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Abstract

This paper reports the first systematic and independent socio-economic study of the commercial biological control industry in North
America, drawing from 62 interviews with industry leaders, research scientists, retail distributors, and customers, conducted 2004–06.
The 22 North American insectaries produce 38 natural enemy species. Commercial natural enemies constitute less than 10% of the bio-
logically based pest control market, with an estimated gross annual value of $25–30 million at the wholesale level. No new insectaries
have been successfully established since 1996, several insectaries have declared bankruptcy, and few new arthropod species have been
brought into production. Producers report that the market for commercial natural enemies generally appears to be static, with declining
demand for some species. Prices for at least six species have declined since 1994, and several insectaries report having to abandon pro-
duction lines due to economic losses. Industry leaders report serious difficulties in obtaining capital for investment, recruiting researchers
who will address applied scientific questions in augmentative biological control, and moving commercial natural enemies across U.S.
borders. Realizing the potential of augmentative biological control as a pest management strategy in North America will require new
initiatives to address these challenges.
� 2007 Elsevier Inc. All rights reserved.
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1. Introduction

Augmentative biological control has been advanced by
scientists as an alternative to agrochemical pesticides for
many years (Justum, 1988; Obrycki et al., 1997; Ridgway
and Inscoe, 1998; Ridgway et al., 1977; van Lenteren,
2000b). The cancellation of pesticide registrations, the
emergence of new ‘‘narrow spectrum” pesticides, rising
threat of pesticide resistance, public distaste for pesticides,
and expansion of organic agriculture have been proposed
as factors favoring augmentative biological control (Ridg-
way and Inscoe, 1998), especially in annual cropping sys-
tems (Obrycki et al., 1997). Many authors (Cranshaw
et al., 1996; Obrycki et al., 1997; Parella et al., 1992; van

Lenteren, 2003) have asserted that the practice of augmen-
tative biological control is expanding. Several have pointed
to the rising number of available species and commercial
suppliers of beneficial organisms based on reports (Hunter,
1993, 1997). Yet others argue (Collier and Van Steenwyk,
2004) that augmentative biological control has not, in gen-
eral, fulfilled its potential—long advanced by biocontrol
scientists—in American production agriculture. Why is
this?

Augmentative biological control is inextricably depen-
dent upon the commercial natural enemy industry, and
the cost, availability and quality of natural enemies it pro-
duces. Indeed, the strengths and weaknesses of the com-
mercial natural enemy industry strongly influence the
viability of augmentative biological control as a pest man-
agement strategy. Collier and Van Steenwyk (2004) con-
ducted a critical review of published literature on the
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economic performance of commercial natural enemies in
outdoor crops and the agroecological factors limiting their
efficacy. They concluded that augmentative releases were
usually less effective than conventional pesticides, and that
if most of the releases in these studies were practiced at a
commercial scale, the purchased natural enemies would
often cost more than production costs plus pesticide costs.
Their study only analyzed published field scale experi-
ments, and did not attempt to explain the structure of
the biological control industry, nor when and why growers
have found commercial natural enemies to be economically
advantageous when they do (van Lenteren, 2006). Yet suc-
cessful augmentative biological control requires coordinat-
ing scientific, technical, agricultural, economic and social
factors, and studies that do not adequately incorporate
social and economic considerations are necessarily
incomplete.

In this paper, we report from the first systematic and
independent socio-economic study of the commercial natu-
ral enemy industry in North America (for the purposes of
this study, we define North America to be the U.S. and
Canada). It addresses the gap in the scientific literature
by deploying critical social science methodologies to under-
stand the factors shaping the behavior of the individuals
and institutions engaged in commercial natural enemy pro-
duction and release. Our findings illustrate the challenges
and opportunities facing the commercial natural enemy
industry, and implications for augmentative biological con-
trol here. The fundamental research questions we address
are:

1. How large is the commercial natural enemy insectary
industry in North America, and what is its economic
structure?

2. What have been the trends 1996–2006 in natural enemy
production and availability?

3. From the perspective of commercial producers of natu-
ral enemies, what issues must be addressed to realize
more of the potential of augmentative biological
control?

After a description of the social science methods used in
our study, this paper describes the economic context of the
North American commercial natural enemy production
and estimates the size of the industry. It then analyzes
the availability, production, pricing and international
movement of natural enemies. This paper concludes with
an analysis of challenges that must be addressed for aug-
mentative biological control to progress toward its
potential.

2. Social science methods

This study integrates qualitative data on the social rela-
tions and attitudes of participants in the North American
commercial natural enemy industry with quantitative data
on the economic status of this industry and its products. It

draws from a technical report investigating the potential of
biological control strategies as alternative to agricultural
pesticides for the California Department of Food and Agri-
culture (Warner et al., 2007).

