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Spatial and taxonomic coverage of international
migratory bird agreements

Marina Corella Tor*, Tatsuya Amano, and Richard A Fuller

global network of migratory bird agreements.

|

Successful conservation of migratory birds relies on coordinated management across international borders. Here, we determined
the geographic and taxonomic coverage of international agreements aimed at protecting migratory birds. We identified 49 inter-
national migratory bird agreements spanning 187 countries and covering 1,677 (86%) of the world’s 1,958 migratory bird species.
Fewer such agreements were located in middle-income countries characterized by less effective governance, small size, and few
bordering countries. Threatened species were listed in fewer agreements than non-threatened species. Waterbird species tended to
be listed individually by species name, while non-waterbird species tended to be covered implicitly through the listing of higher
taxonomic ranks such as Families or Orders. Of the migratory bird species, only 28% had all their range countries participating in
at least one agreement, while 14% had none. With large geographic gaps remaining, much work needs to be done to expand the
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ore than 1,900 of the world’s bird species are migratory

(BirdLife International DataZone 2019), journeying
across multiple biomes and jurisdictions (Hewson et al. 2016;
Agrawal et al. 2019) where they face a variety of threats and
conservation governance regimes (Galbraith et al. 2014).
Through carry-over effects, threats operating in one part of the
annual cycle can impact the dynamics of the whole population
(Hewson et al. 2016).

Successful migratory species conservation requires coordi-
nated threat management across all regions visited by the spe-
cies (Runge et al. 2017). Lack of protection in one region could
lead to a decline in the entire population, even if conservation
efforts are robust in other regions. Differences in governance
capacity, laws, and conservation goals between countries ham-
per achieving international coordinated conservation of
migratory species (Agrawal et al. 2019).

Reflecting this need for coordinated conservation of migra-
tory birds, many countries have negotiated international agree-
ments, beginning in the early 1900s (Mitchell 2003).
International migratory bird agreements (IMBAs) are bilateral
or multilateral intergovernmental instruments designated as
accords, agreements, conventions, directives, memoranda of
understanding, partnerships, plans of action, protocols, regula-
tions, or treaties, as well as amendments to such instruments,
with a primary stated purpose of preventing or managing
human impacts on migratory bird species (definition adapted
from Mitchell [2003]). IMBAs promise various degrees of joint
conservation action for migratory species that travel between
the signatory countries, and can be legally binding or non-
legally binding (Donald et al. 2007). Some of the earliest IMBAs
were designed to regulate hunting and ensure that sufficient
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stocks of migratory species remain (eg USFWS 1918), but more
recently many agreements have focused on coordinated conser-
vation actions, often prioritizing habitat protection or hunting
regulation (eg the Japan-Australia Migratory Bird Agreement
banned the hunting of Latham’s snipe [Gallinago hardwickii]).

While the positive effects of certain IMBAs have been docu-
mented (Donald et al. 2007), the geographic and taxonomic cov-
erage of IMBAs remains poorly understood. This is a critical
knowledge gap, given that migratory birds are globally distrib-
uted, and coordinated conservation efforts are therefore crucial. It
is also unclear which factors account for variation in the number
of IMBAs among countries and species. For example, a country
may be more likely to enter into an IMBA if it is home to many
migratory species, is wealthier (Spracklen et al. 2015), has more
robust governance (Kiesow Cortez and Gutmann 2017), is smaller
(Thorhallsson and Steinsson 2017), or shares common borders
with many other countries. Similarly, species that are threatened
may be more likely to be covered by IMBAs than those not threat-
ened (Galbraith et al. 2014). Ultimately, this lack of knowledge
results in uncertainty about how much progress has been made
thus far, and where to focus further negotiation efforts.

In this paper, we aim to (1) determine the geographic and
taxonomic gaps in the coverage of IMBAs and (2) identify fac-
tors associated with the number of IMBAs a country has
entered into or by which a species is covered. In doing so, we
developed a global dataset of IMBAs and the jurisdictions and
species that they cover.

@ Methods

Data

We retrieved a list of all 1,958 bird species labeled as “Full
Migrant” (defined as species where a substantial proportion
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of the population makes predictable, cyclical movements
beyond the breeding range) from the HBW-BirdLife
(Handbook of the Birds of the World and BirdLife
International) checklist v4.0, 2019. To locate IMBAs, we
consulted ECOLEX (www.ecolex.org) and the International
Environmental Agreements Database (IEADB; IEA Database
Project 2021; Mitchell et al. 2020). We also incorporated
additional IMBAs identified in Galbraith et al. (2014) and
TUCN (1986). We further conducted searches via the Google
search engine using the keywords “migratory bird agreement”
and “environmental bird agreement” and screened results
up to 200 websites; however, we were unable to identify
any further IMBAs.

