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Abstract

Background: Captive breeding programs are one of the many tools used by conservation practitioners as a means
of conserving, supporting, and supplementing populations of imperilled species. Captive breeding programs exist
around the globe for freshwater mussels and fishes, but the availability of evidence exploring the effectiveness of
these programs has not yet been explored using systematic map criteria. This systematic map aims to identify, collate
and describe the evidence that exists on the effectiveness of captive breeding programs, for the purpose of achieving
conservation targets for imperilled freshwater fishes and mussels in the wild. The outputs of this systematic map will
help to inform conservation managers and policy makers who are responsible for protecting imperilled freshwater
species by identifying existing information and highlighting key information gaps for captive breeding programs
operating in temperate regions.

Methods: This systematic map will search for, compile, and map existing literature on the effectiveness of captive
breeding programs for the conservation of imperilled freshwater fishes and mussels. The systematic map will search
using five bibliographic databases, two public search engines, and 19 specialist websites and will include both
primary and grey literature. All studies that discuss details related to captive breeding programs for the conservation
of imperilled freshwater fishes and/or mussels in temperate regions will be included in the map. The systematic map
will produce a narrative report describing the evidence, including knowledge gaps evidence clusters, and a MS-Excel
searchable database of articles and extracted metadata.

Keywords: Species at risk, Supportive breeding program, Recovery initiative, Hatchery, Propagation, Systematic map,
Evidence synthesis, Conservation

*Correspondence: Lisa.Donaldson@carleton.ca

! Canadian Centre for Evidence-Based Conservation and Environmental
Management, Institute of Environmental and Interdisciplinary Science,
Carleton University, 1125 Colonel By Drive, Ottawa, ON, Canada

Full list of author information is available at the end of the article

© The Author(s) 2019. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license,

and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/
publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13750-019-0158-2&domain=pdf

Donaldson et al. Environ Evid (2019) 8:16

Background

Threats to freshwater mussels and fishes are widespread
and often include habitat destruction, pollution, har-
vest, the introduction of disease, climate change (i.e.,
temperature increasing beyond species-specific ther-
mal thresholds), and invasive species, to name a few
[1, 2]. Channelization, dam construction, and habitat
fragmentation are also recognized as a significant con-
tributor to the decline of freshwater fishes and mussels,
particularly when countries lack legislative protection
of essential habitat [3]. Freshwater mussels are critically
important in freshwater ecosystems by providing a direct
link between benthic and pelagic food webs, thereby con-
tributing to nutrient cycling, stabilizing substrates, and
providing habitat heterogeneity for other benthic species
[4-7]. They also have important cultural value to Indig-
enous communities around the world. Despite their criti-
cal role, on a global scale, the freshwater mussel fauna is
estimated to have among the highest rates of extinction
and imperilment rates of any other group of organisms
on Earth [3, 8, 9]. In fact, in the United States of America
(USA) alone, 10% of freshwater mussels are classified as
extinct, and 28% are federally listed as imperilled species
(independent assessments estimate it to be upwards of
65%) [10]. Similarly, freshwater fishes also play important
roles in freshwater ecosystems, yet they have one of the
highest extinction rates worldwide among vertebrates
[10].

In recent years, captive breeding programs have
increasingly been identified in federal recovery strate-
gies and action plans to complement existing recovery
measures and achieve recovery objectives for Species
at Risk (SARA) listed freshwater fishes and mussels in
Canada. Captive breeding programs are typically rec-
ommended in conjunction with other recovery meas-
ures, such as habitat restoration efforts and other
activities to reduce threats to species in the wild (e.g.,
bycatch mitigation, changes to fishery regulations,
changes to environmental conditions [11]). Fisheries
and Oceans Canada has indicated that captive breed-
ing programs should be considered in periods of very
low survival when management interventions can be
planned to augment the low survival, or when envi-
ronmental conditions associated with low survival are
predicted to change [12]. Captive breeding programs,
by definition, breed animals in captivity under con-
trolled environments to establish a small stock of lab-
bred individuals, and are usually conducted to achieve
one of three overarching goals, each with different
quantifiable measures of success: (1) supplementing
an existing population (i.e., bolstering small or declin-
ing populations in the wild to decrease the likelihood
of local extirpation); (2) re-establishing a population
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where local extirpation has occurred; or (3) establish-
ing an Ark population (e.g., zoo or hatchery stock) to
ensure that a safe haven for genetic material and prop-
agules exists. The objectives of the captive breeding
programs are often focused on conservation of imper-
illed populations, but captive breeding may also overlap
with fishery enhancement activities to create economic
opportunities (generally referred to as “hatchery aug-
mentation programs” for sport or commercial species;
[13]). In general, the overall objectives of conservation-
oriented captive breeding programs are to reduce the
risk of extinction and local extirpation, produce indi-
viduals that are genetically and phenotypically similar
to wild populations, and increase the total number of
individuals reproducing successfully in the wild.