For the purpose of this study, we define the commercial
natural enemy industry to be firms that rear macro-inverte-
brate natural enemies. We included in this insect, mite, and
nematode natural enemy products used to control arthro-
pod pests. Microbial pesticides (fungi, viruses and bacteria
such as Bt), entomophagous fish and predatory snails are
explicitly excluded from our analysis. Bees reared for polli-
nation in greenhouses are important for a few commercial
insectaries. We could not separate the economic contribu-
tion of bee production to this industry, but we do not
explicitly discuss its role in this report.

We conducted 62 interviews in three phases. Initial, in-
depth open-ended interviews were conducted 2004–05 with
10 prominent commercial natural enemy insectary owners
and managers (as identified by multiple peers), and three
scientific researchers in the field of augmentative biocon-
trol. For the purpose of this paper, we define ‘‘industry
leaders” to be commercial natural enemy insectary owners
or managers who have taken an active role in speaking on
behalf of the biological control industry as a whole,
whether independently or through the ANBP. The com-
mercial natural enemy insectary owners and managers
interviewed in this phase were all based in California,
and the researchers work in California, Arizona and Texas.
Questions addressed the background of individual insec-
tary enterprises, the context of the overall industry, and
the current status of the industry’s scientific research and
public policy needs. These interviews (conducted by tele-
phone or in person) were recorded, transcribed, and ana-
lyzed. This provided the historical background, social
context, and diverse perspectives on the economics of the
industry.

The second phase of interviews took place 2005–06: with
five additional insectary managers (by telephone), nine
retail distributors (by telephone), and 12 growers or agri-
cultural consultants (henceforth: customers) regarding
their experience with commercial natural enemies. These
later interviews were conducted in person in California.

During the third phase (2006) we interviewed every
active commercial producer of natural enemies in the
U.S. and Canada. We identified the commercial producer
members of the Association for Natural Biocontrol Pro-
ducers rearing commercial natural enemies in North Amer-
ica in 2005 (n = 18) and conducted 17 interviews with them
(one ANBP producer only rears enemies on contract for
public agencies). During the first and second phases of
interviews we had identified five non-ANBP insectaries,
and we interviewed them as well. This resulted in an
adjusted survey population of 22. We conducted structured
telephone interviews of every commercial natural enemy
insectary in this adjusted population. Questions addressed
the origin, products, customers, economic structure and
strategy, and research and policy needs of their enterprise.
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Not all insectaries provided answers to all questions. Note
that some persons were interviewed twice. These data were
supplemented by participant observation at the ANBP
strategic planning meeting, September 30 and October 1,
2006.

3. The economic context of the commercial biocontrol

industry

Many have made predictions of continuous market
expansion for biologically-based alternatives to pesticides
(Office of Technology Assessment, 1995; Ridgway and Ins-
coe, 1998), yet these are often made with the caveat that the
future for commercial insect natural enemies is not as
bright. Ridgway and Inscoe (1998) estimated the total
worldwide marketplace for biologically-based insect con-
trol products in 1991 to be about $340 million, compared
to roughly $7 billion for chemical insecticides (all figures
in U.S. dollars). They defined biologically-based pest con-
trol products to be bacteria, viruses, fungi, fungal-derived
toxins, behavior-modifying chemicals, botanicals, and
arthropod natural enemies.

Previous studies demonstrated that the commercial nat-
ural enemy sales are but a fraction of the biologically-based
pest control market (Table 1). Most growth in biologically-
based pest management technologies has been in microbi-
als and semi-chemicals. Note that these figures are for retail
value (by distributors), not wholesale (by those who pro-
duce the natural enemies). Ridgway and Inscoe (1998) esti-
mated the U.S. market for biologically based insect control
in 1991 to be $165 million, and the U.S. pesticide market
$2.1 billion. They estimated the U.S. commercial natural
enemy market to be a fraction of this, $11 million in
1991 and $20 million in 1995. The Office of Technology
Assessment (Office of Technology Assessment, 1995) esti-
mated the worldwide market for biologically based pest
control to range from $180 to $240 million.1 The OTA
report estimated the commercial natural enemy market in

the U.S. at $8 million and $40 million worldwide. These
studies suggest that globally, the market for commercial
natural enemies ranges from 16% to 25% of the biologi-
cally-based pest management market, and in the U.S. from
5% to 8%. Note that Guillon (2004), then president of the
trade group International Biocontrol Manufacturers Asso-
ciation, estimated the 2003 North American market for
‘‘macrobials” to be $80 million. This figure appears to be
much higher than other estimates.

The majority of economic institutions in the commercial
natural enemy market are distributors: companies who buy
insects wholesale and repackage, or source them from
insectaries and have them shipped directly to customers.
The supply chains for this industry are quite complex.
Relations between producers and distributors are further
obscured by the fact that many insectaries also buy from
each other and resell to other distributors and customers.
Insect packages may be relabeled by distributors or insec-
taries who are distributing products reared by others. Com-
mercial natural enemy insectary managers and retail
distributors described this system freely in interviews, but
they acknowledged that many customers have no idea
how their purchased products are sourced.

