, and again discussed 
;the insect briefly in a treatise (20) on the blueberry insects in Maine 
theiollowing year. O'Kane (10) recorded the occurrence of the 
.species on Vaccinium corymbo8um in New Hampshire in 1914 . 
.patch and Woods (11) in 1922 published the most comprehensive 
st1ldy of the specielS as a blueberry pest that has appeared. The. 
a;uthors discuss briefly the results of four years of observation on the 
biology and control of the blueberry maggot in Washington County, 
Me. 

INJURY 

The primary injury to the blueberry industry resulting from 

blueberry maggots arises from their presence among the canned 

berries. The presence of the maggots is probably not injurious to 

the health of persons consuming the berries; nevertheless, any such 

foreign matter is unsightly in a food product and certainly lessens its 

value as an appetizing delicacy. Regulations issued by the United 

States Department of Agriculture, under authority of lihe pure food 

laws, declare an excessive number of mag&ots to be an adulteration 

and prohibit the sale of ~llch products in mterstate commerce. 


There are other forms of injury caused by the maggot th!J-t are 

often overlooked by blueberry producers and canners. It IS not 

exceptional to find areas in which 10 to 15 per cent of the berries are 

infested by maggots. The destruction of berries caused by such 

infestation is not apparent to the growers and is therefore likely to 

be overlooked. Many of th(;. infested berri(ls drop to the ground 

before the area islicked, others are crushed in the boxes on the way 

to the factory, an those which remain must be washed out to remove 

the maggots at the cannery. Loss results from the additional factory 

processes required in removing the maggots, from the shrinkage of 

the, berries as they are processed to remove the maggots, and. from 

the slowing down of the canning operations during the rush season. 


'When badly infested berries are picked, 111rge numbers of berries 
are very soft and "lnushy" (pI. 5, A) as a result of the feeding of the 
'larger maggots, and many of the soft berries break down en route to 

' ..the factory. Upon arrival at the factory, the contents of the boxes 
frequently present a most unsightly appearance. The berries, wet 
"ith the juice of the crushed fruit, are troublesome to handle, and it 
is difficult to winnow them and to pick them over by hand, as is 
.usually done in the factory. 

'. Itallc,nnmbersin parentheses refer to Literature Cited, p. 75. 
I.' 
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Two TYPES OF BLUEBERRY LAND IN WASHINGTON COUNTY. ME. 

A, Level land excellenL for dusting by nirphuH' or hy grollnd machinc; Jl, hill lund wilh scntt~rl'd 
trees, dillicult to dust by airplane • 
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BURNING BLUEBERRY LAND 

A, Bltwl)('rry land 111011'",1 nnl! ItIlY"d, rf'lldy [or l!urning; II, lI11y,·,1 hllll'l,,'rry hUHI in pro('('SS o[ 
hurnilll:. 
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BURNED BLUEBERRv LAND 

A, muehl'rry luno inunrdinl<'ly nft~r ihorollgltl~' hllrnin~; n, poorly hUTlwl! hltwhrrry lund, showing 
"kips whl(·1t lhl' t1r~ lIlis~ed. 
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'BIO~G'Y UD CON'l'1\()L()~ .TH.E BLtrE'sE:R.1ty YAGQO't 

'ECONOM!CIMPOR1'ANCE OF BLUEBERRY.MAGGOT 
. 	 INFESTATION 

Blueberry production and canning have become probably the most 
,valuable indnstries in Washington County, and are of considerable 
importan~,thtoughoutthecoastal section of eastern Maine. The 
total income from blueberries is said to be more than $1,000,000 
annually in Washington County, and is an important source of liveli­
hood for a considerable portion. of the population. .Anythin£ which 
iIlterIeres with the industry is likely to cause great economic foss and 
is justly looked upon withslarm by the people of this section. 

It, is :impossible to estimate accurately the total loss due to maggot 
infestationin this section. In one factory for which records (Table 1) 
are available, 42.1 per cent of the bernes received in 1926 required 
processing to remove maggots; in 1927, 57.6 per cent; in 1928, 37.9 
per cent; and in 1929, 28.2 per cent of the berries received were 
processed to remove maggots. This factory received a large propor­
tion of its bernes from heavily infested areas, and the_percentage of 
berries processed :for maggot removal is undoubtedly somewhat 
higher than the average for the county. It is estimated that during 
each year for which records are available, from 4.5 to 10.2 per cent 
of the total quantity of berries received by this factory were de­
stroyed as a result of processing for maggot removal. This is a. sub­
stantial loss to the factory, and to this should be added the cost of 
processing and the inconvenience caused during the rush season. 

TABLE l.-ReCfJTds from one blueberry cannery in Washington County, Me.1 

Estimated 
Berries requir· Berries requir· Total berries shrinkage ofTotalhee 	 l3etrles requir­ing no process- ingslightto proce~ Cor berries duringYear r1es·tiJ-	 ing prolonged ing for remov- moderate pro- removmg processing for ceived 	 processlrigingmaggots cessing maggots 	 remo7ing 

maggots 

PtT Ptr PtT Po. Per 
.: 

Bluhtu Bv.shtl8 ctnt Bluhtl8 ctnt Bluhtls cent BtMht18 cent Bu8htu CfiIt
1928••••__ 17.4Ul.0 10,005.0 57.9 3,Wl.5 19.2 3, 986.'; 22.9 7,333. 0 42.1 1,299 . .; 7.51927••__ 11.088.0 7.249.0 42.4 4,414.0 25.8 5, 425. 0 31.8 9.839.0 57.6 1,747.4 10. 2 
192&_••_._ 10,174. .; 6; 318..5 6'2.1 2, 378. 5 23.4 1,417.5 14. 5 3,856.0 37.9 652.3 6.41929••___• 12, 575. 0 9,027.5 71.S· 2,922.5 23.2 625..0 5.0 3, 547. 5 28.2 563.4 4.5 

I Data presented in this table are Crom tbe official records or the State inspector In charglr at the facton', 
and are published through the courtesy oC the proprietors. 

The blueberry maggot probably occurs in most of the important 
1 blueberry-producing areas of the United States, and wherever it 
occurs this insect constitutes a. threat against the development of the 
blueberry industry. 

FRUITS INFESTED 

• 	 The original technical description (18) of Rhagoletis pomunella was 
based upon a. series ofllies l some of which were reared from apple 
and others from Crataegus. Since the original description, the 
species has been reported as occ.urring on a number of other fruits, 
including cranberries (12), peaches,6 pears (13), plums (6), huckle­

• Re29rted by P. H. MUlar In U. l1. Dept. Agr., Bur; Ent. Insect PeSt Survey Bul Vol 9, No. S, Po 32li. 
1929. LMlmeographed.} 
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bernes (Gaf!llU8~!lAYia ~baccat(k) (4), and ~onblueberries (V£U:Cinium; penn­
sylvdinW/1fm, V. canadense,V. va,cillans (16), and V. corymbo81.~m (.to) • 
. Puring. the com'6~ of the mvestigations here reco.rded, R. pomonella 

has been found ~esting many of the common berries indigenous to 
eastern Maine. A l}ompl€1te list of fruits from which adults were 
reared or whitlh were found infested with mll,ggots at Cherryfield, Me., 
is gi:ren below.7 

Blueberries: 

Vaccinium angustiJolium Ait,; (maggots and adults).

V. canadense Kalm; (maggots and adults) . 


.. V. corymbosum L.; (maggots and adults). 

Blackhuck1ebe~: 

GayZus8acia baccata (Wang) C. Koch; (maggots and adults) . 

.Bunchberry: 


Cornus canadensis L.; (maggots and adults).. 

Chokebe~: 

Aronia melanocarpa (Mich.....) Britton; (maggots).

Mountain cranberry: 


V ru,cinium vitis-idaea minus Loddi (maggots). 

Dwarf service berry (or sugar pear): 


. Amelanchier bartramiana (Tausch) Roem.j (maggots). 

Wintergreen: . 


Gaultheria pTocumbens L.; (maggots). 


In the above list there are several plants which may have an impor­
tant relationship to the blueberry-maggot probleIl1. Huckleberries 
grow quite commonly in association with the blueberries, but usually 
are not so .I\bundant as the blueberries. Huckleberries have fre­
quently been observed to be heavily infested with maggots. The 
huckleberries are not picked r but remain upon the plants until frost, 
and may serve as a reservoir of maggot infestation on areas where 
they grow abundantly. 

The dwarf service berry, locally known as sugar pear, is frequently 
found on the blueberry land, but is most abundant on lower, poorly 
drained soil, rather than on commercial blueberry land. 

Tlie bunchberry is frequently abundant on commercial blueberry 
land. This plant may bear fruit every season, even on the newly 
burned land, and the berries are often abundant on blueberry land 
dUling the summer immediately following burning. This suggests 
that bunchberries may sust.ain the maggots on the burned-over land 
and thus serve to increase infestation of the new berry crop the second 
year after burning. 

Wintergreen berries and chokeberries are common on the blueberry 
land, but the comparatively slight extent to which the~e borries have 
been found infested indicates that they are not important reservoirs 
of infestation by the maggot. 

SPECIES INVOLVED 

The original technical description of Rhagoletis pomonella was made 
byWalsh (18) from six males bred from eastern apples, July 15-23, and 
two males and one female bred from Illinois haws, July 23-28. Since 
the time of the original description in 1867, the species has been shown 
to be widespread throughout most of the northeastern United States 

1 Tho plants In thl~ list, with the exception of mountain cranberry and wintergreen, were Identified by
F. V. Coville. Tho word "maggots" efter the plant name Indicates that the fruit, WIIS found to be Infested 
by maggots that were. apparently R. pomontlla; the word .. adults" after the name Indicates that adult 
:files of R. pom01ltllo. were reared from maggots found In tho fruit. 

... 

i\ 

... 

~. , 



BIOLOGY ANUCONTIiOLOFTHE BLuEBERRY MAGGOT 7' 

and" eastern Oanada, and has" been found to infest ~ con.siderable 
number of fruits. The principal fruits infested, however, al',e apple, 

. haw, blueberry, and huckleberry. The species was notorious as an 
apple pest for many years before it was technically reported, as 
occurring on huckleberry and blueberry. 

I1)ENTITY OF THE BLuEBERRY MAGGOT AND THE APPLE MAGGOT 

Adlllts of R. pomonella reared from huckleberries and blueberries are 
noticeably smaller in. size than those reared from apples and haws, but 

FIOUllli: l.-Adults of }lhagoletf8 pomolltlla (with wings cut off): A. DJlleberry form; Dr apple form; 
showing the great similarity or structure Bnd difference In size. X 3S 

no definite structural characteristics have been reported to differen­
tiate the specimens reared from the two types of fruits. (Fi~. 1.) 

Several mteresting and important questions continually anse. Is 
the form of R. pomonella infesting apples and haws specificallyidenticu.l 
with the fonn infesting huckleberries and blueberries? If the two 
fonns. are not identical, how may they be separated'? If the forms 
from the several fruits are specifically identicn.I, which is the original 
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ilost,~hd ia·th~reCQntinual and free intercliange of the insect between 
. 'the, hosts? These qUf:lstioils ar,ecoils1,dered. in the discussion tlia t 

.fQIlows. .' '. '. 
. " . ~TRUCTURAL CHARACTEBISTICS 

Several clo~ely related species in the genus Rhagoletis have been 
"separated upon the. basis of' very slight structural' differences. 

SpeCimens of R. pomonella reared from apple and from blueberry were 
t!ferefore parefullr exa~ed, ~d .. painstakingly .compared, detail 
~th detail, to .discover, If pOSSIble, even tho slightest structural 

···differences. The resemblance between individuals of the two forms is 
remarkable" and no structural characteristics whatever could be 

• discerned. by which the forms might be separated. 

FIGURE 2.-Wings of RhauoltU. pomonella: A, Wing froll1 blueberry form; B. wing from apple form;
showing relative size and structure. X 35 

MEASUREMENTS 

The blueberry form of R. pomonella is smaller than thf:l apple 
form, in every stage, although no morphological differences have been 
observed. Measurements were made of several structures in an 

. attempt to determine whether or not variations in proportions could 
be detected. Measurements of the length and diameter of a large 
series of puparia from the two forms showed no significant difference 
in the proportions of the respective forms. (PI. 6.) Measurements of 
the ratio between the width of head and the length and width of wing 
of adult females showed a slight differeilce, which, upon statisticnl 

.' analysis, ba,l'ely fails to be significant. (Fig. 2.) It is interesting to 
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INJURY CAUSED BY BLUEBERRY MAGGOT 

.At Iurl',,(Pd hlT}f"hpr!'it·... ~ ~iJOwiT1~ th· Ul)ft''o IJihhl"d IH fht' -",h:.l!j 'If HII' l"',Th ~ by (lw %Jt~t;!~ot~. Xutl' 
tIlt' r'ollaJt:-;p of tlU' lll'rn. ~ iu lh~, }a;<it ~';lgl·.'o II! infl !"\1.11!o.u; BI ,g-g: [,U!lctHrl' in tltl' .... hm ora hIm'· 
ht'rry. ,:\lugtUHl,tl:.!O tillll':i. 
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n:ote that in each series of measurements the two :forms of the insect 
were quite distinct in size, with very little overlapping. 

COMPARATIVE DISTRIB~ON OF THE APPLE MA~~OT AND THE BLUEBERRY 
" . MAGGOT . . 

. The known distribution of the apple maggot is discussed in deta.il by 
Porter (13). The principal area of infestation extends from the 
western borders of the Dakotas eastward to the Atlantic Ocean, and 
from Nova Scotia. south- '017. JI 

ward to New Jersey and 
Pennsylvania. The range /;~
of the insect extends $() 

southward along the AIle­ /'
gheny Mountains through i.IVirginia into the Caro­
linas and Georgia. 

The apple maggot issel­ I ~f/
717dom a serious pest in Vir­


ginia, but samples of ~ ,~
~ Ihuckleberries from 
617 "" fBlacksburgll showed se­ ~ ~y

vere infestation by mag­ \i 
~ YIgots apparently similar to 

R. pornonella. , 
In North Carolina the Iapple maggot has been ,recorded (7) but is evi­ ­ fdently rare. In South I~17Carolinft the insect is 

~practicalIyunknown as an ,
applepest. Huckleberries I217collected in the moun­ ,
tains of Oconee County} J 
S. C., showed a moderate I
infestation by maggots, /17 

J
and huckleberries from 
Oran~eburg County,S S. p 

)j 
,c., yIelded a few mag- . 

oAV,;asr 
, 

vV'!Y 

gots apparently similar to FIGURE a.-Emergence or blueberry.maggotllies as compared
R. pomonella. with theemergence ofapple-mnggottlles, Cherryfield, Me., 1927 

In Iowa huckleberries are uncommon, but the apple maggot is 
sometimes a serious pest. 

In South Dakota huckleberries are rare, but the apple maggot is 
widespread (14.), although not usually a serious pest. 

COMPARISON OF HABITS 

The blueberry maggot and the apple maggot are apparently very 
similar in habits. Patch and Woods (11) called attention to the 
more sluggish habits of the adults of the apple form. 

I Specimens of Infested huckleberries were obtained from BIlICksburg, Va., through the cooperation of 
W. J. Schoene; from Clemson Oollege, S. C.t-from J. A. Berly; and from Orangeburg County, S. 0., from 
Felix Sbuler, Jr. Thanks are also due H. E. Hodgkiss and Tom A. Brindley for samples of Infested buckle· 
berries tromPennsylvanJa and. Wisconsin, respectively. 
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:fu order to study the comparative emergence periods of the two 
forms, two plots were marked off, about 10 f~et apart, under condi­
tions appa.:rently similar. During the season. of 1926 1 bushel of 
heavily infested blueberries were placed on one plot; on the other 
plot were placed 2 bU~~lels of badly infested Yellow Transparent 
apples. Records of the adults emerging from the two plots during 
the season of 1927 indicate that the apple-maggot flies emerged about 
seven days later than the blueberry :flies in the near-by cage. 
{Fig. 3.) . 
. The egg of the blueberrY maggot resembles the apple-maggot egg 
in every way except in size. There is one noticeable difference, 
however, in the manner of oviposition. The eggs from Yellow 
Transparent apples were found lying in the flesh of the apple approx­
imately their full length distant from the puncture in the skin of th~ 
fruit. The eggs are easily removed from the flesh of the apple with­

.~~ 
7?ii~ 


~, d. . ., •~ d~' 
B c 

FIGURE 4.-A. C10spers or male Rhauoldls pomonella from blueberry; B. clospers of R. pomoneUa
from apple; 0, claspers or R. 8/1mphorlcarpi from snow berry; showing relative structures and sizes. 
at Ventrel view; b. meso-Iateml view; c and d, from Intermedlnte BOgIes; e, tip or hooklet rrom 
blUeberry form more Wghly magnified. 

out injury. The blueberry-maggot eggs are placed directly beneath 
the skin of the berry. The outer tip of the egg is apparently attached 
to the skin of the berry, and the body of the egg usually adheres so 
strongly to the surrounding berry. pulp that it is exceedingly difficult 
to separate the I:gg from the berry tissue without rupturing the e~g. 

The habits of the larvae in apple and in blueberry appear similar 
in every way. The process of pupation likewise seems identical in 
the two forms. 

RELATED SPECIES 

There are several very closely related species, separated from 
R. pomonella ~y very slight structural differences. (Fig. 4.) R. 
symplwricarpi Curran infests the snowberry on the Pacific coast; R. f. 
zephyria and R. tabellaria Fitch attack the native blueberries and 
whortleberries on the Pacific coast, and are separated from R. 1!0mo­
nella by only slight structmal differences. AdUlts of R. symplwrtcarpi 
ha.ve been found in apple trees in British Columbia, where this species 
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wcs for a while nristaken for R. iJ01TUY1I.d1a,. However, the species on 
the Pacific coast have never been observed to infest apples, and the 
apple maggot is not known in that section. 

TRANSFER OF MAGGOTS FROM ONE FRUlT TO ANOTHER 

Unfortunately: it is difficult to rear E. pom()'1!~lla- in captivity be­
cause of the abnormal behavior of the flies in confinement, and It has 
not been determined whether the blueberry form will oviposit on 
apple, or whether the apple form will oviposit in blueberry. As a 
substitute for such cross-rearing, a num})er of maggots, in the early 
stages, were retttoved from blueberries and placed in ap{>les, and a 
number "",-are removed from apples and placed in blueberl'l.es. Prob­
ably because of injuries incurred during the manipulation, . the death 
rate was high among the transferr-ed maggots. The maggots from 
blueberries seemed to thrive on apples when ripe fruit was provided. 
The apple maggots cOlIlpletely devoured the contents of the blue­
berries, and it was usually necessary to supply additional berries for 
the maturing of the maggots. 

First-instar blueberry maggots transferrp.d to apple successfully 
matured and fonned puparia, but no adults were obtained. Second­
instar bluE'berry maggots formed puparia, and one adult was obtained . 
.The puparia and the adult were normal in size for the blueberry form. 

Puparia were obtained from apple maggots which were transferred 
in the second ins tar to blueberries. No adults were obtained. The 
puparia were normal in size for the apple maggot. 

PROBABLE RELATIONSHIPS 

Evidently R. _pomonella is a species native to the northeastern 
portion of the United States, where it undoubtedly infested the 
fruits of haws and blueberries and huckleberries before the introduc­
tion of apples by the white settlers. 

All stages of the species from haws and apples are larger than 
corresponding stages from huckleberries and blueberries. There is 
no apparent difference in size between the forms from apple and 
those from haws. 

That R. pomonella may exist upon apple independently of the blue­
berry, or vice versa, is suggested by the fact that the apple maggot is 
widespread and may be a serious pest in sections where huckleberries 
and blueberries are uncommon; and huckleberries may be infested 
where the apple maggot is practically unknown. 

It seems probable that the infestation of apples originated from 
haws rather than from blueberries or hucklebemes. 

The form infesting haws and the form infesting blueberries un­
doubtedly had a common phylogenetic ori",ain, but there seems to 
be no evidence to indicate that there is now a common transfer of 
infestation from one host to the other. That SUch transfer may not 
take place commonly is suggested by the fact that the species R . 

. symplwricarpi and R. zepayria, inhabiting the Pacific coast, are 
closely related to E. pomonella and must have had a common an­
cestry, but the Pacific coast forms have never been observed to 
attack apple. 

Probably the blueberry maggot and the apple maggot constitute 
an e."{ample of incipient species fonnation. Just how far the differ­
entiation has progressed has not be·cn dctennined. The fact that the 

http:blueberl'l.es
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adults of the two forms.sho\v slight differences in the proportions of 
certain structures suggests that the separation of the two fonna may
have progressed to the verge. of specific integrity. 

SUMMARY OF LIFE-HISTORY STUDIES 

.. In general the seasonal cycle (fig. 5) of the blueberry maggot is 
similar to that. published .nl accounts of the apple ma~got. The blue­
berry maggot.apends the winter in the pupal stage ill the up{>er few 
inches 'Jf the soil. The first flies emerge coincidentally WIth the 
ripening of the very first of the blueberries, about July 1 in approxi,. 
mate1y normal seasons, and the month of July marks the normal 
period of emergence of the adults in Washington County, Me. Emer­
gence proceeds rapidly durin~ two or three weeks of mid-July, the 
great bulk of the flies emergmg during that period. By August 1 
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FIGUllE S.-Summary of the life history of the blueberry maggot, Cherryfield, Me. 

from 97 to 99 per cent of the flies have emerged. A few flies may 
emerge in August and early September. 

The flies increase rapidly in numbers on the blueberry land as 
emergence progresses, and are present in maximum abundance about 
the last week of July. After this time eme~ence practically ceases, 
mortality is high, and the abundance of flies in the field declines 
almost as rapidly as it rose earlier in the season. By mid-August 
flies are gcaree in the field. Adults may be observed in decreasing 
numbers, however, until killing frost occurs in late September or 
early October. 

Oviposition begins toward the end of the second week of July, and 
eggs occur in greatest numbers during the last week in July and the 
first week in August. 

Magg!>ts begin to appear in the berries durin", the last two weeks of 
July. They increase rapidly in numbers, ana reach the period of 
~eatest a.bundance during mid-August-just after commercial berry 
picking gets well under way. 

http:PCTO?.8E
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APPARATUS FOR CONCENTRATING PUPAE 


At \\'in' (rnltH~ tbl'c1 for hflldJIIg nhnlJl I hU...:lwl flf bItH·lwrrie-- f)\-l'r H Ill1luttioll 1,101; 111 multiple' 

l'OIH'('Ulrntor for tnfl':'4ing a pupatliJO plot with a hlr~l' fltJfllllt'r of pupa('. 
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EMERGENCE CAGES 

A, ElIlergenc,' eng" in Jl()~ition O,'"r a /",potion 1'101; n, ,'x[ll'rilnl'nlnl plot nenr C'hl'rryfi('ltl, JII,'" 
!"howJng lil'il luhoratory IIwi PlJ1('rg-l'll(,(1 ('ng:(\~. 
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During the'second. ~eek of August' the maggots begin to leave ·the. 
herries and enter the soil to pupate for the winter. From about mid­
.Au~ust until mid-September the decline of maggots in the berries. is 
rapid...'By late September the numbers of maggots in the berries are 
greatly'~reduced, and the great bulk of the ma~TI1]~ are usually safe in 
their winter quarters beneath the soil before .. g frosts occur. 

DIFFICULTIES ENCOUNTERED IN STUDIES OF LIFE CYCLES 

When the work with the blueberry maggot WJ1S undertaken it soon 
became apparent that the same difficulties would be encountered in 
attempting life-history studies with the blueberry form of R. pomonella 
as had been e}..-perienced by other workers studying the species as an 
a.pple pest. For this reason no very serious attempt was made to rear 
the species in captivity, and the life-history wOTk was accomplished 
by the use of more or less indirect methods, based la.rgely upon ca.refrd 
field observations. From the field records, life-history charts w~re 
constructed, somewhat in accordance with the method used by 
Barber (1). The fact that the blueberry maggot is sin~le brooded in 
this section facilitated this procedure and rendered it possible to 
secure a sufficiently detailed account of the life cycle without employ­
ing the rearing methods so frequently used in similar studies with 
other insects. 

Even in field studies, R. pomonella is a difficult species with which 
to work. The flies are shy and inconspicuous, rendering difficult an 
exact determination of infestation by observation of adults in the 
field. The eggs are so extremely hard to find that it is practically 
impossible to make a satisfactory determination of the number :eresent 
by cliTect count. The maggots, in their earlier stages, are likewise 
difficult to find, and infestation is apparent by external examination 
of the berries only after the maggots have reached an advanced stage. 
The puparia are formed beneath the surface of the soil, and while the 
total number per acre may be large, the number of puparia to be 
found under natural conditions on any area small enough to be exam­
ined closely is excee.dingly small. These difficulties e}..-plain the neces­
sity for the use of indirect methods in undertaking a study of the life 
history of the blueberry maggot. 

