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Building Taxon Substitution Guidelines on a Biological
Control Foundation
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Abstract
When a species becomes extinct, its ecological functions are
lost as well. Taxon substitution is a controversial approach
to restoring such functions via introduction of non-native
species known to serve similar functions elsewhere. Due to
the possibility of nontarget effects from such introductions,
taxon substitution has been proposed and implemented in
only a few systems, but these attempts have successfully
restored functions. As a conservation tool, taxon substitution bears similarity to biological control, wherein species
are also introduced for their ecological function with consideration of potential nontarget effects. To improve both

Introduction
Extinction disrupts interspecific interactions (Thompson 1997).
Lost species can include mutualists, predators, prey, parasites,
substrate providers, nutrient cyclers, and decomposers. In the
absence of these species, ecosystems can lose important functions, particularly where extinctions have been widespread or
functional redundancy is low (Larsen et al. 2005).
Functional losses from ecosystems are of particular concern
because their effects ripple across the system, potentially affecting a wide diversity of species (Ehrlich & Ehrlich 1982). The
loss of functional groups represents a particular threat to ecosystem services and potential source of broad-scale breakdown
of ecological communities (Petchey & Gaston 2002; Fontaine
et al. 2005; Worm et al. 2006). Functional loss also complicates conservation and restoration. In the absence of key native
species, ecosystem managers face the prospect that some highly
disturbed systems will require endless ecological manipulation
(such as hand-pollination, tilling, controlled burning, etc.) in
order to prevent further species losses (Scott et al. 2010).
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the safety and efficacy of taxon substitution, regulatory bodies that currently issue guidelines for biological control can
do the same for taxon substitution. Indeed, many biological
control guidelines would apply well to taxon substitution.
We examine the standard practices followed by biological
control programs and propose corresponding taxon substitution guidelines. Integration of taxon substitution into the
existing national and international environmental management conversation will improve the tool and has the potential to enhance conservation efforts across a wide diversity of
systems if appropriate and stringent precautions are taken.
Key words: controlled release, ecological analogue, ecosystem function, regulatory framework, species introduction.

As an alternative to such resource-intensive tactics, taxon
substitution has been proposed as a means to restore ecological functions (Atkinson 1988). Under this strategy, a non-native
taxon is introduced to a focal region to restore an ecological function lost through extinction of a native taxon (Atkinson 2001). Taxon substitutions are already underway (Table 1).
On Ile aux Aigrettes off the coast of Mauritius, giant tortoises, Aldabrachelys gigantea, have been introduced following
the extinction of native Cylindraspis tortoises (Griffiths et al.
2011). Seed dispersal and germination of the endangered plant
Diospyros egrettarum have increased as a result of frugivory by
the introduced tortoises (Griffiths et al. 2011). A similar taxon
substitution in the Galapagos is currently in an earlier stage:
national park personnel have introduced to sterilized Isabela
Island, Santa Cruz Island, and Pinta Island a variety of giant
tortoises in an effort to restore lost seed dispersal and nutrient cycling regimes (Hunter et al. 2013). Subspecies substitutes were included in the introduction of North Island kokako
to a South Island site in New Zealand (Parker et al. 2010).
Taxon substitution may be particularly useful on oceanic islands
(Hansen et al. 2010). Because islands have reduced functional
redundancy and simplified interaction networks, loss of all
species providing a particular ecological service is more likely
on islands than in mainland ecosystems (Aslan et al. 2013).
Notably, most taxon substitutions that are identified as such
involve the introduction of fauna. However, introduction of
non-native flora to restore functions (e.g. nitrogen enrichment,
soil stabilization, etc.) (Parrotta 1992; D’Antonio & Meyerson
2002) is also possible. Many of the guidelines explored here
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Table 1. Examples of past intentional taxon substitutions.

Location

Ecological Function
Undesired
Successfully
Consequences
Replaced?
Detected

Sample Reference

Crab predation

Bermuda

Yes

None

Wingate 1982

Herbivory

Siberia

Yes

None

Seed dispersal,
grazing

Mauritius

Yes
Too early

Dispersal of
non-native plant
species
None yet

Zimov 2005; Neronov
et al. 2008
Waibel 2009; Griffiths
et al. 2010, 2011

Yes

None

Watts et al. 2008

Yes

None

Hansen 2010

Function
Replaced

Nycticorax violacea N. violacea
gravirostris
Ovibos moschatus
Ovibos palantis
Aldabrachelys
Cylindraspis spp.
gigantea,
Astrochelys radiata
Callaeas cinerea
Callaeas cinerea
wilsoni
cinerea
Anostostomatidae
Anostostomatidae
(weta)
Coenocorypha
Coenocorypha
huegeli
iredalei
Aldabrachelys
Cylindraspis spp.
gigantea

