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Abstract
Unequal patterns in research effort can result in inaccurate assessments of species extinction risk or ineffective management. A group of notable conservation concern are tropical island endemic birds, many of which are also forest-dependent, which increases their
vulnerability to extinction. Yet, island bird species have received limited research attention compared to their continental congeners, despite this taxon being globally regarded
as well-studied. We used the insular Caribbean, a globally important endemism hotspot
with high rates of deforestation, to explore research bias of island and regional endemic
forest-dependent birds. A review of the published literature (n = 992) found no significant
increase in the number of studies over the search period. Research effort was significantly
higher among species with threatened status, long generation time, wide habitat breadth
and low to intermediate elevational distributions. Among family groups, the Psittacidae
received the highest research effort, while the Cuculidae were the most underrepresented
family (30-fold higher and six-fold less than expected, respectively). We found geographic
biases in effort, with Jamaica having six-fold less and Puerto Rico eight times more
research than expected for their level of endemism. These patterns likely reflect individual
interests and limited capacity and funding, typical of Small Island Developing States. With
over 50% of species in this review having declining population trends, we recommend
prioritizing research that emphasises conservation- and management-relevant data across
underrepresented families and islands, by fostering greater collaboration between researchers, practitioners and the existing local amateur ornithological community.
Keywords Biodiversity hotspot · Biogeography · Caribbean · Extinction risk · Islands ·
IUCN Red List · Life history · Phylogeny
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Introduction
Evaluating conservation and management effectiveness requires robust data (Sutherland
et al. 2004). With global landscape change increasingly leading to declines in even common species (Inger et al. 2015; Julliard et al. 2004) and the potential for climate change
to exacerbate these declines (Şekercioğlu et al. 2008), it is important that there are robust
baseline data on which to build assessments of species-specific responses to threats, extinction risk and the effectiveness of conservation and management actions. Yet, for many taxa
we lack such fundamental ecological data (Clark and May 2002; Cronin et al. 2014; Lawler
et al. 2006). Identifying gaps in research effort is a valuable step in addressing the potential mismatch between scientific research and conservation action (de Lima et al. 2011).
Research effort is influenced by factors such as extinction risk, phylogeny, life history,
donor funding priorities, and country income (de Lima et al. 2011; Ducatez and Lefebvre 2014; Freile et al. 2014), which means that for some species disproportionately less
is known about their ecology or data relevant to conservation problems are not available.
Examining how these potential biases in research effort are manifested provides a foundation on which to explore what data are actually collected versus what is required for species conservation. Documenting patterns in research bias is therefore an important step to
assess potential gaps between conservation data needs and ecological research.
Globally, 60% of the world’s bird species are forest-dependent (Buchanan et al. 2011).
Forest-dependent bird species rely on habitats that are increasingly vulnerable to land
degradation and climate change (Bird et al. 2012; Buchanan et al. 2011; Deikumah et al.
2015). Indeed, extinction risk increases with the level of a species’ forest-dependency and,
this is particularly pronounced in the tropics (Newbold et al. 2013). Further, most threatened island endemic bird species are forest-dependent (IUCN 2017; Johnson and Stattersfield 1990) and compared to their continental congeners, such island endemic birds often
face a higher extinction risk (Duncan and Blackburn 2007; Fordham and Brook 2010;
Frankham 1998; Johnson and Stattersfield 1990). Despite birds being arguably one of the
most studied taxonomic groups (Clark and May 2002; Cronin et al. 2014) and islands being
of biogeographic significance (Hedges 2001), there remains a paucity of research of tropical island birds (Brooks et al. 2002; de Lima et al. 2011).
The Caribbean is among the most diverse of the insular biodiversity hotspots (Brooks
et al. 2002), with 80% of its endemic bird species being forest-dependent (BirdsCaribbean 2019; IUCN 2018), well above the global average. This makes the Caribbean an ideal
case study for assessing the status and quality of current ecological data for this extinction-prone group of birds. Historically, the Caribbean has suffered a significant amount of
avian extinctions as exemplified by the loss of about 55% of its endemic parrots since the
1400s and currently, many bird populations continue to experience substantial population
declines (Wunderle 2008). Today, almost a third of Caribbean endemic forest-dependent
bird species are threatened with extinction, due largely to habitat loss, invasive species and
overexploitation (IUCN 2017), while simultaneously, many of the region’s species of least
concern are also experiencing population declines (e.g. Faaborg et al. 1997; Lloyd et al.
2016). Of all biodiversity hotspots, this region is also predicted to lose the highest number
of endemic plant and vertebrate species due to future habitat loss (Brooks et al. 2002) and
climate change impacts (Bellard et al. 2014). Caribbean forest habitats are invaluable for
the global conservation of these threatened bird species (Buchanan et al. 2011). Yet, this
biodiversity hotspot has less than 30% forest cover across the entire region (Gillespie et al.
2012), due to the cumulative impact of the legacy of colonial history, restricted land mass,
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high human population density and natural disasters (Holdschlag and Ratter 2013; Lugo
et al. 2012b; Portillo-Quintero and Sánchez-Azofeifa 2010; Wiley and Wunderle 1993).
While recent trends indicate abandoned agricultural lands on many islands in the region
are reverting to forest, this recovery in cover masks a shift towards novel species communities (Lugo et al. 2012a), in which the response of many native species to these altered
systems remains uncertain (Lugo et al. 2012a).
The future conservation of forest-dependent bird species in the Caribbean requires at
the very least a basic understanding of their distribution and ecology. Despite their value as
national and regional icons (Wunderle 2008), and their importance for ecotourism (Orgaz
and López 2015), ecosystem services (Johnson et al. 2010) and as indicators of forest degradation (Davis 2017), there remain many gaps in our understanding of these taxa (Nelson et al. 2017). To date, the focus of avian research in the Caribbean has been largely on
migratory bird species, leaving a data gap for resident species (Latta 2012; Tossas 2004),
which make up approximately 70% of the region’s approximately 450 breeding and regularly visiting avian species (BirdsCaribbean 2019). This paucity of data limits our ability
to make appropriate conservation assessments and management decisions for these island
species, further increasing their vulnerability to extinction.
To date, research effort, data biases and gaps for forest-dependent endemic bird species
in the Caribbean have not been fully quantified. This study, part of a wider assessment (see
Devenish-Nelson et al. 2017), reviews the published primary literature to evaluate the current state of research effort for Caribbean endemic, forest-dependent birds. Specifically,
this review asks (i) what is the current status of research effort for Caribbean endemic forest-dependent birds? (ii) what are the subject trends in existing research effort? (iii) does
research effort differ between threatened species and non-threatened species? and (iv) is
there a bias in research effort associated with endemism, biogeography, phylogeny, ecology
or life history?