The number of distributors has increased over the previ-
ous three decades, and this has lead some to believe that the
industry was more economically robust than it in fact is.
The California Department of Pesticide Regulation pub-
lished several lists of commercially available species and
retail distributors (Hunter, 1993; Hunter, 1997) which were
widely reproduced and available on the internet, and these
have been cited as evidence of an expanding market for
commercial natural enemies (Cranshaw et al., 1996;
O’Brien, 2000; van Lenteren, 2003). In contrast, our
research revealed that while the number of retail outlets
has expanded, the number of insectaries rearing natural
enemies has only grown from 11 to 22 over the past
30 years. Hunter (1993, 1997) surveys were conducted to
link consumers to distributors of biocontrol agents, and
are not good surrogates for the economic status of the
commercial biocontrol industry. Because we wanted to
understand the role of biocontrol agent producers (not
product distributors) in the application of augmentative
strategies, we did not replicate Hunter’s study, but rather
conduct a survey of the insectaries themselves.

Table 1
Previous estimates of the retail market for commercial natural enemies relative to other biologically-based insect control strategies, by year of publication,
in U.S. dollars

1991 (Ridgway
and Inscoe, 1998)

1995 (Ridgway
and Inscoe, 1998)

1995 (Office of
Technology
Assessment, 1995)

2003 (Guillon,
2004)

2003 (van Lenteren)

Global biologically-based pest control $340 M $180–240 M $588 M
Global commercial natural enemiesa $55 M $40 M $190 M $50 M (increasing

15–20% annually)
U.S. biologically-based pest control $165 M $95–147 M
U.S. commercial natural enemiesa $11 M $20 M $8 M
North American macrobials $80 M

a Natural enemies here are defined as arthropods and nematodes.

1 OTA defined biologically-based technologies for pest control to consist
of: all forms of biological control agents, microbial pesticides, behavior-
modifying chemicals, genetic manipulation of pest populations, and plant
immunization.
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4. The economic structure of the industry

Because all North American insectaries are privately
owned companies, they do not provide to the public eco-
nomic data on earnings. This means any estimation of
the economic size of the North American commercial nat-
ural enemy industry can only be approximated.

The plurality of North American insectaries were begun
in the years 1987–1996 (Fig. 1). None started since 1996
remain in business, and several have gone bankrupt in
the last 10 years. Of the 22 North American insectaries,
11 are located in California, eight in the other contiguous
U.S., and three in Canada. The period between the late
1980s and 1990s was marked by a modest surge of interest
in augmentative biological control plus the fruits of
research investment, and the biological control industry
expanded. The profitable period between the late 1980s
and 1990s is explained by industry leaders as being pro-
pelled in part by increasing pesticide resistance, the loss
of synthetic pesticides due to increased regulation, and
the difficulties in bringing new pesticides to market. One
respondent observed this to be driven by a lengthening in
re-entry time for some chemical pesticides and the new reg-
ulatory obstacles to using broad spectrum pesticides. Sev-
eral insectaries report making money during this period.
The majority of our interview respondents report that they
perceive the industry to currently be in a period of slack
demand for commercial natural enemies, or oversupply
of certain product lines. Several insectary owners believe
this is due, in part, to relatively more investment—and
more grower interest—in ‘‘softer” narrow-spectrum insecti-
cides. In addition, there are several small privately-owned
insectaries in California, resourced and managed for large
individual farms (Olsen, 1998); these are chiefly to serve cit-
rus and other orchard growers. Their number is unknown.

The industry leaders we interviewed proposed several
ways to approach an economic analysis of the North
American commercial biocontrol industry. One industry
leader recommended the following classification of insecta-
ries according to their annual sales: <$100,000; $100,000–
500,000; $500,000–1 million; >$1 million. This proved
infeasible because very few insectaries were willing to share

their annual sales figures, and it is thus impossible to
directly measure the economic size of the industry. We have
instead classified insectaries with a proxy: its number of
employees. One industry leader suggested that each insec-
tary employee would translate to roughly $100,000 worth
of sales annually, and several other leaders affirmed this.
The 19 insectaries responding to our question about their
workforce (of 22 queried) reported 166 employees in North
America, and we estimate that there are approximately 200
total. This would translate to roughly $20 million in annual
wholesale natural enemy sales.

A third approach was simply estimation of total sales by
those with decades of experience in the industry. One
research scientist working actively in the field of augmenta-
tive biological control suggests that the gross sales for
North American industry is about $30 million, ±$5 mil-
lion. One California insectary owner suggested that the
value of the state’s insectary industry has fluctuated from
$5 million to $10 million over the past decade, depending
on the year. Several California insectary owners concurred
that the California insectary industry is worth roughly $10
million. We therefore estimate the North American com-
mercial biological control industry has a gross, wholesale
income of $25–30 million, depending on the year. This
would constitute approximately 1% of the U.S. insecticide
market of 3.1 billion (U.S. Environmental Protection
Agency, 2001).

