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ABSTRACT 
. 

M.Sc. Paul S. Geddes Entomology' 

"FACTORS AFFECTING BLUEBERRY ~GGOT, 

JrnAGOLETIS MENDAX CURRAN (DIPTERA:TEPHRITIDAE), 

POPULA~ IN ATLANTIC CANADA LOWBUSH BLUEBERRY FIELDS 

- ~ 
An investigation was conducted in Nova,Scot~a and 

New Brunswick to identify sorne regulatory factors that in-

fluence R. mendax populations in lowbush blueberry fields. 

In or der to assess these factors it was necessary to evaluate 

the Pherocon®AM trap as a means of 'estimating adult fly 

populations. 

" 
The effectiveness of the fly traps was ~nfluenced 

by the position and orientation of their installation whether ., 

they were located above or bêtween blueberr~ bushes. Traps 

impregnated with a proteinaceous attractant captured more 

R. mendax adults than unbaited traps, and more females than 

males, but the baüed traps also captured sorne other fly 

species w~ th similar wing patterns. 

4 There ~as a positive correlat~on between weed 

growth, and the number of blueberry rnaggots (adults 

and larvae) detected. There was no correlation between soil 

pH and the incidence of ~. mendax. / 
/ 
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FACTEURS AFFECTANT LES POPULATIONS DE LA 

\ f 

MOUCHE DE L'AIRELLE. RHAGOLETIS MENDAX CURRAN (DIPTERA: 

TEPHRITI DAE). DANS LES BLEUETIERES DE L'ATLANTIQUE' 

, 
Un programme de recherche a été mi,s de l'avant en 

Nouvelle-Ecosse et au Nouveau-Brunswick afin d' ~sdler certains 

facteurs régulato~res qui inf luencent les populations de 

R. mendax dans les champs de ,bleuets sauvages. Afin de 

quantifier ces facteurs, il a été préalablement' nécessaire 

d'évaluer l' efficac~té du piège Pherocon ® AM comme méthode 

?'e.stimation des populations d'adultes. 

L'efficacité de ces, p~èges à mouches est inf luencée 

par la position et l'orientat~on de leur ~nstallation. 

qu' i~s soient localisés "au-dessus ou entre les bosquets 

de bleuets. Les pièges impr~gn's d'un app8~ prot~inique 

captèrent plus d'adultes de R. mendax que ceux non appâtés 1 
o 

ains~ que plus d~ femelles q~e de mâles; cependant, les 

p'ièges appâtés ont capturé d'autres espèces de mouches ayant 

des nervures d'aile similaires. 

Une, corrélation positive a été détectée entre 

la croissfnce des mauvaises herbes, et les mouches 

de l'air~fle (adultes et larves) dénombrées. Aucune corrélation 
1 

entre le pH du sol et l'incidence de R. mendax n'a \été mise 

en. évidence. 
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CONTRIB~TIONS TO KNOWLEDGE 

i 
1. An improved method of installing Pherocon AM traps for 

monitoring blueberry maggot adults, Rhagoletis mendax 

Curran, in lowbush blueberry fields was developed. 

2. Pherocan AM traps ba~ted w~th a proteinaceous attractant 

were found to capture more ~. mendax fl1es than smaller 

'unbaited traps, and more female than male fl~es. 

3. It was determined that there 1S no relat10nsh~p between 

soil pH and the incldence( 9i R. mendax l,n At1antl.c 

Canada. 

4. A relatl0nsh1p was found between the extent of weed 

growth, blueberry growth, and the number of R. mendax 

(~dults and larvae) dete~ted with1n ~nd1vidual blueberry 

fields. 

5. R. mendax flies were shown to migrate fram the- burned 

sections of blueberry fields into a9jacen\ product10n 

sections. 
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1. INTRODUCTION 

The b~ueberry maggot, Rhagoletis m~ndax Curran (1932) 

(Diptera:Tephr~t~pae), is generally known to be the most 

economically 1mportant ~nsect pest of cdmmercially grown 

blueberries 1n North Amer~ca. In Maine, for example, an 

increase 1n blueberry maggot ~nc1dence early ~n th1s century 

nearly resu1ted in the collapse of the industry (Lathrop and 

Nickels 1932). 
. , 

Blueberries were not an economically importqnt crop 

in eastern Canada prior to 1940. One result of th1s earlier 

low market status ~s that the blueberry maggot was not re

ported 1n Nova Scot~a unt~l 1930, although it was be+1eved 

to have occurred sporad1cally 1n the reg10n before that 

tlme (Brlttaln and Plckett 1933). S1nce the Second World-

War, however, Canadlan b1ueberry product10n has steadl1y 

lncreased (Eaton 1949; Barker et al. 1964) and b1ueberries 

have b,ecome a major agricultural export (Anon. 1976). In 

1981, b1ueberrles ranked fourth among Canada's frult crops 

w~th a product10n of 18,000 tonnes and a farm value 

of over $20 m11l~on (Vandenberg 1982). Furthermore, 80% 

of th~s productlon came from managed stands of wild lowbush 

blueberr1es 1n eastern Canada (Flg. 1). 

As a resu1t of the 1ncrease economlC importance of 

thlS crop, Maritime producers have expressed concern over 

poss~b1e losses caused by the blueberry maggot. The rapid 

- 1 
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growth of the industry emphasized,the lack of published 

scientific information on B. mendax, a problem that may have 

been compounded by the confusion of this insect with the 

apple maggot, B. pomonella (Walsh). It is now apparent 

that addit~onal research on the b~onomics of R. mendax is 

~equ~red if efficient and economical management techniques 

are to be developed. 

My study was undertaken to de termine if a relationship 

exists between specifie biotic and abiot~c factors and the 

incidence of R. mendax in Atlant~c Canada. In order to meet 

this objective, however, an attempt was aiso made to improve 

and standard~ze trapping techniques for monitoring blueberry 

maggot adults. Although the results of th~s latter study 

are reported separately here, these were required as an in-

tegral part of my investigation. 

~ 1 

~ 1 
1 

Q 
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II. LITERATURE REVIEW 

The literature on Rhagoletis mendax Curran is limited 

and has generally been publi-shed on an since 

the in sect was first reported in 1914. The 

collapse of the blueberry industry in Ma~ne during t mid-

1920's resulted in numerous publications on ~ts biology and 

control between 1928 and 1932. Since 1970, the rapid growth 

of the b1~egerry industry in eastern Canada has generated 
( \ 

a renewe;~ /interest in this pes t and several réports have been> 

PUbliSh~\"pa;ticularIY dealing wi th monitoring techn~ques. 
Aiso, there has been in the past, conS~derab\e ~nterest paid 

to the proper taxonomie classification of R. mendax. 
î 

The present literature rev~ew i5 a synopsis of the 

available literature on B. mendax~ and includes discussions 

on taxonomy, l~fe history and hab~ts, occurrence and damage, 

control practices, and monitoring techniques. 

A. Taxonomy 

The blueber~y maggot was first ,reported by Woods 
) 

(1914) and O'Kane' (1914). Based on the physical charaèteris-

tics of fl~es reared from larvae and puparia col1ected 

from blueberry fields, these workers ~dent~f~ed th~s insect 

as the apple maggot, Rhagoletis pomonella (Walsh). elue-

berry maggot fl~es were descr~bed as be~ng smaller than 

-

( 



apple maggot flies, however, and were more elusive and 

agile. Furthermore; these flies could not be induced to 

oviposit on apples, and it was
Q 

surmised that the apple and 

blueberry forms represented two distinct strains or races 

5 

of ~~ pomonella, each co-existing indepenQently (Woods 1915; 

Patch and Woods 1922). This finding was supported in sub-

sequent reports (Ph~llips 1923: Porter 1928: CressQn 1929: 

Greene 1929: Thorpe 1930; L~ttlrop and McAlister 1931: Lathrop 

and Nickeis 1931, 1932: Brittain and ~ickett 1933). 

Curran (1932) classified the blueberry maggot as 

the species Rhagoletis mendax based on the shape of the 

ejaculatory apodeme of the male genitalia. Benjamin (1934) 

and P~ckett· (1936, 1917), however, disagreed with Curran's 

class~f1cation, and claimed the shape of the male genitalia 

is variable in Rhagoletis species. In an aftempt to resolve 

this debate over classlfication, crossbreeding and host 

selection studies were carried out (Lathrop and Nickels 

1931; McAI~ste~ and Anderson 1935: Pickett 1936, 1937:. 

Pickett and Neary 1940). Althoug,h the.se studies were' 

difficult to interpret because of poor rearrng results ~ 

(Plckett 1936, 1937), the taxon B. pomonella was constantly 

used·in severai subsequent reports (Beckwith and Doehlert 

1937; ~axweli and Pickett 1949; Lathrop 1952; Christenson 

and Foote i960; Rohdendorf 1961 ) .• 

In ~ ~jor reVl.S10n of the North Artterican genus 

Rhagoletis, BUS'-~1966) accept'ed the classif1cation of Curran 

(1932), and placed R. mendax ~n a pomonella species group: 

, 
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also, ~. mendax and ~. pomone lIa were proposea as sibling 

species based on the fOllowing cr~teria: (1) crossbreeding 

experiments, (2) host plants, (3) sl~ght but cons~stent 

morphological d~~ferences, and (4) distribution (Bush 

1969a,bi Prokopy and Bush (1973). In addition, Bush (1966) 

reported the existence, in Florida, of a second population of 
, 

-" r' 

~. mendax, morphologically-dlstinct from the northern one, on 

the basis of character~st~cs of the male gen~talia. Diver-

gence of the Flor~da population from the northern one prôbably 

occurred sometime dur~ng the Pleistocene per~od when p~n~n-

sular Florida was isolated from the main land as a chain of 
) 

islands. Beca~se both populations utilize the same host 

plants, the Florida Iorm should not be consldered a distinct 

species w~thout addit~onal crossbreeding, lif~ cycle, and 

distribution studies. 

An electrophoretic analysis of the genus Rhagoletls 

by Berlocher and Bush (1982) supports the evidence that 

Rhagoletis spp. evolved independently of their host plants 

(Bush 1966, 1969a,b). S~mon (1969) found that populations 

feeding on apple and hawthorn could be differentiated from 

those feeding .on blueberry. This author used quant~tative 

~hd qualitative serolog~cal techn~ques to compare protein 

extracts and stated: nIt lS unl~ke1y that serolog~cal 

differences of such magnitude cou Id be maintained by these 

species if,fr~e gene exchange occurred between them." 

The present classification of the blueberrr maggot 

is as follows (Stone et al. 1965): 
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Order:- Diptera 

Suborder: Cyclorrhapha 

Division: Schizophora 

Section: Acalyptratae 

Superfamlly: Tephritoidea 

Fam11y: Tephrltidae 

Subfamlly: Trypetinae 

Tribe: Trypetini 

Genus: Rhagoletis 

Spec~es Group: pomonella (Bush 1966) 

Species: mendax 

A morphological key for North American Rhagoletis spp. 
,1 

(Bush 1966) dlstingulshes B. mendax from B. pomonella by 

the follow~ng adult characterist~cs: (1) absence of black 

shading on the posteFior surface of femur l, ( 2) shorter 

ovipositor length, (3) difference in wlng band ratios, and 

(4) host plants. Us~ng the larval key designed by Phillips 

(1946),' one 'can differentlate between R. mendax and R. pomonella 

on the basis of their host plants; however, this key 

does not include morphologica1 differences other than size. 

Berlocher (1980) developed a more accurate electrophoret~c 
, 

key for this genus based on the mobility of six enzymes 

separated by gel electrophoresis. ,It allows distinction 
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B. Life History and Habits of R. mendax 

R. mendax adults generally begin to emerge as tne 
• 

first blueberr~es r~pen; emergence time, however, varies 

with geograph~cal locat~on (Table 1) and other factors. 

