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ABSTRACT

The pollination biology of lingonberries ( vitis-idaea subsp. minus

L.) was researched to determine possible modes of pollination and methods to 

enhance pollination for increased fruit set. A viability experiment showed that pollen 

germinates best in a nutrient solution with 10.5 g sucrose per 100 ml. Exposing 

lingonberry flowers to wind speeds up to 22 km per hr resulted in little pollen release 

and negligible fruit set. Vibration of flowers at 170- 730 Hz showed ample pollen 

release at all frequencies but negligible fruit set by self pollination. Although 

honeybees and bumblebees frequently visited lingonberry flowers, addition of hives 

to wild stands did not influence fruit set. Insect visitors were examined for 

lingonberry pollen; those with more than 1000 tetrads per insect included: Apis 

mellifera, Bombus terrestris, B. sylvicola, B.flavifrons flavifrons, Andrena sp. and 

Dial ictus? (Halictidae). Entomogamy is the primary method of pollination for 

lingonberries.
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INTRODUCTION

Lingonberries ( Vaccinium vitis-idaea subsp. minus L.) are evergreen shrubs 

widely distributed throughout the Northern Hemisphere and are the only subspecies of 

lingonberry found in North America (Hulten 1968). Lingonberries can be found 

growing throughout Alaska in wild stands making the possibility of exporting 

lingonberries from Alaska a worthy venture. The cultivation of lingonberries in 

Alaska is in its first stages, and the management of the plants to increase berry yields 

is an important priority. There is however, inefficient literature and research on this 

subspecies of lingonberry that would aid in their management in wild stands and 

cultivation to increase yields. Hall and Shay (1981) site the importance of cross

pollination by insects for lingonberries and there has been some research on 

lingonberry pollination in Canada. Newfoundland lingonberries are pollinated by 

bees and butterflies (Torrey 1914). In British Columbia, bumble bees and bee flies 

are important pollinators (Pojar 1974), and research in Greenland shows several 

bumble bee species as the main pollinators (Warming 1908). However, there has 

been no research of the potential modes of pollination of the lingonberries in Alaska, 

which may aid in increasing berry yields in wild stands and in cultivated fields.

The objectives of this study were to find the possible modes of pollination of 

the Alaskan lingonberry. This was attempted through the completion of several 

experiments that are divided into chapters within this paper. The first chapter is a 

compilation of the current research on lingonberries (V. vitis-idaea subsp. minus) as 

well as research on other Vaccinium species with similar flower biology. The 

research allows for familiarization and educated planning for what experiments would 

be needed to determine possible modes of lingonberry pollination in Alaska. The first 

experiment (second chapter) tested pollen viability and identified the optimum 

sucrose concentration for the most rapid and complete germination of lingonberry 

pollen under controlled conditions, which could be useful in future lingonberry 

studies. The second experiment (third chapter) tested the influences of wind on 

lingonberry pollen release and fruit set, which is useful because of the potentially
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harsh environments in which lingonberries grow. The third experiment determined 

the effects of vibration pollination on pollen release from the anthers and fruit set.

The possibility of vibration pollination being the mode of pollination for lingonberries 

would mean only a specific frequency of vibration would release pollen thereby 

narrowing the potential pollinator possibilities. The fourth experiment was designed 

to test the influence of bumblebee and honeybee hives placed into wild stands on 

berry yields. If greater yields resulted closer to the hives along transects, the hives 

had a positive influence on pollinating lingonberries. Video of insect visitation and 

insect capture comprised the final chapter. The capture of insects while visiting 

lingonberry flowers and the documentation by video allows for testing the pollen 

loads of the insects to determine whether they are visitors or potential pollinators.

The included literature review and experiments were designed to shed light on the 

pollination biology of Alaska’s lingonberry.
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CHAPTER 1. 

LITERATURE REVIEW

1.1 Introduction and Plant Biology

Vaccinium vitis-idaea (lingonberry) is an evergreen shrub widely distributed 

throughout the Northern Hemisphere (Hulten 1968). “ ” means the “vine of

Mount Ida,” which is a mountain in Crete (now Mt. Idhi) (Schofield 1989). 

Lingonberries have many colloquial names (Table 1). Subspecies minus is the 

lingonberry in North America and higher elevations in Europe and Asia (Fig. 1) and 

grows in Alaska (Hulten 1968). The North American lingonberry is distinguished 

from subspecies vitis-idaea, which is the lingonberry cultivated in Europe. The 

biology and cultivation of the European lingonberry is described in many 

publications, while the lesser-known subspecies minus is still at the early stages of 

research (Hall and Shay 1981). The two plants, although closely related, have many 

differences, which may greatly influence their pollination biology. Both subspecies 

are evergreen with flowers in terminal racemes. Subspecies vitis-idaea grows to 30 

cm in height and subspecies minus averages approximately 15 cm in height (Hall and 

Shay 1981, Holloway 1982). Leaf size of subspecies vitis-idaea averages 2.5 cm and

1.0 cm in length and width respectively, while leaf size of subspecies minus averages

1.0 cm in length and 0.5 cm in width (Holloway 1982). Hulten (1949) describes other 

morphological differences in subspecies vitis-idaea and subspecies :

“ Vaccinium vitis-idaea subsp. vitis-idaea has leaves 

with 3-4 nerves usually arranged in pairs, strongly marked 

and sunk in the tissues of the upper side of the leaf. The 

sepals are broadly triangular and longer than broad. The 

filaments are pubescent to the tip and the style exceeds the 

anthers and protrudes considerably from the corolla.

Subspecies minus on the other hand has leaves which 

are nerveless or else has 2-3 faintly marked nerves on each 

side. The sepals are rounded with an apex, very short and
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Table 1. Common names of Vaccinium vitis-idaea L. *

Country Name Country Name

United States lingonberry Russia brusnika

moss cranberry Japan kokemomo

rock cranberry France airelle rouge

lingberry Pomme de Terre

lingen or lingon Vigne du mont Ida

lin-berry Germany preiselberre

red whortleberry Finland cowberry

mountain cranberry puolukka

alpine cranberry Sweden lingon

lowbush cranberry Norway tyttebaer

dry ground cranberry Poland brusznica

shore cranberry

red bilberry

foxberry

vine of Mount Ida

Netherlands whinberry

Canada partridge berry

* Used by permission: P.S. Holloway. 1982. Studies on vegetative and reproductive growth of 
lingonberry, Vaccinium vitis-idaea L. PhD. Thesis. University of Minnesota. St. Paul, 
Minnesota, p. 12.



V a c c i n i u m  v i t i s - i d a e a  ssp.  v i t i s - i d a e a  

V. v i t i s - i d a e a  s s p.  m i n u s

Figure 1. World distribution o f Vaccinium vitis-idaea L. *

♦Used by permission: P.S. Holloway. 1982. Studies on vegetative and reproductive growth of 
lingonberry, Vaccinium vitis-idaea L. PhD Thesis. University of Minnesota. St. Paul, Minnesota, p. 8.
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broad. The filaments are glabrous in their upper part 

between the two halves of the anther, and the style exceeds 

the anther by about the length of the tubules and only very 

slightly protrudes from the corolla.”

Both subspecies reproduce vegetatively by horizontal rhizomes. The rhizomes 

can be more than 20 years old (Gustavsson 1999). They have semi-woody stems with 

many shoots approximately 1-2 mm in diameter (Hulten 1968, Hall and Shay 1981, 

Stang et al. 1990). The shoots are upright, pubescent and terete, bearing 2-3 ranked 

leaves. The entire leaves have a glossy surface and a paler gland-dotted underside. 

The corollas are campanulate and white-pink to pink in color. The anthers are 

apically dehiscent and 8-10 in number (Fig. 2).

In the cultivated fields of lingonberries in Sweden, bumblebees are abundant 

and thoroughly working the flowers, harvesting pollen and possibly nectar (Holloway, 

Pers. Comm. 20001). Subspecies minus has some nectar and scent (Pojar 1974). In 

Newfoundland subspecies minus is cross-pollinated by bees and butterflies (Torrey 

1914), whereas in southern British Columbia it is pollinated by bumblebees and bee 

flies (Pojar 1974). In Greenland, four bumblebees were identified as pollinators: 

Bombus balteatus, B. consobrinus, B. lapponicus and B.jonellus (Warming 1908). 

Despite the abundance of subspecies minus throughout Alaska, pollination biology 

has not been studied beyond observations.

Lingonberries of both subspecies have many uses. A wide range of 

lingonberry products is available from syrups and jelly to medicinal remedies that are 

reputed to cure bladder and kidney infections (Schofield 1989, Stang et al. 1990). 

Lingonberries are also used in revegetation projects in disturbed areas after storms 

and fires in boreal forests (Bradshaw and Zackrisson 1990). Birds and mammals also 

consume lingonberries as part of their diets, which also aids in lingonberry seed 

dispersal (Hall and Shay 1981, Viereck and Little 1994).

1 Personal communication September 2000, Dr. Patricia S. Holloway, Associate Professor, University 
of AK Fairbanks, Fairbanks, AK.



Figure 2. Picture of Vaccinium vitis-idaea subspecies

(Provided by Dr. Dennis Fielding, USD A Entomologist, 

University of AK Fairbanks)
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1.2 Climate and Habitat
The climate in which V.vitis-idaea subsp. minus (lingonberry) grows is semi- 

arid with short, cool summers and long, cold winters. Lingonberries can be found 

growing practically anywhere ( Lovell 1948, Ritchie 1955, Hall and Shay 1981). 

Lingonberries grow throughout Alaska in various habitats: coastal forests, coastal 

spruce-hemlock forests, interior forests, closed spruce-hardwood forests, open, low 

growing spruce forests, treeless bogs, shrub thickets and tundra (Viereck and Little 

1994).

1.3 Flowers

All structures of angiosperm flowers are inclined to sexual reproduction. Each 

part of a flower plays a role in dispersal of gamete and seeds. The position of the 

flower’s components is conducive to successful pollination. The flower advertises, 

protects, and provides nutrients in the forms of nectar and pollen to visiting insects in 

exchange for pollination. Timing, duration, sequence, intensity and frequency of 

flowering all depend on the environment (Dafiii 1992).

Lingonberry (subsp. minus) flower bud development occurs more frequently 

in open areas out of shade (Hjalmarsson 1997). Bud expansion usually begins in mid 

May. By the first week of June the racemes are fully elongated with unopened 

corollas, pink to white in color. The flowers are open 24 hours a day. Full bloom in 

Alaska usually occurs four weeks after bud maturation begins and lasts approximately 

one month, ending in early July. Some sporadic, late-summer flowering has been 

observed in Alaska in mid to late August, but no fruit results from this second 

flowering. Bud differentiation occurs the summer prior to their blooming. The buds 

usually enter into winter with ovules and sporogenous tissue present, but neither 

being fully differentiated (Holloway 1982). Bell and Burchill (1955) outline the over

wintering bud characteristics for lingonberries.

Flower color for lingonberries (subspecies minus) is white to pink. The 

raceme usually averages five to six flowers per inflorescence (Hall and Shay 1981).
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The flowers are pendulous, campanulate, 5-7 mm long with 4-5 revolute lobes 

(Ritchie 1955, Hall and Shay 1981). Subspecies s flowers are similar to

North American lingonberries, as well as lowbush blueberry flowers ( 

uliginosum) (Trajkovski 1987).

The anthers of subspecies minus are porose, and may need to be vibrated to 

allow pollen release. The anthers dehisce from top to bottom and are composed of 

four rigid tubes. This type of anther is found in 10 % of angiosperms (D’Arcy 1996). 

Pollen becomes available as the surface pollen dries, becoming mobile and powdery 

(Corbet et al. 1988).