EMERGENCE OF ADULTS 

METHODS EMPLOYED IN STUDY. ANDEMERGE,NCE RECORDS 

During the summer of 1925 preparations were made for obtaitdng 
data on the emergence of adults during the next season. Twenty­
three l'ectangular plots, each 4 by 5 feet in size, were laid out on typical 
blueberry land. During the late summer and early fall, approximately 
1 bushel of heavily infested berries was placed on each plot. On 9 
plots the berries were placed directly on the soil; on each. of the other 
14 plots the berries were placed on a wire-screen frame the size of the 
plot (pI. 7, A) and held by stakes at a height of 12 to 18 inches above 
the ground. The berries on the plots were not disturbed until freezing 
weather had occurred, when the screen frames were removed. Dur­
ing the season of 1926 un emergence cage (pI. 8 and fig. 6) WflS p1n.ced 
over each plot, and daily l'ecords were made of the number of flies 
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emerging. By this method large numbers of fli~s were secured, givingadequate records of emergence.
In the spring of 1926 an attempt waf'! also made to check up on theemergence of Ries in the emergence cages by placing several largecages, each 10 feet square, upon areas of heavily infested blueberryland, where it was hoped to secure records of flies emerging from undis~turbed soil under more natural conditions. However, so few flies were .found. in these large cages that the records are of no value.The results secured in 1926 from the 'ltudies of emer~ence from the4 by 5 foot plots were so satisfactory that a similar senes of pupation 

FIGURE 6.-D~t8I1s of construction of emergence cage used In studying tbe blueberry maggot InWasblngton County. Me. The foundation was set seCUrely In tbe 5011, 8nd tbe cage wasfastened to tbe foundation by means of wires looped througb screw eyes 

plots was employed each succeeding year. As would be el.1)ectcd,the numbers of flies emerging from the different plots varied consider~ably. A study of the records seemed to indicate that better results.were secured by placing the berries on the wire screens rather thnndirectlyon the ground, and during the last two years of these investi.... gations the latter method was used exclusively on the pupation plots.Beginning at 8 a. m., the flies were removed from the c~es daily(with fe,,! ex.ceptio!ls) ~.hrough.out the ~mergence period. The num­bers .of flies appeanng ill the cages, dunng the peak oJ the emergenceseason, were frequently large. In some .instances 100 or more flieswere removed from a single cage .in one dny. The largest number of 
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flies removed from one cage in a single day occUlTed when 793 flies 
were removed from ca~e B on July 9, 1927. The next day 657 flies 
were removed from this same cage~ With such numbers emerging, 
the. removal of the flies from the cages presented a problem, and the 
work of removing the flies was often not completed until noon. This 
probably introduced .some degree of error into the records, but the 
flies were removed from the cages in the same order each day, wmch 
reduced the error to a minimum. 

In removing the flies, the wire screen cover was removed from the 
top of the emergence cage and a small metal cage (pI. 9, A) was put in 
place. A black tent was then thrown over the emergence cage, dark­
ening the interk;~, but leaving the smail metal cage at the top exposed 
to light. .Alter 15 to 20 minutes the flies were usually congregated in 
the Small ca~e, where they were attracted by the Eght. A metal slide 
was placed m the bottom of the small metal cage, which could then 
be removed from the emergence cage without d~er of flies escaping. 
In some cases, especially when the numbers emergmg were very large, 
some of the flies were slow in moving into the small metal cage, and it 
was often necessary to place the small cage in position a second 
tllne. By using considerable care, it was found possible to remove 
practically all of the flies from the cages even during periods of greatest 
emergence, and the error caused by flies remaining in the emergence 
cages must be quite small. 

During the seasons of 1926 and 1927 the flies were removed alive 
from the small cages. This was quite R laborious process and con­
sumed much time when emergence was heavy. It also increased the 
difficulty of determining the sex of the flies. During the season of 
1928, and again in 1929, each small ca~e containing flies from an 
emergence ca~e was placed in a fumigation box containiJlg a heavy 
charge of calCIum cyanide. (PI. 9, B.) The flies were killed by the 
gas very quickly, after which it was a simple matter to make the 
desired counts. The number of emergence cages operated and the 
number of flies obtained each season are shown in Table 2. 

TABLE 2.-Number of cage,~ operated and number of flies obtained, Washington 
County, Me., 1928-1929 

Cages FilesYear operated obtained 

197;6•••••••••••••• 23 3,442 
1927•••••••••••••• 20 31,072 
1928•••••••••••••• 19 2,718 
1929•••••••••••••• II} 3,203

1---1'--';--';-1
Tow! •••••••• 81 40,435 

i 

The most striking characteristic of the emergence of the blueberry 
flies in eastern Maine is the short time during which so large a per­
centage of the flies emerge. The first emergence normally Occurs 
during tht:J last few days of June or the first. week of July. The 
earliest date upon which a fly was noticed in the cages was m 1927, 
when one fly was observed on June 20. Emergence begins to in­
crease decidedly during the first 10 days of July, after which it 
becomes very rapid. The peak of emergence is reached during the 
middle of the month, and by the first of August from 97 to 99 per 
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cent of.the flies had emerged, dlllmg each year in which ()bservationsnwere'made. After August 1, a few flies continue to emerge until
late in the season. The emergence records for the four years covered
by the studies are summarized in Table 3. 

TAbLE 3.-Comparison. of emergence records of jliefI of ille blueberry maggot,
. Washington County, Me., IB26-1B29 


Dates upon which the accumulated emergence of rues had reached theDatee! specIfied peroentnges of the total emergencafirst· Dateo!Year emer- last
gence emer·

10 per cent 25 percent 50 per cent 75 percent 00 percent 95 per cent genoa 

1926•••••••1July 5 July 11••.• July 13--14. July17-lS_ July 21.... July 24-2';. July 2&-27_ Sept. S.),927._..... June 20 July 1l-lI_._ July 11••__ July 14____1928_.___._ July 2 July.0-10._ July 11-12_ July 15._•• 
July Ii-lB. July 20-21. July 24-25_ Sept. 9.


1929•••__ •• June 28 July 17•••••• _do_••_••. July 23•••_ Aug.17.
July 7--8••• Jllly 10-11. JuJyl2-13. July 15--16_/ July lS_••• July 26__ ••: Sept.24. 

~: 

11!.,f,,,rlli',,,,,,,, 
,~ 

.-9UG'UST 6'c,oTEMBE.€
FralTn& 1.~AooumuJat!\'eemergence orbluebcrry·mnggoi files. Cherryfield. :r.re., 1026,1927, 11i28, 1029 

The vari!ttion in emergence dates from one season to the nexthas proved to be much less than was expected. This close um­fornuty is shown graphically in FigUl'e 7. The curves plotted onthis chart show that the extreme differences in emergence duringthe four yeal'& of this study are a matter of only a few days. Thil3 
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·i1.gJ.'ees;W'ith Brittilin.'s (2) observations on the emergtmceof the apple 
nul'ggot in Nova Scotia. In commenting upon·the emergeilQe·of the 
ffieshe "states: "It is evident that whatever the differencem the 
"early spring-'-whether the season is barly· or lat~the tUne "of emer­
gence of the apple maggot is approximately the same." 

Uthey are found to hold true during a large percentage of seasons, 
this· apparent constaw~y of the dates of emergence and the shortness 
of the~ffiergence pertod "ill be of "great importance from the stand­
point of control. Th6 fact that the flies emerge so nearly in accord-
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FIGURE 8.-Etrectoftime ofpupl1tlouupon emergenceofblueberryllies. Cherry­
field, Me., 1927. Flies emerging In cage A were from pupae formed by larvae 
entering the soU between August 24 and September 10, 1926; those In cage B" 
were Crom pupae [ormeil by larvae eutering between September 10 IlIld 
Octoher 20, lll"-Cl " 

ance with calendar dates greatly facilitates the timing of the schedule 
of dust applications for combating the insect, and the short duration 
of the emergence period reduces to a minimum the number of dust 
applications necessary for effective control. 

EFFECT OF TIME OF PUPATION UPON EMERGENCE OF ADULTS 

In the fall of 1926 a device (pI. 7, B) was constructed which per­
mitted placing a large quantity of heavily infested blueberries over 
a single pupation plot. This device with 4 bushels of blueberries 

74544°-32--2 
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WMplace!i on plot A on August 24, 1926. On September 10 the 
ap,paratus with the. blueberries was moved to plot B, where it was 
allowed to stay until October 20. Plot A therefore contained a 
large number of pupae, the larvae of which had enter.ed the soil 
between August 24 and September 10. .Plot .B contained pupae 
fonned bylarvM which entered the soil between September 10 and 
OctQber.20. .During the season of 1927 a total of 3,937' flies emerged 
from plot A and 4,674 from plot B.. The emergence records from 
the two. plots during the season of 1927 are summarized in Table 4. 
Contrary toexpcctatiofI, the emergence from plot B was from two 
to four days earlier than the emergence from plot A. The emer­
gence from these two plots' is illustrated graphically in Figure 8. 

TABLE 4.-Effect oj time oj pupation upon date oj emergence oj adults, Washington 
. County, Me., 1927 

DateS upon which the aooumulatede mergence at Illes had reached the 
Date at Date atspecilled percentages at the total emergence 

Period of first last 
pupation 	 emer· emer· 

gence lOper gence~ cent 25 percent 50 percent 75 percent 90 percent 95 per cent 
0 

1926 
A Aug. 24- June 20 July L. Julyll-12. July 13-14- July 15-16. July 18-19. July 20-21- Aug. IS. 

Sept.l0.
B Sept.to- June 28 July 5 ••• July 8-9 ••• July 10-11- July 13-14. July 16-17. July i8-19. Sept. 9. 

Oct. 20. 

PROPORTION OF THE SEXES 

During the seasons of 1928 and 1929 a careful record was kept of 
the sex of all flies removed from the emergence cages, except for an 
insignificantly small number which esca1?ed observation. The 
records for the two seasons are summarized ill Table 5. It is prob­
able that on an average the proportion of males to females is about 
equal. The emergence from all cages in 1928 was 45.44 per cent 
female; in 1929 it was 56.53 per cer,t female. The :flies emerging 
during the second and subsequent seasons showed about the same 
ratio of males to females as did the flies issuin~ during the first season 
after pupation. The sexes were about equal ill the emergence cages, 
but in the field usually the males were observed to outnumber the 
females. Caesar and Ross (5), working with the apple maggot, 
found an excess of females in the emergence cages, while in the 
orchard more males than females were observed. 

TABLE 5.-Proportion oj 8exe8 oj blueberry flie8 emerging Jrom all cages observed 
during 1928 and 1929 . 

Emei'gence during 1928 Emergence during 1929 

Year ofpupntlon Percent· Percent· 
Mnles FelOnies Total ago of 

temales 
Males Females 'rotal ageoC

females 

1928•••••••••••••••••• 
-~----- ...-.. ----.. -_ ..-- .. ---_ ...._-- .. _-----_ ..- 1,254 1,680 2,943 57.30 

1927•••••••••••••••••• 623 570 1,193 47.78 68 61 1211 47.20 
}926•••••••••••••••••• 831 6.~4 1,465 43.28 67 57 124 45.07 
1925•••••••••••••••••• 211 31 00. 51.67 3 3 6 50.00 

Total•••••••••• 1,483 1,236 2,718 145.44 1,392 1,810 3,202 156.53 

1 Percentage at the total. 

http:OctQber.20
http:enter.ed
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'EMERGENCE DURING THE SECOND, THIRD,' AND FOURTH SUMMERS 
AFTER PUPATION 

A number of workers reporting upon the biology of the apple 
maggot have recorded the fact that a certain percentage of the pupae"
will remain quiescent in the soil until the second summer after pu­
pation, when the adults emerge. In order to obtain information 
reO"arding the extent to which the blueberry form of this insect may 
deYay emergence to the second and subsequent seasons after pupation, 
emergence cages were placed on several of the plots during successive 

. seasons. 
Each spring, before the cages wereplacedoD. any of the emergence 

plots, the bhleberry blossoms were carefully removed from each plot, 
so that no fruit was produced in the cage during the emergence 
period. 'The cages were examined once or twice, subsequently, for 
berries, to make sure that the removal had been complete. This 
prevented the possibility of maggots developing within the emergence 
cages. In the routine of removing the flies from the cages, the berries 
were trampled from the bushes surrounding the cages, and the soil 
was packed hard for a distance of 4 toO 6 feet about each cage. It 
seems exceedingly unlikely that any maggots migrated into the 
cages from the outside. 

The first pupation plots were established in 1925, and emergence 
records were 'maintained on four of the plots. During each of the 
four seasons after the plots were established, flies in diminishing 
numbers were observed to emerge. Eight pupation plots established 
in 1926 were observed for emergence during 1927, 1928, and 1929; 
and two plots established in 1927 were observed during 1928 and 
1929. The data obtained from these plots are summarized in Tables 
6, 7, and 8. "Second season" flies Issuing during 1927, 1928, and 
1929 represented 19.68 per cent, 7.11 per cent, and 11.97 per cent, 
respectively, of the emergence during the first season, 

TABLE 5.-Summary of the records of emergence of flies during four years in four 
cages covering pupae formed in 1925 

Percentage 
Year Emergence oC1926 

emergence 

1926___ •••••••••••••••_••••••••••.•._•..•••_•••••••_••••••••••.•••••••••.•••••.•• 1,113 •••••_••.••_ 
1927•••_•••••_••_••••••••••••_•••••••••.•, •.•.••_•••••••___ •.•_••..••__ ••_••_...• 219 19,68 
1928.__ •••••_•••• __ ••••••••••••••. '" __•••.••.••••••••• __._._••.__ •• __ - __ ""'_-. 60 0.39 
1929._._••__•__ •• __••••••••...••..••__._ •• __••_..•____ ....•••.•..--••-•••.•••••• - 6 ,04 

1----1----
Total. _•..••••._••.•__•... ___ ••..••..•_. _.•._____.. __..••______•__ . _._ ••_. 1,398 •.••__ .••••• 

TABLE 7.-Sttmmary of the records of emergence of flies during three years -in eight 
cages covering pupae..formed in 1926 

percentage 
Year Emergence of 1927· 

emergence 

20,607 .....c____._ 
1928._ • ___ • _._ ••_. _••• _.•••••••••••••••••••••••.•••••••••••~ _••.•••••••••••• _._._ 1,466 7.11 
1929_ •__ ••••_••c•••::••_.___• ______••• _••••• __ •• __ ••_••••_-••__ ••-.- ••• -•• - •••.••• 124 .60 

1927~••••••_••••""""'" ._••••_. __ ••••••••••••• -•••• -_•••• -- ••••'•• --••• - ••••-. 

1----1---­
'roll!I.__ . __••• ____.•._. _••• _ •••_•.•••_.........__ ••• _. __.......___.••_•••• 22,107 ........"••• 
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TABLE 8.-SummanJ of the records of emergence of flies during two yeaTs in two 
cages covering pupae formed in 1927 ," 

Emergence Percentage of 1928 emergence 

" Yeur 
Male Female 'rotal Male Female I ~otal 

-~----------I-----------------­
1928_______________________________________ 571 507 1,Oi8 _____________________________ _ 

1929_______________________________________ 68 61 129 11.91 12.03 11.97 


TotaL______________________________ ---f---I---I---------568 1,207 ______________________________639 

'rhe capacity of the species to carry over in the soil for two or 

more seasons has .an im!f>ortant bearing upon the blueberry-maggot 

i>roblem. The ability to lie dormant in the soil during the summer 


/00 following burning of the 

blueberry land, and to 


,(?r;? emerge in time for the 
.90 1 first blueberry crop, un­

doubtedly hastens the( f reinfestation of the new 

1 
f crop of berries after 

burning. Were it not for 
this factor, burning the 

~ ~, 
blueberry land would 

~ ~, probably be much more 
effective in reducing in­~ _.~4 
festation by the maggot§ 

II
~,, than has proved to be the 

case. 
~ ~n 

TIME OF EMERGENCE OF 
CARRY-OVER FLIES'

f 
~ 
-ii
~I 

The flies emerging from ~f 
land bearing the first crop 1 of berries following a 

I burn consist almost en­
tirely of individuals! which havecarriedoverin

f the soil for two winters. 
It is therefore impor­~ f tant to know if the emer­
gence of the carry.:.over 

/0 

1) flies coincides with the 
o emergence of flies which 

(/UL.Y AUi9V.s-7 
have hibernated only one 

FIGURE g.-Comparative dates of emergence (dnrlng 1928) of 

files wblcb bad hibernated one winter and those wh(ch had winter. 

hibernated two winters. Curve of emergence frolll :pupae 
formed In 1926 Is based upon recorda o[ 1,400 Illes; curve of DUling only one season 
emergence from pupae tormod In 1927 is based upon recorda were carry-over fliesot 1,113 Illes 

secured in sufficient num­
bers to give a reliable indication of the dates of emergence. Dur­
in~ 1925 1,466 flies emerged from pupae which had formed in the 
Soil in 1926. The emergence curve of the carry-over flies as com­
pared with the regular emergence of 1928, ill' shown in Figure 9. 
The carry-over flies emerged about foUl' to six days later than the 
flies which had spent only one winter in the soil. 
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EMERGENCE OF FLIES DURING A .24-HOUR PERIOD 

~ort.er (13) f~und that the apple-maggot ffi.es eme~ed mostly
dunng the daylight hours. In order to deternllne the time of day 
that the blueberry flies appear, observations were made on two cages 
at Cherryfield, during a period of 24 hours. At 5 p. m., and again at 
9 p. m., July 16, 1929, all the flies were carefully removed from the 
two cages. At 3 o'clock the next morning the flies which had emerged 
during the ni$ht were collected, and the cages were ren.oved from 
their foundations. Constant watch was maintained, and the flies 
were captured as soon as they emerged from the soil. The records 
obtained are shown in Table 9. The heaviest emergence occurred 
between 7 and 10 a. m. Emergence was less in the afternoon, and 
only one fly emerged between 9 p. m. and 3 a. m. 

FIGURE 10.-Glsss-Cront box. for observing blueberry flies during
process of emerging through sand 

TABL~ 9.-Emergence of flies in two cages during a period oj 24 hOUTS 

Number of flies emerged Number of flies emerged 

Time Time 
Males Females Total Males Females Total 

5 to 9 p. m _____________ • 4 2 6 10 to 11._________________ 0 2 2 
9 p. m. to 3 8. m.____ ._. I 1 11 U. 12 noon____________ 3 2 5
3 to.4 8. m______•____•__ 0 12 to I p. m_____________ 3 3 60 0 04 to 5__________._••______ I to 2_____ .______________ I 1 2

0 5 H5 to 6_______,.______•. __ •• 2 to 3___________________• 2 1 3
6 to 7______•_____________ 2 3 5 

I 3 >\ 3 to 4____________________ 1 1 2 
7 to 8 •• _._ •••____ ._•• _. __ 4 to 5 _______________.• ____ 0 1 14 , II8 to 9___ •••.• __ •••_______ 
o to 10_____ •_____________ 0 0 15 -----

IU 8 24 TotuL______________ 56 45 101 

DETAILED OBSERVATIONS ON EMERGENCE 

When the fly is ready to emerge, the anterior end of the puparium is 
burst along the sutural lines. When the insect creeps out of the 
puparium, the wings are not ~xpanded, and the integument of the 
body is soft Ilndnonpigmented. For the purpose of observing the 
process of emerging, It glass-front observation box (fig. 10) was con­
structed, in which puparia were buried at depths varying from 1 to 4 



22 TECHNICAL BULLETIN 275, U. S. DEPT. OF AGRICULTURE 

inches. The insects appeared to haveno difficult yin emerging through 

sand or peaty loam from a depth of 4 inches. 


A number of flies were observed during the journey upward through 

the soil. The trails of several flies are shown in Figure 11. 


12.08 ,too JU6 la2t1 la().9> lals 
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}'IGURl; ll.-Routes lliken by blueberry Ilies emer~lng through sand. The arrows Indicate the direc­
tion of the Ught 

The rate at which the flies moved through the sand varied consider­
ably with different individuals. In one instance, in which the fly 
moved almost steadily upward in a straight line fre-in a depth of 4 
inches, the insect was observed to climb upward 3 inches in 14 min­
utes. Another individual, ascending from the same depth, was ob­

served to occupy 70 minutes in moving upward 3 
c§ii::J I inches. 

During the process of emerging, the flies work 

~S 

their wav through the soil by elongating and con­
tracting ~the body. The bladderlike ptilinum is 
almost continually e}..-panded and contracted. 
(Fig. 12.) When deflated, this structure seems 
capable of a slight lateral movement. The func­
tion of the ptilinum seems to be to clear a way for 
the insect, but actual progress is apparently made 
mostly by the body movements. Probably the 
bristles of the thorax and abdomen are impor­

A B tant in helping the insect upward. The legs are 
carried in a passive posture, exten.ding along the 

FJgl~:~e~~flt ~~eWlllF. ventral surface of the abdomen, and they appear 
~g:!~rgti\¥n~~\;~Wfe~: to take little or no part in propelling the insect, 

ent stages (1 to 5) of infln· except to prevent a backward movement. 

tlQn. X 18 The path of the insect is often tortuous. Prog­

ress is, of course, in a generally upward direction, but the movement 
is at times horizontal, or even downward for short distances. 

The. emerging fly seems to be activated mainly by the stimulus of 
negative geotropism. However, the insect seems to show also aposi­
tive phototropism, I1nd the course of an ascending fly may be modified 
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by moving the observation box so that the light falls first from one 
side, then from the other. (Fig. 11.) 

When the fly reaches the surface of the soil, it can crawl rapidly, 
but is unable to fly because the wings are not yet expanded. The 
fllUowing records were made of two flies which were observed. in the 
laboratory. 

Fly No. 1 	 :rune 5,1928 
10.29 a. m. Emerged from the soil. 
11.06 Apparently fully expanded but not hardened. 
11.28 	 Insect not yet fully colored. Did not fly when disturbed, but. 

moved to another leaf. 
11.44 	 Not yet fully colored. Wings whitish ,and Dot transparent; veins 

not colored. ' 
11.55 Color seems to be increasing more rapidly. 
12.08 p. m. Insect nearly fully colored. 
12.45 Insect fully colored. Flew to window. 

Fly No. 2 	 :rUlle 9, 1928 
9.16 a. m. Emerged from the soil. 
9.36 Wings elongated nearly full length, still shrunken at the apex. 
9.46 Wings fully expftnded. 
9.52 Wings becoming transparent. Body still lacks color. 

10.50 Fly fully colored, capable of flight. 

HABITS OF THE ADULTS 

The behavior of the flies in the field may be studied only by careful 
observation. The adult is shy and restless; it appears suspicious of all 
other creatures, and any moving body attracts immediate attention. 
Thefty orients itself to face any moving object and can be induced to 
execute a turn by slowly moving the hand in a circle with the fly at 
the center. 

The flies· have never been observed in great numbers in the field. 
Their Itsuspiciourf'" nature seems to induce them to lead a solitary 
existence. Only during periods of copulation have two individuals 
been observed together. At other times ellch fly remains by itself and 
seems constantly on guard to avoid all other moving creatures. 

The flies move by short, quick darts from leaf to leaf or from one 
plant to another, and have seldom been observed to make a nonstop 
flight of more than a few inches. On this point there is some room for 
uncertainty, however, for the fly is so quick in action and so swift in 
flight that it vanishes the instant it takes wing. Upon alighting, the 
insect suddenly reappears. As Patch and Woods (11) so aptly state: 
"The adults suddenly appear on the berries seemingly as if they had 
just sprunO' into existence * * *" 

In capti~ty the flies do not react normally, and it seems that ob­
servation of the flies confined in cages has little value as an index to 
their behavior in the field. 

The blueberry fly feeds in a manner similar to the house fly. In 
the field the flies may be observed frequently lapping moisture or 
particles from the blueberry foliage. If approached with due caution, 
the fly may be induced to feed upon a fi!lger moistened with saliva 
or with the juice or a crushed blueberry. While feeding upon a finger~ 
the fly seems to lose much of its shyness, and will usually remain for 
a minute or two, during which time it may be obflerved closely. 

The feeding habit of the fly is of course important from the stand­
point of control, for in promiscuously feeding over the surfllce opolillge 
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dusted With calcium arsenate the fly is likely to consume a ratal quan­
tity of the arsenic. 

The flies seem inclined to frequeut clumps of sweet fern, especially 
about the bases of birch or alder sprouts on the blueberry land. The 
effect of this habit is reflected in a higher average infestation of the 
berries growing in such locations, as compared with that of berries 
from open spaces on the blueberry land. The difference in infestation 
of berries from open spaces and from bushy areas is shown in Table 10. 

