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Birds, especially raptors, play important roles in ecosystems. We examine the International Union for the Conservation of Nature’s (IUCN) Red List to determine which orders of birds have proportionally more or fewer species listed as threatened or declining compared to the Class-wide average. We further examine whether raptors are more threatened or declining than non-raptors and whether the order Accipitriformes is particularly threatened even when excluding Old World vultures – which are especially imperiled. Our results reveal heterogeneity across bird orders in proportions of threatened and declining species, with some orders having greater or lower proportions than the Class-wide proportion. We also show that the proportions of threatened species in each order are correlated with the proportion of declining species. Raptors have both greater proportions of threatened and declining species than non-raptors and Accipitriformes has greater-than-average proportions of threatened and declining species, even if Old World vultures are removed from the analysis. Our results should serve as a framework for discussion of the relative conservation status of bird orders, especially raptors, which are in need of increased conservation attention.
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INTRODUCTION

Earth is experiencing a sixth mass extinction – losing species at a rate thousands of times higher than between extinction events (Ceballos et al., 2010, 2015). Birds have not been spared from such defaunation (Dirzo et al., 2014; Ceballos et al., 2017). Since the year 1500, a minimum of 159 species of birds have gone extinct and many populations of extant species have been lost (Ceballos et al., 2017; BirdLife International, 2019). Even common species are experiencing declines (Ceballos et al., 2017), with bird populations declining by an estimated 29% across North America declining since 1970 (Rosenberg et al., 2019).

Such bird declines lessen ecosystem function (Şekercioğlu et al., 2004), because birds play important roles including as pollinators, dispersers, scavengers, and predators (Whelan et al., 2008). Raptors (orders Accipitriformes, Cathartiformes, Falconiformes, Strigiformes, and Cariamiformes; Iriarte et al., 2019; McClure et al., 2019) particularly perform important cultural and ecosystem services (Markandya et al., 2008; Donázar et al., 2016; O’Bryan et al., 2018; Aguilera-Alcalá et al., 2020). For example, Turkey Vultures (Cathartes aura) provide an estimated $700 million in ecosystem services by consuming roughly 1,000 tons of carrion per year (Grilli et al., 2019).

Raptor populations are currently of conservation concern. Over half of raptor species are experiencing population declines and 18% are threatened with extinction (McClure et al., 2018). Even of raptor species listed as Least Concern by the International Union for the Conservation of Nature (IUCN), 38% are in decline (McClure et al., 2018). Raptors remain understudied with ten species receiving one-third of research attention and one-fifth of species being virtually unstudied (Buechley et al., 2019). Further, most groups of raptors have lower Red List Indices (Butchart et al., 2007) than birds do generally (McClure et al., 2018) – thus the average raptor is at greater risk of extinction than the average bird.

Old World vultures are especially imperiled, mostly because of intentional and unintentional poisoning (Buechley and Şekercioğlu, 2016; Ogada et al., 2016; McClure et al., 2018). The obligate scavenging behavior of vultures particularly exposes them to dietary toxins while their slow life histories prevent populations from rebounding quickly (Buechley and Şekercioğlu, 2016). Indeed, Africa and Asia are experiencing concurrent vulture crises (Pain et al., 2008; Ogada et al., 2016), which contribute to obligate scavengers being the most threatened avian feeding guild, globally (Buechley and Şekercioğlu, 2016).

Here, we examine the IUCN Red List assessments of bird species (BirdLife International, 2019) to compare the number of threatened and declining species per order, with special attention to raptors. We predict that there will be heterogeneity across Class Aves in extinction risk and population declines, such that some orders are proportionally more or less threatened or declining than others. We further predict that across Class Aves, the proportions of species listed as threatened will correlate with the proportions of species listed as declining in population size. We predict that raptor orders will proportionally have more species listed as threatened and declining than non-raptor orders. We also predict that Accipitriformes will have proportionally higher-than-average numbers of threatened and declining species, even if Old World vultures are not considered.