Methods
In this analysis, we defined the Caribbean as the islands within the Caribbean Sea (Hedges
2001), including the islands of the Bahamas, Trinidad and Tobago and Bermuda, as well
as the Caribbean islands of South and Central America, such as those on the Caribbean
coast of Nicaragua and Colombia (Fig. 1). The nomenclature for Caribbean forest-dependent endemic bird species included in this review followed the AOU 7th Edition Checklist
(American Ornithologists’ Union [AOU] 1998) and subsequent supplements (http://check
list.aou.org/). We classified forest-dependency according to the Birdlife Data Zone (Birdlife International 2016), which uses the IUCN Red List habitat classification system (IUCN
2017) to assign species as low, medium, high or not forest-dependent. Only species classified as medium and high forest-dependency were included in these analyses. Extinction
risk and population trend for all species in this analysis were assigned according to the
IUCN Red List (IUCN 2017). Since all Caribbean bird extinctions occurred prior to the
first comprehensive IUCN bird assessment in 1988 (IUCN 2017), extinct species and species extinct in the wild were excluded from all analyses. Using these criteria, a total of 136
species were included in our study as forest-dependent, and these consisted of 96 resident
island endemics and 40 regional (near) endemics (shared by neighbouring islands; Miller
and Miller 2001). For ease, the use of ‘endemic’ throughout the paper refers to both these
island and regional endemic species.
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Fig. 1  Map showing the species richness of forest-dependent endemic and regional endemic species for the
insular Caribbean islands included in this study (excepting Bermuda, which we have not included in this
figure since it has no forest-dependent endemic species)

Research effort
To quantify research effort, we conducted a systematic review of Web of Science (WoS)
between 9th June and 20th July 2016. The exhaustive coverage of academic journals by
WoS means it is widely used as an indicator of global research effort (de Lima et al. 2011).
In this review the WoS ‘All Databases’ search option was used (comprising 11 Citation
Indices under the institutional subscription, including the Web of Science Core Collection, Zoological Record and BIOSIS Citation Index). Peer-reviewed publications for each
species were extracted from 1988 (the year of the first fully comprehensive IUCN Red
List bird assessment) to 2016. We performed searches using full scientific names and all
recognised taxonomic synonyms. We reviewed titles and abstracts of all papers to assess
the relevance for inclusion in the analyses. We defined the geographic location of a study
according to the island to which the species is endemic, and thus included independent
nations (e.g. Bahamas), dependent territories (e.g. Montserrat), shared island nations (e.g.
Hispaniola) or Caribbean islands considered politically part of a continental country (e.g.
San Andres). Studies pertaining to near endemics were categorised as ‘regional’. For each
study, we recorded the year of publication, and used linear regression to test for temporal
change in the number of publications over the review period.