For example, Lathrop and N~ckels (1932) found the later the 

Iarvae enter the- so~l ~n 'the fall, the earl~er the flies 
v' 

emerge the follow~ng summer. Lathrop (1952), however, noted 

that emergence dates var~ed w~th the type of blueberry land, 

fl~es generally emerged earl~er from warm, well-dra~ned land 

than from cool and comparat~vely low land. Emergence time 

~s aiso reported from laboratory-reared ~. mendax as being 

related to length of dLapause and ~ncubatLon temperatures 

(NeLlson 1982). There LS a slngle generatlon per year and 

ca. 98% emergence LS usually complete wlthln thLrty days 

of the fILes fLrst appearlng. Emergence cont~nues at a 

declLn~ng rate until the flrst frost occurs (Woods 1915; 

Patch and Wooqs 1922; Lathrop and McAllster 1931; Lathrop 

and Nl.ckels 1932; B'eckwLth 1943; Lathrop 1952; Neunzl.g and 

1 Sorensen 1976). 1 

R. mendax adults forage on the leaves of the var~ous 

types of vegetation commonly found ln blueberry flelds, 

for a perlod of 7 to 15 days after emergence (Lathrop and 

McAIl.ster 1931; Lathrop and N~ckels 1932; Beckw~th 1943; 

L~throp 1952; Wood 1962, 1979b; Neunzlg and Sorensen 197~). 

Th~s va~ied dl.etary requlrement lS common wlth other specl.es 

of the Tephritldae faml.ly. 
il 

Plant secretl.ons such as nectar 
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Tab~e 1. General emergence times of ~. mendax. 

Location Reference 

Eastern Canada Early July P~ckett and Splcer 1931 

Wood 1962, 1979b 

Maine Late June Lathrop and McAl~ster 1931 

Lathrop and Nickels 1932-

Lathrop 1950, 1952 

New Jersey ... Mid-June Beckw~th 1943 

North Carolina Late May Neunzig and Sorensen 1976, 

.. 
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(or se"cretions caused by insects, disease or mechanical 

damage), rotting frult, bird dung, decaylng insects, and 

honeydew secreted by homopterous insect~ have been identifled 

as food sources used by tephrltid adults (C~rlstenson and 

Foote 1960; Baller and Prokopy 1976). Lathrop and Nickels 

(1932) reported that blueberry maggot fIles have even been 

induced to feed on a flnger mOlstened wlth saliva or the 

juice of a crushed blueberry. 

Sexual maturatlon lS accompanled by the movement of 

flies from follage to blueberry frult and has been found to 

be related to changes ln amblent temperature, lncldent light 

intenslty, and female receptlvlty (Smlth and Prokopy 1981, 

1982). Durlng copulatlon, the male grasps the female wlth 

the prothoraclc and mesothoraclc legs and remalnscoupled 

15 to 20 minutes (Woods 1915; Patch and Woods 1922). l have 

also observed thls'process ln the laboratory and noted that 
" 

mating palrs tend" to be less alert than foraglng lndivlduals. 

Durlng OVlposlt~on( the female lnserts its OVlposltor lnto .,. 

the frult at an, angle of about 45° and deposlts a slngle 

egg, attachlng lt to ~he lnner surface of the blueberry skln 

(Lathrop and McAl1ster 1931; Lathrop and Nlckels 1932: 

Lathrop 1952). Females proàuce from 25 to 100 eggs over a 

perlod of 15 to 25 days. Because the average life span of 

: a fly may reach 30 days, and emergence can occur over a 
, , 

period of thlrty days also, OVlposl~ion will contlnue late 

lnto the season (Lathrop and Nidkels 1932: Lathrop 1952). 
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~ Fac~ors contJibuting to host plant detection and 

ovipositional respons~y B. mendax are largely unknown, 

however, several investigations on ~. pomonella have been 

reported. For example, Prokopy and Owens (1978, 1983) 

'0 
characterize the latter species as a "visual specialist". 

Apple maggot f1ies initiàlly detect host trees by foliage 
1 

color.(reflect~ve hue), tree shape, tree size, and fruit 

odor. Upon arrivaI at the tree, however, the fruit is 

detected solely by its 'site, shape, and color ~n contrast 

with background lighting (Prokopy et al. 1973; Moericke 

et al. 1975: BolIer and prokopy 1976: Prokopy 1977, 1982). 
i , 

There is also ev~dence that appl~ maggot flies may accept 

or reject a host fruit based on previous ovipositional 

experience (Prokopy et al. 1982). The stimuli e1eciting 

oviposition are not necessarily specifie to host plants 

suitable for larval gevelopment (BolIer and Prokopy 1976). 

R. mendax has been shown to ov~pos~t on fruit in whiGh the 

11 

larvae cannot survive (Pickett 1936, 1937: Pickett and Neary 

1940; Ne~lson and Knowlton 1983), as weIl as in art~f~cial 

oviposition devices lack~ng hast fruit material (Prokopy 

and Bush 1973). Oviposition deterring pheromones (ODP's) 

also influence egg laying in Rhagolet~s spec~es. These 

• are secreted on the surface of a host fruit by females 

follgwing oviposition, and deter other females from ovi-

posit~ng on the same fruit (Prokopy 1982). The behavior of 

dragging the ovipositor across fruit after egg laying 
f 

suggests ODP secretion by B. mendax (Prokopy et al. 1976), 
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!. pomonella (Prokopy 1974, 1981a), and several other Rhagoletis 

spp. (Prokopy 1981b). 
1 

The e9gs of B. mendax require an incubation period 

of three -to ten days i9 the field (Lathrop and 1:!cAlister " 

1931~ Lathrop 1952; Neunzig and Sorensen 1976). There ar~ 

three larval instars and second ins~ar larvae usually appear 

eight ta nine days after egg-hatching. Third instar lar~ae 

appear about three or four days later, and larval populations 

'generally peak about blueberry harvest time (Lathrop and 

Nickels 1932). The-\whitish, torpedo-shaped third instar 

larvae require six te ni'ne days to mature and are 1 then ca. 

0.75 cm. in length (Lathrop and Nickels 1932; Beckwitp 1943: 

Lathrop, 1952 i Neunzig'" and Sorensen 1976). If p'n infested 

Qlueberry remains-undisturbed on the plant, the maggot will 

remain in the frui~ until the pulp' is completely devoured, ' 
. l"'\t, " 

and will either exit from the berry while it is still on the 

plapt, or after it has dropped to the ground. If, however, 

the fruit dries due to unusually warm weather, or i5 battered 
\ 

by Qeayy rains, the larvae may be forced to leave the fruit 

earlier (Lathrop and Nickels 1932). On at least one,occasion, 

a larva was ooserved to pass from one blueberry into another 

(MeAlister 1932). 

\\ 1\ Most postfeeding 'larvae enter into the surface 
) 

or9anic sail layer to a depth of 5 cm. after exiting from 

the blueberry fruit (Pickett and Spicer 1931; Lathrop and 
.; 

.Nickels 1932; Beckwith 1943; Lathrop 1952). Early reports 

claimed the puparium is formed one to two da ys after the . ' 
postfeeding larvae enters the soil and pupation ace urs 

- , 
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seven,_to ten days later (Woods '19-15; I,>atch ,and Woods 1922). 

Although specifie studies have not been made of the process 

of pupariation and pupation for R. mendax, it is +ikely 

s,imilar to that of ~. pomonella and other cyclorrhaphous 

Diptera as described' by Dean and Chapman' (1973)' and Fraenkel 

and B~askaran (197,3). 

The ~ajority of pupa~ia will remain in the soil ~or 

only one ~ea~on; however, ~s many as 20% may remain for two 

seasons'and up to 6% for as long as five seasons (Pickett 

and Spicer 1931i.Lathrop and Nickels 1932i Beckwith 1943; 

Wood 1962, 1979b; Boller and Prokopy 1976; Neunzig and 

SOI'ensen 1976). Flies from puparia that carried ov:er 'more 
, 

thi:ln one season generally emerge several days laeer than 

flies from sipgle-s"eason puparia (Lathrop and Nickels 1932). 

C.' Occurrence and Damage 

" The,distribution of R. mendax in North America' is 
c ( 

, . 
(, 

not extensively documented. In th,e t)nited States it is 

primarily restricted to the riorth~astern region (Fig. 2), 

including Maine (Woods 1914), New Hampshire (Q'Kane 1914), 

New Jersey (Be~kwith and Doehlert 1937), Michigan (Bush 

1966), and North Carolina (Neunzig and Sorensen 1976). The 

morphologically distinct FIor ida R. mendax is be1ieved to 

be coextensive with the northern population, however, its 

range has not been established with certainty (Bush 1966~. 
'1 

In easterrt Canaàa, R. mendax is restricted to the Atlantic 

, j. 

,-
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Figure 2. D/istribution of R. mendax and host plants in 
North America. 
(from Bush 1966,'with permission) 
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provinces, with the exception of Newfoundland (Wood 1962, 

'D, 1979b; Ihrker et al. 1964). Local~ties where the b1ueberry 
\ 

maggot is most prevalent ~nclude the count~es of Colchester, 

Cumberland, Hants, and Yarmouth in Nova Scotia and 'Charlotte, 

'Kent, and Westmor1and in ~ew Brunswlck (Fig. 3). AlI blue-

berry growing areas except the New Brunswick countles of 

Restigouche, Madawaska, Victor~a, and Carleton are consldered 

'ta 'pe infested for quarant~ne purposes. l 

The blueberry maggot was first reported i~fest~ng 

2 three species of blueberry ln Ma~ne (Woods (1914). These 

ar~ the low sweet blueberry, Vacc~nium angustlfol~~m (= 

pennsy1vanicum) Ait., the sour-top blueberry, ~. myrtillotdes 

(=- canadense) M1Chx. (Kalm), and the early, sweet blueberry: 

v. vaccilans Torr. The blueberry maggot was also reported 

on hlghbush blueberry, y. corymbosum L. ln New Hampshire 

(O'Kan~ 1914). Bath larvae and adults have been obtalned 

frorn the above blueberry species (Lathrop and Nickels 19311, 

1932). A small form of R. pomonel1a that resemb1ed the 

lQuarantine Dlrectlve No. -82-03. Agrlculture Canada, Food 
Product~on and Inspection Branch, Plant Health D~vlsion, 
Ottawa. September 27, 1982. 

2Gray's Manual of Botany (Fernald 1950) places the blueberry 
in the Ericac~e or Heath family and among the Vaccinoldae 
or Whortleberry subfamily, which lncludes the gerera 
Chiogenes (snowberry), Gaylessacia (hutk1eberry), and 
Vaccinlum (cranberry, deerberry, and b1ueberry). An ex
tensive key and description of the specles and related 
groups of Nor,th American Vaccinlacae is provided by Camp 
(1945). 

j 
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blueberry maggot (Woods 1915; Pa'tch and Woods 1922). was 

reported on huckleberry, Gaylessacia baccata (Wange), in 

'Connecticut (Br~tton 1906) and New Jersey (Sm1th 1910)., 

17 

Later stud~es carried out ~n Maine revealed that G. baccata 

was 1ndeed a hast of ~. mendax, as both larvae and aflllits of 
.../ 

the spec~es were observed (Lathrop and McAl~ster 1~31; 

Lathrop and N~ckels 1931, 1932; Lathrop 1952). The blueberry 

maggot has also been assoc~ated w~th the fo11aw~ng plants: 

mountaln cranberry, y. vistis-ideae m~nus Lodd., chokeberry, 

pyrus (= Aro nl. a ) melanocarpa Wi11d. (M1Chx.), bunchberry, , 

Cornus canadensis L., sugar pear or dwarf serviceberry, , 

Amelanchier bartramlana Roem., and w1ntergreen, Gaultherla,~ 

procumbens L. (Lathrop and McAllster 1931; Lathrop and 

Nickels 1931, 1~32j Lathrop 1952). Larvae and adults were 

also obtained from bunchberry, but only larval ~tages were 

retr1eved from the other specles (Lathrop and Nickels 1931, 

1932) . Nellson and Knowlton ç 1983) were able ta rear one , . . 
generatlQn of ~. mendax on Indared apples in the laboratory 

although larval mortal1ty reached 83%. This d.J.sputed earlier 

claims that R. mendax larvae are unab1e to survive on apples 

(Pickett 193b, 1937). 

As with aIl other Rhagolet1s spp., only the larvae 

of R. mendax are completely phytophagous, feed1ng solely 

on the fru1t of host plants (Baller and Prokopy 1976). 

