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Abstract The BIOCAT2010 (corrected) database of
introductions of insects used as classical biological
control agents (BCAs) against insects was analysed to
recognise those introductions which involved a par-
tially identified BCA, e.g. named to genus or family,
but not to species. Quality controls made on a selection
of these checked whether new taxonomic information
in the literature had been missed from the database and
this was found to be infrequent. Of 6227 BCA
introductions since the 19th century, 686 (11.0%)
were not identified to species level, and 74 were only
identified to family or order level. Patterns by
taxonomic group and countries making the introduc-
tions and the overall trend over time are presented.
Since the 1990s, partially identified BCAs have been
hardly used. Steps to ensure that partially identified
BCAs can be identified in future are set out, and
suggestions made regarding the scope for retroactive
studies to recognise and name partially identified
BCA:s.
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Introduction

In the 20th century, the use of partially identified
biological control agents, particularly insect biological
control agents (BCAs) to control insect pests, was a
fairly common occurrence in classical biological
control, as shown below. However, the guidelines
now in place (e.g. IPPC 2005; Bigler et al. 2005)
recommend the use of BCAs with full taxonomic
identification, and this is now required by regulatory
authorities of many countries. Here, the records in the
BIOCAT database of insect BCAs introduced to
control insects (Greathead and Greathead 1992; Cock
et al. 2016) were analysed to show how the use of
partially identified insects BCAs has declined and now
has been almost eliminated in the implementation of
classical biological control.

The following analysis is based on BIOCAT2010,
which includes published information to the end of
2010 (Cock et al. 2016). Several omissions and minor
errors have been adjusted (Kenis et al. 2017) and this
version is referred to as ‘BIOCAT2010.2’°, which was
the starting point for the present analysis. Additional
corrections were found to be necessary during quality
control checks for the present analysis, resulting in
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‘BIOCAT2010.3’, which is the version used to present
the summary results below. A new version is currently
in preparation to bring the database up to date, but this
is not yet available. BIOCAT provides a simple record
of what insect biological control agents have been
introduced where, from where, when, to control what
insect pests(s) and with what results. It has been
compiled from major global and regional reviews of
classical biological control as well as more focussed
publications. There are some major gaps in the
published data with regard to the scientific names of
BCAs used, whether they became established or not,
and whether those that became established had any
impact or not. This paper focuses on the first of these,
i.e., the incomplete identification of BCAs deliberately
introduced for classical biological control. Biological
control practitioners are invited to check these
conclusions, and where possible encouraged to fill
some of the gaps.

In updating BIOCAT (Cock et al. 2016), taxonomy
of BCAs was based on recent taxonomic catalogues,
and this included some cases where introduced BCAs
were named after they were introduced as BCAs. For
example, introductions against spiralling whitefly,
Aleurodicus dispsersus Russell (Hemiptera: Aleyro-
didae) in the 1980s and 1990s included a species
variously referred to as Encarsia ?haitiensis, Encarsia
sp. ?haitiensis, Encarsia sp. poss. haitiensis, Encarsia
Sp. nr. haitiensis, Encarsia sp. not haitiensis, etc.
(Hymenoptera: Aphelinidae). These all refer to the
same species, which was described as E. dispersa
Polaszek some years after the introductions (Polaszek
et al. 2004). In BIOCAT2010.2 all these introductions
have been updated as E. dispersa. Examples of this
sort will not appear in the following analysis.

Another example of ambiguity was where two or
more known species of the same genus were intro-
duced, but appear in the literature under the generic
name only. For example, Bracon thurberiphagae
(Muesebeck) and B. cajani Muesebeck (Hy-
menoptera: Braconidae) were introduced into Baha-
mas for the control of a pigeon pea pod borer,
Ancylostomia stercorea (Zeller) (Lepidoptera: Pyral-
idae), and recorded in BIOCAT as ‘Bracon spp.’. In
this case, although it was known that it was these two
species that were being sent and released, because they
were sent as lab-formed cocoons from field collec-
tions, the exact count of each BCA was not known and
they were reported as Bracon spp. (Cock 1985). These
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are not technically unidentified BCAs, but will appear
as such in this analysis until corrected.

A much more common situation occurred when an
introduced BCA was identified to genus only. This
might be with or without a qualifying comment
regarding the affinities of the species introduced.
The case of E. diversa above, where the names used
for the Encarsia sp. parasitoid referred to its similarity
to E. haitiensis, is a good example of where such
comments have facilitated subsequent clarification. If
this species had been introduced as simply Encarsia
sp., it would have been less obvious that this actually
referred to the species subsequently named E. diversa.