Subject bias
To determine whether research effort is biased towards specific subject areas, following
similar methods (Bautista and Pantoja 2000; Freile et al. 2014; Mugica et al. 2012), we
assigned studies to 11 research categories (Table 1), allocating multiple categories per
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Definition

Spatial occurrence or abundance, including estimates of population size

Measurement of individual survival and the production of offspring and its timing

Resource use, intra-and inter-specific interactions, interactions with environment

Spatial and temporal activities, or patterns of interaction with conspecifics

Measurable phenotypic characteristics and the physical and biochemical processes involved in
animal functioning

Measures of evolutionary history (non-genetic)

Structure and function of genes at a molecular level, genetic traits of ecological significance

Anthropogenic processes that directly affect survival and fecundity, or that modify/destroy
habitat and the description of in situ conservation efforts implemented for species or habitat
protection

Records of species existing prior to the start of the Holocene

Measures of pathogen diversity, infection rates and individual or population responses to
disease

Metrics of individuals in captivity

Category

Distribution and abundance (Dist)

Demography (Demog)

Ecology (Ecol)

Behaviour (Behav)

Morphology and physiology (Morph)

Taxonomy and phylogeny (Tax)

Genetics (Gen)

Conservation (Cons)

Palaeontology (Palaeo)

Disease (Dis)

Captive (Capt)

Table 1  Definition of data categories used to classify studies

Behaviour, demography and physiology of captive
individuals

Parasite load
Transmission dynamics
Immunology

Fossil records

Anthropogenic threats
Protected area management
In-situ management

Genetic mating systems
Evolutionary relatedness
Historical demography

Taxonomic revisions
Evolutionary distinctiveness

Body mass
Tail length
Basal metabolic rate

Territoriality
Foraging behaviour
Vocalisation behaviour

Habitat use
Predator–prey interactions
Diet

Survival
Clutch size
Age at first reproduction

Presence record
Census surveys
Indirect counts
Population density
Number of individuals

Examples
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study if appropriate. Although this classification was subjective, this approach allowed a
broad overview of the range of topics of the published research. We assessed the difference among subject categories in research effort per species using a Kruskal–Wallis test
and a post hoc Mann–Whitney U test. We calculated the effect size, r, for each pairwise
comparison (r = Mann–Whitney Z/√n) to indicate the strength of the relationship between
two subject categories. We also conducted a network analysis to determine the relationship between categories, based on the number of links between pairs of categories, using
the R packages ‘igraph’ (Csardi 2013) and ‘qgraph’ (Epskamp et al. 2012). We used linear regression to investigate whether the number of papers in each subject category had
changed over time. Due to the small number of species in some IUCN Red List categories,
we pooled species into a binomial index of threatened and non-threatened categories in
these analyses. This was done using two approaches: first, we included critically endangered CR, endangered EN, vulnerable VU and near threatened NT Red List species in the
threatened category, and categorized least concern LC species as non-threatened. Second,
we moved the near threatened NT Red List species to the non-threatened category. This
was done to examine the impact of the near-threatened group on the binomial categorization we were examining, given the variability in the way the near-threatened group is
treated in the literature (e.g. Arregoitia et al. 2013; Ducatez and Lefebvre 2014; Murray
et al. 2015; Roberts et al. 2016). We used a Wilcoxon test to determine the difference in the
number of papers per species in each subject category between threatened and non-threatened species in the resulting two binomial categorization approaches above.

Extinction risk bias
The degree of extinction risk can influence the research effort applied to different species
(de Lima et al. 2011). We used a Wilcoxon test to determine whether there was a significant difference in research effort between threatened and non-threatened species and
Pielou’s evenness index to measure equitability in effort within each category. Using a
Kruskal–Wallis test we assessed differences across population trends (‘increasing’, ‘stable’
and ‘decreasing’; those with an ‘unknown’ trend were removed from this analysis). We
also used a Kruskal–Wallis test to investigate whether there was a relationship between
research effort and those species undergoing any IUCN Red List change over the review
period (1988–2016). We followed the IUCN guidelines (IUCN 2017) for determining
genuine Red List change; due to small sample sizes for this analysis we did not consider
the magnitude of the change, assigning species to one of three change categories (genuine
positive, genuine negative, or no change).
Bias was determined among taxonomic groups and geographic location relative to
threat status, since this can identify research needs in taxa or areas with a high proportion
of threatened species (de Lima et al. 2011; Ducatez and Lefebvre 2014; Verde Arregoitia
2016). We calculated the expected number of studies for a given number of threatened species by both family and island. Here,
(
)
vi
fi =
PTot
(1)
VTot
where fi is the expected number of studies for family/island i, vi is the number of threatened
species for i, V Tot is the total threatened species (area-adjusted for island size, estimated as
total species/log (area km2)) across all categories and PTot is the total number of published
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studies (Verde Arregoitia 2016). Pearson residuals, r, were then calculated to determine the
significance of the deviance between the observed and expected frequencies.