Captive breeding programs are often very complex
and have many different stages, including broodstock
collection (i.e., the collection of individuals or gametes
from the wild to be used for breeding purposes in cap-
tivity), spawning of reproductively prepared individuals
(this can occur naturally in captivity or by human inter-
vention), rearing of juveniles (involving very complex
and often unknown rearing condition requirements),
releasing individuals to the wild, and monitoring the
success of the released individuals. Evidence from
North America and Europe indicate that captive breed-
ing programs have achieved numerous conservation
successes; however, there are also documented negative
consequences of captive breeding programs at both the
individual and population level, including impacts on
the donor populations. These issues confirm the impor-
tance of exploring captive breeding programs using
systematic mapping criteria. In general, negative conse-
quences can occur through:

1. Capturing of individuals from the wild for use as
broodstock—unintentional selection of non-repre-
sentative phenotypic characteristics (e.g., body size,
sex ratios, life history strategy).

2. Raising individuals in captivity—domestication selec-
tion (from diets, method of obtaining food), behav-
ioural adaptations (associated with rearing densities,
social behaviours, risk taking, aggression), individual
variability (growth rates, disease, fecundity), abiotic
factors (water temperature, pH, velocity, photoper-
iod, salinity), and human-interventions (vaccinations,
antibiotics, disease treatments).

3. Release of individuals back into the wild—individual
survival success (predation, competition, disease),
ability for the natural environment to support the
population, remediation of the source of the original
cause of the decline, reduction of genetic variation in
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the population, mixing of genetic stocks, inadvertent
transfer of disease, and many more [14].

Despite these considerations, captive breeding pro-
grams offer tremendous promise for the conservation of
imperilled species around the globe. Understanding what
evidence is available to assess the effectiveness of these
programs for their ability to achieve conservation targets
in the wild will help to support management decisions
and the recovery of aquatic species at risk. Specifically, it
will help to identify the information available for specific
species to maximize the probability of success, minimize
costs, maximize public benefits and maximize individuals
available for reintroduction efforts [15].

Stakeholder engagement

This systematic map was initiated by the Canadian Cen-
tre for Evidence-Based Conservation and Environmen-
tal Management (CEBCEM) to provide support to the
Canadian Freshwater Species at Risk Research Network
(2017-2020), led by Fisheries and Oceans Canada (DFO).
The network is a national academic research network
that has a primary goal of addressing priority research
questions for imperilled freshwater fishes and mussels
in Canada. The network has two theme areas, including
(A) identifying threat mechanisms, and (B) conducting
research to support species reintroductions. This sys-
tematic map will provide resource managers and scien-
tists with a collated summary of existing information
on the effectiveness of captive breeding programs at
achieving conservation targets in the wild for imperilled
freshwater fishes and mussels in temperature regions. It
is commonly believed that there is currently a paucity of
knowledge related to the effectiveness of these programs
(e.g., [16]), especially for freshwater mussels, but the state
of knowledge on this topic has not yet been evaluated by
systematic mapping procedures and there exists poten-
tially great benefit to the global community in doing so.
One area in particular that would benefit greatly from a
better understanding of the existing knowledge state is
culturing practices for imperilled species. The complex-
ity of life histories of freshwater mussels and fishes, and,
in some cases, the inability to successfully rear species in
captivity, leads to much of this research being explora-
tory in nature. In many cases, these species have not been
traditionally cultured, so husbandry techniques are not
well established and need to be learned and developed.
Also, much of this work is evolving where culture meth-
ods change rapidly to account for new species, threats,
and environmental influences. As such, much of the
information associated with measuring the success of
these programs is available as grey literature. This infor-
mation is often difficult to obtain and collate but offers
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an incredible wealth of knowledge and information from
practitioners with hands-on experience under a variety of
conditions.