Our taxonomic understanding changes over time,
and BCAs introduced under one name may subse-
quently be found to be a different species or a mixture
of two or more species. Sometimes this is reflected in
different geographical or host origins of what appears
to be the same species, which subsequently were
recognised to be different species. These problems
will not be reflected in this analysis since either the
name has been simply updated following current
taxonomy, or the new name(s) have been added to the
literature and hence incorporated into BIOCAT.

Here, the use of partially identified insect BCAs
used to control insects is analysed to assess its
frequency, which taxonomic groups are involved,
and whether the practice has declined over time. This
will be the basis for a brief consideration of what
should be done to compensate for this practice where it
cannot be avoided, and rectify past shortcomings with
the benefit of hindsight and new investigations.

Materials and methods

The BIOCAT?2010.2 database, as described in Cock
et al. (2016), was used as the information source for
this work. BCA names in BIOCAT are characterised
by ‘BCA order’, ‘BCA family’, ‘BCA genus’, ‘BCA
species’, and ‘BCA notes’ (used to record synonyms in
the recent literature, subspecies names, or non-specific
details such ‘sp. nr. haitiensis’). All partially identified
BCAs in BIOCAT have the ‘BCA species’ name as
‘sp’ or ‘spp’, and those for which the genus is
unknown have the ‘BCA genus’ as ‘Unidentified’ and
the ‘BCA species’ name as ‘sp’ or ‘spp’. An analysis
was carried out to identify all those species flagged as
‘sp’ or ‘spp’ in the ‘BCA species’ field.
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Two analyses were made to assess whether these
records of partially identified BCAs really represent
the current state of knowledge when all published
accounts are taken into consideration. Since no
rigorous or systematic search for taxonomic publica-
tions naming or describing previously used BCAs
were made when updating BIOCAT2010, it seems
likely that species names are now available for some of
the BCAs that were introduced without a full species
name. To test this, in the first analysis, 27 records of
introductions were selected (by sorting the records of
partially identified BCAs on ‘BCA order’, ‘BCA
family’, ‘BCA genus’, ‘release country’, and then
selecting every 25th record) and a targeted search of
the literature made to look for new information on the
identity of the BCAs.

It might be anticipated that BCAs that have been
reported as established are unlikely to be partially
identified, and in particular none that are credited with
making a contribution to the success of a classical
biological control programme would remain partially
identified. This was checked in the second analysis. Of
691 release records involving partially named BCAs,
16 (2%) were listed in BIOCAT2010.1 as contributing
to a substantial or better success. This group was the
subject of another targeted search of the literature to
look for new information on the identity of the BCA.

Following adjustments arising from these quality
control checks, BIOCAT2010.3 was used to sum-
marise the use of partially identified BCAs over time,
by impact, and by countries. For the analysis, each
introduction of the same BCA species from a different
source country is treated as a separate BCA introduc-
tion (rather than populations of one BCA species from
several countries being treated as one introduction),
but 23 introductions of more than one species with the
same partial identification (e.g. Encarsia spp.) are
each treated as a single introduction. The numbers
presented here in Tables 1, 2, 3 and Fig. 1 were
generated using standard counting, sorting and
table tools.

Results

Of the 27 selected records examined as to whether new
or better information could be located for the identity
of the BCA, no further information could be found for
16 (one of which was found to have not been released).

However, supplementary information regarding the
possible species involved, or its biology that might
help recognise it in the future, were found for ten
records, and in one case, reinterpretation of the
literature gave species names. The record of Tri-
chogramma spp. (Hymenoptera: Trichogrammatidae)
introduced to control potato tuber moth, Phthorimaea
operculella (Zeller) (Lepidoptera: Gelechiidae), in
Spain in 1944 refers to the two species introduced to
control codling moth, Cydia pomonella (Linnaeus)
(Lepidoptera: Torticidae), i.e. T. minutum Riley and T.
pretiosum Riley (Greathead 1976). Note the latter was
considered a synonym of the former at the time
Greathead (1976) wrote this, although they are
considered separate species now. Hence, Jacas et al.
(2006) list both species in their more recent overview
of biological control introductions into Spain. Thus,
based on this sample, the information in BIOCAT2010
regarding BCA identities seems to be almost always
current.