Pollen from normally anemophilous (wind pollinated) flowers has a smooth 

and dry surface. Entomophiles produce pollen grains that are sticky and cling 

together. Anemophilous plants produce large quantities of pollen to ensure successful 

fertilization. Pollen grains can be transported by wind 150 to 1300 km. However, 

because pollen grains can go practically anywhere when they are high enough in the 

air, they stand little chance of survival. Pollen dispersal is affected by wind, height of 

vegetation, and length of time of pollen release for wind-pollinated flowers (Faegri 

and van der Pijl 1979). V.vitis idaea subspecies minus pollen morphology is 

tedrahedral (four pollen grains per tetrad) (Fig. 3). Each grain is tricolpate with 

foveolate sculpture. Tricolpate pollen grains have three longitudinal slits or colpi and 

foveolate sculpture resembles a series of canyon-like ridges on the pollen grain’s 

surface (Traverse 1988).

Pollen serves as bees’ main source of nitrogen (Waddington 1987). Pollen is 

composed of 16-30 % protein (dry weight), 1-7 % starch, 0-15 % sugar, and 3-10 % 

fat. Pollen exine is composed of sporopollenin, which is indigestible (Traverse 1988), 

but after ingestion it often opens inside the insect’s gut. Generally, ingested pollen 

can no longer be used for pollination. Even though insects groom themselves for 

pollen, one or two grains are inevitably missed thereby achieving the flower’s 

purpose (Proctor et al.1996).
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Figure 3. Pollen tetrad of Vaccinium vitis-idaea subspecies minus.
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Oftentimes, the quantity of nectar depends on climate (air temperature, solar 

radiation, etc.) as well as species, flower age and if it is pollinated or not. Nectar 

quantity of various ericad flowers is small (0.04 mg of dissolved solids per flower for 

V. oxycoccus).One flower should secrete enough to draw visitors, but not enough 

that bees get all of their needed energy input after visiting only one flower (Reader 

1977). In another study, lingonberries (subsp. vitis-idaea) secreted a smaller quantity 

of nectar than V. myrtillus and V. uliginosum. From six samples taken from (subsp. 

vitis-idaea) plants in a greenhouse 0.6-0.3 pL were extracted by micropipettes 

(Jacquemart 1993). Nectar secretion is smaller in subspecies minus (Holloway, Pers. 

Comm. 2000 Op. cit.). Hall and Shay (1981) found the nectar yielded between 1.0 

and 1.6 % soluble solids for 50 lingonberry blossoms.

Flowers are usually dichogamous in the Ericaceae family in the form of 

protogyny (maturation of the stigma before anthers) (Tikhmenev 1984). Style 

elongation and emergence of the stigma through the anther ring occurs in 94 % of 

cranberry flowers 24 to 48 hours after the petals are fully opened. The stigma is 

receptive when the petals are fully opened. The pollen tube reaches the ovary 48 

hours after contact with the stigma in 37 % of the flowers observed. Removal of the 

style 72 hours after pollination does not hinder fruit development (Rigby and Dana 

1972).
The flowers of subspecies vitis-idaea are similar to subspecies minus. The 

corollas have four fused petals pinkish white in color and hairy filaments with 

awnless anthers (Pojar 1974, Trajkovski 1987). The anthers and stigmas develop 

simultaneously. The stigma is receptive for at least six days (Haslerud 1974). Pollen 

liberally falls out of the corolla at early anthesis, and as flower life progresses pollen 

release decreases. One study of cranberries (V. macrocarpon) showed 165 to 660 

pollen grains could fall per cm2 to the bog surface (Papke et al. 1980).

Blueberry ( V. angustifolium) flowers are adapted for insect pollination and are 

in the same genus as lingonberries. The corollas of blueberries are well developed 

with fragrant nectaries at their base. Corolla color and odor attract bees and other
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pollinators, which cause cross-pollination. The flowers can be self-pollinated, but the 

fruit matures later and the yield is noticeably less than blueberry flowers that are 

cross-pollinated. The pollen is heavy and in-masses (so it is not easily transported by 

wind) and arranged in tetrads like all Vaccinium sp. pollen. Some blueberry plants 

are self-incompatible (Shutak 1966).

Dwarf bilberry (V. caespitosum) flowers are also similar to lingonberry 

flowers, but have no awns on the anthers. The filaments are broad and hairy, and 

nectar is stored in the center of the flower at its base. Nectar is protected by a closely 

arranged circle of stamens. To access the nectar, insects must use their tongues to 

maneuver between the style and anther tubes, thereby shaking pollen on their heads 

and bodies. More nectar is produced in flowers in rainy, humid areas with cool 

nights. Dwarf bilberry flowers are said to possibly be good honey-producing flowers 

(Lovell 1948).

1.4 Pollen Germination

Pollen germination begins with the hydration of the pollen grain and 

terminates when the sperm cells are delivered to the ovule (Sowa and Connor 1995). 

Pollen is viable if it has the ability to pollinate ovules (Kearns and Inouye 1993). If 

pollen can grow more than one pollen tube it increases its vigor. There is a difference 

in pollen grain viability and pollen tetrad viability (Lang and Parrie 1992). Tetrad 

viability is the number of pollen tubes that germinate per tetrad.

Many factors have been shown to negatively influence pollen germination, 

tube elongation, and pollen tube morphology in a variety of Vaccinium species. They 

include pesticide applications (Bristow and Windom 1987, He et al. 1996), aluminum 

toxicity (Ma et al. 2000), air temperature and humidity (Dafiii 1992), pollen source 

(Moore 1964), and self pollination (Tuinstra and Wedel 2000).

There are several ways to test for pollen viability and for the best pollen 

germination medium. Pollen should be collected from fresh flowers if testing for 

pollen viability (from wild stands or greenhouse plants) (Dafhi 1992). Pollen grains
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can be mounted in various solutions of minerals and nutrients to test for viability 

(Vasil 1987, Megalos and Ballington 1988). Most germination tests involve water 

and varying solutions of sucrose. Germination tests done in increasing sucrose 

solutions can evaluate osmotic relations and find optimal concentrations for 

germinability (Dafhi 1992). Pollen germination can also be tested by rubbing 

carefully dried anthers on the stigmatic surface and recording fruit set. Successful 

fruiting indicates viable pollen (Bayle et al. 1995). The tetrazolium test is another 

way to test pollen viability. It is based on the reduction of soluble colorless 

tetrazolium salt to reddish insoluble formazan in the presence of dehydrogenase 

(Shivanna and Johri 1985).

1.5 Reproduction

Lingonberries (subsp. minus) generally reproduce by seeds and rhizomes.

Most wild stands of lingonberries are made of one or a few clones. Lingonberries 

form multiclonal populations with clones sometimes as large as 30 m in diameter. 

Vegetative propagation is free- ranging 10-20 cm from the soil surface. Rhizomes are 

usually limited to growing in humus layers of soil. Growth usually occurs quickly 

when there is little plant competition for space as in revegetation sites (Ritchie 1955). 

Seedling propagation occurs frequently and at rates high enough to maintain a high 

genetic base. Physical mutations could be the reason for such high genetic diversity. 

Sexual reproduction also ultimately provides food for herbivorous animals (Ross and 

LaRoi 1990).

1.6 Fruit

The botanical definition of a berry is, “a simple fruit, derived from ovarian 

floral tissue only, in which the fruit wall or pericarp has a uniformly pulpy or fleshy 

consistency” (Galletta and Himelrick 1990). Lingonberry fruit is a berry by definition 

and is burgundy when ripe and is approximately 1 cm in diameter (Gleason 1958, 

Holloway 1982). Increased fruit yield is a primary goal of those interested in growing
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lingonberries commercially. Fruit set can occur if fertilized by one pollen grain and 

only a few seeds maturing (Papke et al. 1980). Lingonberries sometimes have low 

fruit set because of inadequate pollination, including lack of cross-pollination, poor 

pollinator availability, and inclement weather. In one study in interior Alaska, fruit 

set of lingonberries ranged from 9 to 40 percent among floodplains, white spruce 

sites, uplands (mixed hardwood) and a lakeside bog (Holloway 1982). Berry weight is 

positively correlated with seed number (Hall and Beil 1970, Holloway, Pers. Comm. 

2000 Op. cit, Ehlenfeldt 2001). One method of increasing fruit set despite harsh 

conditions is to apply gibberellic acid to the flowers (Holloway and Stushnoff 1982).

Lingonberry (subsp. minus) fruit generally ripens from late August through 

September and is 5-7 mm in diameter and the average mass is 0.3 g. Seeds are very 

small so removal is not necessary when processing fruit (Trajkovski 1987). The 

berries are tart, but are said to have a better flavor than the commercial cranberry (V. 

macrocarpon) (Viereck and Little 1994). They are high in benzoic acid (pH = 2.5), 

which promotes a long shelf life of approximately eight weeks or more if refrigerated 

(Anonymous 1977, Bandzaitene and Butkus 1977, Stark et al. 1978). The fruit skin 

has a high ratio of tannin to anthocyanin (Penney et al. 1997).

Berry yield of subspecies minus is variable among different geographical 

areas. In Siberia, for example, berry yield decreased from the north to the south of 

Gorki Oblast from 75 to 41 % (Mironov 1981). In Newfoundland, lingonberry 

production varied with location and year (Penney et al. 1985). Yield is affected by 

the age of the lingonberry plots as well. Young and maturing plots have higher yields 

when compared with older plots. Fruit maturation was also affected by weather. 

Microclimates, soil fertility, and plant clones affect berry yield, but weather is the 

most influential factor (Penney et al. 1985).

Blueberry (V. angustifolium) flowers, when properly pruned and cared for, can 

set 100 % fruit whereas at least 80 % fruit set is required for a good commercial crop. 

Cool temperatures can prevent pollen germination and pollen tube elongation, thereby 

affecting yields. Hot or dry weather affects bee foraging activities and reduces the
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amount of nectar in nectaries. It may also affect the pistil maturation and stigma 

receptivity (Shutak 1966). Fruit set of lowbush blueberries ( V. caespitosum) 

decreases with increasing blossom age at pollination (Moore 1964). In the study of 

340 berries of subspecies vitis-idaea, only an average of 6-7 seeds were found to be 

mature and well formed per berry. Habitat and pollinating insects also affect yields 

(Ritchie 1955).

1.7 Pollinators

Flowers can have specific pollinators, but one must be able to differentiate 

pollinator from visitor, or harmful visitor that steals pollen and nectar without 

pollinating the flower (Faegri and van der Pijl 1979). Bee pollination (melittogamy) is 

common in many flowering species (Harder 1983). There are many pollinators, but 

the primary pollinators for lingonberries are different species of “bees,” specifically 

honeybees and bumblebees (Froborg 1996). Apis mellifera (honeybees) are well 

known pollinators, but bad weather adversely affects their foraging activities. 

Honeybees are not active below temperatures of 13°C, and wind speed over 24 

km/hour also affects flight of bees (Shutak 1966). Honeybees hang inverted on the 

flowers and grip the corolla with their hind and middle legs while drumming the 

anthers with their front legs. The pollen is released from the anthers and is deposited 

on the bees’ thorax. The receptive stigmas of the flowers frequently touch the 

thoraxes of the bees that are covered with pollen (Marucci 1967, Cane et al. 1993). 

The bees’ proboscis length is usually compatible with the species they pollinate so 

they can access the nectaries while pollinating the flower (Harder 1983). Bumblebees 

buzz or sonocate to release the pollen from poricidal anthers. The labrum collects 

most of the pollen and as the bees probe, their heads touch the stigmatic surface. The 

lower facial regions of the bees collect the most pollen (Cane and Payne 1988).

Pollinator movements depend on the energy costs of foraging (Pyke 1982). 

