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Introduction

T

his article is the second of two to dis-

cuss trends in honey and pollination

markets in the United States. The first

focused on honey, discussing historical data

on colony numbers, honey yields, aggregate

honey production, imports and prices. The

present article focuses on pollination mar-

kets: their defining characteristics, fees re-

ceived by beekeepers, the size of the colony

rental market in the United States, pollina-

tion income relative to honey income for the

past two decades, and the growing impor-

tance to the managed beekeeping industry

of California almond pollination in the

spring. We also discuss the economic im-

pacts of the latest “disease” to affect bee-

keepers—Colony Collapse Disorder—as

well as pollination market conditions for the

2009 almond crop. 

The sources for much of the information

presented here are annual Oregon State Uni-

versity (OSU) surveys of beekeepers in the

Pacific Northwest (PNW) and an annual

survey of beekeepers conducted by the Cal-

ifornia State Beekeepers Association. The

OSU survey has been conducted since 1987

by one of the authors {MB}, and the results

of each of those surveys have been summa-

rized in annual publications in Honey Mar-

ket News. In the past five years, Burgett’s

survey has received responses from bee-

keepers who own (on average) 52 percent of

the managed honey bee colonies in Oregon

and Washington (based on annual estimates

of colony numbers by the USDA). The Cal-

ifornia survey, which was modeled to some

extent after the PNW survey, dates back to

1995. 

Defining Features of Pollination Markets

Markets for pollination are unique in sev-

eral respects. The flowering period for pol-

lination is limited for most crops, and in

some cases, colonies must be removed from

the fields shortly after pollination to allow

for the treatment of the crop with pesticides

toxic to bees. Moreover, crops in different

parts of the country require pollination at

different times, with the brief pollination

windows typically being later for crops

grown at higher latitudes and altitudes.

These features of crop pollination have en-

couraged the development of a migratory

managed pollinator industry. Those who

choose the livelihood of a mobile pollinator

face considerable logistical management

challenges. Nonetheless, a robust migratory

pollinator industry has evolved, aided by the

interstate highway system and an efficient

trucking industry, and spurred on by the sig-

nificant economic incentives of pollination

fees. 

An important feature of the industry is the

considerable economies of scale available to

mobile pollinators, who can use the same

bees to pollinate several crops over the

course of a crop year. Semi-commercial bee-

keepers (defined here to be less than 300

colonies) typically concentrate on honey
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production, primarily because their scale

of operations is not large enough to eco-

nomically move colonies long distances.

5

Consistent with this, the PNW surveys

reveal that commercial beekeepers rely on

pollination to a much greater extent than

do semi-commercial beekeepers. Over the

1989-2008 span, commercial beekeepers

received on average 63 percent of their in-

come from pollination, while semi-

commercial beekeepers received on aver-

age 32 percent of their income from polli-

nation. Further, whereas there is no

significant trend in the percentage of in-

come from pollination for commercial

beekeepers, there is a significant down-

ward trend in this percentage for semi-

commercial beekeepers. The data also

indicate that since 1994, the semi-commer-

cial beekeepers have earned on average

more income from honey than from polli-

nation in every year. Commercial beekeep-

ers, on the other hand, have reported a

larger percentage of their income coming

from pollination than from honey in every

year since 1989.

Supply Factors

A basic determinant of the supply of pol-

lination services is the number of managed

honey bee colonies. In our previous article

(Daberkow et al. 2009), we presented U.S.

Department of Agriculture data indicating

that the number of colonies has declined

over time. A change in the survey method-

ology used by the USDA in the mid-1980s

makes it difficult to draw conclusions re-

garding the actual extent of the long-run de-

cline in colony numbers. Since the mid-80s

change, however, the inventory of colonies

has fallen by roughly 25 percent. 

Holding other factors constant, a reduc-

tion in colony numbers will lead to a reduc-

tion in pollination services. But the quantity

of pollination services from a given number

of colonies is not fixed. Beekeepers make

tradeoffs between the quantities of honey

they produce and pollination services they

provide. Pollination arrangements often call

for placement densities that are too high to

yield commercial quantities of honey (and

typically require supplemental feeding of

the bees). Further, movement of colonies

from orchard to orchard and field to field

places stress on the bees and reduces their

honey productivity. Thus, a reduction in

honey prices, or an increase in pollination

fees, can induce beekeepers to shift their

emphasis from honey to pollination, result-

ing in an increase in pollination services

supplied—and a reduction in the quantity of

honey produced.

