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The ob;ect:ve of this Stud\ was 10 mvesngate ‘the bxolog)l manggemem Mmangnﬂ
efficacy of wild bees and domesucztcd honev bees for tree fnnt poﬂmauom Observations o

- were made and experiments conduaed in the Okanagan Valley, B. C. from 1983 o 1985.

Although abundant in natural habitats, ‘unmanaged wild bees are not reliable ‘or

i pred.mablc pollinators for orchards in the Okanagan Valle) Howevcr the management of

dormnam wild bees species such as Bombus terricola ocademalzs and’ B bzﬁznu.s nearticus, .
~ wmch dxspla‘. a strong Lendenc:} toward foragmg on oichard crops, does have potenual Tor
M fruit crop pollination. . Although Osmia lignaria propmqua was not a dominant species in
orchard habitats, it has potential fof ree fruit »pollimtion.' in the Okanagan Valley since n. is .
indigenous to this area and management systems for’ \its use in fruit Tree I;OHinaﬁon have |
already been “ established. - : |

¥ - - , ' : . » ,
The results of a study comparing the relative pollination efficacy .of honey bees and 0.

lignaria suggest that, although single O. lignaria visits produce fruits of a comparable size 10

tose ,’esm‘ing,,, from one o three honey: bee “5“5 overall pollination -efficacy is lower due . 4
to the greater nurnbér of g:ediess carpels ‘per fruit and therefore an’ in;:reased"téndélcy |
toward asymmetrical apples. In addition, the data suggest that O. !ignarié is less "eﬂ';aent" éf
pollination since it spends signiﬁcand,;' more lme geaxching for and fqraging dq blossoms than

‘ do honey bees.

Predicting honey bee colony pollination potential in cherries, pears and dpples hglmng
. such factors as colony characteristcs, forager entrance counts and weather conditions is
possible. but predictions- will have 1o be made on an individual crop basis rather than by .o

guantifying .data to arrive a! gencral recommendations for all tree fruit crops. - ° ——



[ IR

. Colony characteristics and profitability were examined for three éySlems of honey beg

L S

management Measurements of colony weight, seiled worker brood area and surplus honey

pr?t}‘ucﬁon 'inditmed that ’rg,anggmem systens  which igveivﬁx:‘ the most intensive colony

- management for pollination, hdzm production and bee “p?rodﬁc'tion’ do not detract from overall

-~

colony vigour, yitlded the best income, and.can provide a new source indpme through the

‘sale of packages and: nuclei.
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o INTRODUCTION - {

’ (McGregor  1976). - ' :

T

Fruit varietes which pmduct'ca:} £CONOMIC aﬁp with their own pollen are termed
seif-compan’bic, or seif-fertile. Varieties that do 0Ol SeI an economic crop with their own
pollen are termed parialiy - sew—ema.ﬁb%r.?e& 4 %h-ﬁs fait -0 set-fuit—at” e

self-incompatible. Most appie and pm vancncs.'md all sweet chermes are cither

sclf?incgmpatible or only partally self-compatible, and'adcqualc cross—poilination by insects is’
esécnzialr for satisfactory crocpmg To a;:};jeve th.rs, one or more cumpau’bi; pollinizer varicufs ‘,
must be interplanted amnngsz the main varery m@gpoai the orchard (Humphry—Bakcr. el al.
1975 McGregor 1976; Hommkm'ai Educaton .,Mﬁén 1967). The distance ovc; which

cross-pollination by insects is lkely w0 be .effective is one of the -factors in determining the
spacing of pollenizer trees in an orchard planting scheme. However, orchardisis want to plant

e

a minimum number of polienizer gees relative to the main vanely. This has ied w0 the

exiensive fdopuon of the “one-in-ninz” sysiem. iz which each' pollenizer tree 15 surroundcd -

by crght “of the main vanery. Other poﬁ-mz" pianung arrangements include sohd Tows
N

of pollemzcr trees (ie. every third or fourth row 1o be planted with the polienizer vanety)

and the "one—in-four™ system ,f{t.t. cvcr second tree.in every second row is a2 pollemzer)

(Swales 1982: Homiculuural Education Assocatios 1967

Much care must be exerciseé n choosing 2 pollenizer variern relative 1o the main

variety including the following factors: 1) compaiability 02' po-ﬁcn with Lhc main vanc!} 2)




- Association 1967): ’ | .

Bee - po}lmamxs\are the prxman agents of cross-polhnauoa——u{ orchards. For
cxoss—poﬁmnon 10 occut, bce polhnazors foraging on blossoms oi' the main variety must be e

carrying and subsequently transfer pollen from a pollmger variety to the stigmatic Iob:s of

Hrstonmﬂ) honey bce co%omes were managed pnmanly for honey production, with' crop

pollination occurring incidentally. As fi eld size increased, and plant monocultures became \/
common, and Lhe popu}auon Ox wﬂd bees decrmsed rentmg of honcy bee coicmxes for g\

poﬂmahon beg:m Currently, one million honey bee colomes are rcnted annually in the

Dmled States for the pollination of agnculmral crops (McGregor 1976). In 1983, 6465 hives .
were rented for ponmauon services in Bridsh Columbux with a toxal rema] value of . )
zpproxxmazcly $210,000. The poﬂmanon of food and forage crops provided by managcd honey

bee coiomes in Canada has been estimated -10 be worth 10 times Lhe value of ‘the honey

h¥a?yl

- management svstcms for wild oco pollinators. Successful managemem systems for the alfalfa

™ 1inad  f » 43
NN TAR 71" S 2T Winston and—Scott 1709},

in-recent vears, much atemtion has been directed toward the developmem of .-

I»afcuncr bee, Megac}zde rotundata {F.), the alkali bee, Nomia melanderi Cockerell and the
bluye ‘orchard bee, Osmug itgrarm pmpmqua Cresson, have been mmatcd t'or the . pollination of
fruit and ﬁefd cmps in the US {Pazxcr iﬁd Ton:hxo 1980).

Although bee pollinators play a vial roi, in the fruit- growing industry thmmjL -

-

‘much w0 know about p%anzipgi}imﬁm and the use of homey bees and wild bees 1o achieve

maumum effidency in pollination management systems and agricultural production. Mbniton'ng’

of wild bee populations in agriculniral areas 1 determine the abundance and diversity of /

(28]
”



. : "\, N
e e e po[gnﬁal e intree” fim pollination; ~ "

.

»mdxgenous populauons has been hmned In addmon. mformauon on the comparauve

polhnatmn efficacies of honey be&s and wild bee pollmators relative 1o fruit qua]m is

‘negligible. From the beekeepers’ perspecuve, refining honey bec.*)‘inznagcmcnt systems m :

. Oy . »
< improve both pollination ;tfﬁmcy and income are essential in mainaining their livelihoods.

- The ob;ecu of thn four major studies undertaken were to:
1. Dete 4 _the abnndance and diversity of wxld bee polhnatots in orchards and -

u:ncu!uvated habitats in the Okanagan Vaﬂe} and w identfy wild bee pollmalors with

2. dmpare the pomnauon efﬁmcxes of an indigenous wild bee pollinator, 0. lignaria

i

N~ ~  propingua, and hOncy “bees on Red Delicious apples; .

300 Invesugate @ means. of ﬁeu:murnng wﬁmauon smength of honey .bee coTomes m . |

orchards using forager entrance counmts; and,- . }

]
s

4, Invesﬁgat.e the biology and economics of honey 3 managemcm for pollination and
deten:mne the feasability of package bee and/or nucleus producuon in - conjunction wuh v

pollination-based ax;d honey-based managemem systems.

-

*s
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- - 'm'mderforﬁpmwfﬂdmﬁﬁveﬂm), pears (Pyus CMM). and sweet cherries
{ Prunus 'avium)' {with the exception of the self fertile variery Stella) w be polhnated, there

- must be present in the orchard 1) pollenizer varieties which produce pollen mpable"of
fertilizing and producing fruit when the pol}eﬁ. is carried to the stigmas.of the main tree
fruit variety; and 2) an adequate supply of insect pollinators in the form of either managed

hmey bm or wxld bees 10 ensure that cross—polhnauon occurs N

Bee pollinators are the primary agenis for the transfer of pollen from one
self-incompatible fruit cultivar to another. Wind aﬁd/bx other animals are negligible factors in .
the pollinationof -apples; sweet cherries~and pears—(McGregor 1976) The™ flower soucmres
found in t};eﬁe fruits are clearly adapted for bee> pollinau'on and the reﬁuirerﬁem for bees

has becn shown by. many expenmems m whxch neghg:ble fruit set occurs on trecs screened /
to exclude them whereas it was satisfactory on aﬂjacem plants to whlch bees had access

(Claypool et al. 1931; Free 1964,1966;,‘ Stephen 1958). .

- Th Oﬂey;beeﬁarseveraiﬂﬁuab}c quauucauum for u.s soleas me primary managed
insect pollmawr of agncultural crops, including: '

1. Pxopagauon - economically ~ feasible managemem sysiems have been developcd which are

conduexve ‘o’ mampulauons of colom populauons

/

J/ Mobﬂfy - honev bees are m.amtamed in colonies which -can be transported when and
- where they aIg' ¢needed during the pollination period. Also, honey bee workers can

reorient to new hive locations:

3. Fideh’tv to Plant Species - honey bees Lend o visit only one spccies'of flower during

a mvm um“ pcnod for pollen and;/or ‘mectar. Also honey bees are not obhgatc visitors

5‘ 8 any single plant species, as are some oligolectic wild bees; ' A

4. Availability and Management by Apiarists - different crops have varying pollination

5
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penods and hone) bees can' be made avaﬂable t.hroughout Lhe _entire -season; .and

g

-8 | Foragmg Hchawor = honcy bees have a relanvely long ﬂlght range dependmg on

weaiher itions; are insati d nectar couectors_.

.Although honey bees have a numbsg of advantages for their use’ in crop pollination,

the importance of naturally occurring populanons o_f.wild bees for the pollination of fruit and

- other crops has also been well documented. In this paper, wild bees are defined as all

members of the superfamﬂv Apoidea other than the genus Apis.’ Sansfactory o excellent frmt

—set- somcﬂm can: be aocomphshcdﬂn ‘the- absenct of - honey'beesTFox-Wllson 1929; Loken

11958) Bnnam el al. (1933) determined that in pzms of Nova Scotia ‘where there was a

virtual absence of both bumble bees and honey bees, the natural populauons ‘of Hahctus and

Andrena - species—were - sufficientfor—successful-apple--pollination,

The population levels of ~wild bee species have decreased substantially since -the
aforementioﬁed studies {ver'e c_:ompleted,. primarily. duei to changes, in agm:ulmral practices which

have resulted in extensive monoa'opped acreages, reduced plant diversity, increased use of

ipcstic;des, competition by honey bees and, dastmczion of nesting habitat (Free' 1980;K Johansen

1972; .,oumghkand—'lihaie%ekwof%andﬂmberyi%ﬂ*—koﬁbm 1978, Wratt '968' -
i)on and Marten 1966; Mamccx and Moulter 1977; Johansen and Shawa 1974 Morgan and
Percival 1967 Cruden- 1932 ‘Heinrich 1975, 1976) Reduc'cd populauons and annual ﬂuctuatmns
in abundance patterns h;ve made unmanaged wild . bee species unreliable »and unpredictable
pollinators for” agricultural crops, neccessitating the rental of honcy bee colonies for crop
pollinatiom% However, a 'rnumber of wﬂc; bee species have proven to be more efficient
pollmators of cerain crops than honey bees For example Lhe alkali bee, Nomm melanden

Cock. and the lufcuner bec Megachu‘e raundaa (F.) are hlghly effective and efficient 3

polhnators of alfalfa. The management and umzzanon of these wild bm as alfalfa pollinators |

has been studxed and promoted for a. rmmbcr of years (Bohart 1958, 1967, 1970a. 1970b,

1972; Menke 1952, 1954; Stephen 1965: Siephen and Evans 1960; Hobbs 1964, 1967;



»pnmary polhnators of th1s CTop. | Several species - of megachnhd bees have proven to be

- efficient pollinators of fruit and nut cmps. Osmia Izgnana propmqua* Cge&son is a Northk - \
American speues in the final stages of . developmem as a pollinator of almond (Torchm 1979 .
‘1981a, 1981b, 1982a) and apple c:rops (Torchio 1976, 1982b 1984 1986). Osmia cornifrons
(Radoszkowski) has been developed as a commerma] pollinator of fruit trees in Japan (Maeta l
1978; Maeta and Kuamura 1965a, 1965b 1974, 1981) and has been imported to the eastern

: ‘US for apple polhnauon_ Osmm cornuta Latr has ‘been xmported inio the western U.S.

from Spain and is bemg vtested as a potential pollinator of orchard crops such -as apples e

(Torchio and Aseﬁsio 1985).

Sevef&ffomzbﬂsw {bumble bees) have aiso proven 1 -be d’i:’]’)é'ﬁdiﬁfé pollmaloﬁs ol
crops. For example, Bombus terrestris is being deveioped as a poilinatdr of hwiftﬁit‘ in New
Zealand (N. fomeroy‘, persona] communication). Bumble becs' are important poilinators of red..
clovér m northern Europe and efforts‘ a;'e made, 1o grow this crop for seed in 'U&"Where'
bumble bees are abundant (Free 1980). Bombus Spp. were.. 1mponf.d for red clover pollination
" in New Zealand (McGregor 1976).

If we are to benefit from vthe‘ pollinatiﬁg activities of wild i)ee species it is essc‘mial
that we begin 10 augment and majn;ain their. populations. Before management programs for
- wild be% can be .d'eveloped‘it iS necessary 1o suﬂey bee fauna in a pam:ular area, 'not
only 1o determine the relative abundance and divNindi;idual species; but also 1o
detefxnine’ andidacy of pariicular species as namral and ma}gged pollinators of target crops.
The objecnves of this res&rch were 1o | | “\ |

1. . Determine the abundance and dwer'sngi of wild bee pollfnators in orchard and

uncultivated habxtaxs in the Okanagan Valley, Bn Columbia

Examine whﬂther sufficien: numbers of wild bees rage in the orchard habitats 10

1o

'‘Department of Botany and Zoology. Massey University, Patmersion North, New Zealand
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-  ’—, - : 7 . . -
‘ prowde adequate tree. frun polhnatxon in the absence of honey bees and . il
I Detcrrmne ‘the most abundam (dommant) wild bee species wh1ch forage in orchard )

- - habitats and- their potential for domesnczuon and management for commercial tree fruit .‘ -

’{T 3 R G oo - ,\—;3 é"?v
“pollination. R o r
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' MATERIALS AND METHODS - R

to early June 1984 and mid-April 10 the end of May 1985 Founeen collecnon sites -

i

(Appendrx 1) were used reprtsennng four habitat types: 1) Orchards: Far from Natural

-(OFN) - Srtes were locmed in an orchard surrounded on all sides by other orchards. 2)
" Orchards: Near Natural (ONN) - Srtes were lomted m an orchard which ‘was bounded on
one or two sides by natural, unarluvated land.; 3) Unculuvated Near Orchards (UNO) -

~ Sites were unculuvated land bounded on one "or, two srdes by orchards. and 4) Unculuvated -
Far from Orchards (UFO) - Srm were unculuvated land completely surrounded by natural |

habitat and > 0.5 km from the nearest orchard The sites were located from Surmr}crland to

Oyama, and t.he same collection srtes were used dunng both ymrs of rhe study

3

The Okanagan Valley has a xeric, cold temperate chmate with an annual rarnfall of
38.0 10 510 cm. All sites in rhe uncultivated habitat designations are classrﬁed as ponderosa
pm&bunchgrass (Krajina 1969; Brayshaw 1970) The crops repreSented rn the orchard habxtats

-OFN and ONN were appies, cherrres and pears. Conectmg was done in one abandoned apple

orchard which was designated UFO Collection at orchard sites was comcrdemal wrth fnut
crop and understory bloom su'ch as Taraxacum oﬁcinale (dandelion). Uncultivated sitcs were
sampled for the éntire 6-‘week period. - Bee polhnators were oollectcd for 1 h intervals from
0900 to 1500 h at each site 1o allow wrthm and between-habnal compansona Only wild

bess foragmg on blossoms were caught, honew bees were not collected.

-

DWERSHY To determine drvcrsm of wild bee polhnawrs on an orchard crop or gatural

'vegetauon, a coﬂector moved rhrmrghoat th; site for 1 h czpturmg as many bees as powble

with erther an insect net or Jar The plant ,on which the captured ‘bee was foraging was also
collected if it could not be rmmed:atew identified. Plant specimens were pressed. rdenuﬁcd

-




i X

aud cross—referenced' with the bee mpwréd while foraging on them. The bees iver'e killed

Griswold, Bee Biology and Systematics Laboratory, Utah Siate \Um'versity Togan, Utah

(Megadnhdae) Dr. W. E LaBerge State Namwral History Survey Dmsron, Champalgn, mmor
(Andremdac Megachﬂxdae—Mellwades spem&s) Dr G. C Exckwon, Dept of Entomology,
Comell Umversxry, Itham, New York (Hahcndae) Dr. H V. Daly, Dms:on_ of Entomology
Umversrty of Cahforma, Berkeley, -California (Anthophondae Cerauna’sf-e;&s) Dr. R. W

| Brooks 7 DepL of Emomology Um ity . of Kanms lawrence Kansas (Anthophondae)
Voucher spet:imens have been retained by all of the above taxonomists and at Simon Fraser

Umversn) In 1985, all wild pollmators were “identified to Spcaes at Srmon Fraser Umversxty

o I 198 s and 1985, all bumble bee spécimens (Bombus spp)) and plams were 1denuﬁed o
specxcs at Simon Fraser Umversxty Shannon—Wiener Diversity Indices were calculated from
e these data (Margalef 1958). Between—yw similarity in foragmg panems was detcrmmed using .

Sorenson’s Prescnce—Absence Similarity Index (Sorenson "1948). Anale&s of variance were used

to analyze within-year family and habitat compansons.

' ABUNDANCE: Collection methods have been described in the previous section. Collectors
walked transects through each site collecting wild bees foraging on‘ plants in close proximity

1o their path. There are a number of problems with this mﬁecﬁon technique which could

result in biases in the capmre rate data: 1) individual collectors may have differed in the

vigor with which they surveyed collection sites; 2) differences in topography between/éites
b} .