,TABLE lO.-Difference in injestation of berries from bushy areas and jrom open 
spaces, 1927 

l\ISgg0rrltses-per ]00 Maggots per 100 
Number be Number berries­

o( 100. 1----.----11 of 100. 
Plot Plot~es In sam- In sam­ ~es In sam- In sam­

(rom each pIes from pIes (rom from each pIes from pIes (rom 
CIBSS open bushy clBSS open bushy 

spaces areas spaces areas 

1______._.____ •____ _ 5___________________ iiO 2.4310 4.20 7.40 7.52 
3___________________ 24 1.15 1.45 1.50 
2______ •______ • _____ 6_____________ ._____ 20 _35 

50 5.10 U.88 1---1--­
~4____ _______...__ ,_ Average.____________.__ 2. j920 3.50 U.M 6.88 

LONGEVITY AND OCCURRENCE OF FLIES IN THE FIELD 

METHODS OF STUDY AND FIELD COUNTS 

To ascertain the seasonal fluctuations of the fly population in the 
field, a method was devised which appears to have given fairly satis­
factory results. Five light counting frames were constructed (pI. 
10, A), each of which inclosed an area of approximately one ten­
tl?-o~andth of an acre, for making quantitative de~erminations of the 
files m the field. In the summer of 1927 observatlOns were made on 
plot No.2. Ten counting areas, each 100 feet square, were laid off 
m the check area of this plot, and 10 in the treated area (for details of 
treatment applied see plot 2/ Table 23). Five men experienced in 
observing the flies in the fiel<1 were employed in making the cOlmts. 
Each man was equipped with a counting frame, and, preparatory to 
mo.!ring an observation, each selected within the first counting area 
a place which looked especially favorable for finding flies. It seemed 
desirable in each case to select places especially favorable for the 
flies. By so doing, larger numbers of flies were observed. Since the 

-observers were more liltely to ov.erlook flies than to report more flies 
than were actually present, it was thought that cotmts made in 
especially favorable spots would give a more accurate estimate oIthe 
fly population than similar counts made in supposedly average 
locations. .As soon as each man had set down his counting frame in a 
location suitable for counting, a signal was given, and for a period of 
two minutes the area included within the counting frame was studied 
intently in a search for flies. At the expiration of two minutes 
another signal was. gi,ren, and the number of flies found in that area 
was recorded. Whenever it was possible to do so, the sex of the flies 
was noted. After flome e~erience, observers could usually determine 
the sex of the flies, but this was not always the case, and the counts 
obtained are not strictly acctu'ate in this respect. 
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B· 
ApPARATUS USED IN COUNTING FLIES AND BERRIES 

A. ~[nking nJJ~1<1 ('(Hili I or "hH·I,,·rf.\·III,'~ hy llH'ansof n rO\luling frnme: ll. muntil1g hOllnl ul',o,1 for 
t'otU1ting ::;nJrJlJlps of 1.1ul~IJ(1rrit'!'i (roUl ('Xl11lriltUlJltnIIJi(Jts. 
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. .As soon as the number of :Bies had been recorded, the .frame was 
picked up, moved to another location in the same count area, and at 
the signal the second area included within the li~ts of the counting 
frame waS searched for :Bies for a period of two minutes. After the 
results of the second cot tnt on the first area had been recorded, the 
men moved to the second 100-foot square, where the process was 
repeated; two counts being made by each man in each of the count 
areas. When counts had been made in all of the areas, a total of 100 
counts had been secured from the check plot and 100 for the dusted 
plot. .As the area of each count was one ten-thousandth of an acre, 
a total area of one one-hundredth of an acre had been examined in 
the check plot and an equal area in the treated plot when all of the 

,l 
l«1-"'i-Hin'lulPl.&in - f " 

!<r1u,,~"'iNlm» ol" 
6~ 

I-+--~-r---;>,'/ 1~P 
a.~c ••.AR£AS file """r......H.w/M" 

~~ .--"'H"""" '"AU'$E.F~ 

FIGURE 13.-Yleld plot la\d off for hlolog\C'J.1 studies of the blullberrymaggot, Cherryfield, Me., lQ29. 
I te XX, areas In which 1Iy counts were made; 1 to 100. plots from which samples oC berries were 
taken Cor studies of maggot populotion; the small black squares Indicate 40 areas upon which the 
pe:centage oC ripe berries was determlnea throughout the season 

counts were completed. Hence the total number of :Bies found on 
the check plot or on the trea.ted plot multiplied by 100 represented 
the number of :Bies present per acre. 

Similar counts were made in the check area. and in the trea.ted area 
of plot 1 G during the season of 1928 (for details of treatment applied 
see plot 1 G, Table 28). During the summer of 1929 similar observa­
tions were made on the check area of this same plot, but counts were 
not made in the treated area during that season. Twenty count 
areas, each 50 by 100 feet in size, were laid off. (Fig. 13.) This 
·gave· a total of 200 counts on untreated land, and increased the 
accnracy of the counts Ulade 011 this IlI'eu. 

The results oftheee counts fol' the three years are indicated in 
Tables 11, 12, and 13. The counts made on plot 2 in 1927 were made 
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on land bearing the second crop of berries after burning. The counts 
made on plot 1 Gin 1928 were on land bearing the first crop of berries 
after the land was burned over, and the counts made on this same 
area in 1929 were on land bearing the second crop after burning. 

TABLE H.-Number8 of flie8 per acre a8 shown by field counts on plot 2,1 19£7 

Estimated number of 
flies per acre 

Date 

Check plot Treatedplot 

July 28 , _________________________________________________________,_________________ _ 
Aug. 3 _____• _____________________________________________________________________ _ 7,400 4,200 
Aug. 16_________ • ______________________________________________________________ 3,700 100ow. 

Aug. 26. _______________________________• __________________________________ • ______ _ liOO 200 
100 200 

I For data concerning applications of calcinm arsenate on this plot see Table 23. 

, On July 28, 50 counts were made on the check plot and 50 on the treated plotj 100 counts were made on 


the check plot and 100 on the treated plot on all other dates. 

TABLE 12.-Number8 of flie8 per acre as 8hown by field counts on plot 1 G,l 1928 

Estimated number of flies per acre 

Check plot 	 Treated plot Date' 

Undeter-	 Undeter-Males Females Total Males Females Totalmined 	 mined 

July 13_________________ 

July 18_________________ 
 0 0 0 0 0 0 0 0 
July 24_________________ 400 100 300 800 0 0 0 0 

1,200 400 300 I, !lOO 100 200 0 300July 31. ________________ 500 1,000 	 600 2, 100 0 0 0 0Aug. 4_. ________• ___ • __ 600 0 0 rm 0 0 0 0,Aug. 13 _______________ 300 100 0 400 0 II 0Aug. 26________________ 200 0 0 200 0 0 0 
0 
0 

I For data concerning applications of calcium arsenate on this plot see ~l'able 28. 
, One hundred counts were made on the check plot and a like number on the trented plot on each date 

indicated. 

TABLE IS.-Number8 of flie8 per acrc as cstimated from field counts on ezperi­
mental plot, 1929 

Estimated number of fIi.ll! NJr ncre 
A,.vernge 
orcountsDate I Sex un­	 on two 

Males Females 	 deter­ Total days
mined 

---------------1---1,--- ---------
July 8___________ ._.___ .-.----- -•• ------------------- 50 200 0 250 

! 
200July 9__ •_____ ••• _____ •__ .--__ ._. , __ .--, ------- ------ 100 50 0 150 }

July 11 __________ -_________ ------ -..- --.-- -._--.---.- 100 300 0 400 526300 300 50 650 
2,650 1,100 600 4,550 4,750f~~~:::::::::::::::::::::::::::::::::::::::::::::: 2,800 1,800 350 4,950July 26 ____________________ ."-__ • -" -.--.- ---.--- ---­ 2,400 1,950 650 5,000

July 30______________ •______ ----.-------.-----_.__ '. 2,600 1,400 350 4,350 4,675
Aug. 6___ • ___ ., ____ • - __• ___ ••_. ___ ••••_______________ 1,050 DOO 150 2,100 2,0751,700 300 50 2,050 }

1,050 01:: ia::::::::::::::::::::::::::::::::::::::::::::.: 300 1,350 }Aug. 14 _________________ ••________• _____ ---_ - _---. -._ 	 1,300Aug. 21.__ •________________________ •_________________ 750 600 0 1,350 
400 150 0 550 , 350 100 50 5001:: ~:::::::::::::::::::::::::::::::::::::::::::::: 150 50 0 200 

526 

i Aug. 28•• ________._.___________ --_______._•••_--- .--- 100 100 0 200 ~ 200 

I 

I Two hundred counts were made OD each date indicated. All counts were mado on land tbllt bad Dot 
been dustedj DO counts wore made OD dusted land this 80nsOD. . 
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BIOLOGY . ..t\.ND. CONT,ROL OF THE BLUEBERRY MAGGOT 

In interpreting the results .of the populati.on studies it was f.ound 
possible to co~,ate the numbers .of flies f.ound in the field with the 
records .obtained fr.om the emergence cages. It was assumed that 
emergence .on the areas .on which the field counts were made was 
very similar to the emergence in the cages. This assumption was 
probably correct, for plot 2, on which field counts were made in 1927, 
IS located within 2 miles of the emergence-cage plot and is on land 
fairly similar to that on which the emergence cages were located. 
There can be little question about the emergence on plot 1 G being 
comparable to the emergence in the emergence cages, for the field 
counts on this area were taken within a few hunared feet of the 
emergence cages. 

H the numbers of flies per acre, as shown by the field counts during 
the years 1927, 1928, and 1929 be plotted, it will be noticed that the 
number of flies found in the field increases as eme!'~ence progresses. 
Later, as emergence declines and the rate of mortality increases, the 
number .of flies in the field decreases. This suggested the possibility 
of making a chart by superimposing the data from the field counts 
upon the emergence curves. 

To do this, the emergence curve for each season was first plotted. 
It was assumed that the numbers of flies in the field increased in 
direct proportion to the accumulated emergence of flies and there­
fore the increase of fly population follows approximately the curve 
.of accumulated emergence for a period equal to the average length 
of life of the flies in the field. .After the flies begin to die, the curve 
.of fly population falls below the emergence curve. 

The theoretical number of flies present in the field on any date may 
be determined by ascertainin&, the total percentage of accumulated 
emergence on that date, ana. subtracting from that number the 
percentage of flies that have died by that df\te. 

This may be expressed by the formula: 
Flies present = flies emerged-flies dead. 
This entire equation is expressed in terms of percentage .of t.otal 

emergence for the season. In working with this formula. the per­
centage of flies emerged is determined from the records' obtamed 
from the emergence cages. The percentage of flies dead on any 
date is represented by the percentage of flies which had emerged .on 
a date preceding the given date by a number of days equal to the 
average length of life of flies in the field. For example, to determine 
the percentage of flies dead on August 6, 1929, assuming the average 
length of life to be 24 days, count back 24 days, to July 13, on which 
date 58.89 per cent .of the flies had emerged. Theoreticnlly all .of 
these flies would be dead .on August 6, and should be subtracted fr.om 
the percentage of flies emerged on August 6 (97.93) to obtain the 
theoretical percentage of flies present (39.04) on this date. The 
theoretical curve of occurrence was plotted in this way for each 
season. (Figs. 14, 15, and 16.) 

Both the emergence curve and the curve of theoretical .occurrence, 
as discussed above, are computed on a percentage basis, while the 
records of the field counts are based on the numbers of flies per acre. 
In order to superimpose one of these series.of records upon the other, 
it was necessary to reduce the theoretical curve of occurrence and 
the field counts to a common basis. The curve of theoretical occur­
rellce was pl.otted in the manner described above, using an arbitrary 

http:series.of
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number of days which WIlS thought to approximate quite closely 
the average length of life in the field. A cross was then placed on 
the occurrence curve at its intersection with each date upon which 
a fly count was ma.de in the field. 

Assuming that the results of the field counts are most nearly 
accurate when a large number of flies are present, the point on the 
emergence curve corresponding with the largest number of flies 
obtained in a field count was assumed to be correct and to represent 
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FIGURE H.-Occurrence 01 blueberry flie.q, Cherryfield, Me., 1927. The 
broken line represents accumulative emergence lor 1927; the solid line 
Indicates tbeoretical occurrence 01 Illcs; crosse.q indicute results 01 field 
counts 01 the fly populutlon 

the number of flies per acre indicated by the fly count for that date. 
For example, the point of intersection of the population curve with 
July 22-23 for the season of 1929 9 was assumed to represent 4,750 
flies per acre. A scale was then constructed by marking off the dis­
tance from this point to the base of the chart into 4,750 equal divisions. 
This scale is shown on the right of the chart. (Fig. 16.) It is now 
possible to ascertain whether the theoretical occurrence curve and 

• During tbe BeMon or 1929 field eounts or adults were made twice n wcek, usually on two successive 
d8:pB. In plotting tbe curve ror tbls scason the averago or tbese two counts was used and WIlS placed on 
tbe curve ball way between tbo datos or tbe counts. 
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tho numbers of flies observed in the field counts (other than the count 
assumed to he correct) coincide properly. If the records from the 
field counts are found to lie above the theoretical curve to the ~ht 
of the peak, the average length of life of the flies used for plotting 
the occurrence curve is not long enough. If the records from the 
field plots lie below the theoretical curve to the right of the peak, 
the length of life assumed in plotting the occurrence cllr!e is too 
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F.lGURE 15.-0ccurrence of bluoberry flies, Cherryfiold, Me., 1!Y.lS. 
'rho hroken IIno with dots ropresents accumulativo omerg~.nce
for 1!Y.lS; tho solid lino with dots indicates theoretical OCCllrrenOO 
of Dies; broke.n Iino with circles indicates thoorotlcnl occurrence 
of egg.lllying females. (The plot used in 1928 boro tho first 
crop of berrieS followlngn thorough burn In 1927, thereforetbe 
Illes emerging on this land bad pupated In 1926; hence the emer­
gence curve used Is based npon the emergence of flies from pupse
fonned in 1926, see l'~lg. II) 

long. By plotting a few curves of occurrence, each based on a dif­
ferent average length of life of adults in the field, a curve may be 
{ooo(l which fits all of the points to best adva~ta~e.. It may the~ 
he itrgned that the assumed average len~th of life mdicates approxI­
mately the correct average duration of life of the flies in the field, 
a'nd the theoretical curve of occurrence, based upon this average 
length of life, gives a reasonably accurate picture of the seasonal 
fluctuation of the field population of flies. 
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/' LONGEVITY STUDIES 

It '"ras det~rmined, by tl}-emethod outlined above, that ~he average
duratIon of life of the fliesm thefield was close to 19 days m 1927 and 
'iIi 1928. During the season of 1929 the average life of the flies (24 days) 
wlissomeW'hat longer than that indicated in the two preceding seasons. 

During the latter part of the season the length of life of adults in 
the field apparently increases. This apparent increased duration of 
life late ill the season is indicated on the charts (figs. 14, 15, and 16) 
by the fact that the numbers of flies in the field after the middle of 
August usually exceeded the theoretical curve by a considerable num-

BO''--------liTJ'-----\ __________________ -9,0017 

~ 
~ 717'~--~~-----1 

~ !!1 
~ ".17'~--~'__- .----\ 

~ 
~ sO'~--~~~== 

~ 
~~O~--~====~~~~~ 

~ 

~ 

~ 3o'----~__.ru,,__h 

~ + 
20'~-~f==~I*====I=_-.\..--------------- /,00(7) 

:FIGURE 16.-0ccurrcnCll of blueberry mes, Ch2rryfleld, Me., 1929. Tho 
broken line with dots represents accumulative emergence for 1929; solid 
line with dots indicates theoretical occurrence of Illes; broken line with circles 
indicates theoretical occurrence. of egg-laying females 

ber.. This is paralleled by the observations on the apple-maggot flies 
n:ulde by Porter (13), who states: "Apparently on account of the 
cooler weather in the Iallthe average length of life of flies of the 
second brood was greater than that of those of the first brood." 

It seems probable that there is au actual increase in the average 
length of life of the blueberry :Bies late in the season, as indicated on 
the. charts. It should be borne in mind, however, that field observa­
tions of this nature tend to be influenced by minimum quantities 
early in the season, and by maximum quantities late in the season. 
It is probable, therefore, that the apparent lengthening of the life 
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,·or·th~:flies late!n ~h~seasC)n'~ due in part to the presence of thec?m­
'. p~atively few mdiVlduals which SurVIve for' an'abnormally long time 

'. .arid which ,tend to accumulate toward the elld of the season. .' 
A ilUinber of workers have attempted to determine the duration of 

life of the apple-maggot flies byconfining them in cages of various 
kinds. The results of these attempts have generally proved unsatis­
factory because of the abnormal behavior of the :flies in captivity and 
because of the high mortality of the flies under artificial conditions • 
. Although the field methods used in the present study are subject to 
certain criticisms, it seems evident. that the results produced are 
superior to 'those obtained by confining the :flies in cages. This con­
clusion is confirmed by the results of previous workers in studies of 
the apple maggot (O'Kane (10), Illingworth (8), Porter (13)), as well 
as by cage studies conducted during the course of these investigations 
with the blueberry maggot. 

OCCURRENCE OF FLIES IN THE FIELD 

The charts (fi!:¥!. 14, 15, and 16) give an interesting picture of the 
seasonal fluctuation of the blueberry flies. The outstanding features 
brou~ht out by these studies a:re (1) the rapid rise of the fly popula­
tion ill the field as emergence progresses, (2) the surprisingly definite 
peak of abundance, (3) the sharp decline after the peak has been 
passed, and (4) the rather short period during which the flies are 
abundant in the field. 

In the summer of 1927 the .field counts were not begun until just 
after the flies had reached the peak of abundance, so that it was not 
possible to trace the increase of flies in the field by means o.~ the field 
counts. In 1928 the field counts were begun early in the Geason, as 
shown in. Figure 15. The rise of flies, as indicated by the field counts, 
coincided very closely with the theoretical increase of flies, as indicated 
by the emergence-cage records. The field count made on August 3, 
1928J falls far below the theoretical number of :flies which would be 
expected on that date, but the count made on August 13 falls very 
close to the theoretical number. The discrepancy on August 3 is 
difficult to explainj it may have been due to poor weather conditions 
for counting, to inaccuracy, or to an unusually high death rate among 
the flies as a result of heavy rains. 

During the early part of the season of 1929 the fly counts in the 
field lagged behind the theoretical curve, but the decline in thenum­
bers of flies agrees quite closely with the theoretical curve. 

While it is undoubtedly unwise to accept the results of theoretical 
estimates of this kind as being strictly accurate, it appears that this 
work has produced results about as truly- representative of conditions 
in. the field as it is practicable toobtam by any method available. 
It seems probable that, as a whole, the picture presented by these 
charts approximates, with reasonable accuracy, the conditions 
occurring in the areas Ullder observation. 

OVIPOSITION 

In making detailed studies of R. pomonella as an apple pest, most 
workers have experienced difficulty in observing oviposition by the 
flies, although a number of observations of· ovipositIOn in orchards 

. p'",v~ been reported. Illin~orth (8) seems to have J>ee.n rp.ostSl1~" 



,·TECHNICAL·:SW-iJ:JilTw275.. P:.,S. ».EP'l\.OF AGRICUL~ 

.•... eesl;lfllUllinducin~th':tfi.es to oviPQsitincaptivity.. Patch and Woods 
(11)observec], .0VlpoSltIon bya blueberry fly tIhder laboratory C011­
ditiollS, and I:ecord~ a description of the process. During the course 
of these investigatioD.&of the blueberry maggot, oviposition by captive 
'1lies . has been observed once ,or twice, and . also several time!? flies in 
their native habitat have been observed .in the act. of oviposition. 
However,observations of oviposition have been too few to provide a 
'satisfactory basis for establishing the period of oviposition or for 
estimating the probable abundance of eggs in the field. 

e.rPrelm 

FIGURE 17.-Reproductive system oC the newly emerged female blueberry-maggot fly: AI With 
ovipositor retracted; B, wltb ovipositor e:ttended. at bd; Glandular bodies; ext ret m,. extensor­
retractor muscle of the ovipo~itor; CIII, ovaries: ovid, oviducts; ovip, ovipositor; ooip sh, sheath ot 
ovlsposltor; reet, rectum; ret m, retmctor muscle ot the ovipositor; 8U8p m, suspensory muscle, 
holding the oviduct In place , • 

Illingworth (8) estimated the length of the preoviposition period 
of the apple-nmggot flies by determining the period necessary for the 
development of the ovaries. By dissecting females of known age he 
was able to trace the development of the ovaries and to determine 
approximately When egg laying would begin. 

Dissection of blueberry flies which had been lrept in captivity in 
field cages and in the laboratory was unsatisfactory. The ovaries' of 
captive flies had made no development even when the flies were 14 
days old, and when the flies were' dissected the ovaries had the same 
appearance as those from newly emerged flies. (Fig. 11.) The oval'ies 
of egg-laying fomal{'s cfLptured in the field showed normal develop. 
ment (fig. 18), but of course the age of cfl,ptm:cdJJies WEtS unknown. 

The male: (fig. 19) probablyml1tures in ample time for fertilizing the 
egg-laying females. 

http:eesl;lfllUllinducin~th':tfi.es
http:EP'l\.OF


.' .', \~t~ilo~!';~;~b~OL.;O~1~:BL~~ERRYMA~GdT': :33 
.'.' ····.;int:}lili~iil~M$to±v·w:or.k;:a~6Qjft "Ji!f\iim;';<l~'th~'seIiSons,; 6tJt~27' 

.t928'; 'aild 1929i't'~wasn()tice'iF,tiltt,~:thit;~t eggs appeared ,in th~ 
}ie~dfrom 100015.AlI.ys",'sit¢r*~,,~hffi~a ~lll~rge~ .. , It al?pe~s'
frQmth~se . observations that the 'average preoVlpoSltion penod IS 
,~bQut :),21;«> 13: (laYI:h, 


altho,ugh th"ere is" un.,. ; , 

dQo.bte~ysome 1lue­

t~ationduring the 

Course of. .theseason. 

The .lengthofth~ovi-

PQsitiQnperioJi ; of, ,the· 

flies. VarIes, with the 

le~~?-, of t~epreo'vi-

, POSlt1onPopod,a1,ldthe 

totall~gth. of life of 

th,e flies., In, these 

studies the average

duration of the ovi.... 


'" position period ,varied 
from 6 to 11 days.
,During the seasons 

of 1928 and 1929 accu­
rate records were kept FIGURE IS.-Ovaries from u:~t~K!f3berry-maggot fly captured 

of the numbers of mes , 
of each, sex ~1D:erging in theca~es. By plotq:'1g a curve.in a manner 
somewhat similar to that descnbed for the (':urve showmg the .total 
number of;' illes, the occurrence of females of egg-laying. age was 
estimated, as shown in Figures 15 and 16. The abundance of egg­
laying females was of course much lower than the total number of mes 

occurring in the field. 
The peak of abun­
dance of egg~aying 
females occurred 
somewhat later than 
the peak of the total 
1ly popl.,1,;lation. 

The t;<ll'Ve indicat­
ing the theoretical 
population of egg­
laying f~males shows 
characwristics simi­
lar to the curve of 
t~e total1ly p~p'u1a-

F~GURE 10.-Reproductlvll system of the Il1IIle blneberry'llI8ggot fly, tlOn. There IS' a 
ventrolateral vIew: (U: III Accessory glands; bl, bladderlike portion •d . .' h 
oftl1esemfnal pump; cl, Cfssper; 111m mllSCUlar portion ofthesemlnal' rapl mcrease m t e 
pum.' p;1lt,.n, pe,nfa;p./, chitinous rod 01;' plung9f of the Be.mlnBl, pump;. ~avid females as th,erect, rectum: spd, spermllducti test, te!ltel!; vd, vss deferens • . . hI' 

. os reae egg- aymg 
age~ The peak is fairly definite, and is followed by a sharp decline 
as the death rate increases. 

It is interesting to note the increased abundance of females of egg­
layin&, age d1!ring: the s~asonof 1929 as a result of the longer a'V'erago 
durati0!1 of life of the. fh~s of that se!ison. Th~ peak ofo~currenc~ of 
egg4aymg femalescoIDCldes approXImately WIth the penod of high­
~st rate ofoviposi'tion in the field, " 

74(i44°-3~3 
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S1mJ)IES. OF. MAGGOT;,P;OPULATIONS, AND THE INeUBA­
':: ,.. . '. '. TIPNPERlOj)', . 