There is a strong correlation between the energy needs of the insects and the flowers 

they pollinate (Handel 1983). A bee’s primary goal in foraging is to maintain the
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health of the hive (Waddington 1987). Foraging bumblebees deposit a marking 

substance that exudes a scent on the flowers they prefer for foraging. They make the 

deposit on the outer regions of the flowers that supply rewards. After the bumblebees 

ingest the pollen or nectar they groom themselves before flying to the next flower. 

While they groom themselves they make the deposit that aids in distinguishing 

rewarding flowers (Cameron 1981). Bumblebees also fly long distances to forage and 

often prefer flowers that occur in patches to minimize energy output (Sowig 1989). 

Bumblebees usually forage within one species and then return to the hive to deposit 

their pollen loads (Cane et al. 1993).

Floral constancy is also important when considering insect pollination because 

some insects only visit one flower species, while others visit many different flowers. 

There are three types of floral constancy: preferring the same plant species based on 

the relative tongue and corolla lengths, foragers forced to be faithful because of 

scarcity of other plant species, and constancy on the basis of the individual, within 

less-constant species (Dafhi 1992). Bumblebees are more likely to forage in a supply- 

constant stand of flowers when the colony reserves are not sustainable. The opposite 

is true when colony reserves are high. So bumblebees are known as “risk-sensitive” 

foragers (Carter and Dill 1990).

For Vaccinium sp., there are many records of insect pollinators. As a whole, 

this genus is said to attract large numbers of bees collecting for either pollen or nectar 

rewards. V myrtillus, V. vitis-idaea, and V. uligninosum all attract bees from several 

genera: Andrena, Halictus, Nomada, Osmia, Colletes, Apis, Psithyrus and Bombus. 

Bombus sp. are the most efficient pollinators recorded (Pojar 1974, Reader 1977, 

Jacquemart 1993). In New England, flies and bumblebees visited the V. vitis-idaea 

flowers (Lovell 1948) and honeybees were the most commonly captured visitors in 

Belgium (Jacquemart 1997). Honeybees have been used since the early 1900’s as 

pollinators in cranberry bogs. Cranberry growers often rent hives of honeybees to 

increase their yields (Cane et al. 1993). In arctic regions, Froborg (1996) notes that V. 

species set fruit despite the lack of pollinators, and wind pollination is not significant.
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So, autogamy is possible leading to high fruit set despite the possibilities of genetic 

depression.

1.8 Pollination Methods

There are several methods of pollination. Flowers can be either cross

pollinated or self-pollinated. The primary categories for pollination are anemogamy 

(wind pollinated), entomogamy (insect pollination), and autogamy (self-pollinated) 

flowers. Wind is the most common method for pollination and seed dispersal among 

boreal forest herbs (Barrett and Helenurm 1987). Anemogamy has been described as, 

“a mechanism resembling a pepper box which gives off its contents through narrow 

pores, but only when constantly shaken” (Hagerup 1928). In wind-pollinated flowers, 

the parts of the flower must grow in such a way that allows the stigma and anthers to 

give and receive pollen easily, such as exposed anthers and a sticky stigmatic surface. 

Anemophilous flowers depend on the presence of many related species to ensure 

successful pollination. Distances of pollen travel in anemogamy can be as far as 1300 

km, which may be necessary to reach a receptive stigmatic surface (Faegri and van 

der Pijl 1979, Papke et al. 1980). Wind pollination is effective if the plants are close 

to each other, large amounts of pollen are released, and pollen release is timed to 

when stigmas are receptive. Down-wind dispersion of pollen should also be 

minimized, the flowers should be close in proximity, and humidity should be low to 

allow pollen to remain weightless (Whitehead 1983, Dafiii 1992). Pollen release in 

subspecies minus is before the stigmatic surfaces are receptive, making the probability 

of wind-pollination success low (Hall and Shay 1981). Cranberry flowers (V. 

macrocarpori) are said to be wind and insect pollinated, but insect pollination is more 

efficient (Papke et al. 1980).

Entomogamy is common in many Vaccinium species. Blueberries (V. 

angustifolium) are primarily pollinated by bees (Shutak 1966). V. vitis-idaea flowers 

can be self-pollinated or outcrossed by insects (Jacquemart and Thompson 1996). 

Cranberries (F  macrocarpori) are primarily insect-pollinated because wind and
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mechanical jarring of the blossoms is ineffective (Marucci 1967). To determine if 

bees have an impact on yield, many studies have looked at the effect of placing hives 

into fields or greenhouses (Marucci and Moulter 1985, Moffett 1985, Dietz 1989). 

Hall and Shay (1981) point out that the scent, nectar, and pollen quantities of 

subspecies minus flowers lead one to conclude that they are mainly insect pollinated.

In some species, asexual reproduction is the primary mode of propagation 

even though the plant produces flowers and is capable of sexually reproducing 

(Proctor et al. 1996). Asexual propagation is also known as clonal growth, or 

vegetative reproduction. In large clones there is also a greater percentage of self- 

pollination as in subspecies minus. To prevent self-pollination many of the flowers in 

the same clone will be either protandrous (as in subspecies ) or protogynous 

(Handel 1983). Asexual propagation is also a possible mode of survival for 

subspecies vitis-idaea. In Sweden, lingonberries reproduce sexually by seeds, or 

asexually by rhizomes, however the primary mode is by seed because clones exhibit 

partial self-incompatibility (Gustavsson 1999).

1.9 Self and Cross Pollination

Fruit set is less with self-pollinated flowers where cross-pollination is 

preferred; berries are smaller and fruit maturation time is longer (Morrow 1943). No 

fruit set usually occurs in species that are completely self-incompatible if no mode of 

outcrossing is available (Knight and Scott 1964). Cranberries (V. macrocarpon) are 

self-compatible, but insect visitation is the primary method of pollination, which is 

reflected in the fruit yields of self versus cross pollinated plants (Reader 1977, Cane 

et al. 1993, Jacquemart and Thompson 1996, Gustavsson 1999). Fitness depression is 

common in species that are excessively self-pollinated (Waser and Price 1983). Self

pollinated species have few and smaller flowers, less scent and nectar, fewer pollen 

grains, the anthers and stigma are close in proximity, and there are fewer ovules to 

fertilize (Dafni 1992). Subspecies minus is capable of self-pollinating, but yields are 

greater if flowers are cross-pollinated (Hall and Beil 1970).
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Self-incompatibility is a common characteristic in plants that are cross

pollinated. Pollen and pistil interactions involve recognition signals between the 

protein in the pollen grain’s surface and the stigma, pollen tube growth and 

directional guidance (Herrero and Hormaza 1996). There are several modes of 

detection in self-incompatible species. Plants can discriminate between their own 

pollen grains and those of other plants. Detection usually takes place either on the 

stigma or in the style by a plant’s reaction to the proteins in the exine of the pollen 

grain (Proctor et al. 1996). Pollen hydration can also be inhibited when the pollen- 

pistil genetic relationship is distant. If hydration of self-pollen is partial, pollen grain 

germination will not always be prevented, but the number of germinating grains per 

tetrad will be decreased (Parrie and Lang 1992). There are two main ways the pistil 

prevents pollen germination: decreasing available support to pollen grains (nutrients, 

direction and environment), and varying the timing of support provided by the pistil 

(Herrero and Hormaza 1996). Self-incompatibility mechanisms in subspecies minus 

have not been discussed.

Most plants favor cross-pollination. It is vital to plants’ survival because 

every new plant has a new set of genes, which allows environmental adaptation. The 

amount of self versus cross pollination is unpredictable in melittophilous (bee 

pollinated) flowers because bees do not always distinguish between different cultivars 

while foraging (Eisikowitch and Wetzstein 1999). Blueberries (V. angustifolium) can 

be self-pollinated; however, cross-pollinated flowers yield larger fruit, higher seed 

counts, and they ripen more rapidly (Marucci 1966). For example, in Nova Scotia 

there was a 100 % increase in yield after honeybees were placed in the blueberry 

fields because they ensured cross-pollination (Lomond and Larson 1983). In V. vitis- 

idaea, the flower morphology is more conducive to cross-pollination because the 

anther-stigma timing prevents selfing (Jacquemart 1997).



20

1.10 Buzz Pollination

Pollinators of buzz-pollinated flowers are usually pollen connoisseurs and 

have the ability to vibrate their bodies to release pollen from the anthers. Pollen- 

collecting bees embrace the anthers, close their wings and emit one or more brief, 

audible high-pitched buzzes, which liberates the pollen from the anther resonating 

chamber (Corbet et al. 1988, Cane et al. 1993). Buzzing behavior usually changes 

throughout the day in response to pollen availability. At first the bee lands and briefly 

buzzes a few times. This allows the bees to work fewer flowers and get full pollen 

loads because flowers have more pollen in the mornings. Bees stay at one place on 

the flowers in the mornings and use short buzzes, but later, as available pollen 

diminishes, the buzzes are longer and the bees rotate around the anthers. This adds to 

their efficiency as pollinators (Buchmann 1983).

The anthers of vibration-pollinated flowers make this mode of pollination 

necessary. Poricidal anthers regulate the release of pollen to certain frequencies (Hz). 

The pollen, in this case, has two functions: to attract pollinators and to propagate the 

species. Pollen is released from these anthers by an apical slit or pore. Removal of 

pollen requires active vibration, so incidental contact of the pollen to an insect is 

virtually impossible. The frequencies that release the most pollen range from 450 Hz 

to 1000 Hz (Harder and Barclay 1994).

When addressing vibration frequencies, the measure of the amplitude must 

also be considered. It is acknowledged that insects that vibrate can also change their 

amplitude to aid in pollen release, however measuring exact amplitude of insects’ 

vibrations have not been studied in depth to explain the effects of amplitude on pollen 

release. The only claim pertaining to amplitude of the insect and flower is that the 

measure is “small” and is too difficult to determine at present (Buchmann 1983).

Electrostatic effects also play a role in vibration pollination (Corbet et al. 

1988). If electrostatic forces were not present, the bee would vibrate to release the 

pollen and the pollen would fall out “like an upside-down salt shaker” and be wasted. 

However, with electrostatic forces involved most of the pollen falls on the bee.
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Before pollination, the pollen is held in the anthers by an electrostatic force. As a bee 

approaches with its own force, the electrical microenvironment changes in the anther. 

The flower and the bee neutralize their opposite charges. This causes the bonds 

between the pollen grains and the locule walls to weaken. When the bee vibrates, the 

grains immediately fall out of the anthers onto the bee. The bee is positively charged, 

so the pollen (which is negatively charged) is attracted to the bee minimizing wasted 

pollen. Electrostatic forces may also assist the transfer of pollen from the bee to the 

stigmatic surface of the flower. The bee’s charge is built up during flight from one 

flower to the next. The bee lands on the flower and the pollen is easily transferred 

from the bee to the stigmatic surface. Over time the charge may dissipate if the visits 

are close together (Buchmann 1983).

There are opposing views on whether V, vitis-idaea flowers are buzz- 

pollinated. Jacquemart and Thompson (1996) state that this species is primarily 

visited by honeybees that cannot vibrate, so they are not buzz-pollinated. While 

Jacquemart (1997) says that the awnless anthers of this species points to a “less 

traditional” method of pollination meaning buzz-pollination.
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CHAPTER 2.