Damage is generally d1fficult to detect when the ~rvae are 

in the early stages of development, but as they mature the 

berry pulp breaks down, eventually causing"thœ fruit ta 

, ' 
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collapse (Woods ~915; Patch and Woods 1922; Neunzig and 

Sorensen 1976). 

The blueberry, maggot ~s generally considered a 
(' 

·cosmetic" pest. The presence of larvae ~n mature berries 
-

makes them less attract~ve to fresh market consumers. 1n-

festat~on by maggots also reduces the export of fresh and 

processed fruit to foreign markets (Lathrop and McAl~ster 

1931; P~ckett and Spicer 1931; Lathrop and Nickels 1932; 
,1 

Wood 1962, 1979b). Damage ~s usually most apparent after 

the fru~t '~$ harvested (Neunzig and Sorensen 1976); damaged 

fruit are difficul t to process and thus often reach the 

market ~n poor'condition (Lathrop and McAl~ster 1931; Lathrop 

and Nickels 1932). In the case of cultivated highbush blue-

berries, a ofle percent larval ~nfestation can render a crop 

useless as fresh or processed fruit (8eckwith 1943). 

Currently in eastern Canada, when standard monitoring yields' 

'four or more ~arvae per litre of freshly harvested fruit, 

the ,crop may be rejected.for,export. 

D. Control Practices 

Although burning weed control have a positive 
~ . 

effect in reducing B. méndax population levels (see section 

IV), chemical control is generally recommended when blue-
. / 

berry maggot infestations ar~ detected. For many years, 

calcium arsenate dust applied at a rate of six ta seven 

pounds per aére (6. 7 ta 7.8 kg per ha) was used to control 

/ 
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R.- mendax (Lathrop and Nickels 1930, 1932: Lathrop and 

McAlister 1931: Pickett ~nd Spicer 1931; Brittain and 

Pickett 1933; McAlister 1933). Calcium arsenate was al?o 

combined w~th copper sulfate and calcium hydroxide and 

applied at rates of s ~x to twenty pounds per acre (6.7 ,to 

22.5 kg per ha), depending on the severity of blueberry 

maggot infestation (~axwell and P~ckett 1949: Lathrop 1950, 

1952: Hawboldt 1954: Wood 1962). Insectic~des such as 

aZinphos-methyl and carbaryl have been recommended in 

r,ecent yea,rs (Wood 1979a) and in 1984, azinphos-methyl 

80% EC (0.5 L per ha), d~methoate 40% EC (1.4 L pe-r ha)' or 

50% WP (0.6 kg per ha), and phosmet 50% WP (2.0 kg per ha) 
, l 

are registered for R. mendax control. 

The strategy used in the chemical control of R. 

mendax has been ta k~ll the flies before they beg~n to ovi-

tlosit because there is no effective way of controlling the 

larval stage. Insecticide appl~cations are usually made' 

about one week after blueberry fruit begin to ripen~ A 

s~cond application ~s generally re;o~ended ~n cases where 

there is a known history of blueberry maggot infestation. 

E. Monitoring Techniques 

The earliest monitoring technique devised for R. 

mendax involved detecting and counting larvae. This was 

11984 Lowbush Blueberry Product ion Guide, Advl.sor:y Commi ttee . 
on Berry Crops, Atlantic Provinces Agricultural Services 
Co-ordinating Committee. 3p. 
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done by b~iling and straining samples of fres~ blueberry 

fruit and recording the number of maggots retrieved (P~ckett 

-and Spicer 1931; Br~tta~n and P~ckett 1933; Hawboldt 1954: 

Wood 1962). One shortcom~ng of th~s method, 'however, is 

that the insect is detected after damage occurs, with 

chemical controlsVbe~ng applied the foilowing season. It 

is obv~ous that attempts to detect adults wou Id be more 

useful for management programs to be carried out the same 

season. 

Several types of sticky yellow board traps, including 

the commercially available Pherocon ® AM ~rap1 and Rebel ® 
, 2 

trap (developed to monitor apple maggot fl~es), were tested 

for their abil~ty to capture blueberry maggot fl~es wlth 

positive results (Prokopy and COll 1978; Ne~lson and Ful~er 

1981,' 1982; Wood et al. 1983: Nellson et al. 1984). The 

attraction of adult Rhagoletls spp. to these yellow traps 

is actually e~plalned by a foraglng response (Prokopy 1968a). 

The reflective-transmittance hue of green leaves lies be-

tween 500 and 580 nm and peaks at 560 nm ln the yellow band 

of the spectrum (Prokopy and Owens 1983). Th~s feature could 

make the Pherocon AM trap a potentlally valuable pest manage- , 

ment tool for R. mendax as out breaks could be detected and 

action taken before females begin to oviposit. Prokopy and 

Coli (1978) have suggested' the Pherocon AM trap could also 

, be used ta reduce B. mendax populations ~n small h~ghbush\ 

blueberry fields of one hectare or less. A knowledge 'of 

1.. ' Zoecon Corp., Palo Alto, Californ~a, 94304. 

2 Swiss Federal Rese'arch Station; WadenswiI, Swi tzert'and. 

'\ 1 



how to obtain màximum trap captures would, however, be 

essential for such applications. 

Another' type of trap which has been shown to be 

attractive to R. mendax flies is the sticky red sphere. 

An exarnple is the commercially availabie tartar dark red 

spheres 1 (Prokopy and COll 1978; Neilson and Fuller 1981, 

1982; Neilson et al. 1984). As with the Pherocon AM traps, 
< 

these spheres were initially developed to monitor apple 

2L 

rnaggot fl~es (Prokopy 1968b, 1975, 1976). The at·traction of 

Rhagoletis spp. to these traps, however, is baêed on an 

Oviposltional response to the frult, ~.~., the contrast of a 

dark silhouette against a llght background (Prokopy 1968a). 

These spheres, which are less exp~nsive than the Pherocon 

AM traps, are more attractive and selectlve to apple rnaggot 

flies '(Prokopy and Hauschild 1979). l consider the sphere 

would be less useful than the Pherocon AM trap for monitoring 

B. mendax populations, however, because fIles would not be 

detected until mating and ovipositon begin. At thlS point 

it may be Ympossible to 'prevent infestation of the already 

mature fruit. The sphere traps are also difflcult to install 

and lnspect because of thelr deslgn and construction and 

would likely be inconvenient for grower use (Neilson and 

Fuller 1982; Neilson et al. 1984). 
~ 

1 New England Insect Traps, Amherst, Massachusetts, 01003. 

" 
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III. ADULT MONIT~ING TECHNIQUES; EVA~UATION OF THE PHEROCON 

AM TRAP )., 

A. Introduct ion 

Attempts to establlsh an economlC threshold-for 

R. mendax ln lowbu~h blueberry flelds uSlng Pherocon AM 

trars have not been successfui to date. Confllctlng results 

were obtained from trlals in Maine (Brown and Ismall 1981) 

and ln eastern Canada (Wood et al. 1983; Nellson et al. 

1984 ) . These attempts demonstrated that a standard monlIorlng 

program cannot be developed wlthout further research lnto 

the effect of trap posltlon and lo~atlon. Furthermore, 

when relatlve est~mates of an lnsect population are made, 

the relatlonshlp between the sex ratlo of captures and the one 

of the popu~atlon from WhlCh the samples were taken should 

be consldered (Southwood 1978). Therefore, anyeconomic 

threshold that lS estabilshed for R. mendax based on Pherocon 

AM trap results may have to be adJusted lf the sex ratlo of 

fIles captured dlffers from that of the fielti pOPulayions. 

The Ob]ectlves of my e~perlments were to evaluate 

the P~erocon AM trap as a rnoni toring tool for R. rnendax 11\1 the 

followlng manner: 1) the effect of positlon, Iocatlon, and 

onientatlon on the number of B. mendax fIles captured; 

2) comparison of traps baited wlth a proteinaceous attractant 

with unbaited traps in terms of the total number of fIles 

. , 
. , 
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captured; 3) the sex rat~os of the fly population captured; 

and, '4) the spec~fic~ty of the ba~ted traps for R. mendax. 

B. Ma~erials and Methods 

a) Trap placement 

Two exper~ments were conducted to déterm~ne how the 

placement of Pherocon AM traps might ~nfluence the number 

of ~. mendax fl~es captured. In the f~rst exper~ment 

which was carr~ed out durlng early July and August 1982, 

,affects of trap pos~t~on and Iocat~on were tested. Three 

Iowbush blueberry flelds were selected because of thelr 

infestat~on history and lack of lnsectl;llde use. The flelds 

were located ln Glenholme, Nova Scotiy!; R1Chibucto, New 

Brunswick; and Jonesboro, Malne. Results from the Richlbucto 

1 2 field were provlded by Dr. G.W. Wood and G. Chalssan; 

the data fram the Jdnesboro field was suppl~ed by K. Flanders. 3 
1 -

Ba~ted Pherocon AM traps (23 x 28 cm) were foided 

to form a 90° angle with the apex either po~nted ugward 

1 '1 C d R h St t Agr~cu ture ana a esearc a lan, Frederic:on, New 
Brunswick. 

2New Brunswick Departrnent of Agr iculture and Rural Develop-' 
ment, Bathurst, New Brunswick. i 

3Department of Entomology, University of Maine at Orono,' 
Orono, Maine. 
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to form a -roof- APositioq), or downward to form a "V" 

( V position) i the stlcky yellow surface was oriented toward 

the ground ln each case. These. traps could be located 

between or above blueberry bushes. Those tiaps set between 

bushes ( A between, V between) were positioned wlth the 

lower edge 30 cm above the ground. Traps located above 

( 1\ above, V above) were placed to allow a . 10 cm clearance 

between plants and traps (see Table 2 and Flg. ~). 

Numbers of blueberry maggot f lies captured were. 
\ 

recorded by weekly lnspection, and the data from 'each field 

was submltted to a two-way analysis of var lance .at the 5% 

level (Sokal and Rohlf 1981). 

A second experiment on the effect of trap orlentation 

was carrled out durlng July and August 1983~ in the following 

lowbush blueberry flelds: Reedpath, Stonehous~, Debert 

" 
Alrport, Weatherhead, ~urges, Dodsworth, Harrington, Sargent, 

Mildrum, and Beaumont. Information pertalnlng to the 

locatl0n of each of thes~ fields is provlded in Appendlx 1. 

In each fleld, sixteen baited Pherocon AM traps were 

uniformly dlstrlbuted withln a 4 ha test plot. A second 

plot was established ln the Harrlngton and Sargent fields 

ln sections that had been burned, (a standard cultural. 

practice, Section IV-A). Each trap was installed in 

the prevlously tested Vposition (see 1;ig. 5) to achleve 

optimum fly capture: The outer surface of eight of the 

traps was llned up ln a north-south dlrectlon (magnetic. 

porth), and the other eight in an east-west direction. 

, 
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Figure 4. Comb~natlons of Pherocon AM trap posltlons 
a.nd locatlons to deJ:erm.1.ne opt lrnum trap 
plac.ernent for capturlng R. mendax adults. 
( a) Vbetween bushes (b) Vabove bushes, 

" (c) 1\ bet'we,en pushes: (d) i\ ab ov'e bushes. ... 

" 
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Figure 5. -lmproved method of ~nstall~ng Pherocon AM 
traps. (a) trap mounted ln Vposlt~on 

, (b) close exam~nat ibn of trap captures. 
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AlI traps were renewed after a three~w~ék, period. 
, , 

Blueberry maggot fly capt~res were recorded once 

a week aod data from aIl fields 'was eva:luated using a éh~-. 

squa.re test·,. adjustéd ~:j.th Yates'·· correction for continuity 

when trap captures differed significantly at the 5% level 

(Steel and Torrie 1960). 

b) Trap attractants 

This experiment was conducted during 1'983" in the 

Reedpath and Harr~ngton fields in association with Dr. L.P.S. 

Kuenen. 1 Six Phe~ocon AM traps, 'impregnated with an attrac

t,ant bai t, ammonfum acetate, and Hycase prote in hydrolysate 

(Prokopy and Coli 1978) incorporated into Tanglefoot.~ on 

the yellow s\.rface, were compared with Sl.X unbaited traps, ~.~., 

covered with adhesive only. The twelve randomly chosen traps 

were ' p laced §. 45 m apar,t ~n the V pos ~ t ion, 10 cm ab ove 

blueberry plants. 