Note that these are for the most part very small busi-
nesses, with small numbers of employees. Only three would
have more than $1.5 million in sales. Only five of the 22
insectaries in North America produce more than three spe-
cies. Several industry leaders we interviewed proposed a
categorical distinction between commodity (large, commer-
cial, several product lines with sophisticated production
techniques) and boutique production (small, 1–2 species
with relatively simple techniques). Most of the ‘‘boutique
production” insectaries in California rear Aphytis melinus

(DeBach).
These figures do not capture the full economic value of

wholesale natural enemies in North America, however,
because many species sold here are reared on other conti-
nents. Two of the largest international producers, Koppert
and Becker Underwood, import most or all of their prod-
ucts from other continents. Their wholesale figures do
not appear in our economic description of the North
American biological control industry. For example, Kop-
pert has 450 employees worldwide and production in sev-
eral countries, and it markets in 45 different countries. In
North America, it only rears bees in Michigan and employs
25–30, but it rears about 30 species of enemies in Europe
and Israel and imports them to the U.S. Dun and Brad-
street (2006) estimate its annual gross sales in the U.S. of
$910,000, but we believe this is merely its bee production,
and represents a fraction of its U.S. sales of imported nat-
ural enemies. According to van Lenteren et al. (1997), the
European insectary industry has over 750 employees (over
three times the roughly 200 in North America). European
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Fig. 1. North American commercial insectaries in 2007, by decade of
founding (n = 22).
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production is economically concentrated: three companies
control more than 75% of the European commercial natu-
ral enemy market. These factors further complicate a pre-
cise determination of the wholesale value of commercial
natural enemies in North America.

Our respondents reported several significant shifts in
commercial production over the past 10 years. One insec-
tary owner reported that the growth of Bt crops (tomato
and cotton) has sufficiently eroded economic demand as
to trigger consolidation of production to a few insectaries.
He reported a 10–15% drop in demand, and therefore
abandoned the rearing of Trichogramma. As in most agri-
cultural production, a very small reduction in the overall
market can drive one or more insectaries out of a market.
This natural enemy was scientifically feasible but econom-
ically unjustifiable. A few larger insectaries have bought
out their smaller competitors, and some smaller insectaries
have declared bankruptcy. The overall number of produc-
ers appears to have declined over the past 10 years, and we
have identified five facilities that no longer commercially
rear insects.2 One respondent observed that half of the
insectaries in California’s Ventura County had failed eco-
nomically since 2000, largely as a result of the regional
decline of citrus production.

5. Availability and pricing of commercial natural enemies

In contrast to prior studies reporting retail availability
of up to 130 natural enemy species (see Table 2), our inter-
views with North American industry managers and owners
determined that 22 commercial insectaries produce a total
of 38 macro-invertebrate species. The 38 species reared in
North America are organized into two sub-lists (see Table
3). The left column was identified by van Lenteren (2003)
as the most commonly used agents in North America.
Two species he identified as commonly used in North
America are not currently produced in North America
(Eretmocerus californicus and Trichogramma evanescens).
Three species now reared in North America were not iden-
tified as commercially available by Hunter (1997).

Biological control of soil dwelling pests with entomo-
pathogenic nematodes was researched during the 1980s
and resulted in the commercialization of over 10 species
from two taxonomic families (Kaya, 2000). Five species
of nematodes are reared in the U.S., and the others are pro-
duced as multi-species products in Europe and imported.
Georgis and Gaugler (1998) identified six formulations
with seven species commercially available in the U.S. and
Europe. Becker Underwood now produces 10 formulations
with nine species in three taxonomic families, and Koppert
also sells several species. These two companies produce on

a very large scale (many thousands of liters of formulation
at a time). Several nematode species are only available
through these companies. The two U.S. nematode produc-
ers use a smaller scale process, and target smaller custom-
ers. Like arthropods, nematodes require additional
research on behavior and efficacy (Stuart et al., 2006), pro-
duction quality control (Gaugler et al., 2000), and educa-
tional outreach to customers (Georgis et al., 2006).

How many new species have been brought to market
over the past ten years? We have been able to identify four
arthropod species worldwide: Eretmocerus eremicus
(Hymenoptera: Aphelinidae), Eretmocerus mundus (Hyme-
noptera: Aphelinidae), Atheta coriaria (Coleoptera: Staph-
ylinidae), and Stethorus punctillum (Coleoptera:
Coccinellidae). Of these four, only the latter two are reared
in North America, and only the one (the latter) is reared in
the U.S. A. coriaria is used primarily to control greenhouse
pests, and S. punctillum is used primarily outdoors. Amb-

lyseius swirskii (Mesostigmata: Phytoseiidae) was brought
to North American markets in 2006, but it is produced in
Europe. Three new species of nematodes are available

2 The following were reported as California producers in Hunter (1997)
that no longer exist or no longer rear insects: Central Coast Insectary,
Watsonville; Integrated Pest Insectary, Fresno; Oxnard Pest Control
Association, Oxnard; S&J Ranch, Pinedale. Buena Biosystems closed in
late 2005.