METHODS OFPROCED~E. " 

Direct obflervations of the eggs of the apple maggot to determine the 
length of the incubation period have been made by several workers. 
However, owing to the difficulty of obtaining eggs of known age for 
obs~rvation, .the humber of records is small. Moreover, it is gener;.. 
ally reported that the eggs do not seem to behave normally under 
observation, with the result that the accuracy of the observations on 
this point is more-or less in question. During the course of this work 
a . limited numBer of eggs of the blueberry maggot were dissected 
from blueberries, and an attempt was made to determine the incu­
bation period by direct observation. Most of the eggs failed to 

'hatch. 	 A few records were obtained, but the variation was so great 
that it leads to the belief that the eggs were not developing normally. 
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'FIGURE 2O.-.<l.ctlVlty of the blueberry maggot, Cherryfield, Me., season of 1928. Fluctuations 
offield populations of eggs and maggots, and progress DC pupation, shown in relation to emergence
of files. The first flies appeared in the field two or three days earlier thau the emergence records 
indicate;, making the preovlposition period approximately 10 days 

The JIlost satisfactory information which these investigations 
yielded on the length of the incubation period was obtained by indi­
rect methods in connection with studies of field populations of mag­
gots., Throughout the season of 1928 and again in 1929 large sam­
plel:! of berries were collected periodically in the field. These samples 
were brought into the 1l1boratoryand divided as accurately as possi­
ble wto two similar series. One series, representing half of the sam­
ples, ,was processed immediately to determine the number of mag­
gots present per 100 berries. The other series was retained in the 
laboratory for two weeks in order that all of the eggs present in the 
berrie,s nught hatch. At the end of two weeks the berries Gf the sec­
ond series W,ere processed and the number of maggots present per 100 
berries was detenn.ined. The difference between the number of 
maggots present in the lUst series and the number present in the 
second series was assumed to be the number of ~ggs which were pres­
ellt at the .time that the. berries were picked. By taking such sam­
pIes at intervals throughout the season, it was possible to determjne 
with reasonable accuracy the numbers of eggs present and the num­
bersof maggots present, during the season. The results of these 
studies are given in Figures 20 and 21. 
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Methods for studying the field populations of eggs and' maggots 
"were developed.in greatest detail durmg the summer of 1929, "and it, 
seems worth while t.o des~ribe in detail iiheprocedure followed during 
that season. Beginning just prior to .the first oviposition of .tJ~e 
season, samples of berries were picked at weekly intervals from a 
plot ,.of blueberry land laid off especially for the purpose. (Fig. 13.) 
This '~lot had b~en: used for sH.nilar studies in 192~,althoughthe 
work w\tS not qUlte so systematically performed dunng that season. 
The lana was thoroughly burned ov~r in the spring of 1927; in 1928 
it bore the first 'crop of berries; and in 1929, the second crop after 
the burn. The berry crop was rather light each year, and there was 

. apparently little ·difference in yield between the first crop and the 
second crop. As studies were continued on this land until frost 
occurred, the berries were not picked, and the yield was not accur­
ately determined . 
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':F1QURE 2r.-Actlvlty of the blueberry maggot, Cherryfield, Me., season of 1929. Fluctuations 

of1!eld populatL')ns of eggs and maggots, and progress of pupation ..~hown in relation to emergence

of 11100 


On the experimental/lot 100 small sampling areas were marked 

off by heavy white cor . The minimum ,size .of these plots was 20 

by 50 feet. Some of the plots were made two, three, or four times 

this size where the berries were sparse. (Fig. 13.) On each plot 

there was a sufficient yield so that the number of berries on the land 

was not materially reduced by the samples collected during the course 

of the work, and conditions on the plot were not, modified to an .impor.. 

tant extent by the experimental procedure. 


In collecting a series of berry samples for estimating the maggot 

popul~tion, a counting board (pI. 10, B) wa~ taken into the first 20 

by 50 loot sample plot, and berries were picked to fill the 100 holes 

in the counting board. Only ripe berries were picked! alin eveYl 

effQrt was mt.\de to have the sample as truly representatIve as POSSI­

ble by pick'.ing from all parts of the plot and talcing berries of all 

sizes.. Wheil'100 berries had been collected, they were placed in a 

half-pint fiber container known as an"oyster bottle." This process 

was t:epeated on each sample plot until 100 samples, each containing 

100 berries, had been collected. In the laboratory 100 empty fiber 

containers were arranged in a single row, forming a large hollow 
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. '!iqu~~j &.p:d the C(}n-~~ W~ numbered. from 1 to 100. Taking 
. ;OD.f." of ;the neldsamples,. ,and.~ with container .No. 1,. one 

ber.ryW$, pI~iIleacb, ;contamer, ilie last berry from the :field 
:~~Ie~inginto container No. 100.. The:first berry of the next 
fie~d sampJe was placed in Container No. ~,and again one ,berry was 
Placed;m each of the 100 containers, the last berry going iniiO con­
te.inerNo. 1. The berries from all of the field samples were dis­
tributed in this .way, the first berry fro.-n each field sample being 
placed in then~ succeeding laboratory container. As a result of the 

process therewere secured 100 sam­
ples of 100 berries each, which. it 
seems, should be approximately 
homogeneous. A coin was tossed 
to determine whether the samples 
bearing the odd numbers or the 
even numbers should be processed 
immediately for maggot counting. 

The 50 samples that were to be 
kept for two weeks were placed on 
wire screens set into quart "oys­
ter bottles" containing sand in the 
bottom, and covered with a piece 
of cheesecloth secured by a rubber 
band. (Fig. 22.) Attheendoftwo 
weeks the berries were lrocessed, 
the sand was sifted,. an the total 
number of mag~ts in the bemes 
and of puparia m the sand wasre­
corded. 

RELATION OF THE PERCENTAGE 
OF RIPE BERRIES TO THE MAG­
GOT IJOPULATIONIN THE FIELD 

Eggs of the blueberry maggot 
have been found only in ripe ber-

FIGURE 22;'-Dingramofcontainer for keeping "de- ries; hence, only ripe berries were 
layed" samples of blueberries In tbelabomtoty picked for field samples The flies
tilt two weeks before maldngthe maggot connts.. • • 
be Fiber conte!ner or "oyster bottle"i Co begm. to deposlt eggs when com­
~~:-ic."':~~~rtm! parativelyfew of the berries are 
belries. . . . ripe. During the earlY- part, of the 

egg-laying season a relatively small number of ripe bernes are pres­
ent for receiving the~. As the:flies apparently seek out the 
ripe bemes for egg laym~l the comparatively few ripe berries pres­
ent may be r~ther heaVilY infestedt althoUgh on the arE)a under 
observation t1le entire population of maggots may be very small. 
If samples .of ripe bemes are collected from an area at intervals 
thromilioutthe season, and the number of maggots present deter­
min~ the resulting data will indicate theinfestation of the ripe ber­
ries on the r~~tive dates, but thedata may not indic8:te ?los~ly the 
maggQt population of the field. Because of the vanation m the 
number of ripe berries presentirom time to time, the data from the 
beny sample should be .correctedjf a true picture of the maggot 
populatiQn of the field throughout the season is.desired. For example, 
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:,i!uPPose "it were.f9und th~t there was an average infestation of5 
niaggots per 100ibe~es in a series of sam{>les taken when 20 percent 
ofthe~emes .w~r~npe. In. another senes of samples, taken when 
40'per cent of the berries 'Were ripe, an average of 10 maggots per 100 
were present, Then it should be recognized that when the second 
s~ries of s~ples was taken the maggot population of the fieldwas 
four times EI.8 grell.t as when the first series was taken, for there were 
not only twice as many maggots present per hundred ripe bernes 
but there were twice as many ripe berries on the plot. 
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FIGURE 23.-Emergenco or blueberry·maggot 11Ies and oviposition In relation to the 
percentage or blneberrles ripe, OherrylleJd. Me., 1929 

In order to make the necessary corrections to compensate for the 
increasing numbers of ripe bemes, the percentages of ripe berries 
were estimated on the plot on which the population studies were made 
in 1928. In.192~J in order to estimate more accurately the percentages 
of ripe berries tnroughout the season, 40 small plots, each approxi­
mately 4.67 feet square, Were established at points well distributed 

!over the area under observation. (Fig. 13.) Bf',ginning on July 13, 
all ripe berries were picked from each of these plots at weekly intervals 
and the numbers recorded. The picking was continued until no ber­
ries remained upon the plots. The records obtained (fig. 23) give ali 
accurate picture of the ripening of the berries on the plot. The data 
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,derived from the ma~got-popu1ation studies during the seasons of 
1928 and 1929.1 including the corrections necessary to compensate for 
differences in the number of ripe berries, are presented in Table 14. 

TABLE H.-Results of maggot-population studies, 1928 and 1929 

Units per 100 berries 

P,ercent· 
age of Original data Cqrrected dataDate 
berries I------~----_.------_I_----------~----Iripe Maggots M ts Eggs Maggotsand eggs aggo and eggs 

----------1----1-------11-------1------11---­
1.9!8 

f~~July 30~:===::::::::::::::_________________ _ 
Aug. 13__________________ 
Aug. 20__________________ 
Aug. 'Z7_________________ _ 

19£9July 8_____ •__________• __ 
July 12________• ________ _ 
July 13_________________ _ 
July 17-18_______________ 
July 10_________________ _ 
July 21-25______________• 
July 25_________________ _ 
July 30-3L_____________ _ 
July 3L________________ _ 
Aug. 5__________________ • 
Aug. 6 __________ • _____ .' 
Aug. 12_....._. ____ ..... _
Aug. 13•• ____ •_________ " 
Aug. 19.", ______________ _ 
Aug. 20____________ •____ _
Aug. 26_________________ , 
Aug~ 'Z7___ ....__ • ____ ....
Sept. 2__________________ _ 
Sept. 3___.._____________ _ 
Sept. 9_________________.. 
Sept. 16_..____ ..________ 

51 6.65 0.30 
10 10.73 _53 
25 10.95 1.74 
85 10.35 11. 73 
90 11.30 8.2595 ____________ 5.69 

20 0 

~ __~~~~=~~~________~____ 
17 1.94:1:.13 ----------- ­22 __ •________ • 0.10:1:.03 

~~ __~~~~~~~. --i~68±:i3-
62 15. 16:1:.346i __ •• ________ 

i8 17.08:1:.30
SO .--------.. ­
89 19.32:1:.4090 ___________ 

9595 _________14_ 9O±. a,'i.. 

9_62±_289898 •_____..____ 

8.28:1:.23100100 ____________ 
100 ____________ 
100 ____________ 

-----------.10.28:1:.31 

15.00:1:.39 

18.46:1:.45 

6.29 0.33 
10. 20 1. 07 
9.21 2.99 

-1. 38 8. 80 
3.05 10.17 

00 00 

O. Oi:l:. 13, L~~~~_ -----ii---- 0.0028 

1.84:1:.13! 0.33 ---------- 0 31_________.02· 

]5.44:1:.29' 

------------ -1 06± 4~ 
------------1- 54:1:. ·10 

10.68:1:. 31 • • ­

-----------. _ 30:1: 308.58:1:.28 • . 
5.16:1:.38 

8.02:1:. 19 

4.88:1:.46 

2 02:1: 5"
• -' 
86:1: 60. . ) 

Maggots Eggs 

0.02 	 0.31 
.05 1.02 
.44 2.55 

0.97 -1.17 
7.43 2. 745.41 • 

1. 80:!:. 18 _____________ __________ 1.80 __________ 

__:._~:___ ---~--:72- 3.35 

9.40 --------- ­________ _ 0.58 2. 82 

{ 1a.32 --------- ­1_________ 12.05 
{ 17.20 ---00----­_________ 16.61 

1 'Z7 
. I 

.59 

f 14.15•____ ___ --------- ­14.67_ -.52 

9.46 ---------- -101 _________ 10.47 ( . 

{ 8.28 ----------} -.30 _________ 8.58 
5.16 

RESULTS OFFIELD STUDIES OF EGG AND MAGGOT POPULATIONS 

The results of the studies of egg and maggot populations for the 
seasons of 1928 and 1929 may be plotted as shown in Figures 20, 21, 
23, and 24. 

The method of constructing Figures 20 and 21 is explainedin Figure 
24. The curve A-B-C represents the total 'population of maggots 
and eggs present throughout the season and IS based upon data 
obtained from the berry .samples that remained in the laboratory for 
two weeks before the mag~ots were counted. The curve D-E-F 
represents the field population of maggots only, and is based uI!0n 
data obtained from the berry samples which were processed un­
mediately. 

LENGTH OF THE INCUBATION PERIOD 

. The horizontal distance measured between the curve D-E (fig. 24), 
representi,ng the magg?t population, and the curv;e A.-B, representing 
the combmed populatIOn of maggots and eggs, mdicates the length 
of the incubation period. This applies to the period beginning about 

-July 19, when the first eggs hatcli, and ending about August. 9, when 
pupation begins; after pupation has begun, this method can no longer 
be used to determine the length of the incubation period. Measure­
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http:5.16:1:.38
http:8.58:1:.28
http:5.44:1:.29
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. m6hts made on the charts at intervals iIldicate that the incubation 
.. pErfiod:.a~g the ~easoJiS o! ~928 and 1929 varied fro:rp. a maximum 

of 'about' eIght days to a. nummum of two days. Durmg the season 
. of~928the. incubation period varied from a maximum of eigM days 
to a minimum of about four days. In 1929 the eggs seemed to develop 
more rapidly; the maximum incubation period this season was seven 
days and the miniIp.um was two days. 

!tis probable that the fluctuation in length of the incubation period 
is inftuenced by temperature, but the data collected are not sufficient 
to give a reliable indication of the influence of temperature upon the 
length of the incubation period . 
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FlOUR!:: 24.-1'<!ethod of constructing chnrt shown in Figure 21. Curve A-B-C indicntes tho field' 
population of maggots and eggs as determined by exnlllinalon of the .. delayed" berry samples. 
Curve D-E-F indicates the field. population of. maggots only. as determined by the immediate 
e.<llI1lination of samples ot blueberries. The npproxlmate nnmber of eggs present on nny dote 
may be'determined by measuring the vertical distance between tho two curves on the g!\'en 
date-lor example. the distences W-Z and II-Z. The approxinlllte duration ot the incubation 
Ileriod mny be determined by measuring the horizontel distl\nce between the two curves­
lor example. thed/stances il-h and c-d. The increase In the total field population of maggots
nod egg.q (curve A-B) is due entirely to the numbers of eggs being deposited. Hence tbll 
dally rlse ot the curve A-D Indicates the rote at which eggs are being deposited. None of tbcSll 
metbods applies after pupation begins. The beginning of pupation is determined by field 
observations, and the progress or pupation is determined by the decline of tho line E-F 

SEASONAL FLUCTUATIONS IN MAGGOT POPULATION 

In 1928 the first maggots appeared in the berries on the ex:peri­
mental area about July 22. The increase in the numbers of maggots 
was gradual until about August 1) when there was a population of 
1 maggot per 100 berries. The increase of maggots during the first 
half of August was rapid, and the peak was reached about August 
13-14. Mter this time the decrease in the numbers of eggs and tho 
increase in thenumbers of mature maggots leaving the berries caused 
a rapid decline in the number of maggots present. By August 27-28 
the number of maggots pl'esent in tho field had declined 50 per cent.1 
and the rate of decline increased steadily tmtilll.bout the second week 
of September, when the maggot population ha,d decreased to abou ~ 
1'.05 maggots per 100 berl'ip.s. After mid-September the decrease was 
f7o.dual and continued lmtil heavy frost killed the mnggots remaining 
III the berries. 

http:miniIp.um
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.•...•...~~. thi?season <?fl929 th.e rapid' :tiSe ~ the number of maggots 
~gan, SOinewhatearlier than mthe J>receding year. The peak of 
16,~5 ~aggbt'fi. per 100 b~rrieS was reached about. August 12.:.014, after 
which.the declliie was rapId throughout the rest of the season. A few 

",.. 
oA' 

A 

FIGURE 25.-Mouth parts or the blueberry maggot: A, Ora! hook or first luster; B oral hook 
or second luster; C, oral hook or third luster; D, oml orltlce or third luster, viewed in optical
section. t, Chltlniied teeth; oli, oral hook; h, hooklet;.en, sensory nerve endings 

m~gots . still remained in the berries when killing frost occurred 
dunng the last few days of September. 

The seasonalfiuctuations of eggs, maggots, and puparia during 1928 
and 1929 are illustrated in Figures 20 and 21. 

DURATION OF MAGGOT INSTARS 

During the season of 1929 maggots were secured in berry samples 
from the experimental plot in sufficient numbers to permit fairly 

accurate determina­
tions of the relative 
numbers of the three 
instarslOpresenton the 
da.tes when samples 
were taken. The re­
sults of theso observa­
tions are shown in 
Figure 27. It will be c noted that the first 
maggots appeared 
aboutJuly 19 and that 

FIGURE 26.-8t1gmatio plates or the blueberrY maggot: A, First the first specimens of 11l!tar; B, second luster; C,. third luster 
the second insta.r oc­

curred eight or nine days later on July 27-28. The first 
speckmens of the third instar appeared about three or four dJ).Ys 
later. The first pupation took place about August 8-10, indicating, 

II Thl!lstructura of the three Instars or the apple maggot was described by Snodgrass (17). The structura 
ot the blueberry mnggot Is apjlal'ently Identical with that or the apple mnggot. With a littla practice the 
fnstars mny be separated without difficulty, as indicated by Snodgrass. Some or tho detalls or ~tructnro 
oUhe throe lustars are ~hown In Figures 25 ond 26. 

http:hooklet;.en
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APPARATIJ', USED IN STlJOftS OF DtPTH OF PUPATION 

..\., .\,ppamIH" fl)r ("lit!I"I'nlr'ltilll!. ,j J ll'l~f' nUI.!'1 t' of PU}I:!I" iulu:1 ~fWltJ an 'l (If ..oil; n. hattr'ry of 
('OJ1('dtlrator.,. f~'r ohtullliug l,tm~_' Hum'" r.~ of pupae fJ"Ja bllH'iJffrll'.'.! i.md UPI'''''''_ 
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REMOVING BLOCK OF EARTH CONTAINING PUPAE FOR DETER­
MINING DEPTH OF PUPATION 

.\, TTl'ndl/ltl}! tp throw }.}fll'k orl :lrth ill rdil'f: B. Iltf\ pu:-.lu·,l down oyt'rhl{>('k 
or t'urth; t·. hlrll'k of i'arth iu twx, ff'UHJ\ j',i frflHl!!fOlillil n'!Hly to hj' tukt'n int.o 
til" iulwrlllOrr. 
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::af,q~allength of mr:v~pile of 20 tQ 22.days. The larval period appe~ 
. :fA ,be 19nger, towamthe.end of the season.and undoubtedly vanes 
.;·:Ci9~dert\bly. H the berry remains undiaturbed on the plant, the 
Dl~t remp,ins in the. berry until the pulp is completely devoured . 
.Xi f4~' b~rry<dries asa result of unusually warm weather, or if it is 
thrown to. the ground and battered by heavy rains, the maggot is 
.tQtcedto leave the berry aoonerthan would otherwise be the case. 

n Probably the fluctuation in the n~be~ of m~ots. of the th!rd instar 
. present throughout the season as mmcated.m FIgure 27 18 due to 
-factors of thfu kind. 

~O'~--------------------------------------~~' 

i'lOtlBl: 27.-Fleld population or blueberry maggot, Cherryfield, Me., 1929, showing fluctu­
ations or proportiODll or the three illstarB 

PUPATION 
During the course of these investigations several modes of procedure 

were used in attempts to determine the time and rate of Eupation. 
The first consisted of gathering samples of berries periodically in the. 
field, bringing them into the laboratory, and placing them on screen 
trays over funnels. The maggots, as they left the berries to pupate, 
fell into the funnels and were collected in cups of sand placed beneath 
the funnels. It was found, however, that this method gave no reliable 
indication of the time of pupation in the field. The berries in the 
labpratory neither dried up nor were battered by rain, and the maggots 
.remained in these berries much longer than would have been .the case 
in the field. The next attempt consisted of placing cans of Band 
beneath bunches. of berries in the field and ex&mining the Band periodi­
cally to determine the number of pup aria which had formed. Theo­
retically, this method should give highly satisfactory results, but in 
practice it was found that the normal.infestation in the field is so low 
that the number of maggots collected in this ..·ay is too small to give 
an accurate indication of the rate of pupation in the field. 

•. 	 The most reliable indicator. of the rate of pupation seems to be 
the r~te of decline of maggots in the ~rries on the experimental plot, 
as shown by the charts. (Figs. 20 and 21.) It is possible that the 
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rat;e;<if, decline 'in: ma.ggots may'bedue to some extent to betri~8. drop­
pmgfrom the plants !leveritl days beforethe'':riJ.sggots lea:ve:the.b~rries 
topnpa.te., . Ail attempt was made during 'the season of 1929 '~'de'ter­
Ii:line the extent to which thisfactot operates, by Mllectilig large 
llumbers of berries from the ground beneath theplailts at intervals 
and observing them tcJ note the length of thetiIne that the maggots 
remained within the ber~.c-;;after the fruits had dropped; TherElsults 
of tho observations indicate" that the maggots inay remain nl:' the 
dropped berries several days before pupation takes place. However, 
many maggots drop out while the berries areon the plants, or soon 
after the berries drop from the plants, .and it is doubtful whether the 
fact that some of the maggots remain in the berries for several days 
after the berries drop to the ground would materially alter the records 
of pupation indicated in Figures 20 and 21. 

THE DEPTH OF PUPATION 

.At the outset of the investigation in 1925, evidence had accumulated 
which seemed to indicate that the process of burning over the blue­
berry land was destructive to the pupae beneath the soil. One of the 
first investigations undertaken by· the laboratory was a series of 
studies to determine definitely the value of the burning process from 
the standpoint of maggot control. Two parallel studies were con­
ducted-(l) a determination of the depth at which the insect pupates 
in the soil, to ascertain whether the puparia are close enough to the 
surface to be affected by the Hames or the heat produced in burning 
over the land, and (2) a study of the soil temperature produced by 
the burning process. . 

The first attempt to determine the depth at which pupation takes 
place was. made by sifting soil taken from beneath blueberry plants 
growing on the barrens. This attempt met with the same difficulties 
reported by Patch and Woods (11). In soil containing a normal 
infestation, the number of puparia obtained by sifting is too small 
to yield results of value. In order to obtain worth-while results it 
seemed desirable to have a large number of maggots pupate within a 
limited area of soil. Records of the depth of pupation of a significant 
number of individuals could then be obtained with a. minimum ex­
penditure of time and labor. During the first few days of September, 
1925, a device was constructed for concentrating a large number of 
pupae in a limited space. (pL 11.) The device consisted of a cheese­
cloth funnel, or concentrator, 4 by 5 feet on the upper end, and 6 
inches square oil the lower end. Over the larger end of theflimiel was 
placed a wire-screen tray, and the whole apparatus was supported by 
stakes so that the small end rested on the surface of the soil, and the 
screen tray on the upper end was approximately level and about 3 
feet above the grouIid. The apparatus was placed on typical blue­
b~rry land, and on September 5 a little more than one-half bushel of 
heavily infested berries was placed on the tray. Observations v.~ere 
made from time to time i very few ma.ggots were seen descending the 
apparatus, and it seemed improbable that any considerable number 
of pupana would be found in the soil beneath the funnel. 

On October 12 the apparatus was dismantled, and the puparia were 
carefully removed from the soil at the apex of the funnel. A total of 
1,389puparia. was obtained. . 

http:topnpa.te
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·t' InleQuntingiliepllP/lria, ,the d6bri$ from the surf~ of the area 
.\lilder;observa'tit)nWas 'f.iJ:&tremoved; Next a' trench .about. 3 inc~ 
wide';W:as dugto~ a depthof8 inches, leavinga. block of earth.12 inches 
~q~ar~,conta.iningi1ihe pupana.· from the cOIlcentratQr. The first ana: 
thentliesecond half. inch .. of s.oil was carefullyremoved from the 
block.; after ·this -the soil was removed in layers 1 inch '~hick, . until a 
total.depthof 6 inches had been refl,Ched. The numbers of pupans 
in. th~ var!0us la~ers were then ~arefully determined. The results 
are shown m.Tab~~J9..,., .. '." 

TABr;E IS.-Depth of pupation oj lhe blueaerry maggot, Washington County, Me., 
1925 

Propor- Gnmuln­
Depth of layer 1 .Puparia tion of tive pro­

of total ~r~~~ 
--------------------~----------------~---------------

1,389 ___________________ _ 

.. 

! No pup!lIia were fOimd in the fourth, fifth, and sixth inches ofsoII. 

The results of the~tu4y.ip,qjcated,t4at a surprisingly large propor~ 
tion of the puparia were found within the first inch of soil. The 

. fact that the puparia were located so near the surface of the soil 
tended to strengthen the theory that many of the pupa~ were de­
stroyed by the. heat produced in· burning over the blueberry land. 

To confil'm the results of the study of 1925, four concentrators were 
established during the season of 1926. These were placed in locations 
which included a wide range of soil conditions. One bushel of heavily 
infested blueberries'was pl!J.ced on each apparatus. 

During late fall, after pupation was complete, the concentrators 
were dismantled, and the number of puparia in the soil under each 
was counted. In remoying the soil from beneath the concentrator, a 
12-inch square was marked on the soil under the apex of the funnel 
before the apparatus was removed from the spot. As soon as the 
apparatus was removed, the debris from the surface of the marked area 
was carefu1ly removed and placed ina suitable container. The soil 
was then carefully cut away from 'about the area which had been 
marked off, leaving a block of earth 12 Inches square and extending 
down to. a depth of 12 inches, u.nless rock occurred before this depth 
was reached. .A wooden box (pI. 12) of suitable dimensions was then 
forced down over the block of·earth containing the puparia from the 
concentrator,and the entire block was ,removed and taken into the 
labcu'!J.tory for examination. The block of. earth was carefully di­
vided into half-inch horizontal sections, and the nrimberof puparia 
found meach.half inch of soil was counted. . 