IN VITRO LINGONBERRY POLLEN GERMINATION 2 

2.1 Abstract

In vitro pollen germination of greenhouse-grown lingonberry plants 

( Vaccinium vitis-idaea subsp. minus L.) was tested using a standard germination 

medium and eight concentrations of sucrose ranging from 0 -  40 g/100 ml of solution 

to determine pollen viability and optimum sucrose concentration for the best pollen 

germination and pollen tube elongation. Percent germination of pollen was greatest in 

sugar concentrations of 13.8 g sucrose/100 ml of solution. Pollen tubes were longest 

in sucrose solutions of 10.4 g sucrose/100 ml of solution. Data of germination percent 

and pollen tube lengths were combined to form a pollen vigor index. These data were 

fitted to a third order polynomial equation with the resulting model, y = 6.3586e'2 + 

0.18527x- 1.1539e'2x2 + 1.7240e'4x3. The predicted optimum sucrose level based on 

the model is 10.5 g sucrose/100 ml of solution.

2.2 Introduction

Most research on pollination requires basic studies of pollen viability and 

pollen vigor to demonstrate that experimental results are based upon functional 

pollen. Viability may be evaluated by in situ studies of pollen applications to a

stigma, but more rapid techniques involve in vitro cultures and nutrient solutions 

(Kearns and Inouye 1993). Pollen grains may be germinated in water (Dafni 1992), 

but a variety of nutrient solutions have been identified that provide more rapid and 

complete germination (Lang and Parrie 1992, Tuinstra and Wedel 2000). One 

common component is sucrose used in concentrations ranging from 0 to 60 percent 

(Dafni 1992). The purpose of this experiment was to identify the optimum sucrose 

concentration for the most rapid and complete germination of lingonberry, Vaccinium 

vitis-idaea subsp. minus pollen under controlled conditions.

2 Prepared for submission in HortScience.



33

2.3 Methods

Pollen was collected into separate Petri dishes from five plants of Vaccinium 

vitis-idaea subsp. minus (lingonberry) growing in a greenhouse. The plants were 

gathered from similar areas of hardwood-spruce forests around the Tanana River 

floodplain. The pollen was extracted by rubbing mature flowers together between the 

thumb and forefinger causing the pollen to dribble out of the flowers. Using a small 

glass stirring rod, a sample of pollen was taken from each of the five Petri dishes and 

placed in 5 ml of a base solution. The base solution consisted of distilled water, 0.002 

MH 3BO3, and 0.006 M  Ca(NC>3)2 . The base solution was equally divided into eight 

beakers to which one of eight concentrations of sucrose was added (0%, 5%, 10%, 

20%, 30%, 40%, 50%, and 60%) yielding the eight treatment solutions used to test 

pollen germination. There were eight treatments per plant resulting in 40 cultures. 

Each culture dish was sealed with Petroleum Jelly to control humidity and placed in 

an illuminated hood (19.5 pE-m2 s'1) for 60 hours to allow ample time for pollen 

germination. After 60 hours the cultures were placed in a refrigerator to halt pollen 

tube growth. From each culture a sample of 1 ml was removed and placed on a slide. 

Each slide was observed under a light microscope and percent germination was 

recorded by counting the total pollen tetrads and recording number of germinated 

grains by scanning from left to right across the slide once. The number of grains 

germinated per tetrad was not recorded -only number of germinated grains per total 

grains. Pollen tube lengths were measured in microns for the first five pollen tubes 

observed while scanning the slide from left to right once. The highest percentage of 

germination and the longest pollen tubes indicated the best sucrose solution for quick 

lingonberry pollen vigor analysis.

2.4 Results

Percent germination ranged from 29 % to 86 % among sucrose treatments 

(Fig. 4). The highest germination occurred in the 10 % sucrose treatments with 

germination at 86 %. All other treatments successfully germinated pollen except for
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Figure 4. Percent germination of Vaccinium vitis-idaea subsp. minus (lingonberry)

solutions with increasing sucrose concentrations.
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sucrose concentrations greater than 40 %. Data were fitted to a third order 

polynomial equation and the predicted optimal sucrose level was 13.8

There was significant interaction between pollen tube growth and plant (or 

site) (Figure 5). Most plants had the same trend except Ei-7 (Eielson) at 0 to 5 %. U- 

3, from the University of Alaska Fairbanks ski trails had significantly greater pollen 

tube lengths than plants collected from

Delta (7-2) and Eielson (9-7 and 9-10). The longest pollen tubes grew in the 10 % 

sucrose solution, but the model indicates that the predicted optimal sucrose level is 8 

% (Fig. 6). Among all plants, the 10% treatment pollen tube lengths ranged from 0.28 

to 2.8 microns.

Data of germination percent and pollen tube length were combined to form a 

pollen vigor index (Figure 7). These data were fitted to a third order polynomial 

equation with a resulting model. The predicted optimum sucrose level based on this 

model was 10.5 %.

2.5 Discussion

All collections showed viable pollen with variations in percent germination 

due to sucrose concentrations. The in vitro method of assessing pollen viability is 

quick and reliable (Shivanna and Rangaswamy 1992, Sowa and Connor 1995). The 

optimal sucrose concentration of 13.8 percent for pollen germination is comparable to 

similar studies on lowbush blueberries ( V. caespitosum), which found optimal sucrose 

concentration to be 10 % for high pollen germination (Lang and Parrie 1992). 

Brewbaker and Kwack (1963) use a standard concentration of 20 % in most of their 

pollen germination studies (Kearns and Inouye 1993).

Pollen tube growth results indicate the predicted optimal concentration of sucrose as

7.5 to 8.5 %. The significant interactions in the means of pollen tube lengths in the 

different sucrose levels and at different locations can be explained by variations in the 

pollen’s genotype at different sites. All the plants were collected from similar
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Two-way ANOVA for Sucrose level and Plant 
Location

Sucrose Level (%)

- - - - - -  U-3
— 41 — - B-0
-  - A —  D-2

Ei-7
— *— El-10

*U-3 = 3rd plant from UAF ski trails, B-0 = plant from Birch Hill, D-2 = 2nd plant from Delta Junction, 

Ei-7 = 7th plant from Eielson, and Ei-10 = 10th plant from Eielson.

Figure 5, Two-way ANOVA for sucrose level and plant location for pollen tube 

lengths of lingonberries.
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Pollen Tube Length of Lingonberries Germinated on 
Different Levels of Sucrose

Sucrose Levels (%)

Figure 6. Pollen tube lengths of Vaccinium vitis-idaea subsp. minus in solutions with

increasing sucrose concentrations.
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Sucrose Level (%)

Figure 7. Pollen vigor index for Vaccinium vitis-idaea subsp. minus in solutions with
increasing sucrose concentrations.
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environments (hardwood-spruce forests), but they were from different clones. Each 

clone expresses a different genotype,

which can affect many aspects of lingonberry pollination; some pollen may germinate 

faster (like the plant U-3) (Lavigne et al. 1999).

The combined graph of percent germination and pollen tube growth gives an 

optimal sucrose solution for both of these factors. Both are equally important in 

pollen germination studies (Dafhi 1992). The combination of the values allows a 

quick glance at the optimum sucrose solution needed for the most rapid and complete 

pollen germination.

2.6 Conclusion
This experiment contributes to the knowledge of lingonberry pollination 

biology. The results demonstrate pollen viability and predicted optimal sucrose 

concentrations for the most rapid and complete germination of lingonberry pollen as

10.5 % sucrose. The sucrose solutions that are the best for pollen germination and 

tube elongation are needed simply to facilitate further in vitro pollination studies 

regarding lingonberries. This experiment is to be used as a methods guide to 

germinating lingonberry pollen in vitro.
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CHAPTER 3. 

ANEMOGAMY AS A POTENTIAL POLLINATION MECHANISM FOR 

LINGONBERRIES3 

3.1 Abstract

Lingonberry plants ( Vaccinium vitis-idaea subsp. minus) were collected 

throughout Alaska’s interior and placed in a greenhouse with average temperatures of 

17 °C and light levels at 1.04 |jE-m2s. Before anthesis the plants were placed in a 4.9- 

meter wind tunnel constructed of wood and clear polyethylene with a low-powered 

fan (wind speeds ranged 0.72-5.04 km/hr) at one end for a trial experiment and a 

high-powered fan (wind speeds ranged 1.6-21.9 km/hr) for a higher wind speed 

experiment. Pollen traps were placed throughout the tunnel to collect airborne pollen 

and were observed and replaced daily. No pollen grains were trapped at wind speeds 

below 5 km/hr and only 0.4 pollen grains were collected per cm2 in the wind speeds 

below 21.9 km/hr. Fruit set in the low wind speed experiment averaged 0.3 berries 

per plant and zero berries were set in the high wind experiment. The lack of airborne 

pollen and poor fruit yield indicated that wind does not promote lingonberry 

pollination.

3.2 Introduction

There are many possible modes of pollination for the lingonberry (Vaccinium 

vitis-idaea subsp. minus), however its ability to grow practically anywhere, including 

areas exposed and unsheltered from harsh winds, leads to the question of whether 

Alaskan lingonberries can be wind pollinated. Wind pollination (anemogamy) is the 

most common method for pollination and seed dispersal among boreal forest herbs 

(Barrett and Helenurm 1987). This mechanism has been described as, “...resembling 

a pepper box which gives off its contents through narrow pores, but only when 

constantly shaken” (Hagerup 1928). The lingonberry grows throughout Alaska in

J Prepared for submission in the Canadian Journal of Plant Science.
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many different habitats (Hulten 1968). This species grows in boreal forests, tundra, 

on rocky mountain slopes, and close to the coast (Viereck and Little 1994).

In wind-pollinated flowers the parts of the flower must grow in such a way 

that allows the stigma and anthers to give and receive pollen easily. Characteristics of 

wind pollinated plants include abundant pollen, exposed anthers and a sticky stigmatic 

surface. Lingonberry flowers do not have exposed anthers, but they do produce large 

amounts of pollen (Hall and Shay 1981). Anemophilous flowers depend on the 

presence of many related individuals of the same species to ensure successful 

pollination (Faegri and van der Pijl 1979, Papke et al. 1980). Lingonberries grow in 

large clones forming dense mats sometimes covering up to 30 m in clone diameter 

(Froborg 1996). However, lingonberry pollen release occurs before the stigmatic 

surfaces are receptive making the probability of wind-pollination success low (Hall 

and Shay 1981). The objective of this experiment is to determine the potential for 

wind pollination in lingonberries.

3.3 Methods

A wind tunnel (4.9 x 0.6 x 0.6 m) was constructed to fit on two benches in a 

greenhouse with a hinged side to permit access to plants throughout the tunnel. The 

wood frame was covered with clear polyethylene to prevent insect visitation, but 

allow light penetration (Fig. 8). The light levels averaged 61 pE-mV1 inside the 

tunnel and an average temperature was 18°C. In a preliminary test, a regular 

household box fan, which produced wind speeds ranging from 0.72-5.04 km/hr, was 

used at one end of the tunnel. Sixteen lingonberry plants were placed throughout the 

tunnel before anthesis. They were collected from a variety of places in Alaska’s 

Interior: Murphy Dome, Ester Dome, 0.4 km Gilmore Trail, Nancy Lakes, Birch Hill, 

Cantwell, Eielson and Nenana (Table 13, Appendix). In a second experiment a high- 

powered fan was used with wind speeds ranging from 1.6-21.9 km/hr. Fifty-six 

lingonberry plants from similar sites in Alaska’s Interior in the Tanana River 

floodplain were randomly selected and placed inside the tunnel before anthesis
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Figure 8. Picture of 4.9-meter long wind tunnel before covering with plastic.
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(Fig. 9). In both experiments, four ring stands were placed equidistantly through the 

wind tunnel amid the plants (Fig. 10). Three microscope slides coated with glycerin 

jelly (Kearns and Inouye 1993) served as pollen traps and were secured on each ring 

stand and replaced daily. The pollen traps were placed at three heights: one beneath 

the flowers (0.2 m above the bench) and two above the plants (0.4 and 0.6 m above 

the bench). Each slide was observed daily for 24 days with a light microscope, and 

numbers of pollen tetrads per cm2 were recorded.