= . could have made it more difficult to collect in some sites compared to others; and, 3)

variations in foraging behavior between wild- bee -species could have resulted in some bee |

16
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capture rate data is reprwentahve of wild bee abundance in the Okanagan Valle) Abundance

ofwild™ bees at” wcﬁ habltaf desxgnauon was determmed by calculanng the number of wild

— mﬂmwmﬂewmmwrmpmle/n (Bees/h). Lapmre rates Were

determmed for m:h habitat A two-sample t-test: was used to compare total capture rates” of =

M
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=~ L Diversiy of Wild Be¢ Spedies

TS

< . o, - . i

- All mld bees (Hymenoptera: Apoidw) collected were “in the familieS' Apida)e Hahcndae
Andrenidae, Megachilidae, Amhophondae and Colletidae (Table 1). The famxh&s Oxaemae A

Mellitidae and Fideliidae were not represented in - these collections. . o T 54.:'_ | {

\ , . ; oo

e Unculﬁvate@ hatmats (UNO and UFOT showed - IngEer total dwermty of wild bee
pollmamrs than the orchaxd ha'Emrs (OFN and ONN) in both ymrs (Table 1), although m « °
1985 the dlfferences were not as dramauc as in 1984. In 1984 a particularly low d:versaty

e —=was —cvident for the ONN habi@t The families Halictidae, I{nclremdae Megachxhdae and
Anthophondae showed hxghe{ diversity in unculivated habitats compared orchard habjtats in
‘both years: In contrast, the Apmaem 1984 hid lower diversity in ONN and UNO h?b@
/than in OFN and UFO. In 1985, species diversity for the Ap{daae was low in the OFN
habitats and high in the other three habitats (Table 1). On]y two mdmdual Colletidae (one | A
species) were collected, both in the UNO habitat in 1935 ' | |

The hlgher specm diversity “on narural vegetation in both: ytms was due pnmanly 1o
the greater number of non~Banbu: spccus coﬂmd in t.he lmculnvated hab:tats in both o
»i years. chemy—mne non—Banbus q:w% were collected in the nncxﬂnvawd ha‘bnats and only -
-12 in orchard habnats chmng 1984 (Table 2). In 1985, 50 non-Banbw speucs were oollected’
13 the unculnvated hab:ms compared to 27 at the orchard sites (Table. 3) A 1wotal of 100
wild bee ‘species were 1dcnnﬁed during 1984 and 1985. |

~

-

oD Wﬂdbmmecoﬂmdmz‘t d:ffemzi plant speaesem 1934 (Tabie 2}, 'H:e

fumber of plani species used as fcxage in tmczﬂﬁvamd habitats was considerably hlgher than .
in orchard habitats. A similar trend was evidemt in 1985 (Table 3), ahhmgh 31‘dlﬁermt

= -

s
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"no wild bees were collected on pears. Native flora, such as Balsamorhiza sagitiata (spring .

sunflower) and 7. oﬁicimzle had higher towal diversity’ of bees foraging on them Lhcn‘ any of
the orchard crops in both years (Tables 2 and 3). T. aﬁianale was parthularly mu:rcsung
since it is an understory vegetation in orchards and was found at alI habnat des;gnauons

dunng both years, except ONN in 1984. The remainder of the nauve ﬂora listed in Table 2

and 3 were found in on}y one or two of the four habxm desxgnauons with the . exccpuon of. ...
Rosa nutkana which was found in three habitats in 1985. Comparisons made using Sorenson's
-pmeence—absenoe similarity index (Sorenson 1948) revealed that' most species of bees (74.1%)

were variable in their resource usage thh similarity values less than 025 (Fig. ia) ‘A large -
pornon of pkant specxes (76%) were visited "by a highly vanab}e forager populauon. also
/-mdzmlcd by similarity vaiu&i‘ less than 0.25 (Fig. lb) Sorenson’s index was also used to
determine the similarity of wild bee foraging patterns on orchard crops and two of Lhe

4

dominant native plants for 1984 and 1985 (Fig. 2). Pyrus communis was not included in this

T

analysis since no wild bee pollinators were collecied on this crop in either year Wild bees
were more variable in their usage of orchard crop resources (low - similarity values) than of
T. officinale and B. sogittata (high similarity values).

-

o ee—— e —= ==

The most commonly collected (dominam} species at the orchard habitats during 1984

were Bombus terricda occidentalis (Apldae) chbus bzﬁznus nearcticus (Apidae) and

Hapropvda cineraria (Amhophondae} In nnaﬁnvawd habuats the most commonly collected

specxes were the 5malI=r hahcmne bees. Halictus cmﬁz.ms, Dxabau.s sp. 2, Dialictus sp. S and

——

Didiictus sp. 6 were most common in the UNQ designation, while D. laevissimus and D

R



A!
S I T T nn i T T ey —
> :'/,.r
Fig. 1. "a) The distribution of resident bee species by their similarity in flower - intilization
between Consecutive years, 1984-1985; b) the distribution of flower species by their -
between—year similafity in bee species visiting them during comsecutive years, 1984-1985
(Sorcnson s Prescnc&Abscnce Sxmﬂant) Index, Sorenson - 1948).
’
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Fig. 2. A comparison of betwecn—yw s:mﬂanty in bee vxsnatmn in _fruit crops Versus - native. ;
flora found in three gefour of ‘the designated habitats. Pyrus communis (pear} was ‘not.
included because no pollinators were collected on this “fruit crop in either 1984 or 1985 .
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pnunasus were most common at The UFO des:gnauon In 1985 B t ocadentalzs and B. b

" nearcticus were “the most commonh oollected bee species in the orchard habnats while H. -

coa}mus and D pnanm were again dommam in the uncultivated habnats A list of wﬂd

bee polhnawrs and their abundance in"the habitats in Wthh they were col]ected in 1984 and

- »wa

1985 is given in Appendzx L.

One “useful factor in de[cnmmng the potenua] value of the dommam wild bee specxes

. & .
as pollgxa,wrs on tree fruit crops is their preference within orchard habltats for understory '

vegerauon or crop’*n'ees (Appendzx II, Of all tﬁe" “wild bees, oolfected in thc orchard habxtats,r_"

75% of B. 1. occtdenlalzs, 43% of B b nearcticus, amd 54% of H. cineraria were mptured

- while foraging on appies, sweet chemes and crabapple& A]though none of the other bee

= **4”*#aﬂﬁhereamamf&ﬁomuuut urumzrspecres the “Andrenidae and Mégfmﬁc dae dtsplaT@T?f” T

‘"

strong pxeference Tdi‘ tree fruit crops in orchard habitats, with 90% and 72% I&spwuvely

collected whﬂe foraging on these crop& The Halictidzlei displayed a stmng’ preference for ~
>understory plants with only 14% of . all mdmduals mpuned whxle foraging. on - the target fruit

_crops ‘The Anthophondae also prefered underswry plants .with the exceptlon of 44 H.

cineraria collected on orchard crops in 1984. No Colletidae ‘were collected in orchard habitats

_capured were collected on matve flora ¢ .

-

in either year.

ere was a- strong pr’eferencé for T. officinale: by all domifiant wild bee ‘species in

- unculuvated habjtats ‘during both 1984 and 1985 (Appendix II). Of all ihe individuals

collected, 48% of H. confusus, 60% of Dialictus sp. 2, 10% of Didlictus sp. 5 . 76% of

Dialictus sp 6, 68% of -D. laevissimus, and 69% of D. prumasus were captured while
foraging -on T. officinale. In 1984 and 1985, 87% and 78% respectively of all wild bees

A between—habifat analms’fc’)?"total capture rales in 1984 mdxmted significantly thher
total capture rates in uncultivated xems"“orchmd habitars (Table #. In addition, the UNO
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designation had a significantly " higher aptm rate than the UFO designation.

e !n OFN “the Ant_hophondae hadf a hxgher capture rate than any of the remaining

.~ families. This can be accounted for by the fact that a la.rge number (n=44)7 of H cmer_aria
- —were collected at one of four sites in this habitat designation. The Apidae had the next
| highest capre rate in OFN, although it was not signiﬁmnﬂ‘y _ditferem from the ,Halicﬁdae,
'Andreﬁidae and Colletidae. In ONN, ihe'Apidas had significantly higher capture rates than
the other faxmhes (TabIe 4) The Anthophondae were scarce m this habltat desxgnauon

compared tc OFN ln the remaxmng twor um:umvated h.xbxtats (UNO ‘and UFO), the

Halictidae “had a srgmﬁmnﬁv higher capture rate than any of the other families.

In 1984, capture rates for the Apidae fluctuated the least over the 4 habitats compared

~—— "~ the other families, “Although ToColietdae were collected it ‘1984, this family is present in

the Okanagan Valley, since two specimens were collected in 1985 (Table 1).

In 1985, total capture rates of the two uncultivated habitats were again significantly
' . higher than both of the drchard desigqa_tions (Table 4). Within the orchard designation, the

otal capture ratg for ONN. was significantly hjgh;r than OFN.

In OFN and ONN in 1985, the Apxdae had sxgmf cantly higher capture rates than any

“of the other families. The mpmre raie. for the Anmophondae in OFN dropped consxderably
compared 10 1984 ,and was mnot drama{ic_aﬂy different from the capture rate in ONN. In
UNO. the family Halictidae “had the highest cdpture fa,te alth:J\ugh it was not Agmﬁcamly :
different” from those of the Apidae and Andrenidae. bln UFO the capture mwé{m Halictidae
. was signiﬁcA:anxlyA higher than for the othgs-Tamilies. The hjgher ‘capture rates of Halictidae in

the uncultivated habitats in 1985 were similar although not as dramatic as those in 1984, As

1934 capmcmscfﬁ;p:dacm‘%,wmmghexmthe()‘i’vandu}eomanthe

— Wtwo nabltats_ There was a g*‘nera} wend in all families towards greater abnndance in
unculnvaled habuats compared 10 cm:haxd habitas. rates of all families except




Colletidae were higher in 1985 than 1984.

i
L

Abundance pauerns for Bombus species (bumble bees)‘ were lower but more conswu

— -

" than for non—Bombus specx&s (aﬂ wild bee species excluding bumble bees) during - the :
ooliectwn periods 1984 and 1985 (Fzg 3). There was a gradual increase in the abundance of
Bombus species and non-Bombus species towards June in both years. In 1984 ‘and 1985, there
was a reducnon in the abundance of non—Bombus species dunng the combmed bloommg

period for apples, cherries, and pears (15 Aprl to 21 May). Since the opllecuon period in

|
|
I S—

1984, staried and‘ended a week later than in 1985, it is_difficult 10 determine whether the —

peak in nom-Bombus species abundance in mid-April 1985 would have been encountered in

- 1984. Furthermore, I cannot determine whether the reduction in non—Bombus species

abundance -apparent in the first week of June 1984 would have occurred -in 1985. Weather

conditions in Apnil and May 1985 were warmer and drier than in the preﬁouS year, while
conditions in June 1934 were cooler and wetter than nonn;l' (Table S). The substantial
reductions in non-Bebus species abundance during the middle of the bloom period in 1984
and 1985 and during fhe first week in June 1984, were nol associated with unseasonal

weather conditions. Low nightly ‘temperatures from 22 April to 30 April 1984 resulted in
. ‘ ~»

heavy frost and the maximum daily temperamre being reached in the early afternoon “and
could have been responsible for tower capmre rates of non-Bombus species compared to 1985
data. It appears that Bombus species were not negatively. influenced by the inclemént weather

near the end of April 1984, since capture rates were comparable in- both years

A between—year comparison of iotal capwre fates within each habilat indicated ONN
and UNO sizes_were' significantly different between xcars, while OFN and UFQO were not

significantly different (Tabie- 5).




1}
S -
- S _ L
fal

Fig. 3. Overall capwre rates o%‘ mn—Bombus and Bombus species in the Okanagan Valley I
during 1984 and 1985. Bloom period refers 10 the combined pollmauon penod for cherries,
pears and appT&& B ‘ )
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Table 5. Meteorlogical data recorded at the Kelo#ma, B.C., Municipal
’ Airport Weather Station - Atmospheric Environment Service,
during the collection perlods of April and May 1984-1985
and June 1984%. :
B 7 - Month/Year. Temperature Total Precipitation ' R
- ‘*iaximum Minimum Mean mm
, cc . c° co "
S . April 1984 . 14.0 0.8 - 7.4 - 2 e e
April 1985 15.5 0,4 8.0 12.6
April Average 14.9 0.0 7.5 17.7
May 1984 16.8 3.8 10.3 50.4
May 1985 21.9 5.4 13.7 29.2
May Average 20.3 5.2 12.2 28.0
) June 1984 22.6 8.5 n/a 138.6
June Average - 24,1 7.8 n/a ’ 26.9

31



- - - TN
N 7 7/7fébiéié;i‘ﬁiééﬁgéfigéﬁiéfAféigiwéégéﬁfgirates of wild bees for each . [
habitat between years. 7
Total Capture Rates, X number of Bees/h * S.E.
Year Orchafds: Far - Orchards: Uncultivated: Uncultivated:’ .
' from-Natural Near XNatural Near Orchards Far from Orchards
‘1984 3.76 = 0.81 2.36 = 0,16 17.46 = 1.26 13.23 + 1.05
1985 . 2.52 = 0.23 5.82 + 0.20 10.35 + 0.27 11.56 + 1.08
T-test
probability :
between vears >0.05 <. 01 <0.001 - >0.05
’ !//‘\
» ~




‘ The dominant wild -bee §pecies in both orchard habitats were the same in 1984 and
1985 Bambu.s I. occidemalis, B. b. nearcticus and Hapropoda cineraria. B. 1. occidentalis and
B. b. nearcticus are both pownual frmt c:rop pollmators while the value of H. cineraria has

not been exammed. Although Omua hgnana propmqua were not abnndam in either orchard

or unculuvated habmfs mose mllecu:d in orchard hahuats exhlblwd a preference for apple
blossoms. This species has bun sumﬁﬂly managed as an apple pollinator (Torchio 1976,

1979, 1981a, 1981b, 1982a, 1982b). All. of the dommant bee specxes in orchard habttats

dmplayed a preferencé for appl&s, sweel cherns, and crabapples over mderstor} vegctauon.

.,wmcb further supports their potential as managed orchard polhnators.

The dominant wild bee species collected in the micultivated habitats were Halictidae,
and all species exhxbxted a preference - for fmgmg on T. aﬁicmala Of the dommam wild

bees in unculuvated habitats, only Dialictus pruinosus and Dlalzctm' sp. 5 were also found in

the orchard habitats. The susceptibility of these small wild bees 10 pesticides (Johansen 1972;
Plowright and Thaler 1978) and their preference for foraging on the competitive upderstory o
. Iy . B il

orchard vegewation, T. officinale, reduces their value as pollinators of orchard crops in the

Okanagan Valley.

Pears are generzﬂy not comsidered to be as attractive to honey and wild bees as other
fruit crops due to the low concentration of sugar in the nectar, approximatély 4 w0 25

petctm {appie =46%) (Vanseii 1942 Stsphen 1958 Tuﬁs and Phxlp 1923) l! is unlikely that B

wﬁdbecspeacswmﬂdbemmecfﬁaemmanhmmbeﬁmpo!hmmgmmdmng

r.heabsenc:ot‘wﬂdbecsmpearsmbothx:arsandtheunamacnvcn&ofp&rblosﬁomsw

botbbone\beﬁanéwﬂdbe&



A lngher dzversm and abundame of wﬂd bee polhnators were found in uncultivated

habuats thzm in the orcliarﬁ' nab:tats. The relauvely low wﬂd bce populauons on apples.

WW%WW in both abundance and diversity
suggest that unmanaged m‘}d "oace would not be - effective or reliable polhnators of these fruit
crops in the Okanagan Valley. These patierns of pollinator distibtion on unculivated and |
orchard habitats suggest that pesticide impact, competition with managed honey ‘bees, and nész
habitat destruction have ptobabl} decreased wild bee populauons in the agnculmral areas of .

the Okanagan Valley

The low diversit}" of wiid bees in orchard habitats whgn compared with mictﬂtivatcd -

' habitats in the Okanagan Valley was particularly swiking in 1984, when 9 species of wild

- bce&mmmm%mm -and~ am}y 16 Spect&ﬂﬁ aﬁfomﬁmm%i
The hlgher diversity of wild bee pollinators in uncultivated habmts was primarily due to the

79 non—Bombus species coﬂecwd, as compa:ed o only 12 non—Bombu.r species in the orchard

habnats In 1985, 64 speaes of wild bees were oolleaed in unculuvated habitats and 35

specxes in orchard habitats. Fifty non—Banbns specxes were collected in the uncu}uvatc&

e

habitats, compa:ed 0 2? non—-Banbw'speaes in the orchard habitats. These results are similar

to those obuined in a. smdy in the Praser Va]}e\ of B. C. on bcm crops (MacKcnuc and .
Wmston 1984), where it was dctermmed that mgber dlversm of wxid bee polhmlors on
natural vegetauon was due primarily o 38 non—Banbus specxcs bces co!lectcd, as compared

with on}y 9 non—Bambu.s spec:as (onh 2% of becs collected) on culu»'atcd blucbcrr) raspberry
. N ¢ : )

. and cranbem

" Human effects on and near agnm}m:ai :cosystcms are also respons:blc for reduang the
aoundance ‘and dzv"rsuy of wild be&s in orchard habnata Pesticides such as aunphos—methyl

(Gutinon) chazmon and mlat.hm are used exiensively in orchards in the Okanagan Valley,

'andLhelmpactofthcs»:pesnczdcsonhmevbmaswcuaswudbeepolhnawrsis

well-known (Kevan 1975, Kevan and LaBerge 1978). A gmu:r snsccpu’bﬂm of s:ml}cr wzld

3




: rlowmezsny anek abundance - oﬁwﬂddoman the— orehatdﬂxabnats

\\
bees o p&whdes (Johansen 1972 Plovmght and Thaler 1978) may account in pan for -the

~

Compeuuon with honey bees may be another reason for low chversny and abundance

of wild bees in orchard hatnms because most orchardists rent honey bee colomes dunng the

bloommg period for polhnauon These pollmahon units are recommended at the rate_of 3 t0
Sco!omespcrha.dcpcndmgonlhcfrmtcmptobepolhnawd.mmoughmpmrerat&sfor

honcy ‘bees were not calculated in this swudy, it was evident that more honey bees than wild
_bees were preseni. al the orchard habitats during the bloom penod,zwmclkwsmwth
the hypmhems that compenuon with honey bees reduces wild poumawr populauom (Eu:kwon

L3

and Ginsberg 1980; Roubik 1978; Wran 1968).

A comnbuung facwr in wducmg wﬂd bee populaucms in other anms lrm been nest
- habitat dcsmxc&m -(Dorr and Manen 1566; Marucci and Mouiter 1977; Johansen and Shawa
1974 Mamn 1966 Donovzn 1980' Bau'a 1984; Morgan and Pergval 1967) Changes in
agncu}mxal practices resulting in increased field size and monoculaffal operations have
absorbed surroundmg natutai habitat and decreased the amoﬁm of land avaliable for wild bee

nesting sites. The density of orchards and the mmmuwwnmgu

Val}cy have probably reduced nesting sites and therefore wild bee populations.

Finally, Q plant diversity in orchard habiiats would likely result in reduced wild bee
populations. The total number .of plant species 'found in the orchard vhabitaxs was considerably
lowef'ithan in uncultivated habiwts in both 1984 and 1985 (Table 2 and 3). In addition,
many WI¢ bees specaize on a reswicied oumber of closely related plant species and thus
have a very shon adult life and disribution svnchronized with bloom periods of these plants

(Cruden 1972; Heinrich 1975, 1976} ——— — = — - R -
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Mean czpmre rates for ONN and UNO were,, 9ﬁmﬁmmjlﬁemmm4m——

' (Table 5). indicating cubsiantial annual Muctations in. the wﬂd*‘bee popnlauons in thesc wo._

habitats. In late April 1984, unseasonal wmther condmons rcsulung in_six mghts of hcaV)

frost dm:mg full bloom in chehmc and pink bud’ sta&e in applm may have acoounwd for

' popmanon fluctuations in the ONI\ and UNO habitats. . Avaxlable forage for honcv bees and

5 #

wild bees in orchards would have been mbsxanuall) reduced.w%nce a largc pertcmagc of the

‘blooms were destroycd by frost Consequenﬁ) compcuuon for forage - thhm _orchards would

have mcrmsed, poss:biy fomng wi}d bea o forage on 1he hardlcr nanve ﬂora in adjaccm

uncultivated habitats. Tms change in habna{ could have aocounwd for the - sxgmﬁcantly lowcr

- abundance of wﬂd bees in GN?E during 1984 wmpared w0 1985 and the s:gmfcamly hxghcr

abundanccofbcﬁmUNOdmng 1984comparedto 985. Heavy rainfall also could have *
destroyed mdmdual nests, nesting sites and brood at specxﬁc ection areas, r&sulung in

population variations between habitats which may not occu; on a regular basi

Ll
o

The - seoond fm affecung population fluctuations of wild- bee polhnators may have

iy

. between - &chards and open pasture in this swdy. Steep gradients of wind ﬂow mositure,

| and uﬂ:rmed solar radiation at the forest edge creates warm xeric condxuons in and aroun

been the instability “of wild bees mhabmng an ecotone ("edge”) or zone of mtzrgradauon
between’ open p%mre and orchard habitat Rannev (1977) reviewed the major fmmrcs of an :

"edée between forested and non—forested land, an ecotone which is analogous 10 (hal

,-r/'

temperamre ~and solar radiation occur between open and foresied areas. Greater wind veloa!y

the zone of intergradadon. Since wild bee populahcms are most abundam and diverse und

warm z:mpcxam xeric conditions (Michener 1979, the edgermbemeea ordaarcbaﬂéepea

Funhermore the dose pronmm oF largc palches of mri) spnng forage as reprmcmzd by A /-

it
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" apples, chemcs m and crabapples, would aiso. make .UNO habitats lp attracuve to ’

*"”f’*i)ﬁvﬂ_d bee specms than emerge mrly m the smson. These conc.lnsmns are"sumemed in part by

’xm:rwmm@rﬁi@a uzvezsxty and si'gmﬁmnﬂ& mgher abundahce iof m’ld bee
i

spec:cs in O?;IN compared w0- OFNf sues (Ta'ble, 4. How;vef abundance and tﬁvesi;y of wild

|

- bees in UN@ and UFO sncs Were s:mﬂar (4? and 50 spedes, t&specuvely) d&épxtc the i

presence of eoostonesr in UISO sncs ('I“aibie t-)t) In stud:es of*_this slmn(dﬁrantm it 18‘ dxfﬁcult

to asceriain wluch year nprmts the xmrm or avcrage coﬂdmoizs m’ .the chnﬂmmty, ‘but

1984 was hkely more abnomnl ‘than 1985 fbemuse of ‘the unusua} wwhe? conditions

species.