•The results of the studies ·of 1926 (fig. 28) confirmed the results of 
1925 and definitely. establish~ the fact t~at a vary great proportion 
of the pupae overwmter at a slight depth ill the soil. The results. are 
shown in Table 16. ' An average of. 96.72 per cent of the puparia 

http:earth.12
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...r.V'WJ.·".L.,.·Uii4~r·'.· . 'torNo. l)atad~pthof 1M to8 inch~s. 

:P;.;~ft'i>i"" ':' "'. '. . maggot have been reported,by O'Kane (10) at a 
.' .and ,by Po:rte:t (13) at 4 to: 5 inches. Brittainand 

. :fin.Qmg larvae at the bottom of a cage containing
soib The record of pupa ria found in block No.1 at a 
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FIGURE 28.-Depth.o[pupatlon ortho blueberry maggot on typical
blueberry lrlnd, Cherryfield, Me., 1926 . 

<lepth of7U to 8 inches roilY be valid, but the fact that the four pupana
found at this·depth were 80 much deeper than any of the other puparia 
makes it appear. barely possible that the. four specimens in question 
may h!l-vu drop~d ~rom B0l!le of theuJ?'p~rlaye~o£Boil during the 
operatIOn of separ!l't~g t:h~layers of Boilm the laborato~. Except 
~orthe four pupana lust noted, none was found below 3~ mches . 

.,; : 
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i'X~LE 16.-Depi.hoj' pupation :oJt1ie ,blueblJfT!l f1W{Juot, Wa8hinuwn Cov.nty,
,$fe.,1Q2fP 

BIOClt,l: Block; 2 Block 3 , 

Cumu· Cumu- Cumu-Depth of layer 1 Propor-latlve, Propor lative Propo~ !atlve 
Puparla tlon ot propor, P!JnaPl. tion of prbpor Puparla tion of propor­

total tionof' :" ~.....- total tlon oftotol tlon of 
~tol ' total total 

----------.,I;..'-"'~-'--',-,,-,,-:"-' '-'-'---"---- -- -----
Number Per cent PeY cenl Nu~ Per eent Per cent Num~ Pr.'w!! Per cent

Surface______"_______________ 11 0.!IS 0,95 29 2. 29 2. 29 ,5' 0, 25IJ. 25 
FIrS~ half,lnoh______~________ 1,440 80.';;1 81_62 1,130 89.05 91.34 1,1011 li4. 74 54.99 
~nd half inch_____________ am 17.31 98.93 106 8. 35 99.69 820 40. 51 95. 50 
Tblrd halflnch_____________ 15 .8-1 99.77 4 .31 100.00 8-l 4.15 99.65Fourth luilllnch_____________ ________ ________ ________ ________ ________ ________ 6 .3099.95 
FIfth holfinch______________ ________ ________ ________ _______ ________ ________ 1 .05 100.00 
Sixteenth halfinch_________ 4 .23, 100.00 _____: __ : _______ .. _________• _________• ___ • ______ 

'l'o18I.-_______ •______.. I.. i65 --.----- -------­ 1,269 ==1==---;;024==== 
D1ock4 Total 

Dcptllotlayer 1 Propor. Cumula- Proper- Cllmula· 
P~parIa tion of tlv':J:~ J?uparia tion of tlves,~ 

total Wrto:::f total Wrkfs~ 

NUlnder P'r C<:l!! Per cent Number Pcr cent Per ccntSurface____________________________________ '%l 1. '%l 1. '%l 78 1.08 1.08First half Inch____________________________ . 1,557 ia.37 74. 64 5,235 72.71 73.79 
Second half Inch._________________________ 416 19.60 !l4. 24 22.93 00.72Tblrd half Inch__"________________________ Il8 4.15 98. 39 1'~1 2.65 99.37Fourth half Inch..______________________ 2.; L 18 99.57 31 _43 99.80 
Fifth half Inch____________________________ 6 .28 99.65 7 .10 99.00Sixth half lnch ________., ...________________ 2 .10 09.95 :1 .03 09.93Seventh half Inch _________._______________ 1 .05 100.00 1 .01 99.94Sixteenth half Inch_____________________________________________________ 

4 .06 100.00 
---------1,---1----1---TotaL______________________________ 2,122 __________ __________ 7,200 ____________________ 

1 Each block was examined to a depth of 12 inches, except block 3, In whlch rock was reached at a depth of 
10 inches. 

EFFECT OF SOIL TYPE 'UPON DEPTH OF PUPATION 

During the season of 192(i concentrators 1, 2, and 3 were placed in 
three situations on typicalbluebeny land which varied to tl. normal 
extent in drainage, but otherwis~ were not greatly different, ,. No.1 
was on a level, rather poorly dramed area. No. 2 was near the edge 
of high, well-drained plateau land. No, 3 Wa& intermediate in drain­
age. The soil iI;l. all, of theee. '~oClitions WIlf! a saI.ldy loam with a 
sUrface layer of organic matter to a depth of 1% to 2 inches. 

Concentrator No.4 WI1S placl'd in a draw which in rainy seasons 
formed the bed ofa stream. It was at the extreme edge of blueberry 
growth, and adjoined a hackmatack swamp. The soil was moist, 
and was springy underfoot. 

The concentrator operated in 1927 {Table 17) was placed over a 004 
of sand. The box was provided with a cloth bottom and was set in 
the ground at a depth of e.bout6 inches to provide normal moist11l."e. 
Th~ results, as mdicated in Figure 28, show that under normal 

conditions there is,little variation in the depth at which the blueberry 
maggots pupate. Most of the m~ggots pupate in the organic surface 
layer of the soil and above the dense mat of blueberry roots. It is 
evidently difficult for the maggots to penetrate the mat of blueberlJ" 

.",';;' 
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roots,. and the depth of pupation as shown in Figure 28. seems to vary 
with the depth at which the root mass occurred. 

The m8.0ag"ots penetrated somewhat deeper in sifted sand (fig. 29), 
but even there 99.65 per cent of the pupae were within 2 inches of 
the surface. One pupa was iound at a depth of 3 to 3~ inches. 
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o 0 .2(7 .7Q «7 $'/7 50 
P££CEIV)'.;9G£ t7F .PU~ 

FIGURE 29.-Depth of pupation oC the blueberry maggot In sifted 
sand, Cherryfield, :\Ie., 1927 

TABLE 17.-Depth oj pllpation of the blueberry maggot in sifted sand, Washington 
County, ]lfe., 1.927 

Cumula­Propor­ tlvo pro­Depth o( layer Puparla tlon of portiontotal of totBi 

Surf___~______~_~________________________________________..•________ ._ Number0 Por ctnt Ptr Ctnt 

First halllnch______________________ .. ___________________________________ • 432 o o 
2S.SO 2S.SOSecond hall loch__ .._____________._ .••.. _••__ ._...__._•••____._._______••_ 1,005 59.33 84.83 

Fonrth halllnch________________ •______________•______________.___________ 14 
Third hBil inch______•____________ ., ..._______________..________________ 237 

13.09 98.82 
Fifth halllnch.________________________________•________•__ ••__ ••_________ 4- .83 09.65 
Sixth hall inch_________•• ________________________ •__________________.._. 1 .23 00.88 
Seventh hBlllnch______._________________________________________________ 1 .00 O9.M 

.00 100.00 
TotaL.._______________..___________________________________ ._______ 1,694 ____________________ 

NATURAL ENEMIES 

The alert attitude of the blueberry flies gives them the appearance 
. of being constantly onguard against some enemy that may be ready to 

pounce upon them. Probably the defensive attitude of the flies is 
well founded, for several enemies have been observed preying upon 
th6m. 

Probably the most important enemies of the adult blueberry flies 
are two species of large ants) Formica i'lL8ca L. and F. exsectoides Forel 
(determined by W. M. Mann). Botti of these ants are abundant on 
much of the blueberry land. The nests are apparently started in or 
under the dead roots of birch an4 alder sprouts. As the colonies of 
ants increase in size, characteristic D;lounds are formed. The fully 
developed mound mllY be aJ,lproximately 12 inches high and 2 or 
3 feet m diameter. F. jusca i~en'tirely black andis probably some­
what ]]lore abundant on the "'blueberry land. F. exsectoides has' It 
r.ed.. ~!7.ad ap.d thor!l.x and black .abdo.m.enLit is .apparently not quite 
So ~btmdanton the blueberry land. It IS sughtly larger than F.jusca, 
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the nests are somewhat larger, and. the individuals are more pugnacious 
if their nests are disturbed. 
, Both of the species of ants were very destructive to blu.eberry flies 

I,~ copfined in cages on the blueberry land. Whenever it was attempted 
to confine a number of flies in a cage,' the ants were observed :running 
about the cages 'with flies in their jaws. At first it was thought that 
the ants were, taking only the dead flies which had dropped to the 
bottom of the cage. Only brief observation was required to prove 
that the ants were also capturing the living flies. In a number of 
instances the black ants were observed to spring some distance in 
an attempt to capture the flies. The black ants were more trouble­
some to the flies in the cages than were the red heads, probably be­
cause the blacks were more numerous. It was necessary to protect 
the cages by stick-y barriers to exclude the ants. 

Probably ant.s catch many flies in the field, but no such capture 
was observed. In many cases ants in the field were observed in 
their haphazard wanderings to prowl very close to the flies. The 
flies always escaped easily, nnd the ants seemed to respond in no way 
to the proximity of the flies. The isolated habit of life of the flies and 
their constant alertness undoubtedly greatly reduce the effectiveness 
of the ants as destructive agents. 

During the course of fow: or five summers' work with the blueberry 
maggot, small spiders have several times been observed feeding upon 
the blueberry flies, and a number of the flies have been observed 
enmeshed in spider webs among the blueberry plants. One small 
spider captured while feeding upon a blueberry fly was determined, 
by C. R. Shoemaker, to be Phuodromus rufus Walck., of the family 
Thomisidae. 

It is probable that spiders dispose of a good many blueberry flies 
during the course of a season, but no study has been made to deter­
mine the effectiveness of spiders in destroying the flies. 

Two species of small hymenopterous, parasites, Opius melleu8 
Gahan and O. Mchmondi Gahan. (determined by A. B. Gahan), have 
been found effectively attacking the blueberry maggot. Records 
from the emergence cages indicate that O. melleus is by far the more 
important species and that the number of O. richmQndi is insignifi­
cant in comparison. 

Two methods were used to determine the percentage of parasitism: 
(1) Collecting flies and parasites issuing in emergence cages, and 
d~tennining the nUmber of flies and parasites aud computing the 
percentage of parasitism from these data, and (2) examining puparia 
lmder the binocular microscope to determine the percentage of 
pupuria which contained parasite larvae. 

The estima~ion oflercen~age of llarasitism b.ased upon the relativ;e 
numbers of flies an parasltes which appear m emergence cages IS 
sv.bject to error, due to the fact that both the flies and parasites may 
remain in the soil for several years before emerging. However, this 
method is probably sufficiently accurate f9r most purposes. The 
examination of the puparia gives greater accuracy, but the process is 
tedious and time-consuming. In no case has ,a lot .of puparia been 
.observed to be entirely free fl,'om parasitism. 'I'able 18 summarizes 
'the records from the emergence cages during 1927. Parasitism in the 
different cages varied from 1.37 per cent to 29.66 per cent. The 
average for au of the cages was 10.7 per cent. 

.5 
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TABLE ·18.-parlUlitis17~ of the blueberry ,maggot 'by OpiU8 ",dIcus, b/Ujed Ollr rcclIrd8 
from emergence 'Cagu, 1927' 

Num· N Total Percent­ ~i Num- J~~ Percent·
"her of bt~i of 1IIes age of Cage :lI'a- her of and age of
,para-sltes files and para- P files para para­

~w: sltIsm sites sites"' sltlsm 

-.-.-----1----1._­----I----A..______________ 462 3,937 4,399 - 10.50 9_____ ._________ 997 2,305 3,362 2!1.6G 
B~_____________ 

05 4, 676 4, 741 L 37 10______________ 302 1,101 1,403 21.53 
2_______ •______ 
L _____________ _ 

17 1,192 1,209 1.41 11_____________ 566 2, 498 3,064 18. 47 
42 2, 56f 2, 606 1.61 12___.__________ 142 2, 447 2, 589 5. 49·3_____________ _ 

4______________ 82 1,401 1,483 5. 53 13______________ 297 1,567 1,864 15.93 
5_____________ 00 1,085 1,175 7.66 14____________ 64 405 469 13. 05 
6_____________ _ :Ml 475 495 4. 04 
7_______________ 169 1,738, 1, 907 8. 86 Total or 

38 711 749 5. 07 nverage_ 4,040 30,853 34,893 10. iO8_____• ___----._ 68i' 2, 691 3, 378 20. 34 

An examination of 10 lots of puparia obtained from infested blue­
berries in. the season of 1927 indicated (Table 19) an average of 29.17 
per cent parasitized. The lowest parasitism recorded from examination 
of these pupana was 3.28 per cent, and the highest was 49.42 per cent. 

TABLE 19.-ParlUliti8m of the blueberry maggot by Opius melleu8, based on puparia 
examined, 1927 . 

Non· Non·Paraslt- Paraslt·parasit- Total Percent- paraslt· Total Percent-Ized izedLot No. Ized pu- nge~- Lot No. Ized pu- age~ara-pu· pu·pu- parla sit pu- parla sit dporia poriaparia parln 

L ______________ 8_______________
207 133 340 39.12 92 23 115 20.002_______________ 9_______________ 

3 ______________ 139 85 224 37.95 10_____________ 103 93 196 47.45 
4_______________ 94 24 118 20.34 130 127 257 49.42 
5_~_____________ 58 19 77 24.58 
6 ___________•• __ 149 39 188 20.75 Total Dr 
7______________ 139 56 195 28.72 average. 1,170 601 1,771 29.17 

59 2 61 3.28 

LIFE mSTORY OF OPIUS MELLEUS GAHAN 

The life history of (}pi'U8 meUe'U8 may be outlined briefly as follows: 
The winter is spent as full-~own larvae within the puparia of the host. 
Pupation takes place in lDldsummer, shortly before the emergence of 
the adult. The adult parasites emerge dUring late July and August, 
just.as the bluebeny maggots are present in large numbers in the 
bemes. 
,The female parasite pierces the beny with her long ovipositor and 

places the egg directly in the body of the maggot within the berry. 
Eggs and larvae of the parasites are found most often in maggots of 
the third instar, but occasionally occur in maggots of the second 
IDstar.. 
. The parasite larva develops in the body cavity of the host, without 
apparent injury to. the maggot until afwr the pU'parium is formed. 

There is apparently but one g~neration of Up'l-'U8 melle'U8 a year in 
the vici,nity of CherrYfield, A certain number of the parasites do not 
emerge. during the first summer after the eggs are deposited, but remain 
in the soil to ,emerge during subsequent seaso~.Adult parasites 
have emerged each season in cages that have been under observation 
for four seasons. . 
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CONTROL 
CULTURAL PRACTICES 

BURNING 

When 'investigation of the blueberry maggot was begun in 1925 it 
Was believed by many of the blueberry growers th!l.t the periodical 
burning over· of the blueberry land aided in maggot control by 
destroyiIrg the pup~ overwintering in the soil. This seemed logical 
and .was supported B)-.>~e. general observation that th.e first crop of 
benies :produced after tbl;' land was burned over was usually less 
heavily infested by maggotkthan the berries of the succeeding crops. 
In order to ascertain definitely the effects of burning upon the over­
~tering pupae, experiments and observations were begun in the 
spring of 1926 and were continued each spring throughout the course 
of the work. 

Observations on the methods of blueberry culture showed that 
progressive growers, in preparing to burn over the better portions of 
the blueberry land, spreadhay on the land, usually at the rate of about 
~>ne-ha1.f to 1 ton per acre. A. series of small plots was therefore 
arranged upon which hay was placed at rates ranging from one-half 
ton to 2 tons per acre. The plots were on typical blueberry land, an.d 
the, were burned over on a favorable, day when blueberry land in the 
vicmity was being burned. Readings were made of the soil tempera­
ture immediately before the plots were burned and &gain immediately 
after the fire had passed over them. It was learned that. even in the 
case of plots receiviilg hay at the rate of 2 tons per acre there was no 
appreciable rise in the temperature of the soil at the depth of 1 inch. 

In the spring of 1926 two plots were selected upon each of which 
approximately 1 bushel of heavily infested berries had been placed 
during the preceding fall. .Each of these plots was 4 by 5· feet in size. 
On one of these plots was placed a covering of hay approximately 
6 inches deep, and over this was placed a generous supply of kindling. 
The resulting fire was comparable to the heat of a furnace. Imme­
diately after the fire had died dowri sufficiently to allow access to the 
~lot, temperature readings were made by means of soil thermomete:rs 
set. to· 9, depth of about 1 inch. The soil temperature had been raised 
to 94° F., as compared to 60° before the burning. A record of the 
flies emerging from this plot during the regular emergence period 
later in the season indicated. that there was a noticeable reduction in 
the number of flies that emerged, as compared with the number 
emerging from the other plots which hadnot been burned over. How­
ever, the fact that a goodly number of flies emerged from this plot 
showed that even such intense heat was not entirely effective in 
destroying the pupae in the soil. 

On anoth-er 4 by 5. foot plot, upon which infested blueberries had 
been placed in 1925, consid.erably more hay was added than the blue­
berry growers of this section ordinarily put on, and the soil tempera­
ture at the depth of 1 inch was raised to 82° F. Records of the 
number of flies which emerged from this plot indicate that there was 
nQ marked destruction of the pupae on this plot as a result of the 
.fire. 

In addition to this experimental work! many readings were made of 
'the' SQil temperatures during the burnmg operations conducted by 

74544°-32--4 
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coIDlllercial berry growers of this section. In no case was the tem­
perature of the soil at the depth of 1 inch observed to b~ 'appreciably 
raised as a result of the burning process. It is quite eV"ident, there­
fore, that while a small percentage of the pupae that pass the winter 
on the surface of the soil may be destroyed by the heat of the fire, 
the direct effect of the customary burning over of blueberry land is 
negligible so far as maggot control is concerned. . 

The importance of the burning over of blueberry land in relation 
to the control of the blueberry maggot results from the fact that the 
newly burned area produces no berries during the following summer. 
If the burning is thoroughly done, the destruction of the crop is so 
complete that there are no berries on the area in which maggots can 
be produced during this season. The flies emerging on such land 
must either migrate to productive land or die without producing 
maggots. 

The effectiveness of this "starving out" process is reduced if the 
burning is not thoroughly done or if the area burned over is so small 
that flies may readily migrate in from old areas during the season 
of t,he first berry crop. The fact that from 5 to 20 per cent of the 
:flies remain in the soil until the second spring to reinfest the new 
crop of berries probably accounts for a large part of the infestation 
of the new berry crop and is to a considerable extent responsible for 
the ineffectiveness of burn.ing as a control for the blueberry maggot. 

MOWING 

It has been generally observed that land that is well mowed, so as to 
retard the growth of the weed bushes, and is generally well cared 
for yields better crops of berries and that the berries are usually less 
heavily infested with maggots as a result of the care. 

The care of the land stimulates the growth of the blueberrY plants, 
and, on soil of good fertility, greatly increases the yield of berries. 
As the berries increase in numbers more rapidly than the maggots, 
thelercentage of berries infested tends to decrease us the care of the 
Ian improves. On the very best blueberry land where the sprouts 
anti sweetiern have been almost entirely removed, and the land yields 
excellent crops of berries, the ma~got seldom if ever seems to be exces­
sively abundant. From a hortIcultural viewpoint it seems that it 
may be profitable to give large areas of blueberry land moderate care. 
However, it is doubtful if it would be profitable on very much of thE', 
land, under the present methods of blueberry production in Wash­
ington County, to attempt a complete control of the blueberry 
maggot by means of cultural practices alone. . 

WASIDNG TO REMOVE THE INFESTED BERRIES 

During the summer of 1924 the blueberry maggot became an acute 
problem in the blueberry industry of Washington County. The first 
effective attempt to relieve the situation was the developme:t;lt of 
processes for the removal of the infested berries at the canneries. 
A successful method was worked out by B. J. Howard and C. lI. 
Stephenson of the United States Department of Agriculture, Bureau 
of Chemistry and Soils. The method consists essentially of treating 
the infested berries in. a large cylindrical sieve of heavy wir~~ about 
4 or 5 meshes to the inch. (PI. 13.) The cylinder is partiallY sub­
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'merged in running_water and revolves on its longitudinal IL~S at 
moderate speed. The berries remain in the revolving cylinder for 
varying lengths of time, depending upon the degree of infestation; 
berries with a comparatively low infestation require only a short 
treatment, while heavily infested berries require prolonged treatment 
to· reduce the maggot count sufficiently. 

The friction of the sides of the wire cylinder breaks down the soft 
berries containing the maggots. The maggots, together With the 
skin .and pulp of the infested berries, are washed free into the water 
and are drained off in the overflow. 

The washing machine enabled the canners to cope with the m,aggot 
situation, and practically every cannery in Washington County is 
now equipped for washing berries to remove the maggots. The 
method is subject to criticism, however, for the washing process 
breaks down not only the berries containing maggots, but also a con­
siderable portion of the SOlIDd berries. No data are available to show 
accurately the loss of berries resulting from the washing process. 
Oanners of considerable experience in operating the machines estimate 
the destruction at 10 to 50 per cent of the berries put into the ma­

. chines. The destruction of berries varies in direct proportion to the 
length of time that it is necessary to process the berries. Table 1 
shows anestimate of the loss of berries as It result of the washlngprocess 
in one factory. 

Because of the destruction of the berries during the washing process, 
combined with the expense and inconvenience involved, the blue­
berry men prefer, if possible, to combat the maggot in the field, rather 
than to treat the infested berries in the cannery. 

DUSTING 

The successful results secured during recent yellfS by a number of 
workers (Severin (15) in Maine, Brittain and Good (8) in Nova 
Scotia, Porter (18) in Connecticut, and others elsewhere), using 
arsenical applications for combating the apple maggot, immediately 
suggeated the use of similar treatments for the control of the blue­
berrymllgEot. EYen a cursory study of the blueberry lands of 
eastern Maine indicated that large-scale applications of spray 
would probably be impracticable. Insecticide tests were therefore 
limited to dust applications. 

RESISTANCE OF TJUl BLUEBERRY PLANT TO INSECTICIDE INJURY 

Preliminary tests during the summer of 1925 demonstrated that 
the blueberry plants are fairly resistant to injury from calcium 
arsenate and lead .arsenate when applied in dust form. More careful 
tests made since 1925 hav!;} given more definite infonnation concerning 
the effects of insecticides upon blueberry foliage .. In one test calcium 
arsenate dust was applied to blueberry plants at rates of 6, 12, 15, 
18, and 20 pounds per acre without apparent injury in any: case. 

During the course of the experimental dusting to control the blue­
berry maggo.t, numerous complaints have COlne from blueberry 
growers, who have observed the dusted areas,that the dust was 

. causing ini!lry. t? the plants, r~s~lting in delolia\ion on large .areas. 
UndoubtedlY1.IlJury and defolIatIOn have occurred on spots ill the 
dusted areas where the poison was accidentally applied ill excessive 
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quantitieS, Upon c.are!n1.study, however, it us:uallyappeared that 
there was a$ much defoliation ofplants on untreated areas fJ.S occurred 
on the' dusted land, and that the injury apparently was d.ue to some 
other cause rather than. to the effects of. the insecticide. Weather 
cOi1dition~Ihay hav~ ~ important influence upon. the injury p~duC?ed, 
by arsenIcal msectiCldes, and careful observations along this line 
should be continued. . 

" Besides calcium arsenate, the following dusts were applied to blue­
berry bushes in small plots at the rates of6rotd 8 pounds per acre 
without apparent injury to the foliage: Lead arsenate, 'magnesium 
. arsenate, and barium carbonate. 

Calomel dust, similar to the material used for treating lawns for 
certain diseases, produced slight injury to the blueberry plants when 

" applied at the rates of 6 and 8 pounds per acre. 
C~mmercial sodium fluosilicate, cryolite, and artificial cryo!ite, 

applied at the rates of 6 and 8 pounds per acre, caused severe m]ury 
to blue~ep"y foliage. Within 24 hours the blueberry fo.lia~e showed 
severe m]ury, and the final result was complete defoliation of the 
dusted plants. 

METHODS OF J>ETERMINING RESULTS OF DUST TREATMENT 

The results of each eA-periment for the control of the blueberry 
maggot were detennined by counting the number of maggots in a 
series of samples taken at well-distributed points in the treated area 
and from a similar series of samples taken in an untreated area. The 
counts obtained from samples taken in the treated area were com­
pared with the maggot counts obtained from a similar series of berries 
taken from a near-by area which received no treatment and was 
selected because of itlo apparent similarity to the dusted plot. 

AIl of the experimental plots were more or less covered with birch 
and ruder bushes m:td sweetfern. These weed bushes as well as the 
blueberry plants were irregularly distributed on the plots, hence 
portions of each p~ot were very bushy, while other portions were 
relatively free from weed bushes. It was soon found that on an 
average the blueberries from bushy places were more heavily infested 
than berries from the open places. In order to equalize. this factor, 
one-half of the samples of bemes from each dusted plot were picked 
from bushy areas and one-half from open areas, and the same pro­
cedure was followed on each check plot. 

