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ABSTRACT

Collections of native bees were made on blueberry, cranberry, and raspberry
fields in the Fraser Valley of southwestern British Columbia to determine whether
these bees were present in sufficient diversity and abundance to pollinate berry
crops. Bumblebees were present on all three crops but not abundant, and solitary
bees were notably scarce. Native bees did not appear to be present in sufficient
abundance to effect pollination of any of the berry crops, so that managed
honevbees (Apis mellifera) are essential for berry production in the Fraser Valley.
Reasons for low diversity and abundance of native bees probably included pesticide
impact, habitat destruction, competition with managed honeybees, and extended

rains during the study period.

INTRODUCTION

Although blueberry, raspberry, and cranberry
are each self-compatible, it has been well-
documented that bee pollination greatly enhances
fruit production (Free, 1970: Daubeny, 1971: Dorr
and Martin. 1966: Johansen and Shawa, 1974:
Marucei, 1966, 1967: Martin, 1966: Marucci and
Moulter, 1977: McCutcheon, 1976; McGregor,
1976: Moeller, 1978: Murrell and McCutcheon.
1977: Whatleyv and Lackett, 1978). Thus, growers
commonly rent or own honevbees (Apis mellifera
L.) as part of their regular management practices.
However, before honevbees were introduced to the
New World more than 300 yvears ago, pollination of
these native plants was primarily due to visits of
native bees, particularly bumblebees  (Bombus
spp.). In fact. until recent pesticide spraying and
other human activities reduced native bee popula-
tions, honeybee colonies were not needed  for
blueberry pollination in Eastern Canada (Kevan.,
1977 Wood et al.. 1967), New Jersey (Marucci,
1966, 1978: Marucci and Moulter. 1977), Michigan
(Dorr and Martin, 1966: Martin, 1966), and
Washington (Johansen and Shawa. 1974). More
recently, honevbees have been considered essential
for commercial berry pollination due to decreased
abundance of native pollinators in these regions
(cited above, and Kevan 1975; Kevan and LeBerge,
1978; Wood, 1979).

The use of honevbee colonies for pollination in
Fraser Valley berry growing is reccommended (Berry
Production Guide, 1980). and increased vields using
honeybees have been demonstrated in  local
raspberry crops (McCutcheon, 1976: Murrell and
McCutcheon, 1977). However, native bee popula-
tions have not been studied to determine whether
feral or managed native bees might be adequate for
pollination. The purpose of this paper is to docu-
ment the abundance and diversity of native bee
species and to determine their role as pollinators for
commercial berry production in the Fraser Valley.

METHODS

This study was conducted from April-July 1981
in the Fraser Valley area surrounding Vancouver,
B.C. Nine commercial berry farms were used as col-
lecting sites, three each of highbush blueberry (Vac-
cinium corymbosum), raspberry (Rusus idacus).
and cranberry (Vaccimium macrocarpon) (Fig. 1).
Their exact locations were as follows: Blueberry 1
(B1) and Cranberry 1 (C1) — directly east of the in-
tersection of Ford and Harris Streets in Pitt
Meadows: Blueberry 2 (B2) and Cranberry 2 (C2)
— March’s berry farm, Sidaway Road. in Rich-
mond; Blueberry 3 (B3) — Freeman’s berry farm,
No. 6 Road, Richmond: Raspberry 1 (R1) —
Agriculture Canada Research Station, Abbotsford
Airport. Abbotsford: Raspberry 2 (R2) — Goetzke's
berry farm. 24387 - 70th Avenue, Langley and
Raspberry 3 (R3) — Driediger’s berry farm, 240th
Street, Langley: All the sites except R1 had mixed
decidious-conifer secondary growth on at least one
side, and all nine sites were in agricultural areas
with other berry fields and old. uncultivated fields
nearby.

Native bees found visiting flowers of the three
crops were collected with an insect net during the
entire flowering period for each crop. Attempts
were made to catch all the native bees seen, but a
few bees escaped when the collector was occupied
catching another bee. The time spent in collecting
was noted to generate a measure of abundance, bas-
ed on bees collected/hr. Honeybees were generally
not collected. since their abundance is largely
dependent on whether growers placed hives near
their fields. However. some honevbees were col-
lected in order to compare their pollen loads with
those of the native bees.

Pollen loads from Bombus and Apis collected on
cranberry were analvzed by examining 500 pollen
grains from the bees’ corbiculae, and classifving
them as either berry or mnon-berry pollen. To
prepare the pollen for analysis, distilled water was
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used to disperse the clumps into single pollen grains.
The suspension was then centrifuged for five
minutes and the water decanted. The pollen was
then dehydrated with glacial acetic acid (GAA),
centrifuged, and decanted again. A 9:1 mixture of
acetic anhydride:sulfuric acid was then added, and
the contents of the tube stirred while it was held in
boiling water for 1-2 minutes. GAA was added to
cool the mixture, and the pollen was centrifuged,
decanted, mixed with distilled water, centrifuged,
and decanted again. Tertiary butyl alcohol was ad-
ded, and the mixture centrifuged and decanted
again. A drop of the resultant sample was mounted
on a slide and examined.