Table 2
Number of species of commercial natural enemy species available in retail
in North America

Source Species commercially available

Ridgway et al. (1977) North America 22
Hunter (1993) North America 96
Hunter (1997) North America 130
van Lenteren et al. (1997) Europe 80
van Lenteren (2003) Worldwide 125

Table 3
Natural enemy species reared in North America

Aphidoletes aphidimyza Atheta coriaria*

Aphytis melinus* Coccinella septempunctata

Chrysoperla carnea* Delphastus catalinae

Chrysoperla rufilabris* Feltiella acarisuga

Cryptolaemus montrouzieri* Heterorhabditis bacteriophora*

Encarsia formosa* Heterorhabditis indica

Galendromus occidentalis* Heterorhabditis marelatus

Hippodamia convergens Histeridae
Mesoseiulus longipes Hypoaspis miles*

Metaphycus helvolus Nasonia vitripennis

Neoseiulus californicus* Neoseiulus fallacis

Neoseiulus (Amblyseius) cucumeris* Opius
Orius insidiosus Pediobius foveolatus

Phytoseuilus persimilis* Podisus maculiventris

Steinernema carpocapsae Rhyzobius lophanthae

Steinernema feltiae* Spalangia spp.
Muscidifurax raptorellus* Stethorus punctillum*

Muscidifurax zaraptor* Trichogramma brassicae*

Trichogramma platneri*

Trichogramma pretiosum*

Species in the left column were identified by van Lenteren (2003) as most
commonly used commercial natural enemies in North America.
Species in bold italics were not identified as commercially available in
Hunter (1997).
Asterisks indicate species reared by multiple North American insectaries.
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now that were not listed by Hunter (1997). Thus, in North
America, only two new species of arthropods and three of
nematodes are in production that were not 10 years ago.
We do not claim that no other species have been brought
to market, but the insectaries we interviewed did not iden-
tify other species that they rear.

Three published papers report prices of commonly used
commercial natural enemies (Collier and Van Steenwyk,
2004; Cranshaw et al., 1996; van Lenteren et al., 1997),
which we juxtaposed with current pricing (2006, taken
from Rincon-Vitova Insectary), after standardizing for life
stage and number of individuals sold (see Table 4). These
data indicate several important trends. First, they reveal
high levels of price volatility. Of the 17 species listed, three
sold for more than twice as much or less, and seven sold for
more than three times as much or less in 2006 relative to
1994. While we have not explored the connection between
price volatility—or uncertainty—and consumer demand
for natural enemies, economic studies in other sectors have
shown strong correlations between high levels of price
uncertainty and reduced consumption (Copperjans et al.,
1996). Second, prices for 12 of the 17 species, prices
between 1994 and 2006 (in the U.S.) have declined in real
dollars. Price variations may be the result of the efficiencies
of scale recently achieved by a few insectaries, or an artifact
of how these price data were gathered. For many produc-
ers, prices vary significantly according to size of the order.
Cranshaw et al. (1996) reported average price per unit
across prices reported by up to 12 companies. The 2006
prices from Rincon-Vitova are for the volume typically
purchased to control a pest problem in a moderate sized

greenhouse, which is a more realistic commercial price than
that offered to individual household customers. Third, the
dramatic cuts in production costs for Chrysoperla carnea

andChrysoperla rufilabris made theoretically possible by
the Cohen diet (Cohen, 2001; Cohen et al., 1999) have
not yet translated into reduced retail prices.

6. Economic strategies of the commercial natural enemy

industry

Improving quality assurance in the commercial produc-
tion of natural enemies has been the major effort of the
ANBP over the past 15 years (described in Glenister
et al., 2003; other chapters in van Lenteren, 2003; Penn
et al., 1998; Leppla et al., 2002). Industry leaders and scien-
tific researchers we interviewed described the critical
importance of quality control and consumer perception
of quality issues. They also described how leading insecta-
ries are addressing these.

Table 3 reflects the commercial natural enemy industry’s
strategy to minimize and manage direct competition in the
rearing of some product lines. Only 24 of the 38 species are
reared in multiple North American insectaries. Developing
a species or product line represents a major investment of
capital and technical knowledge for such small operations.
Once a production system is running, it requires significant
on-going investment in labor, (heat and light) energy, and
materials to maintain it, regardless of whether or not
insects are being sold to generate revenue. One respondent
described the maintenance of his host populations as much
more expensive and technically challenging than rearing

Table 4
Prices of selected commercial natural enemies

Species Most commonly
available life
stages

Number of
organisms
per unit
typically sold

1994 average
U.S. price
(Cranshaw
et al., 1996)