3.4 Results

In the trial run with the low speed fan, no pollen was found on the traps and an 

average of 0.3 berries was produced throughout the tunnel for all plants. The wind 

speed did not, at high power, linearly decrease with distance from the fan (Fig. 11). 

This is due to turbulence inside the tunnel as wind passed over the plants. The 

average daily pollen count throughout the 24 days of counting and for all trap 

locations did not exceed one tetrad (Table 2). Only one fruit formed in the entire 

experiment out of a potential 2,818 flowers (Table 3).

3.5 Discussion

Average wind speed throughout Interior of Alaska is 12.2 km/hr, which is 

included in the wind speed ranges for the high speed fan. If lingonberries could be 

pollinated by wind, the pollen traps would have caught more than an average of 0.4 

tetrads grains/cm2 throughout all of the flowering time. According to Dafni (1992), 

wind pollination is effective if the plants are close to each other, large amounts of 

pollen are released, and pollen release is timed to when stigmas are receptive. The 

lingonberry plants were placed in close proximity to one another, and they produce 

some pollen, but evidently either the pollen amount was not great enough to be caught 

in traps, or the anthers do not release pollen to be transported by wind. The pollen
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Figure 9. Lingonberry plants in the wind tunnel in the experiment using the low speed 

box fan.
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Figure 10. Lingonberry plant in the wind tunnel with a ring stand and pollen traps.
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Figure 11. Wind speeds at various distances throughout the wind tunnel with the high- 

powered fan.
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Table 2. Average daily pollen count throughout anthesis for each slide in the 
wind tunnel.

Slide
height Average
above daily

Distance bench pollen
from Fan surface count +/-

(m) (m) St. Dev.
0.0

0.6 1.0+/-4.0
0.4 1.0+/-2.0
0.2 1.0+/-2.0

0.6 0.0+/-1.0
0.4 1.0+/-1.0
0.2 1.0+/-6.0

0.6 0.0+/-1.0
0.4 0.0+/-1.0
0.2 1.0+/-2.0

0.6 0.0+/-1.0
0.4 0.0+/-0.0
0.2 0.0+/-0.0



Table 3. Flower number and berry yield for lingonberry plants in the wind tunnel.

Rep. 1
Flower

Number
Berry

Number Rep. 2
Flower

Number
Berry

Number Rep. 3
Flower
Number

Berry
Number Rep. 4

Flower
Number

Berry
Number

D24 16 0 D9 21 0 om 5 0 Es18 9 0

G10 16 0 D15 15 0 B1 0 0 B10 13 0
H5 9 0 Es17 19 0 H15 17 0 H7 3 0

Es10 22 0 D3/2 28 0 G8 0 0 D2/1 69 0
Es5 4 0 D14 6 0 G11 25 0 B11 8 0
Ei8 8 0 Ei11 15 0 G3 0 0 D1/3 21 0
Ei5 15 0 Es19 0 0 B7 0 0 D3/1 38 0
Ei13 11 0 G14 42 0 G17 17 0 D16 14 0
Ei17 32 0 Ei9 7 0 D17 35 0 G1 24 0
Es3 3 0 G7 5 0 D7 17 0 Ei18 8 0
D1/2 6 0 D5/2 16 0 Es16 7 0 D1/1 6 0

Ei15 13 0 Es4 14 0 Ei16 60 1

* Es=Ester Dome, D=Delta, H=Healy, G=Gilmore Trail, Ei=Eielson, B=Birch Hill (Example: Es20 = the 20th plant collected from 
Ester Dome)

' O
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traps were placed at varying heights, so even if some pollen fell out of the anthers 

they would have been caught in one of the lowest pollen traps. However, pollen was 

not trapped at any height more than another.

The poor fruit set supports the pollen count results. If pollen amounts 

averaged only 0.4 grains/cm2 on each slide, then the amount of pollen actually landing 

on receptive stigmas to carry out pollination is comparable or less. The amount of 

pollen landing on stigmas could not be more than on the pollen traps because, even 

with the varying heights of the pollen traps, no more pollen was found on the bottom 

traps than on the middle or top traps. The pollen actually landing on flower stigmas is 

probably less than the pollen traps indicate because of the effect of infiltration. Plants 

with dense vegetation show little chance for pollen borne by wind to reach the 

receptive stigmatic surfaces (Whitehead 1983). The lingonberry plants placed in the 

wind tunnel were only a few centimeters apart making the rate of possible infiltration 

low. Only one fruit resulted in this wind experiment and it was a plant at the end of 

the wind tunnel (opposite the fan end). Perhaps one pollen grain landed on the stigma 

by chance if borne by wind, or it was pollinated by a “super” insect strong enough to 

fly into the wind tunnel and defy the strong gales long enough to land on one flower 

and carry out pollination.

3.6 Conclusion

The wind speeds inside the wind tunnel were comparable to those in Interior 

Alaska in places lingonberries grow, whether on hilltops where wind speeds are high, 

or in hardwood-spruce forests where wind speeds are slower. Either way, wind was 

not enough to carry out pollination of lingonberry flowers. The pollen collected in the 

pollen traps was extremely low. In fact, the fruit yield indicates that lingonberry 

flowers are most likely pollinated by some factor other than wind.
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CHAPTER 4. 

VIBRATION POLLINATION AND POLLEN RELEASE OF LINGONBERRY 

FLOWERS4 

4.1 Abstract

Vibration (buzz) pollination is a common method used by some insects (for 

example, Bombus sp.) to collect pollen from apically dehiscent anthers. The insect 

vibrates at a certain frequency to release the pollen from the anthers as it forages from 

one flower to the next. This experiment was designed to determine if buzz-pollination 

is a likely mode of pollination for lingonberry ( vitis-idaea subsp. minus)

flowers. Plants were collected from wild stands in Interior Alaska, potted in 

Sphagnum sp. peat, and maintained in a greenhouse following six weeks of chilling to 

fulfill dormancy requirements. The average temperature in the greenhouse was 17°C, 

and the light levels averaged 1.04 pE-mV1. Immediately following anthesis, flowers 

were vibrated at frequencies ranging from 170-730 Hz and pollen released from the 

anthers was collected on microscope slides and counted. The number of pollen 

tetrads released did not differ significantly among frequency treatments and berry 

yield was only one percent (indicating self-incompatibility). Lingonberry flowers are 

entomogamous, however vibration pollination is not the sole method for pollen 

release, indicating that not one specific pollinator is needed to pollinate lingonberry 

flowers. A previous study showed that movement of flowers by wind was not 

sufficient to release pollen, but regular and systematic vibrations did. This adds to the 

evidence that insects are involved in pollination, but it is probably non-specific.

4.2 Introduction

Vibration pollination (buzz pollination) is a method that some insects use to 

facilitate pollen release from flowers. Flower anthers that are vibration (buzz) 

pollinated release pollen only when the anthers are buzzed at a certain frequency. An

4 Prepared for submission in the Canadian Journal of Plant Science.
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insect capable of vibrating (i.e. Bombus sp.) typically lands on the flower and hangs 

upside down while it embraces the anthers. It then closes its wings and emits one or 

more brief, often audible buzzes. The vibration of the insect’s thorax in turn vibrates 

the anthers, which causes the pollen to stream out onto the insect’s body. The insect 

then either goes to another flower, or flies off to groom itself before collecting more 

pollen. Even though the insect painstakingly grooms itself, some pollen escapes and 

may pollinate other flowers (Buchmann 1983, Corbet 1988, Cane et al. 1993).

There are several common characteristics of buzz pollinated flowers. Most 

often the flowers exhibit pollen as a reward for pollination. The anthers are usually a 

bright yellow and are usually displayed to beckon pollen connoisseurs. If the anthers 

are not prominently displayed, the flowers emit faint, sweet scents coupled with small 

stores of nectar to entice visitors. The stamens are usually apically dehiscent, 

meaning they dehisce to a certain degree and then release the pollen only when 

vibrated. The pollen is small, powdery and can be borne short distances by wind 

(Buchmann 1983, Corbet et al. 1988). These characteristics of buzz-pollinated 

flowers are possessed by Vaccinium vitis-idaea subsp. minus (lingonberry) flowers.

The objectives of this study were to shake lingonberry flowers with vibration 

equipment to test whether vibrating lingonberry anthers release any pollen, to test if a 

specific frequency of vibration (170-730 Hz) released the most pollen, and to 

determine if buzz pollination effected berry yield. If pollen was liberated at a specific 

frequency (as occurs in vibration pollinated flowers) then it may be possible to 

identify pollinators that vibrate at that frequency. The null hypothesis was that pollen 

release would be the same at all frequencies.

4.3 Methods

Four replicates of fifteen plants were selected from five wild stands in Interior 

Alaska (Table 13, Appendix). The Delta plants were collected from the edge of a 

hardwood-spruce forest bordering cleared agriculture fields. The Healy plants were 

collected from a hardwood-spruce forest as well. The Fairbanks plants were collected



55

from an upland mixed birch/aspen hardwood forest. The Eielson plants were 

collected from a hardwood-spruce forest bordering a cleared agriculture field, and 

more Fairbanks plants were collected from an alpine tundra site. The plants were 

potted in Sphagnum sp. peat and placed in a cooler at 4°C for six weeks to fulfill 

chilling requirements. The plants were then put in a greenhouse after all windows had 

been closed to exclude them from alternate modes of pollination. Insecticides were 

applied twice during the experiment to kill fungus gnats in the peat used to pot the 

plants. Sticky stakes were placed among the plants to trap any insects flying around 

the flowers. Experimental treatments consisted of mechanically vibrating flowers at 

frequencies from 170 -  730 Hz in 40-Hz increments. Each plant was randomly 

assigned to a single frequency. Immediately following anthesis, up to five flowers on 

each plant were vibrated at the plant’s assigned frequency every day with a 

mechanical vibrator controlled by a WAVETEK digital frequency measuring device. 

A glass rod inserted into the end of the vibrator was used to touch the anthers of each 

flower. Between plants the glass rod was cleaned with ethanol to prevent 

contamination and cross-pollination. Microscope slides coated with glycerin jelly 

(Kearns and Inouye 1993) were held beneath the flowers to catch any falling pollen as 

the flowers were vibrated. The slides from each plant were observed under a light 

microscope (20X magnification), and pollen was counted from a 1 cm2 section on the 

slide. The pollen count was divided by the number of flowers vibrated per plant to 

get average pollen release per flower. After corollas separated from the gynoecium, 

the fruit yield was recorded per plant to indicate fruit set for each frequency.

The amplitude of vibration of the flowers was measured by shining a laser 

onto a piece of glass cover slip that was glued onto a petal of a lingonberry flower.

As the flower was vibrated, the laser reflected off of the coverslip onto a wall where 

the amplitude of the reflected laser was traced. The lines resulting from tracing the 

reflected laser were measured in mm with a digital caliper. Through geometry, the 

amplitude of the vibration of the flower was calculated for each frequency (Fig. 12).
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b= distance from flower to wall, h = height of flower 
above the bench top, d = amplitude measurement 
of flower when vibrated

Figure 12. Diagram of set up used to measure flower amplitude in mm (d).
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4.4 Results

Pollen was released at every frequency and there was no significant difference 

among frequency treatments (Table 4). Average berry yield from vibrated flowers 

was only one percent and was not significantly affected by vibration frequency (Table 

5). As per laws of physics, the amplitude does not increase linearly with the 

frequency of vibration. Lingonberry flowers exhibited greater resonance at 170 and 

210 Hz than at higher frequencies, which indicates the frequency of the vibrations are 

equal or very close to the natural undamped frequency of the flower (Table 6), but the 

amount of pollen released was not significantly affected.