During the formulation of the systematic map question,
an Advisory Team composed of ten stakeholders and sci-
entific experts was established and consulted. The Advi-
sory Team consists of conservation experts from Canada,
the USA and Germany having research experience
related to freshwater fishes and/or mussels, including
expertise on genetic conservation and captive breeding
programs. The titles of some of the Advisory Team mem-
bers include research scientist, professor, conservation
science and education researcher, biodiversity conserva-
tion policy advisor, and research biologist. Their affilia-
tions include government (Fisheries and Oceans Canada,
Ontario Ministry of Natural Resources and Forestry,
Canadian Museum of Nature), academic (Carleton Uni-
versity, Technical University of Munich) and non-gov-
ernmental organization (NGO; Tennessee Aquarium).
The role of the Advisory Team is crucial to all aspects of
this systematic map, through: project initiation, primary
question formulation, suggestions of search terms to use,
generation of the benchmark list, suggestions of specialist
websites to search, and metadata extraction strategy. The
Advisory Team will continue to participate in this sys-
tematic map through to completion and will be invalua-
ble for helping to acquire grey literature on this subject. It
is anticipated that a significant amount of grey literature
exists on this topic, including in government and private
facilities, and the network of people and organizations
that the Advisory Team helps the Review Team access is
central to the success of this systematic map. The Review
Team and Advisory Teams will continue to connect as a
group via regularly-scheduled teleconferences and email
updates.

Objective of the review

The objective of this systematic map is to identify, collate
and describe the information that exists on the effective-
ness of captive breeding programs, for the purpose of
achieving conservation targets for imperilled freshwater
fishes and mussels in the wild in temperate regions. The
systematic map will produce a report describing evidence
availability, clusters and knowledge gaps. A searchable
MS-Excel database of articles and extracted metadata
will also be included as additional documents with the
final published systematic map.

Primary question

What evidence exists on the effectiveness of cap-
tive breeding and release programs for imperilled fresh-
water fishes and mussels in temperate regions?
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Components of the primary question

The project is relevant to imperilled freshwater fish and
mussel species, defined as those with conservation status
in their relevant jurisdiction, in temperate regions around
the world. In Canada, this includes species assessed by
the Committee on the Status of Endangered Wildlife in
Canada (COSEWIC) as extirpated, endangered, threat-
ened, and of special concern, as well as those listed under
the Species at Risk Act (SARA), plus relevant provincial
and territorial assessments. In other countries, species
inclusion will be based on the relevant conservation list-
ing process (e.g., [17], federal, state-level, and interna-
tional including IUCN Red List).

Population

Imperilled freshwater fishes and mussels that have cap-
tive breeding programs occurring in temperate regions
around the globe. This includes all fishes and mussels that
have at least one stage of their lives in freshwater, includ-
ing both migratory and non-migratory species. Species
that only live in the marine environment are not included
in this systematic map. Imperilment status of freshwater
fish and mussel species is defined as those with any con-
servation status in their relevant jurisdiction.

Intervention/exposure

Captive breeding programs. A captive breeding pro-
gram can be defined in a number of ways and includes
a number of objectives and successive steps including
(but not limited to): supplementing an existing popula-
tion, re-establishing a population where local extirpation
has occurred, reintroduction and/or establishing an Ark
population. For this systematic map, the purpose of the
captive breeding program should be for conservation
management objectives, not explicitly for the enhance-
ment of sport fishing populations to create economic
opportunities (generally referred to as “hatchery aug-
mentation programs; [11]) or for supplementation of
commercial fisheries. All stages of the captive breeding
program will be included in this systematic map, includ-
ing articles related to the collection of broodstock, rear-
ing and release methods, and monitoring of the released
individuals in the wild. Articles that do not explicitly dis-
cuss details of an existing captive breeding program, and
instead focus only on the current status of a population in
the wild and the potential for the establishment of a new
program, will be excluded from the systematic map.

Comparator
Wild individuals and/or populations of the same species
within the same geographical area or close proximity.
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Individuals within the same captive breeding program
that experience different conditions (e.g., water tempera-
tures, release methods).

Outcomes

Generally, the outcomes of captive breeding programs
can be measured in broad categories, including changes
in genetic diversity (e.g., what is the difference in genetic
diversity within a population before and after supple-
mentation by captive bred individuals?), changes in
abundance of populations (e.g., what is the difference in
population size before and after supplementation by cap-
tive bred individuals?), and distribution in the wild (e.g.,
what is the difference in the local population distribution
before and after supplementation by captive bred individ-
uals?). All outcomes will be included and mapped in this
systematic map, as understanding what these outcome
variables are is valuable (and often unknown) informa-
tion that can contribute to the overall understanding of
the state of literature on this topic.

Methods

The review will follow the Collaboration for Environ-
mental Evidence Guidelines and Standards for Evidence
Synthesis in Environmental Management [18] and con-
form to ROSES reporting standards [19] (see Additional
file 1).

