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 Summary 

 Endemic species and those with restricted distribution ranges are a priority and national respon-
sibility for global conservation. Fuertes’s Oriole  Icterus fuertesi  is a Mexican endemic species and 
is perhaps one of the least known birds in the country. It has traditionally been regarded as con-
specific with the Orchard Oriole  I. spurius , but recently it has been suggested that it is a distinct 
species, causing concern about its risk status. There is a scarcity of information related to the 
geographic and seasonal distribution of Fuertes’s Oriole, as well as a lack of information regarding 
its abundance and habitat preferences. We gathered all the available records, and used ecological 
niche modelling to analyse the spatial and temporal patterns of the distribution of the species. 
We also carried out field surveys in the surroundings of known locations of the species in order 
to determine its abundance. We found that the species is narrowly and locally restricted to the 
surroundings of eight localities along the Gulf coast of Mexico that constitute small and discon-
tinuous areas of presence. We also found no evidence of migration to the Pacific Coast in winter, 
as has been historically thought. Instead, our results suggest that the species exhibits a short-
distance migration, with northern populations migrating to the southern range along the Gulf 
coast of Mexico. Analysis of abundance and field observations confirm that the species is restricted 
to highly modified wetland landscapes associated with urban and semi-urban habitats. Based on 
these results, we suggest the urgent reassignment of its risk category.   

 Resumen 

 Las especies endémicas y aquellas con intervalos de distribución restringidos son una prioridad 
y responsabilidad nacional para la conservación global. La calandria de Fuertes  Icterus fuertesi  es 
una forma endémica de México y es quizá de las aves menos conocidas. Tradicionalmente ha sido 
considerada como con-específica de  I. spurius , aunque recientemente se ha sugerido que es una 
especie distinta, lo que conlleva a una preocupación acerca de su estatus de riesgo. Existe escasa 
información relacionada con la distribución geográfica y estacional de la calandria de Fuertes, así 
como poca información sobre su abundancia. Se recopilaron todos los registros disponibles de la 
especie y, vía modelado de nicho ecológico (ENM) fueron analizados los patrones de distribución 
espacial y temporal. Se realizó trabajo de campo para estimar la abundancia. Se encontró que la 
especie está localmente restringida a los alrededores de ocho localidades a lo largo de la costa del 
Golfo de México, lo que constituye pequeñas y discontinuas áreas de presencia. No se encontraron 
evidencias de la migración a la costa del Pacífico durante el invierno, como históricamente ha sido 
sugerido, en vez de ello, los resultados sugieren que la especie presenta una migración de corta 
distancia, donde las poblaciones del norte migran hacia el sur de su intervalo de distribución den-
tro de la costa del Golfo de México. Los análisis de abundancia y observaciones en campo confirman 
que la especie se encuentra restringida a humedales altamente modificados y asociada a hábitats 
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urbanos y semi-urbanos. Basados en estos resultados se sugiere una urgente necesidad de evaluar 
su categoría de riesgo.      

   Introduction 

 There have been many efforts to identify endangered species worldwide, as well as the causes of 
the threats and population trends (ICBP  1992 , BirdLife International  2000 , UNEP-WCMC 2011, 
IUCN  2012 ). In fact, it has been suggested that species with a restricted distribution range 
(e.g. those with a distribution range of less than 20,000 km 2  that are classified as ‘Vulnerable’ 
following the IUCN criteria) represent a global conservation priority (Stattersfield  et al.   1998 , 
IUCN  2012 ). Narrowly endemic species are a particularly high priority for conservation at 
national level, given that they are part of the national biological heritage and a responsibility for 
global conservation (Arizmendi  2003 , González-García and Gomez de Silva  2003 ). Unfortunately, 
there are still many examples of groups that have remained at the margin of legal protection and 
conservation efforts due to a lack of knowledge concerning taxonomy, distribution (geographical 
and seasonal) and/or life cycle (Rojas-Soto  et al.   2010 ). 