Weather conditions during the study were
unusually cold and rainy. The accumulated rainfall
for April-July was 395 mm, a record for the Van-
couver area (Vancouver International Airport).

Pesticide applications by growers before and
during the study were as follows: Blueberry —
unsprayed; C1, C3 — unsprayed; C2 — Parathion
16 May, 8 July; Rl — Furadan 20 May. Dinoseb 30
April; R2 — Malathion 15 May, Guthion 22 May.
Captan 17 June; R3 — Malathion 3 June, Guthion
10 June, Captan 26 June.

RESULTS

Thirteen native bee species were collected on the
three berry crops, with over 80% of the individuals
collected being bumblebees (Bombini, Table 1).
The most frequently collected species was Bombus
mixtus, followed by B. occidentalis and B.
melanopygus. Other Bombini included B. flavifrons
(4 individuals), B. californicus (2), B. appositus (1),
B. pleuralis (1), Psithyrus suckleyi (1), and P. in-
sularis (3). Solitary bees collected included Andrena
sp. (11), Augochlora sp. (3), Chelostoma sp. (1),
and Halictus sp. (18). Few bumblebees were col-
lected on raspberry, and the number of individuals
of the three dominant bumblebee species collected
on blueberry and cranberry partly depended on
site. B. mixtus, occidentalis, and melanopygus were
most abundant at sites B1 and C2, and relatively
rare at sites B2 and C1. These results are difficult to
interpret, since Bl and C1 were in the same locali-
ty, as were B2 and C2. Thus, the same Bombus
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species varied in abundance at crops on the same
site.

The abundance patterns as measured by mean
number of native bees collected per hour of collec-
ting time are shown in Fig. 2. Collections spanned
the entire flowering period for each crop, and show-
ed different patterns of bee visitation. On
blueberry, few native pollinators were present early
in the season, but the peak flowering period late in
May showed increased visitation, with a maximum
mean of 25 bees collected/hr. Visits then declined
until the end of flowering in mid-June. On
cranberry, mean pollinator abundance was general-
ly about 10 bees collected/hr, but rose to 20/hr dur-
ing mid-July. Few bees were collected on raspberry,
never more than a mean of three bees/hr.

Pollen analysis of corbicular pollen from
cranberry visitors showed that honeybees and some
bumblebees (B. occidentalis) contained cranberry
pollen almost exclusively, with means of 499/500
(S.E. =0.5) and 496/500 (S.E. =3.4) pollen grains
respectively (p>0.25, ANOVA). However, B. mix-
tus was less restricted to cranberry, with a mean of
439/500 (S.E. =22.4) grains of cranberry pollen.
This was significantly different from both B. oc-
cidentalis and A. mellifera (p<0.005, ANOVA).
Similar results were found with the few bees col-
lected from raspberry, but the sample sizes were too
small for statistical analysis.

DISCUSSION

The results of this study have shown a low abun-
dance of native pollinators and low diversity of
species other than bumblebees on berry crops in the
Fraser Valley of British Columbia. These findings
suggest that native bees are not present in sufficient
abundance to adequately pollinate B.C. berry
crops.

The paucity of pollinators was most noticeable
in raspberry fields, where no more than three in-
dividuals were collected in any hour of collecting.
This was insufficient for adequate raspberry
pollination, so that managed honeybees were essen-
tial for pollination in the fields examined. The prin-
cipal reason for this low abundance of native bees
was likely pesticide impact. The three raspberry

TABLE 1. Number of native bees collected on nine fields of blueberry, cranberry, and raspberry crops in

the Fraser Valley, April - July, 1981.

Species Blueberry Cranberry Raspberry
Bl B2 B3 Total C1l C2 C3 Total R1 R2 R3 Total pX

Bombus mixtus 131 16 43 190 6 70 69 145 1 4 3 8 343
B. occidentalis 64 5 17 86 10 56 38 104 2 2 192
B. melanopygus 32 7 39 3 2 2 44
Other Bombus

and Psithyrus sp. 1 5 3 9 1 1 2 1 ¥ 12
Solitary bees 8 9 17 1 1 10 5 15 42




2

OLUMBIA 79 (1982), Drc. 31, 198

J. ENTOMOL. Soc. BRrIT. C

‘S10l11o  plepue}s ole sleq JI0II3] "S9}ls oQWOS Je o9pelwW Jlom Jo@.ﬁ\mcczuv:co
omy .mZﬁCCTﬁ«UUC LuZCr_:m “9YIS YOBa 1B Y99M B 90U0 9pell 9lom ,z.:x‘rucnv.m SuUOnI[oH A.w,:_vﬁ._c.muo pue
.,AH\HLLAT#.H ,,w‘h._wr_cﬂ;ﬁ ur S931s 991y} [[e je swny u::OOZOO 1Y /Paidaf[oo s9aq Jaljeu jo Iaquinu UesN ‘4 &_r.m