Searching for articles

Included in the systematic map will be primary literature
in peer-reviewed journals and grey literature (e.g., the-
ses, government papers, organisation reports, consult-
ant reports). Digital media will be screened, when they
are available online without the need for purchasing the
media or having specialized pay-for-use software to view
it. The Interlibrary Loans program at Carleton University
will be used to acquire hard or digital, full-text copies of
any articles that are included once the title and abstract
screening has occurred. All bibliographic databases will
be accessed using Carleton University’s institutional sub-
scriptions as outlined in Additional file 2. All searches
will be completed by one Reviewer using the web
browser Safari and it will be placed into “private mode’,
to reduce user-specific search results. When a complex
search string is not accepted by the search engine, the
help menu will be consulted, and the search terms will be
modified.

Search terms and languages

The Review Team generated a list of potentially rel-
evant search terms and benchmark articles (as outlined
in Additional file 3) through a scoping exercise done
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in collaboration with the Advisory Team. The titles,
abstract, keywords and reference lists of each of the
benchmark article were read and words that were often
used in the literature on the topic were added to the
preliminary list of search terms. The search terms were
categorized into terms related to the population, inter-
vention, and outcome as defined by the 2018 Collabora-
tion for Environmental Evidence (CEE) guidelines [18].
The terms in each of the categories of population, inter-
vention and outcome can be combined using the Boolean
operator “OR’ as suggested in the search string. The
asterisk (*) is a wildcard and represents any characters
(e.g., conserv* includes conservation, conserved, con-
serving). The categories are then combined using “AND”
in the following general format: (population) AND (inter-
vention substring) AND (outcome substring).

The focus of this systematic map is to collate exist-
ing information on captive breeding programs for
achieving conservation targets for imperilled freshwa-
ter fishes and mussels in the wild. There has been much
discussion with the Advisory Team about how/if ‘at risk
or imperilled’ (or synonyms of) should be included in
the search terms. The Review Team suggested that the
Canadian government’s Species at Risk Public Registry
be used to generate a list of known imperilled species
[20]. The Species at Risk Public Registry was searched,
and the following filters were applied to the list of spe-
cies: taxonomy group [molluscs, fishes (freshwater)],
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[Committee on the Status of Endangered Wildlife in
Canada (COSEWIC) risk category (extirpated, endan-
gered, threatened, special concern, data deficient)].
No geographical restrictions were applied (i.e., species
could be from anywhere in Canada). The resulting spe-
cies included all those in the phylum Mollusca. Those
species were then further filtered to only those within
the order Unionoida. Of all remaining species, the fol-
lowing SARA status was represented in the species list:
extirpated, endangered, threatened, special concern
and no status. It also included species that have been
assessed under Schedule 1, Schedule 2, Schedule 3, or
No Schedule (in instances where the population has
been assessed by COSEWIC but has no SARA status).
The search results were exported into MS-Excel and
the scientific names of each species were collated and
combined using the Boolean operator “OR”. The ration-
ale for this is that the words “fish” and “mussel” are not
always included in the title, abstract and/or keywords
of articles. Although the list of species included in the
search was created based on Canadian criteria, and thus
there exists the potential for the search results to be
biased towards Canadian species, the species included
live in temperate regions throughout the world. The
terms are connected with “OR” Boolean operators, and
“mussel* OR mollus* OR unionid* OR fish OR fishes”
are included to search other species with conservation
concern more broadly (Table 1).

No language restrictions will be placed on the search
outputs from publication databases. All articles yielded

Table 1 Search string for execution of the search strategy (Access: Carleton University subscription)

Component  Search string

Population

(mussel* OR mollus* OR unionid* OR fish OR fishes OR “Ictiobus niger" OR “Coregonus nigripinnis” OR “Myoxocephalus quadricornis” OR