Another factor affecting the quantity of

pollination services from a given quantity of

colonies is the number of pollination sets for

which each colony is used. The number of

pollination sets increases with the willing-

ness of beekeepers to move their colonies

from their home bases to distant orchards

and fields. The migratory aspect of beekeep-

ing has been well-documented. The national

migratory calendar begins with movement

of colonies into California during December

and January in anticipation of almond polli-

nation during February and March. For at

least the last 15 years, a considerable num-

ber of beekeepers have migrated to Califor-

nia from the Pacific Northwest to pollinate

almonds. More recently, in response to dra-

matic increases in almond acreage and al-

mond pollination fees, more beekeepers

have migrated to California, some from as

far away as the East Coast.

After the almond crop is pollinated, some

colonies (primarily those that are California-

based) then pollinate other crops in Califor-

nia. Colonies whose home base is in the

Pacific Northwest migrate back north and

pollinate such crops as apples, pears, cher-

ries, cranberries, and blueberries. Other

colonies are moved to the Northern Plains

and Lake States primarily for honey produc-

tion in the nectar-rich fields of alfalfa,

clover, and sunflowers. 

On the eastern side of the continent, an-

other important migration occurs starting in

the Southeastern states, then moving north-

ward along the East Coast for apple, cran-

berry and blueberry pollination. In the fall,

5

Semi-commercial and commercial is the
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Willett (1994) discuss issues related to

economies of scale and mobile pollination

operations.
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a reverse migration flow occurs as beekeep-

ers move colonies into milder climates for

over-wintering.

Quantitative insights into migratory pol-

lination are provided in Table 1. In Califor-

nia, the average number of pollination

rentals per hive for the years 1996-2007 is

1.62 and there is no evidence of a significant

trend in this variable. It appears from the

available data (discussed in more detail

below) that almost all California commer-

cial beekeepers pollinate almonds. Follow-

ing that, on average between one-half and

two-thirds of colonies are used to pollinate

one more crops. In the Pacific Northwest,

the average number of rentals per hive for

the years 1992-2008 is larger, at 2.42 polli-

nation sets per colony–about 50 percent

higher than in California. 

These numbers mask, to some extent, the

complexity of beekeeper migration. Avail-

able data from the PNW surveys suggest

that on average, over the time span of the

data, an individual beekeeper contracted to

pollinate 5.5 different crops per year. More-

over, they contracted to pollinate crops in an

average of 6.8 counties per year. Thus, while

a typical colony in the PNW pollinates al-

monds and then is used to pollinate another

1.4 crops, a typical PNW beekeeper con-

tracts with almond growers in one or more

counties in California and then with produc-

ers of four or five more crops distributed

across several counties in Washington and

Oregon. 

Another important pollination supply fac-

tor is the rate of winter mortality. All else

equal, an increase in winter mortality leads

to a reduction in the supply for pollination.

From the mid-1980s until recently, the “nor-

mal” winter mortality rate increased as a re-

sult of the North American arrival of two

devastating species of honey bee mite para-

sites (Acarapis woodi and Varroa destruc-
tor). Recent research suggests that since the

winter of 2006/07 mortality has increased

again, as a result of Colony Collapse Disor-

der. (See Burgett et al. 2009, for a historical

perspective on these mortality increases.)

Beekeepers can and do, however, regularly

replace lost overwintered colonies. The pre-

dominant method, at least in the PNW, is to

split existing colonies. Purchasing package

bees to re-populate dead colonies is a less

frequently used alternative.

6

Furthermore,

with the exception of a period during the late

1980s, a limited supply of queens and pack-

aged bees have been imported from Canada

for a number of years and since 2004, New

Zealand and Australia also have been per-

mitted to export bees to the United States.

These methods increase the supply of polli-

nation services—but at a cost—which one

might expect to be reflected in the prices for

pollination services. 

Demand Factors

Pollination is an important input in the

production of numerous economically sig-

nificant crops. Table 2 lists crops that are

major demanders of pollination services, as

well as the major producing states for the

crops. It also lists recommended colony den-

sities, and for both 2000 and 2007, polli-

nated crop values and acreages, as well as

estimates of the number of colony rentals.