4.5 Discussion

Flower anthers that are vibration (buzz) pollinated release pollen only when 

the anthers are buzzed at a certain frequency. The frequency may be a specific one, or 

a range of frequencies that will release pollen (Buchmann 1983). The range of 

frequency 170-730 Hz was selected because it represented a multitude of insects that 

buzz pollinate flowers. However, pollen release from lingonberry flowers did not 

differ among frequencies within this range. Pollen was released from the flowers at 

all frequencies after anthesis. The lack of trend in pollen release at different 

frequencies points to the mode of pollination as insect pollination, but not solely by 

vibrating the anthers. Numerable sources declare different insects as lingonberry 

pollinators (Warming 1908, Torrey 1914, Hall and Beil 1970), but none specifically 

mention that lingonberry flowers are buzz-pollinated.

The effects of amplitude of an insect’s vibrations on buzz pollination is not 

well known (Buchmann 1983). The amplitude of the flowers was recorded to 

determine the relationship between amplitude and frequency of the vibrations and 

pollen release. The flowers did display more resonance at certain frequencies, 

however pollen release was not significantly affected by either frequency or 

amplitude of vibration. Insects that vibrate can also change their amplitude to aid in
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Table 4. Average pollen counts per square centimeter for lingonberry plants vibrated at 
certain frequencies.

Vibration
Frequency Replication

(Hz) 1 2 3 4 Mean
170 37.3 7.2 61.2 6.6 28.1
210 9.3 39.2 9.6 0.0 14.5
250 13.0 0.0 31.9 8.9 13.5
290 6.3 25.7 9.0 45.7 21.7
330 25.8 0.0 14.9 44.1 21.2
370 44.5 6.0 48.4 45.6 36.1
410 8.3 29.8 35.5 24.5 24.5
450 0.0 0.9 26.5 30.4 14.5
490 35.3 37.2 45.5 15.1 33.3
530 29.0 21.1 24.2 30.7 26.3
570 28.9 20.8 36.8 45.9 33.1
610 187.6 33.3 11.0 0.0 58.0
650 0.0 23.9 0.0 0.0 6.0
690 0.0 84.5 22.3 5.6 28.1
730 33.9 25.0 31.6 50.0 35.1

IMS*
*NS = The means were not significantly different as determined by the ANOVA 

test. P< 05
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Table 5. Fruit numbers for lingonberry plants vibrated at certain frequencies.

Vibration
Frequency Replication

(Hz) 1 2 3 4 Mean
170 0 3 0 0 0.8
210 0 0 0 0 0.0
250 0 0 0 0 0.0
290 0 0 0 1 0.3
330 0 0 1 0 0.3
370 0 0 0 0 0.0
410 0 0 0 0 0.0
450 0 0 0 0 0.0
490 0 0 0 0 0.0
530 0 4 1 0 1.3
570 0 0 0 0 0.0
610 0 1 0 0 0.3
650 0 0 0 0 0.0
690 0 0 0 0 0.0
730 0 0 0 7 1.8

N.S.*
*N.S. = Mean fruit numbers were not significantly 
different as determined by ANOVA. PS.05



Table 6. Amplitude of lingonberry flowers' resonance as they were 
vibrated at various frequencies.

Vibration
Frequency Amplitude 
(Hz) (mm)

170 1.66
210 1.28
250 0.75
290 0.92
330 0.47
370 0.59
410 0.37
450 0.62
490 0.70
530 0.66
570 0.57
610 0.63
650 0.57
690 0.62
730 0.57



pollen release, however measuring exact amplitude of insects’ vibrations has not been 

studied in depth to explain the effects of amplitude on pollen release. The only claim 

pertaining to amplitude of the insect and flower is that the measure is “small” and is 

too difficult to determine at present (Buchmann 1983).

I noticed while vibrating the anthers, if my actions were not gentle enough

while inserting the vibration instrument into the flowers and I knocked the flowers
*

instead, the pollen would stream out and disperse into the air surrounding the flowers. 

This action imitates an insect’s as it lands on a flower and begins foraging into the 

flower. The insects are not gentle and their brusque movements may trigger pollen 

release onto their bodies.

The berry yield in this experiment was poor -only one percent. Vibration 

pollination is carried out by insects, which promote cross-pollination. However, in 

this experiment there was no cross-pollination because I sterilized the vibration 

instrument between plants. While working on the same plant, I did not sterilize the 

instrument between flowers, so if the flowers can be pollinated by other flower’s 

pollen from the same plant then fruit yield theoretically would have been higher 

(indicating no self-incompatibility). The poor fruit yield is most likely due to self- 

pollination inhibitors in lingonberry flowers.

4.6 Conclusion

The results of this experiment indicate that no one specific pollinator is needed 

to pollinate lingonberry flowers. Pollen release in lingonberry flowers did not exhibit 

a pattern according to the frequency of the vibrations. Pollen was released at every 

vibration regardless of the frequency or amplitude. Since pollen was released from 

the flowers at every frequency, the primary mode of pollination points to insect 

pollination (entomogamy). Vibrating the anthers releases pollen from lingonberry 

flowers and therefore may play a role in pollination of lingonberries whether vibrated

61
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by insect or wind. Berry yield was also only one percent, which may be due to self

incompatibility.
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CHAPTER 5. 

HONEYBEE AND BUMBLEBEE HIVE PLACEMENT AND BERRY YIELDS 

IN WILD STANDS OF LINGONBERRIES5 

5.1 Abstract

Placement of honeybee or bumblebee hives in wild stands has been used to 

increase berry production in wild stands as a management strategy. Hives were 

placed in wild stands in five areas of the Tanana river floodplain and transects 

established at each site to determine whether honeybees and bumblebees affect berry 

yields of lingonberries ( Vaccinium vitis-idaea subsp. minus L). The data from the hive

placement resulted in no trends of berry yields along the transects taking into account 

flowering-to-fruit ratios, fruit mass, diameter and filled seed counts. The data was 

inconclusive as to a positive or negative effect on berry yields in wild stands. It was 

thought that more uniform sites are necessary taking into account canopy cover along 

the transects and the addition of a control site with no hive placement would be 

necessary to compare to sites with hives to determine the effects of placed hives on 

lingonberry yields.

5.2 Introduction

Bees are said to be the primary pollinators for cranberry (V. macrocarpori) and 

the European variety of lingonberry ( Vaccinium vitis-idaea subspecies vitis-idaea) 

(Holloway and Stushnoff 1982, Froborg 1996). However, the pollinators of 

Vaccinium vitis-idaea subsp. minus (lingonberries) have not been studied at length. 

Honeybees ( Apismellifera) are not native insects to interior Alaska, but many 

gardeners install hives during the summer to aid in pollination. Bumblebees (Bombus 

sp.) are native to Alaska and can be found avidly working various flowers in the 

summer months. To determine honeybee and bumblebee influence on berry yields 

growers place hives in wild stands to study their impact (Marucci and Moulter 1985,

5 Prepared for submission in the Canadian Journal of Plant Science.
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Moffett 1985, Aras et al. 1996). One such study was performed by Aras et al. (1996) 

in Canada where they installed honey bee hives to study the impact of the honey bees 

on the yields of lowbush blueberries ( Vacciniumangustifolium and myrtilloides).

The results indicated that honey bees were efficient pollinators of lowbush 

blueberries, whereas native pollinators had little influence on berry production. In 

New Jersey management of highbush blueberries corymbosum) is done by putting

honeybee hives into the stands to improve fruit set (Brewer 1968). It is hypothesized 

that placement of hives in wild stands of lingonberries in interior Alaska will increase 

fruit yield closer to the hives and decrease along the transects as distance from the 

hive increases. Establishing the influence of honeybees and bumblebees on wild 

lingonberry stands is the objective of this study.

5.3 Methods

The beehive placement experiment occurred in four locations in the Tanana 

River floodplain. The sites were chosen in spruce-hardwood forests based on the 

continuity of the lingonberries and isolation from recreation users. Camiolan 

honeybees were ordered from Toklat Apiaries and bumblebees {Bombus terrestris 

(L.)) were ordered from Biobest Canada Ltd., a company in Ontario, Canada. One 

honeybee hive was placed in the Eielson Agriculture project in a strip of closed 

hardwood-spruce forest with a cleared agriculture field on one side and a slough on 

the other (Table 13, Appendix). Two transects, 60.0 meters long, were established 

each with flags and three canning lid rings placed every 6 meters (Fig. 13 and 14). 

Two honeybee hives were in Delta Junction at the UAF Delta Experiment Field 

(Table 13, Appendix). One hive had two transects running east and west from it in a 

closed hardwood spruce forest next to a cleared agriculture field. The second 

honeybee hive in Delta had two transects running north and south in a closed 

hardwood-spruce forest between two cleared agriculture fields. All transects in Delta 

were 150 meters with flags and three canning lid rings placed every 15 meters. Two 

bumblebee hives were placed in the Gilmore Trail area northeast of Fairbanks
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Figure 13. Canning lid rings used at each site to keep track of counted flowers and 

berries.
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Figure 14. Honeybee hive in Eielson.
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(Table 13, Appendix). One hive was located at 0.8 km Gilmore Trail in a stand of 

paper birch trees (Betulapapyrifera) with three transects running from the hive. The 

transects were 15.24 meters with flags and two canning lid rings placed every 0.6 

meters. The second bumblebee hive at 4.8 km Gilmore Trail was in a closed 

hardwood-spruce forest with four transects (N, E, S and W) 61 meters long with flags 

and canning lid rings placed every three meters (Table 13, Appendix). Transect 

number, length and flag intervals depended on the site size. The canning lid rings 

were placed at each flag around clusters of lingonberries with flower buds. Before 

flowering in June, flower numbers were recorded per ring at every site. In September, 

berries were harvested from each ring at every site and counted. Berries were also 

weighed, diameters measured with a caliper at their widest point, and filled and 

unfilled seeds per fruit were counted using a dissecting microscope. The data was 

analyzed by regression analysis in a variety of ways.

5.4 Results

The results are divided among the different sites: Delta, Eielson, 0.8 km 

Gilmore Trail and 4.8 km Gilmore Trail. The data from all the transects at each site 

were averaged to determine models of the data as distance increased from the hives. 

ANOVA tests were done for the different aspects of yield compared to distance from 

the hives at all sites (Tables 7-10).

5.5 Discussion

There are several factors that may contribute to the models in the data for 

honeybee and bumblebee hive placements in wild stands. The plots selected were not 

continuous lingonberry plants along the transects. For instance, at times where a flag 

was posted, either there were no lingonberry plants or there were no flowers. 

Continuous plots of lingonberry flowers are difficult to find in wild stands, so uniform 

transects rare. The amount of full sun along the transects varied, which influenced 

budding. Ultimately this would cause yields to be higher at some areas along the



Table 7. Average measurements taken from berry yields in 
Delta.