“Coregonus clupeaformis” OR “Noturus insignis” OR “Lepomis auritus” OR “Coregonus huntsmani” OR “Percina copelandi” OR “Moxostoma
hubbsi” OR “Gasterosteus aculeatus” OR “Truncilla donaciformis” OR “Obovaria olivaria” OR *Ptychobranchus fasciolaris” OR “Erimyzon suc-
etta” OR "Acipenser fulvescens” OR “Toxolasma parvum” OR “Rhinichthys cataractae ssp” OR “Noturus stigmosus” OR “Epioblasma torulosa
rangiana” OR “Oncorhynchus mykiss" OR “Villosa fabalis” OR “Clinostomus elongatus” OR “Percina shumardi” OR "Gonidea angulata” OR
“Obovaria subrotunda” OR "Pleurobema sintoxia” OR “Simpsonaias ambigua” OR “Coregonus reighardi” OR "Macrhybopsis storeriana” OR
“Epioblasma triquetra” OR “Rhinichthys osculus” OR “Lepisosteus oculatus” OR “Morone saxatilis" OR “Lepomis gulosus” OR “Lampetra rich-
ardsoni" OR “"Hybognathus argyritis" OR "Acipenser transmontanus” OR “Alasmidonta heterodon” OR “Erimystax x-punctatus” OR “Polyodon
spathula” OR “Fundulus diaphanus” OR “Coregonus laurettae” OR “Ictiobus cyprinellus” OR “Fundulus notatus” OR “Notropis bifrenatus” OR
"Alasmidonta varicosa” OR "Salvelinus confluentus” OR "Cottus hubbsi” OR “Exoglossum maxillingua” OR “Myoxocephalus thompsonii” OR
“Salvelinus malma malma" OR “Ligumia nasuta” OR"Esox americanus vermiculatus” OR “Acipenser medirostris” OR “Quadrula quadrula” OR
“Catostomus platyrhynchus” OR “Ichthyomyzon foss" OR “Lepomis peltastes” OR “Prosopium coulterii” OR “Villosa iris" OR “Moxostoma carina-
tum”OR “Cottus” OR “Acipenser brevirostrum” OR “Ichthyomyzon unicuspis” OR “Minytrema melanops” OR “Coregonus kiyi kiyi" OR “Lampsilis
fasciola” OR "Oncorhynchus clarkii lewisi” OR “Lampsilis cariosa” OR "Anguilla rostrata” OR "Acipenser oxyrinchus” OR “Moxostoma duques-
nei" OR “Notropis percobromus” OR “Cottus aleuticus” OR "Ammocrypta pellucida” OR “"Hybognathus placitus” OR “Opsopoeodus emiliae” OR
“Notropis anogenus” OR "Osmerus mordax" OR “Catostomus” OR “Coregonus zenithicus” OR “Notropis photogenis” OR "Obliquaria reflexa”

OR“Rhinichthys umatilla” OR “Entosphenus macrostomus”)
Intervention

(captive OR “captive-bred” OR “captive breeding” OR “captive breeding program” OR “captive breeding programme” OR “captive reared”

OR “captive-rearing” OR coancestry OR cryopreservation OR cryopreserved OR enhancement OR hatcheries OR hatchery OR"live
gene bank”OR “live gene banking” OR “recovery initiative” OR “stock enhancement” OR supplementation OR “supportive-breeding” OR
“supportive breeding program”OR “supportive breeding programme” OR “supportive rearing”)

Outcomes
reintroduc* OR re-introduc* restor*)

(conservation OR conserv* OR biodiversity OR “biodiversity conservation” OR “biological diversity” OR recover* OR re-establish* OR
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from the search string will be exported from the data-
bases and uploaded into EPPI-Reviewer 4 for article
screening (available online [21]). The call for grey lit-
erature will be circulated in English only.

Searching bibliographic databases

All bibliographic databases will be accessed using Car-
leton University’s institutional subscriptions as out-
lined in Additional file 2.

1. ISI Web of Science core collection—Multidiscipli-
nary research topics including journals, books, pro-
ceedings, published data sets and patents.

2. Scopus—Abstract and citation database of peer-
reviewed literature including journals, books and
conference proceedings.

3. ProQuest Dissertations and Theses Global—Interna-
tional depository of graduate dissertations and the-
ses.

4. Federal Science Library—Canadian government
books, reports, government documents, theses, con-
ference proceedings and journal titles. This search
platform is freely available online and does not
require a subscription.

5. Science.gov—United States Federal Science. This
search platform is freely available online and does not
require a subscription.

Web-based search engines

1. Google
2. Google Scholar

Internet searches will be performed using the search
engines Google and Google Scholar and the resulting
references will be sorted by relevance. The first 500
citations will be screened for relevance at the level of
title, then abstract and full text (when appropriate). If
the reviewer notices that the level of relevance of each
article significantly declines before screening 500 arti-
cles, the reviewer will stop when the relevance signifi-
cant declines (as per suggestion by Livoreil et al. [22]).

Two search strings will be used in each of the search
engines, one for fish and the other for mussel. This is
because Google and Google Scholar do not allow for
nested AND/OR statements. The search strings will be:

1. Fish breeding OR propagate OR stocking OR
coancestry OR cryopreservation OR enhancement
OR hatchery OR supplementation OR rearing -"fish
oil”
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2. Mussel breeding OR propagate OR stocking OR
coancestry OR cryopreservation OR enhancement
OR hatchery OR supplementation OR rearing.

Similar to database searches, customized search
strings used in search engines (and specialist websites
below) will be recorded and provided in an additional
file in the systematic map. All resulting relevant articles
will be included in the article database.

Organisational websites
Specialist organization websites listed below will be
searched.