Endemic species richness bias
We repeated the above analysis to determine bias among taxonomic groups and geographic
regions relative to endemism to identify research needs in taxa or areas with high endemic
species richness of forest-dependent birds. To calculate the expected number of studies for
a given endemic species richness per family or island, in Eq. 1, vi is species richness for i
and V Tot is the total species richness across all categories.

Life history and phylogenetic bias
Life history traits and phylogeny can be important predictors of research effort (Brooke
et al. 2014; Ducatez and Lefebvre 2014). We used a phylogenetic generalized linear mixed
model (PGLMM) (de Villemereuil and Nakagawa 2014) to determine associations between
life history and ecological traits and research effort. Species with traits that make them
prone to extinction are expected to be the subject of more studies, such as large bodied
species, those with long generation lengths, low reproductive rates, small ranges or dietary or habitat specialists. Life history data on body weight and clutch size were collated
from multiple sources (Bennett 1986; Cornell 2016; del Hoyo et al. 2016; Dunning 1992;
Myhrvold et al. 2015; Raffaele et al. 2003), with estimates of these parameters averaged
where multiple records were available. Generation length followed the IUCN Red List
definition and was obtained from the BirdLife Data Zone (Birdlife International 2016).
Given the importance of maximum elevation in driving extinction risk (White and Bennett
2015), we included this variable in the analysis, determined from various sources (Cornell
2016; IUCN 2017; White and Bennett 2015). We would expect species that are more easily observable to be subject to more research effort, such as widespread species or those
using multiple habitat types. Therefore, extent of occurrence was defined as reported in the
IUCN Red List (IUCN 2017) and habitat breadth, the number of distinct habitats used by
a species, was collated from the range of habitat types listed for each species on the IUCN
Red List (IUCN 2017). We tested all eight life history and ecological variables for collinearity; those with r > 0.7 or a Variance Inflation Factor (VIF) > 5 were excluded from the
analyses; otherwise they were log transformed before inclusion in analyses.
Since phylogeny can be a confounding factor due to non-independence of species traits
among related species (Purvis et al. 2005), we included phylogeny as a covariance matrix
(Hadfield 2010). One thousand phylogenetic trees from the ‘Hackett backbone’ were downloaded from www.birdtree.org (Jetz et al. 2012) and a consensus tree was obtained using
the R package ‘ape’ (Paradis et al. 2004). A single model including all predictor variables
was implemented with the R package ‘MCMCglmm’, specifying a Poisson family (Hadfield 2010). Uninformative priors (V = 1, nu = 0.002) (Hadfield 2010) allowed the model fit
to be guided by the data. We ran five model chains with 1,000,000 iterations with a burn-in
of 10,000 samples and a thinning interval of 2500. Convergence was assessed by inspection of trace plots and Gelman-Rubin diagnostics with a threshold of 1.1, in the ‘coda’
package (Plummer et al. 2006). Phylogenetic signal, λ, was calculated as the ratio of VP/
(VP + VR), where VP is the variance explained by phylogeny and VR is the residual variance (de Villemereuil and Nakagawa 2014).
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Results
Research effort summary
The literature review yielded a total of 1259 peer-reviewed papers. Of these results, 9.61%
were removed from all analyses as being ‘not relevant’, with species only mentioned in
passing, such as relating to different geographic locations or in global reviews. Data files
(e.g. Dryad data sets) published to accompany peer-reviewed journal articles (11.60% of
the total effort) were also excluded from further analysis to avoid double counting since
subject categories of data files were represented by accompanying full papers on WoS.
There was a mean of 7.29 ± 11.14 SD (n = 992) studies per species, with the majority of
species (91.24%, n = 136) referenced at least once in the published literature (Appendix
S1). Over the search period there was no significant increase in research effort (F = 3.1,
r2 = 0.103, d.f. = 27, p = 0.090).

Subject bias
The mean number of published studies per species was highest for the subject categories
‘distribution and abundance’ (1.69 ± 2.12, n = 230), ‘conservation’ (1.60 ± 4.45, n = 217),
and ‘ecology’ (1.40 ± 2.01, n = 190). There was a significant difference in the number of
papers by category type (Kruskal–Wallis test χ2 = 186.30, d.f. = 10, p < 0.001). Significant
differences from post hoc pairwise corrections between research effort across subject categories exist, although the effect size for many of these relationships was low to moderate
(mean r = 0.29 ± 0.15, Appendix S2). When treating near-threatened species as non-threatened, research effort was significantly greater in threatened than non-threatened species
for ‘distribution and abundance’ (p = 0.005), ‘conservation’ (p < 0.001) and ‘captive’
(p = 0.004) studies (Appendix S3a). The same pattern was repeated when near-threatened
were included in the ‘threatened’ category, with movement of ‘demography’ to the class of
studies that were significant among threatened species (p = 0.004, Appendix S3b). Network
analysis showed ‘conservation’ studies had strong links with ‘distribution and abundance’
and ‘ecology’, while ‘genetics’ and ‘taxonomy’ studies were strongly related (Appendix
S4), suggesting that these subjects were studied in conjunction with each other more often
than the other categories. While most subject categories showed no significant change over
time, increases in effort across ‘genetic’, ‘captive’ and ‘taxonomy’ studies and decreases in
‘distribution and abundance’ studies were significant over the search period (Fig. 2).