METHODS

BirdLife International is the Red List Authority for all birds on the IUCN Red List. We therefore obtained data from BirdLife International’s database of Red List assessments (BirdLife International, 2019) for all species of birds. For information regarding the assessment process see documentation from the IUCN Standards and Petitions Subcommittee (2017).

Following Bennett and Owens (1997) we used simulations to determine whether there was heterogeneity in extinction risk and declining populations across Class Aves. To determine what the distribution of threatened species would be if those species were distributed randomly across orders, we drew the number of threatened species (see below) at random from the full list of species and noted which orders the randomly-drawn species were within. Next, we calculated the proportion of species within each order that were randomly selected and repeated this simulation 10,000 times. We then created a predicted (or, expected) distribution represented by a histogram of the average number of orders in each frequency bin across all simulations. Frequency bins ranged from zero to one by 0.1. Threatened species were assumed to be randomly distributed among orders when the observed data matched this histogram. We tested whether observed data matched the expected distribution using a X2 test and followed the same simulation methodology above to examine proportions of declining species.

We used logistic regression to examine the proportion of species in each Avian order that is threatened or declining. Under a Bayesian framework, we built a model where species (i) are input as binary data (zeroes or ones, y) and order j = {1,2,3,…,36} is estimated using a y-intercept (α) that varied as a fixed effect: yi∼Bernoulli(Ψi) and logit(Ψi) = αj. The model also calculated the average proportion across Class Aves as a derived parameter. We ran the model separately to examine threatened (threatened = 1, non-threatened = 0) and declining (declining = 1; stable, increasing, or unknown = 0). We coded species to be threatened with extinction if they were listed as Vulnerable, Endangered, Critically Endangered, or Extinct in the Wild. We subtracted the proportions of each order from the average across Class Aves to determine which orders have statistically higher or lower than average proportions of threatened or declining species. We considered orders to have proportions different from average if the 95% credible interval of the difference between the proportion of a given order and the average proportion across all Aves excluded zero.

We also built a model that included whether or not a species is a raptor as a binary covariate and estimated the difference between the proportions of threatened or declining species between raptors and non-raptors. We considered there to be a difference between the raptor proportion and the non-raptor proportion if 95% credible interval of the difference excluded zero.

We implemented models using JAGS (Plummer, 2003) and the package jagsUI (Kellner, 2016) in R (R Core Team, 2019) and implemented three MCMC chains each having 5,000 posterior iterations with burn-in of 1,000 and thinning rate of two. We calculated the Gelman-Rubin statistic (Gelman and Rubin, 1992) and considered convergence of chains when parameters had an [image: image] < 1.1. We visually assessed trace plots of parameter chains to check for convergence and used vague priors for all parameters (Kéry and Schaub, 2012), and specified priors for coefficients of covariates as normal(0,τ = 0.001).

To examine correlations between proportions of threatened and declining species per order, we used the lm() function in R to conduct regressions of posterior draws (Benson and McClure, 2019) of the of the two proportions. We considered there to be a correlation between proportions of threatened and declining species if the 95% credible interval of the slope parameter excluded zero.



RESULTS

Of the 10,988 species of extant birds recognized by BirdLife International, 1,491 (14%) are threatened with extinction and 5,108 (47%) have declining global populations. Simulations revealed the numbers of threatened (X2 = 31.95, df = 2, p < 0.001; Figure 1) and declining (X2 = 18.94, df = 2, p < 0.001; Figure 1) species are non-randomly distributed among bird orders.
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FIGURE 1. Frequency histogram across bird orders of proportion of species that are threatened or declining. The expected distributions are based on simulations.