Do

mmed- v .,.A:—.,‘\:.,'.V. T L :. . . e e e e

L

Variable resource usage by wﬂd polylec.uc bees in all habnats (I-“g &And 1b) make

i &Mvvﬁ%ﬁmﬁmﬁmmm OTChardists cannot rely on a

substantial and predxctabie conmbunon 113 polhnano‘z of fnm crops by unmanagcd wil\d bee

Amzépgn capture rates were low for Bombus species in 1984 and 1985 (Fig. 3) fanly’

constant ab&ndance patzcms indicate that bumble bees would be more dependable pollmators

'ey Inclement weather seems w affect activity

of Bombus species lss than non-Bambw species since the fomm' are better able to regulate

’V'r.bcu body tcmperann&s and are therefore capable of sumvmg and foragmg in oondmons

‘wmch» are less than optima! for either homey bees or non—chbus species - (Hemnch 1979) In

Y

a ‘management system ‘for Bambw specu;s; Lhe proﬁlem of low czptm'e rates enommtered
under nawral conditions- could be impto _‘_}f\\ trap-nesting, rearing and ovcrwmtem;g them

\

for rclasc into urgct ‘cTops dmmg pellmanon

the follmng spnng. Management of buinble v

-

rbets fm ordaa:d crop poihnamm in me Okanagan. Valley _may . be fm"_blemﬁ the'

domxmn;wﬂdbmspecesmthcomhardhabimswere&mbmt acctdentahsandﬂb




EASRETIS 3 & - ~- -
L, Fluctnauons in abundance for non—Bombus speéxes in 1984 and 1985 (Flg 3) mh a’ e

—ﬁeﬂmeBaMeerdmdswndmm eondmons. Non—Bambus specnes m

«iSUSCC'DDble to mclement w&ther oondmons whrch can, pccur dunng the spnng Tl the e

~ - :'*;:**’sirbsﬁﬁﬁal reduchon in abundanzée in the middle of the bloom penod, mdrcate lhal wild becs : --

« Okanagan Valley Durgg _periods of lm than opumal weather condmons non-Bombus species - - oo

ks

A vnllreframfromforagmgastheyareunableto;egulare body memmreasweuas_;_

? e "

Bambus specrm. The . first peak in non—Bambus speues abundance dunng 1984 (7 0. 14 May) -
¢ (F’g' 3) possrbly rﬁresemmg a spnng emergm ‘may have been -delayed: by the unseasonal e
- ,,.,? R T
Yo W“ﬂm COB@DOHS ence&tered nw ‘the end of Apnl and eonld correspond m the peak m‘ wm-f-wf-‘f_

. non—Bombzg ‘species abundance :ncoumered 14 to 21 Apnl 1985

. o
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4 o - ; K

— [ . . —— === - = PR
: . -

III Orchard Pollxnauon Fnolgx .

E } o 3 ;‘ T C y : . _..‘;. o
\ ' /,\\,\
bloom penocL They al§o determmed that the average number of» wrld bees taken ar all
stations for all yearg mdmted an effecuve pollmator pepulatmn equal 1] that released by one : ,

honey—beeLeeleny—per ! ‘ '
smaller populanon of wild bees foragmg ‘in orchard habltats in the Okanagan Valley Durmg T

1984, capture Tates in OFN were 376 bees/hr and 2.36 bees/hr in the. ONN (Table 4) ln

1985, capuure rates m OFN were 2.52 «bees/hr, and 5. 82 bees/hr in ONN (Table 4). ‘

Accordmg o Bnttam et al. (1933), the number of wild bees present in-: rny study would not

2y

ghave been adequate for frgnt cmp poﬂmanon_ S i ' . R | ﬁ :

] L - oo ua. .zr : . .

‘ i However in 1984 and. 1985 respect:lvel} we found thar the abundance of wﬂd bees in, - e .

e %e unculivaled “habitass - were - dose “and Higmly lower than me,Je»el suggmd by Brmam ,,

‘, apture rates m tne Amcmmated habrtats .suggeﬁ

thar there is a mfﬁcrently abundant populanon of wild bees in- natural ’habrtats s:mwﬁdmg
' - - - Lo B f‘ - - - . - . - . ‘, E
o S e T 38 T : |
. B , ey T - : I', oo " .
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E - - ' B Py <7 e - -
’;' * - 3 E P




B o S i -~

orchards 0 act as polhnatots of fnn' crops o

In both sweet cherries and apples, thiee o five honey bee colonies per ha of orchard - °

are recommended for adequaze fruit set to occur (McGregor 1976 Philp 1930,,‘1947 Stephen *
1961) Comndenng tlus recommendanon and Bnuam et al s (1933) wggesuonithal 13. 56—-1806
bees/h is eqmvalent © one honey bee oolon) per 041 ha of orcha:d, it is clw that there
“ are insufficient numbers of wild - bees m the - Okanagan Valley i“(c:rcl:uu'ds to .pollinate apples |

and cherries (Table 4). Furthermore, the number of hives reééommended for pollination' of

- == “pears is- double” that of apples and - chemes (Comer o . Wmﬂg that even the - -

number of wﬂd bees available in umm}uvated habnars of the Okanagan Valley would be

e

msufﬁc:em for pear pollmanon

IS

Studzes in the Fraser Valle} of B. C, have determmed that wild bees are not present
_in sufficient numbers 10 pollinate commeraal blueberry, cranberry and’' raspberry crops
(Wmston and Graf 1982) The avcrage mptnre rate of wxld bees m ‘blueberries, cranbernes
and raspbemes were 2.08-12.76 beesfh, 5.33-10 89 bees/h -and 1.20-2.10 bees/h respectively.

AH were wel] below the recommended levels of pollinators nwdﬁd 10 adequatcly pollinate -

‘&

“L/ﬁhm v‘v’wd et al. 1"’?, Mcuregor 1976; nevan\ d LaBerge 1978) Although
MacKepzie and Wmston (1984) found capture rates of wild be&s in 1982 o be s1gmﬁmmly
hxgher than in 1981 (Winsion and Graf 1983), population levels . were stil wel! below tho§e

“recommended for adeguate pollinatior of theése berry crops.
IV. Implications for Pollination Managemen: * & _ - o S

~ The results demonstzate that, although they are abundant in natural habitals, annual

populanon ﬂuctuanons and lower mnnbers during the spnng pollination penod decrease the

rclxabnht} and prcdxctabiht} of unmanaged wild bees for Lree fruit pollingrion in the

e Okamgan ‘Valley. However, the management of dominant wild bee species: which dispi.v a

39




., additi(m, Bombus species possess several characteristics which are particularly suitable for wee

- ' P __ ,,.7,‘,,‘;,, ;_;\,,‘ L=l

strong tendency toward foraging on orchard crops does have potential for fruit crop

poﬂihzﬁion: ’Bmzbusﬁmcdi*xadem;zh;%n(? B%Tﬁr;us;earctlcn twb of -Lﬁe_ dominant

P@ﬁﬁﬁm from. yea? 10" year regardless of weather conditions. Methods of rearing and
management have been developed for several Bombus speéies and may be adaptable to

pollination management systems (Plowright and Jay 1966; Morgan and Percival 1967). In

fruit polhnanon in the Okanagan Valley: L , : -

L Thf:) emerge wher in the Spring than -most vnld bees and can- regulate - their bod) - ”“
lemperatures (Heinrich 1979), enabling them 1o forage in colder weather man both

boney bees and non—Bombus spwes, This charactensnc is eweaan) unportam since cold

mdemem weather is oﬁcn encoumered dm'mg Lhe carly spnng pollmauon @od for
apples, cherries, and pears in the Okanagan Valley; J
2. Bumble bees are less susceptible to pesticides Lﬁan the smaller wild bees (Johansen

1977) and

;3. Althougb precise smdxes on the foragmg behavior of Bombus species on fruit trees are

: )+MMMMWM%%WW

'

tc tee more readily than hone\ bees and are thus potenuall\ better goss—pollmators
In addition, Bombus species are large and halry and makc contact w:th ‘the. stigma on N

most Visits wheth:f collecung polien or- neciar.

Hapropoda cineraria, the other dominant wild bee in orchard' habilats, may have limited:

potential as a tree fruit pollinator since all specimens captured were observed collecting nectar

by hovering rather than landing on receptve apple and cherry blossoms, therefore decreasing

the chznces of pollen transfer.” No- H cineraria~ were captured while collecting pollen from




/ - ’ V, - - - ) . [ ‘L - . R
Anhouéh Osrm'a lignaria propinqua was nol a dominant- species in orchard habitats it

B S ha&pewﬁua} for tree fruit poﬂmauoﬂﬂrmeﬁkamgan Waﬂeymmeﬁfir indigenous o s

1976, 1982b, 1984, 1986). Additional information on the nesting behavior, nésting.-habitats and

annual population levels of O. /. propingua in the Okanagan Valley would be useful for

 successful adapu’oh of the management sym utilized in the western US.
The Temaining dominznt wild bee species, Halictus‘cdnﬁtms, Dialiéius Iaevis.w'mus, D.

A pruinosys, Dzaftcnu sp‘,z, ~Dialictus _sp. 5 and _Dialictus SP-- 6, h&vcm qaoten&akas wee

fruit poumators in this area because of mfrequcm foragmg on orchard crops and reduced

abundance durmg the loom penod.

< * -

In ‘an effon o mamtam mchgenous populauons of ‘Bombus temcda occzdentalrs B
bifarius nearcticus and Osmza lzgnamz propinqua in the_ Okanagap/\ialley for trap-nesting and |
: utilization in fruit tee pollination management systems, . enhancement of unculitvated habitat
e used by these species for foraging, ne;sﬁng and hfbemation should be encouraged A numtsf;
of measures could be taken o provide additional forage for managed bee pollinators, ‘ |
mcludmg honey bees and thcse WMmWMFm&%

“short du.rauon, Lherefore providing forage for managed bee pollmators for a restricted penod

.- of the seéson In addmon. Lhe reduced diversity of cuimated and native plant species in

areas of intensive orchard Dmducuon resmicts the plants available as nectar and pollen- sources

»

fm thc remainder of the season. Alternative nectar and polién sources could be made
avmlable o0 managed bee pollinators by using uncultivated land near orchards to maintain a

continuous sequence of nectar and pouen—produung plants. Uncultivated habnats in and

i

,a:ound orchards, could be seeded wnb ﬂowermg perenmals, pro\ndmg managed bée pollinators

with aiternauve fo‘age for the r:mamder of the growing season following compleuon of the

bioom pcnod for tree fnm cmps Perenmai plantings would maintain managed wﬂd bee i

populations in close proximity to orcha:ds, provxde alternative forage in case of tree fnm

41



blossom damage as occurred in April 1984 with frost-kill, and minimize the impact of a

_including Rosa nutkana, Balsamorhiza sagitiata, ‘Berberis aguifolium. Fragaria virginiana and

dearth on the following year W';’ s _wild bee generation. '"in;e;l”mﬁa_m' im ber—of —wild—plants

~ cycles of various fruit aopé could also result in retaining populatioﬁs of both managed wild

Amelanchier alnifdia which could be planted or maimained in, uncultivated habitats near

orchards as aliernative forage.

L] i -

The planting of understory crops in orchards which would complement the ﬂoﬁcn’ng

bees and homey bees in and near orchards during the bloom period. There have been ° .

contradictory Teports on the advaniages and disadvantages of Taraxacum officinale (dandelion)
as an understory crop in orchards (Free, 1968; Kremer 1950; reviewed by Jay 1986) It is

generally recommended that dandelion be removed from orchards prior 1o the bloom period

because -t is considered to be a competitive rather than complementary vegelation, auracling a
large number of foraging bees from the fruit l;loorn (Comer er al. 1964). The 1984 capture

rate of wild bees on dandelion in orchard habiﬁts wa_; 10.57 bees/h, which was higher than

' the number of bees foraging om the target fruit crops (apples=3.74 bees/h; cherries= 3.64

‘bees/h; crabapples=7. 14 bees/h pears=0.0 bees/h). Extensive d.amagc o fruit blooms due to

frost may have amsed wild bees 1o forage on dandelion and lalrbloemmg crabapp\ks as

alternative forage, thus avoiding the ioss of a2 subsianital number of bees. ln supban of th:s

condusxon, mpture rates in orchardhabnats in 1985 indicated that dandchon (3.45 bccs/h)

dld not distract forag rs from visiing tree fruit blossoms {apples=8.28 bees/h; chcrrics 2.64

e

bees/h:’ crabappl:s=4_36 bees/h; pears=0.0 bees/h) and mav have acied as a complementary

" crép by maintaining wild and homey bees in orchards. The wild bee species which 1 have

recommended as poténdaliy manageable and suitable for tree fruit pollmanm in the Okanagan
Valley, Bombus terricoa occidemialis, B. bifarius nearcticus and Osmia- lignaria -propingua. do—————
not exhibit a strong mmm@mmmmmm

{available, but will ulize ths wild pilant as alternauve forage.




For managcmcm sysitems whxch utilize honey bees as the pnmar) insect polhnators and

;fj?’ . in pear orchards ‘which~ate less atmactive © bee polhnators, 1 do not recommend the -use of

alargepomonof
mefmagmﬁomabeneefnntbkmﬂm theuseofT oﬁcmaleasa

complementary understory plant in apple and chm} orchards employing a mu!u—speats
pellmatof system (maaaged wild bee species supp}ememcd with hone) bees) may be feasible,
since the wild bee: speczw 1 have suggested as managcable for tree fruit pollination in the
OnmganVch}mncmnnmmfmgtmzﬁmzblossomsmmcmofdandehm
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PART B
A COMPARISON OF THE POLLINATION EFFICACIES OF HONEY BEES, APIS
MELLIFERA L. AND OSMIA LIGNARIA PROPINQUA CRESSON ON RED DELICIOUS

APPLES y

a1




INTRODUCTION

the honey bee (Apis mellifera 1.} has been relied upon for managed pollination of orchard

and agricultural crops world-wide. In recent years, the management and utilization of wild

bee species for ciop pollination has also been promoted Osmia lignaria propinqua Cresson is
a North American species now in the final stages of development as a pollinator of almond
(Torchio 1979, 1981a, 1981b) and apple (Torcmo 1976, 1982b, 1984, 1986) crops. Since O.

mrltgnana is mdxgcnnus to Ih: Okznagan Vaile} its domesnmuon and management as an apple

and possibly a cherry ponmato: in this region is-feasible. A comparison of hone) bee and
0. lignaria polhnauon characteristics which are ccmszdered beneﬁc:al for domesuczted orchard ,

polhnators woujd be helpfui in detcrmmmg the fmsab:ht) of such a program (Table 7 for

rcferences in following discussion, see Table 7).

Pollination management svstems for 0. lignaria are more economical and less labor
iniensive than honey ‘bee management systems. Since O. lignaria is an obligalory univoltine

species, mansporiation of nesting populations throughoui the summer is unneccessary, as is

—

fecding and medication for overwintering populaions. In comparison 10 honey bee colonies, 0.
lignaria nests and nesxmg malchs are rclanveh light and require fewer pieccs of - expensive -

equipment than are redmred to move and transport honey bee poﬂmauon colome&

Morphological characteristics and foraging behavior of these bees should be. associated
witls their potential for transporting pollen berween cultivars in orchard environments. - Honey -
bees. and. O. lignaria carry large quantities of dry pollen which is available for transfer to

receptive sngmam: surfaces, Unhks honcy bee dmncs, male 0 lzgnana also forage on

bfosscms, thereby contributing to the foraging fi eid force. Howev:r they are less eﬂicxem at

mmmgpoﬂenthanfema}cobgwmbemmemmdonmhaveammmevmwrof
the abdomen.
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Honey bees collecung pollen walk on the anthers and usually are effective in.

'i‘bey are a major pxobiem in Red Deimotxs apples and effectively reduce fruit set There - -
are no sideW&kérs in O. lignaria and both sexes contact the sexual column of blossoms to
collcci nectar Anﬁ/or pollen. . 7
The tempérawre at which flight and foraging are initated is veTy important, especially
in Fruit gmwmg regions such -as- the - Okanagan Valley - which - may- expenence “refatively- mr**M
weather dunng sprmg pollmauon. Honey bee fhght is 1muatcd from 10 C to 13°C, while 0

¢  lignaria flight initia‘u'onv begins at approximately 13°C. This gives the homey bee a slight

] ~MMMMM7&MML2°Q, SN —

»

Foragmg pauerns in orchards are important because they determme whether pollmators
will facilitate cr;m—poﬂmauon by contactmg wﬂcmzer varieties which are mterplanted
throughcm the orchard. O. kgnaruz visits few blossoms per tree, many trees per foragmg trip,

and does not forage within rdws. Tlu\s behavior facxhtat&s the chanoe of pollenizer contact

foraging wip and tend to forsge within rows, minimizing the likelihood of pollenizer comact = k- .
and cross-pollination. However, recem studies have determined Lhai bee-to-bee wansfer of
polien within hives facilitates cross—pollination and allev1ates the potcnmlly demmemal effects

L

% of m—orchard foraging behavior. | - ‘ f ,
- o J

Forchio (1986) indicates that as few as 618 nesting female O. lignaria would be
—

*® - .
.o necesar) to adequately pollinate one hectare of appls (247 u'us/ha) Compamble .
Al - 5, V
T reeommcaﬂam for-honey - bees- Whrdmf coiomes “per’ hectare containing appronmately
> < active. |
N
b . s
N o s 4 = 49 —
< . =70 ’
oot N .




pollinatin} apple blm Many abiotic factors in orchards, including soil moisture and’_
ferﬁlity/ tree nutrition, tree spacing  and pollenizer placement, have a rﬁe in fruit set and
q/ua]igs\w(Humphry—Baker ef al. 1975). Ho;wever, the effiiency with which pollen is uansfexedf j
and deppsned on the sugmanc surface of a receptive blossom by bee pollmatots is gcnerally

consi red to be of primary in fruit developmem (Free 1970).