Extinction risk and endemism biases
Research effort was significantly higher in threatened compared to non-threatened species (Wilcoxon test p = 0.015) when treating near-threatened species as non-threatened, but this difference became non-significant when treating near-threatened species
as threatened (p = 0.108). For both treatments of near-threatened species, research was
more evenly distributed across species that were non-threatened compared to those
that were threatened (Pielou’s evenness indexes: 0.64 and 0.49; 0.66 and 0.51, respectively). There was a significant difference in research effort across population trend categories (χ2= 7.457, d.f. = 2, p = 0.024), with ‘increasing’ species having significantly
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Fig. 2  Temporal change in research effort per subject categories for Caribbean forest-dependent endemic
birds between 1988 and 2016. R2 and p values of linear regression are presented for each subject

more research than all other trend categories. Nine species were assigned a higher
IUCN Red List category and four species were downlisted over the review period.
There was no significant relationship between research effort and species undergoing
IUCN Red List change (χ2= 1.05, d.f. = 2, p = 0.59).
Generally, research effort was lower than expected based on the number of endemic
and threatened species in a given family, when treating near-threatened as non-threatened (Fig. 3a, b). The Cuculidae, Tyrannidae and Parulidae were nearly six-fold underrepresented in research effort for the number of endemic species (Fig. 3a), while the
Columbidae and Parulidae had fivefold less research effort than expected for the number of threatened species in the family (Fig. 3b). Conversely, the Psittacidae had significantly higher than expected research effort given the level of both endemism (30 times
higher) and extinction risk (16 times higher) for species within this family (Fig. 3a,
b).Within the Psittacidae family (n = 10), three species contributed to over 60% of all
publications (n = 333, Appendix S1). The results followed the same patterns when considering near-threatened as threatened (Appendix S5).
There was a similar pattern of low representation of research effort from many
islands, given the amount of endemism and extinction risk and after adjusting for
island area (Fig. 3c, d). Jamaica had substantially lower research effort than expected
for both endemism (sixfold) and extinction risk of species (fourfold) on the island,
while San Andres had over four times less for its species extinction risk (Fig. 3c,
d). However, Dominica, Puerto Rico and Hispaniola had between four and six times
more research than expected for their endemism, while Hispaniola and Puerto Rico
had between five and nearly eight times more effort than expected for extinction risk
(Fig. 3c, d).
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Fig. 3  Taxonomic (a, b) and geographic bias (c, d) in research effort for Caribbean forest-dependent
endemic species richness (a, c) and threatened endemic species richness (b, d). Negative values indicate
lower than expected research effort and positive values indicate higher than expected effort. Regional
endemics are excluded from the geographic analysis. X-axes are ordered left to right by increasing number
of species per group. See Appendix S1 for details of the species and observed studies. Pearson residuals
above |2| and |4| are interpreted as being significant at the α = 0.05 and α = 0.0001 level, respectively

Life history and phylogenetic bias
PGLMM analysis was based on 121 species, after removing those species not recognised
by BirdTree.org (e.g. due to recent taxonomic changes) and those with missing data. No
collinearity was observed between the predictor variables. PGLMM chains were well
mixed, Gelman-Rubin diagnostics indicated good convergence and the phylogenetic signal
was low to moderate (λ = 0.17, 95% CI 0.003–0.44). Results suggest an increase in research
effort with longer generation length, wider habitat breadth and lower maximum elevation
(Fig. 4, Appendix S6).

Discussion
Current research effort
This review is part of the first study (Devenish-Nelson et al. 2017), to our knowledge, that
quantifies research effort for the forest-dependent endemic birds of the Caribbean, a group
of specialist species that globally are highly vulnerable to extinction (Bregman et al. 2014;
Carrara et al. 2015; Deikumah et al. 2015; Wunderle 2008). Nearly 1000 peer-reviewed
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Fig. 4  Coefficient residuals from a PGLMM model of life history predictors of research effort on Caribbean
forest endemic birds. Values that do not overlap with zero are significant. The vertical dotted line is positioned at zero and error bars denote 95% CIs