 Fuertes’s Oriole  Icterus fuertesi  is endemic to Mexico and is perhaps the least known bird in the 
country. It has traditionally been regarded as a subspecies of Orchard Oriole  I. spurius  (Blake 
 1953 , AOU  1983 ,  1998 ) due to its morphological similarity in all respects, apart from the replace-
ment of the chestnut plumage by ochre (Jaramillo and Burke  1999 ). However, its evolutionary 
independence has recently been recognised (Baker  et al.   2003 , Navarro-Sigüenza and Peterson 
 2004 , Kiere  et al.   2007 , Clements  et al.   2012 , Gill and Donsker  2012 ). This has emerged as a result 
of various types of evidence, such as the analysis of mitochondrial DNA (Baker  et al.   2003 ), plum-
age colouration (Omland and Layon  2000 , Kiere  et al.   2007 ), differences in size (Chapman  1911 , 
Graber and Graber  1954 ), their migratory patterns (Jaramillo and Burke  1999 ), and also their 
distribution during the breeding season (Martin and Omland  2011 ), suggesting specific recogni-
tion of these two lineages, as suggested by Chapman ( 1911 ). 

 Acceptance of Fuertes’s Oriole as an independent species (Navarro-Sigüenza and Peterson  2004 , 
Clements  et al.   2012 , Gill and Donsker  2012 ) creates concern about its risk status since it implies 
that, as a lineage, it has restricted geographical distribution and may therefore have been assigned 
an inadequate risk category under both national and international legislation (Rojas-Soto  et al.  
 2010 ). Currently, Fuertes’s Oriole is a subspecies categorised as “Subject to Special Protection“ 
under Mexican legislation (NOM-059-SEMARNAT-2010; SEMARNAT  2010 ) and has not yet been 
assessed by IUCN ( 2012 ). 

 The known distribution of Fuertes’s Oriole in the breeding season (March to August) includes 
a small number of occurrence records, all of which are concentrated in eight localities distributed 
discontinuously along the coast of the Gulf of Mexico from southern Tamaulipas to southern 
Veracruz, Mexico (Chapman  1911 , Graber and Graber  1954 , Howell and Webb  1995 , Jaramillo 
and Burke  1999 , Kiere  et al.   2007 , Martin and Omland  2011 ;  Figure 1 ), although there have been 
occasional sightings in Brownsville (Dickerman  1964 ) and Harlingen (Hess  2004 ) in Southern 
Texas. Despite limited information concerning the winter range of this species (primarily based 
on few immature specimens in collections and a single photograph), it has traditionally been 
thought that Fuerte’s Oriole makes a short migration to the Pacific coastal plain, in the states of 
Guerrero, Oaxaca and Chiapas, Mexico (Blake  1953 , AOU  1983 ,  1998 , Howell and Webb  1995 ).     

 The use of ecological niche modelling (ENM) facilitates analysis of the geographical, ecological 
and seasonal distribution of a species, and has thus been used for different purposes in conservation, 
such as the design and planning of reserves (e.g. Ortega-Huerta and Peterson  2004 , Wilson  et al.  
 2005 ), evaluation of the response of species to climate change (e.g. Peterson  et al.   2001 , Marini 
 et al.   2009 ), exploration of the impact of invasive species on indigenous species (e.g. Rodríguez 
 et al.   2007 , Martínez-Morales  et al.   2010 , Jiménez-Valverde  et al.   2011 ) and prioritisation of areas 
for reintroduction (e.g. Martínez-Meyer  et al.   2006 ), among others. However, ENM is also an 
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excellent tool for improving conservation strategies for taxa that are rare or difficult to locate 
(Peterson  et al.   2002 , Peterson and Papes  2006 , Franklin  2009 , Peterson  et al.   2011 , Mota-Vargas 
 et al.   2013 ), as is the case with Fuertes’s Oriole, that are in addition facing unprecedented reductions 
in their natural environment (Kiere  et al.   2007 ). 

 Due to the scarcity of information, the objectives of this study were to analyse the geographical 
and temporal distribution of the species using ENM, to make an assessment of the species’ abun-
dance, and based on this information, discuss the implications for its conservation.   

 Methods  

 Occurrence data 

 Information about species occurrence was obtained from three sources; the first comprised an 
exhaustive search of historical records in available databases (Global Biodiversity Information 
Facility [GBIF;  http://www.gbif.org/ ], the Avibase database [ http://avibase.bsc-eoc.org ]) as well as 
consultation of the atlas of the birds of Mexico (Navarro-Sigüenza  et al.   2003 ). Historical records 
with no geospatial information were geo-referenced (latitude–longitude) with the use of elec-
tronic gazetteers ( http://manisnet.org/gci2.html ,  http://www.biogeomancer.org ) as well as data 
from the National Institute of Statistic and Geography (INEGI  2011 ). Occurrence data were also 
gathered from published records in peer-reviewed journals and specialised literature (Chapman 
 1911 , Graber and Graber  1954 , Dickerman  1964 , Howell and Webb  1995 , Jaramillo and Burke  1999 , 
Kiere  et al.   2007 , Martin and Omland  2011 ). When no coordinates were provided, we georeferenced 