2003 U.S. price
(Collier and Van
Steenwyk, 2004—
taken from RVI)

2006 U.S.
price from
Rincon-Vitova

European prices,
per van Lenteren
et al., 1997, in US$a

Encarsia formosa Parasitized whitefly pupae 5000 $13.40 n/a $40.00 $40.50
Aphytis melinus Adults 5000 $11.20 $50.00 $32.80 n/a
Chrysoperla rufilabris Eggs 1000 $5.40 n/a $3.00 n/a

Larvae 1000 $30.50 $11.40 $27.00 n/a
Adults 250 $89.68 n/a $49.00 n/a

Hippodamia convergens Adults 2000 $19.88 n/a $3.00 n/a
Delphastus pusillus Adults 100 $46.37 n/a $18.00 $70.60
Cryptolaemus

montrouzieri

Adults 250 $76.40 n/a $46.50 $118.00

Aphidoletes aphidimyza Pupae 1000 $443.00 n/a $23.20 n/a
Orius insidiosus Adults + nymphs 500 $88.50 n/a $36.50 $36.25
Tenodera aridifolia

sinensis

Egg cases One egg case $2.12 n/a $4.50 n/a

Amblyseius cucumeris All life stages 1000 $1.90 n/a $0.50 $9.40
Amblyseius fallacis Adults + nymphs 1000 $9.50 $9.12 $16.00 n/a
Neoseiulus californicus Adults + nymphs 1000 $21.86 n/a $16.00 $31.00
Mesoseiulus longpipes Adults + nymphs 1000 $24.35 n/a $16.00 n/a
Phytoseiulus persimilis Adults + nymphs 1000 $19.24 $7.15 $16.00 $101.30
Galendromus occidentalis Adults + nymphs 1000 $24.40 n/a $16.60 n/a
Steinernema carpocapsae Juveniles 100 million $45.49 n/a $12.50 n/a
Heterorhabditis sp. Juveniles 100 million $94.95 n/a $29.60 n/a

a The article reported amounts in US$.
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the actual natural enemy. Some of our interviewees indi-
cated that unexpected operating costs (e.g., contamination
of host insect population) posed an even greater threat to
economic viability than slow sales. Insectaries who sell to
similar markets have developed a tacit agreement to buy
from each other and resell insects that they do not rear—
or when they are not in production. Some large producers
have developed economies of scale and ambitious quality
control protocols (e.g., Bolckmans, 2003). This combined
with efficient international transportation mechanisms dis-
courages competition with their product lines.

This economic logic of minimizing direct competition
has had the effect of making the industry much more
dependent on each insectary for production, and on the
international or inter-continental transportation of insects.
The three Canadian insectaries have on average more prod-
ucts than their U.S. counterparts. Of the total of 38 species
produced in North America, seven are produced only in
Canada. This means that the U.S. market for commercial
natural enemies depends upon the importation of all but
31 of the species sold. Any disruption of the importation
of these organisms would further undermine the viability
of augmentative biocontrol in the U.S. and harm the Cana-
dian natural enemy industry.

Who purchases commercial natural enemies? World-
wide, van Lenteren (2003) estimates 80% of the economic
value of commercial natural enemies are applied in green-
houses. Yet in the U.S., less than 10% of the Midwest
greenhouse industry reported using biocontrol strategies,
with many managers reporting they do not have confidence
they work (Wawrzynski et al., 2001). The ANBP surveyed
their members about economic sectors using their products
in 1992, and they reported that more than half of their sales
were for outdoor crops, in the categories of ‘‘trees and
vines” (37%) and ‘‘vegetables and row crops” (28%)
(reported in Office of Technology Assessment, 1995). The
OTA also reported most sales were to agriculture and for-
estry, but pointed out that major (subsidized) field crops
such as cotton and corn account for an insignificant
amount of commercial natural enemies, despite millions
of dollars historically invested in cotton augmentative bio-
control research in the U.S. (Vail et al., 2001). Our respon-
dents described agriculture as their most important sector,
accounting for between half and two-thirds of their sales.
This sector’s importance relative to other buyers (zoos,
parks, etc.) appears to be declining, however, as social
interest in pesticide reduction initiatives remains strong in
these areas.

North American consumers of commercial natural ene-
mies are more likely than their European counterparts to
be using them in outdoor agriculture, even though the
North American market as a whole is smaller than Eur-
ope’s (van Lenteren, 2003). The managed environment of
a greenhouse is amenable to more predictable and moder-
ated demand for reared enemies, relative to outdoor agri-
culture. Several organic farmers of outdoor crops we
interviewed complained that when their own field condi-

tions favored the outbreak of a specific pest for which they
could use a reared natural enemy, these conditions were
widespread across their production region, and the enemies
they considered purchasing were sold out. Some of the
price volatility in North America may be due to the less
predictable need to use biological control in outdoor crops.