studies were identified since 1988 by our review; yet there was no significant increase over
time in this research effort. This lack of a significant increase in research effort in all but a
few Neotropical countries has been previously noted (Freile et al. 2014), and contrasts with
an overall global increase in ornithological research (Ducatez and Lefebvre 2014). The
Caribbean is not well represented in global ornithological literature (Brooks et al. 2008;
Freile et al. 2014) and these results are consistent with the low ornithological research
capacity in the region (Devenish-Nelson et al. 2017; Latta 2012; Levy 2008) and low
research effort on restricted-range island bird species (de Lima et al. 2011). Historically,
international funding for baseline ecological avian research in the Caribbean has been low
compared to that for bird-related education and outreach, habitat conservation and capacity
building (Castro et al. 2000). Despite the promise of research on migratory species providing increased information on resident birds and building capacity in the islands (Latta
and Faaborg 2009), this has not broadly translated into a growing published literature for
these species, based on our review. This is worrying since it indicates that these forestdependent endemic species are being systematically overlooked in the literature, compared
to other groups of species. Encouragingly, work published since the review period of this
study points toward a growing interest in this group (e.g. Rimmer et al. 2017; Townsend
et al. 2018 and see the Journal of Caribbean Ornithology’s 2017 Special Issue on the Status
of Caribbean Forest Endemics). However, it is important to note that this is not the only
metric of output of increased research capacity; see discussion below for the impact of the
NGO community on avian conservation.

What subjects are studied?
Despite birds being a comparatively well-studied taxon, our study reveals substantial gaps
and biases in research effort for endemic forest-dependent birds in the Caribbean. Research
effort is driven by both local and global factors. Although it is hard to disentangle these
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drivers, logistical, technological, financial and capacity limitations, as well as individual
research interests can explain much of the bias (Latta and Faaborg 2009; Levy 2008; Raffaele 2004). That ‘distribution and abundance’ data was a dominant category is consistent
with patterns reported in the wider ecological literature for fundamental ecological studies
of single species (Carmel et al. 2013), as also observed with the strong link with ‘ecology’
studies in this review. The emphasis on, and strong relationship between, ‘conservation’
and ‘captive’ studies in the literature for threatened species is unsurprising given the relevance to ‘at risk’ species (Conde et al. 2011; Lawler et al. 2006) and the need for evidence
to inform conservation and management decision-making. The challenges of securing
funding, managing the logistics of tropical research, and of maintaining the continuity of
long-term studies (Lindenmayer et al. 2012), are also indicated in our results, such as in the
limited demographic and disease-related data available for all Caribbean species.
Temporal changes in subject areas since 1988 reflect changing interests and perceived
importance of topics as well as technological advances. The observed increase in ‘genetic’
studies is recorded more widely (Carmel et al. 2013) and is largely due to increasingly
sophisticated and accessible techniques (DeSalle and Amato 2004). The growth of ‘captive’ studies was predicted in the 1990s, due to the recognition of the role of zoos for in situ
conservation, as well as developments in technical research capacity (Ryder and Feistner 1995). Cataloguing species distributions and abundance has significantly decreased,
as observed more generally in ornithology (Bautista and Pantoja 2000) and may reflect a
growing emphasis in ecology on analytical science. However, successful citizen science
initiatives, such as eBird (Sullivan et al. 2009), can now act as a repository for much of this
distributional and abundance information.