When the 16 records relating to a substantial
success or better were examined (see details in
Supplementary Material), no improvement could be
found for eight, and supplementary information on
related species, source hosts, etc., but not species
names were found for two. However, in three cases
additional information was located in the source
documents which indicated the species released, in
two cases publications subsequent to the releases were
found that provided a species name, and in one case
similar information published since 2010 (the litera-
ture cut-off date for the revision of BIOCAT 2010)
was found. Thus, in this group of cases, where the
partially identified BCAs were considered most likely
to have been subsequently named, there were five
cases (31% of the 16 BCAs reported associated with
substantial successes) where a name could have been
located by careful review of the available literature at
the time of the update by Cock et al. (2016). On
balance these two tests of data integrity indicated that
there was little scope for more complete naming of the
majority of introduced BCAs based on published
literature. Indeed, in this small sample, it was more
likely that information was overlooked in the original
publications, than more recent publications attributing
names to the successful BCAs were overlooked. The
implied level of incomplete information in BIO-
CAT?2010 should be borne in mind when the compi-
lations that follow are examined: the general pattern
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Table 1 Historical totals for the use of partially identified insect biological control agents in classical biological control of insects

Introductions

Number of separate BCA introductions

Percentage of total introductions

Identified only to order 28 0.4

Identified only to family 49 0.8

Identified only to genus 543 8.7

Identified to genus with a qualifier 69 1.1

Identified to species 5541 89.0

Total introductions 6227 100

Table 2 Breakdown of introductions of partially identified insect BCAs by taxonomic groups

Order Number of Family Number of Genus Number of

introductions of introductions of introductions of
unidentified BCAS unidentified BCAS unidentified BCAS

Hymenoptera 485 Coccinellidae 102 Encarsia 31

Coleoptera 142 Braconidae 100 Scymnus 24

Diptera 41 Aphelinidae 83 Aphytis 23

Neuroptera 11 Encyrtidae 53 Eretmocerus 17

Four other 7 Ichneumonidae 47 Allotropa 15

orders
Eulophidae 40 Bracon 14
Platygastridae 31 Apanteles 14
Tachinidae 24 Hyperaspis 14
Pteromalidae 22 Trichogramma 12
Carabidae 17 Anagyrus 11
Trichogrammatidae 17 Chelonus 11
Bethylidae 12 Goniozus 10
34 other families 113 201 other 416
genera

Unidentified 25 Unidentified 74

The sequence of order, family and genus is based on the numbers of partially identified BCA releases of each

will be accurate, but individual numbers may be
slightly inaccurate.

A total of 691 release records involving partially
named BCAs were located in BIOCAT2010.2. Fol-
lowing the quality checks described above, five
records were improved or deleted, leaving 686 records
of introductions. This corrected database (BIO-
CAT2010.3) was used for the remainder of the
analysis. Of these 686 introductions, 65 (9.5%) have
been reported to be established. Of the 65 established,
17 (26.2%) are reported to have contributed to a partial
or better success and 11 (16.9%) to a substantial or
better success.
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The number of BCA introductions at each level of
identification was compiled in Table 1. Of 6227
introductions analysed, 686 (11.0%) were not identi-
fied to species level, and 74 (1.2%) were not identified
to genus level (Table 1). The analysis hereafter
focusses on these 686 introductions of partially
identified BCAs.

Table 2 provides a breakdown of the partially
identified introduced BCAs by order, family and
genus. Although Hymenoptera are the order most
frequently partially identified, the family most fre-
quently partially identified is Coccinellidae.
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Table 3 Insect biological control agents (BCAs) without species level identification released to control insects for those countries
that have made more than 50 releases of BCAs

Country Number of partially identified BCA Total number of BCA Percentage of releases that were partially
releases releases named
Australia® 72 343 21.0
Barbados 17 87 19.5
Fiji 20 137 14.6
USA? 274 1970 13.9
Kenya 8 58 13.8
New Zealand 29 212 13.7
United Kingdom® 30 240 12.5
Israel 14 127 11.0
Mexico 7 71 9.9
Peru 51 9.8
Mauritius 11 142 7.7
India 8 110 7.3
Canada 21 304 6.9
Trinidad and 5 78 6.4
Tobago
Italy 6 110 5.5
South Africa 5 126 4.0
Former USSR 3 82 3.7
France® 3 136 22
Chile 2 95 2.1
Philippines 1 57 1.8
Spain 0 53 0.0

The countries are in sequence by the percentage of such releases

“Including dependent/trust/overseas territories

In Table 3 the number of releases of partially

identified insect BCAs are tabulated for each country
that has made more than 50 BCA introductions in
total. In general the more BCA introductions a country
has made, the larger the number of releases involve
partially identified BCAs. However, the percentage of
BCA releases that are partially identified varies greatly
between countries, from 0% to more than 20%.