The values of production for the pollinated

crops in Table 2 have had the effects of gen-

eral inflation netted out and are expressed in

terms of 2008 dollars. For 2007, the total

value of the crops was nearly $9 billion,

which represents an increase of 34 percent

in inflation-adjusted terms over 2000. Other

specialty crops, less dependent on insect

pollination and not included in the table,

would add to the crop values. With only a

few exceptions, such as alfalfa seed and sun-

flower seed, the crops listed in Table 2 are

not considered good nectar sources. Moving

colonies multiple times during the year

among a number of nectar-limited sites does

rarely yield sufficient honey for sales or

even over-wintering.

Although the total acreage of the polli-

nated crops in Table 2 has not changed

much since 2000, almond acreage has in-

creased substantially and almonds are

clearly the dominant crop influencing de-

mand for pollination services—certainly for

California and PNW beekeepers, but na-

tionally as well. Of the roughly 4 million

rentals reported in the table for 2007, al-

monds account for 38 percent of the total,

with apples a distant second at about 14 per-

cent. Although the total estimated number

of colony rentals has changed little, the im-

portance of almonds in pollination rental

markets has increased since 2000, when

they accounted for about 32 percent of total

rentals. 

Forecasts of almond acreage by the Al-

mond Board of California suggest nearly a

doubling of acreage from around 400,000

acres in the late 1990s to almost 850,000

acres by 2012 (Sumner and Boriss, 2006,

Table 2). Assuming a hive density for pol-

lination of 2.5 per acre, almond colony

rentals would need to increase to over 2

million colonies to pollinate that number of

acres. Based on the 2008 colony estimate

for the United States of 2.30 million and al-

mond acreage of 660,000, almond pollina-

tion required about 72 percent of all U.S.

colonies during the 2008 almond pollina-

tion season. If colony numbers remain con-

stant and the almond acreage projections

are realized, by 2012 almonds will require

over 90 percent of all U.S. colonies during

the early spring pollination season.

7

Pollination Fees

Average pollination fees from the annual

surveys of California and Pacific Northwest

beekeepers are shown in Tables 3 and 4. The

fees in the tables, deflated to correct for in-

flation, are expressed in terms of 2008 dol-

lars. Looking first at almonds, it can be seen

that fees increased gradually through 2004.

After that, almond pollination fees reported

by both California and Pacific Northwest

beekeepers increased rapidly—more than

doubling in real terms. It is noteworthy that

CCD was first reported in the Fall of 2006,

but that fees for almonds increased sharply

in the spring of 2006, prior to the initial re-

6

See Burgett et al., 2009 and van Engelsdorp

et al., 2007 for additional discussion of these

replacement methods.

7

In figure 1 of our previous article on honey

markets we presented data indicating that

colony numbers have actually fallen over

time. See Daberkow, Rucker, Thurman, and

Burgett (2009).
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ports. Figure 1 displays almond acreage and

prices. The rapid increase in almond polli-

nation fees is likely due in part to increased

almond acreage, which likely resulted from

substantially increased almond prices (the

average real price of almonds for 2003–

2006 was almost double the price for 1999–

2002.) 

Tables 3 and 4 also reveal that pollination

fees for most pollination-dependent crops in

California and in the Pacific Northwest have

not risen nearly as sharply in recent years as

have almond fees. Exceptions to this are

plums and early cherries in California, both

of which require pollination at about the

same time as almonds, implying that pro-

ducers must compete directly with almond

producers for colonies.

8

Table 3 shows the

considerable increases in pollination fees for

plums and early cherries from 2004 to 2007,

roughly in line with pollination fees for al-

monds.

To what extent has the increased demand

for pollination from almond producers af-

fected pollination fees for other crops? An

examination of Tables 3 and 4 reveals that

although pollination fees for most other

(later season) crops increased following

2004, none of them increased as dramati-

cally as almond fees. Moreover, whereas al-

mond fees remain high relative to pre-2005

levels, no comprehensive statement can be

made regarding the level of other pollination

fees relative to their pre-2005 levels—some

are higher, some are lower, and some are

about the same. Explaining the changes in

all pollination fees in Tables 3 and 4 is be-

yond the scope of this article. It is notewor-

thy, however, that the annual year-to-year

variation in pollination fees can be consid-

erable. But the fact that the number of bee-

keepers sampled for some crops is relatively

small suggests that a portion of the observed

variation may simply be due to which bee-

keepers happen to respond to the survey in

8

Sumner and Boriss (2006) also make this

point.
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a particular year. 