Which species are studied?
Among-taxon biases are well documented in the published literature (McKenzie and
Robertson 2015; Roberts et al. 2016). The underrepresentation of some families is possibly explained by behavioural, physical or ecological attributes, such as a secretive
nature or low conspicuousness (e.g. the Tyrannidae, Diamond 1973; and Cuculidae,
Hughes 1996), low densities or difficulties in identification (e.g. the Tyrannidae, Chaves
et al. 2008; Tossas and Delannoy 2001). Positive research bias can also be driven by
unique life history, which may account for some of the high research effort, such as
social organisation (e.g. the cooperatively foraging Mimidae, Mortensen and Reed
2016). Charismatic species, notably the Psittacidae, popular in the pet trade, received
significantly more research than expected, as previously noted in the Caribbean (Latta
2012), while less charismatic species may explain the low representation of some families in the literature (Cronin et al. 2014), such as the Columbidae. Within families,
effort was not evenly distributed; for example, research in the Pscittacidae was skewed
towards a small number of these extinction-prone and highly forest-dependent species.
This pattern is also reflected globally with a small proportion of parrots being wellstudied (Marsden and Royle 2015). The contrast between research effort for resident
and migratory species is exemplified by the underrepresentation of the resident Parulidae species in this review. Migratory warblers, such as Kirtland’s warbler, Setophaga
kirtlandii, are one of the best studied groups in the Caribbean (Latta 2012), benefiting from attention and funding from North American researchers and programmes such
as Partners in Flight (Wunderle and Arendt 2017). Globally, migrant bird species are
proportionally overrepresented in the literature, both due to the ecological importance
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of migratory behaviour and the geographic bias of research emanating from the global
north (Ducatez and Lefebvre 2014). Encouragingly, resident endemic Parulidae have
received recent attention from internationally-driven research on Caribbean migratory
species (e.g. Lloyd et al. 2016; Townsend et al. 2013), although single-species ecological and demographic studies for this group remain limited.
Relationships of research effort with threat status vary across the literature depending
on the subset of birds in question (Brooks et al. 2008; McKenzie and Robertson 2015;
Murray et al. 2015; Roberts et al. 2016). Globally, studies have found higher effort among
non-threatened species (Ducatez and Lefebvre 2014) but the converse was true for rangerestricted island species (de Lima et al. 2011). In the Caribbean, we found that research
effort was only higher among threatened species if species currently classified as nearthreatened were included among the ‘threatened’ class. This analysis highlights the need
for clarity in the way near-threatened species are considered when assessing the role of
triage in conservation. Nonetheless, we noted that research was not equitable across threatened species in the Caribbean, highlighting the opposing vectors which rarity mediates
on research effort. Specifically, rare species are more likely to be threatened (Manne and
Pimm 2001) and are thus subject to greater research interest, especially with regards to
their conservation, as observed in this study. Yet, rare species are also hard to study due
to their low densities (Thompson 2013). In tropical forest habitats avian detectability can
be substantially reduced (Anderson et al. 2015; Gale et al. 2009), leading to difficulties in
obtaining the adequate sample sizes required for robust analyses.
Fewer studies have examined research effort in relation to population trend (but see
McKenzie and Robertson 2015). Here, results suggested research was higher in those
species with an increasing trend, but the small sample size cautions against drawing further conclusions. Similarly, although there was no relationship between research effort
and change in IUCN Red List categories over time, sample sizes of species with either a
genuine positive or negative change were low. It is encouraging that conservation efforts
resulting in the recent downlisting of the Montserrat oriole, Icterus oberi (IUCN 2017),
have been well documented in the published literature (e.g. Bambini et al. 2017; Oppel
et al. 2014a; Oppel et al. 2014b), but further work is required to determine the relationship between such successful conservation actions and research and, whether high research
effort leads to active species management or if species management drives research.
The moderate phylogenetic signal in the residual errors of the model suggests that
research effort is not entirely random in relation to evolutionary history, but is in contrast
to that previously reported for global research on birds, where a larger effect of phylogeny
was found (Ducatez and Lefebvre 2014). Research effort in this review was also not randomly distributed among life history traits. The focus in these data on longer-lived species is in agreement with other studies (Ducatez and Lefebvre 2014). Longer-lived forestdependent bird species are particularly vulnerable to habitat degradation (Newbold et al.
2013). Among Caribbean birds, the focus on longer-lived species is driven in part by the
high research effort on parrots, which are often both longer-lived and threatened species.
The higher research effort found for low elevation species likely mirrors the challenges
of the steep topography in the Caribbean (Lugo et al. 1981) and that globally, threats are
higher for low elevation bird species (White and Bennett 2015). The high likelihood of
research on species with a wide habitat breadth in this review also corresponds to other
studies (Ducatez and Lefebvre 2014). While this appears contradictory with the relationship of ecological traits and extinction risk, it may reflect the fact that species found in
multiple habitats have a higher likelihood of being observed, as demonstrated by the substantial contribution of distribution studies in this review.
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Where are species studied?
Some of the observed variation in research effort is likely due to the geographic distribution of charismatic species. For example, Dominica, Puerto Rico and Hispaniola all have
endemic parrots (Wiley et al. 2004), a family subject to high research effort. Higher than
expected effort may also reflect the presence of a focal conservation coordinator or ‘species advocate’, such as for many endemic species in Hispaniola and Puerto Rico (Wege
and Anadon-Irizarry 2005) or the pride programmes for endemic parrots (Latta 2012;
Wunderle 2008). However, high endemism and the presence of charismatic species does
not translate into research effort for Jamaica (although see Davis 2017), which is of concern due to this island’s particularly high conservation impact for forest-dependent birds
(Buchanan et al. 2011). The substantial representation of Puerto Rican research effort is
consistent with other studies (Freile et al. 2014; Latta 2012), reflecting the influence of
established universities, US funding, and legal conservation mandates that lead to a structured research agenda (Latta 2012; Tossas 2004). The significantly lower than expected
research output in Jamaica is surprising given the presence of several universities. However, this may be indicative that despite a recent increase in the number of universities in
the English-speaking Caribbean, the culture of research remains weak (Lewis and Simmons 2010; Onyefulu and Ogunrinade 2005). Although much of the research on Caribbean
forest-dependent endemic birds is driven by externally-based researchers (Devenish-Nelson et al. 2017), the geographic variation may also be influenced by the limited availability
of local collaborators, support from national government agencies and ease of logistical
arrangements, as observed in other Small Island Developing States (SIDS) (Hind et al.
2015; Kaiser‐Bunbury et al. 2015; Weeks and Adams 2018). As others have highlighted
(Levy 2008; Mendez et al. 2007), enabling Caribbean-based university-level education is a
critical step towards developing self-sustaining research programmes in the region.