Of the 36 bird orders, six (17%) had statistically lower proportions of threatened species than average (i.e., the Class-wide proportion) while 12 (33%) had statistically higher proportions than average (Figure 2). Regarding proportions of declining species, three (8%) orders had lower proportions than average while 12 (33%) had statistically higher proportions than average (Figure 2). Eight (22%) orders had higher proportions of both threatened and declining species (Figure 2), and two (6%) orders had fewer threatened and declining species than average. Per bird order, the proportions of threatened species were generally correlated with the proportions of declining species with linear models having a median R2 of 0.18 (CRI = 0.03–0.38) and slope of 0.37 (CRI = 0.15–0.61; Figure 3).
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FIGURE 2. Median (points) and 95% CRI (lines) of proportions of threatened and declining species per bird order. Horizontal dashed lines represent the Class-wide proportion (i.e., Average). Orders are more than average (orange) if the 95% CRI of the difference between the order’s proportion and the average is negative, and less than average (blue) if that value is positive. Moving from left to right, orders are ranked by median proportion of threatened species. The parenthetical numbers in the x-axis labels are the number of species per order.
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FIGURE 3. Results of a linear regression between the proportions of threatened and declining species per order. Black line is the median prediction and gray shading is the 95% CRI.


The proportion of Old World vultures that were threatened with extinction was 0.69 (CRI = 0.44–0.89) and that of other Accipitriformes was 0.19 (CRI = 0.14–0.24; Figure 4). These proportions for Old World vultures and other Accipitriformes were therefore both different from average with those differences being 0.56 (CRI = 0.30–0.75) and 0.05 (CRI = 0.004–0.11), respectively. Regarding proportions of declining species, the value for Old World vultures was 0.83 (CRI = 0.56–0.96) and other Accipitriformes was 0.59 (CRI = 0.53–0.61; Figure 4). The differences between these proportions and the Class-wide proportion was 0.36 (CRI = 0.13–0.43) and 0.13 (CRI = 0.06–0.19).
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FIGURE 4. Median (points) and 95% CRI (lines) of proportions of threatened and declining species per group of birds. Horizontal dashed lines represent the Class-wide proportion (i.e., Orders are more than average (orange) if the 95% CRI of the difference between the order’s proportion and the average is negative).


The proportion of raptor species threatened with extinction was 0.19 (CRI = 0.16–0.23) whereas that proportion for non-raptors was 0.13 (CRI = 0.12–0.14; Figure 4). The proportion of raptors that are threatened was therefore 0.06 (CRI = 0.03–0.10) greater than that of non-raptors. Results were similar for the proportions of declining species with raptors having 0.57 (CRI = 0.53–0.61) and non-raptors having 0.46 (CRI = 0.45–0.47), resulting in a difference of 0.11 (CRI = 0.07–0.15; Figure 4).



DISCUSSION

During the 1990s, Bennett and Owens (1997) demonstrated variation in bird extinction risk across families. We demonstrate that this heterogeneity continues today across orders and that variation also exists regarding proportions of declining species. We further show that several orders have proportionally different numbers of threatened or declining species than average, especially highlighting entire orders of conservation concern. These orders are in need of especially increased conservation attention. For example, all three members of Mesitornithiformes (mesites) are threatened with extinction whereas none of the 16 species of Pterocliformes (sandgrouse) are threatened. The eight orders containing both proportionally more threatened species and more declining species deserve special emphasis (Table 1). Psittaciformes (parrots) are the most speciose of these eight orders, are especially endangered (Olah et al., 2016), and are considered umbrella species (Vergara-Tabares et al., 2020). Our results suggest parrots are declining more than most birds. Galliformes (pheasants and allies) – considered both flagship and umbrella taxa (McGowan et al., 2009) – also have high proportions of threatened and declining species.


TABLE 1. Median of proportions of threatened and declining species per bird order. Orders are more than average (orange) if the 95% CRI of the difference between the order’s proportion and the average is negative, and less than average (blue) if that value is positive.

[image: Table 1]Both the proportion of raptor species that were threatened and the proportion that were declining were greater than that of non-raptors. Our results therefore support recent work expressing concern over the conservation status of raptors (McClure et al., 2018; Sarasola et al., 2018; Buechley et al., 2019). The two most speciose raptor orders had higher-than-average proportions both of threatened and declining species. Accipitriformes (hawks, eagles, and Old World vultures) contain the Old World vultures, which are victims of the African and Asian vulture crises (Pain et al., 2008; Ogada et al., 2016). Yet, even the proportions of both threatened and declining species of the other (non-vulture) species of Accipitriformes were higher than average. Thus, even though Old World vultures are indeed particularly imperiled, Accipitriformes, in general, should be considered of conservation concern. Strigiformes (owls) also had greater proportions of threatened and declining species than average. Owls are particularly understudied (Buechley et al., 2019; McClure et al., 2020) and therefore should be targets of both conservation and research efforts.