My starting hypothesis is that the frequency with
which partially identified BCAs have been used has
gone down over time. The dates of introduction for the
686 partially identified introductions were classified
by decade of first introduction (Fig. 1). The proportion
of partially identified BCAs used declined only slowly
from a peak in the 1950s, but declined substantially in
the 2000s, and is now a rare event, with only two
examples located from this period. Pseudaphycus sp.

(Hymenoptera: Encyrtidae) was introduced from
Mexico into Florida, USA for the control of Paracoc-
cus marginatus (Hemiptera: Pseudococcidae) in 2000
(Meyerdirk et al. 2004; Amarasekare et al. 2010; Mani
et al. 2012) and Allotropa sp. nr. mecrida (Hy-
menoptera: Platygastridae) was introduced from
Egypt into the USA for the control of Maconellicoccus
hirsutus (Hemiptera: Pseudococcidae) in 2003
(Roltsch et al. 2006).

Discussion
Partially identified BCAs have been a significant
feature in the use of insect BCAs for classical

biological control, accounting for 11.0% of all intro-
ductions. This situation has significantly improved
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Fig. 1 The percentage of insect classical biological control
releases each decade in which the biological control agent was
partially named (with SE). The date of release was not available
for 38 out of 686 such releases (5.5%)

since the beginning of the 21st century. I believe this is
a reflection of the increased recognition of the
importance of taxonomy in classical biological con-
trol, the continuing strong focus of some taxonomists
on insect groups used as BCAs, and national regula-
tory authorities requiring candidate BCAs to be named
to species level following international standards such
as IPPC (1996, 2005) or Bigler et al. (2005).
Looking to the future, the only reason for using a
partially named BCA should be the taxonomic
impediment, i.e. there are currently no taxonomists
dealing with this group who can name the species.
This is a real possibility and may well become more
likely as the current trend in the loss of taxonomists
dealing with morphological characters and species
descriptions continues. Nevertheless, BCAs proposed
for introduction need to be characterised and docu-
mented so that they can be named in the future, and
they can be recognised for what they are in follow up
studies for establishment, impact assessment and
possible non-target effects. This means following
good practice for all BCAs proposed for introduction,
i.e. (1) reporting details of where and how the BCA
was collected, its biology and diagnostic features, and
(2) depositing voucher material in appropriate
museum collections in the source and target countries.
To this I would add (3) DNA barcoding (Hebert et al.
2003) representative samples of the material imported
and the material released, and making these public. If
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these procedures are followed, there should be no
reason for BCAs used today not to be named in the
future. For those in a position to do so, it would be
worthwhile to obtain whole genome information of the
material collected and the material released. Where
practical, material for future genetic analysis may be
placed in long-term storage, e.g. in liquid nitrogen.
Furthermore, genetic sequence data could be used to
evaluate how BCA populations change going through
the bottleneck of culture and release, and provide
reference material to evaluate how BCA populations
change during and after establishment.

Historically, the frequency with which partially
named species have been used has been fairly constant
as a whole over time up to the 1990s (Fig. 1), but the
variability between countries is high (Table 3). This
should be seen as a mandate for further investigation.
In many cases there is scope for retroactive evaluation
and hypothesis testing regarding the partially named
BCAs introduced. Investigators can check local liter-
ature and unpublished reports, look for voucher
specimens in likely collections, consult taxonomists,
and make field collections. If a partially named BCA is
reported as established (or establishment is unknown),
make surveys in the source area and area of introduc-
tion to try and locate fresh material that matches what
is known of the BCA, and name/document these.
There is a need for national teams and international
collaboration to do this. In the process, it is almost
certain that new insights will be obtained for old
problems: new information will be generated on the
pest and whether improved biological control is
needed, and field work will generate ideas about the
scope for further biological control options where it is
still needed. Certainly, many of the old badly docu-
mented introductions will not be resolvable, e.g.
records of introductions of ‘mixed coccinellids’ from
the early days, but many could be, e.g. ‘a couple of
hundred’ of ‘a very slender pale parasitoid’ released in
one of the leading biological control countries in the
1960s.

In conclusion, partially identified BCAs are scar-
cely an issue these days, and the procedures and
methods exist to maximise the probability that these
can be named in the future. The inputs of taxonomists
will continue to be essential, and the ongoing decline
in taxonomists for key BCA groups is a cause for
concern. It should be possible to revisit some of the
older biological control programmes and fill some of
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the gaps in the record, and this should improve not
only the record of what has been introduced, and what
has worked and not worked, but also give new insight
into old and often continuing problems.
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