,.Although it has not seemed advisable to attempt to determine 
tRc'e1fectiveness of the dust treatments by melmS' of fly counts, 
examinations of dusted blueberry land two days after the application 
revealed many dead flies on the ground; FIr counts on dusted and 
check areas showed a significant difference m the numbers of flies 
present. (Fig. 30.) . 

COUNTING THE MAGGOTS 

To determine the number of maggots. present in a sample ot blue­
berries, the natural impulse is to pick each berry open with the 
fin~ers and examine the pulp of the berry to see if a maggot is present. 
This m~thod was tried at the outset of the work in 1925; it was soon 
found inadequate. Too many of the smaller maggots es~a~ed 
detection even When the berry was. examined under the bino~Ular 
micros~pe, and examining the. individual berries was far too slow a 
process to be applied to large-scale work. 
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FlOURE 3O.-Decroose of fly population lIS a result ortwo applicntlons
of calcium arsenate, Cherryfield, Me., 1928. The solid line repr& 
sents the fly population of untreated check area of plot 1 O. The 
hroken line represents theoretical fluctuations of lIy population on 
treated portion of plot 1 O. Crosses indicate results of field couuts 
of flies on the check area. Circles Indicate results of slmUar counts 
on the treated area. Arrows indicate dates of application of calcium 
arsenate dust. Note the method used for constructing the curve 
for the treated area. The fly populations Increased with eqUllI
rapidity on both plots prior to the first treatment. Following the 
first dust application, there WIIS a sharp decline In the fly population
of the treated plot. After the polson WIIS removed from the foliege
by' weather, tlie fly population of the treated plot began building 
up rapidly. Thl) second polson application again reduced the tly 
population, and, lIS emergence WIIS prootically complete, therewllS 
no further Increase of flies on the treated plot during the season. 
The, curves represent toW fly populations. The reduction of egg­
laying femeles on tho treated plot IS much more complete than the 
reduction of the toW population 
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After SQme e~erimen~ation, a. meth;od o! counting the mag~ots
was adopted which consIsted of a modificatIon of a process deVl5ed 
by B. J. Howard, of the Food and Drug Administration. In more 
or less modified form the method devised by Howard is used by the 
inspectors in the blueberry canneries of eastern Maine. .. 

The procedure for determining the results obtained on the experi-. 
mental plots Was as follows: The required number of bemes, usually 
100, was carefully counted by means of a counting board. (PI. 10, 
B.) After the berries had been counted, the sample was weighed.H 
The weighed belTies were poured into a wire-screen cylinder about 3 
inches in diameter and 9 inches high. The cylinder was made of 
good quality galvanized-wire screen, 5 meshes to the inch, and the 
bottom was closed by the same material. The cylinder containing 
the berries was placed in a small aluminum saucepan containing 
enough water to float the belTies. The saucepan was placed on a 
kerosene stove, and the water containing the bemes was boiled for 
about two minutes. While the water w.as heating and boiling, the 
berries were gently crushed by means of a wooden pestle. The 
water and berries were violently agitated to free the maggots from 
the berry pulp and to wash them free into the water. The water 
containing the maggots, together with more or less berry pulp and 
seeds, was then poured into a No. 10 can (or a battery jar of about 
the same capacity) and diluted with water to fill the container about 
two-thirds fulL The wire-screen cylinder, containing most of the 
berry skins, was agitated in the water in the No. 10 can to wash 
free any maggots that might possibly have adhered t.o the residue of 
berry skins. 

A small portion of the water from the No. 10 can, containing the 
maggots, was poured into a shallow, black-bottomed pan-an ordinary 
biscuit pan was used-and diluted with a little more water. The 
contents of the pan were carefully examined for maggots, which 
showed up in strong contrast on the black bottom of the pan. (PI. 
14.) As soon as all of the maggots in the pan had been counted the 
pan was emptied, and another portion was poured in from the con­
tainer. The total number of maggots found in all of the water from 
the No.. 10 can represented the number of maggots in the sample of 
berries. A tag bearing 11 serial number and all necessary data followed 
each sample throughout the entire process, so that there was no 
danger of samples becoming mixed. 

DUSTING EXPEmMENTS IN 1926 

In 1926 eh-periments in dusting for the control of the bluebelTY 
maggot were undertaken on a fairly large scale. Because of therough­
ness of the blueberry land and the lack of uniformity of the crop, and 
also because of the likelihood J)f migration of flies from the surround­
ing Innd on to the dusted plots, it was considered impractical to carry 
on dusting e"-periments on very small plots. During the season 
dust was applied to six plots, the smallest having Itn area of 1.15 acres 

II Counts of the number of maggots per 100 berrlos gave an Accurate Index to the relative Infestation of 
Ule trooled nnd untreated plots, but such counts glive no close indication of tbe nmnber of maggots per
No.2 can. As the number of maggots per No.2 ClIn ill tbe basis oC CJ:!timates Wled by the canners, it BealllS 
de!!lrable to express results (rom. tbe e.~perilllental treatments au this basis as Well os on the blWls of maggots 
per 100 berries. Twonty OUOoo$ of rBW berries Ilre considered equlvlllent to one No.2 can or the prol'eSSed
berries. lIenee, by weighing the samples of herrles from tbe experimental areas, the results may be expressl)d 
as maggots per. No.2 can. 
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.n.nd:tbe largest having an area oi'4.82 acres. No plot measured less 
th:a.n',200 feet in length 'or widt'Q..' Each plot was carefully selected 
to,includeland.as nearly uniform I,Lsit was ptacticable to obtain, and 

'eachhad; a history of heavy infestation during past seasons., . 'rhe 
,plots were rectangular in shape, and were laid off by means of compass 
and tape. , , Each plot was marked off in sq'\lares by stakes set at 50-
foot.intel'Vals in each direction and was divided into lanes 50 feet wide 
l)ymeans of heavywhite cord extending across the plot on each line 
ofstakes. This marking set,?"ed to guide the men in applying the dust 
and also indicated the sampling points at picking time. A portion of 
each plot wasd1)sted, and a comparable area was, reserved, untreated, 
as fa check plotl 

The plots were dusted by means of crank-type hand dust guns.
In dusting the' plots, three men worked abreast. Together they 
covered a striP. 25 feet wide, making one trip across the plot and bac}( 
to dust one 50-foot lane. The dust was applied during the early 

. morning hours, when the atmosphere was calm and while the plants 
were wet with dew, except in the case of plot 6, which was dusted in 
the afternoon. An attempt was made to apply the dust as nearly 
a~ possible at thern.te of 6 pounds per acre, but it was found very 
difficult to gauge the application accurately,and the amount of dust 
actually applied usually ran considerably higher than 6 pounds per 
acre. Plots I, 2, and 3 received four applications of dust during the 
season, and plots 4, 5, and 6 received three applications. Plots 1 to 
4, inclusive, were dusted with calcium arsenate, plot 5 was dusted with 
lead arsenate, and plot 6 received lead arsenate in the first applica­
tion and calcium arsenate in the last two applications. Complete 
data concernin~ th~ dates of application, material used, and time 
consumed are gl,ven III Table 20. 

TABLE 20.-Data'j·elai'ing to plots dusted in 1926 

Quantity Time re­
Plot No. dusted ap8~~I1- application 

Area Date of Time of 
~rnterlal usee! 	 applied quired

110r acre per acre 

AcrC3 A. M. 	 POU1lC!3 !llan·/wura5. (J(Hl. 00 Calcium arsennte _______________ •• -.-.__ •JulY 	 21 9.80 1.095.00-5. 55 _____do_____________ __ ..____________•• __~L ___. _____ q 75- July Zl 	 8.35 1. 006.00-5.45 _. __ .do____ •_____________________________•-. Aug. 4 	 7.26 .82f 5.01>-5. 30 _____do____________________ ...._. _____ .._..IAug. 12 	 5.44 .455.20-6.55 ..___do______ ..______•___________....____ _
JUlY 	 22 9.58 1. 52 

2_____ ..__ _ July 28 5.20-6.55 ____.do..__ ._.______ •____._........_____.. 12. 20 1.52 

1.15 	 Aug.- 5 5.51H1.10 _____do.._ ..__..____ •____• ____.._•••••_•• 7.84 .87fAug. ]3 6; OlHl. ~O _____do.._.. __...______ ......_........._•• 8.71 1.525.20-5.50.___.do____...._____.._....___.._._______ _JUIY 	 23 9.93 .87

3_______.._ 6.11>-5..65 __••_do_____ •• __...___ ••______________ •__L 72 July 211 	 8.13 1.165.11>-5.35 _____do..___ • ___ ._...........____________ _
Aug•. 6 	 7.55 .586. OlHl. 30 _____do.._____ •_____ •____ ..______ .... _.__ _f	 8.71 .736.10-5. 50 _. __.do_____.._._____..______ •• ___ ...__ ..J~~ M 	 11.40 .91

!
5.1lHl.05 _____do_______..__ •• __...._.. ______..___ ••2. 20 July 2 5. 2lHl. 00 _____dO__•_________..__ ... _____ ..___ .._.. 8.711 1.14Aug. 10 	 7.79 .80 

July 	Zl 0.11>-7.10 Lead nrsennto_ ...___ ... __ •__ ••__ .. ___ •__ 5.80 .996..______ .. 6.01\-6.40 ___ ..do______________ •____•• _.. _..._... _••2.75 Aug. 4 	 Ii. OS .635.55-0.25 _____do.._____•___________..___ ....,. __ ... . 	 Aug. 12 6.89 .M 

2.P.:M.30-4. 40 _____do_____________ ...______ ••_•• __..__.. 7.26 1. OS 
6......____ 4. 82 {i~~. zg 4. 5lHl. 00 Calcium orsennte_...._._ ••• ___ •_______ __ 8.71 .67 

Aug. 10 2.li7-4.20 .. __ .do...._._.___..._____ •• _._ ••• ___ ..... 8.09 86 

http:2.li7-4.20
http:5.55-0.25
http:6.01\-6.40
http:0.11>-7.10
http:5.1lHl.05
http:5.11>-5.35
http:5.20-5.50
http:5.51H1.10
http:5.20-6.55
http:5.20-6.55
http:6.00-5.45
http:thern.te
http:to,includeland.as
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··..·'itesuIts·w~re ·obtil.iried by. examinin~. a series . of samples, ;~ach.con;' 
..'.t.... si..iDin.•. g..'.'50.'.0.. bem.. ·e.s..Co .. f.~o.m.... · Il.omts·w .• ll~cted ... ~Udistri.'buted over. each ,treated plot, ;alid a sinrilar sene~.from eachuheck plot;. NO'~mple 

.wastaken either in thechec:k! plot or in the treated plot nearer than 

.50,.feet fr~~ the margin of the dusted area; The.recordsof these 

ex'aminations are 'contained in Table 21. The reduction in infesta­

.. tiondue to, the dtist'applications was in general quite satisfactory. 

The greatest reduction was obtained on plot 4, on which a control of 99 

percent was secured. This plot ,received three applications of cal­

cium arse:q.ate. The lowestreducti()n in maggots ()ccUiTed on :plot 5, 

with a control of 42 per cent. This plot received three-applications o~, 

lead arsenate. It is d()ubtftil if the comparatively unsatisfactory 


. results obtained on this plot were due to the use of lead arsenate. 
Nev~t:eless, the comparison certainly does not indicate that lead 
arsenate is superior to calcium arsenate, and as the latter is much 
cheaper$ereis a distinct advantage in its use. 

TABLE 21.-Results 01 dusting Jor control of the blueberry maggot, Washington. 
, (Jounty, Me., 1928 

Mag~ts per tOO Maggots pe~ No.2, Appllp,Jltions 	 Redue­
rrloo Reduc- can tionlntloninPlot' 	 numberofmaggotsNo. maggots 

Num- Check Treated Cr500 Check Treated perNo. 2Material Date 	 lasber 	 plot plot plot plot can 

-
Number Number Per cent Number Number P,-r cent1____ 4 Crucium ar, fIulY 21, 27:Aug. 4, 12 }32.3:i:3.9 1. 13:1:0; 5 96. 5:!: 1. 6 1M. 6:1:18. ? 7.6:1: 3.4 95. 0:1: 2. 6.5eIlIite. 


2____ 4 _____do"______ {JulY 22, 28:
Aug. 5, 13_____ }27.5:1:4.3 2. 3:1:0. 6 91. 6:1: 2. 5 104.2:1: 5.0 10.8:1: 2.9 89.6:1: 2.3 
3____ 4 _____do_______ {lulY 23, 29;Aug. 6, 14_____ 6. 1:1:1. 3 86. 3:1: 3. 5 255.4:1:34.9 36.1:1: 8.6 85.8:1: 3.9 
4____ 3 _____do_______ fIulY 24; 38.7:1:5.9 O. 4:1:0. 2 99. 0:1: 1. 7 209.3:1:30.0 2.0:1: 0.8 99.0:1: .4A.ug" 2, 10 _____ 
6~ ___ 3 Lead arse- ulY 27f ~-'15.0:1:2.7 8.7:1:1.842.0:1:15.6 7:1. 8:1:12. 6 35.4:1: 6.9 51. 4:1:12. 6nate. A.ug.' is'12-----' 

:
6____ 
 Aug. 6, 10_____ 

senate. 


3 {ciiic~~-iii_:- July 
}53.5:1:4.6 16. 1:1:3. 1r' 9:1: 6. 4 255.9:1:22. a 79.1:1:13.7 69.1± 6.0 

The season of 1926 seemed espeCially favorable for the control of 
the blueberry maggot by means of dust applications. Atmospheric 
conditions during the dusting peIiod were favorable, and a study of 
Table 22 indicates that there was. only slight rainfall. during the effec­

.' 	 tive period of the, treatment. The application of dust by means of 
hao.d guns proved much more practical than was anticipated at the 
()utsetof the work. It was apparent, however, that because of the 
time and labor involved, hand-duster methods are applicable only 
to very small. areas and that if control of the maggot by dust appli­
cations were to be placed on a practical basis it would be necessary 
to devise SOIQ.e ch.'aaper and more rapid means for applying the dust. 
Itwas also apparent thatit would be necessary to reduce the number 
of applications, if the method were to be applied to. any hut thf3 
mOre productive blueberry land. 



~; '" - ­
'1'.AB~22.-Summary,olrainfall. f'eCMd8 .jor jive daY8 following eacli dwitapplioo­
" ,tionjorcomrol o/the bluebeT/"1f maggot, Washington County, Me., 1928 . 

" First 8,pplication Second. application 

I. 
Plo,tNo. ...,' . Rains 	 Reins ',',

R a1Wess within PrecIpi­ Rainless within Preclpl­
days fi Data

following ve dl}YS tation fO~ five d~YS tation 
, folloWIng 	 folloWIng 

----~I--:---I--- ,..-----------------
Number Number Inch Number Number Inch'l________ C"___________ July 21 1 1 0.05 July '0 2 1 0.03 

10 1 .05 28 1 1 .03o __________ JulyJuly~:::==::::::=~====== ~~j'~ '6 	 o 2 .11 
'4.._~_____________'_ ____ ,July '24 o __________ Aug. 

~ 

25 	 o 2 .10 
2 1 .03 Aug. 4 2 2 .1Sg:~~=:::==:=:==:::::: J~~ ,~, 1 1 .03 Aug. 6 o 3 .19 

Third application Fourth appllcatiou 

Plot No. RainleSs ~alns Rainless wlRalnstbin 
Date days , WIthin Precipi- Date days Precipl­

folio......" five days tation Collowing five days tation 
,."'!> following 	 following 

------~I----I------------I---II---I-~-

Number Number Inch Number Number Inchl __________~__________ Aug. 4 2 2 O.lS Aug. 12 0 2 0.082________"____________ Aug. .5 1 2 .1S 13 0 1 .023_____________________ Aug. 6 	 Aug.Aug. 14 6 0 _________ _o 3 .194_____________________ Aug. 10 	 Aug. - ___________________~ _________ _o 3 .09 Aug. - ______________________________o 2 .08 Aug. - ______________________________g:=:=:=::=:=:=:==:=:=: t~~: Po o 3 .09 

1 II Indicstes rain within 24 hours aftar application. 

DUST APPLICATIONS IN 19'0 

During the season of 1927 a large power duster (similar to the 
machines used for orchard dusting) mounted on a heavy farm wagon 
was employed to distribute the dust. The plots, as indicated in 
Table 23, were considerably larger than those eIDI?loyed in 1926. 
The largest plot dusted by means of the power machme had an area 
of 16.07 acres, while the smallest measured 3.44 acres. The average 
area of the plots treated by means of the power duster in 1927 was 
11.66 acres, and the total area dusted was 58.31 acres. Again the 
plots selected for dusting had a history of heavy maggot infestation, 
and each area selected was as nearly uniform as possible with respect 
to topography, stand of berries, degree of burn, etc. The plots were 
marked off in 100-foot squares by rows of stakes, which served as 
guides in dusting and in ,collectmg the. berry sa.mples at picking 
time. 

TABLE 23:-Data relating to plots dtt8ted witli calcium ar8enJte in 1927 

Time or CalciU: ArooAreaPlot No. 	 Date of applicationdusted application ~~ 	 tiustjid 
per acre per hour 

Acres a.m. Pound8 	 AcraJuly 13.__________• _____________________ _1_________----- ___ _ 	 5.30-5.50 9.59 10.3 
5.00-5.19 3.37 20.63.44 July 29_________________________________ _ 

2_________________ • July 13_________________________________ _ 4.15-5.00 9.46 14.711.02 July 29_" _________ • _____• __ •____________ _ 4.15-4.45 3.45' 22.03_________________ _ July '19_______________________e' ___ " ___ _ 
4.37-5.18 4.22 22.215.15 July 31_______• __• ___ ••••_____________ ~__ 4.13-4.47 4.62 26;7July' 21.________________________________4___'______________ _ 5.llHI.15 9.33 14,8 
4.20-4.52 4.79 30.116.m July 'Jf7______ •__ •___• ____________________ 

~D__ _____________ __ July 22_.--••---.-••••-•________._'._____ _ 	 4.40-5.35 6.4Y 1a.S12.63 July 26_. __________________ ...__________ _ 
4.35-5.25 5.62 15.2 

http:4.35-5.25
http:4.40-5.35
http:4.20-4.52
http:5.llHI.15
http:4.13-4.47
http:4.37-5.18
http:4.15-4.45
http:4.15-5.00
http:5.00-5.19
http:5.30-5.50
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The duster crew consisted of three men--one man to drive the team, 
one man to handle 1;he nozzle from the rear of the duster, and one man 
to observe the <work and to indicate the route for the driver. In 
making <the application, the duster was driven .across the blueberry 
land at 100-foot intervals. .As the duster proceeded along its route, 
the nozzle of the machine, pointing backward and slightly upward, 
was kept constantly moving 300m side to side. In this way it was 
found possible to throw the dust cloud to a distance of 50 feet on each 
side of'the machine, thus dusting a strip 100 feet wide. At first it 
was feaTed that the team and wagon would trample down an excessive 
quantity of blueberries. It was soon found, however, that the injury 
from this source was so slight as to be negligible. The applications 
were made during the early morning hours, while atmospheric con­
ditions were favorable and the plants were covered with dew. Cal­
cium arsenate was used for all applications this season. Table 23 
indicates the dates of the applications, material used, area dusted, 
and the rate at which the work was accomplished. 

During the season of 1927 the results were obtained by collecting B 

series of 100 samples, each containing 100 berries, from 100 points 
well distributed over each dusted plot and a similar series of samples 
from each check plot. These samples were picked by hand, approxi­
mately 100 berries being collected from an area 10 feet square at each 
sampling point. These berries were taken into the laboratory, where 
exactly 100 berries were counted from each field sample, and the 
number of maggots was determined for'each sample. Table 24 shows 
that on the whole the percentage of reduction of maggots in the 
berries was satisfactory. The most favorable results were obtained 
on plot 4, with a reduction of 94.7 per cent, and the least favorable 
on plot 3, with a :reduction of 35.3 per cent. 
TABLE 24.-Results of dusting for control of the blueberry maggot, lVashington 

County, !Ife., 1927 

Maggots per 100 
Reduction! 1.fnggots per N 0< 2 can Redu~tfonberries 

in inDate oCap· IPlot No. maggots maggotsplicatiolls ; f 

I 
perCheck ~r ~OO Check TreatedITreated mas No. 2 canplot. plot plot [ lliot 

i 

Number INumber Ptr cent Number Number Per an(L __ . _______ . July 13,29__••_____ 5.8:1:1. 0 2.5::1:0.7 56.9:1:14.2 90.9:1:15<4 2i<6:1:6.3 69.~:l:8.62____________ luly 13, 29_________ 89.1:1: 1.1 321.2:1:14<0 Bw.9:1: .9 
4____________ 
3 ____________ luly 19, 31._____• __ 22. 0:1:1. 0 12.4::1:0. 2 32.3:1:2<6 \ 8. 5::1:0< 6 ,;< 5:1:0< 4 35.3:1: 6.5 151.4:1: 0<5 87.7:1:6< 3 42.I±4.2July 21, 2i.________ 7.5::1:0< B 0.4:1:0< 1 114.7:1: 5.5 92. 2:1: 9.B 5.9:1:1.4 93< 6:1:1. i5________.:-__ July 22, 26. ___...__ ii.O:I:O.4 0.8:1:0< 0 84.0:1: 1.3 65.7: 4.6 11.0:1:1.2 S'l. 3:1:2. 2, 

Weather conditions during the season of 1927 were less favorable 
for the control of the maggot by dust applications than during 1926, 
The season of 1927 was rainy (Table 25), and the precipitation during 
the dusting period was heavy. In the case of plot 3 (Table 24), on 
which the poorest l;esults were obtained, there was a precipitation of 
3.58 inches within five days after tho first application !lnd 0.35 inch 
within five days nfterthe sc<'ond application; und rain fell within 24 
holU-s after each applicfttion. In the <;!lse of plot 4, on which the best 
results were obtained, there wus 2.79 iMhes of rain within five days 
of tIle. fu-st application ILnd 0.2 inch within five dttysllfter the second 
application. Two days without rain followed the fiI-st application, 
and after the second application there were four days without rain. 
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'TABLE 25.-Smnmary of ral:n.fall records fOl'jivc days following each du,~t qpplica­

tum/or control of thp blueberry maggot, Washington County,. life., 1927 

Fin;t application Seeond applicationI 
RainsRains Rr:inlessPlot No. Rainless within Precipi- within l'reclpl-

Date days Date days tation
following five days 

followingtation following five days 
following 

Number Numfltr Inchu Number Number Inch
L ___________________ 

Jnly 13 4 2 0.35 Jnly 29 2 2 0.35
2.."__________________ 

July 13 4 2 .35 Jnly 29 2 2 .35
3____________________ 

Jnly 19 10 3 3.58 Jnly 31 0 2 .35
.4_____________________ 

July 21 2 2 2.79 July 'Ii 4 1 .20
..5_____________________ 

Inly 22 1 2 2.79 July 26 5 0 .00
6_____________________ 

July 16 1 3 1.26 July 28 3 2 .35
7_____________________ 

July 16 1 3 1.26 Jnly 28 3 2 .35
, 

1 O.indicates rain within 24 hours after application. 

It had been sug~ested that the addition of powdered sugar to the 

calcium arsenate tnlght make the material attractive to the blueberry 


flies, thereby increasing the effectiveness of the material. Accord­


ingly, two plots, of 2.75 acres each, were treated by means of han.d 


dusters. On plot 6 two applications of calcium arsenate were made. 


On the same dates plot 7 received applications of calcium arsenate 


with which XJs...XJl confectioners' sugar had been thoroughly mixed 


at the rate of 1 pound of sugar to 20 pounds of calcium arsenate. At 


picking time, when results of the treatment were compared, it was 


found that the percentage of reduction in infestation was not quite 


so satisfactory on the plot receiving the application of calcium arsenate 


with the addition of sugar as on the plot receiving calcium arsenate 


alone. The results of the treatments are shown in Table 26_ Because 


of the low initial infestation this experimentis probably not conclusive; 


however, it does not indicate that the addition of sugar is especially 


beneficial, and as very satisfactory results were obtained in other 

..

exneriments without the addition of sugar, no further work along 
.\

thk line was undertaken. 

TABLE 26.-Coniparison of rellu,lts of dmting with calcium arsenate alone and with 

calci'um arsenate and confectioners' sugar (20 tol), 1927 

Maggots per 100 berries ' Maggots per No.2 can 

Plot No. Materlnl' 
Check 'I'reated Redue· CheCk plot Treated Reduction

plOL plot tion plot 

Per centNumber Number Per cent Number Number
6 __________ 

. Calcium arsenate nlone____ 14. 68±2.1 4.4±1.2 70.0 :1=9.2

7__________ 

Calcium arsenate nnd con-
0.9:1=0.1 0.3:1=0. 0 00.7:1= 3.7 

14. 68±2.1 7. 9±1. i 46. 2±13. II
.Il::!: .1 .6± .1 33.4±13.3 

fectionen;' sugar (20 to 1). 