Apple blossoms qonsst of _ﬁve stigmas which unite to form a single style leadmgto

the oVary. The ovary is divided into ‘ﬁve carpels, each containing two ovules (four in the

~_case of 'Nor,thcmr Spy") so that 10 (9;,,:29 seeds in "Northern Spy") may “develop (reviewed

by McGregor 1976). Hormones produced in the seed affect fruit growih, fruit set.and gemeral

hormonal balance of the tIeé (Lm:kwi]} 1949; Westwood 1978). It is not necessary in apples

for all ovules to d;evelop, and fruit may be produced‘.with less than a /f\;lL{omplcmepl of
Seeds. In many varieties, including Red Delicious, low seed numbers are associated with the

development of mxssha;pen fruits, because the ﬂeshvcells of the fruit are preferentially -

simulated in the region of the ovaries comtaining fertilized ovules (Schander 1955). Therefore,
gthe shapc of an apple is, w0 a large extent, dependém on the nmnb’ch of seeded Versus |
seedless carpels per frﬁit (Free' 1970}, vm.h xmsshapen frmt havingr 70ﬁe,'or more ’seedless,
carpels. In addiu'dn, the size and weight of | fruit aze influenced by seed number and'tge’

correia;ion is generally positive (Schander 1955, reviewed by lane 1981).

A number of studies on - various agncu!mral cr0p5 inqjuding.. cantaloupes and’

 watermelons, have determined that the numbers of visits by honcy bees 10 blossoms results

in muuwd seed pmdnc&m and fmxt we:ght (revnewed by McGregor 1976 MoGregor el al.

1965; Alderz 1966). For successful pollination of apple blossoms to occur the need for

multiple bee visits may be necessary so that I)A,an adequate amount of viable, éompau’b]e

e




‘[W; ° Pl 7‘7 - ' i— . L3 Y
'\ Y

pollen 'wiIl be depomxed -on the sngmanc surface of t,he reeepnve brossom. and D a relauvely

,;’,,,,,, ,,,,,
« Mann 1943). Visser ah Verhaegh (1980) found that by hapd—pollmanng apple culnva:s wwice - e
. L 2 - . RN

» * with compatible poll al 3n integyal of one or two days ;wlce a.s many sbeds per e

polhnaw‘h blbssomgresnked ‘than’ fmm smgle poﬁmauons T‘hey sugg&stéd That, tbef;ﬁ:st pplle.n
Y

econodc standpomt. hrg‘ér

B S — I S U

fruit. Thé'refd;: studies whg;h 0° detcmnnc the number of bee. ;ﬁlhmtor visits -

r

' requued‘ w0 maxumzc fruit’ quality are not only nec&esary 10" compa.re pollination efficacies- of

d1ﬂ'crem bee  species, but will assist in maintaining or improvind the market value of tree .

= — e e e . =

=== e — -
-

"The objectives of this study were ‘to:
1. Gompaxe the poliination efﬁmcy of honey . bees and 0 hgnana on Red Dehcxous apple
fnm set, weight and shape and. f
2 Evaluate the effect of muliple vists by honey bees to Red Delicious blossoms with
" regard to fruit sl weight and shape.

o (
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. ‘ four mamre sem&dWarf Red behcxous apple trees;un 2 small orchard block of approxxmately
¢ 7..(. - '45 trees ai theaAgnculmre €améa Research Stauon, Qumm(land. R C. Trees were _
o . approxrmately 10 years old;- It was ongmally proposed thag exght treatments be tested on each

, . N

_of t_he four uees mcludrpg -oner 10 three* vrsus By hqgey bees one to three vrsns by O. .

: lzgnana, and two conubh geatmems The* comrols were 1) Comrol A blossom clusters were

R S SUEDREINY T S A0

bagged to prevent pollmauon ﬁom oocumng dunng the entire expenment, and, 2) Control B '

u.-“

'3

i P blossom dusters were thmned as prevrously described but were allowed unhrmted pollmauon

Ethmned 1'33"1118 ihe kmg blOSSOln (i.e. terminal ;blossom in a cluswr) and two: laterals and e e

throughout the expenment. Due 10 problems enoountered w1th 0 lignaria release - and escape

\from the screened enclosures, only the one visit treatment by this bee was tested, reducmg :

the total numbér of' treatments ‘in each screened enclosure to Six.

Pnor to the opening of the kmg blossoms, bags made of mosquno -netting were placed '

¥

over entire limbs and secured at ‘both. ends to prevent bee polhnators from contactmg

recepnve-blossom& On' 3 May 1985, one O. l:gmzrza nesung shelter (as descnbed by' Torchiov

1979) was placed in each of t.he screened enclosures. Shelters were rectangular plywood boxes o

“(éach 0.9. m wide, 061 m hrgh, and 0,5 m deep) thh one 09 m side open and facmg
south. Nesung shelte:s were supponed 13 m above the ground surface by four wooden

_stakes dnven mto the sorl and anached 10 the box. ’

Nests were prepared by cutting the top from two-htre milk cartons to form - a T

rectangular box, 9.5 x9.5 X 20cmlong. Squares ofplywood (9.5, x95 x15 cm) wuh 25

~ holes (8 mm dxameter) drilled through each umit were prepared and placed 151to the open

face of the milk carton. Paper straws (197 cm long with a.7 mm inside dmmétcr) were
inserted into the milk cartons through the drilled holes. Nine nest boxes were placed in each

52




reccpnveblossoms.AHblossmnsmthescreenedendosuxeswerebaggedpn

" of the mest shelters (225 nest holes/Shelier)

o - L . f,,::';,,,,,,,;W,,,,,,,,,,,, 7 - N
Oocoons contammg hve lOIpld adult 0 lignaria (214 fema‘les and 345 males) amved

B "Trom Logan, Utahz on 18 March 1985. The {orpid_adults had been collected from trap-nests

the pre\nous fall, plaeed in mdmdual clear, #000 éehﬁn capsules and stored at a oonstant o
4 C. This tempefamre was mamramed dunng transporuon 10 Sxmon Fraser Umvermty and
foﬂowmg amval Pnor o thexf relwse torpxd adu]ts were placed at room temperature (21 & S

urml mey had emerged from Ihe-'oocoo‘n but were sull in the capsule. These . capsules were

) then ‘recooled 10 4 C so that all adults would be at_ the 'same stage for release. On 7 Mayrj\\7

1985, aduhs were left a - room temperature for six- hours and then removed from -the czpsules

for relmse into the screened endosu.res. The number o females and males released in each

of the ! endosu:es was 34 and 57 respecnvel, The pewert moq},nx _from_the Qngmal,l

smpmcm of adults was 36.4 and 34.2 percem for females ana males xespecuvely In each
screened enclosure 66 nw holes per female were ‘made available, which is shghtly more
than the numbex Torchm (1979) reeommends {4.6 nest bolesllemale) 0. lzgnana were a]lowed

a 24 hr reonemauon penod pnor o the commencement of pollinator wnsua:?counts 10

to "the release

' due to escape under the screened panels. s

- Of bees. -Mating and feraging of C. lignaria were observed following their release in screened
endosufes. ‘No nest initation occu;rred during the enure polhnanon penod and the number of

mdmdua}s in: the screened endosures decreased ower the course of the experiment, possibly -
‘ ;

A small, four-frame nucleus of honey bees. coniaining a queen, one-frame of brood,
two frames of workers and ome frame of homey was introduced into each of -the feur

screened endesmes on the same day the O. lxgnana were mtmdmd. The honey bees were

I e & ————
also aliowed a 24 hr reonentznm penod.
— ‘ : ..
*P.F. Torchio, U. S. D. A Bee Baolog and Sysiematics Labomatory, SEA,, bogan, Utah 84322
USA_ -
o . ) - & . *'A CoTTTTT *?? T T T T T




A thermohygrograph was placed in a Stevcnsons screen and poéitioncd in the orchard

on, the same dagﬁ%hc “bee pelhna{efsrwere Teleased in—the screened- tm:losures A pan of

E
[OS!

water for

Delicious -apple .were also placed -in the enclosures. The boquéls provided a pollen source- - - -

for cross-pollination since the honmey bees and.O. lignaria were restricied 1o the enclosures

and would mot have contact with other potental pollenizer varieties in the orchard. The

Yrabapple” varieties used wer€ Gary, Hojer R15, Baccata Rosthern R1S, and Red Splendor

VA
R1S. Bouquets were replaced every 24 hr. Honey bees and O. hgnana were observed

foragmg on zhe#bouquezs of crabépbies Lhroughom me expenﬁem_ . : e e

A similar experiment was cmdmwd outdoors in an orchard planted vmh s:andard

appronmately 25  years old. Four teatments were fested on three Red Delicious apple wees
including onc or two honey bee visits and the same two control treatments used in the
screencd enclosures. O. lignaria” were not observed in this experiment. Lxmb bagging of
biossom clusters was completed on 12 May 1985 On 13 May 1985, thrce pollination colomcs

asdcsm’bedeanC wmpiacedmmeorcha:d.ﬁesecoiomeswereallowcda24hr

" ‘reorientation period prior to the commencement of honey bee visilation counts.

* . - . . . -

Pollinator: visit counting - was sared on 11 May in 'screcnea‘"enclosme’s and, 14 ‘May

. outdoors. The procedure involved' 1} removal of the bags to expose several blossom clustcrs

2) watchmg the king bmms consiantly until a predetemuned number of‘ either hone) bees ,

o O fignaria had visited the racepm‘. blossoms 'and contacted Lhe sugmaUC surface 3}

removal of petals foﬁov.mg@; visiis 10 deter funher attraction of the blossom t0” bee

polhnators 4} removal of all ¢ ~pa the kmg blossom and wo hlerals from the clustcr to

reduce potcntxzf compctmon betwetn developmg frmL and 5) tagging of the king blossoms

with metal plant tags. Orchardists prefm o have the king blessoms set in many apple

varieties, including’ Red Delicious, because these biossoms open first and produce the best

o~
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fruit (McGregor 1976). Pollithtor visit counting ‘was completed in screened enclosures on 15

' May “and on 17 May outdpcts “The screened enplpspres were dxsmantlcd on 16 May

Pollmator visit times (PVT = flight time 10 receptive blossom + time épcnt m contact
with the stigmatic surface) were'&lz'ecorded in the screened enclosures and outdoors for honey
beés and in the screened enclosures for O. lignaria. PVT were recorded between 1000 and

1500 hr while blossom visits .were being recorded.

On 28 and 29 Scptember 1985, tagged apples were pxcked from Lhe rees used in the

scrccned endomues and outdoo. studxes This was - apprommately seven days pnor o Lhe
average harvest dalc of Red Delicious apples in the Okanagan Valley. The tagged? apples

were transponed 10 Simon .Fraser Umvemty where the) —were welghcd and halved honzontally

0 expose -the carpels The number of seeds per aupel and the damf cation of Lhe seeds
were determmed. Three seed dassifications were estabhshed mcludmg, D Viable Seeds -

" endosperm gorged, seed coat fullv developed, and length normal; 2) Non-Viable Seeds —
5 o - . . 4 R

endosperm collapsed, seed coat fully developed, and length normali and 3) Aborted Seeds -
‘unfertlized and length abmormally reduced (01 - 03 mm). Carpels containing only aborted

seeds were designated

_and Verhaegh 1980y

simulate flesh cell growth. (Westwood 1978).

For the purpoS&s’of .this_paper, pollination efficacy will /bé defined as the effect of

pollination on percem fruit set, fruit weight, and fruit shape. A‘oomp'arison of the relative

(

pounmnon efﬁcacy ‘of honey bees and 0. lignaria usmg the prcvmus!) described components

was completed for screened enclosures and omdoors In addition, polhnamr visit times & and the

pollmanon mdcx (PI) were used “10 ﬁetenmned polhnanon eﬁ'xacy of weatments. The Pl ( =

: npmber of seeds per pollinated blm) is an overall expression of ‘pollinator efficacy (szser




Data 'froﬁi the screened encloswe and outdoor experimenls were subjected 10 analysis of

variance, -and- means were -compared —using- Smdem—Newman-KeMmemeJangLMAhLB
< 005 level_ Con'elatlon analys:s was used o determme relationships berween the mean

number of viable seeds per fnm and mean fruit' weight

L4

~ e
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tﬁ' 1
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used—in—the

analysis since ANOVA indicated that mean fruit weight and mean number of viable seeds
per fruit were significantly dif'fci;amv from the other three wees (p < 0.05) . Fruit ~,weigb§ )
' d

and number of viable seeds per fruit were not significanty different for the remaining ‘wees,

so data were pooled for analysis.

_There were no- sxgmﬁcamMerenccs “between one’ OL —visit—or -one— to-—three HB- wsxts—)
in mean fruit weight and mean number of viable seeds per frait (p < 0.05, Table 8) ) |

4Howcvcr, s:gmﬁamt d:ffexences (p < O.QS) in these characteristics were found between

controls. mwmmmm meatments{Table-8)————— —————

Percent fruit setm screen:& enclosures was substanﬁallyvhigher than what is e’xp;acied
under normal polhnauon conditions (Tabie 8). Apple uees may shed 95 percent or more - -of
their flowers and young fruits (mmﬂm (W&s{wood 1978) but an economic  yield ftom
an acre of mature apples results when appronmatcl) 5 percem fruit set occurs (Horticultural
Education AMUMMMMWM{W

OL visit resulted in higher percent fruit set (65%) than any of the HB visit teatments. One

HB visit resulted in higher percent fruit set (53%) than two ‘or three HB visits (43% and
41%. tespectively). Two and three HB visits resulted in fruit seis comparable to Contol B

(45%). ' | ' \

The pollination index (PIy for Contol A (P1=.1.43) was the jowest of any of'rthe
reatments in screened endos;ffcs while Contro! B had the high&st (P1=285) (Table 8). One -

- -HB visit resulted in-a- h:gherpoihnanon index  (PI=2.72) -than one OL Visit (Pl 2.35) and ,

57 ‘ ' v




-

The effect of one to three honey bee (HB) and one Osmiag

Table 3 .
‘ lignaria (OL) visit on Red Delicious apple fruit weight,
fruit set, mean seed set per fruit and mean seed set per
blossom (PIa) in screened enclosures: -
R , % No. Viable . -
No. of : : Seeds per
Flowers in Z Fruit x Fruit Weight Fruit ~ Blossoms
Treatment Treatment Set {g) iS.ETb +S.E. (P1)
{AY , - (B}
1 visit-OL 20 65 119.96+16.87 ab 3.62:0.91 a  2.35
1 visit~HB 119 53 120.71+ 6.00 a 5.13+0.39 ab 2.72
2 visits-HB 113 ' 43 98.78% 6.45 a  5.39+D.41 ab  2.32
3 visits-HB 94. - 41 108.03% 6.91 a 5.31+0.48 ab 2.18
Control A 6Q’/‘V/r ' 32 . 93,43+ 6.10 a 4.47+0 .46 ab 1.43
”
Contrcl B 60 45 155.29+ 8.36 b 6.56+0.48 b 2.95

2PI=Pollina

tion Index derived A x B

b Means within a column followedjby the same letter are not significantly

differen

t (P<0.05 level, Student-Newman-Keuls test).
%




visits, or Control ‘A, am-xougb"a, greater number of seedless carpels was evident for on’e OL

visit The mean number of seedless fzrpels per fruit was not ggmﬁcamly chfferem (p <
0.05) for one to three HB visits and Control A (Table 9)

In the screened enclosure eipcrimenn sj@iﬁmt positive correlations (p < 0.05) were

found - when the number- cfwmb}e seeds - pcr ~fruit- werrcorrelatedﬁvxﬁrfrmrwe:gm Tor one

OL visit (r=.693), one 1o three HB visits (r=.669; r=.623; r=.443, respectively) and Control

B (r=.484) (Fig. 4). v ‘ ’ ' \

In the omdoor expenmcnt, mmai analysxs of data mchmted no mgmﬁmm dlfferences r

¥

- < 005) betwcen the three trees used in the study. Therefore, data were pooled for analysis.

'n:er' were no mgmﬁcam dxfferenm between one and two HB visits or Control A and B in

=~
mean fruit weight and mean . nmnber of viable seeds per fruit (p < 0.05, Table 10)

u" »

Percent fruit set was lower for Control A than for any of the other treatments (7%)

{Table 10). Two HB visits produced about the same fruit set (24%) as one HB visit (20%)

or Control B (23%).

-

The pollination index for Contfol A was lower than any of the other treatments

outdoors (PI=0.44) (T able 10). The. polhnatmn mdex for Conm)l B was lower than en.her of

- the HB visitation treatments (P1=0.79). Two HB visits resulted in a shghﬂy higher pollmauon

~ index (PI=1.15) than one HB visit Q’I=0.96).

Teatmments (Table 9). However Control

B had the highest number of seedless per fruit (X=193), followed dosely by one




\

Table' 9. The effects of one to three honey bee (HB) and one Osmia
~ lignaria (OL) visit on the mean number of seedless carpels
-*— per Red Delicious apple in screened enclosures gnd outdoors.

x No. 6f Seedless
Carpels per Fruit

T Location . Treatment - ~  S.E.@
Screened enclosures 1 visit - OL - 2.38 £+ 0.59 b
_ ' 1 visit - HB 1.42 + 0.23 ab
T N "Z visits - HB  1.27 + 0.21 ab =
L. 3 visits - HE 1.49 + 0.26 ab
- . Control A 1.00 £ 0.32 ab
Control B .67 + 0.19 a
) - 3
COutdoors ’ 1 visit - HB 1.56 + 0.69 a
: : 2 visits - HB - 1.22 + 0.43 a
Control A 75 04813
Control B 1.93-+ 0.45 a
@Means within a column followed by the same letter are not
significantly different (P < 0.05 level, Student-YNewman-Keuls
test).
_ .
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Fig. 4. Relationship of number of viable seeds per fruit and fruit weight for Red Delicious
apples resulting from one of the following treatments in screened enclosures: one Osmia
lignaria (OL) visit, one to three honey bee (HB) visits, Control A (blossom clusters thinned
and no pollination allowed) or Control B (blossom clusters thinned and unlimited pollination
al]owed). . EEEN : o

e
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. Table_ 10. Tﬁe effect~of one or two hone§ bee visits on Red Delicious apple on

fruit weight, fruit set, mean seed set per fruit and mean seed
get per pollinated ‘blossom (PIa) 0utdoors

e . % No. Viable
: No. of . , Seeds per ?
L "Flowers in % Fruit X Fruit Weight  Fruit  Blossoms
Treatment - . . Treatment Set (g) #S.E.b - %8.E. 7 (PI)
, ~ W _ ®
1 visit 46 20 100.64 8.34 ab 4.78:1.16 @ ~ 0.96
2 visits 37 24 127.84+ 6.19 b 4.7840.92 a 1.15
Control A - - 60 7 116.07+10.88 ab 6.25:0.85 a 0.44
Control B 7 60 23 93.61% 6.6l a  3.43%0.72 a 0.79

ri

aPI=Pollination Index derived AxB

b Means within g column follnwed by the same 135;3;43;3439;4s}gﬂigieaﬂtiyeee,feee,;f

different (P<0.05 level Student-Newman-Keuls test)
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- HB visit(X='1.55)._r | - _v SR | ‘_\

In the outdoor expeﬁxfxem, no‘sign‘iﬁm.m correlations were found when the fnumbe,r of

' mable seeds per fruit were correlated with fruit welght for any of lhe ueatmems (p < 005) ’
(Flg. 5)

~ Honey bees in screened enclosires spent significantly less (p < 005) time searching for -
" and collecting polleh from a receptive blossom than did 0 Itgnana (PVT, X= 139 + 092 '

sec; PVT, X= 476 + S5.66 sec, respectively). Honey bees outdoors spent . sxgmﬁmtly less (p .