Meters % Fruiting
Average 
mass (g)

Average
Diameter

% Filled 
Seeds

0.0 34.5% 0.17 5.50 52.1%
15.2 34.6% 0.15 4.10 37.7%
30.5 37.9% 0.16 5.30 50.4%
45.7 36.4% 0.18 6.60 50.9%
61.0 30.6% 0.12 7.02 39.6%
76.2 53.0% 0.21 7.20 58.3%
91.4 28.4% 0.22 6.50 59.6%
106.7 51.7% 0.27 7.80 63.8%
121.9 95.2% 0.20 7.00 54.1%
137.2 46.7% 0.13 5.00 45.6%
152.4 35.8% 0.09 3.40 27.2%

* N.S. * N.S. * N.S. * N.S.
*N.S. = The means were not significantly different as determined by 
the ANOVA test. P<0.05



Table 8. Average measurements recorded from berry
yields in Eielson

Meters
Average 
% Fruiting

Average 
mass (g)

Average
Diameter % Filled 
(mm) Seed

0 81.3% 1.06 5.88 70.6%
6 22.7% 1.51 4.83 67.0%
12 20.4% 0.98 3.16 32.2%
18 29.7% 1.33 5.93 70.7%
24 29.8% 1.47 3.69 63.3%
30 55.2% 1.45 6.00 86.1%
36 35.8% 1.76 5.41 76.0%
42 39.2% 1.17 4.49 84.8%
48 43.6% 1.22 3.97 81.8%
54 11.6% 0.38 1.92 34.5%
60 49.1% 1.37 5.38 76.4%

*N.S. *N.S. *N.S. *N.S.
‘ N.S. = The means were not significantly different as 
determined by the ANOVA test.P<0.05



Table 9. Average measurements recorded from berry
yields at 0.8 km Gilmore Trail.__________________

Distance Average Filled
from hive Average Diameter Seed
(m) % Fruiting mass (g) (mm) Count

0.0 35.1% 0.11 5.90 4.4
0.9 100.0% 0.18 7.08 12.2
1.8 37.5% 0.13 4.98 5.0
2.7 23.8% 0.13 5.34 8.4
3.6 19.8% 0.12 4.68 3.2
4.5 21.9% 0.20 7.45 5.8
5.4 29.6% 0.19 6.13 7.1
6.3 11.7% 0.07 2.53 5.1
7.2 14.0% 0.09 4.37 6.1
8.1 24.8% 0.13 5.08 7.8
9.0 20.2% 0.08 2.72 5.2
9.9 8.5% 0.04 2.17 2.7
10.8 14.6% 0.05 2.14 1.1
11.7 0.0% 0.00 0.00 0.0
12.6 10.4% 0.06 2.31 2.5
13.5 0.0% 0.00 0.00 0.0
14.4 0.0% 0.00 0.00 0.0
15.3 0.0% 0.00 0.00 0.0

*N.S. ‘ N.S. *N.S. *N.S.
*N.S. = The means were not significantly different as
determined by the ANOVA test. P<0.05



Table 10. Average measurements recorded from berry
yields at 4.8 km Gilmore Trail.

Distance Average
from Hive Average Diameter % Filled

(m) % Fruiting mass (g) (mm) Seed
0 0.37 0.69 7.60 77.4%
3 0.49 0.48 5.70 55.9%
6 0.47 1.06 6.74 70.8%
9 0.33 0.50 7.14 77.4%
12 0.35 0.29 5.78 66.6%
15 0.42 0.46 5.49 73.5%
18 0.34 0.51 5.68 58.5%
21 0.14 0.03 1.64 31.4%
24 0.41 0.28 3.71 34.9%
27 0.28 0.27 4.77 86.0%
30 0.01 0.03 1.03 22.6%
33 0.28 0.13 3.95 59.2%
36 0.18 0.63 2.02 51.1%
39 0.04 0.12 2.44 27.1%
42 0.14 0.24 3.78 73.1%
45 0.11 0.24 4.22 39.5%
48 0.25 0.37 3.03 21.2%
51 0.00 0.24 2.33 23.8%
54 0.03 0.36 2.23 18.7%
57 0.05 0.20 3.58 35.4%
60 0.06 0.17 3.07 17.6%

*N.S. *N.S. *N.S. *N.S.
*N.S. = The means were not significantly different as 
determined by the ANOVA test. P<0.05
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transect than others (Hall and Shay 1981). Personal observation and literature 

conclude that lingonberries have higher budding and fruit yields in unshaded areas 

(Hall and Shay 1981, Hjalmarsson 1997). If canopy cover and plot continuity were 

constant perhaps the results would be more informative about how setting hives into 

wild stands effects lingonberry yield. A separate plot should have been used to 

observe how the berry yield from only native pollinators would compare to yields at 

the hive sites.

The transect method has been used in other studies to observe the influence of 

hive placement on wild stands of berries. For example, a study in Canada concluded 

that honey bee hive placement in stands of lowbush blueberries increases yields (Aras 

et al. 1996). This method of determining the effect of adding hives to wild stands on 

berry yields can be successful.

5.6 Conclusion

It is sometimes useful to place hives in wild stands to determine if the 

presence of honeybees or bumblebees will increase berry yields. Due to inconsistent 

coverage of lingonberries at the sites and lack of consideration for canopy cover along 

the transects, the results did not indicate an effect on yields for the sites. A control 

site should have been incorporated to compare wild stand berry yield by native 

pollinators and yields of stands with bumblebee and honeybee hives placed in them.

If light intensity along the transects was similar in the control plot and the hive 

placement plots and the plots had comparable lingonberry continuity then the berry 

yields at both plots could be compared to determine if hive placement improves 

lingonberry yields in wild stands.
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CHAPTER 6.

INSECT VISITORS AND POLLEN LOADS COLLECTED FROM 

LINGONBERRY FLOWERS6 

6.1 Abstract

Observations were recorded via digital camera and video at various hours 

throughout the blooming season to document insect visitation and foraging behavior 

on lingonberries ( Vaccinium vitis-idaea subspecies minus). Pollen loads on captured 

insects were examined to differentiate potential pollinating insects from visitors on 

lingonberry flowers at different sites mostly on the Tanana River floodplain, Alaska. 

Insect capture resulted in fourteen insects identified as potential pollinators after 

pollen loads from the insects were examined and lingonberry pollen was found. 

Species with more than 1000 tetrads per insect, indicating a higher rate of potential 

pollination, included Apis mellifera, Bombus terrestris, B. sylvicola, B. jlavifrons 

flavifrons, Andrena sp. and Dialictusl (Halictidae).

6.2 Introduction

Pollinator capture and identification are important aspects of pollination 

biology (Kearns and Inouye 1993). Direct observations and insect capture are 

necessary to document flower pollinators. Pollinator identification involves 

capturing visiting insects and examining pollen loads to detect whether pollen from 

the flowers has been deposited on the insects’ bodies (Buchmann 1983). The scent, 

nectar and pollen rewards attract pollinators to flowers. Lingonberry ( 

vitis-idaea subsp. minus) flowers are slightly scented; they have small amounts of 

nectar and abundant pollen (Pojar 1974). In Newfoundland, bees and butterflies were 

reported to cross-pollinate lingonberry flowers (Torrey 1914). Pojar (1974) found 

bumblebees and bee flies to be the primary pollinators in southern British Columbia. 

Four species of bumblebees were reported to be the main pollinators of lingonberry

6 Prepared for submission in Canadian Field-Naturalist.
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flowers in Greenland: Bombus balteatus, B. consobrinus, B. lapponicus and B. 

jonellus (Wanning 1908). Lingonberries are widely distributed throughout Alaska 

(Hulten 1968), however native pollinators have not been studied. The objective of 

this study was to identify pollinators of lingonberries in interior Alaska.

6.3 Methods

Insects were captured and documented at five sites throughout interior Alaska 

(Table 13, Appendix). Flowers were videotaped intermittently throughout the 

flowering season at all sites including three 24-hour observations at three sites. A 

Canon ZR25 MC digital camera and a Sony Handycam Cassette Video camera were 

used to document insect visitation. Tapes were later edited to compose a movie of 

lingonberry visitors using movie editing software on an iMac computer.

The insect capturing methods followed steps outlined by Kearns and Inouye 

(1993). As the insects visited lingonberry flowers, they were captured in an insect net 

and placed in killing jars containing ethyl acetate. Each insect was placed in a 

separate specimen jar to prevent contamination of pollen from other insects. The 

insects were pinned and placed in a collection box for identification (Fig. 15). 

University of Alaska Museum Entomologist, Dr. J. Kruse and a research associate for 

UAF, D. Guinn, identified all insects to genus and some to species. Each insect was 

washed with 70 percent ethanol to dislodge pollen into a labeled Petri dish. The 

ethanol evaporated leaving pollen deposits from the insects. A sample of the pollen 

was mounted on a microscope slide coated with glycerin jelly, and pollen was 

identified and counted using a light microscope (Table 14, Appendix). The pollen 

was identified from a log of pollen collected from other flowers blooming at the same 

time as lingonberries (Fig. 16, Appendix). If lingonberry pollen was found among the 

other types of pollen from different flowers, the insect from which the pollen came 

was a potential pollinator. If the pollen identification and count did not result in 

finding lingonberry pollen, the collected insect was labeled a visitor.
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Figure 15. Insects collected at Eielson, 0.8km Gilmore Trail, 4.8km Gilmore Trail, 

and Murphy Dome. (This collection was placed in the UAF Museum Insect 

Collection in Fairbanks, AK.)
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6.4 Results

Fourteen insect species from eight families were collected as visitors and all 

but two species tested carried lingonberry pollen (Table 11). Species with more than 

1000 tetrads per insect indicating a higher rate of potential pollination included 

mellifera Linn., Bombus terrestris (L.), B. sylvicola Kirby, B. flavifrons

Cresson, Andrerta (Fabricia) sp. and Dialictus? (Hahctidae), all bees (Apoidea). The 

video shows many of the same insects actually foraging the flowers at the different 

plots including one record of a mosquito visitation. Time of day at all sites and the 

occurrence of insects in the 24-hour clock shows that insects are actively foraging 

mostly in the hours between 5 a.m. and 6 p.m (Table 12).

6.5 Discussion

Numerous insects visited lingonberry flowers, and my results are consistent 

with research on both subspecies vitis-idaea and minus from throughout the 

circumpolar north (Lovell 1948, Haslerud 1974, Hall and Shay 1981, Jacquemart 

1993 & 1997, Froborg 1996, Hjalmarsson 1997). The fact that the greatest pollen 

loads were found most often on Bombus species indicates their importance in wild 

stand fruit development and has implications for management of bumblebee 

populations or introduction of bumblebee hives for improved fruit set.

6.6 Conclusion

Video and insect capture indicated the primary visitors and pollinators for 

lingonberries. The primary potential pollinators captured were Apis mellifera, 

Bombus terrestris, B. sylvicola, B. flavifrons flavifrons, Andrena sp. and Dial ictus? 

(Halictidae) all carrying at least 1,000 lingonberry pollen tetrads. The flies 

(Syrphidae) and wasps (Vespidae) may be occasional potential pollinators, but did not 

carry large amounts of pollen, and so may not be very efficient pollinators.
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Table 11. Captured insects and Vaccinium vitis-idaea subsp. minus pollen tetrad 
count.

Location Date Insect

Pollen
tetrad

count/cm
A2

Eielson 6/15/01 Cimbicidae, Hymenoptera (Symphyta) 0
Vespidae, Dolichovespula arenaria (Fab.) 18
Apidae, Bombus flavifrons flavifrons

6/16/01 Cresson >1,000
Apidae, Apis mellifera Linn. 217
Apidae, Apis mellifera Linn. 4
Apidae, Apis mellifera Linn. >2,000
Andrenidae, Andrena sp. >2,000
Halictidae, Dialictus? 137
Syrphidae 7

6/18/01 Apidae, Psithyrus sp. 4
Andrenidae, Andrena sp. 798
Halictidae, Dialictus? 1034

0.8 km Gilmore Trail 6/18/01 Apidae, Bombus terrestris (L.) >3,000
Syrphidae 64

6/20/01 Apidae, Bombus frigidus Smith 1
Apidae, Bombus sandersoni Franklin 775
Apidae, Bombus flavifrons flavifrons
Cresson 285
Lepidoptera, Geometridae 0

4.8 km Glimore Trail 6/20/01 Apidae, Bombus terrestris (L.) 1606
7/2/01 Lepidoptera, Geometridae 0

Apidae, Bombus flavifrons flavifrons
Cresson 2
Vespidae, Dolichovespula norvegicoides
(Sladen) 5
Andrenidae, Andrena sp. 3
Syrphidae 7
Syrphidae 40
Vespidae, Dolichovespula norvegicoides
(Sladen) 36

Murphy Dome 7/3/01 Apidae, Bombus sylvicola Kirby 1549



Table 12. Time of day for insect visitations to lingonberry flowers over 24 
______hours for Delta, Eielson, Gilmore Trail and Murphy Dome.