Perhaps the most puzzling change seen in

Tables 3 and 4 is the precipitous decline in the

2008 fees for plums and early cherries. If the

decline in almond fees in 2008 is partly the

result of a positive supply response on the part

of both local and distant beekeepers, then

competitive market forces should also result

in a decline in plum and early cherry fees.

Why these fees fell so much more dramati-

cally than almond fees, however, remains

unanswered. 

Our data on pollination fees are from Cali-

fornia and Pacific Northwest beekeepers. The

vast majority of these beekeepers have been

pollinating almonds for many years. We spec-

ulate that the primary change facing these

beekeepers in recent years is that they are now

receiving higher fees for almonds, and that

their pollination schedules have not been

much affected otherwise. Insofar as CCD is a

serious continuing problem, there may, of

course, be increased costs of operating, but the

increased pollination fees for almonds likely

have offset all or part of these increased costs.

It seems likely that much of the increase in

the quantity of pollination services being pro-

vided to California almond producers is due

to beekeepers coming from more distant

home bases. Although it is possible that this

change has resulted in important changes in

pollination fees for later crops in those areas,

without data on those pollination fees we can

only speculate on this issue. 

The Growing Role of Almond Pollination

Information from the California and

PNW pollination surveys documents the ex-

panding role of almonds in the activities of

U.S. beekeepers. The second and third

columns of Table 5 display the proportions

of pollination income for PNW and Califor-

nia beekeepers that are derived from almond

rentals. For both groups, this proportion has

trended upward at a statistically significant

rate. In the PNW, income from almond pol-

lination has increased from about one-third

to about two-thirds of total pollination in-

come since 1993. For California, almond

pollination income has comprised 90 per-

cent or more of total pollination income in

recent years. 

The next column in Table 5 indicates that

all PNW commercial beekeepers who re-

sponded to the OSU survey have pollinated

almonds in all but one year since 2003. The

last two columns show the annual number

of hives rented for almond pollination as

proportions of all hive rentals for the PNW

and for California. In California, on average

about two-thirds of all pollination rentals

have been for almonds and this fraction has

increased (at a statistically significant rate)

over time. In Washington and Oregon, about

one-third of hive rentals are for almonds,

and this fraction has been relatively constant

over the time span of the data.

Recent Events: Market Evidence of

CCD?

Since the fall of 2006, Colony Collapse

Disorder (CCD), has received extensive

media coverage. Current research indicates

that it has affected beekeepers throughout

the country and that mortality rates in the

winters of 2006/07 and 2007/08 were likely

between 30 and 35 percent. We discuss

above how beekeepers are able to respond

to winter losses by replacing lost colonies,

primarily through splitting healthy ones and,

to a lesser extent, rebuilding lost colonies

with purchased packages of bees. That bee-

keepers have done this is supported by the

fact that the average USDA-estimated num-

ber of U.S. colonies in 2007 and 2008 is

only about 4 percent lower than in 2004 and

2005, despite the overwinter loss of over 30

percent of colonies.

But is there any evidence from market

data that CCD is affecting prices paid by

consumers, farmers, or beekeepers? Perhaps

most directly, one might look at pollination

fees. If CCD has caused a decrease in the

supply of pollination services, then we

should be seeing increases in pollination

fees. We point out above that while there

have been dramatic increases in pollination

fees in the past several seasons, they appear

to have been restricted to almond pollination

fees and crops that are pollinated contempo-

raneously with almonds. Further, the al-

mond fee increases began at least one year

before any evidence of abnormal winter

losses. Both of these facts argue against at-

tributing recent pollination fees to CCD.

A second place to look for an economic

CCD impact is the prices that beekeepers

pay for colony-replacing inputs. While the

dominant method by which beekeepers aug-

ment their colony numbers is by splitting

healthy colonies, an alternative is to buy a
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package of bees (typically weighing three

pounds and containing about 12,000 worker

bees and a queen) and place them in an

empty hive unit. It generally takes 60 to 90

days for hives restarted with this method to

reach full strength. The estimated cost of re-

placing lost colonies through splits is about

$19 per hive, considerably less than the $52

estimated cost of replacement with pack-

aged bees and queens (see Burgett, et al.,

2009). But is there evidence from the pack-

age and queen segment of the beekeeping

industry that such costs have risen due to

CCD?