Substituted Taxon

Apis mellifera

Extinct Native
Taxon

Bees and birds

Galapagos giant
Chelonoidis
tortoise (genotype
abingdonii
hybrid; taxonomy
in flux);
saddlebacked
variety

Browsing

Secretary Island,
New Zealand
Prey, seed dispersal Minor islands,
New Zealand
Trophic interactions Putauhinu Island,
New Zealand
Seed dispersal,
Rodrigues
grazing
Pollination

Various

Grazing, seed
dispersal

Pinta Island

apply equally well to flora and fauna, particularly the need to
monitor frequently for potential spread.
There currently exist neither overarching guidelines for the
practice of taxon substitution nor broad conversation about
its utility, best practices, and limitations (Hansen et al. 2010;
Parker et al. 2010). Discussion of relevant international rules
that could be expanded to incorporate taxon substitution has
centered around the International Union for the Conservation
of Nature’s (IUCN) translocation and reintroduction guidelines
(www.iucn.org). IUCN translocation guidelines are intended to
promote conservation of particular species by reestablishing
or expanding populations (Parker et al. 2010) and are heavily
single species-focused (Hansen et al. 2010).
There is another commonly performed, well-regulated, and
widely accepted practice involving introduction of non-native
species: biological control. In spite of some high-profile biological control disasters in the past (e.g. Phillips et al. 2007),
biological control today occurs frequently and with little backlash, in part because established guidelines ensure that nontarget
effects are avoided. As nontarget effects are the main concern
with taxon substitution, it seems likely that biological control
guidelines could be adapted for use with taxon substitutions.
Biological Control: History and Regulation
Biological control agents are introduced for their ecological
function and have logged some notable successes. Two European beetles, Chrysolina hyperici and Chrysolina quadrigemina, were introduced in the 1940s to control Klamathweed
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Parker et al. 2010

Yes

Dispersal of
Waibel et al. 2013
non-native plant
species
Yes, at least partially Transmission of
Potts et al. 2010 and
pathogens to native references therein
species; possibly
competition with
native species
Yes, preliminarily
Short-term decline in Hunter et al. 2013
cactus populations
may impact other
cactus interactors