1. American Fisheries Society Imperilled Freshwater
and Diadromous Fishes of North America
Atlantic Salmon Federation
Conservation Fisheries
Desert Fish Council
European Commission—Life Programme
Fisheries and Oceans Canada
Fisheries Research Service
Food and Agriculture Organization of the United
Nations
9. Freshwater Mollusk Conservation Society
10. Land and Water Australia
11. Ministry of the Environment New Zealand
12. National Oceanic and Atmospheric Administration
13. Natural Resources Wales
14. North American Native Fishes Association
15. Ontario Ministry of Natural Resources and For-
estry
16. Parks Canada
17. Trout Unlimited
18. United Nations Environment Programme
19. US Fish and Wildlife Service.

®© N W

The search strings used will be as follows:

A. Fish breeding conservation

B. Mussel breeding conservation
C. Fish propagate conservation

D. Mussel propagate conservation

Page data from the first 20 search results for each
search string will be extracted, screened for relevance,
and searched for links or references to relevant publica-
tions, data and grey literature. The list of websites was
narrowed to the following organizations after consulting
with our Advisory Team for relevance.
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Supplementary searches

Reference sections of included articles will be hand
searched to evaluate articles that have not been found
using the search strategy. Authors of any unpublished
references will be contacted to request access to the full
article. Stakeholders will be consulted for insights and
advice for new sources of information. The Review Team
will contact authors of unobtainable articles in an attempt
to gain access to the full article. A call for grey literature
will be circulated via professional networks and profes-
sional association distribution lists to solicit articles for
inclusion in this systematic map. The Review Team will
also use social media and email to alert the community
of this systematic map and to reach out to recognized
experts and practitioners for further recommendations
and for provision of relevant unpublished material.

Estimating the comprehensiveness of the search

A list of benchmark articles were compiled with feedback
from the Advisory Team (Additional file 3). The search
strategy was tested using the search string in Web of
Science Core Collection (subscription access: Carleton
University). Articles yielded by the search string were
exported into a .CSV file format and opened in MS-Excel.
The list was then cross-checked with the list of key refer-
ences to see which articles were found and which were
not. Articles that were not found were explored at full
text to evaluate why they were not selected (e.g., govern-
mental report not published in a journal contained in the
Web of Science Core Collection, consulting report etc.).
The comprehensive of the search string was assessed by
determining the number of key reference articles that
were found in the test searches of the search string. Dur-
ing the scoping exercise (completed between 29/11/2017
and 24/01/2018), the above search string found 2403 arti-
cles, of those 10 of the 18 key articles listed were found
(Additional file 3). Of the articles that were not found
during the scoping exercise, three articles were Cana-
dian federal government reports and that were then cap-
tured using the Federal Science Library database. Any
updates made to the search string and search strategy
as the systematic map is conducted will be recorded and
all amendments will be reported in the final published
document.

Article screening and study eligibility criteria
Screening process

Articles found using the search strategy will be screened
at two distinct stages, (1) title and abstract, and (2) full
text. When English title and abstracts are found, with
article content in other languages, the articles will be
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screened as part of the title and abstract screening pro-
cess. If the article is included to full text screening, a
translated version of the article will be searched online
for (using Google Scholar) and, when translated cop-
ies are not found, the first author of the relevant article
will be contacted to see if a translated copy exists and is
available.

Consistency checking

Before the screening of title and abstracts begins, two
reviewers using a random subset of 10% of all articles
or 100 titles/abstracts (whichever is bigger) will under-
take consistency checks to ensure consistent and repeat-
able decisions are being made in regard to which articles
get screened out and which go on in the process to be
further reviewed. The two reviewers will use a Kappa
test to determine consistencies in screening decisions.
The Kappa statistic tests the reliability of testers, essen-
tially asking how many times reviewers choose the same
outcome. A Kappa score of >0.6 indicates substantial
agreement between reviewers and will be required to
be achieved before any further screening is conducted
for the map. The results from the consistency check will
be discussed and discrepancies will be reviewed by both
reviewers to understand why the choice was made to
include/exclude the article. The articles where included/
exclusion decisions were not the same between review-
ers will be reviewed and screening will not continue
until the decisions are reconciled. This same process will
be repeated prior to screening articles at full text (i.e.,
two reviewers using a random subset of 10% of all arti-
cles that were included at title and abstract, will under-
take consistency checks and a Kappa score of >0.6 will
be required before any further screening is conducted).
Articles or datasets found by means other than data-
base or search engine searches (i.e., specialist website or
other literature searches) will be entered at the second
stage of this screening process (i.e., full text) but will not
be included in consistency checks. All article screening
decisions will be included in the database, so it will be
clear at what level any article was excluded. If the deci-
sion to include or exclude a specific article is unclear, that
article will be retained and will go on to the next level
of screening. If there is further doubt, the Review Team
will discuss those articles as a group to make a decision.
Any articles that do not have abstracts will automati-
cally be screened at the full text level. A list of all arti-
cles excluded at the full text level will be provided as a
additional file to the systematic map and will include the
reason for exclusion.
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Eligibility criteria
The following eligibility criteria will be used to screen
articles at title/abstract and full text screening.