Conservation implications and prioritising the way forward
That the proportion of conservation publications in the literature did not increase over
the study period is alarming and contrasts with the increasing focus on conservation in
ornithology in the wider Neotropics (Freile et al. 2014) and globally (Bautista and Pantoja 2000), as well as in the wider ecological research (Lawler et al. 2006; Cronin et al.
2014). The failure to parallel this global and Neotropical trend could be a symptom of a
broader deficiency in conservation-relevant research in the Caribbean (e.g. Donaldson
et al. 2016), although conservation research effort was higher in threatened species than
those with low extinction risk. However, the general lack of data for the majority of nonthreatened species is of concern. It is increasingly recognised that common species can
undergo rapid declines, yet there continues to be complacency about the need to monitor
such species (Inger et al. 2015; Lindenmayer et al. 2011). Indeed, over 50% of Caribbean
forest-dependent endemic species of least concern are experiencing population declines or
have an unknown trend (IUCN 2017) and given our review, we risk failing to understand
the factors limiting their populations.
Given the paucity of data for many Caribbean forest-dependent endemic species, the
prioritisation of data collection for both threatened and non-threatened species becomes a
key management question. While there is no substitute for long-term monitoring (Lindenmayer et al. 2012) and there are great examples of single-species population trend estimates
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in the Caribbean (e.g. Faaborg et al. 1997; Rusk 2017) that are invaluable to conservation
managers, these remain the exception, not the norm. For example, although Hispaniola was
overrepresented in this review, studies suggest that population trend data are lacking for
resident endemic species on the island (Lloyd et al. 2016), illustrating that high research
effort does not necessarily result in the data needed to manage or monitor species. Globally, gaps in conservation research are particularly apparent when research reflects personal or funding body interests, rather than focused attempts to gain management-relevant
data (Lawler et al. 2006). If we are to successfully conserve forest-dependent bird species
such as those in the Caribbean, managers require relevant and achievable data collection
objectives, as proxies for long-term data such as population trends. In this context, future
research on Caribbean forest endemics should include comparative demographic studies,
models of population limitation, reproductive success, habitat requirements and re-analysis
of existing data, as recommended for migratory birds (Faaborg et al. 2010). This would
advance our understanding of species responses to environmental change, arguably the
most pressing issue facing species conservation in the Caribbean, given the growing threat
of climate change and impacts of increasing human populations for forest habitats (Williams 2013; Wunderle 2008).
The capacity for ornithological research in the Caribbean remains low (Levy 2008; Raffaele 2004), yet the Caribbean has a strong amateur and NGO ornithological community
(Wardle et al. 2004), which with appropriate support can make a valuable contribution to
building capacity and long-term monitoring. In this context, abundance data is an effective means of monitoring long-term trends, such as that gathered globally by eBird and
the Christmas Bird Count (Sullivan et al. 2009), which can also facilitate revising species distributions to assess vulnerability (Lloyd et al. 2016). Replicating existing successful
monitoring programmes, such as the Caribbean Waterbird Census (www.birdscaribbean.
org), by tailoring survey methods specifically to forest habitats (Anderson et al. 2015; e.g.
Gale et al. 2009) should be a priority for forest-dependent birds. Of great importance is
the emphasis on promoting constant effort and widening geographic coverage of these
organised counts in the Caribbean, as well as ensuring meaningful analysis of the resultant datasets. Greater collaboration is recommended between academics and practitioners,
who often collect valuable ecological data but do not have the time or capacity for analysis.
Facilitation of such collaborations could be led by regional conservation NGOs. Finally,
primary literature is just one measure of research effort. Many local print, non-digital or
non-English publications not cited on WoS, as well as grey literature will contain valuable
data (e.g. Mugica et al. 2012) and are a means of bridging the practitioner-researcher gap
(Gossa et al. 2015). Future work should focus on cost-effectiveness of research and promoting dialogue and partnerships between conservation professionals and researchers.

Conclusion
Birds are a taxon globally recognised as well-studied. Yet, while research on Caribbean
endemic forest-dependent birds shows some encouraging trends of geographic and subject
strengths, this review identifies important gaps and priority areas. These knowledge gaps
are pertinent given the continued threats to these island birds (Wunderle 2008) and the
importance of the region for forest-dependent bird conservation (Buchanan et al. 2011).
While we can achieve a great deal of conservation with our current understanding, prioritising future research efforts based on this review will no doubt have wider implications
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for evidence-based conservation. Finally, the issues surrounding the inherent biases in
research effort and their reciprocal effects on threat status and management of island species are relevant to all SIDS. Islands systems support a disproportionately large number of
endemic and threatened species and, are of evolutionary significance, yet research efforts
in SIDS face disproportionate challenges due to their human and economic development
conditions. We recommend responsible collaboration among practitioners, and local and
international researchers in order to inform a meaningful research agenda for these island
species.
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