7. The evolving context of augmentative biological control:

obstacles and opportunities

We asked commercial natural enemy industry leaders,
researchers, and customers if the factors identified in the
scientific literature as favoring augmentative biological
control (cancellation of pesticide registrations, narrow
spectrum insecticides, pesticide resistance, and the expan-
sion of organic agriculture) had increased sales. This sec-
tion reports their perceptions.

We specifically inquired of industry leaders and insec-
tary managers if the Food Quality Protection Act (FQPA)
or the advent of more narrow-spectrum pesticides had fos-
tered greater interest in commercially reared natural ene-
mies. In general our respondents reported that they do
not see a direct impact of the FQPA, but it is not clear they
understand the scale of regulatory effects on pesticide
re-registration triggered by this law. While virtually all
perceive the widespread dependence on broad spectrum
insecticides to be a major impediment to augmentative bio-
logical control, there was no consensus on the question of
narrow spectrum insecticides among insectary leaders.
Some insectary leaders hold diametrically opposing views.
One identified narrow spectrum insecticides as a ‘‘huge
problem” undercutting augmentative biological control
and threatening the viability of the insectary industry; oth-
ers expressed ambivalence, and one insectary director
describes them as an ‘‘excellent tool.”

Numerous insectary industry leaders, as well as organic
growers, reported that the expansion of organic agriculture
is having at most an incidental positive effect on the com-
mercial insectary industry. They reported that most
organic growers that they know of are relying primarily
on conservation biological control techniques instead of
commercial natural enemies for field crops.

Insectary owners and managers reported that invasive,
adventitious arthropod pests have had a negative impact
on their sales in several crops (e.g., avocado, pecan, and cit-
rus). Invasive pests have disrupted IPM strategies depen-
dent upon commercial natural enemies as growers have
had to address them with organophosphates, thus effec-
tively ending their ability to deploy commercial natural
enemies (Purcell and Saunders, 1999; Hoddle et al., 2002).

Many respondents reported difficulties accessing capital
for improving operations. Several highly visible biocontrol
enterprise failures (producing nematodes and a virus) dur-
ing the 1990s gave this industry a poor reputation among
the investment community. For augmentative biological
control to grow, the industry will have to develop a strat-
egy to attract investment capital. Additional social science
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research to understand consumer needs, perception and
preference will be essential to attracting that capital. Sev-
eral of our respondents also suggested that public agencies
could play a constructive role by fostering a more favorable
economic climate for alternatives to agrochemical pest con-
trol. They suggested the following as examples: requiring
pesticides to include information about their effect on nat-
ural enemies (thus further educating growers); public agen-
cies serving as stable, predictable customers for certain
natural enemies; and providing a program for small busi-
ness loans that could benefit this industry.

This small industry is severely constrained by its lack of
capacity for research and extension. Industry leaders report
their frustration in securing the kind of research that could
result in more economical production systems. The Office
of Technology Assessment (1995) reported one estimate
of how coordinated improvements in production and han-
dling techniques for Trichogramma could reduce the cost to
consumers by over 90%. Essentially all the scientific
research upon which this industry has been founded has
been conducted by public agencies and universities, and
insectary leaders report this kind of applied research in
augmentative biological control has been drastically cut
back over the past two decades (Warner, 2007).

Many persons we interviewed, researchers and industry
leaders alike, commented on the challenge of coordinating
the professional incentives necessary to sustain scientific
credentials and the applied, technical research needs of
the industry. They report that it has become more difficult
to find researchers available to do applied research, espe-
cially in augmentative biological control. Glenister (1998)
described how some researchers do not recognize the value
of the applied knowledge within the commercial insectary
industry. The kind of studies conducted are generally those
that can be conducted with minimal funding, or lend them-
selves to being published, but many times these provide no
empirical contribution to the practice of augmentative bio-
logical control (e.g., Collier and Van Steenwyk, 2004). Sev-
eral insectary owners perceive that most scientific
researchers prefer classical biological control because when
successful, its benefits accrue without further investment.
And, despite numerous calls for integrating economic and
ecological analysis of the impact of commercial natural
enemy releases (Daane et al., 1998; Glenister, 1998; Glenis-
ter and Hoffman, 1998; Obrycki et al., 1997), this kind of
work is quite rare.

Several U.S. insectary owners pointed to the public–pri-
vate partnerships that have operated in Canada (Glenister
et al., 2003) and Europe (van Lenteren, 2000a) which have
resulted in developing new product lines. The greenhouse
industry is more visible in Europe, in some cases located
in urbanized areas, and thus pesticide reduction in green-
houses appears to be a more broadly shared public goal.
Many of the U.S. insectary owners we interviewed pointed
to the active participation of the European scientific
research community in providing the basic and applied
research necessary to support this.

