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Abiotic and biotic factors affecting Rhagoletis mendax 
[Diptera: Tephritidae] populations in eastern Canadian 
lowbush blueberry fields 
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An investigation was carried out in Nova Scotia and New Brunswick, Canada, to 
identify natural regulatory factors, such as soil acidity and weed incidence, that 
could influence the occurrence of blueberry maggot {Rhagoletis mendax) 
populations in commercial lowbush blueberry fields {Vaccinium angustifolium). 
Over the range observed, the soil acidity had no détectable influence on the 
distribution and mortality of R. mendax larvae and pupae. Adult migrational 
patterns were affected by the cultural practice of burning on alternate years 
causingtheemergingadultsofburnedfieldstomovetowardsareasin production. 
Therewasalsoaposi t ivecorrelat ionbetweenthegrowthintensi tyof indigenous 
weeds and blueberry maggot infestation levels. 

Geddes, P.S., J.-P. R. Le Blanc, and W.N. Yule. 1992. Abiotic and biotic factors 
affecting Rhagoletis mendax [Diptera: Tephritidae] populations in eastern Ca
nadian lowbush blueberry fields. PHYTOPROTECTION 73: 73-78. 

Une étude a été effectuée en Nouvelle-Ecosse et au Nouveau-Brunswick au 
Canada, afin d'identifier des facteurs naturels de régulation, tels que l'acidité du 
sol et la présence de mauvaises herbes, qui pourraient influencer l'occurrence 
de populations de la mouche de l'airelle {Rhagoletis mendax) dans les bleue-
tières naines commerciales {Vaccinium angustifolium). Les niveaux observés 
d'acidité du sol n'ont pas été identifiés comme un facteur régissant la distribution 
et la mortalité des larves et des pupes du R. mendax. Les mouvements migra
toires des adultes ont été affectés par la pratique culturale du brûlage des 
champs de bleuets aux deux ans et il en résulte que les adultes, émergeant de 
la portion brûlée des champs, migrent vers les zones en production. Une 
corrélation positive entre l'intensité de la pousse des mauvaises herbes indigènes 
et les niveaux d'infestation de la mouche de l'airelle a été démontrée. 
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INTRODUCTION 

The blueberry maggot {Rhagoletis men
dax Curran) [Diptera: Tephritidae] has been 
recognized as a pest of lowbush blueber-
ries {Vaccinium angustifolium Aiton) in 
Eastern Canada since 1930 (Brittain and 
Pickett 1933). Despitethe rapid expansion 
of the commercial blueberry industry in 
récent years, the distribution of this spe-
cies has remained relatively localized wi-
thin eastern Canada (Geddes et al. 1987). 
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There issome évidence tosuggestthat 
soil pH may play a part in regulating the 
distribution of certain tephritid species. 
Darby and Kapp (1934) proposedthatthe 
distribution of the Mexican fruit fly 
[Anastrepha ludens (Loew)] was influen-
ced by the sensitivity of larvae to acidic 
soilconditionsalthough Baker étal. (1944) 
cited évidence to counter this daim. In 
eastern Canada, lowbush blueberries are 
normally found in more acidic soils than 
in northeastern United States (Hall and 
Aalders 1983; Trevett étal. 1972). 

It has been suggested thatthe cuitural 
practice of burning, employed to prune 
blueberry plants, may alsobeasignificant 
mortality factor. The thorough burning of 
fields and the routine removal of alterna
tive host plants such as bunchberry 
(Cornus canadensis L.) will reduce popu
lation levels by depriving females of ovi-
position sites (Miller 1979). There is also 
évidencetosuggestthatflies will disperse 
from fieldsthat hâve been burnedto adja
cent fields that are in production (Wood 
1980). 

The objectives of this study were: 1 ) to 
détermine if a relationship exists between 

the soil acidity and the occurrence of R. 
mendax in eastern Canada, 2) to verify if 
burned blueberry fields were a source of 
blueberry maggotinfestation for adjacent 
production fields, and 3) to examine an 
hypothetical relationship between weed 
coverand R. mendax infestation levels. 