< 0(7)75)77111171:3 smxchm; i‘c;ami collecting pollen ﬁ:om a recepnve ‘blossom - tha.n either ‘honey— ———-
" bees or O. lignaria in screened enclosures (PVT, X= 104 + 045 seo) "
1
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4 . Fig 5. Relationship of number of viable seeds per fruit and fruit weight for Red Delicious
: apples resulting from one of the following treatments outdoors: one or two honey bee (HB) .
visits, Control A (blossoms clusters thinned and no pollination allowed) or Control B
(blossom - clusters thinned and unlimited pollination aliowed). ‘ - ’ .
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4,- In the screened enclosuxe expenmen' gm set and welght and pnllmanon indices were

L3

e - not d1fferen1 f - one 0 Izgnana visit compaxed 10 one, two or three honey bee | visits (Table

\8v) However :he resuLts mdmted a uend toward rmsshaﬁéﬁ;d applés followmg one 0

lzgnana visit Although the m&n number of swdless carpels and vxable seeds per frun for

! agm%a ku were nOt sxgmﬁcantly dlff rent from. one, two or three honey bee wsus B

L

o ,. ;ptenual for assymmemczi frmt. ‘However the results for O bgnana suggest that there is a
| * in‘oporuonately great.el‘ pom'biht) of this occumng compared to honey bees. As seeds develop
e fo\owmg feruhzauon, they. .,produce a wquence"of hormones mdudmg “indole %auxms and
glbberelhns (Westwood 1978;

e:'az 1969) w‘hlch are related 10 frum set and growth

Growth of fhe fnm cortex or ,ussue is snmulated 0 ‘2 greater degree 1f it is duecﬂv

' ad}acem 10 ovanes comammg developmg seeds (Horucultural Educauon Assoaahon 1967)
‘ . - Therefore lower séed numbers per- fnm and mcreasmg numbers of ernpty mrpels would —

S

producc more severel» mlsshapcned fnur. e

Polhnator visils times mdxcaled thzu, in the oonﬁned condmons of the screened
L endosures, 0. Izgnana spem a srgmﬁcznﬂy Ionger nme sqm'chmg’ for and conectmg pollen s
- from rcccpme bio&;oms than did hone\ bees. Ttus resuln in combmanon ‘with a. subst@hally

, zyfgrmter number of SéCdlCﬁ carpels andJnmfnm of viable swds per frm{ — *—4*

reduocd cfﬁcxcnq of poch /u';sxsfet to recermve

. L dsmbunqn of viable, crapatible pollen on ;_the “stigmatic : lobes of “thes blossoms.




mmm'ed for the %ekbeef visit- txeatments%sereened enclosumroroutdoors (Table B) A

 study by Vrsser and Verhaes

at .an mrerval of one. or two days on average doubled rhe ‘seed sel per pollmaled blossom

(PI) as compared 10. polhnanng once. The results for one- and two honey bee visits in the

'rr,screened enclosure and outdoor expenmems do not suppon the l'mdmgs of Vrsser and
, Verhaegh (1980), possrbly because the mtervalt between the ﬁrst and subsequem pollmanon

- visits: were less than four hours‘ at temperamres rangrng frorn 9° C o 19.5° C Vlsser and

- Marcucd (1983) deterrmned ‘that double” pollmanons could substantral[y increase seed producuon'ui

when the rm:erval between pollmauons was long enough (48 hr) at low (approxrmalel) lO C)

-

or short errough\7\hr) at lngb (approxrmatel) 20° C) 1emperature& With shoner or longer

intervals, the conmbuuon ‘of the second pOllen w seed producuon dmnmshes

o~

D

Pollinator visit- umes for hone'» bees were srgmﬁcantly shoner ouLdoors rhan in screened

- ‘enc}osures possrbly because; 1) hone} bees outdoors are more ‘efficient at seekmg and

foragmg on Teceptive blosaoms than hone\ bees resmcted r,o screened enclosures and/or 2)-

rhe lngh bee/blossom ratio. jn screened: enclosures resulted in mcreased compeuuon for

mdmdual blossoms and consequently a longﬂr time spem searchmg for amacnve '

nectar- beanng blossoms

I Treatmen-Control Interactions Soe L - P ‘"e\.
. ~ ) /
e - R B KRN ’/ a® N
bfi‘? ’ - - o 0 : o - ¥ 'S

Control A was designed .10 test the  efficiency’ of the bagg'lng merhod’and confirm the

Vreqmremem for bee pollmators in ap& polhnanon. Control B -was designed to Lest rhe eﬂ‘ect

of unlimited - pollznarpr vmeaaons Jér.e—po&bly Jexwedmg “three - vrsrrs) on- fruit“quatity. In

a
w
H
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' erffabfeﬁﬂ)ﬁ&rexpected percent

o fm.* set and Pl were substantally lower for Control A than Control' B, but frun weight and

number of viable seeds per fruit were substanually hlgher though not srgmﬁmntly drfferem o

from Contol B. In "addition,. the mean - number of seedless czrpels per fruit was substantlally

lower, though not stﬁﬂ‘tzndy different from Conttol B. However, this xnay have been due

. to the extremely small sample size in Oontrol A only seven percent of the blossoms used

.for Control A set frun, producmg only - four apples Fruit set in the Control A treatment: in

screened en‘closures and‘ outdoors was unexpected since these blossoms remained bagged for .

the duratwn of the experiment Blossoms Wthh were shll vrable when the ‘bags were

}removed at the termmahon of the expenment could have been polhnated ai that time.

A companson of treatments and controls in the screened enclosure expenment mdrcztes
that tne overall pollmamn efﬁoacy of Control B- was higher - than all other treatments (Table
8). Beoause Com:ol B recexved unhmned polhnanon mult1ple visitations could have consrsted

of sequences of honey bee and/or 0. lzgnarza'vrsns to recephve blossoms in the sc:reened- .

- enclostires.- If s0, a polhnahon management system whlch combmes hone) bee. ahd . 0 hgnarta o
: vrsxrs rna) result in 1mproved po.ination efficacy ‘on Red Dehcous apptes Kuhn and Ambrose

5 (1984) /determmed that polhnanon of ‘Red Del.crous apple blossoms by male and female 0.

lzgnana resulted in szgmﬁcantly hrg_her frurt set than srdeworkmg honey bees Smce

A srdeworhng by honey bees in Red Delicious apples has been observed at levels as- h;gn as VA

'86% of all foragers co}lectmg necrzr {Mayer 1983), the use. of 0. lignaria in a combmed

'b,

7 prog_ram could compensate for the potentral reducuon m frmt seL. No srdeworkmg Has ever

-~ been observect for erther maie or female - U’ngﬁ’ (Table e Toreﬁlo"1986) “The honey bee

myemmbm&%ﬁreombmeu system by reoucmg the cnance “of asymmetnml Inm. e

- . : + - S
J'} a N - > . [
. 4 . . B
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Mean " fruit werghl for Comrol B in screened enclosures was srgmﬁmnuy heav:er .than

visi is T was y ue o

small sample size (n 13) and Iargekfunce (SEx 169) of the O. lignaria_treatment =~ —

F—

»compared to ome" honey ‘bee visit (n 62\S.E.i 60)

. //A\"I o )
HIparison of mmmems and conuols in thf,/omdoor expenmenl mdmles that the

L

overall llmauon efficacy of Oonn'ol B was lower r}lan the one or two honey bee vnsn

- 'treatmems ('fable 10) ’ths is comrary w”the ﬁndmgs f the screeneo‘ enclosure expenmem

discussed prevrously ~fhes.e results may have been due to rer vigor (i.e. uee numuon, 5011

feruhry and moisture coment) of the orchard where the outd experimem took place’

N\

~compated- t&{he 'siﬁte——#e#*%}rejsereeneekjeﬁelosﬁre*'experfment ~This— tﬁqu:oaceount W, _

,absence of srgmﬁmnl ‘correlations between frurt weight and vxable ni r of seeds per fruit

g : , . N\
for all outdoor treatments (Fig.' 5) Tl _ ~ \\'
- ' : ¥ . ! - v ‘ \\ -
: . ‘ o N
Il Implications for Pollination: Management -Systems S , \

' N
The results' of this smd) suggest thal the pollmauon efﬁcaq of one O. ngnaruz v1su\

on Red Dehcrous apples was equal 1o Ihal of honey ‘bees m most respects bul resulted in .

4

a higher proporuon of assymmemcal frult. The polhnalor efficacies of one- Lo three hone)

bee wsus were sxmllar Because of the symmetry factor ‘1 would not- recommend the use of

. 0‘ I:gnana as the sole polhnator of Red Dehcrous apples in the Okanagan Valley However

" a multi-species ponmauon system for Red Delrcrous apples combmmg the foragmg abllmes of -

honnw bees and O. lignaria, couid potenuallx unprove fruit set and quahry

'
PN

BN

N\

3

There are several 0 Izgnana charactensncs (Table 7) which could contribute to the v -

success of a muln-spec;es polhnanon management system for Red Delicious apples m the '
Okanagan Valley 'I'nese charaetensnm mdud’e 13 the absence of sxdeworkers and therefore.
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the abtlnty 1© allev:ate the demmemal effects of honey bee sxdeworkers .and oonsequently

~ improve frmt set (Kuhn and Ambrose 1984) 2) the ability to suooesfull) compete w1th

- honey bees in an orchard situation (Parker and Torchio 1980); and, °3) management systems

which are much less labor mmve and CXanSIVC than honey bee S]?Stcms beekee%ers fﬁ( S et e
: presently involved in honey bee polhnanon could easily adapt their o tlons 1o accomodate

- management of an additional species for concomitant use. | o .

The snpenonty of. several fother 0 ltgnana characteristics has been presented by other

JE———

authors (Table 7) but. tnany of them have not been ﬁllly demons?ted. “For example, -1 the
foragmg behavior of 0 ltgnana in orchards mvolves visits to few’ blossoms per tree but v

many rees per -foraging trip (P F. Ti OIChJO personal oommunl(‘anon) This behavror pattem

: deﬁnfteiy facilitates cross—poﬁﬁmtxorrbrmcreasmg the chance of contact with pollemzers T

mterplanted throughout the orchard, Honey bee foraging behavior in orchards is ‘more hmrted

in between—wree visits than that of O. lignaria (Hortxcultural Education Assocranon 1967), but o "
" recent studies by DeGrandr—Hoﬁ'man et al (1984) smggest that bee-to—-bee transfer of, pollen ‘

~ within hJVCS contnbutes grwtly .10 the cross—-pollmanon of apple orchards. _ Furthermore m—lnve '

pollen transfer. would make the social behawor of honey bees much more effecuve for -

pollmauon of self'-mcompauble specxes such as apples than would the Jehavror of' sohtary

bees.- e

- Nest initiation by O. '[igmin‘a was negljgibl'e during the experiment'ln Summerland.- R
Other recearchers (D F. Mayer*; personal oommumcauon Kuhn and Ambrose 1984) have also =

encountered problems in encouragmg _nest initiation ¢f 0. lzgnarza usxng the management .

methods developed by Torchio (1176 1982b 1984, 1986) Smce mated 0 llgnana females that

‘e

- have tmuated nests ‘and are provmomng cells are more vrgorous pollen ooHemmthanM

not having mmated nests (P. F. Torchio, personal oonnnummhon) overall contnbuuon 1o -

.

~ . L]

SU.S. D. A BeeBtolog) and Systematics Laboratory, SEA,Logan,Utah &322
"WWS%UWL&KEQWWMMUSLW
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- initiation by O lignariaoccurs wken -ambient - temperatures rez 7°C. Fiight emperatures

" atoor above 15.7° C were reoorded for only 25 hr dunng the screened encl'osure expenmem B

. polhnanon managemem research m the Okanagan Valley should -also be exarmned

.polhnanon of apples - D -

#

- i ' - - N - - P 6, S —

cross-pollination may be reducecL A greater impact on fruit set and quality might be o / -

S e e %=

expwed with more suoc&ssful {mngﬂmemo (1986) has delenmned that. daxl) flight

(3 w15 May) whrch may have - affected mating and nest initiation of - O. hgnana.

-
.-

Management systems for O. lignaria may have to be adapted to }the biotic and abiotic = - -

conditions indigenous o various fruit growing areas. The use of locally 'lirappecl; 0. lignaria in

: 'forchio (1986) suggests that as few;as 618 nesting females "could adequalel‘y pollinate

one hectare of apples" (247 n'ets/he‘ctare). In his study, O.T ll’gnizria were 'féleased' in an

isolated -apple- orchard,%&hre&%eemedﬂ& -honey bee- pollmauonm ﬂb'"ever UICWIS H

_ mention of the abundance of wild polhnators in the orchard and ‘their potenual conmbunon .

- 10, polhnanon in the apple orchard. Therefore “Torchio’s estimate of- 618 females per hectare

may be an underesnmate of the actual number of 0. lignaria. neede'd to 'provrde adequale '

® a

!

Ememwm%m*mmmbww
needed in Red Dehcrous apples might be done in an 1solaled orchard, smular 10 me
situation Torchro (19§6) unllzed, but the abundance drversrty and contnbunon o pollmanon

by wﬂd polh,nators should be momtbred pnor 10 the release of 0. Ilgnana. A mass release " ’

of 0. lrgnarm would be necessan tgensure that enough mdmduals would be prescm in the ‘

'orchard SO rhal muluple visits. 10 receptive- blossoms oould easrl) be aclneved Future sludres

‘should also mvesngate the effec{s of more than three bee visits on. frurt quahgy to allow a

mor1e comprehensxve comparrson of pollmanon efﬁmcm of both honey bees and 0. lzgnana.

7
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INTRODUCI'ION

1o emummmmmmﬂengm; &wngus&mgmqefersw ggdmmﬂ:emyr

do not’ have equal pollmahon efﬁmcy Therefore aptansts rnspect ‘colonies to determme their
strength and potential value as pollmators of tree frmt crops pnor to the oommencement of -
tree fruit pollmatmn By utilizing a basrc polhnahon management system for honey bees T
which involves the manipulation of oolony demographtcs and populanon size, colony strength

can be adjusted to ensure that orchards wrll receive adequate cross—-polhnauon and an

y bee colonies -~

economic yreld of frurt_ D o - S ,,_:,J,u;_i.r -

' ’Ihere are three essenIral features of a polhnatton colony whrch aptansts can mampulate

charactenstrcs (i. €. _sealed and unsealed worker brood and adult populauon) most responsrble

for the foragmg ﬁeld force dunng pollination. They are the: 1) queen; 2) adult populauon'

and 3) brood. An mspectton of the - orood pattern determmes whether the queen is a smtable

matnarch for the colony. If the brood nattem on each frame in the brood chamber is even

and all stages of brood development (eggs to pupae) are represented, the queen is descnbed

asd gocd egg—layer and does not have to be replaced. The adult populatxon provides the.

‘ -effecnve field force ulumately responsrble for the tIansfer of pollen and: consequently

fertilization and fruit set Most apransts measure the "adult popul_auon of a colony by counting

z - : .
the number’of frames in a super (hive body) covered by adults. If the colony is wo strong,

<

adults may be removed and can’ be added 10 weaker colomes 0 adjust their strength. 'l'he
presence of brood, speerfmlly unsealed brood (eggs and. larvae) strmulates foragmg in general

and pollen—gathenng in parucular in addition to being an mdrcztor of colony potential. and

eventual remforeemenrto the adult popniatton (?d-’flknty el al’ I972 Free 1967, 1979, Free

7




may be the same pheromone That inhibits _ovary. development of worker honey bees (Jay

4;;7;45—?1970}~By 1>rovrdmg -shall- colomerwrtlnextractrofvorker larvae, Jaycox (1970) determmed s

apples honey bees collecting pollen are more efﬁc:rent pollinators: than those oouectmg mectar -

only beeause they mrry more pollen on theu bodres and are more hkely to transfer pollen
o strgmas (Free 1970) It is,” therefore tmportant that aplansts involved m pollmatron servrces T

mampulate colonies so that adequate amounts of all stages of brood are ‘present to. mamtam )

' individual colony pollmatron efﬁmcy

\ . ’ » ~ ’ : ' - - Ly s

Provmcral and state 'agencies as well as local pollination associations, have established -

: guxdelmes which define the nnmmum stxength reqmrements for colonies _to be used for tree’

A)-and———

fthjgollmanon.joLexamnle.JhLQkanagan
the B. C. Mrmstry of Agriculture and Food - Apiary Program stjpulate that poll'ination

colonies should consist of eight 10 10 combs of adult bees with five to six combs of brood
* (8000. 10 9700 cm?) in all stages of development_ A second super (both supers are generally

v

Langstroth deep supers) is rf-qurred for extra room while colome* are in the. orchard. In . A

] .
Washington State the official minimum standard required for colnny strength cew .
tree fruit polhnatron is six irames fully covered by adults and at Jeast 11 fraines of comb ‘

* QOO@O cm’) in- two_ supers (Burgett et gl 1984) In Oregon, two grades of. colonies (Grade
N ’ A and B) used for tree fruit pollmauon are defmed These grades recognize the tural -
oo growth of a -honey bee colony throughout the pollmauon season. An Oregon gradt A orchard {"

colony should consist of two ‘supers containing 11 frames (20,000 cm?) of comb f which 2.2
-frames (4,000 ',cm’) should be oocupied by live brood. In addition, adult bees shduld fully
cover six frames. An Oregon grade B orchard colony is one which fails to meet \/\

: reqm:ements for a-grade-A- orchardcolony by not more than 25" pert:’ent’on*’tﬁe" “amount -of

Washington’s and QOregon’s colony strength regulations stipulate the amount of comb required

(‘\
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’ 'the greater numbér of blossoms per hectare and the mcreased tendency of honey bees o ¥

R A - S A
because dxfferent sizes of hive bodtes and frames are regularlv used The polhnatton eﬂ'teac) .

Lo oP colomes meet.mg myﬂ mmdmommmﬁrmmremu been eonsxdered
. - - L ’

s T

" The number of polhnauon colomes requu-ed for adequate cross—pollmauon 10 take”phtce» \ :""‘
is recommended on a "per hectare basis dependmg on the tree frmt crop to be pollmatcd J
(McGregor 1976). For example in standard apple plam‘.mgs (250 0- 400 trees per hectare).
colonies per hectare are recommendedeFrve colonies’ per hectare are reeommended on htgh

,_,densrty appleralanungs of scmr-dwarf rootstock4400 to- 190(} treesrper hedare)%eeeusrbf

forage within a row (D. F Mayer’ personal commummtfon) For sweet cherry pollmatmn 3 e -‘{

- e®

: J:clﬂmcgfpgc hectar;;al:_Lrecommcnded Ior suﬂiamrpolhna&on mme&—fﬁnt;eel:w:

A
oecur -Five colomes per heetare -are recommended‘ for * pear pollmauon due to the

unanracuveness of pear blossoms to honey, bees (Vansell 1942 Stephen 1958 Tufts ‘and Phtlp ,

. E Y A ‘
1923) A N . - o . o : e ‘ .' .
) « & e o . S
* - N . o ,»", - u -

W *

Presently,  the only way 10 determﬂxe the strength of polhnanon ufits in orchards is %

¢ .

drsmantle theJolonLancheasurtthLamountw i

mampulanons disrupt normal colom mvrty for several d&ys dunng pnme pollmauon penods

severely reducxng t.he ef%cacy of poIhnatﬂJ arhts A method of unlmng f'orager enrance .
-

counts. as an mdtrect measure of poIhnanon ‘ynit strength would ehmrnate the need {0

[y

drsmantle colomes m orchards dunng mspecuon and weuld provrde a morc pass:ve but

accurate - measure - of eolony potennal for orchardifts, aptansts and’ apiary mspectors
. . 5 . . & i

‘Since prevrous studles have mdrcated that the prow‘ o:: of p xen—-gathenng foragers ‘

-increases- wrth theamonnt of WWM—TM et~ ql 1‘97‘2'*'Free*196‘7—l979—Fr”

)

*Washington Staié University - 1 A R. E C. Prosser, Washington, US.A. 99350-0030.
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colony 1s an mdummn of, avaxlable ﬁeld force thwe factors could b& employed in a. system

e

"*f’*’*'*”"”'WhIdT wmﬂd*mdlrecﬂy dewrmme “eoltmy sn"eﬁg“lh. Ilie objecuves of this study were to

1

- pouen-gathexmg foragezs entefmg “per oolony) ‘were - most efficient in ‘mdu‘ect.ly nimsﬁnx;g
’the colony charactcnsncs (unmbd and sealed brood and adultpopulatior) of ponmanon o

* - unit ubed for cberry pear ang apple pgumuon in the Okanagan’ Vally; and R
2. evaluate m; effcts of tempgmnué' global solar radxauon (G. $ R) and relatlve )

e’ ,humldxty (K H.) Qn honey bee‘ foragmg actmty mﬂchern&s pears, and apples
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MATERIALS AND METHODS

v, .~ . | bonmey bee oolomes employed as pollmanon units for three tree fruit crops; cherries (Prunus
- T
J avium), pears (Pyus commums) and apples (Malus sylvestris). The same orchard srtes/:vere CoT AT

used for cherries. (V James Orchard, Old Vemon Road, leand) and- pea:rs (W. Cameron

- “ Orchard. Byms Road, Kelowna) in 1984 and 1985, while in 1984 forager entrance oounts in

Coldstream Ranch Orchard, Vemnon.