Eligible populations

Freshwater fishes and mussels will be included in the sys-
tematic map, including anadromous, catadromous, and
potadromous species. Marine-only and oceanodromous
species will be excluded. All life stages of the animal will
be included. Population of fish and/or mussel species
must be in North (23.5°N to 66.5°N) or South (23.5°S to
66.5°S) temperate regions. Fishes and/or mussels must be
identified in the article as ‘at risk’ in their respective juris-
dictions (e.g., IUCN, federal, or state-level criteria).

Eligible interventions

Captive breeding program, or any component thereof,
that have a conservation objective (i.e., not solely for
the creation of sport fishing opportunities, often termed
“hatchery augmentation”; or for commercial and/or
aquaculture purposes for the food industry [11]). The
intention of the captive breeding program can include:

1. Supplementation: The purpose of the captive breed-
ing program should be supplementation as defined
by Waples et al. [23] to be “the intentional demo-
graphic integration of hatchery and natural popula-
tion, with the goal of improving the status of an exist-
ing natural population (either in an absolute sense or
relative to what its status would be without supple-
mentation)”

2. Reintroduction: The purpose of the captive breeding
program should be “to establish a healthy, genetically
diverse, self-sustaining population in an area where it
has been extirpated” and includes the development of
Ark populations [24].

Eligible comparators

Each of the different stages of the captive breeding pro-
gram may have a different comparator type. Information
presented on the population status before and after the
onset of a captive breeding program (e.g., genetic diver-
sity of population, population size) will be considered
relevant, as will comparisons made between wild-born
and captive-born individuals. When a comparator does
not exist in an article (e.g., in the instance of reporting on
rearing conditions of a particular imperilled species), the
articles will be included in the systematic map but will
be coded separately in the database to indicate a lack of
comparator.
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Eligible outcomes

Little is known about what the state of the knowledge
is, and how captive breeding programs are evaluated.
The purpose of this systematic map is to help identify
the types and quantity of existing evidence related to the
effectiveness of captive breeding programs for the con-
servation of imperilled freshwater fishes and mussel spe-
cies. As such, any outcome metric related to evaluating
the effectiveness of these programs will be included in
this map. Some of the outcome metrics that are antici-
pated to be reported on are measures of genetic diversity,
populations size, and distribution in the wild. Informa-
tion on success/failure relative to intermediate stages of
the program (e.g., ability to raise the organism in cap-
tivity, husbandry techniques) will also be collated and
discussed.

Eligible types of study design
All study designs will be included in the systematic map
and the type of study will be coded. It is anticipated that
study designs could include before/after (BA), control/
impact (CI), as well as studies combining these types of
comparisons, before/after/control/impact (BACI) and
Randomized Controlled Trials (RCT). Post-treatment
(PT) designs (i.e., a single post-treatment monitoring
period, or a temporal correlation design using multiple
post-treatment monitoring periods without true before
data) and Impact only (I-only) designs (i.e., no control
site, or a spatial correlation that does not include “zero-
control” site(s)). Understanding what study design types
exist in the literature for these types of programs will
be insightful for understanding the potential for future
quantitative analysis. Theoretical studies, review articles,
and policy discussions will be excluded from the system-
atic map but their reference lists will be screened for rel-
evant articles.

Date range No date restrictions will be applied. Articles
from all years will be included.

Reasons for exclusion

Articles will be coded to identify on what criteria used
for exclusion [(e.g., EXCLUDE (population), EXCLUDE
(intervention), EXCLUDE (comparator), EXCLUDE (out-
come)]. A list of articles excluded at full text level, along
with the reason(s) for exclusion, will be provided as an
additional file with the systematic map document. When
multiple articles report on the same captive breeding
program, the most recent article will be retained unless
different metrics were reported for studying the effective-
ness of the program, or the data were presented at a dif-
ferent level of aggregation (e.g., total or individual species
mean values). This technique, following the protocols
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used by Sciberras et al. [25], aims to avoid the risk of dou-
ble counting data.

Study validity assessment
No formal study validity assessment will be performed on
included articles for this systematic map.