1 First application July 16; second application July 28. 

, Forty sslllPles, each containing 100 berries, were c%8mined frolU lhe dusted plot :IDd from the check 


plot. 


DUSTING WORK OF 1928 

In the spring of 1928 it appeared that applications of calcium 


arsenate gave promise of becommg a practical method for combating 

In view of this fact, it seemed desirable to
the blueben-y maggot.

conduct an mvestigation to ascertain the most eJ..-peditious method 
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fdr applying dust to the bluebeny land on a large scale. 
I

Because ofthe necessity for applying the dust within a short space of time" t
because of the large areas devoted to bluebeny growing, and becauseof the favorable topography, it seemed that this project offered anexceptional opportunity for the .employment of airplane dusting.(pI. 1, A.) Accordingly, 13 plots (Table 27) were. laid out to bedusted by means of rrilrplane. These plots varied in area from 35.81acres to 102.84 acres, the average area was 58.34 acres, and the totalarea of the airplane plots was 758.48 acres. As four of the plotsreceived two applicatIOns of dust, the total area actually dusted byairplane ,las 1,016.52 acres. 
TABLE 27.-Record of flying time and calcium arsenate used in airplane dusting forcontrol of the bluebeTl'Y maggot, Washington County, Me., 1928 

Approx· Est!- Flying
Imate UilIted time

ArenaC AppU- Total distance TripS oon- Duatfifn::g Total TotalPlot area from carriedplot cations msde me sumed flying dustap­dustad landing to and in ap- time each pUed 1field to from plyiDg trip
plot plots d1llJt 

Min- Min- Min­lA _______________ Acres Number Acru Milu Number utt8 utes utu Pmlnd8 Pmlnd82A_______________ 43.16 2 86.32
3A_______________ 102,84 2 205.68 9

4 4 34 19 53 145 5808 160 42 202 170 1,3604A_______________ 70.72 2 141.44 4 8 150 29 179 116 9285A_______________ 41.32 2 82.64 2 4 16 IS 34 140 li606A_____________ 78.05 1 78.05 1~ 3 26 14 40 1707A__________"____ 52. 34 1 52.34 8 2 40 
510 

SA_______________ 68.S7 1 68.87 
15 55 170 310 

9A_______________ 74. 38 1 74. 38 5
8 2 40 9 49 224 44112 32 9 41 170 • 340

10A______________ 36.73 1 36•. 73 5 2 32 8 40 120 240llA______________ 40.40 1 40.40 8 2 40 14 54 135 27012A______________ 67.95 1 61.95 7 3 54 17 71 15013A _____• ________ 35.81 1 35.St 1~ 2 12 
450

45.91 1 45.91 
13 25 120 240

~ 2 12 13 25 150 300
TotaL__ . __ 758.48 -------- 1,016.52 --- ---_ ... _-- 3648 j 220 --- ­.. ----~ '868 ._------ 6,566 

1 It was attempted 1.1 apply 6.5 pounds or dust per acre. In most cases slight excess was added to IiIlow·ror wastage.
• By mIstake plot SA received only 4.57 pounds of dust per acre. The average Cor IiIl other plots was6.61 pounds per sere.

I 10 hours, 48 minutes.

• 3 hours. 40 minutes•
• 14 hours, 28 minutes. 

Experimental work with the ground machine in 1928 includedfive plots ranging in area from 8.03 to 15.95 acres, with an averagearea of 11.91 acres and a total area of 59.56 acres. Table 28 givescomplete data concernin~ dates of application, area of plots, materialused, and the rate at which dust was applied. 
TABLE 28.-Dala relating to plots dusted witk horse-drawn power duster, 1928 

Calclum ArooPlot No. Area Date or application Time oC arsenllte dusteddusted llPplication use,d per per hour
acre 

10___---______________ ._ •___ _ Acre! a.m. Poufld815 95 {JulY 16_____________________ _ Acru
· July 31.__________.--_____ ._. 5.15-5. 50 8.40 27.3

4.10-4. 65 6.08 21.320________~"'-----------------_ 10 33 {JulY 18___________.--___ •___ilO_______________________•____ _ 
· July 29_____________________ __ 5.15-5.50 7.16 17.7 

• 8.. 20-9.13 4.65 15.6
:', . 13 77 JuJy 19____________________ -- 4. 35-5.10 11.62 17.7

4G______•___________________ _ Aug. 3_. ____________________ 4.35-5.8550____________ •____ •_______ •__ 11.48 JuJy 22 
8.86 13.8.--------------- 4.4IH!.10 1 7.408.03 July 27 ____________.--____________ _ 11.5

4.35-5.03 8.34 17.2 

.tActual dusting time w(lS 60 minutes; .00 minutes WMIDSt becaUBll of InterruPtion of the work. 
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i<, A.coPlplete account (9) of the dusting work of 19~8 ha.<J been pub­

·lished asa.comparative study of the use of the airplane and. the ground
'.,ritaclrine fqr dusting blueberry land.

" ,.l'l1e results were determined on all of the plots· dusted by ground 

ma~hine an4 on six of the plots ':dusted by airplane. (Tables. 29 and 

.30.) 'JIhe six plots of the airplane series, upon which results were 

determined, were selected because of favorable conditions for study­

ing the results or· because of a desirable range of topography, etc. 

" 
RESULTS OF DUST APPLIC.\TIONS IN 1928 

TABLE 29.-Results of dusting with ground machine for controZ of the blueberry 
maggot, Washington County, life., 1928 

Maggots per 100 berries Maggo~s pcr No.2 can
Applications 

Plot No. 	 Treated ReductionNum· Cbeckplot Treated Reduction CheckplotDate plot 	 plot
ber

--	
Per cent Number Number Per centNumber Number

10______ 2 July 16, 31_____ 3.S:l:O.2 o.4:l:O.1 89.5::1:2.7 63. 6::1:2. 5 6. 2:l:O. 8 88.4::1:2.4 
2G____ ._ 2 July 18, 29____~ 4. 6:l:O. 3 0.3:l:O.1 93.5::1:2.2 70.9::1:4.1 4. 4:l:O. 8 93.8::1:1.2
30______ 

2 July 19, Aug. 3_ 2. 9:l:O. 2 0.5::I:D.1 82. 8::1:3. 6 37.6::1:3.0 6. 1:l:O.8 83.8:1:2.5
40______ 1 July 22_________ 6.8:l:O.5 1. l:l:O. 1 83.8::1:1.9 107.0::1:6.5 16.5::1:1.3 84.6::1:1.5 

1 July 21-._______ 12. 8::I:D. 5 7. 5::I:D. 5 4L 4::1:4. 5 228.7:l::9.0 135.1:l::8.0 40.9::1:4.2
50______ 88.7:l::2.1, 	 Average o(2-appllcation plots____________________ 88.6::1:2.9 ------------ ------------

Average of I-application plots_____________________ 62. 6:l::3. 5 ------------ ----------_.. 62.8::1:3.2 

On the plots recEliving two applications of dust from a ground 

machine, the percentage reduction in number of maggots ranged 

from a minimum of 82.8 per cent to a maximum of 93.5 per cent, with 

an average reduction of 88.6 l)er cent. The plots receiving only one
The results on

appli~ation of dust showed less favorable results. 
plot 4G, however, indicate that one well-timed application made 

under favorable conditions may be very effective. The average re­

duction in maggots on the two plots given one application of dust 

by a ground machine was 62.6 per cent. Complete results are 

shown in Table 29. 

TABLl~ 30.-Re.$ults of airplane dusting for control of the blueberry maggot, 
Washington County, Me., 1928 

Magl!ots pet No.2 c.qn
Appllcatlons Mnggots per 100 berries 

Plot No. 	 TreatedTreated 	 ReductionNum- Date Chec,"p)ot plot Reduction Check plot plot 

--. 
ber 

Number l'fumbtr Per cent Number Number Per cent
iA______ July 17; 30_____ 7.5:l:O.4 1.6:1:0.2 78.7:1:11.7 100.6:1:5.6 21.3:1:2.6 78.S:l:: 2.8 

2A_. __ ._ 
2
2 July 18, 29_____ 4.6:1:0.3 0.4::1:0.1 01.3:l:: 2.2 70.0::1:4.1 6. 0:l:0. 0 91.5::1: 1.4 

3A ____» 2 18, 28_~_._ a.0:l::0.2 0.7:l::0.1 76.7:l:: 3.7 51.0:l::3.6 12.li:l:l.4. 75.5:l:: 3.2 
5A______ 1 

JulyJuly 21_________ 1. 0:l:0.1 1.2:l::0.1 -20. 0:l::15. 6 12.6:l::1.1 15.5:1:1. a -23.0:1:14.0
8A______ 1 

___ ._do_________ 3.2:1:0.3 3. 1:l::0. 3 3•. 1:l::13.1 54.4::1:4.1 47.4:l::3.9 12.9:l:: 0.7 

llA_ .___ 1 July 27___ ••____ 2.1:l::0.2 1.1:1:0.1 47.6:l:: 6.9 37.6:1:2.5 10.6::1:1.0 47.0:l:: 6.1 
Average of appllcation plots. ___________________• 82. 2:1: 7.2 -----..-_ .. - .... --- ..- ...... ---_ .. SI.O:l:: 2.6 
Average \II I-nppllcotlon plo~_._____________•__ • __ 10.2:1:12.5 --- .. -------- .. _- .. .._-- ...-.. 12.6::1:10.6

", 

Two applications of dust by airplane (rrable 30) also resulted in It 

satisfactory reduction in tbe number of maggots present in the berries. 

The plots receiving two applications of calcium arsenate by airplane 

showed an average reduction in number of maggots per 100 berries 
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of 82.2 per cent, Illluuimum reduction of 76.7 per cent, and 8. maximumreduction of 91.3 per cent.

A single application by airplane does not appear to :rield such satis­
factory results. The best result secured on a plot receiving one
application by airplane was a reduction of 47.6 per cent. The aver­age reduction on the three plots receiving sing1e applications byairplane was 10.2 per cent.

A summary of weather records for the dusting season of 1928 is
given in Table 31. 

TABLE 31.-Summary of rainfall "ecords for fiue days following each application
of calcium arsenate for the control oj the blueberry maggot, Oherryfield, lvle., 1928 


First application 

Plot No. RainsRainless
Date within Precipi­ Rainless ~~~~~ Precipl- •days fol· 5 days tation Date days. fol· 5 dayslowing tatlon(ollowing 10wlDg following

------~---I------I----j------------
1A'_•••___________ • ___ July Ii Number Number Inchts NUlIIber Number Inch
2A._.________________ July 18 1 2 0.08 July 30 4 1 0.06

3A. __•__ ••__••___ ._.____do____ • '0

o 
:1 1.21 July 211 0 1 .33
3 1.21 July 285A__._. __ •••• ________ July 21 0 2 .438A._____________________do__ ._ 2 3 1.48 •••••••••• _"' __ ' ______.•, ••_______._.••


11A_____ •______ • _____ July Zl 2 3 1.48 __ •_____•• ___ ._••••_•__ •__ •••••••__ ••••_

10'________• _________ July 16 1 2 .43 _••_••••_. __."••_"" •.__ ••_.••••_••• ___•

20 __ • ________________ July 18 o

2 2 .08 July 31 3 1 .06

30____• _______.______ July ]9 ;1 1.21 July 211 0 1 .33
40__________••______• July 22 4 1 1.13 Aug, 3 0 3 .«
1.48 __•__________•_________..______________ _50 _________ ••.••••. __ July 27 1 3

1 2 .43 •• ___ • ______ •_____ ._ • ___ ._••• _ • __ ••••__ • 

, Series A, airplane plots; series 0, ground·machlne plots•• 0 Indicates rain within 24 hours after application. 

COMPARATIVE EFFECTIVENESS OF GROUND MACHINE AND AIRPLANE 

When calcium arsenate dust is applied under favorable conditionsit appe.ars that applications by mea.ns of a ~ound machine and an
airplane should be about equally effective ill controlling the blue­
berry maggot. That this is actually true is indicated by plots 244­and 2G, which were dusted by an airplane and a ground machine,
respectively. These two plots were located within a few hundredfeet of each other, and a single check area served for both plots.The land was level, free from trees, and in every respect favorablefor airplane work. The treatments by airplane and by ground ma­chine were applied on the same mornings",July 18 and' 29, each plotreceiving two applications during tho season. Although the app1ica­tion of dust by the ground machine was considerably- heavier thanthat made by the airplane, the percentage of reductlOn of maggotswas not materially different in the two plots, the maximum being 
,~ 

91.3 J?er cent on the airplane plot and 93.5 per cent on the ground­
~., 

maehme plot. (Tables 29 and 30.) 

DUSTING IN 1929 

Because of the impractical nature of airplane dusting under theconditions of blueberry culture in Washington County, Me., the air­plane work was not continued in the summer of 1929. J.)uring tlli~season five plots (Table 32) were ,dusted by means of a horse-drawnpower machine. The plots ranged in area from 14.92 to 22.73 acres, 

, , 
,J

j 
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withan8;v~rage of 17.58 acres, and a tota.'! area of 87.92 acres. The 
work dunng the summer of 1929 was conSlderably hampered by bad 
weather conditions, which delayed the application of the dust. 
AtmQspheric conditions were often unsatisfactory when the dust was 
applied to the plots. Weather conditions following the applications 
were ra.ther favorable for the treatments as the rainfall was light. 

I' (Table ::;3.) 

TABLE 32.-Data relating to plots dllste(l with horsll-drawn power dlLster, 1029 

Area Time o.f'P" Dust used tu!~ 
dusted plication per acre per hour Plot 'No. Date of application 

ACTa a.m. Pounds Acrts
1_________________ _ 22. 73 {July 23_________________________________ 4.10-5.30___ 6.81 17.0 
2__________________ 6.55 22.7 
3 ________________ _ 6.06 17.5 

6.70 19.9it~ ~:;ii:==:::::::=::::==:===:=:=::=::::: HE:~:=14. 92 {J:!y 22.________________________________ 3.3&-4.25___4________________ _ 6.70 Ii. 9July 28_________________________________ 4.25-5.20___ 
6. 70 16.3

6__________________ 14. 92 {JUlY 22__________________________________ 4.45-5.40___ 6.70 16.3July 28__________________________________ 5.35-6.15___ 
6. iO 22.4 

TABLE 33.-Summary of rainfall records for five days following each dust applica­
tion for control of the blueberry maggot, Washington County, }y[e., 1929 

First application Second applicntion 

Plot No. 
Rainless !1~h% Precipi- Rainless !1: Preclpl­

Date Date 
followwg following followwg following 
day~ five days tatton day.s five days mUon 

Nu.mber Number Inch Number Number Inch1.___________________ July 23__ 1 1 

2_____________________ July 25__ 4 1 0.11 _______________________________________ 
Trace. July 29__ 1 0 2 0.11 

3____________________, July 26-. 31 1 .11 ______________________ •. _________________ 
4_____________________ July 22__ 2 1 

Trace. July 28__ 1 2 .110 _______________________ do_____ 2 1 Trace. ___do_____ 1 2 .11 

Ij) indicates ruin within 24nours after application. 

The results of the experimental work in 1929 are shown in Tables 
34 and 35. The initial infestation on the experimental plots during 
this season was so low that results are scarcely depen!iable. Even 
with the unusually low initial infestation, however, there was in 
most of the plots a very distinct reduction in maggots as a result of 
the treatments. 

On plots -:1: and 5 a comparison was made of calcium arsenate alone 
and a mixture of equal parts of calcium arsenate and hydrated lime. 
There was very little difference in the results obtained with these 
two treatments. The infestation on the plot receiving the calcium 
arsenate-hydrated. lime mixture shows a reduction of 55.6 per cent, 
as compared with 50 per cent on the calcimn arsentite plot. While 
this can hardly be regarded as a significant difference, it suggests that 
th~ calcium arsenate-hydrated liine mixture may be satisfactorily 
used in place of calcium lU'senate alone. 

http:5.35-6.15
http:4.45-5.40
http:4.25-5.20
http:3.3&-4.25
http:4.10-5.30
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.•TABLE34•....:....Reaults oj dusting for control oj the blueberry maggot, Wahington
. , (Jounty, Me., 1929 


Applications 

1 
Maggots per 100 OOtrles Maggots per No.2 can 


PJotNo, 

Date Check Treated
Check Treated

her plot plot Reduction Reductionplot plot 

L _________ 2 Number Number PiT cent Number Number Per cent2__________ 1 
July 23,29___ • 1.9:1:0.2 0.5:1::0.1 73. 7:1: 6.9 29.6:1:3.9
3__________ Jnly 25________ 0.6:1:0.1 O. 5±Q 1 

9. 6±L 0 67.6:1: 4.8
1 :rnly 26________ 3.6±0.2 
16.7:1:21.7 9.8:1:1.0 7.6±1.0 22.4:1:12.94. 5:1::0. 3 -25.0:1:10.8 62.8:1:3.7 78. 4:1:5. 7 -24.8:1:11.1 

TABLE 35.-Comparison of results from dusting with calcium arSe1wte and with
calcium ar8enate-hydrated. lime mi:durefor control of the blueberry maggot, Wash­
ington County, Me., 1929 


Maggots per 100 berries Maggots per No.2 can 
Plot No. Material 


Check Treated Treated
plot !llot Reduction Check plot RedUctionplot 

4_________ Calclnm arsenate______ 
Number
L8:1:0.0 

Number Percent Number Number Ptrcent
5_________ 
Calclnm arsenate and 

0.9:1:0.1 50.0:1:5.6 41.0:1:4.5 21. 6±2. 1 47.3:1:7.5

hydrated Jlme 1 _____ 1.8:1:0.0 O.8±Ql 55.6:1:5.6 4L 0:1:4. 6 lS.6±1.4 I 6L 9:!::5. 4 

1 Equal parts. 

Dust applications successfully reduced infestation even when theinfestation was very low. 
COST OF DUSTING 

The records of time and labor involved in the experimental dustingare included in the discussion of the work of each season. The datashown are useful in the making of rough, preliminary estimates ofthe probable cost of treatment on a given tract of blueberry land.There are many factors involved which are not presented in the tables,however, and the data presented do not form a satisfactory basisfor estimatin~ accurately the total cost of dusting. For example,weather conditions sometimes prevent the application of dust afterthe duster is on the ground and the crew is ready for work; moreover,it often requires more time to haul the machine to the land to betreated than it does to make the application. Such difficultiesincrease the cost of treatment and are proportionately more impor­tant when small plots are to be dusted.
Summing up all the experimental applications by means of thehorse-drawn power duster for the three years, 1927, 1928, and 1929,Ja total of 205.79 acres was treated. The dusting outfit, as operated, :Jwith two horses, a driver, one man to handle the nozzle, and one m:anto assist, applied the dust at an average rate of 18.4 acres per hour.In addition to the actual application of the dust, a considerable 

" 
amount of labor was involved in mea~uring and marking off the areasto be dusted. Much more time was spent in laying off the experi­mental plots than is required for commercial dusting. However,the growers have found it practical to make a fairly accurate eStim.ateof the area of the plots to be dusted and to layoff the land rapidlyin lanel;! 100 feet WIde, indicated by stakes set in rows, 
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One commercial firm kept an accurate record of the cost of dusting 
a total area of 205 acres by means of a standard horse-drawn power 
duster. Nearly all of the 205 acres received two applications, malring 
a total equivalent to one application on 370 acres. The total cost 
of operations, including aU labor, interest on the investment, and 
depreciation of machinery, was $303.30. The average cost was 
82 cents per acre for each application of dust, including all expense 
except the cost of the dust. The cost of the calcium arsenate varies 
with market conditions. During the season in which the estimate 

,t of cost was made the calcium arsenate was pUrchased in large quan­
tities at 6.5 cents per pound. 

In the experimental work with the airplane the cost of application 
greatly exceeded the cost with tbe ground machine. The cxcessivo 
cost of the airplane in the experiment.al work was to be e:h.-pected, 
and resulted from the fact that an area of only 1,000 acres was dusted, 
which did not allow the airplane to operate at maximum efficiency. 
If large blocks of blueberrv land aggregating several thousand acres 
were to be dusted, the proper type of airplane, efficiently handled, 
might compete in price with grOlmd machines. However, there 
seems to be no likelihood that dusting the blueberry lands of 
Washington County will be orO'anized on a sufficiently large scale 
in the immediate future to enable the airplane to operate efficiently. 
The hand dust gun is of course too slow and ineffiCIent to allow of 
use on large areas. On areas of not more than 5 or 10 acres the hand 
dust gun may be used if no power machine is available. In the 
experimental work ...nth hand dust guns it was found that on an aver­
age it required one man approximately one hour to dust an acre. The 
speed of the work will depend upon the roughness of the land and 
the number of bushes present. On open, levelland the work ...nll 
go rapidly; on rough, bushy land the work will talm more time. 
On. the whole, dusting with hand guns is slow, disagreeable work, 
and is likely to be poorly done. A power duster is more efficient., 
where it can be operated. 

ARSENICAL-RESIDUE STUDIES 

Numerous samples of blueberries taken from dusted plots were 
analyzed to determine the quantity of arsenic which remained upon 
the berries. The studies were made with three primary objectives 
in mind: (1) A determination of the quantity of arsenic remaining 
upon the fruit at harvest time, with the view of ascertaining whether 
or not the bClTies from the treated plots contained an excessive 
quantity of arsenic; (2) a study was made of the uniformity of the 
distribution of arsenic on the dusted plots; ancI (3) the determina­
tion of the duration of the arsenical coating on the plants and the 
effect of rain in removing the arsenate. 

ARSENICAL UESlDUE ON BJ,UEBERRJES AT HARVEST TIME 

The analyses of samples of blueberries taken from the dusted plots 
during the seasons of 1926, 1927, 1928, ancl1929 are shown in Tables 
36 to 39. A study of the results of these nnnlyses shows that in general 
the residue was not excessive at pIcking time when the dust was 
properly applied. at rates of 6 to 7 pounds per acre. 

74544°-32--5 

http:experiment.al
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TABLE 36.-ATsenical residue on blueberries from dusted plots, 1926 

Days Residue 
since Dust oCAs,O,Plot Datesam· Appli­ last applied perN pIe was cations Material used 	 Remarks 

o. picked of dust 	 dust per pound
appli­ acre oC 
cation berries

-------1--------1----1---1------
Number 	 Numbe7 Pounds Grain

1.____ Aug. 4__ 2 Calcium arsenate____________ 8 18.15 0.0000 Picked by hand.1 ________ do____ 3 _____do_______________________ 0 25.41 .014 Do. _____do_____________ ._________ 9 30.851.____ Aug. 21- 4 •036 Picked with rake . 1 ________do____ 4 _____do_______________________ 9 30.85 • 021 Picked by hand.2_____ Aug.3L 4 _____do_______________________ 18 38.33 • 011 Do. _____do_______ ._______________ 9 11.404_____ Aug. 2_ _ 1 •00i3 Do. _____ do___________________.___ 20 Zl.904 _____ Aug. 30__ 3 . m Do. 
0_____ Aug. 23__ 3 Lead arsenate_______________ 11 17.77 • 025 Do.5 ________do____ 3 _____do_________ ._____________ 11 17.77 • 035 Picked with rake . 
6_____ Aug. 26__ 3 Lead arsenate (I). calcium 16 24.06 • 034 Picked by hand. 

arsenate (2 and 3). 

TABL~ 37.-Arsenical residue on blueberries from dusted plots, 1927 

Date 	 Days ResidueDust sample since last oC As.O,Plot No. applied 	 Remarkswas dust op- per pound per acre 1 picked' 	 plication oCberries 

"Yumber Grain 
7 0.004 Raked. East side.Pounds rUg. 52____'""; _________________ 	 7 .004 Raked. Westside.12. 01 X~~:13- 15 Trace. Raked. East side. 

..do.. __ 15 'frace. Raked. West side . 
3______________________ f\'U__dog.23 23 'rrace. Do. 

8.84 23 Trace. Rand picke'l. West side. 
__do____ 23 'l'race. Hand picked. East side. 

8 • 040 Raked. West side . 
5______________________ 8 . 00-1 Raked . Bast side. 12.11 r~L~-Aug. 10 15 Trace. Raked. Westside. __ do____ 15 Truce. Do. 

7 • 006 Raked. Entire plot . 
6 ______________________ f-l.Ug. 4Allg. 11 13 • 014 Do . 13.09 Aug. 18 20 Trace. Do. 

__ do_ ••_ 20 • 007 Hand picked. Entire plot . 
7 •OIl Raked. Entire plot . 

7__________ •• __________ rUg. 4Aug. 11 13 •007 Do . 12.72 Allg.18 20 •007 Do . 
__ do •• __ 20 • 00; Hond picked. Entire plot . 

1 Each plot received two appllcalions oC calcium arsenate. 
, Commerciol harvest or tlte berries on the plots begnn on the Conawing dates: Plot 2, Aug. 21; plot 3, 

Ang. 23; plot Ii, Aug. 14; plot 6, Aug. 18; plot 7, Aug. 18. 