I Mlmwrpwmmgm; meeungﬁmrmmuxrhrcqm:emembforftree frui uit— -
Ihnatlon as set down by the Okanagan Pollmanon Assoaation (OVPA.) and the B. C. M
a2 A. F; Aprary Program Followmg placement in each of the fruit crops, the pollmatron units

. were allowed 2 24 hr reonentauon penod before forager entrance counts oommenoed , L

S L

»In 1984 forager entrance counts were determined for nine colomes in cherries, 17 in

,

/pmmmfommmmmmwmmepmwmd—
was reoorded with three oonsecutwe one mmute measurements taken. Four repetitions were

| completed over two days Al] entrance counts’ were reoorded between 1000 and 1400 hr. A ——
thermo-hygrograph ~was placed near the pollmanon units in each ‘frmt cIop 1o record ambxem '
" -temperature (°C) and relative humidity (%) for the duration of the study. In addition to

ambient temperature and reladve humrdrt;. global solar radiation (Langleys/hr) data for the

area were obuined from the Atmospheﬁc Environment Servicet. Colony charaaeﬁgﬁm

3

mmsured were sea]ed worker brood (cm’) and area covered on frames by adults (crn’)

mmedtately foliowmg the Iast entrance oounts and _prior to retirning the pollmaﬂon units - g

- the apiary following pollination, the total .area of . sealed worker brood and adults per

s Suite 700, 1200 W. 73rd Avenue, Vanoonver.’,’BlC‘ V6P 6H9 L
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pollmanon umt were measured wrth a plextglass gnd marked ‘with S x 5 cm quadrates.

-

b e e S s . " '
. ~

Based on the 1984 results changes in the expenmental method were made n. 1985 to

“include the measurement of both foragers entmg and pollen—bemng foragers entenng per

,/

h colony instead of foragers entemig per colony 'I'he use of pollen—bearmg foragers as an.
mdex of polhnahon unit strength is supported by a number of stud:es Wthh determmed “that
the presénce of tmsealed brodd (eggs and larvae) sttmulated foragmg in general ang_\:.’ . L
'pollen-gathermg in parttcula.r (Al-Tiktity et dl. 1972; Free 1967' 1979; Free and erhams i
1976.,Todd and Reed4910), Theref( it wa&felt that- pollene—bearmg»fr Jrsanlgh&be)r¥“e

1

more accurate and effecnve ‘measure of polhnauon efﬁcacy Foragers exmng per colony were CE
recorded to determme overall adult populauon. The number of foragers exmng and the - /
~_number of mum:bmmlmg%mmwmy;p&mewﬂd:wm:wmrded:

: alternately for three consecunve one minute penods each. er repeuuons were done’for

colomes used for cherry, pear and apple pollmatlon 10 oolomes were used for each cmp

‘The dzuly reoordmg penod and t'he three weaﬁrer condmons reoorded ‘were the same as in Y
1984, Charactensua measured mcluded unsealed and sealed Wm'ker brood and area of adults s
(cm‘) pen colony. Brood and area covered on frames by adult workers (cm”) were meaqu'Et;z

using the 1984 method. Colony charactenstlcs were medsured mmedrately followmg “the last :

forager entrance counts and pnor o returrnng the colomes 0 the aptary

Ltnear regresSron analysrs was used o determme the relatronshrp between forager '

entrance counts and eolony charactenstres. Correlauon analysis was used to determme :

relanonshrps between forager entrance counts and weather_ data_ o , b V"‘

“




o ‘adult area versus foragers entermg colonies m chernes “and’ pears (Frg 6) In’ apples. T

. .'ihowever a srgmﬁcant regrmon (p <

T 'regresrons were not srgmﬁmnt (p > E?S) for sealed brood and foragérs entenng oolomes :

»
PR

i ol

05; r= 866) was determmed for adult arl

foragers eﬁtenng colomes. A sxgmﬁcant correlauon p < 005) was found when foragers :

-;’_1,
—

entermg per colony were . oornpared with” temperature (r—- 514)m chernes (th 7) ln pears

 signifiant. °°“el"“‘°“5 (P <0.05) Between -foragers entering ‘per- colony and GSR (r— 535)—1-' 'Qr*'?f
and- ‘RH. (r—/ 375) were' lbund (Flg- 7). No srgiufmnt correlauons between foragers entenng -

weather condmons recorded were found for apples in 1984 (p > 005) (Frg

- . :
ST ERrY .

In 1985 mgmﬁmnt regressrons (p < 0.05) were found for unscaled (r’ /546) and s

sealed worker brood (r’-' 695) versus pollen-beanng foragers entenng per colony amd adults’

(r’—' 560) versus - foragers entmg pet@lony in the colomes used for appIe pollinanon (Flg '

8). Srgmﬁmnt regressrons between forager counts and colony charactensms were not found for

i

.
LI ]

_ — —
[ - i

chernes orpears(p>005) (Frg.9and 10) “ KRR oy

'.ln,cher“rie's' Signiﬁcant cOrrelaiions (p <"0'05) we‘réj found w'hen”? forafgers exiu"ng ‘per

' colony were correlated w1th R.I-L (r=4-—.287) and temperature (r- 504) and‘ﬁa when 2

pollen—bearmg foragers entermg et .colony were correlated thh temperature (r- _—291)

. GS.R (r- -.368) and RH (r- .364) (Flg. H) For ‘pears, srgmﬁmnt posmve correlauons (p" -

- < 005) were determmed When foragers emmg per colony wefe"oorrelated vnth GSR. (r=.

390) and R_H (r- 263) and when pollen—beanng foragers entermg /per oolony were

cor:related wrth G.SR. (r— 443) and R.H. (r- .329) (Flg, ’12) Nc/srgmﬁmnt correlations - (p’,

¢ .
> 005) between forager oounts and the three’ weather oondruons were found 1n apples for -

S L
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Fig. 7. Correlation analyses of forag
global sotar radiation (G.S.R.), 'relative humidity (RH.) and temperantre,” recorded while
colonies were situated’ in cherries, pears or apples during the pollination period in 1984.

e[s entering per colony and three weather conditions. -
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Fig. 8. Regression analyses of foragers exiting per colony and pollen bearers entering per

-Colony versus three colony characteristics, areas of adults, sealed brood and unsealed brood.
-Data werg recorded in 1985 while colonies were located in an apple~orch>rd Mean count’
" per minute - per coiony was derived from a towal ‘of 18 onme minute counis.
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Fig.: 12. Correlauon analys% of fmagets emmg per colony, bpollen bwers entenng per
“colony- and three -weather, conditions, ‘global solar radiation (G.S.R.), relative humidity (R.H)
-and temperature. -Data were recoided: during the. “pollination period in 1985 while 10 colonies

were located. in pears. Mean counts per_ minute were recorded for. six repeuuons per colony
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N ' DISCUSSION

for apple - volhnauor suppon the suggestion of }uav.er (1983) that’ the strength of colonies e
used for apple pollination could be evaluated b\ m;ﬁng the number of hone\?;:cs enlering

ﬂ}f: colony dunng a one. minute xmerval_o Preliminany data from Mayer (1983) mdlcau: that

colonies being "used for pollination are fairly smong if there are more than 100 incoming

bees per minute at 18.5°C and winds less than 16 kmh. The difficulty with using foragers

emcrmg ‘colonies is that on};,\ad'ul{ area in coiomes can be predxcted and therefore one of.
the major components’ of colony strength, bmod area. is not related 1o entrance counts.

Forager entrance counts which would also predlct sealed and unsealed worker brood area

would be more useful as a mmsmemem of ooiom, strengt.h

In 1985 significant regress:ons for unsealed and sealed worker brood (Fxg, 8) ve?sus
poilen—-bearmg foragers entering per coiom were found m the oolomes used for applc
poilination. These results agree with a number of studies thch determined that the amount

of polien gathered increases with the amount of brood (Free 1967. 1979; Al- Tka} et al.

Vemenngpﬂcoiom‘(ﬁg.&Amsmcmmof

1972 Free and Nﬂhams 1976; Todd and Reed 1970). In addmrm, Free.{1967) comiuded
that mxs@a}ed brood (eggs and larvae) were more effective sn‘muialofs of pollen cnﬂcctjng
than sealed brood (pnpae)._My resuits indicate thal unsealed brood (r‘-—f .546) was not as

effeciive at stmulating pouen—gamering as was the sealed brood (ﬁ— 695) (Fig. 8). These

results support previous studies which suggest that brood measurements are 2 gﬂod indicator

of pollen—gathering and therefore pollination efficacy of colonies used for apple ‘poﬂmauon. '

Mv results also indicate {haL. in colonies used for épple pollination, foragers exiﬁng per

eeion} -i5 a more efiee{we measure of iotal - adult -population- than pol}eﬂ—b&nﬂg fefagefs S




could ‘be effectvely worked by ar individual colony. If a colony did- not meet adult stréngth

rcqm iremgnis, it could “thenbe adjuste "'affm' cording "'354;*%4 « e

The absem:e of s;gmﬁcam regrmons betwaen forager eptrance counts and culony
cbaractcrrsaes for cherries and pears in both 1984 and 1985 (Fig, 6 9 and 10) suggesu that
the foraging activity of honey bee colonies used for pollinating tree fruit crops which bloom
earlier in the M than some varieties .Of, apples are mor'e subngly influénced * by fa@m

other than internal colom characteristics. This statement is supponed by the significant

{ correlations - be{wecn ngﬂ entrance -counts--and -weather - ooﬂdmons for - ci:ernw{Fg, i}) and*w*% —

th!e the three weather conditions are namraﬂy mterrelated, foragers emmg and

pollen-bcarers cntcnng pcr colon) in chem&s and pears appear 1o respond to mch dxﬂ'erently
In a smdy by Bumill and Diew (1981) it was determined that temperature and GSR. .
apmgd‘m'be the major factors of v;cather ipﬂuencing_‘ honef bee flight initiation (forégers
exiting). Their results indicated significant positive correlation between temperature and
honey bee flight deparmres. In addition, Burrill and Dietz (1981) found thai significant ) g

> . . 4 . o L. ~
oy Ao oh nire

-%,

below 0.66 langleys, and negatively correlated above this threshold. In both years of my

~ study, G.S.R. levels were greater than 0.66 hngfe:.s.'

In 1985. the significant correlations found between foragers exiting and the various
_recorded weather conditions in chemes (Fig. 11) and pears (Fig 12} partally agree with the’
findings of Burill and Diez (1981). A positive correlation between me' and:a

corresponding negative cofrelation bezween RH., and foragers exiting per colon} supports their

previous findings. However, in pears the ggmﬁmn posmve correlations between foragers
oy .
¢ ‘ emmg and G.SR. (Fig. 12) do not agree wrtir”thrﬁndmgyuﬁlimrﬂfmu

¥

-
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The significant correlations found in cherries and pears (Figs. 11 and 12) whcrn'

' pollen-bearing foragers were correlated withthe —recorded weather conditions SUERESIs WD

___GSR in cherries, significant negative correlaxions sdggest dm. as wc;;herrooddiuons bmome‘
less optimal for foragmg, honey bees - are remrmn’gJ,&beu\mlnmes for protecucn In pears,
however, the relationship between’ G.SR. and ﬁnm—beanng fmﬁgewuve indicating -

that in good foraging w&mer rec:rmtm;n?’w pears as a source El\‘po,len remains high. \DJe

~second explanation for hone) bee foragmg_benavxm 4m therries and pears is related lo the

7 posmve correlanons found between poﬂen—bwnng foragexs and R.H. in’ ﬁl& tWo . tree fruu

3
m——

crops (Figs. 11 and 12). Relative humidity and nectar seeretion are posmvel) correlated but N

s \

sugar concentrauon in the nectar is neganvely correlated with RH (rev:ewcd by Crane 1975). -

'Hus., phenomenon 15 due 10 tbe hygmscopxc effect of the sugar conunned in lhc nectar
nectaz absorbs nfﬁre‘”water frum‘ a saturated atmosphere than from dry air (Beuuer 1930
Shuel 1932) Since xt is Lhe sugar concentratmn in nccta: whxch attracts honey bees to the .
blossoms, at a mgher RH. blossoms would become. less atmractive 1o foragers. Thc— results of -

my research suggest thaL when these weather conditions occur during cherry and pca: )

pollination, there is jmmmmwmmm%

considered to be as attractive to honey bees as other fruit crops due w0 low concenu'auons

of Sugar in the nectar (Vansel]l 1942; Stephen 1958 Tufts ané'Phin 1923) Based on the‘.

results of this swudy, weather conditions occumng dunng cherry and pear. pollmauon wmch :

involve increased R.H. may mprove pollinadon efficacy- of honey bees in pears bs sumulanng

pollen—gaxhenn& and therefore facilitating cross—pollmum B e ',"‘ ;"-f
‘ . .

The lack of significant- con'clqi}ons between forager entrance counts and weather ’
3

condmonsmlate—b}oommga:pp%ssmmtekmngan‘v‘aﬂey suggeststhat.bx mﬁ—Mar’none;*Q—{i
beefemgmgaeem*sme;emg!y' h ‘

external conditions such as weather. _ : ‘ , - \
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ln mlusaon, n is evident from thls study that predlcung colony pollmauon efficacy in

.~ e

chemes pears ‘and apples mﬁmng such factors “as colonrcharattensncs; forager entrance

mclmdual -grgp basis rather man quantxfymg data 1o _arrive “f general reoommendatxons for all

tree* l‘m:t crops. The foragmg behavior of ‘honey bees in tree frun cTopS such as cherries’ /
and peazs wlnch bloom earlier. -m the spring - than someé apple varieties (i.e. Red Dehcxous)

in the Okanagan Valley, are affected more. by extemal weather conditions than internal colony

/

lcharactensucs Fxlhbcrmorc there are - sufficient dxfl'erences between the effects of rwe,dther

-4

g — e -

. . condmons on t‘o:ager emrance counts in chemw and pw‘s to suggest that any mezhods

devcloped 0 pICdlCI colﬁ) szrengtb and pollmanon efficacy in these two tree fruit crops

should be developed mdependcmly Theee rwommendanons may have 10 be ad]usted Ieglonally

EC e

duc 1o vanauons an wur.ber cxpenmoed durmg cherry and pear pollmanon in d1fferent tree

frmt, gfowmg aseas. \In the late—bloon‘nng apples, colony strength is dependent on mternal

tOlmn charactcnsms ‘more than cncrnal weather conditions and these factors should be

emphasxzcd m predxcuve systems dgveloped w ermine colony poilination efficacy in this

d C s
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PART D

HONEY BEE COLONY CHARACTERISTICS AND PROFITABILITY OF POLLINATION
’ MANAGEMENT SYSTEMS. o

.

51



gencxanvmanagedbybcekeepersandnotorcbardxsts andaremovedtoeachfrmtcrop

L Honey Production - The movement of bee oolonm to orchards senousl) dlsrupts colony :

INTRODUCTION ,

adequate source of pollen of another variety; and 2) there must bé a large enough -

- population of bees to tansfer the pollen' while the flowers are receptive (McGiégor 1976). ’

- Current pollination management involves the use of overwintered honey bee colonies whioh

are prepared for pollination in mid-April. The homey bee colonies (pollination units) are

seasonally when the crop is in bloom Following the, pollmauon season, the polhnauon umts

are -moved back to apiaries for honmey production.

My ﬁwmch into- po&naoﬁwmmgm& was - beguﬁ in response to a- -groWing—concem ————— ——
amﬁng beekecpcrs that’ their managcmem systems could be more productive, thus yielding
better income. 'I‘hey were particuiarly interested in the followmg areas:

growth during the critical spring populanon bmldup penod, since 15—35& of the |

foraging foroe may be lost due 1o d1$0;1cntauon wnhm 7 days of a move (Nelson

1985). The effect of tms dxsrupnon in colony growth panems is likely to reduce the

. crop later in the season, but the extent of the Ios of honey producuon is not \

understood Dawa were neéded to compare colony productivity in terms of brood akea

and hone) producuoo under poihnanon and non—polhnanon management systems Y,

~
\I

2 Bee Production - Considerable interest has reoenﬂv developed in bee producuon in

Canada, including packages and nuclei (Winston 1983, 1986) A package- of bees

generally consists of 0.9 kg of workers and a queen, whﬂe_a nucleus is a small colony

ofbeﬁmthaquecnan&enoughwoﬁ:rswcovertwomﬁveﬁamesofcombs

Cm&mmkmmsrﬁyhmvmﬁrmmofm bm from me soumem
Lmt*d States each spring. -In 1982, 35(3&}) packages were unported into Canada from

92 | ;



the US. with a total value of $10 million (Winston 1983). Recendy, however, the

Y Y 4

Canadian beekeepmg*comm 7umt}" ﬁbegm '7'irc>*'7t;fxarr;.bjlliemalitemauve:, to. u'ad‘iiiona]-

has been stimulated by both economic Teasons and the possible Teduction or ﬁxpigm :
ban on imponan'oh of be&s from the U.S. ias ‘a Tesult of the arﬁval of Af;i»mnjzedv
bees and wo potennaliy serious - mite pests of boney bees, Acarapis woodi (Rennie) and
Va.rroa Jacobsoni (Oudemans) into the packag&producmg awas of the US. (revxewed by
Wms:on 1983) 'I'henwdforbeesmCanadaeachspnngmnbemetbybee

producuon in the relanvel‘y mild climate bf southwestern British Columbia- (Winston- el

al. 1985; Winsion 1986). It may also be feasible ,for the Okanagan Valley beekeepers

o produce either packages or nuclei as pan of their polhnanon managemem for an

addmonal source of income. However no data were aveulable ooncermng Lhe 1mpact of
:::’v _such bee producuon on either pollination or boney producnon, nor had there been

reswrch mvolving methods of bee producuon.

\ .

The ob3ecnve of ﬂns study was to examine the blolfrgy and economm of 3 dlﬂ”erent .

bee management systems in the Oka:nagan VaHe; 1) polhnauon (curren! system); 2) honey

production without pollmauon and 3) package and nucleus producuon with and thhout

polimauon

+5°

E‘:.:w
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o - MATERIALS AND METHODS

- mwmmmﬁmﬁwwwmmmey
'extcnding‘fmm Keloﬁrﬁ; 1o Azmsz:ong, B.C. A wtal of 60 “colonies were used, 30“in each”bf
2 apiary sites 6 km apan near Armstrong. The apiary sites had -similar honey yields in

- previous years wh:ch were considered _average for the reglon (X=340 kg/colony from 1974 17
1983, X:BI.O kg/colony for 1983, BCM.AF. 1984), and had comparable elevations €500-650

m) and spring forage nwby Colonies were xandomly dmded inio 6 management systems

. thh 10 colomes/tteaunem, aud 5 colcmes from ‘each treatment at?each apiary. The 6

treatments were:

"1 . No package or nucleus removed and oolony not moved for pollmauon (Control ‘

- T =

APIGIY)
2. No paekdge or nucleus removed but colony ’m-oved for pollination_(Control —
PoHination) ) ‘ » |
3. Nudeus removed -and -colony not moved for polhnauon (Nucleus - Apiary); -~
4, Nucleus removed and colony used for polhnanon (Nucleus - Poumauon)
g,%_LMdeWMwﬁmamﬁ’W and

6 Package removed and - colony moved. for pollmahon (Package - Po]hnanon) —

Each "manipulation is described below.