Blueberry m~ggot fly captures were recorded.every 

two to four days, and the data from both fields was analysed 

using a Chi-square test adJusted ~ith Yates' correction fer 

contïnuity when appropriate (Steel and Terrie 1960). 

1Res~arch and Productivity Council, Fredericton,-New Brunswick. 
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c) Examinatiûn of trap captures' 

Data for this experiment' were obtained, from the 

Pheroc'on AM'trap capture~ reported,in the above section (b). 

Ali flies captùred on these traps were collected once, a 
1 

week and sexed in the laboratory. Sexing is easily do~e' 

when the ~viposito~ ~s readily locateà. 
, 

~hen the ov~positor 

is not extended or visible, sex~ng is achieved by-distin~ 

guishing one or more of the follow~ng morpholog~cal charac-

terist~cs: 1) size, the female is larger than the male; 

-
2) abdominal shape, the female abdomen is more pointed at" 

thé poster~or end; 3) abdominal markings, there are three 

wh~te stripes on the dorsal surface- of the male abdomen whi'l"e 

the female abdomen has a fourth or part~al fourth str1pe; 

4) abdom~nal segments, the male abdomen has f~ve tergites 

and five stern~tes while the female abdomen has s~x of 

each (Bush 1966). Th~s latter character~st{ë is the most 
(\ 

reliable one. 

In add~t~on, aIl trap captures were also exam~ned 

for the presence of D1ptera speC1es w1th similar wing 

patterns, part1cularly other Rhagolet1s spp. such as ~. 
~ 

pomonella, that cou Id be mistaken for the blueberry maggot 

') fly. 

The sex ratio of aIl trap captures was ~à1culat~d 
o , 

and analysed ~s1ng a Ch1-square t~st adjusted w~th Yates' 

correct10n for cont1nu1ty when the rat10 of males to females 

d1ffered s1gn1f1cantly from 1:1 at the 5% level (Steel and 

Torr1e 1960). 

'/ 
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c. Results and Discussion 

~a) Trap pO$ition and location 

The number of' R. mendax adùlts captured with the 

two Pherocon AM trap positions teste~ differed' signif{ca~tly 

at the 5% level (Table 2), the, Vposition having more captures 
, 1 

than the Apbsition ln aIl fields; The location of traps 

either between or above blueberry,plants had no significant 

effect on the results. 

These results are in general agreement with thos~ 

f~pm highbush blueberry fleld~ (Prokopy and Coli 1978). 

An explanation for these results may be that the'" yellow sur-

face of traps 1~ the Aposltlon was shaded from sunlight, 

thereby reduclng the reflective yellow hue percelved by 

foraglng adults. Trap V1Slblllty has also been shown to be 

an lmportantcrlterlon for monltorlng R. pomonella flies' 

(Drummond et al. 1984). 

The slml1arlty of captures from traps located be-

tween and,above bushes may be explalned by the nature of 
[1 

t~e lowbush blueberry plant, WhlCh ln most flelds, reach~a 

helght of 10 to 15 cm (Hall and Aalders 1979). Our results 

indlcate that ~ mend~x fIles are equally capable of flylng 

over or between lowbush blueberry plants. 

) 
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Table 2. Effect of Pherocon AM trap position .and 
location within lowbush blueberry fields 
on the capture of ~. mendax adu1ts. 

Loc~:llity 
(No. traps) 

Nova ~cotia 
(16 traps) 

New Brunswick' 
(20 traps) 

Maine 
(20 traps) 

Date 
( 1982) 

July 20-
Aug. 13 

Ju1y 7-
Aug ... Il 

June 24-
Aug. 18 

Treatment 

,. 
YBetween 

,y Above 

1\ Between 

1\ Above 

V Between 

V Above 

1\ Between 

_ 1\ Above 

V Between 

V Above 

1\ Between 

1\ Above 

Captures 

568 

495 

168 

162 

1518 

1331 

861 

827 

308 

270 

169 

162 

, , 

Captures as 
% of those 
captures on 
the V befween 

treatment 

1 
lOO.OOa 

a 
87.15 2 
29.58b( 1393,) 

28.52b 

100.00a 

87~68a ~ 
5-6.'72 b (4n 7 ) 

54.48b 

100.00a 

87.'66 a 

54.87~(902) 

52.60b 

IThose percentages followed by the same let ter in the sarne 
fleld are not significantly different at the 5% level, 
two-way ANOVA. 

ZTotal captures per fleld. 

", 
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~) Trap orientation 

The total nUrnbe~~R-: captured during 

the 1983 season on Pherocon~ ps positioned either in a 

" --north-south or east-west direct! n varied among fields ~ 

(Table 3). Although in most f'elds the weekly trap captures 

,also varied, they usually did ~qdiffer significantly ~t the 

5% level. In the Beaumont fijld, however, more flies were 
// \ 

captured on east-west trap~dUring five of-~he six weeks the 

test lasted, "and the results were significant at the 5% level. 

Previous reports in the literature have suggested that 

.blueberry maggot flies use weedy are as within fields as pro-

teetion against wind (Wood 1962, 1979b). Th~s is further 
o 

supported by the results presented in section IV-e(b). The 

data given in Table 3 indicate that, in most fields, the 

nurnber of fly captures will vary less if pherocon AM traps are 

installed facing several directions. The Beaumont field is 

an exception to this theory, however, and suggests that addition-

al research is required to determine to what extent and under 

what conditions wind may affect ~ mendax adult movement and 

captures on Pherocon AM traps within lowbush blueberry fields. 
, ,. 

c) Baited and unbaited traps 

Baited Pherocon AM traps captured significantly larger 
\ 

nurnbers (1% level) of ~ mendax adults th an unbaited traps in 

the Reedpath and Harrington fields (Table 4). This 15 in 
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~ab1e 3. Effeçt of Pherocon AM trap orientation on the 
capture of B. mendax adults. 

Reedpath 

S,tonehouse 

Debert Airport 

Weatherhead 

Burges 

Dodsworth 

Harr~ngton 

-burn 

-product ion 

Sar,gent 

-burn 

-product ion 

Mi1drum 

Beaumont 

Ratio of trap captuEes 
(north-south:east-west) 

1:0.97 

1d.83 

1:0.78 

1:1.21 

1:0.:;6 

1:0.73 

' 1: 1. 5~5 

1:0.90 

.; 

,1:1.17 

1:1.05 

1:0.85 

1:2.13 

~ee Appendix l for field locations. 

Total 
captures 

6,535 

99 

335 

31 

28 

251 

4,209 

6,240 

913 

555 

2,316 

454 

bSl.gnifl.cant at the 5% leve1 (X210.05,1) = 3.84)., 

x2 value' 

1. 32 

7.92b 

4.'78b 

0.29 

2.29 

5.75b 

197.60b 

17.33b 

5.37b 

0.30 

16.'oab 

58.52
b 
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generai agreement with trapping results from highoush blue-
1 

berry fi7Ids (Prokop~ and Coli 1978). The range of these 

traps may aiso be extended by windy conditions, based on 

studies of the oriental ~ruit fly, Dacus dorsalis Hendel. 

In this case, males will fly against Iow te moderate wind 

velocities to locate methyl'eugeno1 traps (Christenson and 

Foote 1960). 

As with the ye110w surface of the Pherocon AM traps, 

the ~mmoni!um acetate Hycase prote in hydr9Iysate bait incorpor-

ated into the Tangiefoot aiso elicits a foraging response by 

Rhago1etis species. This bait represents the odor given ,off 

as a resuit of hydro1y~ic, oxidative, and microbiai breakdown 
-

of aduit food sources (Prokopy 1977). The use of baited 

Pherocon AM traps couid resu1t in the establishment of a more 

accurate economic threshold for R. mendax. 

d) Sex ratios of trap captures 

The sex ratios (~ : 9) of ~ mendax flies ~aptured on 

baited Pherocon AM traps v~ried approximately from 1:2 ta 1:8 

(Table 5), with an average ratio of~. 1:4 and a standard 

deviation of 1.67. On a weekly basis, the average sex ratio 
1 

was aiso ca. 1:4 but with a standard deviation of only 0.55. 

The sex ratio of aIl baited trap captures differed signifi-

cantly from unit y at the 1% Ievel (Tables 5 and 6), while the 

sex ratio of flies captured on unbaited traps did not differ 

significantIy from 1:1. 



Table 4. Relative effectiveness of baited vs. unbaited 
Pherocon AM traps as indicated by the capture 
of R.'mendax adults. 

! -

Ratio trap .captures Total 

F1e1da (baited:unbaited) captures 1.2 va1ueb 

Reedpath '1:0.28 533 46.84 

_ Harrington , , 1:0.45 208 28.50' 
, ' ,. 

a See Appendix l for field locations. 

bSignificant at the 1% 1evel ct/. [0.01,11';" 5.99). 
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These sex ratio results are consistent wlth trapping 

results obtained from highbush blueberry fields. In these 

experiments, baited yellow traps captured more females than 

ûnbaited traps (Prokopy and Coli 1978). Studies on R. 

pomone lIa flies have shown that newly emerged females consume 

larger amounts of sucrose and vrotein than males. This intake 

is essential for the maturation of the female reproductive 
, , 

system (Webster and Stoffolano 1978; Webster et al. 1979). 

Th'is could explain why newly emerged male blueberry maggot 

,C • flies have been observed spendiIig less time foraging than 

females (Smith and Prokopy 1979). Results ~rorn lowbush blue-

berry fields revealed that larger numbers of sexually immature 

fernales were captured on baited Pherocon AM traps (Neilson et . 

al. 1984). It seems, therefore, that the attraction of female 

blueberry rnaggot flies to Pherocon AM'traps is enhanced when 

the Tanglefoot contains a proteinaceous bait. The relative 

attractancy of these traps may,.however, be determined by the 

availability of natural food sources. This might explain why 

the approxirnate sex ratio of trap capture data from the more 

weedy Beaumont field was 1:8 as opposed to 1:2 for the Dods-

worth field and the average of 1:4 for aIl the fields (Table 5). 

Only one ~ pomonella female was recovered from the 

ca. 22,000 fly captures examined. This fly was captured on 

a baited trap in a field where no R. mendax flies had bee~ 

detected. Seven specime~s of black cherry fruit flies, ~ 

fausta (Osten Sacken), w,ere also recovered from bai ted traps, 

but no more th an one fly was ever captured in a single field. 
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Table' 5. - Sex ratios of R. mendax adu1ts captured on 
baited Pherocon AM traps. 

Sex ratio 

Reedpath 1:6.11 

Stonehouse 1: 4.50 

Debert Airport 1 :·2 • 56 

Weatherhead 1:3.43 

Burges 1:4".60 . 

Dodsworth 

Harrlngton 

-burn 1:4.51· 

-product 10n . 1:4.11 

Sargent 

,-burn' 1:3.29 

-productl0n 1:3.83 

Ml1drum 1:5.13 

Beaumont 1:8.27 

a See Appendix l for field locations. 

Total 
captures 

6,395 

99 

335 

31 

28 

251 

4,209 

6,244 

913 

555 

2,316 

454 

bSignificant at the 1% level <;;(2 [O.Ol,ij = 6.63) 

2 b -,.., value 

3300.00 

38.80 

62.65 

8.26 

10.,32 

33 . .,2 

1706.00 

2311.00 

258.70 

189.10 

1049.00 

277.60 
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Table 6. Sex ratios of R~ mendax adult captures on 

baited and unbaited Pherocon AM traps. 

Trap 

type 

Baited 

Unbaited 

". 

Sex rat~o 

( CJ': ~ ) 

1:2.18 

1: 1. 60 

Total 

captures 

143 

65 

aS~gnificant at the 1% level (~2[O.Ol/1]=6.63. 
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;i2 value 

3.46 
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In addition, five Urophoria jaceana (Hering) flies were 

collected. There are no reports in the literature of R. 

pomonella, R. fausta or U. jaceana parasitizing Vaccinium 

spp. in the field. 