Suppose that CCD is having important

impacts on Apis pollinators. Suppose fur-

ther that there are economic constraints on

the ability of suppliers of packaged and

queen bees to expand their operations to

meet the CCD-induced increased demand.

In this case, one would expect to see sub-

stantial increases in the prices for queens

and possibly packaged bees.

9

Figure 2 shows real prices for these prod-

ucts since the 1960s, obtained from adver-

tisements in the American Bee Journal. The

prices shown are the real prices (in 2008

dollars) per three pound package (or per

queen) for an order of 50 packages (or

queens). Note first, that there has not been

a strong upward trend in the real prices of

packaged and queen bees—the trend rate of

increase for three pound packages of bees

is $0.12 per year and for queens is slightly

greater than $0.01 per year. Note second,

that package and queen prices increased

substantially in 2006, prior to the appear-

ance of CCD. Although prices were again

up substantially in 2007, they were down

considerably in 2008, back roughly to their

levels in 2005. This pattern is inconsistent

with what would be expected if CCD were

having substantial impacts. More formal

statistical analysis of these prices suggests

that although increases in almond acreages

have had significant impacts on queen and

package prices, there is no support for the

hypothesis that there has been either a sta-

tistically or economically significant in-

crease in prices that could be attributed to

the appearance of CCD.

Finally, and most recently, reports from

California’s almond orchards in the spring

of 2009 are noteworthy. In response to a re-

cent 30 percent drop in almond prices, com-

bined with drought-induced water

shortages, orchard owners reportedly cut

their costs, including those associated with

pollination (The Economist, March 7,

2009). Reports indicate that there was a glut

of bees in spring 2009, that some almond

growers reduced their honey bee stocking

densities, and that beekeepers who went to

the orchards without advance contracts re-

ceived considerably lower pollination fees

than they had in the previous two years.

While not definitive by themselves, these

facts are inconsistent with there being dras-

tic economic effects from CCD. 

Conclusion

In this article we have presented and dis-

cussed economic trends in honey bee polli-

nation, using data drawn from two decades

of surveys of PNW beekeepers and 13 years

of CA surveys. These data suggest the fol-

lowing:

• Commercial beekeepers in the PNW

make roughly 60 percent of their income

from providing pollination services,

whereas semi-commercial beekeepers

make about 60 percent of their income

from selling honey. Although the per-

centage of income from pollination has

not changed significantly for commercial

beekeepers, it has decreased in recent

years for semi-commercial beekeepers.

• PNW beekeepers make about 50 percent

more pollination sets (per colony) than

California beekeepers. On average, Cal-

ifornia beekeepers pollinate almonds and

then use one-half to two-thirds of their

colonies to pollinate one additional crop.

PNW beekeepers, on the other hand, con-

tract to pollinate almonds and then on av-

erage, use each of their colonies to

pollinate another 1.4 crops. Moreover,

each PNW beekeeper pollinates more

than five crops per year in about seven

different counties. 

• Whereas the acreage of crops pollinated

and the number of colonies rented in the

United States changed little between

2000 and 2007, the aggregate value of

the crops pollinated increased by about

one-third. The relative importance of al-

mond pollination has increased consider-

ably.

• Over the time span of our data, real pol-

lination fees have increased for most

crops in California and the PNW. The

rates of increase have, however, been rel-

atively low, with the notable exception of

almond fees, which increased dramati-

cally in 2005 and 2006, more than dou-

bling in just two years. 

• In recent years, 90 percent or more of the

pollination income of California bee-

keepers was from almond pollination. Al-

though the proportion of PNW

beekeepers’ pollination income from al-

monds has increased over the past 15

years, they still receive a third or more of

their income from pollinating other

crops. Virtually all commercial PNW

beekeepers have pollinated almonds in

recent years.

• A multitude of factors drive pollination

fees: the costs of beekeeping (which are

influenced by honey bee disease); de-

mands for pollinated crops; and honey

sales income opportunities for beekeep-

ers chief among them.

10

Looking at re-

cent data, it is difficult to construct an

explanation for recently high pollination

fees that involves increased mortality due

to CCD.
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