Raptor orders generally conformed to the pattern of correlation between the proportions of orders that are threatened and declining. We expected this correlation between threatened and declining proportions because severe population declines are one of the criteria that warrant threatened status (IUCN Standards and Petitions Subcommittee, 2017). However, species can be declining gradually such that they do not warrant threatened status, and other criteria such as small or isolated populations can result in a threatened listing. Exceptions to this pattern therefore especially deserve mention. For example, Leptosomiformes (Cuckoo Roller) and Opisthocomiformes (Hoatzin) are single-species orders where the representative species are non-threatened yet declining. Similarly, Piciformes (woodpeckers and allies) was the only order to be statistically lower than average in proportion of threatened species (also see Bennett and Owens, 1997), yet statistically higher than average in proportion of declining species. Therefore, the relatively non-threatened status of Piciformes might not continue if population declines persist into the future.

Unsurprisingly, most orders were statistically average, and some were proportionally more secure. Particularly, the two most speciose orders of birds – Passeriformes (perching birds) and Caprimulgiformes (hummingbirds, nightjars, and allies) – have lower-than-average proportions of threatened and declining species. The only raptor order with any proportion that was statistically less than average was Cariamiformes (seriemas), which consists of two species that are both non-threatened with stable populations. Falconiformes (falcons and caracaras) and Cathartiformes (New World vultures) are raptor orders that had statistically average proportions of threatened and declining species, indicating that these orders are generally equal with most others regarding conservation need.

We analyzed Class Aves mostly at the order level, while particularly examining the evolutionary grade that constitutes raptors (Jarvis et al., 2014; Iriarte et al., 2019; McClure et al., 2019). Other polyphyletic groups of birds have received recent concern. For example, 15% of non-excavating tree-cavity nesting birds are threatened with extinction (van der Hoek et al., 2017). Croxall et al. (2012) reported that 28% of seabirds are threatened. Our results support Croxall et al. (2012) with the two orders that constitute almost half of all seabirds – Sphenisciformes (penguins) and Procellariiformes (albatrosses and petrels) – having higher-than-average proportions of threatened species.

Our analysis is a framework for discussion of the relative conservation status of bird orders, especially raptors, but caution is needed when using these results to guide conservation action. Because we considered birds with unknown population trends to be non-declining, and many species of birds are poorly monitored, our results should be viewed as conservative with a possible bias against orders with a large percentage of poorly studied species. Indeed, it is possible, perhaps likely, that many of the species with unknown population trends are in decline. Further, similar to the binomial tests performed by Bennett and Owens (1997), our binomial model is sensitive to the number of species in an order such that larger numbers of species increase the likelihood of an order’s proportion being different from the Class-wide proportion. Put differently, our model has low power to detect differences when the number of species in an order is small. So, the Cuckoo Roller and Hoatzin orders are not significantly different from the class-wide proportions of declining species, even though 100% of those orders (i.e., the single species) are declining. Further, even though there were several orders with below-average proportions of threatened or declining species, individual threatened or declining species within them still deserve conservation action. For example, the critically endangered California Condor (Gymnogyps californianus) should be actively managed despite the rest of Cathartiformes being non-threatened. And, even though Passeriformes contained relatively few threatened and declining species by proportion, it contained the largest absolute count of these species – such that most declining species and a plurality of threatened species are passerines.

Birds serve well as indicators of biodiversity because they are sensitive to environmental change, widespread, diverse, and relatively easy to monitor (Gregory and van Strien, 2010). As top predators, raptors especially reflect the health of ecosystems (Sergio et al., 2005, 2006). Indeed, as populations of scavengers such as Old World vultures are lost, human health might suffer (Markandya et al., 2008). The proportions of threatened and declining species that we report therefore likely reflect underlying problems with ecosystem function. As the Anthropocene continues, conservation action to protect birds and their ecosystems must be made a top international priority.
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