J 

~8 

Apple maggot flies have been induced to oviposit on 

blueberries in the laboratory, but because the larvae are 

larger than those of ~ mendax, they often require more than 

one bl~eberry in which to complete their deve10pment (Lathrop 

and Nickels 1931, 1932; Pickett 1936, 1937). One possible 

explanation for these results may be that wild host trees 

were located in the vicinity of .the fields where these 

captures occurred, and these females were lured by the 

attractant bait of the Pherocon AM traps. Although an 

entomologist familiar with Rhagoletls spp. should normally 

be able to differentlate in situ between ~ mendax, ~ fausta, 

and ~ jaceana flies captured on these traps by comparing 

wing patterns, microscoplC examination is usually required 

to distinguish between ~ rnendax and .!h pomonella.. The 

capture of largè numbers of the se tephritid fIles could 

present a problem to blueberry growers using baited Pherocon 

AM traps because they may be more inclined to confuse the 

wing patterns with those of ~ mendax. 

;. 
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IV. ENVIRONMENTAL FACTORS AFFECTING RI MENDAX FIELD 

POPULATIONS 

A. Introduction 

The distribution of R. mendax in eastern Canada is 

generally restricted within commercial blueberry growing regions 

(see sect~on II-C). This may be a result of certaln limlting 

environmental factors such as reglonal weather patterns, 

soiIs, and the occurrence of natural ene~ies. 

There is eVldence to suggest that sOlI pH may play 

a part ln regulatlng the dlstribution of sorne tephritld 

fruit fly species. For example, Darby and Kapp (1934) 

proposed that the distrlbutlon of the Mexican fruit fIy, 

Anastrepha ludens (Loew), was lnfluenced by the sensltlvlty 
J 

of Iarvae to aCldlc soil'condltlons, although Baker et al. 

. " 
(1944) clted eVldence to counter thlS claim. pryor (1940) 

and Wigglesworth (1972) noted that lnstead of normal sclero-

tization, tephrltld pupari~~.~., the European cherry frult 

fly, Rhagoletls ceraSl (L. ~ (Wlessman 1938, c~ted by Wlggles

worth 1972), are impregnated wlth large amounts of calcium 

carbonate, whlch glves them a character~stic whltlsh colora 

The Ilme ln these puparla was shown to be soluble ln acid. 

In east~rn Canada, blueberries are generally found 

growing ln sOlI wlth a pH of 4.0 to 5.5 (Hall and Aalders 

1979). If R. mendax larvae and puparia are sensltive to 

pH values at the more acid end of' this'range, then th~s' 
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abiotiq factor could influence local variations in the 
'" 

, " population "densit y of ~ mendax. Furthermore, the'soil pH 

of blueberry' fields could be managed by the grower in order 

to crea te less favorable conditions for R. mendax without 

. interfering with the commercial product~on of ~he crop. 

'While collecting field data during 1982, l noticed 
/ 

that well managed blueberry fie'lds (Le., those with little 

weed growth) usually had lower populations of ~ mendax. 

Although thorough weed control was probably largely responsible 

for this trend, the common cultural practice of burning may 

also be a contribut~ng factor. 

Burning is employed as a means of pruning blueberry 

.plants, and i5 normally conducted on a two-year rotation. 
, , 

Although this practice resu1ts in 1arger crop YiïldS, blùe-

. berry pl~nts ~will produce only foliage,during the first 

growing season following a burn; therefore~ the fruit is 

actually harvested every ~e?ond year (Masop 1950; Hawboldt 

1954; Hal~ and Aalders 1979). Initially it was believed 

that burning actually killed Rw mendax pupa~ia within the
U 

soi1 (Woods 1915; patch'and Woods 1922). Additional··studies' 

revealed, however, that the 50 il temperature does not in-

crease enough during the burn to kill the pupae (Lathrop 

and McAlister 1931; Lathrop and Nickels 1932: Lathrop 1952). ,. 

This 15 because Most growers burn their fields in the early 

• spring while the soil is sti~~ frozen in order to protect 

the roots of blueberry plants" as w~ll as the. organic matter 

..... ' 
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content. It was later realized that burning actually 

deprives the females of ov~position s~tes. This results 

in a reduction ~n population levels, especially when the 

field is thoroughly burned and alternative host plants such 

as bunchberry are routinely removed (Lathrop and McAlister 

1931; Pickett and Spicer 1931; Maxwell and Pickett 1949; 

Lathrop 1952;~lack 19~3; Miller 1979). It is recommended 
. 

to divide larger fie"lds into two sections and burn each area 

in alternate years (Hall and Aalders 1979). Although this 

technique pe~mits growers ta harvest blueberrles every year, 

it has been suggested that the burn section would actually 

act as a r~servoir for ~. mendax lnfestations, as flies ffilght 

migrate into the production section to mate and ovipos~t 

(Lathrop and Nickels 1931; Wood 1980). 

The objective of these experiments was to identify 

some of the facto~s which affept R. mendax populations in 

lowbush blueberry fields. For this purpose, twO investi-

gations were carried out. The first was to determine if a 

relationshlp exists between soil pH and the ~ncl~ence of 

R. rnendax in eastern Canada. The second was to &etermine 

" 

if there lS a relationship between common cultural practices 

and blueberry maggot infestatl0n levels. In the lat ter 

investigation, the effect of weed control and burn~ng was 

considered. 

-( 
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B. Materials and Methods 

a) Sail pH 

p 
In arder ta achieve the 'objective of this experiment, 

an attempt was made to· select lowbush blueberry fields from 

several geographical regions (soil types) and with varying 

degrees of blueberry maggot infestation. In 1982, the follow-

ing six fields were chasen: Reedpath, Portier, Slack, Sargent, 

MacDonald, and Dalrymple. In 1983, thirteen fields were 

selected: Reedpath, Dupris, Knockwaod, Barnhill, Stonehouse, 

Debert Airport, Weatherhead, Burges, Dodsworth, Harrington, 

Sargent, Mildrum, and Beaumont. The locations of these fields 
.... 1 

'. in New Brunswick and Nova Scotia are listed in Appendix I. 

A four hectare test plot was established within each 

f'ield. Each plot was subdivided into blocks of equal si,ze for 

the installation of Pherocon AM ~raps and for the collection 

of soil and blueberry samples. In 1982, each plot cons~sted of 

fourteen blocks, in 1983, there were sixteen blocks per plot. 

Blueberry maggot population levels were measu~ed 

within each plot by sampling both adult and larval ~tages. 

Adult numbers were determin,ed. by placing one ba~ted Pherocon 

AM trap within each block of the test plots and recording 

the number of flies captured each week. In' 1982, aIl traps 

were installed in a APosition (see section III-Cl, and 

beginning with the week of July 20~ trap captures were 

' .. 
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recorded for a three week period. As a result o~ the findi~gs 

reported 1n section III-C, hawever, aIl traps were installed 1n 

a V position during the 1983 field work to ensure more eff~c~ent 

fly captures. These traps were set out dur~ng the week of 

July 4, and f ly captures were recorded once a wee-k for six 

weeks. AlI traps were renewed dur1ng the week of July 25. 

Larval counts were made uS1ng the standard b011ing 

techn1que (see Sectlon II-E). In 1982 and 1983, dur~ng the 

week of August 10, one litre samples of blueberr~es were 

randomly collected within each black of each test ,plot, then 
, 

each sample was placed 1n b01ling water for ten m~nutes in 

the laboratory. The bailed fruit and sauce was then poured 

over a W1re gr1d (four mesh per cm). The sauce was collected 

inoa' black pan and the number of larvae found was recorded. 

The pulp left on the gr1d Wa$ pressed and r~nsed three t1mes 

and carefully checked to ensure -that aIl larvae had dropped 

into the pan. 

An est1mate of the s011 pH of each f1eld was made 

-by collect1ng soil samples from the test plots so that each 

'sample was a cornpos1te of twelve cores rneasur1ng f1ve cent1-

meters 1n length and two cent1meters 1n d1arneter. These 

were collected randomly w1th1n each block uS1ng a s011 auger. 

AlI samples were placed 1n plast1c bags and stored at 

50 _± 1 0 C unt 11 laboratory analys 1S . In 1982, aIl samples 

were collected dur1ng the week of July 20. In 1983, however, 

three ser1es of s011 samples were collected to determ1ne 1f 

the S011' pH varied dur1ng the grow1ng seaso-n. The first 
~ 
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series was collected during the week of July 4, the second 
~ 

durlng the week of July 25~ and the third durln~ the week of 

August 8. Only results from the third sample serles, as 

weIl as the 1982 samples, were used in the correlatlon 

ana1ysis of thlS exper~ment because they were collected when 

the post-feeding larvae were entering the soil to pupate. 

The pH measurements were made with a research grade 

digital pH meter using a two-point electrode standardi~at~on 

that provided an accuracy of ± 0.003 pH un~ts. To compensate 

for the effect of soluble soil salts, aIl samples were 

measured ln a O.OlM solution of calcium chloride at a rat~o 

of one part soil to two parts caC1
2 

(peech 1965). AlI final 

measurernents were rounded off to the nearest 0.01 pH value. 

AlI data collected dur~ng 1982 and 1983 were 

analysed using the Spearrnan rank correlat~on coeff~c~ent 

(Daniel 1978) to determ~ne the follow~ng: 1- relatl0nship 

between so~l pH and the number of B. mendax flles detected, 

2- relatl0n~h~p between so~l pH and B. mendax larval counts, 

and 3- relatlonshlp between B~ mendax larval counts and the 
r 
1 

number of fIles detected. In addltlon, the results from 

the three serles of 5011 samples collecte9 ln 1983 were 

submitted to a Kruskal-Waills one-way analys~s of var lance 

(Sokal and Rohlf 1981). 

b) Weed çontrol and burnlng 

The ~nvestlgation to determine if a relatl0nship 

eXlsts between the control of weeds in lowbush blueberry 
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fields and ~ mendax population leve1s was conducted in the 

thirteen fields se1ected in 1983 for the soil pH investigation. 

The adu1t trap captures and 1arva1 count data from these fields 

was retained. Then, an assessment of the weed and b1ueberry 

growth within each b10ck of the test plots was achieved us~ng 

the fo11owing rating system. B10cks with sparse or no growth 

(0-35%) received a score of one, b10cks with moderate growth 

(36-70%) a score of two, and b10cks with dense growth (71-100%) 

a score of three. The average score of each test plot was then 

ca1culated and a11 scores were ranked à10ng with the adult trap 

capture and 1arva1 count data. 

A11 data was ana1ysed using a Spearman rank correlation 

and the calculated values were adJusted for t1es (Daniel 1978). 

The process was carried out for the following five sets of 

variables: 1- adult trap captures and blueberry growth, 2- adult 

trap captures and weed growth, 3- larval counts and blueberry 

growth, 4- larval counts and weed growth, and 5- blueberry 

growth and weed growth. 

A second investigat10n to determine 1f R. mendax flies 

migrate from the burn sections of lowbush blueberry fields 

into the crop sect10ns was carr1ed out during 1983 in the 

Harr1ngton and Sargent fields. Test plots were established 

and baited Pherocon AM traps installed in the burn and produc

tion sections of these fields using the techn1ques described 

in s ctions III-B(b). The traps were arranged in four rows 

(4 tra s ~er row) perpendicular to the direction the f11es 

would mi rate from the burn section to the production section. 



The number of flies captured on each trap were recorded 

week~y during a six week per iod, beg~nning w~th the week 
l). 

of July 4. 
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The numbers of adults captured ~n each field were 

submitted to a nested analysis of v<ar~ance (Sokai and Rohlf 
\ 

1981). This procedure allows one t determine if the ~umber 

of flies captured differed amongst 1- the traps wi thin 

each row, 2- the rows within section, and) 3- the burn 

and production sections. "7 
c. 

a) 

Results and Discussion. 