Controls: These colonies ‘had no packages or nuclei removed in the spring, and were
managed for honey producﬁon alone or for honey production and pollination.

-

Packagcs: Twenty of the colonies had berween 0.6 and 09 kg of bees removed from-

-

them and shaken mw packages on 18 Apnl 1983 The cntenon for the amoum of bees

removed was that the parental coiomes were left at pollination unit strength after “shaking. A

standardpomnanonumtwasmd:eredtocomamatlmsthmbsofbeesand5—6oombs
of brood; this is the minimum szandard- of the Okanagan Valley PWﬁm and

o4 R



K’ the B C. Ministn of Agncultm‘e and Food - Apiary Program N]ne of Lhe colonies were or

sufficient - su'ength tq have a full 09 Eg’*paekage (2 lb) shaken from them whlle Lhe others

had 0.6 to 0.8 kg ¢

well as me nuclex ,

described below were’ ;th used further in this study.

.-’:' " *

~ Nuclei: Twenty colonies had 4-frame nuclei removed from them on 18 Apnl 1983.
_ Nuclei mns:sted of 2 fram& of brood, 2 frames of honey and pollen, ‘and enough workers

to cover all 4 frames. The pa:emal colonies were mamtamed at pollmauon snength

)

Polhnanon Colomes dmned for use in pollmatwn were moved on 24 April 1983 t0 3"

block of Banlett and Anjou pears (Benvoulm Orchards-Byrns Road, Kelowna, RC. Owner:

Te -

W. Cameron). On 2 May the pollmauon oolomes were moved 0 a block or Red and

et

A

Golden Dehc:xous Spartans and Maclntosh apples (TL Solmer Orchards Ltd. Pooley Road X

Rose Road, East Kelowna, BC, Owner TL. So er) On 11 May all llination colomes

were moved back to the apiary from wlnch they ongmated For the r

|

summer colomes used for pollination were managed in the same manner

. in the apiaries.

Apxar} These colonies remained in the -apiary for the entire summer, and were used
to produce honey alone, honey and a package, or honey and a nucleu& Managemem inclu'ded

‘swann conu'ol, adclmg extra supers when”’ necessary, honey sto;;@ regular queen checks etc.
Colony charactensncs mfzsm'ed were: 1) net colony welghL ‘é:l'onal colony welghl -

R el o
m"s"

wexght of empty eqmpment) 2) sealed worker brood area; and 3) surplus bmey producuon

..~ Sealed brood area and met colony weight were m&sureq_ every 21 o 25 days (approximately

the developmental period 'from egg to‘adult) from 3 March o 1(7)’7'A'ugust 1983 and prior to

major mampulatxons, mduclmg removal of - packages and nuclei, moves to and from pollmauon

and extraction of honey. S&led worker brood was measured by .placing a clear plenglass

13

sheet marked wnb§5 X 5 cm quadrates over me frame Honey producnon was mnsuxed by




Dxmcans multrple range test used m sepa:ate u'eatment mmns for honey yxeld&

T

markmg each frame and wexghmg them before and after extracuon. Surplus h@y produeuon /

oo ‘—“‘n\//
was onfy measured at the end of t.he S&SOIL Th.ree measuremem dates were chosen 0/

WWWWW
period (13 May 1983), mid season (8 June 1983), and at the end of the season’ (lg August ©
,1983). Surplus honey produenon was analysed using i,ilata collected ﬁ'om the smgle eiuac’uon “

_ date at the end of the season. Data were analysed“‘umng an_» ﬁOVA. Treatment means for

colony wexghts and sealed brood were sepamed usmg«the Student Newman-Kuels Tesx.

Each colony cha:aaensnc and the gross proﬁt/‘colony for each management system were
ranked using August data 1o, determme which system was the most productive. Gross

proﬁ#eoie&y 4ormehmn&gemen% ﬁstemﬁwas determined by mieﬁiiﬁng pfbssrble proﬂﬁfsﬁej***’
of package or nuclei, sale of , hone) pollination contracts) minus expcnses for each trmtment
as indicated in the Produccrs Consensus Report (BCMA.F 1984) o | =4

Cost ‘breakdowns used in determining oroﬁt/colony were as .follows:_‘ .

L Honey profit:

%—Mmdﬂm%ﬂeWanmeﬁgéﬁmey profit.

In the Okanagan Valley in 1983, 60% of the honey was- sold at an average price of
$2.53 kg ($1.15/1b) 10 cusxomers who have their own containers. The .other 40% was
sold in containers at $2. 75/kg ($1.25/}b) 1o retail outlers Honey profit for each’

management sysiem was determined using this 60740 cost breakdown (BC‘M.A.E 1984).

2. ,Pollination fee: A

 $36.00/pollination colony/set x 2 sets = $72.00.

The poﬂmauon t'ees were based on Lb@e set by the Okanagan Valley Pollmatmn

o  a—

—+ - - ;
*  Association in - 1983; colonies are generally med for 2 sews ,ﬁ
3. Package profit: ’ | '
 $28.00/package - ($8.00/queen + $1.50/screenmed paekage)_ = $18 50 . :
7 > ' *
. p?% "'”' "%’53-: . ' ’ Ty A B}




* 4 Nudeus profit

s - (S8’00'/queen =+ MM&Txamcs ,oLiounda,uonL— ??3,36

.

G 8360074 frame

- . ' II was assumcd that the purchascr of the nucleus would prowde the nuclcus box, whnch \s

v e the typlml way of selling~ nuclei in B.C '
Co}ony charactensucs and proﬁt per colony were all . welghted equa:lly m detenmmng '
t.he final ranking. Colony 'cfgaractensus for each managemcm system in August were ranked

orr a scale of 1 to 4 (1 indicating a first. plaoe rankmg) Stansnmll) sumlax_ characteristics

were ngggr equal rankings. The g:yﬁt per co]ony was also ranked for each managcmem
system, again grouping similar teafients and giving the best systems the lowest ranlnng -

* Rankings - for each colony characteristic' and gross proﬁL/colony were summed‘ to glve a final
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 RESULTS

In Ma} and June coion} werghts of the aprar) treatmems were, significantly hmvxer

,"ﬁmnm hamer

than the poliination treatments. The *

o e

than the "Nucleus - Apran treatment {Table 11) In August, there were no srgmf cant

differences in the mean colony werghts of any of the 6 treatmems, although the 3 hmvxest
treatments were the "Apiary” colomes (Table 11). :

In May, there were nqgfsrgmﬁcam drfferences in. the mean amount of swled worker

brood -in any - of the treaxntents, exccpt that the Nucleus = Aplary treatment comamed/

srgmﬁcantl) less sea]ed brood than the "Contml - Pollmatmn treatment (Table 11) There

were no s:gmﬁamt dxffereno&s in the amonnt of swled brood found in any of the 6

I e

| rmanagemem systerns m Ju:n., (Tab]e 11) 1n August. ﬂ;; mean area of sealed worker brood
in the Nucieus - Pollmanon and the "Control - Polhnauon treatments were srgmﬁmntly ‘ ‘
| gr&rcr than 'thgw.f‘lljlucleus 'Apra.ry and "Control - Apiary” treatments.” ‘\ ’ ‘_ -
‘. — o ‘ /{ M\‘.\ 7 ;

Anziys:s of ‘hone) vield znd:mted that the "Control - Pollmanhn" management :;st\em\

produced gnificantly  less hone\ than the other five managemem systems (Teble 12). \

’\g ~ Those systems involving pollination were more profitable than those remaining in t)re

apiary (Table 12). Also, the -two svstetis vielding the hrghes{ gross profit had a package or

nucleus removed. - . \

Based on biologiciig' and econoilzif/ data - the final rankings for the six-managemem
~ systems Tesulted in the t\hree”téaunems involving pollination ‘being the most *productive (Table

13). The two best treatments included removal 'of a package or nucleus from colonies in

addition ® pollination.  © -, N s
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.. Table 12. Economic -data for 6 honey bee management treatments tested inm —

&
Management
Treatment

the Okanagan Valley, British Columbia in 1983.

Honev Yield Gross
(kg) Profit/Colony = '

Control-Apiary

Control-Pollination .

Nucleus-Apiary
Mucleus-Pollination

Package-Apiary
Package—-Pollination

26.4°~ 2.4 a $14.36
13.8 = 2.4 b : $79.51 -
25.1 + 3.3 a $37.01
25.6 = 5.7 a . $109.28
29.8 = 3.1 a $39.34
24.9 = 2.7 3 $103.84

“

*Means were comparud bv Duncan's multiple range test (1951); means within a
column followed by the same letter are not significantly different

{(P<5,05).

00



Table 13. Overall productivity paﬁking of 6 honey bee management treatments

- tested in the OkanagénfVailey;~British”€01unbiaW1n”19837*’*“”

e /Bliolog cal ; Ecoqomlc Overall
— Score , . Score .
. : ; - Score
B . Management _ Coleny Sealed jﬁaﬁey &ross  (Biologteats —————
Treatment ;fwt ~ Broad f . ‘Profit economic)
P 3 ‘ J4 '
Nucleus-Pollination  / = 1 YA | 4
Package-Pollination / 1 2 / 1 i 5
Control-Pollination - i i J 2 2 6
Package-Apiary 1 3. 1 3 8
Nucleus-Apiary Fs 7 1 4 1 3 9 . e
Control-Apiary i i 47 1 4 10 g
< - o (el

* Low scoies indicate the more productiée treatments,

[]
-
9
bt




-—---~pollinating colonies would increase the rate of nectar collection, resulting in more rapid weight

, S DISCUSSION | -
- I el S IR , ,;,i,”;,-,:,,ﬂ, ,,,,,;,,,,',,,, ,{fiﬁ

%

The resuits indicate that beekeepmg‘wnagemem ‘systems which involve the most intense
colony management for pollination, honey production, and bee production do not detract froin
overall colony vigor and vield the best income. Futhermore, the most productive management

systems '(Table 1_3) can provide a new source of income through the sale of packages and/or

nuclel. - . o
1

~ Colonies involved in poﬁmauon treatments had lower values than _apiary t:cannems in_ .

only one biological charactcns'uc colony wexght in May and June; by August there were no

4 significant differences in weight between pollination and apiary treatments. In May and June,

Lh,e reduced weight of colonies used for pollination may- have been due tc';, worker o ,,):
disorientation and drifting (Free 1958; Jay 1969; Nelson 1985) in the orchards resulting in

less nectar voollect‘ion' during pollination compared. with apiary Teatment colonies. I i also
' possible that the honeyflow was mote intense at the apiary sites than in the orchards, since

apum veatment oolonies gained an average of 150 i(g dunng the 3 week pollinatjonvperiod

~compared 10 an average gain of 8.0 kg for the pollination treatment colonies.

‘However, moving colonies -for pollination did not diminish brood rearing relative to

apiary colonies, possibly because the concenduted pollen source -available in orchards during L
the pollination period offset brood loss by 1) maintaining brood rearing at a level comparable
- 10 apiary colonies and/or 2) allowing fo_r a rapid recovery in brood rearing. In fact, moving
colonies for pollination may have actually-;sximulatcd brood rearing, since by Augustr pollinating
colonics had significantiys greater brood areas than in ; the apiary treatments. The higher level |
of brood production in pollinating colonies may have been responsfble for colon} we:ghts

- being similar “to apiary colonies by Augusty party due 0, the addmonal we:ght of nﬁcﬁc |

brood. Also, the additional worker populanon prodmd bv more mtensc brood rmnng in
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gain than in the apiary treatment colonies. ¥ ‘
' R s

It is noteworth\ that polhnanng oolomes from whfeh a package or nucleus was laken

'produoed as m'_.ch or. more honey and sealed brood as the apxar\ control colome& The
3
biviogical basis for this result is not clw smce removal of brood and/or adull workers in

*

April might be expected to dnmmsh subsequent brood areas and honey producuom Relatively

low 1evels of stress on colonies from bee producnon, and pesucxd&s ma) acman\ stimulate

'.;brood rearing and . honey producnon, but th/9 phenomenon has not been mvesugaled A study

by Winston and Fergusson (1985) o&ezs.lﬁle _possible explmnauom The_ results of their sLud),,,,,fi;
‘ sb,owed Iower Iongevities and ages when foraging commenced in colonies from which a o

’

majonty of Lhe workers had bccn removed. This simulated loss in worker pOpulauons is:

sumlar 10 naturally occunng colom events such as predauon disease, nest damagc swamnn& e

i‘
and/or management mampulauons involving package and nucleus producuon or colon) dmsnon

Winston and Fergusson (1985) suggm that shifts .in life-span and foraging age indicate that
workers. may adjust their wmpora} caste schedule to respond 1o rapid changes in colony
condition&r Other studies support these findings (Winston and Pﬁnnen 1982: Kolmes 1985;

Winston er al. 1985; Winston 1986). . ’ . \ 4

'Thae resulis have two imporant implications.for pollination management. First, they
indicate thai, although moving bees for pollination can re(iuee hone};' production, the increased
income from pollinatuon offsers 'any loss of honey. Further, the oniv ‘signiﬁmm reduction m |
honey production _wa; found in colonies which were not used for bee producﬁon (Conurol ~
Pollination). Using poihnanon units for bee production as well as pollination resulted in |
honex, yi2ids comparable 10 conn'oi colonies not moved for pollination. These rcsuhs support
the continued use of honey bees colonies for pollination rather than solely for honev

production in the Okanagan Valley.
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| Seoondiy the results of our Ie:swch indimte that Okanagan Valley beekeepers could

produce packzges. and nuclei as part of zheu pollination mamgmtm -Such- Joeeff —
production would prcmde an additional source of income as welLasLhaue_aDAmponaauale——»
in reducmg Canadian dependence on imported bees. An industry of this type would not only

N =

be advamageoﬁs ‘to B.C., but may also be an important ‘factor in the survival of. the

- Canadian beekeeping industry. In addition to rising import costs the beckeeping industry faces

three problems which ar¢ moving northward from Latin America, any of which could rcsullt

in Lhe Iimimion or cessa{ion of bee importations from infested areas of the U.S. These

‘problems are the mites Acampu ‘woodi and Varma pcobsom (beiong et al. 1982) and the
highly aggressive Afncangd honey bees (Taylor a_nd Spivak 1984; Winston 1983). The
economic p‘ou:mial' for B.C.-produced bees is promising, even without any restriction Qf
importations. However, the possible reduction or outright banfoﬂ mpomions of bees ﬂt;rrom'
the US. in the fumre could result in BC. supplying most of Canada’s bees. The results of

our research indi&te that beekeepers‘in'the Okanagan Valley could play an important role in

 thisinew industry.

S\
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'Wild bees, altholigh abundant in namral babitats, are not reliable or prediciable

. CONCLUSIONS

The major conclusions of this m%% e

pollinators for orchard crops in the Okanagan Valley;

.Two of the dominant wild bee species in orch:rds,. Bombm terricda occidentalis and B.

bifarius nearcucus, d:spia\ a strong tendency toward foragzng on orchard crops and are

!

potenually managwble for fruit crop poﬂmanon : - o 2

Alt.hough Osmza Izgmna pm;anua Cresson was not a dormnam orchard specres it has
potential for tree fruit poihnanon in the Okanagan Valley since it displays a strong
tehdency toward foraging on apples and is indigenous 1o the reglon. Also. management ;

systems have already been developed;

‘A mulii-species pollination system for Red VDelicious, apples, combining the 'foréging

abiliies of honey bees and O. lignaria could potentially improve fruit set and quality;

In an effort o maintain indigenous populations of B. terricola occidentalis, B. bifarius

“nearcticus and O. lignaria for wap-nesting .and utilizau’on in wee - fruit pollination,

’ enlmn;:zmcm ofmmmmmMm spemaﬁor—fo;agmg.—nesunpaﬂd—)

hibernation should be encomaged 5

The planting of understory crops in orcha;ds which would complement the nowcring
cycles of .various fruit crops coulq :esult in rewining populations of both managed yvild
bees and: hohey bees in and near )orcha’rds' during -the. bloom period;

The pollination efficacy of O. lignaria on Red Deiicious apples was‘cqual o honey
bees in fruit Qua'm; characteristics including” pollinz;u'on‘iridices and fruit weight and sel,
but was lower th:;n one, WO o1 uuce mme\ bee visits in frmt S\mmem

Predicing colony poliination efﬁmo. in cherries, pears and ap'pics uulmng such faaors '

as colony charactensncs, forager entrance counts and vgwher conditons is possible, but
these predictions will have 10 be made or an individual crop basis;

o~
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E———

9. The foraging behavior of homey bees én cherries and pears was affected morc by

,,,,, e JE— =

cx{emai mfher conditions than mterna} oo!ony charar:tensms*

1. In mmmmmmmwmmﬁ—’

“intemal colony characteristics more than external weather conditions; and,

11 Beekeeping management systems which involve the most intens¢ management for -
pollination, honey production, and bee production do not demact from overall colony

vigor and yield the best income. Fﬁnhermore, the most productive management systems

Honey bees will continue 10 remain the primary insect polhnators of tree fruit crops
for many years to come. However, improvements to pollination management  systems which
result in mcrcased efficiency and a hxgh:x eCoOnoOmic Ieum are ;mmam to -both beekcmers S

i

and orchardists,

‘

_. From the perspective of a beekeéper involved in the rental of honey bee colonies for
pouination, increased mc:om r&sunmg from the sale. of packag&e and/or nuclei and potenually
from the rental of wild. bee pollmators utilized in a mulu—spec:es svstem would be

appredated. The ,mdus:on of ’ bee production in mmmm%%e—?

Okanagan Valley has been well- received by beekeepersiand has proven to be successful.

Muftz—specxcs pollination systems will probably increase in importance as management Systems
for wild bee pollinators becoms more accessible 10 beekeepers. The management of
multi=species systems already has prove& successful for many western beekeepers who have
added the alfalfa Ieafcuﬁer bee Megachile .rau.ﬁdaza (Fabricius), to their operations. Research
to determine the poliination nfﬁmd&s of prospective wild bee poﬂinatms, mdudmg B. tém’cala’

occzdenralxs and B. bz)&nm nearcticus should be initiated in order 10 Ief’me mum-—specnes

Ve

management systems.
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From the orcha:d:sts perspecnve pollmauon systcms whxch are dlrected at unprovmg

fnm qlality and errd are mnnal in mammmng or mcreasmg incomes. Managcmcm svstemq

that improve the pollinatien efficacy of bee pdhnatorrur urcnams will be readily accepted
| and utlized by growers. ‘

™~ Poliination colony swength determination using forager entrance counts is one area of
pollination management r&é:mch which -should receive cominu;:d am:nu‘on h‘ﬁll provide

- orchardists and mspectors with a simple method of determining whether beekecpers have

- provided rental colonies wme}} meet pollination— sucng% requirements. “Communication 'befween

beckeepers and orchardists is essenual for continued improvement in pollination management

© systems. '

“
o B

%=
<.

o
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Collection sites and their habitat des1gnat10ns for 1984 and 1985.

"

 Definitions of habitat designation: -

1) Orchards: Far from Ratural = site is located in an orchard
which is surtounded on all sides by other orchards

2) Orcharde: Near Natural = site is located in an orchard which
is bound on one or two sides by natural uncultivated land

3) Uncultivated Near Orchards = site is natural uncultivated
land bound on one or two sides by orchards :

4} - Uncultivated: Far from Orchards = site ié natural uncultivated
land completely surrounded by natural habltat and is
20.5 kﬁ’ft&ﬁ’thE'ﬁE&fESt'Gfthard R

Collection Site - . ’ Habitat Designation
1 G.o. Robertson-Mathewes Rd., East o Uncultivated: Near Orchards

Kelowna, B.C.
(elevation: 450 m}

2) W. Cameron-ZOSO(Byrns Rd., Kelowna,  Orchards: Far from Natural
B.C. . CROP=Pears N o Ly

--—+elevation+—354 mw) ey , S

3) Dilworth Mt. Estates-Dilworth Mtn. %hUncultivated: Far from Orchards
Drive, Kelowna, B.C. . LT e -
(elevation: 600 m) . s .