Data coding strategy

Metadata will be extracted from the included articles

by the Review Team and will be recorded in a MS-Excel

database that will be made available with the published
systematic map. The extracted information will be used
to identify trends, knowledge gaps and clusters in the
evidence-base.

The information that will be also coded for each arti-
cle includes (but is not limited to):

1. Bibliographic information—article citation, title,

authors, article type, name of publisher, year

2. Population—Animal type (i.e., mussel, fish), scientific
name, common name, family, population name, life
history strategy (e.g., migratory, non-migratory).

3. Protection status—Protection classification (e.g.,
endangered, special concern, threatened, data defi-
cient), governing organization (e.g., IUCN, SARA,
COSEWIC, ESA), country of status origin.

4. Captive breeding program—Objective of the captive
breeding program [e.g., propagation (PROP), rein-
troduction (REIN), supplementation (SUPP), experi-
mental (EXP)], conservation target category, name of
breeding facility, country facility is in, state/province
name, name of program contact, contact informa-
tion, year the program started.

5. Study component—What component of the captive
breeding program is discussed in the article [collec-
tion of individuals from the wild (COLL), rearing of
individuals (REAR), release of individuals (REAL),
multiple stages (MUL)].

6. Study type—Study design (CI/BA/BACI/RCT,
PT, I-only, none), type of control [wild population
(WILD), captive population (CAPT), no control
(NONE), other (OTH)], source of individuals used in
the program [wild population (WILD), captive popu-
lation (CAPT)].

7. Data reporting—Data reporting type (quantitative,
quantitative approximations, semi-quantitative, qual-
itative), methodological detail (low, medium, high).

8. Outcome reporting—Were results analysed statis-
tically (yes, no, unclear), were power analysis con-
ducted (yes, no, unclear), were confounding factors
stated (yes, no), confounding factors (free text), out-
come category [genetic diversity (GEN), abundance
(ABUN), survival (SUR), recruitment (REC), growth
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(GRO), behaviour (BEH), other (OTH)], outcome
metric [expected heterozygosity (HE), genetic diver-
sity (GEN), hatching—percent (HAT %), heterozygo-
sity (H), none reported (NR), number of alleles (NA),
nucleotide distance (ND), number of individuals (N),
observed heterozygosity (HO), other (OTH, free
text), survival—percent (SUR %), survival—number
of individuals (SUR#), total length (TL), total number
private alleles (NP), weight (W)], measures of vari-
ation [standard deviation (STDEV), standard error
(STER), confidence intervals (CONI)], sample size.

Note that categories will be added iteratively as
encountered. Metadata will be extracted from all
included articles after all full-text screening is com-
pleted. The extracted information will be entered into a
MS-Excel document. In instances of missing or unclear
information, corresponding authors for each article will
be contacted by email if time and resources allow.

Consistency checking

To ensure that information is being coded and extracted
in a consistent and repeatable manner, two reviewers
will extract information from five of the same articles
(similar to methods used for consistency checking dur-
ing the screening process). Afterwards, the information
will be compared. Any inconsistencies will be discussed
amongst the Review Team members, and if any disa-
greement occurs, they will be discussed with the entire
Review Team.

Demonstrating procedural independence

If the instances occur where a Review Team member
involved in this systematic map has authored an arti-
cle that is being considered in the review, that reviewer
will not be involved in screening the article (i.e., in the
determination of whether the study should be included
or excluded). Instead, a separate reviewer will indepen-
dently look at that article to conduct all parts of the map-
ping process. It is only after data extraction is complete
that the author of the article may be involved if clarity of
information provided in the article is required.

Study mapping and presentation

There will be two main outputs from this system-
atic map, including a written narrative synthesis and
searchable, coded database (MS-Excel). Descriptive
statistics will be used to describe the overall amount
(e.g., number of articles, number of studies) and sub-
groups (e.g., species, geographic locations, stages in
the captive breeding program, outcome metrics) of
evidence available. Key knowledge gaps (areas that are
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under-represented in the evidence base and could war-
rant further research) and knowledge clusters (areas of
evidence that are well-represented and could poten-
tially be good topics for future systematic reviews) will
be identified using visual heat maps (MS-Excel). The
narrative synthesis will aim to be as visual as possible,
summarizing information in tables and figures. The
ultimate goal of this systematic map is to identify, col-
late and describe the information that exists on captive
breeding programs for imperilled freshwater fishes and
mussels. Understanding what programs exists, the dif-
ferent components of these programs, and what out-
come metrics are commonly reported in the literature
will help guide further exploration on evaluating the
effectiveness of these programs.
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Additional file 2. Institutional subscriptions.
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