Relationship between soil pH and the incidence of 
R. mendax 

, \ 

The value of the rank correlatlon coefficlents for 

soil pH and the number of R. mendax' larvae or adu1ts recorded 

durlng the 1982 and 1983 f~eld work was not slgnlf~cant 

(Table 7). The value of thlS coeff~clent for numbers of 

f1~es trapped and larval counts was, however, s~gn~tlcant at the 

1% leve!. The pH values of the three serles of sOlI samples 

collected ln 1983 dld not dlffer slgnlf~cantly. Although thlS 

lndlcates that the SOlI pH was relat~vely stable ln the 

flelds tested, lt should be po~nted out that these measure-

ments only represent the potentlal pH of the 5011. Such 

values may vary durlng any one grow~ng season, dependlng 

on the amount of preclpltatlon recelved (Brady 1974). The 



Table 7. Spearman rank correlation coefficient values 
for soi1 pH and R. mendax adult trap captures 
or larval counts: 

Variables 1982 

-1 

Soil pH - number of adults -0.49 

Soil pH - larval counts -0.36 

Number of adults - larval counts 

aSignificant at the 1% level (r s [O.01,6j=O.S9! 

bSignificant at the 1% leveI (r s [O.Ol,13j=O.64) 

\ 

Year 

,"' 
, <Q' 

47' 
- \ 

1983 

-0.32 

-0.19 

L, 



pH values of the sail samples collected ranged from 3.68 ta 

4.24 in,1982 and 3.38 to 4.54 ~n 1983. 

A study of the chemical and phys~cal properties of 

blueberry fruit (Ismai1 and Kender 1974) revea1ed that the 
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pH of ripe blueberries generally averages about 3.67, although 

the pH increases at an accelerated rate as ripening proceeds. 

This value i5 below the soil pH range of 4.5 

to 5.0 that is recommended for optimal commerc~al blueberry 

production (Trevett et al. 1972); ~t ~s, however, within the 

pH range of the soil samples collected in 1982 and 1983. 

would seem to ~ndicate that R. mendax larv~e are able to 

tolerate the acidic conditions of most blueberry fields. 

This 

Desplte the fact that there is no correlation between 

sail pH and the incidence of ~. mendax, 5011 ac~d~ty may st~ll 

be a mortal~ty factor. In stud~es of ~. pomonella, for 

example, it was shawn that there was no s~gnlflcant correlatlon 

between fruit pH and the t~me requlred~or larval development 

(Dean and Chapman 1973). Prokopy (1967), however, found 

that opt~mal larval development was obtalned on art~f~c~al 

dlet medla wlth a pH @f 4.05. It seems l~kely, therefore, 

wlthln the 5011 ~H range that lS tolerable for blueberry 

plant growth, that other mortallty factors may play a larger 

raIe ln affectlng the dlstrlbutlon of this lnsect. 



b) Relationship between cultural practices and the 
incidence of R. mendax. 
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An analysis of the data from the weed control investi-

gation revealed a significant correlation (1% level) between all 

pairs of variables, except trap captures and weed growth which 

were significant at the 5% level (Table 8). The negative correl-

ation between blueberry growth and weed growth indicated that 

blueberry yield increases as density of weed growth decreases. 

This is expected because the weeds are competing against the 

blueberry plant for space, light, mOisture, and soil nutrie-nts 

(Jackson and Hall 1979). The positive correlations between weed 

-> • growth and numbers of adults and maggots, and the negat~ve correl-

ations between blueberry growth and the numbers of 'adul ts and 

maggots, suggest that controlling weed growth reduces the level 

of blueberry rnaggot populations as weIl as improvln~ the Yle1d. 

These results agree with the observations of other inves-

tigators (Patch and Woods 1922; Lathrop and McAlister 1931; 

Lathrop and Nickels 1932; Brittaln and Plckett 1933: Maxwell and 

Pickett 1949; Wood 1962, l~79b). None of these results, however, 

were quantitatlve. Based on, the results of this lnvestlgation 

together with those for the experirnent reported in sectlon 

III-C(b) and the observations reported above, it seerns llkely 

that weed growth within a blueberry field enhances R. rnendax 

populations by providing flies with shelter against adverse 

weather conditions. 

The number of R. rnendax adults captured on baited 

Pherocon AM traps in the Harrington and Sargent fields are 

/ 
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Table 8." Spearman rank correlation coefficie~t ~alues 
for the number of R. ' mendax adults and larvae 
and the extent of blueberry and weed growth. 

Variables rs 

Adults captured and blueberry growth a 
0, -0'.792 

Adults captured and w~ed growth 0.536b 

Larval counts and blueberry gÛ)wth -0.95la 

Larval counts and weed growth a r 731 a 

Blueberry growth and weed growth -a.906 a 

-, -. 

a Sign1.f1.cant at the 1% level ( rs [0.01,13]'0.643) 

b, 'f h 5% l l S1.gn1. 1.cant at t e eve rs [O.05,l~=0.478) 

50 
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shawn in Tables 9 and 10 respect~vely. The trap captures 

~n the burned and cropped sectlons d~ffered signlflcantly 

(5% level) for both f~elds (Table Il). Although the number 

of fIles captured also dlffered s~gnlf~cantly (1% level) be

tween the traps wlthln each row as well as between the rows 

wlthln eacp sectlon ln the Harrlngton fleld, these varlables 

did not dlffer slgnlflcantly ln the Sargent fleld. This 

was probably because the product~on sectlon of the Sargent 

field had been treated wlth carbaryl 25% wp (4.5 kg per 

ha) durlng the week of Ju1y 15. Th~s actlon co~nclded w~th 

a dramatlc drop ~n the number of R. mendax fl~es captured 

at a tlme when adult emergence should have been reach~ng its 

peak. The effect~veness of thls lnsectlclde appllcatlon 

was demonstrated when larval extractlon produced only one 

maggot from the 16 L of b1ueberrles that were sampled. 

Apparen~ly the fleld owner had real~zed the value of the 

Pherocon AM trap for detectlng the presence of blueberry 

maggots and for tlmlng control measures, at the cost of 

the non co~pletlon of thls experlment. 

The dlfference ln trap captures between rows ln the 

Harrlngton fleld and between the burn and productlon sectlons 

of bot h the Harr lngton and Sargent f le lds woul'd seem to 

lndlcate that fl~es were movlng from the burn sectlons to 

the productlon sectlons. The dlfference ln captures for 

traps wlthln each row of the Harrlngton fleld, however, 

shows that fIles were movlng ~n aIl dlrect lons . Th~s dlS

crepancy rnay have been due to the balted Pherocon AM traps 
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Table 9. Total numbers of 'R. mendax flies' per ,baited 
Pherocon AM traps--, Harrington field, 1983. 

Fl.eld Row Captures Captures 

sect1.on series Trap per trap per row 

a 204 
l b 92 510 

c 191 
d , , 23 

a 65 , 
b 186 

Burn II c 64 
d' 358 

1,'193 

e 225 
f 295 
a 346 
b 44 

III c 49 2,506 
d 655 
e 932 
f 480 Total: ~,209 

a 176 
b 375 
c 502 

IV d 223 2,820 
e 55 
f 307 
g 503 
h 679 

Product l.on' 

a 804 
b 1009 
c 651 

V d 78 3,424 
e 333 
f 66 
g 263 
h 220 Total: 6,244 

TOTAL: 10,453 
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. Table 10. Total nurnbers of R. rnendax f1ies per baited 
Pherocon AM traps~Sargent field, 1983. 

Field Row Captures Captures 

section series .A Trap per trap per row 

a 74 
l b 41 183 

" c 29 
d 39 

a 38 
I-I b 63 252 

c 60 
d 91 

Burn 
a ,68 

III b 70 274 
,c 2~ 
d 115 

-;..- -
a 70 

I~ b 34 204 
c 59 
d 41 Total: 913 

---------------~------------------------------------------------

a 59 
V b 39 199 

c 44 

d\ 57 

a 41 
VI ·b 69 133 

0 c 16 • 
d 17 

Production 
a 6 

VII b 35 89 
c 41 
d 7 

a 27 
VIII b 25 134 

c 49 
d 33 Total: 555 

TOT AL : 1 , 4 68 
"" 

\ 

<If 
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, . 
Table 11. 'Calculated F values for total R. mendax adults 

captured during 19B3 on "baitedpherocon AM 
traps in the burn and production sections of 
the Harrington and Sargent fields. 

o 

Source"of Variation Field 

Harrington Sargent 

Among sections 6 .125a . 6.243 a 
1 
1 

Among rows with~n sections 0.744 

Among traps w~th~n rows 0.765p 

aSignif~ca'nt at the 5% _level (Fe. 05 [1,160J=3.92) 

b 'i' 1 3 95 Sagn f~cant at the % level (FO.Ol[~,1601:. ) 

CSign~ficant at the 1% levei (FO. Ol [27,1601=1.91) 
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being ~~ghly attractive tr immature female R. mendax fl~es 

foraging for food (Prokopy and Col~ 1979; Neilson et al. 1984). 

It is also l~kely that newly emerged fl~es would normally 

move out ~n several direct~ons ~n a burn section because the 

vegetat~ve blueberry plants would provide foraging s~tes. 

If blueberry maggot flies follow visual and olfactory cues 

s~~ila!' to, B. pomonella (BolIer and' PrQkopy 1976; Prokopy 

1977, 1982; Prokopy and Owens 1978, 1983), they would then be 

directed to ripe blueberry fruit within the production section 

for oviposition. Lathrop (1952) has suggested that flies wou1d 
f? 

not be likely to reabh a production section that was more than 

_30.5 m away from the marg~n of a burn sectl.on. In the case 

of th~s experl.ment, however, the burn and productl.on sectl.ons 

of the Harr~ngton field were separated by an ftccess road 2.5 m 
-"<, 

wide, while the sectl.ons of the Sargent fl.eld were contl.nuous 

50 that the product~~n sections were not beyond the range 

~ of the flies. 

'. 
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V. "CONCLUSIONS 

During 1982 and 1983, an attempt was made to 

identify sorne ~nvironmental factors that are responslble 

for the regulation of B. men,gax populatl0ns ln Atlant~c 

Canada. Based on a rank correlation analysls of data collected 

from seventeen commerclal lowbush blueberry flelds ln Nova 

Scotia and New Brusnwlck, lt was determlned that there lS no 

relationshlp between sOlI pH and the lncldence of R. mendax 

(larvae and adultsl. Wlthln thlrteen flelds sampled durlng 

1983, however, there,was a posltive correlatl0n between weed 
f 

growth and the number of blueberry maggot fl~es and larvae 
, 

detected. There was a~so a negatlve correlat;on between blue-

b,erry growth and B.!. me,ndax populatlon levels. Th'is evidence 

suggests that the weedy areas wlthin lowbush blueberry flelds 

provide ~ mendax flies wlth protectfon against adverse weather 

conditlons (Wood 1962, 1979b). By practicing thorough weed 

control, therefore,. blueberry producers should be able to 

-reduce the level of R. mendax lnfestatl0ns by removlng these 

shelter sltes, as weIl as to lmprove thelr crop ·Ylelds. 

In blueberry flelds that were dlvlded lnto burn and 

produ~tl0n sectlons (each sectl0n belng burned ln alternate 

years), ~. mendax flles were detect,ed mov~ng from the burn 

sections lnto the productlon sectl0ns. Although thlS problem 

could be ellm~nated if the flelds were entlrely burned' over , 

every other year, such a practlce would not 11kely be 

economlcally feas lble ln mos t of the larger ,product 10n s 1 tes of 

1 
1 

/ 
1 

1 

/ 

C' 

/ 
1 
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eastern Canada because of the revenue loss incurred during 

burn years. One ecologically sound, alternative, however, 

May be to develop sorne sort of physical barrier (~.~., a 

screen) that could be placed on a border separating burn and 

production sections, thereby blocking the migration of flies 

within isolated fields. 

The Pherocon AM trap was evaluated to determine how 

efficiently and accurately it can measur~ R. menda~",~lt . -, .. '" 

populations. Traps baited with a proteinaceous attractant 

captured more flies than unbaited traps, and more female than 

male flies. This ~as att~ibuted to a foraging response of 

o 

sexually immature flies, particularly fernales, to the odor of ~ 

the attractant ba1t. These baited traps âlso captured a small 

nurnber of ~ pomonella, ~ fausta and ~ jaceana f11es. If 

the action threshold for R. mendax were set at one fly per 

trap (Wood et al. 1983), the s1milarity of wing patterns arnong 

these species could result in the mis identification and 

m1sinterpretat1on of trap captures by'growers. 