4) C. Day-Day Rd., Rutlaﬁd, B.C. Orchards: Near Natural /?_g;

CROP=Apples -
(elevation: 570 m)

'5) Sutherland Hills Park-Hall Rd., East - Uncultivated: Near Orchards
Kelowna, B.C.
(elevation 360 m)

-

6) D. Claridge-Todd Rd., Ovama, B.C. Orchards: Near Natural- - - -
CROP=Cherries ; o ‘
(elevation: 500 m) : o C
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. Colle tion Slte e

7) Agriculture anada Research Station,v

~+———— Habitat Designation

‘Summeriand; B.C.— -

(elevptlon. 454 m)

a) Orchard Sites—apples, pears,
cherries v

b) Budwood Orchard (bound on 2 éides
by uncultivated land) and

Arboretum (bound on 2 sides by -

uncultivated land and receives no
;iwlgﬁl'chemlcal sprays)

e 8} Vi James—Old ‘Vernon Rd’ “Rutland,

. B.C.

~ (elevation: 420 m)

'9) Knox Mtn. Park-Knox Mtn. Drive,
Kelowna, B.C.
{elevatianf 637wy — T,
10)
Hart Rd., East Kelowna, B.C.

CROP= Apples
(elevation: 450 m)

11) AbandbnédrApple 0rchard—Hayntbn Crt.

(elevatlon 330 m)

CROP-Apples, Cherrles, ‘Pears

Agrlculture Canada Research Substatlon,

: brchafds:'Far

Orchards: Far

"Orchards: Far

Uncultiﬁated{

Orchards: Far

“from Natural -

from Naturai

. from Natural

_h . .

Far from Orchards

from Natural

- %2} Gkanagarrﬁentre Rd., Wmneld B.C.
(elevatlon 500 m)

13 Oyama Lake Resort Road Oyama, B.C. -
- (elevation: 750 m) .

Uncultivated: Far from Orchards ';{
at Westside Rd., WEStbank B.C. ‘ ' i
. ﬁ; P
Uncultivated: Far from Orchards 4 -
’ 2% - .
anultivéégdzrseér'OrchardS' L :
f
N "sr
.7 ,;‘d y. .
. ; i e e,
. _ .
l -

T
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APPENDIX II

The habitats and floral visitation patterns of wild bee species collected in
the Okanagan Valley in 1984 and 1985.

’

Habitat description:

Habitat 1 = Orchards: Far from Natural

Habitat 2 = Orchards: Near Natural
Habitat 3 = Uncultivated: Near Orchards
Habitat 4 = Far from Orchards: Far from Orchards
Bee Species Year Plant(s) Visited Number of Bees Collected
1984 1985 (1984 & 1985 combined)
Hab. Hab. Hab. Hab.
1 2 3 4
APIDAE
Bombus terricola x x Taraxacum officinale 2 3 3
oceidentalis Prunus avium 9 14
(sweet cherry)
Fragaria virginiana 1
Balsamorhiza sagittata 7
Malus sylvestris 6 26 2
(apple)
Malus sp.1 4
(crabapple)
Rosa nutkana 1 1
Berberis aquifolium 2
B. fervidus x x T. offiecinale 1
B. sagittata 2

Heuchera cylindrica
Potentilla recta
Astralagus miser 1

N ww
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& Bee Species °  Year ted : s, Colle

L v - 1984 1985 _ I s (1984 & 1985 combined) ,
g , ' - A Hab.. Hab. Hab.- Hab., . . .. .-

o s 1 2 3 b

T e e

"'B. centralis - x  x T. officinale FEEE B B
; - T M. sylaegtris ... v Ad. .2 R
: Malus sp.l . B TS I
" B. sagittatd - ’ e
. H. cylindrica S
. Symphytum offwmaze N

1
- - |
Z A 1I— -
/ . - /./-“J . Dodecatheon pulchellum B 1
. P. avium ° - , 1 T
1

Astralagus neglecta
Thlaspi arvense
: ' Erigeron philadelphzcus - S
. o e == Lithospermum rudérale . : gt ] ——
" S Potentilla arguta o S r ‘ ,‘*ﬁ s
L : 5. : .
. B. bifarius : x x-T. offw%nale' P
~ nearcticus : P. auium o
T : - M. sylvestris ~ ,
N ~ Malus sp.l ’ _ o
— - B. sagittata , . e 3 6
- D. pulZhellum oo ) 2
tmelanchier alnv,fol'z,a . 2

- VIO,

7;,,,,,7,,ﬂ‘4a11;t‘am7'mm - x° T, n-P*P'Lct_;,naZ}e . i L i : 1
consanquineus. : ' : : =

B. californicus -  x  x T. officinale, - £ B 1 S
' o B. sagittata : S 1 > -

s ;(4, , .g.B’.fv&gans T E‘k‘ x Lupinus sp.
AR S ‘ ; - R. nutkana
S s : ~ Symphytum aperum -
o B . M. sylvestris.
2 - : T. offieinale
S e . ~ H. eylindrica

. )“
(SR S
L]

. , » L. ruderale 7 :
- : . - A aZnifonZz N 7 o 7

1
2
. : 1
S. offieinale - 22 7
. 1 -
1
ﬂdéf’tléjdﬁispida I
7

. - : 7. arvensge N % = d
: 6 B. sa@zttaﬁz - . ‘ 1
" A. miger. . 1
> . T . - . -
i
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APPENDIX II cont. -
 Bee Spej:iegmm_ . Year = Plant(s) Visil:ed Number of Rees Collected
7 . 1984 1985 ) - (1984 & 1985 combined)
S o o - \Hab. Hab. Hab. Hab.
B. melanopygus X x B. aquifolium ’ B i 1
" Malus sp.l . 1 )
P. aviwm. . ' 1
B. miztus X x M, sylvéfétris . 4 Tl
: , _ Malus sp.1 - [ T |
- ., 7. officinale ’ I
P. avium - 2
e B. sagittata 1
B. appositus. X x H. eylindrica . . L1
- N "4' ’7’7’563" L J .
E. rufocinctus x x M. sylvestris 4 o1
' Castilleja miniata -3
'y B. sagittata _ -1
7 ’ , © . Leanothus sanguineus . A | E
B. flavifrons - X M. sylvestris . 1
Flavifrons , . )
, . e
B. edwardsii x  x B. aquifolium : ' 2
B . -A. miser ) 1
B, f‘rigidics . ' x . mintata - . 2
B. sylvicola - x €. miniata A -, L
: ’ C. hispida 1
B. sitkensis x  Symphytun altissimm : -1
Bambus sp. X T. officinale 7 !
~ Psithurus sp. X x I. officinale 1 1 4
B. aquifoliwm
. M. sylvesiris . 3 10
2. sagittaia 1
S.-alttsstirum B S
Tragopogor: dubius vF 1
. 4 migen S e — 1
7’ ) -
N _ T
< - =
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! : APPENDIX IT cont.
Bee Species Year Plant(s) Visited Number of Bees Callected_
1984 1985 (1984 & 1985 combined) ]
o S , _ Hab. Hab. Hab. Hah,
12 3 e
. HALICTIDAE A [ - ’ N
. . . : 'i'\,
Halietus - x| B sagi ttata i ) 1
‘, trzpartifms' o TG i”_‘ of‘fzanaleg 2 1 2
) . = —7"7'9 S o . _ 71i L L e
i “ H. eonfusus x x-T. officinale 2 1 14 15
' R ,apsella bw*sa-pastomsg b s
. . iR, arvense _ 4
- %Zacz stellata 1
wLupt Sp. - 2 o
F virginiana 1 .
R. /Jmtkana 4
"~ 8. altissimom 3.
A. dalnifolia 2
i C. sanquineus 1 i
: Anjggnna:ma mwropkylla 5
. ’ , “B. eylindrica 1
. ol D. pulekellum 1
_ ‘L. rudergle 2
B. sagittata 2 2
B. ligatus - x - x T. officinale 12 E R U
P. recta : : : 2
E. pkiladelphicus o2
= P - Gaillardia aristata 1 1
: 7. dubius o Lz
(' T BJ sang*fa I 1
H. fari;zo"uo, x T. ow““zecnale 1 1
P. recta--. - : S |
R Malus sp.1 I .
Medicaco sativa 1
. M. sylvesiris 1
' .E’vylaeus near X x T. offieinale 1 1 3
- divergens T. arvense 2
' £.-alnifolia )
e — i tus . P — 1 -
% near b3 f‘f GFfisinale 1
) J quebecensis T 0. bursa-rasteris 1
2 B 7' ‘ —\ .‘ 5
R . ‘ R / N .
g_( i _f-:\ . ) - ;:
- '1}3 * \\__/// ' }




1

2

3

s

- of fieinale

recta
 nutkana

dubins

L. stsymbrii

L. near
trizonatiot

Lt‘h;a?.tu o

..aristata. . ..

23

officinale

offieinale

arpenge

g e

Uy

{

Dialictus
albipennis

D. ‘laevigsimus

X

=]

. offieinale
¥
A. neglecta .

* R. metkana

A. alnifolia
H, sagittata
7. arvense

4chillea millefolium

T. officinale
1‘4""/‘!"’ .
L4

b

D. eressonizi

. D. pruinosus

CRN ]

m.m‘:‘t’h‘

N Uy 3T b

irginiana
neglecta
arvense
alnifolia
rnutkana

SF, :
officinale

L]

3

. offieinale

- millefolium

. philadelpricus
2. sagittiata
Brassicaceae

ot

(=
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APPENDIX II cont.

Bee Species

Year

. Number of Bees Collected: -

. 1984 1985

Plant(s) Visited

¥

(1984 & 1985 combined)
Hab. Hab.  °

Hab. Hab.
1 23

]
/

Dialietus sp.5

I

*

x T. off“iéiﬁaler

F. virginiana

A. mi
S. et
- Malus

llefolium
ellata
sp.1 P

- A. meglecta

Dialictus sp.6

% S

x 7. officinale -
- €. bhursa-pastoris

" F. virginiang
R. nutkana

P. pu

lehellum

IS e

Halietus sp. |

E. sagittata

x 7. offieinale

€. bursa-pastoris
4. mierophylla
T. arvense

A.mi

Cornus stolonifera

llefoliwn

.E. philadelphicus
E. ruderale -

M, su

e w

tvegiris

B e O e b Y

46

D. near
- nevadensis

Agapostemon texarnus

X

B. sagittata
P. virginiana

H. ru
S oat

o
tisgimm

Orepis sp.
. aristata

T. officinaie

Q
X’

"y
N

y

C. bursa-pastoris -

h
.
»

v
:
B
{ond
®

-

h-+r---l‘\')

.

»
v
(&3] 41 o,

It
5 ey
? t

1]

[ S

et Pt gt e N

SR E IS

¥ [
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¢
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NUIDD £ 0) H A

(1984 & 1985 combined)
e - . ... Hab. Hab. -Hab. Hab.. .
- . , o - 1 2 3 &

o T - '
55 ecddes sp. x x P.ovirginiama [ - . . - . L.} .
: T. officinale T2 4
} , . A. neglecta ' 1
’ . " A. miser , 2
BN : ... .. witms sp. . 1
) N ) . miniata - ‘ 1- L

i L. vufle®ale . B

. hispida ‘ 1

]
-
O Oy by

* . stolonifera ' ‘ 1
Halictus sp.’ x - T officinale, -3 ' 2

S ' £. atolonifera 1
R " B. sagittata A o : 1

ANDRENIDAE ~

Andrena x x 7. ‘offieinale ‘ 1 4
nigrocearula €. bursa-pastoris -5

] . - M. sylvestris : 1 1
) B. sagittata : - 1
C. sanquineus - 2
Arabis sp. : - —1 o
A. topazana x x T. ‘officimie - : 1 1
o . P arvemse 5
Malug sp.l T R
4. rneglectia : 1
Crepig sp. , 1
o A. berberidis . x x T. officinale- : 2 1
- . B. sagittata - 2 10
B. aguifolium ‘ : - 5 1
R. rnutkana 4
A. sladeni x T. officinale 1
‘ - . f’ ‘ . ) : ’ .
T Al pruwerum T x x 7. gfficinale , 1 1
prunorun N T, arvense S 1
v T Mzlus sp.1 Z
A. astragali x T. officingle’ c 2 .
C. Luraa-rastorie : ' 1

' - 1i6




e

— i
Bee Species Year nt| ) ' Colleeted —
1984 1985 (1984 & 1985 combined) .
Hab. . Hab. Hab.  Hab., = —
1 2 3 4 T
4. mierochlora ‘ x 7. officinale - S
A. nothocalaidis X 7. officinmale , 1
A. melanochroa x  x T. officinale . 2 9. I
N ; _ P. wvipginiana . 5 21
B - . 7. arvense . A VRS DI
4. lawrencet X x T. offietnale 1 v
' - B. aquifolium 2 o
B. sagittata 3 19 .
I B, eylindrieca ' 2
A. miranda x x. T. offieinale : 1
F. virgirniana e n 1
T. arvense 7
- - Camelina microcarpa 1
4. cordifolia 1
4. neglecta - - 3
! . H. eylindrica 1
- R. rutkana 2 1
. 4. alrifolia 1 4
Crgtaegus columbiana 1 :
. - B. sagittata ' 4.
4. v-seripta x T. offieinale ) ) BT SR
4. thaspii x x T. of ficinale 1
Y. sylvestris 1 .
4. elgmundi X \/\T.‘ of ficinale 1
A. amphibola - X T. affacinaie 1
A. salicifloris x x ¢. bursa-pastoris 1
B. esagittaia 2
\ 3. aguifolium 1 B
B T M. smivesiris 1 . S -
E. rmutkog 1
4. candidifornus x C. bursa-pastoris T2
A. schukt X B, aviwr 1
- B. sagittata - I
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APPENDIX II cont.

1984 1985 | ‘ (1984 & 1985 combined)
- - S - . =« -~ - Hab. Hab. Hab. Hab, —— -
: 12 -3 4 -
A. milwaukeensie - x - - P. aviwm- o FEEERE | T T : l"f"
A. nigrifrons .oox X T. arvense . S 1 '
g , . A. neglecta . | \-r~\ |

[V e m_",.k‘ SR S miepoemzpa [N i SR RTEEE TS 2 ?._._ e
V ' A. neglegta - g 1 -

A. vieirna X M. sylvestris ' o 2
. ’ B. aquifoliwm - ' 1

{

4. nivalis . X x M. sylvestris
o B. aquifolium
R. nutkana
T

— )

A, farbeécii o x x T. offieirale | i ) B B
. : - R. mutkana o ' ' 1 '
A. scurra x x P. offieinale 1 _
o ' B. sagittata : o | I

(Sitmandrena) sp. - 7. officinale ' 2.
' R. nutkana . 1

* Cndrena sp. x x T. officinate 1
' ' €. bursa-pastoric - .3
Z. pkiledeipnicus - , 1
5. sagittata ; 3 3
‘ CP. aquium - S
- . A. neglecia - 1
B, cylindrica 1
MEGACHILIDAE
. Oemia x x T. offisinale o 1
- - odemtagagter 3. aitigeirzen o 1 LT e
0. iridis x x 4. miger » 3
: . T. officirale 3 2
E. sagittaia 1 -
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L 1984 1985 - (1984 & 1985 combined) - =
E L : “Hab. Hab. Hab. “Hab,
© A ‘ 1 2 3 4 '
0. eoloradensis x - x T. offietnale 1 2 1 -
. ' G. aristata , 1 '
. M. sylvestris 1 _—
"Lupinue sp. ‘ 1
_A. miser - 3 3 N
- B sagittata— T
- - - - e Ay megleeta - - - R G
T. dubiue 3
0. texana ' x  x Cirsium vulgare 1
A, misger 2
0. albolateralis x  x T. officinale B 3 |
A. miser : 1 1
) Malue sp.l. 1 . '
i B. sagittata 2 5
F. virginiana 1
0. montana X x T. officinale” : 1
montana B. aquifolium 1
F. virginiana !
. ‘ . S
O Lignaria X x B. sagittata 5
M. sylvestris 6
B. agquifoliwm 2
 Malus sp.l. . . 3 - I
o pusilla x x 7. offieinale 3 -
A. miger- 2 1 '
7. arvense 1 z
A. meglecta 1
B. sagittaia 1
0. californicus . x x B. sagittata ’ 1 1
¥, sylvestris 5 ’ -
T. officingle. ' 1
S 0. kineaidii X x M. sylvesiris I e
"B, pulerelium 1 '
0. momilosmia x 5. sagittaia 1 -
n.sp. "B.C." - £. miger 1
Megachile subnigra x 2. philedelzkicus 1
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Bee Species

“Year Iflant:(s) Visited MeLoLBees_coueW

1984 1985 (1984 & 1985 combined) .
- - Hab _Hab._  Hab. Hab. - -
. 1273 4 ‘
M. pugnata x E. phkiledelphicus 1
v M~melanophagea - b x A. miger . 2
- ' - A. almifolia : 1
””” Megachile sp. x 7. dubius L =
o . Hoplitis x A miser 1
hypoerita ’ e
. Stelis montana x x M. sylvestris . - 1
_ _ A 2. aristata ]
Stelis sp. x x T of fieinale R
- A. miger ] 1
T. dubius . 1
Osmia sp. x x E. phz,ledelphcus v 1
' R T. officinale - 1 1
e B. sagittata 1
A. miser . 2 8
M. sylvestris 1 1
- C. columbiana , 1 :
Z. mierocarpa - 1
Lupinus sp. 2
A. miger L L1 S
ANTHOPHORIDAE
Nomada: sp. x x ‘2"‘.‘ sagittata o 3.7
S T. officinale 1 2 4
A4. neglecta ' 3 ‘
- P. virginiang y
R. nutkana 1
4, ainifolia 2
M. sylveatris - 2
- A. miger 1
R Crepiz sp. , 1 ]
. . _ I
~
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1984 1985 .

(1984 & 1985 coni:ined) '
- Hab. Hab. -

- ‘Haby - Haby T
i 1 2.3 & o
B \ -
Ceratina acantha X x 4. miser e I A —=
' : A. millefoliwm 3 -
7. arvense 2
€. stolonifera ‘ 1
E. philedelpkicus .. = .. . —
—TF—officinale : 2
: . e f-megleata - . e
C. eolumbiana 1
B. sagittata ]
. . R. nutkana - 2
= e T R X 2 »:.,ff;‘::huuo ‘i,.
Erigeron sp. 1
Mellisodes  x E. philedelphicus 5
eonfusa G. aristata 1
Melecta relativa. x G. aristata - 1
Neopasites x G. artstata 1
fulviventris : _

x B.

—

Hapropoda ox sagittata 2 25
eineraria L. ruderale = __ 2 N
- T. officinale 1 1
B. aguifolirm 9
M. sylvestris 1 3
P. aviwm , 4
Malus sp.l 52 4
Ex?ww'm?us gyaberrws Y
Epeolus sp. : x x T. officinale 1 5
F. vmirginiana 7
G. aristata 3
. B I B. aguifolium 1
M. eyivesirig g 1
. 4
Triepeoluge sp.  x = x F. virginiana 3
' . a*“«c*r.al'e 2 2
B. sagittata 3
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Bee Specties

Year

1984 1985

“Plant(s) Visited

e

Number of Bges,Coliected ,
- (1984 & 1985 combined ==

Hab.
1

Hab. Hab. Hab. .

2=

.37

4

Tetralonta frater

7.

officinale

Anthophora sp. x B. sagittata - 1 3
. ' ‘ ' - : N
 Melligodes sp. ~x M. sylvestris - 1 “Jrr
. 4,,1_, e e Tv C‘OLLETVIF]SAEW S, - - e S
Hylaeué sp. , P. arguta -2
-7 Ak
~
\!1 ' ‘
y
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