MATERIALS AND METHODS 

Soil acidity 
Several commercial lowbush blueberry 
fields were selected for a 2-yr study from 
differentgeographicalareasandsoiltypes, 
with a wide range of R. mendaxinfestation 
levels (Geddes et al. 1989). Lowbush 
blueberries grow on humo-ferric podzols 
(Eaton and Patriquin 1988). Location and 
field détails are presented in Table 1. Six 
fields were chosen in the first yr, four in 
Nova Scotia and two in New Brunswick. 
In the second yr, 13 fields were selected, 
nine in Nova Scotia and four in New 
Brunswick. A 4-ha test plot was establish-
ed within the crop section of each field. 
Each plot was further subdivided into 14 
blocks in the first yr and 16 blocks in the 
second yr. 

Table 1. Location détails of blueberry fields selected for the 2-yr soil acidity study 

Nearest Provincial Canadian Year 
locality county province used 

Dorchester South Westmor land New Brunswi ick 2 

West Memramcook Westmor land New Brunswi ick 2 

Dorchester North Westmor land New Brunswi ick 2 

Shediac Westmor land New Brunswi ick 1 

Richibucto Kent New Brunswick 1,2 

Oxford Cumber land Nova Scotia 2 

19
92

 Middle Musquodobo i t Halifax Nova Scotia 2 

19
92

 

East Gore Hants Nova Scotia 1 

(2
) 

Debert Colchester Nova Scotia 2 

Wit tenberg Colchester Nova Scotia 2 
Z 
O Glenholme Colchester Nova Scotia 2 I10 Glencoe Pictou Nova Scotia 1 
LU 
I - New Canaan Mounta in Cumber land Nova Scotia 2 

H
Y

TO
P

R
C

 

Parrsboro Cumber land Nova Scotia 1,2 

H
Y

TO
P

R
C

 

Folly Lake Colchester Nova Scotia 1 

H
Y

TO
P

R
C

 

Central North River Colchester Nova Scotia 2 
CL Rawdon Hants Nova Scotia 2 
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Blueberry maggot populat ion levels 
were measured by sampling both adult 
and larval stages. Adult numbers were 
de te rm ined by insta l l ing one bai ted 
Pherocon® A M trap (Zoëcon Corporation, 
Palo Alto, California, CA 94304) (23 cm x 
28 cm) wi th in each blockof thetest plots. 
In the first yr, ail traps were installée! in an 
inverted «V» posit ion (folded to form a 90° 
angle wi th the apex pointing up and the 
sticky yel low surface facing downward). 
Trap captures were recorded weekly for a 
period of 3 wk. Ail traps were installed in 
anupr ight«V» position during the second 
y ro f f ie ld trials, as this position was found 
to be more efficient for capturing flies 
(Geddes et al. 1989). Such an installation 
causes the yel low sticky surface to be 
more visible to foraging flies because it is 
thus on the external sides of the «V». Fly 
captures were recorded once a week for 6 
wk and ail traps were replaced wi th new 
ones after 3 wk. During the final week of 
t rapping, 1-L samples of ripe blueberry 
f rui tswererandomlycol lected within each 
block of the test plots. The number of 
larvae présent in each sample was deter
mined using the boil ing technique ofNei l -
son étal. (1984). 

An estimate of the soil pH wi th in each 
test plot was made f rom soil samples 
collected f rom individual blocks using a 
soil auger. Each sample consisted of a 
composite of 12 cores measuring 5 cm in 
depth and 2 cm in d iam. Samples were 
placed in plastic bags and stored at 5°±1°C 
unti l laboratoryanalysis. AN analyses were 
performed as soon as feasible, however, 
the storage period never exceeded 3 wk. 
In the first yr, one set of soil samples was 
collected during the first wk of the field 
work. In the second yr, samples were 
collected during the first, th i rd, and sixth 
wk. Soil pH measurements were made 
using a research grade digital pH meter 
(Orion Model 811, Orion Research Inc., 
Cambridge, Massachusetts, MA 02139) 
wi th a two-point électrode standardiza-
t ion. This provided a pH accuracy of 
± 0.003 units. To compensatefor the effect 
of soluble soil salts, ail samples were 
measured in a 0.01 M solution of calcium 
chloride at a ratio of one part soil to two 
parts CaCI2 (Peech 1965). Final pH mea
surements were rounded of f tothe nearest 
0.01 unit. 