Traps 1nstalled in a V pos1tion - folded to form a 

90° angle w1th the apex and sticky yellow surface facing down-

ward - captured more.hlueberry maggot flies than traps placed 
/j 

in a A posit10n (apex up, yellow surface down). This could 

have been a resul t of the V pOS1 tion traps being more v1s1ble 

to the fl1es. There was no s1gnificant ~1fference 1n fly 

captures when, 1n either pos1t1on, the traps were located 

above or between blueberry plartts. This result May be due 

ta the f11es be1ng equally capable pf flying over or between 



, 

plants. Trap orientation' (north-south or east-west) also 

had an effect on trap captures, although it aIse was a 
, ~ 

variable among tne fields selected. This variation was 

considered to be ~aused by.changeabIe wind conditions. 
, 
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As a result of this investigation, it was determined 

that R. mendax populations are influenced to some extent by 

the cultural practices employed in lowbush blueberry fields. 

An improved method of installing Pherocon AM traps was also 

demonstrated. l feel, however, that add1tional research 1s 

required to identify other reg~latory factors that affect 

blueberry maggot populations, !.~., predators, parasites, / 

and pathogens. 

1 , 

\ 

1 

\ , 

\ 



( 

BIBLIOGRAPHY 

'Anonymous, 1976. A market and techn~cal survey of the 
European blueberry and native berry industries . 

. Industry, Trade and Commerce. 82 p. 

59 

Baker, A.C., W.E. Stone, C.C. Plummer and M. McPhail. 1944. 
A rev~ew of stud~es on the Mexican fruitfly and 
related MeX1can species. Misc. Publ. U.S. Dept. 
Agr~c. 531:155 p. 

Barker, W.G., .LV. Hall, L.E. Aalders and G.W. Wood. 1964. 
The lowbush blueberry industry ~n eastern Canada. 

'econ. Bot. 18:357-365. 

, 
Beckw~th, c.s'y 1943. Insects attacking blueberry. N.J. Exp. 

Stn. C~rc. 472:4 p. 

Beckwith, C.S. and C.A. Doehlert. 1937. Control of Rhagoletis 
pomonella (Walsh) ~n cultured blueberry fields. 
J. Econ. Entomol. 30:294-297. 

BenJam~nt F.H. 1934. Desçr~p~ons of some nat~ve Trypet~d 
fl~es w~th notes on the~r hab~ts. Tech. Bul~. U.S. 
Dept. Agr~c. 401:95 p. 

Berlocher, S.H. 1980. An electrophoretlc key for dlstingulshlng 
speCles of the genus Rhagolet~s (D~ptera: Tephrit~dae) 
as larvae, pupae and adults. Ann. Entomol. Soc. 
Am. 73: 131-137. 

Berlocher, S.H. and G.L. Bush. 1982. An electrophoretlc 
~ analysls of Rhagolet~s (Dlptera: Tephrlt~dae) 

phylogeny. Syst. Zool. l!:136-155. 
7 

\ ~~ç-
Black, W.N_ 1963. The effect of frequency of rotat\onal. 

burnlng on blueberry product~on. Can. J. \P~nt 
SC1. 43:161-165. 

BolIer, E.F. and R.K. Prokopy. 1976. Blonom~cs and manàgement 
of Rhagolet~s. Ann. Rev. Entomol. 21;223-246. 



Brady, N.C. 1974. The Nature and Properties of Soils. 8th 
ed. MacMillan Publishing Co., Inc., New York, 
639 p. 

Brittain, W.H. and A.D. Pickett. 1933. Inju~ious insects 
of Nova Scot~a. Part I, Fruit Insects. N.S. Dept. 
Agric. Bull. ~:1l9-121. 0 

Britton, W.E. 1906~ Fifth report of the state entomologist. 
1905 Annual Report. Connec~icut Agric. Exp. Stn. 
29:189-262. 

60 

Brown, H.L. and A.R. Ismail. 1981. 1980 blueberry integrated 
pest management program. Coop. Ext. Serv. Bull. 
639. Un~versity of Ma~ne at Crono. 19 p. 

Bush, G.L. 1966. The taxonomy, cytology and evolut~on of 
~ the genus Rhagolet~s ~n North Amer~ca (Diptera: 

Bush, 

Tephritidae). Bull. Mus. Comp. Zool. 134:431-562. 

G.L. 1969a. Mat~ng behav~or, host spec~f~c~ty, and 
the ecolog~cal s~gn~ficance of sibling spec~es ~n 
frug~vorous flies of the genus Rhagolet~s 
(Diptera: Tephrltldae). Am. Nat. 103:669-672. 

Bush, G.L. 1969b. Sympatric host race formatlon and spec~atlon 
~n fruglvorous fl~es of the genus Rhagoletls 
(Dlptera: Tephritldae). Evolut~on 23:237-251. 

Camp, W.H. 1945. The North Amerlcan blueberr~es wlth notes 
" on other groups'of Vacclniaceae. Brlttonla 

5:203-275. 

Christenson, L.D. and R.H. Foote. 1960. Blology of fruit 
fl~es. Ann. Rev. Entomoi. 5:171-192. 

Cresson, E.T. 1929. A reVlSlon of the North American speCles 
of fru~t fIles of the genus Rhagoletls (Diptera: 
Trypet~dae). Trans. Am. Entomol. Soc. 55:401-414. 



Curran, C.H. 1~32. New North American Diptera, with notes 
on others. Am. Mus. Novit. ~:13 p. 

Daniel, W.W. 1978. Applied Nonparametric Stat~stics. 
Houghton Mifflin Company, Boston, 503 p. 

Darby, H.H. and E.M. Kapp. 1934. Studies on the Mexican 
'fruit fly, Anastrepha ludens (Loew). Tech. Bull. 
U.Sw Dept. Agric. 444:20 p. 

Dean, R.W. and P.J. Chapman. 1973. Bionomics of the apple 
maggot in eastern New York. Search Agric. 3:64 p. 

61 

Drummond, F., E. Groden and R.J. Prokopy. 1984: Comparat1ve 
eff~cacy and optimal positioning of traps for 
monitoring apple maggot flies (Diptera: Tephrit1daél. 
Environ. Entomoi. 13:232-235. 

Eaton, E.A. 1949. Blueberry culture and propagation. In: 
The Blueberry. Dom. Dept. Agric. Publ. ~:3-25. 

Fernald, M.L. 1950. Gray's Manual of Botany. American Book 
Company, New York. pp. 1114-1135 . 

. Fraenkel, G. and G. Bhaskaran. 1973. Pupariat10n and 
pupation 1n cyclorrhaphous flies (D1ptera): 
terminology and lnterpretat~on. Ann. Entomol. 
Soc. Am. 66:418-422. 

Greene, C.T. 1929. Characters of the larvae and pupae of 
certain fruit f11es. J. Agrlc. Res. 38:489-504. 

Hall,~V~ and L.E. Aalders. 1979. Lowbush'blueberry 
prOduct10n and management. In: Lowbush B1ueberry 
Product10n. Agrlc. 'Cano Pub~ 1477:)-19. 

Hawboldt, L.S. 1954. Blueberr~es: cash from 1dle acres. 
N.S. Dept. Lands and Forests. 22 p. 



.' 
,J' 

62 

Ismail, A.A. and W.J. Kender. 1974. Phys~cal and chemical 
changes associated with the deve10pment of the low
bush blueberry fruit Vaccin~um angustifo1ium Alt. 
Tech. Bull. Life Sc~ences and Agricultural 
Experiment Station, UnlV. of Malne at Grono. 70: 
13 p. 

Jackson, L.P. and I.V. Hall. 1979. Weeds. In: Lowbush Blue
berry Production. Agrlc. Cano Publ. 1477:15-19. -- " 

Lathrop. F.H. 1950. Blueberry insects and thelr control. 
In: Producing blueberries in Malne. BUll. Maine 
Agric. Exp. Stn. 479:20-26. 

Lathrop, F.H. 1952. Fighting the blueberry f1y in Maine. 
Bull. Maine Agric. Exp. Stn. 500:34 p. 

Lathrop, F.H. and L.C. McAlister, Jr. 1931. The blue6erry 
maggot and lts ~ontrol ln eastern Malne. Circ. 
U.S. Dept. Agric. 196:13 p. 

Lathrop, F.H. and C.B. Nlckels. 1930. A comparatlve study 
of dustlng by means of alrplane and ground machlne 
for the control of blueberry maggot. Clrc. U.S. 
Dept. Agrlc. 196:14 p. 

Lathrop, F.H. and C.B. Nickels. 1931. The blueberry maggot 
from an ecologlcal vlewpolnt. Ann. Entomol. Soc. 
Am. 24:260-281. 

Lathrop, F.H. and C.B. Nlckels. 1932. The b~ology and control 
of the blueberry maggot ~n Washlngton county, 
Maine. Tech. Bull. U.S. Dept. Agr~c. 275:77 p. 

Mason, I.C. 1950. Burnlng over blueberry land. In: Producing 
blueberr les ln Ma~ne. Bull. Malne Agr îë. Exp.( Stn. 
479: 10-15. 

Maxwell, C.W. and A.D. Plckett. 1949. Blueberry lnsects and 
the~r control. In: The Blueberry. Dom. Dept. 
Agr~c. Publ. 754726-27. 



63 

MeAlister, L.C. Jr. 1932. An observation of a maggot, 
, Rhasoletis pomonella Walsh, pass~ng from one blue
berry into an adjacent blueberry. J. Econ. Entomol. 
25:412-413. 

HcA11ster, L.C. Jr. 1933. Results of dusting exper1ments 
to control the blueberry maggo~. J. Econ. Entomol. 
26:221-227. ~ 

... 
McAl1ster, L.C. Jr. and W.H. Anderson. 1935. Insectary 

stud~es on the longev1ty and preov1pos1t1on per10do 
of the blueberry maggot and on crossbreed1ng w1th 
the apple maggot. J. Eeon. Entomol. 28:675-678. 

Miller, W.E. 1979. Fire as an lnsect management tool. Bull. 
Entama!. Soc-. Am. 25:132-140. 

Moerlcke, V., R.J. Prokopy, S. Berlocher and G.L. Bush. 
1975. V1sual stlmu11 elicltlng attractlon of 
Rhasoletls pomonella (D1ptera: Tephr1t1dae) fl~es 
to trees. Entomol. Exp. Appl. 18:497-507. 

,Neilson, W.T.A. 1982. Effects of temperature on the develop
ment of pupae of the blueberry maggot Rhagoletls 
mendax Curran. 1981 Annual Report. Agrlc. Cano 
Res. Stn., Kentv1lle, N.S. pp. 113-115. 

'Ne1lson, W.T.A. and M. Fuller. 1981. Capture of blueberry 
maggot adults Rhas01et1s mendax (Curr.) on 
Pherocon AM and sphere traps. 1980 Annuai Report, 
Agrlc. Can. Res. Stn., Kentvllle, N.S. pp. 86-92. 

Ne11son, W.T.A. and M. Fuller. 1982. Capture of blueberry 
maggot adults, Rhagoletls mendax Curran, on 
Pherocon AM traps and on stlcky spheres. 1981, 
Annual Report; Agrlc. Cano Res. Stn., Kentvllle, 
N. S. pp. 109 - 112 . 

Neilson, W.T.A. and A.D. Knowlton. 1983. Culturlng the 
blueberry maggot ln the laboratory. 1982 Annuai 
Report, Agrlc. Cano Res. Stn., K~ntvl11e# N.S. 
pp. 10-11. ' -,,' 

J ~ 
./ 

li 



~-

Nei~son, W.T.A., A.D. Knowlton and M. Fuller. 1984. Capture 
of b1ueberry maggot adults, Rhag01et~s menax 
(D~ptera: Tephr~t~dae), on Pherocon AM traps and 
on tartar red dark stlcky spheres ln lowbush 
blueberry flelds. Cano Entomol. 116:113-118. 

64 

Neunzig, 'H.H. and K.A. Sorensen. 1976. Insect and m~te pests 
of blueberry ~n North Carol~na. Bull. North 
Car01~na Agrlc. Exp. Stn. 427:39 p. 

O'Kane, W.C. 1914. The apple maggot. Bull. N.H. Agr1c. Exp. 
Stn. 171:120 p. 

Patch, E.M. and W.~woods. 1922. The blueberry maggot in 
Wash~ngton cou~ty. Bull. Ma~ne Agric. Exp. Stn. 
308:77-91. 