(Hypericum perforatum) in California; the rangeland weed was
subsequently reduced in density by 99% (Huffaker 1951). The
myxoma virus was introduced to Australia in the 1930s to control invasive European rabbits, killing 50% of infected individuals (Fenner 2010). As a note of caution, many of the most problematic invasive species that currently threaten native ecosystems were also originally introduced for their ecological functions. Examples include the cane toad Bufo marinus (introduced
to Australia to control beetles), the cactus moth Cactoblastis
cactorum (introduced to the Lesser Antilles to control Opuntia), and mongoose Herpestes javanicus (introduced to Hawaii
to control rats) (Loope et al. 1988; Simberloff 1992; Lampo &
De Leo 1998).
Because of this history, introduction of biological control
agents for conservation is performed with extreme care and
carefully regulated by governmental agencies. In the United
States, the import of all new biological control agents must
be authorized by the U.S. Department of Agriculture’s Animal and Plant Health Inspection Service, Plant Protection
and Quarantine (Hough-Goldstein 2009). International organizations have established standards and general guidelines
for conservation-targeted biological control (Tanaka & Larson
2006). The International Plant Protection Convention (IPPC)
facilitated the development of International Standards for Phytosanitary Measures (ISPMs) (IPPC 2005). The guidelines identify responsible parties and establish documentation, inspection,
quarantine, release, monitoring, and evaluation standards for
biological control endeavors in the 178 signatory nations (IPPC
2005).
Restoration Ecology
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Biological Control Regulatory Framework as a Model
for Taxon Substitution
Here, we examine each step of biological control and use
this assessment to craft proposed taxon substitution steps. We
work with the California Department of Agriculture’s guidelines
(CDFA 2013) because they are similar to but more succinct than
other national and international guidelines (Fisher et al. 1999;
Balciunas & Coombs 2004). To emphasize the translatable
nature of biological control guidelines, we have retained the
original wording of these as closely as possible in our suggested
taxon substitution analogs:
Biological control step 1: Accurate identification
of the pest species and confirmation of the pest as
a target for biological control. (CDFA 2013)
Taxon substitution step 1: Careful, scientific evaluation of the target species or function of concern, to determine whether functional disruption
has indeed occurred.
Taxon substitution may replace an ecological function
directly affecting a wide range of species or a more narrow set.
Careful study must ensure that the desired ecological function
is not carried out by any extant species in the region of interest.
Biological control step 2: Surveys for natural enemies (generally insects, mites, nematodes, and diseases) are conducted in the area of origin of the
pest (usually overseas). (CDFA 2013)
Taxon substitution step 2: A global search for
potential taxon substitutes is conducted. Species
sharing key traits (relevant to the focal ecological
function) with the extinct taxon should be identified and examined.
Researchers should strive for a substitution occupying as
similar a multidimensional niche as possible to the extinct
species. Translocation of any species will require coordination
with the government of both the country of origin and the
country of destination of the species (Legner & Bellows 1999).
Conversations with these entities should begin at this stage.
Biological control step 3: Determine hostspecificity of potential control organisms to assess
impact on targets and nontargets and environmental safety. (CDFA 2013)
Taxon substitution step 3: Nontarget effects of
the candidate taxon substitute should be assessed
via analysis of the candidate’s full diet, behavior,
reproductive rate, and natural enemies.
Nontarget effects are the dominant concern for both taxon
substitution and biological control (Louda et al. 2003). Research
in the region of origin of any candidate species is essential prior
to taxon substitution. The full dietary breadth of the species as
well as its habitat needs and behavior should be documented
and examined. Additionally, the possibility that the taxon substitute could pass pathogens to native species must be considered
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(Woolhouse et al. 2005). A thorough assessment of regional
at-risk species in light of these potential community-level nontarget effects is essential.
Biological control step 4: Following approval from
federal and state regulatory officials, biological
control agents are shipped to a domestic quarantine facility where they are examined to confirm
species identity and to determine whether they are
free of parasites and diseases. (CDFA 2013)
Taxon substitution step 4: Following approval from
federal and state regulatory officials, taxon substitutes are shipped to a domestic quarantine facility
where they are examined to confirm species identity and to determine whether they are free from
parasites and diseases.
At this step, taxon substitution mirrors biological control
exceptionally well. In both cases, candidate species have been
prescreened, in their regions of origin, and are imported to a
quarantine facility in the target conservation area (Fisher &
Andres 1999).
Biological control step 5: These agents are tested
in field plots to determine that the agents do reduce
densities of the target pest and do not have adverse
effects on nontargets. Once this small-scale testing is completed, appropriate natural enemies can
be mass-reared to high numbers and released at
field sites established by county biologists. (CDFA
2013)
Taxon substitution step 5: The imported taxon
substitutes are tested in controlled field plots to
determine that they do perform the ecological
function for which they were introduced and do
not have adverse effects on nontargets. Once this
small-scale testing is completed, appropriate taxon
substitutes can be reared and released at field sites
established by biologists.
Taxon substitutes can be evaluated in controlled conditions,
where their ecological functions can be assessed. Scale becomes
important here. Many biological control agents are insects,
fungus, pathogens, etc. (Gurr et al. 2000). To date, proposed
taxon substitutes have been vertebrates, which can have larger
ranges (Atkinson 1988; Parker et al. 2010). One potentially
useful strategy is to sterilize and radio-track trial individuals
(Hunter et al. 2013) so that the initial release group remains
amenable to removal if negative effects are observed.
Biological control step 6: Once released, each biological control agent is evaluated for establishment, spread, impact on the target species, and
impact on nontarget species. Careful, long-term
evaluation studies provide scientific data that are
used to improve current and future programs.
Additional releases may be made in an augmentative manner in systems where long-term stability of the natural enemies is not feasible. (CDFA
2013)
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Taxon substitution step 6: Once released, each
taxon substitute is evaluated for establishment,
spread, impact on the target species, and impact
on nontarget species. Careful, long-term evaluation studies provide scientific data used to improve
current and future programs. Additional releases
may be made in an augmentative manner in systems where long-term stability of the taxon substitutes is not feasible.
Monitoring is an essential component of environmental management (Vos et al. 2000). Careful monitoring can determine
whether nontarget effects are appearing as well as whether the
desired ecological function is occurring.

Can Taxon Substitution Become a Viable Tool?
Regulatory and best practices entities exist to place taxon substitution in the same cautious and transparent framework surrounding biological control. Indeed, deliberate adoption of taxon
substitution guidelines would likely not only stimulate important international conversation about taxon substitution (Hansen
et al. 2010), but would also help to protect against injudicious
introductions in the name of taxon substitution. Because the
structure and protocols necessary for regulating biological control are already in place at such regulatory bodies, these agencies at all levels (state/provincial, national, and international)
may be well-positioned to extend their regulations to encompass taxon substitution. However, conservation of biodiversity
is not necessarily a primary goal of such entities. Conservation
and land management agencies will prioritize conservation and
may therefore seek more readily to employ taxon substitution
as a tool. With these considerations in mind, we suggest that
conservation and land management agencies be responsible for
issuing taxon substitution guidelines, and that they seek to do
so in consultation with biological control regulatory agencies.
Such guidelines will make taxon substitution safer and more
effective.

Implications for Practice
• Taxon substitution has the potential to be as effective
at restoring ecological functions as biological control,
but requires acceptance by and involvement of regulatory
agencies.
• Conservation and land management organizations can
consult with biological control regulatory agencies to
develop taxon substitution regulation guidelines that may
offer long-lasting and wide-reaching functional replacement options at minimal risk.
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