Time Insects Number
24:00 -  2:00 none
2:00-4:00 none
4:00 -  6:00 none
6:00 -  8:00 Vespidae, Dolichovespula sp.
8:00-10:00 Apis mellifera (L.)

Vespidae, Dolichovespula sp.
Andrena sp.
Syrphidae 2
Bombus flavifrons flavifrons
Cresson
Bombus sp.

10:00 -12:00 Halictidae, ? 4
Vespidae, Dolichovespula sp. 2
Andrena sp.
Cimbicidae Hymenoptera
Bombus flavifrons flavifrons 
Cresson 2
Apis mellifera (L.) 3
Bombus terrestris (L.) 2
Bombus sp.
Geometridae, Lepidoptera 2

12:00 -14:00 Halictidae, ? 3
Ochlerotatus sp. 2
Syrphidae 4
Psithyrus sp.
Halictidae, Diali?
Bombus tene (L.)
Andrena sp.

14:00 -  16:00 Apis mellifera (L.)
Andrena sp. 4
Halictidae, Dialictus? 2
Bombus terrestris (L.)
Vespidae, Dolichovespula sp. 2
Syrphidae 3

Bombus sylvicolaKirby



Table 12. Continued
16:00-18:00 Bombus sp.,

Geometridae, Lepidoptera,
Syrphidae

18:00-20:00 Halictidae, Dialictus?
20:00 -  22:00 none
22:00 -  24:00 none
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CONCLUSION

This study revealed some aspects of the lingonberry’s pollination biology.

The pollen germination experiment demonstrated pollen viability and predicted an 

optimal sucrose concentration of 10.5% for the most rapid and complete germination 

of lingonberry pollen. The wind experiment showed that wind was not enough to 

pollinate a lingonberry flower and that the primary pollination mechanism is most 

likely insects (entomogamy). The results of the vibration (buzz) pollination study 

revealed that no one specific pollinator was needed to pollinate lingonberry flowers, 

and since vibrating the anthers releases pollen from lingonberry flowers, vibration 

pollination may play a role in pollination of lingonberries whether vibrated by insect 

or wind. The placement of honeybee or bumblebee hives in wild stands of 

lingonberries to increase yields was inconclusive due to inconsistencies in plot 

continuity and light levels along the transects. However, the honeybees and 

bumblebees were observed foraging on the flowers. The insect capture and video 

study indicated the primary visitors and possible pollinators for lingonberries. The 

primary pollinators were all from the bee family (Apidae).

I suggest it may be beneficial for lingonberry cultivators and wild stand 

managers to place bumblebee hives or honeybee hives out in their plots. The hive 

placement experiment did not conclude that hive placements produced higher yields, 

however the honeybees and bumblebees were observed foraging on the flowers. 

Either honeybees or bumblebees would be good, but I suggest bumblebee hives 

because bumblebees are larger and are more conducive to the milder temperatures of 

Alaskan summers.

Some researchers state that the primary mode of pollination in the northern 

tundra ecosystems is anemogamy (wind pollination). Based on this research, 

lingonberries grow virtually all over the state of Alaska, including the tundra habitats 

and have been found to be insect pollinated. There are many native bumblebee 

species in Alaska that could pollinate lingonberries, even in the northern tundra 

habitats.
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APPENDIX A. Site descriptions.

Table 13. Lingonberry site descriptions.

Site name Location
Slope

/Aspect

Elevation 
(m above 
sea level) Vegetation

Delta

266.0 km Alaska Hwy. 
at the UAF Agriculture 

Project.

<1%
draining
towards
theN 365.7 m

White spruce forest carpeted with 
a thick moss mat. Vegetation 
includes: Picea glauca, Betula 
papyrifera, Populus balsamifera, 
Empetrum nigrum, Ledum 
decumbens, Ribes triste, Rosa 
acicularis, and Viburnum edule.

Eielson

4.0 km Eielson Farm 
Rd. in a windbreak 

area between cleared 
agriculture fields

<1% 
draining 
towards 
the N 160.0 m

White spruce forest carpeted with 
a thick moss mat. Vegetation 
includes: Picea glauca, Betula 
papyrifera, Populus balsamifera, 
Empetrum nigrum, Ledum 
decumbens, Ribes triste, Rosa 
acicularis, and Viburnum edule.

0.8 Gilmore 
Trail 0.8 km Gilmore Trail

24% 
sloping SE 365.7 m

Lingonberries located in a stand of 
paper birch trees with other 
vegetation including: Ledum 
groenlandicum, Ribes triste,
Rosa acicularis, and others.

4.8 Gilmore 
Trial 4.8 km Gilmore Trail

17%
draining
towards

NW 497.7 m

Lingonberries located in a mixed 
white and black spruce stand with 
a thick moss mat. The other 
vegetation is similar to that found 
in Eielson.

Murphy
Dome

Murphy Dome north of 
Fairbanks

12% 
draining 

towards N 868.7 m

Low mat plants, herbaceous and 
shrubby interspersed between 
bare rocks. Mat forming herbs 
consist of Silene acaulis, 
Oxytropis nigrescens, Minuartia 
arctica. Shrubs consist of 
Arcostaphylos alpina, Betula 
glandulosa, Empetrum nigrum, 
Ledum decumbens, Salix arctica, 
and Vaccinium caespitosum.
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APPENDIX B. POLLEN LOG

Figure 16. Log of pollen collected from flowers blooming at the same time as 
lingonberries.

Cerastrium arvense

Fragaria virginiana
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Ledum palustris

Lupinus arcticus

Mertensia paniculata



Moehringia lakriflora

Polemonium pulcherimum



Pyrola gran

Rosa acicularis

Rubus arcticus



Trientalis europea
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APPENDIX C. Indentified pollen loads of captured insects visiting ligonberry 
flowers.

Table 14. Captured insects and their identified pollen loads.

Location Date Insect Flower

Pollen 
count per 

cmA2

Eielson 6/15/01 Apis mellifera Linn. Rubus arcticus L. 10

Vespidae, Dolichovespula 
arenaria (Fab.)

Vaccinium vitis - 
idaea subsp. minus 
L. 18
Rubus arcticus L. 11
Fragaria virginiana 
Duchesne 3
Cerastrium arvense 
L. 29
Potentilla sp. 16
Lupin us arcticus S. 
Wats. 6
Moehringia lateriflora 
<L) 4
Trientalis europea L. 3

Cimbicidae Hymenoptera 
(Symphyta) none

6/16/01
Bombus flavifrons flavifrons 
Cresson

Mertensia paniculata 
(Ait.) G. Don >2,000
Rubus arcticus L. >1,000
Vaccinium vitis - 
idaea subsp. minus 
L. >1,000

Rosa acicularis Lindl. >1,000

Apis mellifera Linn.

Vaccinium vitis - 
idaea subsp. minus 
L. 217

Rosa acicularis Lindl. 41
Lupinus arcticus S. 
Wats. 1

Apis mellifera Linn. Rosa acicularis Lindl. 3
Vaccinium vitis - 
idaea subsp. minus 
L. 4

Apis mellifera Linn.

Vaccinium vitis - 
idaea subsp. minus 
L. >2,000
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Table 14. Continued

6/18/01

Rosa acicularis Lindl. 14
Lupin us arcticus S.
Wats. 1

Andrena sp., Andrenidae

Vaccinium vitis - 
idaea subsp. minus 
L. >2,000

Rosa acicularis Lindl. 3
Potentilla sp. 1

Halictidae, Diali? Rosa acicularis Lindl. 228
Vaccinium vitis - 
idaea subsp. minus 
L.
Cerastrium arvense 
L.

137

20

Syrphidae

Vaccinium vitis - 
idaea subsp. minus 
L.
Cerastrium arvense 
L.

7

1
Psithyrus sp., Apidae Rubus arcticus L. 

Vaccinium vitis - 
idaea subsp. minus 
L.

2

4

Andrena sp., Andrenidae

Vaccinium vitis - 
idaea subsp. minus 
L.
Cerastrium arvense 
L.

798

5

Halictidae, Dial?

Vaccinium vitis - 
idaea subsp. minus 
L.
Lupinus arcticus S. 
Wats.

1034

10

Halictidae, Dia?

Vaccinium vitis - 
idaea subsp. minus 
L.
Cerastrium arvense 
L.
Moehringia lateriflora 
(L.)

2015

35

13
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Table 14. Continued

0.8 km Gilmore 
Trail

4.8 km Gilmore 
Trail

Vaccinium vitis -
idaea subsp. minus

6/18/01 Bombus terrestris (L.) L. >3,000
Vespidae, Dolicho
arenaria (Fab.) none

Vaccinium vitis -
idaea subsp. minus

Syrphidae L. 64
Vaccinium vitis -
idaea subsp. minus

6/20/01 Bombus frigidus Smith L. 1
Geometridae, Lepidoptera none

Vaccinium vitis -
idaea subsp. minus

Bombus sandersoni Franklin L. 775
Lupinus arcti S. 
Wats. 17
Mertensia paniculata 
(Ait.) G. Don 45
Vaccinium vitis -

Bombus flavifrons flavifrons idaea subsp. minus
Cresson L. 285

Vaccinium vitis -
idaea subsp. minus

6/20/01 Bombus terrestris (L.) L. 1606
Vaccinium vitis -
idaea subsp. minus

7/2/01 Andrena sp., Andrenidae L. 340
Rubus arcticus L. 1251
Potentilla sp. 41
Vaccinium vitis -
idaea subsp. minus

Syrphidae L. 9
Vaccinium vitis -
idaea subsp. minus

Bombus terrestris (L.) L. 159
Polemonium
pulcherimum Hook. 1110
Vaccinium vitis -
idaea subsp. minus

Syrphidae L. 86
Polemonium
pulcherimum Hook. 52
Vaccinium vitis -
idaea subsp. minus

Bombus terrestris (L.) L. 12
Potentilla sp. 1
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Table 14. Continued
Geometridae, Lepidoptera none
Bombus flavifrons flavifrons 
Cresson Trientalis europeaL. 92

Vaccinium vitis - 
idaea subsp. minus 
L. 2

Vespidae, Dolichovespula
Vaccinium vitis - 
idaea subsp. minus

norvegicoides (Sladen) L. 5
Potentilla sp. 1

Andrena sp., Andrenidae

Vaccinium vitis - 
idaea subsp. minus 
L. 3

Syrphidae

Vaccinium vitis - 
idaea subsp. minus 
L. 7

Syrphidae

Vaccinium vitis - 
idaea subsp. minus 
L. 40

Syrphidae
Polemonium 
pulcherimum Hook. 6

Syrphidae

Vaccinium vitis -  
idaea subsp. minus 
L. 32
Moehringia lateriflora 
(L.) 4
Cerastrium arvense 
L. 2

Syrphidae none

Vespidae, Dolichovespula
Vaccinium vitis - 
idaea subsp. minus

norvegicoides (Sladen) L. 36
Trientalis europea L. 9

Syrphidae none
Vaccinium vitis - 
idaea subsp. minus

Murphy Dome 7/3/01 Bombus sylvicola Kirby L__________________ 1549