MEEN

AN aun
q! o MMM g 9 "y Z  fewol
T T T P S T T
--- IIIHHH\\\
\ Allaqdsey

/ ‘\m/
\ mr -7
/ /

\ /

Auaquel)d

Allagan|g

wn

(9]
No. BEES COLLECTED/HR.

w
AN



18 J. ExTOMOL. Soc. BriT. COLUMBIA 79 (1982), Drc. 31, 1982

growers sprayed extensively before and during the
blooming period with combinations of furadan,
dinoseb. malathion, guthion, and captan. all
known to adversely affect native bees (Johansen,
1980). All of the fields studied were in areas with
other spraved fields nearby. which would increase
pesticide impact. Although other factors discussed
below might also have influenced native bee abun-
dance in commercial raspberry fields, pesticide im-
pact seemed the most important.

Native bees were also not abundant in bluebern
fields, particularly early in the flowering scason.
Even when abundance increased in late May,
however, the number of bees present was probably
not adequate for pollination. In Nova Scotia. 168
native bees’hr were considered to be sufficient
pollinators in the absence of honeybees (Wood et
al.. 1967), with approximately equal numbers of
bumblebees and solitary bees present in that study.
Kevan and LaBerge (1978) have suggested that 1200
native bees/hectare are needed  for adequate
blueberry pollination in New Brunswick, and den-
sities of 700-2700 native bees/hectare are common
in unspraved fields. (Kevan, 1975: Kevan and
LaBerge, 1978: Wood, 1979). In fact. until recent
forest spray programs against spruce budworm
adversely affected pollinators (Kevan, 1977: Kevan
and LaBerge. 1978: Plowright ef al.. 1978:
Plowright and Thaler, 1978: Varty, 1977: Wood.
1979), no honevbees were needed for Eastern
Canada blueberry management. In contrast. this
study in British Columbia showed a maximum col-
lection of only 25 bees/hr, or 260 bees/ha at any one
time. These densities are considerably lower than
the 168 bees'hr or 1200 bees/hectare considered
adequate in Eastern Canada. Our results are similar
to studies of blueberry pollination in New Jersey
(Marucci, 1967; Marucei and Moulter, 1977) and
Michigan (Dorr and Martin, 1966: Martin, 1966) in
which native bees were not considered to be present
in sufficient numbers to pollinate commercial
blueberry crops.

Another difficulty with bumblebee pollination
of blueberries is that at Jeast one species (B. occiden-
talis) robs nectar by chewing holes in blossoms at
the base of the corolla. This behaviour. described by
Eaton and Stewart (1969), results in both
bumblebees and  honevbees  collecting  nectar
through the hole without transferring pollen. Such
behavior was common in the Pitt Mcadows area in
late May and early June. and likely reduces vields.
although the extent of this problem has not been
determined.

It is more difficult to interpret the cranberry
data, since an adequate level of native bee
pollinators has not been well-defined, as for
blueberry, nor was bee abundance so low that poor
pollination could be assumed, as for raspberry.
However, the recommended density of Apis col-
onies for effective cranberry pollination is the same
as for the other berry crops. 1-2/acre (Berry Produc-
tion Guide, 1980: McGregor, 1976), and 1200
bumblebees/ha may be sutficient for pollination

(McGregor. 1976), as for blueberry (Kevan and
LaBerge. 1978). Since the rate of native bee visita-
tion we found in cranberry was similar to that in
blucberry, native bees may not be sufficient to ef-
fect seed set in cranberry. Also. honevbees might be
more likely than some bumblebees to confine floral
visits to the crop. Anderson and Eaton (1981) con-
sidered honeybees to be the most useful cranberry
pollinators.

However, patterns of floral visits by Bombus
and Apis on cranberry are different, and
bumblebees may in fact be the better cranberry
pollinators. For instance, only 16% of honeybees
collected pollen from New Jersey cranberry fields.
while 487% of bumblebees were pollen collectors.
Also. bumblebees were less able to discriminate
sugar content at a distance than honeybees, sug-
gesting more floral visits for bumblebees (Roberts,
1978). Bumblebees are also thought to be superior
to some solitary bees as crauberry pollinators due to
their more rapid interfloral movement (Reader.
1978). McGregor (1976) also considered
bumblebees  superior  pollinators for cranberry.
Thus, without additional data it is difficult to
evaluate the effectiveness of native bees in Fraser
Valley cranberry pollination.