The relationship between soil pH and 
blueberry maggot populat ion levels was 
established using a Spearman rankeorre-
lation analysis (Daniel 1978). The three 
séries of soil samples collected during the 
second yr of field trials were submit ted to 
a Kruskal-Wallis one-way analysis of va-
riance (Sokal and Rohlf 1981) to assess 
the relative stability of the soil pH during 
the growing season. 

Fly migrat ion 
This experiment was carried out in two 
Nova Scotia lowbush blueberry f ields 
(Glenholme and Parrsboro sites) dur ing 
the second growing season. Both fields 
consisted of adjacent burned and unbur-
ned (crop) sections and had historiés of 
blueberry maggot infestation. To detect 
f ly migrat ion or movement between field 
sections at each site, an expérimental plot 
measur ing 8 ha and over lapping the 
burned and unburned (crop) sections of 
thef ie ld( / .e . ,4hapersect ion)wasmarked 
off wi th in each f ield. A total of 32 baited 
Pherocon A M traps were installed in a «V» 
posit ion wi th in each 8 ha field {i.e. 16 per 
section, in four rows of four traps each). 
Trap captures were recorded weekly for a 
6-wk period wi th ail traps being replaced 
after the third wk. During the final week of 
the tr ial, 1-L samples of blueberry fruit 
were collected randomly wi th in a 15-m 
radius of each trap. Larval counts were 
determined using the boil ing technique of 
Neilson étal. (1984). 

A nested analysis of variance (Sokal 
and Rohlf 1981) was used to détermine if 
the number of f ly captures d i f fered 
amongst traps wi th in each row, rows w i 
thin each section, and between the burned 
and crop sections. 

W e e d incidence 
Weeds typically associated wi th eastern 
Canada lowbush blueberry fields were 
listed and described by Jackson and Hall 
(1983). This investigation utilized the 13 
fields selected for the soil acidity invest
igation (see above for block description). 
Trap capture and larval count data were 
retained and assessments of indigenous 
weed cover and blueberry colony cover 
were made. The 16 blocks (0.25 ha) of 
each plot (4 ha) were visually moni tored 
for both assessments. Blocks wi th sparse 
or no weed cover (0-35%) were scored 
one,those wi th moderate weed cover (36-
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70%) had a score of two , and those wi th 
dense weed cover (71-100%) had a score 
of three. The same technique was used 
again to estimate the blueberry colony 
cover. Because of the présence of barren 
patches, the combined végétation cover 
estimâtes for a given block did not ne-
cessarilytotalled 100%coverage. Forboth 
assessments, the average score of each 
test plot was calculated and ail scores 
were ranked along wi th adult trap captu
res and larval counts. 

AH data were analyzed using a Spear
man rank corrélation and calculated va
lues were adjusted for ties (Daniel 1978). 
This procédure was used fo r the fo l low ing 
five sets of variables: adult trap captures 
and blueberry cover, adult trap captures 
and weed cover, larval counts and blue
berry cover, larval counts and weed co
ver, and blueberry cover and weed cover. 

RESULTS AND DISCUSSION 

Soil acidity 
Therankcorre lat ioncoef f ic ient forso i lpH 
and the number of R. mendax larvae and 
adults was not significant (Table 2). The 
coefficientforflycapturesand larval counts 
was significant ( P < 0.01), indicating no 
irregularities in the R. mendaxpopulat ion 
or stage-sampling techniques. The pH 
values for the three séries of soil samples 
collected in the second yr did not differ 
significantly. Al though soil acidity was 
relatively stable during this research tr ial, 
Brady (1974) noted that soil pH measure-
ments may vary wi th the amount of pré
cipitation received. 

Lowbush blueberries occur ail over 
eastern Canada in acidic soils of a pH 
genera l ly rangingf rom 4.0 to 5.5 (Hall and 

Aalders 1983). Ourso i l pH results ranged 
f rom 3.68to 4.24 in the f i rs ty r , and 3.38to 
4.54 in the second yr. Thèse values are 
be lowthe 4.5 to 5.0 range recommended 
for opt imal commercial product ion of 
blueberries (Trevett et al. 1972). A pre-
vious study of the chemical and physical 
propertiesof ripening lowbush blueberries 
revealedthat f ru i tpH reaches a max imum 
ofca. 3.67 (Ismail and Kender 1974). Based 
on ail thèse considérations and given 
that the four maggot instars occur in the 
ripening fruits, R. mendax larvae should 
be able to tolerate the acidic soil condi
t ions of most commercial lowbush blue
berry fields. 