Inclusion criteria for IMBAs

To identify potentially relevant international environmental
agreements in ECOLEX and IEADB, we used the following
search terms individually and scanned each set of results
for relevant items: “migratory”, “migration”, “bird(s)”, “wild-
life”, “species”, “fauna”, “conservation”, and “(ant)arctic”.
Once relevant agreements were identified, we located the
original texts and all subsequent amendments. We included
agreements mentioning at least one migratory bird species
(or higher taxonomic group, including Families and Orders,
containing any migratory bird species) in any part of the
document, including title, main text, and appendices, into
our database as IMBAs. We manually screened each agree-
ment listed in Galbraith et al. (2014) and TUCN (1986)
using the same criteria. The full IMBAD dataset, in the MS
Excel file “International Migratory Bird Agreements Database
(IMBAD)”, is available in the online repository (Corella Tor
et al. 2025).

Geographic coverage

We collated data on the participating parties within each
IMBA and on the number of IMBAs per country
(Figure 1a). To identify factors potentially explaining var-
iation in the number of IMBAs among 195 countries, we
used five country characteristics: (i) number of migratory
bird species present (Negret et al. 2022), which might
reflect the need for IMBAS; (ii) per capita gross domestic
product (GDPpc) (https://data.worldbank.org/indicator/
NY.GDP.PCAP.CD), because (a) higher-GDPpc countries
may have greater resourcing for conservation (Spracklen
et al. 2015) or (b) conservation effort may be lowest in
middle-income countries (environmental Kuznets curve;
Caravaggio 2020); (iii) mean governance indicator (mean
of six governance indicators, https://www.worldbank.org/
en/publication/worldwide-governance-indicators), because
countries with stronger governance (eg countries with
relatively greater freedom of speech, political stability,
government effectiveness, corruption control, and so forth)
tend to strive toward collaborative policymaking (Kiesow
Cortez and Gutmann 2017); (iv) country area (https://
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data.worldbank.org/indicator/AG.LND.TOTL.K2), because
small countries may be more attentive to foster interna-
tional cooperation to enhance their security and economic
interests (Thorhallsson and Steinsson 2017); and (v) number
of shared land borders (https://cia.gov/the-world-factbook/
field/land-boundaries), because this might indicate the need
to forge partnerships with neighbors.

We constructed a generalized linear model with negative
binomial distribution using the number of IMBAs in each
country as response variable and the five country characteris-
tics as explanatory variables, given the data overdispersion
(Appendix S1: Table S1; Figure 2). Variables (i), (ii), and (iv)
were log,; transformed, and we included both the linear and
quadratic term of log,, transformed GDPpc (centered) to test
the environmental Kuznets curve. We calculated the variance
inflation factor (VIF) for each explanatory variable to measure
multicollinearity (Appendix S1: Table S1). Dependencies and
Overseas Territories were excluded from the analysis, given
that there is much variation in whether IMBAs entered into by
the mainland country are relevant to or implemented in these
entities.

Taxonomic coverage

We determined which migratory bird species were mentioned
in each identified IMBA by creating (i) Dataset 1, using
only the species explicitly named in the identified IMBAs,
and (ii) an extended Dataset 2, which also included species
implicitly covered by higher taxa specified in the identified
IMBAs. If the identified species naturally occurred (that is,
was native, as per BirdLife International) in at least one
signatory country (Negret et al. 2022), then we defined that
species as being covered by the IMBA. We resolved taxo-
nomic mismatches and ambiguities due to nomenclature
changes with Birds of the World (https://birdsoftheworld.
org/bow/home) and using our best assessment of the intent
of the IMBA when referring to a taxon.

We cross-referenced the number of covered migratory
bird species (in extended Dataset 2) with the number of
range countries, and determined how many of those coun-
tries had at least one IMBA for the species. This enabled us to
calculate the percentage of range countries with at least one
relevant IMBA for 1,942 migratory bird species (Appendix SI:
Figure S1). Sixteen species—emperor penguin (Aptenodytes
forsteri), Labrador duck (Camptorhynchus labradorius),
Amsterdam albatross (Diomedea amsterdamensis), passenger
pigeon (Ectopistes migratorius), Moseley’s rockhopper pen-
guin (Eudyptes moseleyi), New Caledonian nightjar
(Eurostopodus exul), Guadalupe storm-petrel (Hydrobates
macrodactylus), Kerguelen shag (Leucocarbo verrucosus),
northern curlew (Numenius borealis), MacGillivray’s prion
(Pachyptila macgillivrayi), Henderson petrel (Pterodroma
atrata), Jamaican petrel (Pterodroma caribbaea), Murphy’s
petrel (Pterodroma ultima), Rapa shearwater (Puffinus myr-
tae), Adélie penguin (Pygoscelis adeliae), and Bachman’s
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warbler  (Vermivora bachmanii)—were
excluded from the analyses due to limited
information on their migratory distribution
and/or International Union for Conservation
of Nature (IUCN) Red List status.