Bumblebee species diversity was similar to that
found in other studies from Eastern Canada. but
the diversity of other bees was exceptionally low.
Most of the Bombus species occurring in the Fraser
Valley were represented in our collections. We
found seven species of Bombus on the three berry
crops, out of 10 Bombus species that have been
reported from this region (Stephen. 1957). For com-
parison, nine species of bumblebees were reported
as blueberry pollinators in Nova Scotia (Finnamore
and neary, 1978) and 10 species in the Eastern
United States (Mitchell, 1960: 1962). IHowever,
these studies listed 44 and 52 species other than
Bombini respectively as  blueberry  pollinators,
whereas in British Columbia only four species were
found in our collections from all three berry crops.
Also, only 33 of the 624 bees collected were not
Bombini. It is not clear whether these results suggest
a generally depauperate Apoidea fauna in the
Lower Mainland or only limited utilization of com-
mercial berry crops by non-bumblebee species.

A number of factors could be responsible for the
low native bee diversity and abundance in the
Fraser Valley, including pesticide impact. habitat
destruction, competition with managed honevbees,
and the extended rainy period in the Spring of 1981.
Pesticide impact was greatest on raspberry, as
previously  noted, but spraving in adjacent
agricultural areas may also have adversely affected
native bees on the other crops as well. For example,
the ill effect on native bees in blueberry fields close
to forest areas spraved with fenitrothion in Nova
Scotia, New Brunswick (Kevan, 1975, 1977: Kevan
and LaBerge, 1978, Wood. 1978) and Maine (Milic-
zky and Osgood, 1979) has been well-documented.
Destruction of nesting sites mayv also have affected
bee densities, particularly in the blueberrv and
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cranberry fields. since some of the surrounding arca
has become residential. Competition  with
honeybees could also have affected native bees:
most Lower Mainland growers rent honevbees dur-
ing the flowering season for pollination (Berry Pro-
duction Guide, 1980), and there is also a con-
siderable amount of hobby beekeeping throughout
the Lower Mainland. Finally, the record-setting
rains of 1981 may have suppressed native bee
populations by washing out nesting sites and
limiting foraging time, as is often the case for vellow
jackets (Akre and Reed 1981).

At this point we cannot determine the relative
importance of these and possibly other factors in
limiting native bee abundance. Additional data are
needed, including population surveys on both berry
crops and non-cultivated plants over a number of
vears, experimental studies of pesticide impact and

better understanding of the role of climatic condi-
tions in determining bee densities. We hope to ad-
dress these questions in future studies.
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EVALUATION OF DIFLUBENZURON FOR CONTROL
OF LEAFROLLERS (LEPIDOPTERA: TORTRICIDAE)
ON APPLE
D. W. ANDERSON AND R. H. ELLIOTT
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University of British Columbia,
Vancouver, B.C. V6T 2A2

ABSTRACT

The toxicity of diflubenzuron (Dimilin) to various stages of the obliquebanded
leafroller. Choristoneura rosaceana (Harris), was evaluated under laboratory con-
ditions. The compound had no ovicidal effect at concentrations up to 1000 ppm but
foliage treated with 100 ppm diflubenzuron plus the surfactant, Tween 20, was
toxic to lst-instar larvae. At similar concentrations, diflubenzuron reduced the
longevity of adult moths but had no effect on fecundity or egg viability.

In an orchard of mixed apple cultivars, diflubenzuron cover sprays applied at
the pink bud stage significantly reduced fruit damage by leafrollers but failed to
provide control comparable to that with azinphos-methyl.

INTRODUCTION in an Okanagan orchard (Anderson and Elliott

Recent field studies have suggested that the in-
sect growth inhibitor, diflubenzuron (Dimilin), has
considerable potential in pest management pro-
grams in pome fruits (Wearing and Thomas 1978:
Westigard  1979).  Against the codling moth,
Laspeyresia pomonella L., the compound had ex-
cellent contact and residual activity to eggs but
limited toxicity to larvae and adults (Elliott and
Anderson 1982). Despite this, diflubenzuron sprays
applied to coincide with peak codling moth activity
provided control similar to that of azinphos-methyl

1982). In addition. diflubenzuron appeared com-
patible with integrated mite control in that sprays
were non-toxic to predaceous mites and did not in-
crease populations of European red mite,
Panonychus ulmi (Koch) or rust mites (Aculus spp.).

Depending upon the species. leafrollers can
cause early and late season injury to apples. In the
northern fruit growing region of British Columbia,
two univoltine species, Archips argyrospilus
(Walker) and Archips rosanus (L.). predominate
and cause early season damage whereas in the