Peech, M. 1965. Hydrogen-~on·activ~ty. pp. 914-926. In: 
Methods of So~l Analysls. Part 2. Chem~cal-and 
m~crob~al propertles. C.A. Black (ed.). American 
Soé~ety of Agronomy, rnc., Mad~son, Wiscons~n. 

Ph~ll~ps, V.T. 1923. A rev~s~on of the Trypet~dae of 
northeastern Amerlca. J. N.Y. Entomol. Soc. 31: 
119-154. 

Ph~ll~ps, V.T. 1946. The bl0logy and ldentlflcatlon of 
Trypet~d larvae (Dlptera: Trypetldae). Mem. 
Am. Entomol. Soc. 12:161 p. 

-P~ckett, A.D. 1936. M.Sc. thesls. Studles ln Trypetldae w~th 
spec~al reference to the genus Rhagoletls Loew. 
Department of Entomology, Macdonald College of 
MCGll1 Unlverslty, 84 p. 

P~~ett, A.D. 1937. Studles on the genus Rhagoletls (Trypet~dae) 
wlth speclal reference to Rhagoletls pomonella 
(Walsh) Cano J. Res. (0) 15:53-75. 

---
P~ckett, A.D. and M.E. Neary. 1940. Furth~r studles on 

Rhagoletls pomonella (Walsh). SC1. Agrlc. 20: 
551-556. 



6S 

Pickett, A.D. and E.C. Splcer. 1931. The bluebe~ry maggot. 
N.S~ Dept. Agrlc. Publ. 2500:3 p. 

po~ter. S.A. 1928. The apple maggot. Tech. Bull. U.S. 
Dept. Agrlc. 66:48 p. 

Prokopy, R.J. 1967. Artlflclal dlet for apple maggot larvae. 
J. Econ. Entomol. 60:1161-1162. 

Prokopy, R.J. 196~a. Vlsual respons~ of apple maggot flles, 
Rhagoletls pomonella (Dlpter9: Tephrltldae): 
orchard studles. Entomol. Exp. Appl. 11:403-422. 

Prokopy, R.J. 1968b. Sticky spheres for measurlng adult 
apple maggot abundance. J. Econ. Entomol. 
61:1082-1085. 

Prok~py, R.J. 1972. EVldence for a mark10g pheromone 
deterrlng repeated OVlposltl0n ln apple maggot 
fIles. Envlron. Entomoi. 1:326-332. 

PiokOpy, R~J. 1975. Apple maggot control by stlcky red 
spheres. J. Econ. Entomol. 68:197-198. 

Prokopy, R.J. 1976. Stlcky red spheres for trapplog apple 
maggot fIles. Mass. FrUlt Notes. 41:6-9. 

prokopy, R.J. 1977. Stlmu11 lnfluenclng trophl~ relatlons 
ln Tephrltldae. Colloq. lnt. Cent. Nat. Res. SC1. 

265:305-336. 

Prokopy, R.J. 1981a. Epldelctlc pheromones that lnfluence 
spaclng patterns of phytophagous lnsects. pp. 181-
213. In: Semlochemlcals: thelr raIe ln pest control. 
D.A. Nordlund, R.L. Jones and W.J. LeW1S (ed.). 
John Wlley and Sons Inc., Toronto. 



Prokopy, R.J. 1981b. Ov~pos~tion-deterr~ng pheromone system 
t -of apple maggot fIles. pp. 477-494. In: Management 

of Insect Pests w~th Sernlochernlcals.~.R. Mltchell 
(ed.). Plenum Publ. Corp., New York. 

Prokopy, R.J. 1982. Gett~ng ta know a frult fly. J. Ga. 
Entomol. Soc. 17:30-38. 

Prokopy, R.J. ,and G.L. Bush. 1973. OVlpositlonal responses 
~ ta dlfferent Slzes of artlflclal frult by fIles. 

of Rhagoletls pornonella specles group. Ann. 
Entomol. Soc. Am. 66:927-929. 

Prokopy, R.J. and W.M. COll. 1978. Selectlve traps for 
monlto~lng Rhagoletls mendax flies. Proto Ecol. 
1:45-53. 

Prokopy, R.J. and K.r. Hauschlld. 1979. Cornparatlve 
effectlveness of stlcky red spheres and Pherocon 
AM standard traps for rnonltorlng apple maggot 
flles ln commerclal orchards. EnVlron. Entomol. 
8:696-700. 

Prokopy. R.J. and E.D. Owens. 1978. Vlsual generallst Vs. 
vlsual spec~al~st phytophagous lnsects: host 
selectlon behaVlor and appllcatlon to management. 
Entomol. Exp. Appl. ~:609-620. 

Prokopy. R.J. and E.O. Owens. 1983. Vlsual detectlon of 
plants by herblvorous lnsects. Ann. Rev. Entomol. 
28:337-364. 

Prokopy, R.J., V. Moer~cke and G.L~ Bush. 1973. Attractlon 
of apple maggot fIles to odor of apples. EnVlron. 
Entomoi. 2:743-749. 

66 

Prokopy. R.J., W.H. Relsslg and V. Moerlcke. 1976. Marklng t 
pheromones deterrlng repeated OVlpos~tlon ln 
Rhagolet~s flles. Entomol. Exp. Appl. 20:170-178. 

Prokopy, R.J., A.L. Averlll, S.S. Cooley and C.A. ROltberg. 
1982. Assoclatlve learnlng ln egglaylng slte 
selectlon by apple maggot fIles. SClence 218:76-77. 



pryor, M.G.M. 1940. On the hardenlng of the cuticle of 
insects. Proc. R. Soc. Lond. B. B~ol. Sci. 128: --' 393-407. ~ 

"Rohdendorf, B.B. 1961. Palae~rctic frult-flies (Oiptera: 
Trypetldae) of the' g~nus Rhagoletis Loew and . 
closely rela~ner~ Entomol. Rev. 40:89-102. 

Simon, J.P. 1969. Comparatlve serology of a complex species 
g~oup of food-plant specialists: the Rhagoletis 
pomone lIa" complex (Oiptera: Tephritidae). Syst. 
Zool. 18: 169-184. 

Smith, D.C. and R.K. Prokopy. 1981. Seasonal and diurnal 
activlty of Rhagoletis mendax flies in nature. 

,Ann. Entomol. Soc. Am. 74:462-466. 

, , 

Smith, D.C. and R.K. Prokopy. 1982. Mating behavior of 
Rhagoletls mendax (Olptera: Tephritldae) ln 
nature. Ann. Entomol. Soc. Am. 75:388-392. 

Smlth, 

Sokal, 

J.B. 1910. A report of the.insects of New Jersey. 
1901,Annual Report, N.J. State Mus. pp. 801-802. 

R.R. and F.J. Rohlf. 1981. Biometry. The Princlples -
and Practlces Df Statistics ln Biological Research. 
2nd ed. W.H. Freeman and Company, San Francisco. 
859 p. 

Southwood, T.R.E. ,1978. Ecologlcal Methods. With Particular 
Reference to the Study of Insect Populatlons. 2nd 
ed. Chapman and Hall, New York. 524 p. 

_ r 

Steel, R.G.O. 'and J.H. Torrle. 1960. Princlples and Procedures 
of Statlstics. Wlth Special Reference to the, 
Biological SClenees. McGraw-Hill Book Company, 

Stone, 

Ine., Toronto. 481 p. 

A., C.W. Sabrosky, W.W. Wlrth, R.H. Foote and J.R. 
Coulson. 1965. A catalog of the Olptera of America 
north of Mexico. U.S. Dept. Agrlc. Handbook. 
267:1696 p. 



\ ' 

o , 

, ,.;jIIIf 

, 
" 

1-

.. 

68 

fnorpe, W.~ 1930. Blological"races ~n lnsects and a11ied 
groups. BlOI. Rev. 5:171-212. 

'Trevett; M.F., P.N. Carpenter and R.E. Durgin. 1972 .. 
Regu1ating sOlI acidl ty ln unpiowed lowbush 
blueberry fields. Bull. Cooperatlve Extension 
Service, Unl".' of Maine at Orono. 568: 12 p. 

Vandenberg. J. 1982. Cultlvated 10wbush blueberries - a hew 
~ crop for Ontarlo. Highlts. Agr~c. Res. Ont. ..?.(3): 

1-3. 

'wèbster, R.P. and J.G. Stoff01ano Jr: 1978. The lnf1uence 
of diet on the maturatlon of the reproductlve 
system of the apple maggot, Rhagoletls pomonel1a. 
Ann. Entomoi. Soc. Am. 71:844-849. 

, 0 ) Webster, R.P., J.G. Staffolano Jr. and .J. Prokopy. 1979. -
Long-term lntake of proteln and sucrase ln relatlon 
to reproductlve behavlor of wlld and laboratory 
cu1tured Rhagoletls pornonella. Ann. Entomol. Soc. 
A:m. 72:41...!46. 

1> 

Wiesmann, R. 1938. Intersuchungen uber dle Struktur des 
Chl tins des puppentonnchens. der K~rschf 1lege , 
~hagoletls ceraSl L. V]schr. naturf. Ges. Zurlch 
83:127-136. 

Wigg1esworth, ,V.B. 1972. The Prl~clp1es of Insect Physlology. 
1 

o 7th ed. Chapman and Hall, Lonqon. 827 p. 

Wood, G.W. 19'62. The b1ueberry maggot ln the Marltlme 
provinces. Can. Dept. Agric. Publ. 1161: 4 p. 

-~ Wood, G.W. 1979a. Timing lnsectlcide appllcatlons for 
b1ueberry maggot. 1978 Research Summary. Agric. 
Cano Res. Sta., Frederlcton, N.B. pp. 101":103. 

Wood, G.W. 1979b. Insects. In: Lowbush Blueberry Productlon. 
Agric. Cano publ.n77:20-28 . 

. { '. ; 

l' , , 

/ 

! 

Î 

T 

" 

., , 



· . 

-~ -.,..,_ .... -' 

69 

Wood, G.W. 1980. D1spersa1 of b1ueberry maggot adu1ts as a 
major sourc~ of 1nfestatlon 1n f1rst crop blueberry 
f lelds. 1979 Research Summary. Agr 1C. Can. Res. 
Sta .• Frederlcton, N.B. pp. 106-,108. 

Wood, G.W., L.M. CrOZ1er and W.T.A. Ne11son. 1983. Mon1toring 
the b1ueberry maggot, Rhago1etis mendax' (Dlptera: 
Tephr itidae ), wi th ~herocen AM traps. Can. Entamal. 
115: 219:'220. -- -

Woods, w.c. 1914. A note on Rhasolet1s pomonella 1n blue
berries. J. Econ. Entomel. 7:398-400. 

Wc;>ods, w.C. 1915. B1ueberry lnsects ln Malne. Bull. Ma1ne 
Agric. Exp. Stn. -244:249-266. 

, 

- . 



1 

Appendix 1. Location oJ commercial lowbush blueberry fields selected 

Field Field Locatlon 

No. Owner 
Town or Commun1ty County 

1 Reedpath Richlbucto Kent 

2 Port~er - t;l'~ Shedlâè Westmorlan<\ 

3 Duprls West Mernrarncook Westrnorland .. 4 Knockwood Dorchester Westmor1and 

5 Barnhlll Dorchester Westrnorland 

6 Beaumont Oxford Cumberland 

7 Ml.ldrum New Canaan Mountaln Cumberland 

8 Sargent a Parrsboro Cumberland 

9 Harrlngton Glenholme Colchester 

10 Slack Folly Lake Colchester 

11 Debert Al.rport Debert Colchester 

12 Stonehouse Central North RIver Colchester 

13 MacDonald Glencoe Pictou 

14 Burges Middle Musquodobo.1t HalIfax 

15 Dodsworth Wittenberg Colchester 

16 Dalrymple East Gore Hants 

l7 Weatherhead Rawdon Hants 

aSprayed wlth lnsectlcide durlng the 1982 and 1983 growing seasons. 
"lb -.'"-

N.B. A map of these locations appears as Figure 6, page 72. 
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Figure 6. Location of commercial lowbush blueberry 
fields se ected for this research. 
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