We explored the relationship between the
number of IMBAs for each migratory bird
species (response variable) and their TUCN
Red List status (explanatory variable) using a
generalized linear mixed model with a nega-
tive binomial distribution, given overdisper-
sion. Taxonomic rank of Order was used as a
random intercept because it yielded a suffi-
cient number of levels (=5; Harrison
et al. 2018) for an accurate variance estimate,
while maintaining reasonable sample size
per level. The model was run twice, once per
Datasets 1 and 2. Species classified by the
IUCN Red List as Extinct (EX) or Data
Deficient (DD) were removed from the anal-
yses due to small sample sizes. We also
explored the differences in Order coverage
between the two datasets, depending on
whether taxonomic Orders contained migra-
tory waterbird or non-waterbird species,
given that waterbirds have historically been
the focal taxa of most IMBAs and that there
are several waterbird-specific agreements
(Corella Tor et al. 2025).

We used the packages car (Fox and
Weisberg 2019), MASS (Venables and
Ripley 2002), rnaturalearth (Massicotte and
South 2023), rnaturalearthdata (South 2017),
sf (Pebesma and Bivand 2023) and tidyverse
(Wickham et al. 2019) in R (v1.4.1717; R Core

Team 2023) for data handling and
visualization.
@ Results
We identified 49 IMBAs (Corella Tor

et al. 2025), established between 1900 and 2013
(Appendix S1: Figure S2). Of these, 37 are
legally binding (20 bilateral, 17 multilateral)
and 12 are non-legally binding (1 bilateral, 11
multilateral). We could not retrieve original
text and/or appendices for nine IMBAs (seven
were unavailable online and two did not con-
tain specific information about taxonomic
coverage). Note that some of these nine agree-
ments were used where possible in analyses
that did not require any data that were
missing.
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Figure 1. Global distribution of (a) IMBAs compared to the global distribution of (b) GDPpc
(log,, transformed and centered), (c) mean governance indicator, (d) country size (log,, trans-
formed), (e) shared borders, and (f) migratory bird species. In (a), the number of IMBAs per
country is shown on a scale ranging from 0 (dark blue) to 16 (bright yellow). Countries and ter-
ritories with no information (NAs) are shown in dark gray.
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Figure 2. Relationship between the number of IMBAs in a country and (a) GDPpc (log,, transformed and centered), (b) mean governance indicator, (c)
country size (log,, transformed), and (d) number of shared borders with other countries. Regression lines are based on the multivariate model shown in

Appendix S1: Table S1, with 95% confidence intervals shaded.

Geographic coverage

Overall, 187 countries participated in at least one IMBA, and
163 countries participated in two or more (Appendix S1:
Table S2). We found more IMBAs in countries at higher
latitudes, whereas countries at lower latitudes tended to have
few or no IMBAs (Figure 1). A major hotspot of IMBAs
was located in Europe, while relatively few IMBAs were found
in Central America; northern South America; Africa; and
Western, Central, and Southeast Asia. Countries with large
areal extents, high mean governance indicator, and a greater
number of shared borders had significantly more IMBAs,
whereas medium-GDPpc countries had the fewest IMBAs,
supporting the environmental Kuznets curve (Figure 2;
Appendix S1: Table S1). The number of migratory bird species
was nearly but not significant. VIF was sufficiently low for
all variables (<3.203). Future studies could further explore
this at a flyway level.

Taxonomic coverage

A total of 875 migratory bird species were explicitly listed in
IMBAs. A further 802 species were implicitly covered because
a higher taxon was specified, suggesting that 1,677 (86%) of
the world’s 1,958 migratory bird species are explicitly or
implicitly covered by one or more IMBA. Of the 1,958 species,
549 (28%) have all range countries covered by one or more
IMBA, while 624 (32%) have half or fewer of their range
countries covered. No range country was covered by any IMBA
for 275 species (14%; Appendix S1: Figure S1). With respect
to IUCN Red List categories, Endangered (EN) species were
listed in significantly more IMBAs than Least Concern (LC)
species in Dataset 2 (Appendix S1: Table S3, analysis 2), still
five Critically Endangered (CE) species and six Endangered
(EN) species remained uncovered.