Fly migrat ion 
The number of R. mendax f ly captures in 
the burned and crop sections differed 
significantly (P< 0.05) for both of the test 
fields (Table 3). The number of fly captu
res also differed significantly ( P < 0.01) 
between the traps wi th in each row and 
between the rows of each section of the 
Glenholme f ield. Thèse variables did not 
differ significantly in the Parrsboro field 
which was (mistakenly) sprayed w i th 
carbaryl 25% WP (1.1 kg a.i. ha1) by the 
field owner. This action coincided wi th a 
dramatic drop in the number of blueberry 
maggot captures when adult émergence 
should hâve been reaching its peak. The 
effectiveness of this application was fur-
ther demonstrated when the extraction of 
16 L of blueberry fruits resulted in the 
détection of only one larva. Samples col
lected fromtheunsprayedGIenhoIrnef ield 
yielded an average of 23.5 ± 8.5 larvae per 
litre of fruits. 

Weekly data of trap captures in the 
Glenholme and Parrsboro fields indicate 
a gênerai fly migrat ion f rom the burned 
section to the crop section over the mo-

Table 2. Spearman rank corrélation coefficient (r5) values for soil pH and Rhagoletis mendax adult 
trap captures or larval counts 

Parameters 
Year 1 
(n = 6) 

Year 2 
(n = 13) 

Soil pH - number of adults 

Soil pH - larval counts 

Number of adults - larval counts 

-0.49 ns 

-0.36 ns 

0.99 ** 

-0.32 ns 

-0.19 ns 

0.84 ** 

Significant at P< 0.01; ns: non-significant. 
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Table 3. Calculated Fvalues for total Rhagoletis mendax adults captured on baited Pherocon AM 
traps in the burned and crop sections of two Nova Scotia commercial lowbush blueberry fields 
over a 6-wk period 

Source of variation 

Among sections 

Among rows within sections 

Among traps within rows 

Total captures, crop section 

Mean captures, crop section 

Total captures, burned section 

Mean captures, burned section 

Field location 

Glenholme Parrsboro3 

6.125* 6.243 * 

4.172** 0.774 ns 

3.245 ** 0.765 ns 

6244.0 555.0 

65.0 5.8 

4209.0 913.0 

43.8 9.5 

insecticide applied during second wk. 
*Significant at P < 0.05; **significant at P < 0.01; ns: non-significant. 

Table 4. Spearman rank corrélation coefficient 
values for the number of Rhagoletis mendax 
adults and larvae and the extent of blueberry 
and weed covers 

Parameters r3 

Adult captures and blueberry cover -0.79 ** 

Adult captures and weed cover 0.54* 

Larval counts and blueberry cover -0.95 ** 

Larval counts and weed cover 0.73 ** 

Blueberry growth and weed cover -0.91 ** 

*Significant at P< 0.05; **significant at P< 0.01. 

nitored period. Because of the unplanned 
insecticide application, the crop section 
total captures of the Parrsboro field may 
be misleading, Le. less than that of the 
burned section. In the Glenholme field, 
however, movementwasalsodetectedin 
other directions as well. This is noted by 
the significant F values for both variations 
among rows within sections and among 
traps within rows (Table 3). This discre-
pancy may be explained by the random 
foragingbehaviourofnewlyemergedflies 
(Prokopy 1977; Prokopy and Owens 1978). 

Weed incidence 
Results from the weed incidence study 
revealed a highly significant corrélation 
(P< 0.01) between ail pairs of variables, 
except trap captures and weed incidence 
which were significant only at P < 0.05 

(Table 4). The négative corrélation 
between weed incidence and blueberry 
density is in agreement with earlier re
ports of indigenous weeds competing 
directly with blueberry plants for space, 
light, moisture, and soil nutrients (Jack
son and Hall 1983). The corrélation 
between weed scores and R. mendax 
density levels also supports previous ob
servations that blueberry maggot flies 
utilize weeds for shelter from wind and 
adverse weather conditions (Lathrop and 
Nickels 1932; Wood 1979). Thèse results, 
therefore, give further évidence that con-
trolling weeds in commercial blueberry 
fields should reduce Rmendaxpopulation 
levels. 
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