TABLE 38.-Residue on dusted bll/cberries at time of harvest, 1928 

Dnle 
sample Appllcs- si~!}i~st Dust ~exi~~~

PIOINo. 	 tlOns oC dust np- applied per pOllnd was 
picked dust plicntion per ncre oC berries 

--------------11---------------
Grain 

Number Numb.r 0.0102A 1____________________________• ____________________ All!:. 15 2 17 Poltnd8 {
13.2 .008 

.005 
3,1, __________ •_______________________________________ Allg. 16 2 19 .010 

13.1 .010{ .0011 
6:\__________________________________________________ Allg. 20 1 30 .017 

6.8 ! 	.012 
.001 

8A__________ •___________________________•___________ Aug. 17 1 Zl Trace . 
4.6 	 . 001 

.OOL ~ 

.OU
11A _________________________________________________ Allg. 16 .DIO20 6.6 .002 ~{ 

.004
101.__________________•_____________________________ Allg. 15 	 .0172 15 14.48 .01020_. __________________________ •_____________•_________ .do___ _ .0342 17 18.78 

1 
.0:l8 

50_______•______ ...____ ........................... __ Aug. !!U 33 8.34 .014 
.010 

I Series A dusted by moans oC airplane; series 0 dusted by moans of b'l'ound machine. 
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TABLE 39.-Arsenical residue on blueberries at harvest time on plots dusled with 
calcium arsenate alone and with equal parts of calcium arsenate and hydrated 
lime, Cherryfield, Me., 1929 

Date 
sample Appllca· si~C::l:st D'rd ~~i~g~Plot No. \Vas t10ns or dust ap- app Ie per pound 
picked dust plication pilI" Ilcre or berries 

Number Number Pounds Grain 
L •••••••__•••••••_ •••••••••..••.•••_••••••___ •__ .__ Aug. 5 2 7 I 13. 36 { 0: 8'lg 

.009 
4_.__••••••••_••••••••••.•_•.•••.•••__•___••_.""'_' __.do_.•__ 2 8 113.'10 :~ 

{ .015 
.008 

5._••••_•••••••••.•••.•••.••••••••_..•••••••••••••_•••••do_ ••• 2 8 '13.40 :~
{ 

.007 

I Dust on this \llot consisted or calcium arsenate alone . 
• Dust on this \llot consisted or equal parts or calcium arsenate and hydrated lime. 

In 1926 the total quantities of arsenic applied were large because 
of the fact that tin-ee or four applications were made on each of the 
plots. As much as 38.33 pounds of calcium arsenate per acre was 
applied, and applications were continued to within 10 days of picking 
time in some instances. The highest residue recorded in that season 
was 0.036 grain of arsenic trioxide (AS20 3) per pOlmd, which, of course, 
greatly exceeds the tolerance. However, eyan such a residue is not 
surprising in view of the large quantity of dust applied and the fact 
that in the case just mentioned only nine days had elapsed since the 
last application was made. 

The excessive residue, as well as the cost of making three or four 
applications, necessitated the reduction of the number of applications 
of dust to the blueberry land in order to place the process on a practical 
basis. 

In 1927 the number of applications was reduced to two. Table 37 
indicates a great reduction in the arsenical residue as a Tesult of 
the decreased amount of arsenic and the hca-vier rainfall that followed 
the dust applications. It will be noted that in no case was there 
Tesidue enough on the berries at picking time to exceed the tolerance. 

In 1926 and 1927 in certain cases parallel samples were taken, one 
sample being picked by hand and another sample collected by means 
of a rake. (Pl. 21 B.) In these samples the hand~picked berries 
ran a little lower in arsenic than the rake-picked beuies, suggesting 
that some of the al'senic was removed by handling. (Tables 36 and 
37.) 

In 1928 the rainfall during the dusting period was not far from 
normal, and little difficulty was e]l.-perienced in respect to arsenical 
residue t)n the fruit. In the case of the plots treated by means of air­
plane the residue as a rule ran exceedingly low, which is probably 
due to the fact that the distribution tended to be quite uniform on the 
airplane plots find because a considcrable amount of the dust put out 
by the airplane was blown away from the plots before it settlcd. On 
One of the ground-machine plots this season (2 G) an exccssive quan­
tity of dust was used in the second application, and the Tesult of this 
is shown in a,greatly increased }·csidue. The two samples taken from 
this plot contained 0.034 and 0.038 grain of As20 a per pound. This 
indicates the necessity for very careful observation of the machine 
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while the dust is being applied, to avoid excessive applications of 
poison.

In 1929 the application of dust to tbe e:\.']Jerimental plot~ was very 
carefully regulated, and it was found possible to keep the quantity 
of dust applied within the limits of 6 to 7 pounds per acre. The dllst­
ing period in 1929 was not marked by much rain, and yet the residue 
was not excessive. 

UNIFORMITY OF DISTRIBUTION OF ARSENIC BY GROUND MACIDNE 

In. 1927 a series of samples v,as taken in a dusted plot to ascertain 
the uniformity of distribution. The entire blueberry plant was 
included in the samples, the foliage as well as the fruit. Each sample 
consisted of snfficient"material to f111 a quart container, closely packed. 
In each case one sample was taken on the line the duster~traveled, 
one 10 feet from the duster line, one 20 feet, one 30 feet, and one 40 
feet from the duster line. The results of the analyses are shown in 
Table 40. There is a tendency toward a somewhat greater amount 
of arsenic on the samples taken nearest the duster line, especially 
when a heavy application was made or when the sample was taken 
soon after the application was made. However, on the whole, there 
is surprisingly little difference in the quantity of arsenic near the 
duster and at a distance from the duster, showing a somewhat more 
uniform distribution than was anticipated. 

TA.BLE 40.-Distributilln of dust by horse-drawn power duster and retention of 
arsenic on bllleberry plant.~, 1927 

As,O,. parts per millionDllte Days DustPlot sample since npplietlNo. was Inst IIPpli· per aero On dust·tnken cnti!m 10 feol; 20 feet 40leot A~erngeor Illoa 11I0leet 

Numb., Pottnd~ 
2........ _.. ~ ...... ~ July 14 1 0.62 35.0 6.0 .j.0 12.0 11.0 13.6 
2___ ... ~_ ........ Aug. 5 7 13.07 5.0 1.9 3.6 3.9 3.6 3.7 
2._ .. _~ ..... "~ Aug. 13 15 13. ()7 3.0 2.0 2.0 2.0 1.0 2.0 
B••••••. . _. July 22 3 4.22 1.3 1.3 2 . .2 1.6 2.8 1.8 
D...... do..... 0 6.49 11.2 0.1 9.2 8.i 6.5 8.9 
n_ . ... _~w ....... July 21, 3 6.49 I.a 5.5 2.3 3.5 5A 3.6 
5••• __ ._••• Aug, 3 S 12..11 1.3 3.2 6.3 2.2 3.3 
5.••• _..... Aug. 10 15 12.11 ·\.O ·1.0 "i:G' 1.0 2.0 2.4 

-
ItESIDUE O~ mmnms TAKEN FItoM A CANN1NG .'AC'l'ORY 

In 1927 and 1928 samples were taken from lots of berries from dusted. 
land as they were being processed in one of the blueberry ©nneries. 
In every case the arsenical residue was extremely low. In connection 
with this study a small plot 100 by 200 feet was dusted on August 30, 
much later than the normal dusting season, so as to have a very heavy 
arsenical residue during the period when the factory was in operation. 
From this plot 1.25 bushels of berries were picked on SCJltember 5 
and tllken into the factory. The sample taken just before the berries 
were washed indicated 0.39 grain of A~03 per pound. Immediately 
after the washing J2 the residue WIlS shown to be reduced to 0.019 

12 The wnshlng machlno used. In tbe study discussed In this paragraph was not the type oC wlISber com· 
monly used for removing maggots Crom the berries in the factol:Y. but WIIS a machine intended primarily 
for the removal of IIrseniCl1I resldne (rom the berries. In Ihts machine the berries wer~ 1I1'l!t submerged In B 
vBt ot watel' and were then llassoo througb n light spray of water. The r.roccss was much less vigorous than 
the wllShlng process Cor the removal or maggots, nnd there was much Jess loss of berries lIS B re.~ult or the trent· 
ment. 
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grain of As20 a per pound. The berries were then given a second wash­
ing to determine to what extent the arsenic could be removed. The 
sample taken after the second washing contained 0.014 grain of As20 a 
per pound, indicating that the second washing removed only a small 
amount of arsenic, as compared with the first washing. 

EFFECT OF RAIN IN REIIIOVING ARSENIC FROM THE BLUEBERRIES IN THE FIELD 

Tables 41 and 42 indicate very effectively the extent to which rain 
removes the arseniccl dust. In taking these samples the berries 
were removed from the plants to avoid. complications due to changes 
in size and weight of the berries. Only the stem8 and foliage of the 
plants were analyzed. In the case of plot A and plot B in 1928 there 
was no measurable reduction in the amount of arsenic on the blue­
berry foliage until after rain occurred. In the case of plot A the plants 
ran 578 parts As20 a per million. Following a rain of 1.13 inches, the 
arsenic dropped to 81 parts As20 a per million. In the case of plot B 
there was no appreciable reduction of arsenic on the plants from 
August 14 to 17, but in the sample on Aug~~st 20, taken after a rain 
of 0.55 inch, the arsenic had dropped to 54: parts As20 a per million. 
It is evident that the first heavy rain removes a large proportion of 
the dust from the blueberry plants. 

TABLE 4.1.-Retention of calcium ar.~enate on blueberry foliage, Cherryfield, 1\fe., t 928 

Date RainsDays P~TI~i' ASlO"sample sincePlot was since last since last pnr.t.~. per 
taken dusting sample sample million 

---
Number Number Illchu 

JUlr 22 o o o 5i8 

{ 
Julr 24

A_________ ----------------­ ----------------.-.------ Aug. 13 
Aug. 31 

JL-··--··---·.... ·--·--···--- .. ···--·­ .. ··-·.. -·· .... l~~~~ i~ 

2 
22 
40 
o 
1 
3 
6 

1 
13 
7 
o 
o 
o 
2 

1.13 
2.16 
.88 

o 
o 
o 

.55 

81 
19 
26 

317 
i07 
3i5 

54 
Aug. 31 17 6 .33 44 

TABLE 42.-Retention 0/ calcium arsenate on blueberry foliage, Cherryfield, i'.!c., 1929 

Precipi- As,O" pnrts perRainsDnys tation million on­sinceDato sample was taken since sincelustdusting lastsample santplo Plot 101 Plot 102 

Number Number Inch 
July 12____...... _... _... .. o o o 250 3.1.3 
JulyI3.........____ ." ....... _., _ ) o o 255 458 
July 1-1 .........._....... "_" 2 o o 2.13 556 
.Tuly )5 ••••••••••• __ ... "__ "__ "" -" ""'"''''''''" 3 1 .86 !?G 12 
Julr 20............ _... _... ,,"."" ............. " 8 2 .31 S U 
July 22___... .. .•• "' ... _.............. -•.• "_ -.-- 10 o o 9 Ii 
July27...__••••••• __ • _ 15 o o 16 13 
Jul;- 31._ ..._.......__ • 19 1 .11 12 12 
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RECOMMENDATIONS FOR TilE CONTROL OF THE BLUE~ 
BERRY MAGGOT IN EASTERN MAINE 

The results of the experimental work conducted over a period of 
four years warrant the recommendation of applications of calcium 
arsenate dust for the control of the blueberry maggot in eastern Maine. 
Recommendations for making the applications under the conditions 
of blueberry culture in this section may be summarized as follows: 

MATERIAL TO USE 

The calcium arsenate dust used for applications on blueberry land 
is the same high-grade insecticide dust used extensively for the control 
of the cotton boll weevil and certain other insect pests. It should 
contain not less than 40 per c.ent total AS20 5, not more than 0.75 
per cent of water-soluble arsenic pentoxide, and have a bulk test of not 
less than 80 nor more than 100 cubic inches per pound. 

QUANTIT"Y OF DUST TO USE 

The calcium arsenate should be applied as nearly as possible at the 
rate of 6 to 7 pounds per acre. Much less than 6 pounds of dust per 
acre is likely to be ineffective, while too gre.at a quantity of calcium 
arsena;te increases the danger of injury to the plan.ts, and also is likely 
to result in excessive residue on the berries at picking time. Gre.at 
care should be used to distribute the dust as uniformly as possible 
over the area being treated; otherwise the best results may not be 
obtained and serious burning of the blueberry plants may result where 
excessive quantities of the dust are applied. 

NUMBER OF APPLICATIONS 

On land which produces a sufficient quantity of berries to justify 
the eJ..llense, it is advisable to make two applications of ealcium arse­
nate. On poorer land one application may be advisable. It is not 
profitable to apply dust to land. during the summ.er following burning, 
for no fruit is produced during that summer and the destruction of the 
flies on this land. will have no effect upon the maggot infestation during 
the next summer. In some cases where freshly burned land adjoins 
bearing land it may be desirable to dust a strip of 100 feet of the burned 
land immediately adjoining the bearing land to reduce migration of 
flies from the newly burned area on to the bearing area. 

It is desirable to dust as large areas as possible,as this reduces 
the danger from fiie:;, drifting in from unpoisoned areas and also tends 
to reduco the unit ("::1st of the dusting operations. As far as possible, 
no blueberries should be left untreated around the borders of the 
<i'.I].sted areas. 

DATES OF APPLICATION 

Tha constancy of the emerg',mce dates of the flies renders it possible, 
during approximately normal seasons, to time the applicl1.tions 
according to calendar do,tes. In making the first application, it is 
desirable to delay the treatment 08 long as possible after the flies 
begin to emerge, so that the maximum number of flies 'will be present 
when the dust is applied, but the application must be made before an 
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appreciable number of eggs have been deposited in the bernes. By 
referring to the emergence chart (fig. 7) and to the life-history charts 
(figs. 20 and 21) it will be seen that the period from about July 13 t() 
20 fits the conditions quite well for the first application. By applying 
the dust to the earliest land first, and treating later areas last, the best 
results may be obtained and the dusting period effectively extended. 

In timing the second application, it is assumed that the first applica­
tion was effective in destroying a high percentage of the flies present 
at the time the dust was applied. The second application should be 
made before any of the flies that emerge after the first application 
begin to lay eggs in the berries. In the life-history studies it was found 
that the preoviposition period was about 13 days. Allowing for a 
shortening of the preoviposition period during midseason, it seems 
that the second application of dust :::hould be made from 7 to 10 days 
after the first, to kill the later flies before they begin to lay eggs. The 
second application will therefol'e be applied from July 21 to 30. At the 
time of the second application from 70 to 99 per cent of the flies will 
have emerged (fig. 7), and the destruction of the flies should be quite 
complete without additional applications. On account of dan~er of 
excessive residue from late applications, it is usually well to discon­
tinue applications after July 31, and a period of two weeks should 
elapse between the last dust application and picking time. 

Land that is to be dusted only once should receive an application 
during the period of JuJy 18 to 24. 

The dates in the foregoing discussion apply to the blueberry lands of 
Washington County during approximately normal seasons. In other 
localities or during abnormally early or late seasons it may be neces­
sary to vary the dates of application. 

A thorough study indicates that by very careful examination of 
samples of berries taken at frequent time intervals, newly-hatched 
maggots may be detected in the blueberries when the total population 
of eggs and maggots is still not great. It therefore seems that the 
detection 01 the very first newly-hatched maggots in the berries may 
serve as a practical indicator of the proper time to begin the first 
application of dust to the blueberry land. By making the observations 
on theearUest land to be found in the locality, notice may be given 
the growers of the locality in time to begin dusting operations on their 
most advanced areas. 

For the observations to be effective, the samples should be collected 
frE'quently, begillning just flS soon as the first berl'ies ripen. Fairly 
large samples should be used, and the examinations should be carefully 
done by a trained observer who is thorou~hly experienced in finding 
newly-hatched maggots. For most dependable results in making the 
examinations the berries should be boiled and the procedUl'e described 
in this bulletin under the heading" OOlmting the Maggots" should be 
closely [ollowed. 

This method of timing the beginning of the first application of dust 
during abnormally early or late seasons seems more satisfactory than 
attempting to determine the date by observations on the emergence of 
the flies, for it is difficult to determine, sufficiently early, exactly when 
the ili.es begin to emerge in appreciable numbers. 
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ARSENICAL RESIDUE AT PICKING TIME 

A careful study indicates that, in case of applications which are 
made according to reconunendations, not later than two weeks before 
picking, in which the recommended quantity of calcium arsenate dust 
is used, and which are followed by normal rainfall, the residue of 
arsenic on the fruit at picking tune is negligible. In very dry seasons 
the dust may not be washed off so thoroughly. Great care should 
always be exercised to avoid the application of excessive quantities 
of dust to the blueberry plants, and the application should be made 
as uniformly as possible. In any case where there may be doubt 
about the residue being sufficiently low, the berries should be given a 
light washing in the factory before canning. 

SUMMARY 

This bulletin includes a sununary of the results of the investigation 
of the blueberry maggot (Rhagoletis pornonella Walsh), in Washington 
County, Me., from the establishment of the work in 1925 lmtil the 
close of the 1929 season. . 

As a commercial development, blueberry culture in eastern Maine 
began some 50 or 60 years ago, and has progressed largely without 
scientific direction until recent years. Any effort to combat the blue­
berry maggot efficiently must take into account the conditions under 
which the blueberries are produced. 

The blueberry lands consist of high, fairly level plateau land or of 
moderately s;oping to steep, rocky hillsides. The soil is usually 
sandy, with a surface layer of organic matter. 

The coniferous forests that once covered most of th1s land have 
been removed. The present vegetation of the blueberry land is 
characterized by typical acid-soil plants. Birch and alder sprouts 
and sweetfern are abundant on most of the blueberry land, and much 
labor is required to prevent these weed bushes from crowding out the 
blueberry plants. 

The blueberries are produced by two native species (Vacc.inium 
canadense Kalm and V. angustffolium }.it.), which have come on to 
the land entirely by natural clissemination. 

The blueberry land receives little care except for more or less 
haphazard mowing of the weed bushes and burning over every third 
year. The weed bushes are usually mowed in the faU preceding the 
burn, and there is a growing practice of spreading a light covering of 
hay on the better land just after mowing to insure a more thorough 
burn. During bright, calm weather in the early spring, after the snow 
leaves, but before the frost is out of the ground, the surface litter is 
ignited and the fire sweeps the surface of the land clean of vegetation. 

No berries are produced on well-burned land during the summer 
itnmediately following the burn. The :first berries-usually an 
abundant crop-are produced during the second summer foHowing 
the burn. During each succeeding season the yield of berries becomes 
less, until, after a few years, the land becomes practicnllynonpro­
ductive if it is not burned over. 

Most of the blueberries produced in Washington County are used 
in the canning factories. Picking usually does not begin until prac­
tically all of the berries are ripe i then the land is picked clean with 
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After they have been picked, the berries are winnowedmetal rakes.
in the field and placed ill half-bushel boxes for transportation to the 

factory.
Although the first published record of Rhagoletis pomonella infesting 


berries was that issued by Britton in 1906, the blueberry maggot is

During
apparently an inseet native to the New England region. 

-early years, when blueberries were of little or no commercial value, 

the maggot attracted slight attention. As the blueberry crop 


increased in co:m.mercial importance the maggot became more trouble­

. some. In the season of 1924 t,he situation became acute, and it 

appeared that the development of the blueberry industry would be
. .permanently retarded.

The primary trouble resulting from the blueberry-maggot infesta­

tion is that any of the maggots which are not removed by the washing 

process get into the cans with jihe berries and render the product 

unsalable. Other forms of injury .'1 used by the maggot are often over­

looked by the blueberry producer~ and canners. The actual destruc­

tion of berries in the field by the lnaggots is sometimes considerable. 

When badly infested berries are picked, many of the berries are soft and 

"mushy" as a result of the feeding of tbe larger maggots. The soft 

berries break down during transit to the factory, where the contents 

of the boxes frequently present an unsightly appearance. The berries 

wet with tbe juice of the crushed fruit are troublesome to handle 

properly in the fnctory. To these losses should be added the cost of 

additional factory processes necessary to removo the maggots from 

tbe berries before canning.
Blueberry production and canning have become probably the most 

valuable industries in Washington County, Me.; the total income 

from the blueberry industry is said to be more than $1,000,000 

annually. The industry is important throughout the coastal section 

of eastern Maine. Anything which interferes with the industry is 

likely to cause great economic distmbance in this section. The 

blueberry maggot probably occurs in most of the important blueberry 

producing areas of the Uuited States, and wherever it occurs this insect 

constitutes a threat against the development of the blueberry industry. 

The original teclmicol description of Rhagoletis pomonella was 

based upon a S61ies of flies some of which were reared from apples 

and some from haws. Since the original description, the species 

has been reported as occurring on a number of other fruits, including 

crar,berries, penches, pears, plums, huckleberries, and blueberries. 

During the investigations reported in this bulletin, maggots were 

found infesting three species of blueberries and most of the berries 

found in association with the blueberries, including the bunchberry, 

chokeberry, black huckleberry, mountain cranberry, dwarf service 

berry, and wintergreen. Several of these berries may be of impor­

tance as reservoirs of maggot infestation. . 

The blueberry maggot and the apple maggot fire an example of 

incipient species formation, which has progressed so far that each form 

can probably exist independently, upon its respective host. 
In generol the seasonal cycle of the blueberry maggot is similar 

to that of the apple maggot. The pupae overwinter in the upper 

few inches of the soil. An average of 96.72 per cent of the pupae 

were found within 1 inch of the surface. 
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Flies begin to emerge just as the :first bluebemes ripen; abou,fi; 
July 1 in normal seasons. The month of July marks the period of 
emergence, and by August 1 from 97 to 99 per cent of the flies have 
emerged. DllI"i.ng normal seasons there is apparently little variation 
in the dates of emergence. 

The field population of flies is characterized by several outstanding' 
features: (1) The rapid rise of flies in the field as emergence pro­
gresses, (2) the surprisingly definite peak of abundance, (3) the sharp 
decline of flies after the peak is passed, and (4) the rather short period 
during which the flies are abundant in the field. 

The preoviposition period averages about 12 to 13 days, and the 
oviposition period varies from 6 to 11 days. The average length of 
life of flies in the field was 19 days in 1927 and 1928, and 24 days in 
1929. Late in the season the longevity of the flies increases, 

Oviposition begins toward the end of the second week of July, 
and eggs occur in greatest numbers during the last week in July and 
the first week in August. 

The average length of the incubation period of the eggs ranged 
from two to seven days. 

Maggots appear in the berries during the third week of July, and 
reach greatest abundance during mid-August-just after commercial 
berry picking gets well under way. 

During the second week of August the maggots begin to leave the 
bernes, and, entering the soil, pupate for the wintei... From about 
mid-August unt,il mid-Sepkmber the decline of maggots in the bernes 
is rapid. By late September the great bulk of the maggots are usually 
safe in winter quarters in the soil. 

The pupae may lie dormant in the soil for as long as four years, 
and then produce flies. The canoy-over of pupae to the second 
season may be as much as 19 per cent, and is probably sufficient to 
account for the infestation of the new crop of berries produced during 
the second summer after the land has been burned over. 

Opius melleus Gahan, a small hymenopterous parasite of the 
maggot, is the most effective natural enemy observed. 

Burning over tho bluebon-y land has no direet effect upon the blue­
berry maggot, but has an important indirect effect. No berries are 
produced on well-burned land during the sllluner immediately fol­
lowing the burn, and the maggot population is starved out, except 
for the pupae which cany over in the soil to the second season. 

Regular care of the land-the mowing of the birch and alder 
sprouts and the removal of sweetfern, combined with thorough burn­
ing every third year-stimulates a greatly increased yield of blue­
ber!ies on good land and tends to reduce the percentage of berries 
infested. Bernes from the very best blueberry land, from which the 
weed bushes have been almost complet<lly removed, are seldom badly.
infested with maggots. 

It seems unlikely, however, that it would be profitable, under the 
pr\~sen t, methods used in blueberry production in Washington County, 
tolttliempt complete control of the maggot by cultural methods alone. 

r.rhe experimental work conducted at Cherryfield, Me., indicates 
that dusting the blueberry land with calcium arsenate offers a cheap 
and effective means of controlling the blueberry maggot. 

On areas of a few acres, the dust may be applied by means of hand 
dust guns. On large areas horse-drawn power dusters are advisable. 
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The airplane has proved impractical under present conditions in 
Washington County. 

The dust should be applied as nearly as possible at the rate of 
6 to 7 pounds per acre at each application. It is usually advisable 
to make two applications of dust, but in some cases a single applica­
tion may be used. 

The first application should be made dming the period of July 
13-;-20; the second application should be made 7 to 10 days after the 
first application. Land that is to be dusted only once should receive 
an application during the period of July 18-24. The above dates 
apply to the blueberry lands of Washington County during norma] 
seasons.

Great care should be exercised to apply the calcium arsenate as 

uniformly as possible, and not to apply excessive quantities. When. 

the applications have been carefully made, and the quantities recom­

mended ha.ve been used, no difficulty with excess arsenic has been 

experienced at picking time. 
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