Commercial natural enemy industry leaders and the
Office of Technology Assessment (1995) have observed that
the U.S. Department of Agriculture—Agricultural Research
Service (USDA-ARS) began shifting its research priorities
away from applied augmentative work around 1990. Much
of the initial work on augmentative biological control was
conducted by public university and agency researchers dur-
ing the first half of the 20th Century, and with rising public
distaste for pesticides, USDA-ARS increased funding for
this topic starting in the 1960s. They researched improved
mass-rearing techniques for natural enemies of the cotton
bollworm and tobacco budworm in cotton (Vail et al.,
2001). Increasing USDA-ARS interest in IPM focused addi-
tional resources on the role of biological control starting in
1973, and scientists pursued augmentative biocontrol
research questions. The kind of applied, field scale augmen-
tative biocontrol research done during the 1960s and 1970s
(Vail et al., 2001) is now quite rare.

Several industry leaders also reported the difficulties in
ensuring adequate technical support to growers in the field.
Several expressed scathing criticism of public extension
agents, describing them as unhelpful, uninformed, or
actively undercutting grower confidence in commercial nat-
ural enemies. Many of these small businesses have essen-
tially had to develop their own technical support or
extension efforts, in competition with the dominant exten-
sion systems. Realizing the potential of biologically-based
pest control such as augmentative biocontrol requires an
alternative approach to extension education (Getz and
Warner, 2006).

Several insectary owners perceive restrictive policies
regarding international movement of live arthropods to
be barriers to augmentative biological control. North
America’s commercial insectary industry is highly depen-
dent on long-distance transportation. Seven of the 38 spe-
cies reared in North America are only reared in Canada.
Many species are imported from Europe, and some insecta-
ries own or manage facilities in more than one country, and
achieve economic efficiencies by restricting production to
single facilities, but this strategy was developed during a
stable policy environment for international movement of
live insects. The attacks of 9/11 and the creation of the
U.S. Department of Homeland Security stimulated the cre-
ation of regulatory barriers to importation. Canadian
insectary owners described fluctuating, complex, confusing
contradictory, and ultimately very costly changing bureau-
cratic rules for the importation of living organisms to the
U.S., due in part to federal officials but also the policies
developed by air carriers. Given the perishable character
of this product, delays in the supply chain can result in deg-
radation of insect quality. This is a source of significant
economic loss and aggravation on the part of those who
move commercial natural enemies across national borders.
Canadian insectaries are particularly affected, and most at
risk of losing market share, but U.S. distributors are most
threatened by the disruption of international movement of
commercial natural enemies.

8 K.D. Warner, C. Getz / Biological Control 45 (2008) 1–10



Author's personal copy

8. Conclusions

Augmentative biological control depends on the com-
mercial production of natural enemies. North America’s
22 commercial insectaries represent a small and vulnerable
economic sector, and the barriers they face constrain the
practice of augmentative biological control. We believe
the number of available species of commercial natural ene-
mies and the number of distributors of these species are
false metrics of the viability of the commercial natural
enemy industry. Based on our research, the general eco-
nomic status of the industry (rearing, not distributing) is
static or in some production lines, declining.

Only one of the factors identified in the scientific litera-
ture as creating more favorable conditions for augmenta-
tive biological control was perceived by our respondents
as helpful (pesticide registration cancellations). From the
perspective of the commercial insectary owners and man-
agers, none of the other factors in the literature (new, nar-
row spectrum pesticides, pesticide resistance, and the
expansion of organic agriculture) have made a notable
impact on their industry.

This study has identified major challenges facing the
commercial natural enemy industry and augmentative bio-
logical control in North America. Commercial production
is generally conducted at a small scale by operations that
are generally poorly capitalized. Augmentative biological
control is highly dependent upon international and inter-
continental movement for the majority of species commer-
cially sold. The existing permitting system in the U.S.
appears inappropriate for scientifically reared and moni-
tored commercial insectaries. Leaders in the biological con-
trol industry report challenges in securing the help of
scientific researchers to provide the practical technical sup-
port necessary to make operational improvements or the
development of new product lines. The relationship
between public research agencies and the commercial insec-
tary industry appears to vary by country, with some exam-
ples favoring the development of new natural enemy
species. Further social science research into augmentative
biological control should investigate the attributes in these
partnerships leading to successful deployment of new prod-
uct. This study did not attempt a survey of customers of
commercial natural enemies, but it indicates the impor-
tance of that research, especially into their behavior in light
of the volatile prices for some products.

For public officials and agencies seeking to favor aug-
mentative biocontrol strategies as an alternative to hazard-
ous pesticides, several options are available that could
create more favorable conditions for the economic success
of the commercial natural enemy industry. They could cre-
ate a specific small business loan program to assist in secur-
ing capital for expansion and quality improvement. They
could create more favorable mechanisms for the interna-
tional movement of commercial natural enemies. They
could create a targeted research program that worked col-
laboratively with the ANBP to help the industry with mar-

ket development, new product lines, field demonstration,
and quality control initiatives. This industry by itself does
have the economic resources or political strength to over-
come these challenges. Public initiatives to address these
challenges will be essential to fulfilling the oft-stated poten-
tial of augmentative biological control.
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