For waterbirds, the proportion of species covered by agree-
ments in each taxonomic Order was similar between Datasets 1
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Israel, Montenegro). Another viable strategy
could be to target countries that have the
necessity (those that are larger in size, and
with more shared borders) but lack the
resources to establish IMBAs themselves, per-
haps due to less strongly developed govern-

Figure 3. The proportion of migratory bird species explicitly (Dataset 1) and both explicitly and
implicitly (Dataset 2) covered by one or more IMBA within a taxonomic Order. Taxonomic
Orders that contain waterbird and non-waterbird species are shown as yellow triangles and
blue circles, respectively. The size of the datapoints represents the total number of migratory
bird species within the taxonomic Order, ranging from 1 to 822. The farther away a datapoint is
from the 100% dashed line, the larger the proportion of implicitly covered species.

ance (eg Colombia, Saudi Arabia, Venezuela)
(Appendix S1: Table S2).

Taxonomic coverage

About 86% of the world’s migratory bird species are explic-
itly or implicitly covered by at least one IMBA, but it is
crucial for their appropriate and effective conservation to
ensure coverage across their entire migration routes. This
is currently the case for 549 species, and while this repre-
sents substantial progress, much remains to be done. Given
the known effectiveness of IMBAs in conservation (Donald
et al. 2007), attention should be focused on establishing
new IMBAs to cover the six Endangered (EN) species
(Moseley’s rockhopper penguin [E moseleyi], erect-crested
penguin [Eudyptes sclateri], rufous-headed robin [Larvivora
ruficeps], silver oriole [Oriolus mellianus], MacGillivray’s
prion [P macgillivrayi], and Atlantic petrel [Pterodroma
incerta]) and five Critically Endangered (CE) species (New
Caledonian nightjar [E exul], blue-crowned laughingthrush
[Garrulax courtoisi], Fiji petrel [Pseudobulweria macgillivrayi],
Jamaican petrel [P caribbaea], and Rapa shearwater

[P myrtae]) that are not currently covered by any IMBA,
recognizing that the biology and distribution of many of
these species are poorly understood. A plausible alternative
would be to amend global-scale IMBAs (eg Convention on
International Trade in Endangered Species of Wild Fauna
and Flora, Convention on the Conservation of Migratory
Species of Wild Animals) or taxon-specific IMBAs (eg
Agreement on the Conservation of African-Eurasian
Migratory Waterbirds, Agreement on the Conservation of
Albatrosses and Petrels) to cover those species; as new infor-
mation is gathered about their biology and distribution, their
inclusion in relevant IMBAs can be achieved.

Our results indicate that migratory waterbird species are
explicitly named in IMBAs more often than migratory non-
waterbird species, which are usually implicitly covered by
listing higher taxa. This leads to ambiguity in interpreting
exactly which species are covered by the IMBA, and species
implicitly covered are vulnerable to losing their IMBA cover-
age if a taxonomic revision moves them to a different higher
taxon.
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Conclusions and future directions

The conservation of migratory birds is challenging given
their vast geographic distributions; the number and variety
of threats they face; and the economic, political, and social
complexities of international cooperation (Galbraith
et al. 2014). The database we compiled here enables the
monitoring of the number and coverage of IMBAs world-
wide. It can be expanded through regular revisions to ensure
up-to-date, accurate information and taxonomic interpreta-
tion. Future work could also assimilate IMBAs in languages
other than English, which may have been overlooked. We
further suggest not only that IMBAs undergo routine revi-
sion to ensure geographical entities are correctly treated but
also that species are listed explicitly by scientific and com-
mon name wherever possible, instead of being implicitly
covered by mentioning a higher taxon.

Finally, evidence-based assessments of the success and
effectiveness of IMBAs remain scarce and are urgently
needed (Donald et al. 2007). To ensure that conservation
efforts are effective in preventing population declines of
migratory birds, a better understanding of migratory connec-
tivity and threats faced throughout the annual cycle is neces-
sary. It would also be beneficial to investigate whether factors
such as number and influence of signatories, enforcement
capabilities of legally binding versus non-legally binding
IMBAs, and public awareness and pressure might influence
effectiveness. About 28% of migratory bird species have their
full geographic range captured in at least one IMBA, and with
large geographic gaps remaining, much needs to be done to
enhance and extend IMBAs globally to protect the future of
migratory birds.
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