  

 Figure 1.      Geographical distribution of Fuertes’s Oriole, the dark grey polygon represents breed-
ing distribution and the light grey polygon the winter distribution as suggested by Howell and 
Webb ( 1995 ). The black and white circles represent currently known historic localities of the bird, 
although the latter correspond to the localities visited in this study (see Methods). The stars indicate 
examples of dubious records of the species during the non-breeding season.    
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them as above. A third source of information was derived from field surveys to search for the 
species in localities where there had been previous reports and in surrounding areas in order to 
update the current state of knowledge regarding abundance, as well as in other intermediate 
regions between known localities in order to add more occurrence records; these records were 
geo-referenced using a global positioning system (GPS). 

 As part of the historical records review, we examined specimens collected in the states of 
Morelos and Guerrero, in the collections of the American Museum of Natural History (AMNH 
Bird SKIN-818329) and the Museum of Zoology of the Faculty of Sciences at the UNAM (MZFC 
16544) in Mexico. Photographs were also checked via the internet in order to verify sightings 
of the species in the state of Chiapas, ( http://ibc.lynxeds.com/species/fuertess-oriole-icterus-
fuertesi ). 

 Dubious historical records, particularly those with no specimens or photographic evidence, and 
those that were duplicates or offered insufficient geographic information for geo-referencing 
(i.e. ambiguous localities), were eliminated. After this careful revision, we gathered a total of 179 
unique records (latitude–longitude; hereafter referred to as sites). However, given that almost 
70% of them were located less than 1 km apart, and considering that spatial autocorrelation could 
bias the modelling performance, for those areas with high concentration of records (particularly 
during the breeding season in Tecolutla and Tlacotalpan) we randomly eliminated 50% of them. 
Thus, we obtained a final set of 43 sites, 40 for the breeding season and five for the non-breeding 
season (please note that the sum does not correspond to 45 due to the duplication of two sites 
for breeding and the non-breeding seasons; Table S1 in the online supplementary material). Data 
visualisation and edition were carried out in ArcView v. 3.1 (ESRI  1999 ).   

 Environmental data 

 For the environmental characterisation of each season, we used three monthly climatic variables, 
available via digital maps from WorldClim project (Hijmans  et al.   2005 ) and obtained for each 
season. These showed maximum and minimum temperatures and average precipitation, in com-
bination with three topographic variables: elevation, slope and topographic index (CTI), from the 
Hydro 1K Project (USGS  2001 ). All layers had a resolution of 0.0083° ( ∼  1 km 2 ).   

 Ecological niche modelling 

 Analysis of geographical, ecological and seasonal distribution was performed using ENM. The niche 
models relate records of species occurrence with abiotic variables, in order to detect areas with 
environmental factors favouring the presence of the species (Peterson  et al.   2002 ,  2011 ). In this 
study we used the algorithm MaxEnt V. 3.3.3e (Phillips  et al.   2006 ) to obtain potential geographic 
and seasonal distributions and niche characterisation for Fuertes’s Oriole, as previous studies have 
shown that this is a suitable algorithm for making predictions, especially when considering a small 
number of presence records (Phillips  et al.   2006 , Pearson  et al.   2007 ). 

 MaxEnt estimates the probability of distribution that has maximum entropy applying the 
following principle: the expected value for each ecological (in this case, climatic and geomorpho-
logical) variable must equal the empirical average, i.e. the average value for points relating to 
known presence. The algorithm performs a certain number of iterations until reaching a convergence 
limit. The final map represents a favourability rating ranging from 0 (unsuitable) to 1 (perfectly 
adequate) (Phillips  et al.   2006 ). We used the predetermined settings in the program, although the 
“Do clamping” and “extrapolate” options were disabled in order to avoid artificial extrapolations 
for the most extreme values among the ecological variables. 

 In order to analyse patterns of seasonal distribution of the species, based on variations in terms 
of date of occurrence records throughout the year, two groups of layers were drawn up in terms 
of climatic variables, which in turn corresponded to the breeding and non-breeding seasons. 
Although the breeding season of the species is mainly the period from May to July (Jaramillo and 

https://doi.org/10.1017/S0959270914000501 Published online by Cambridge University Press

https://doi.org/10.1017/S0959270914000501


The distribution of Fuertes’s Oriole 493

Burke  1999 , Martin and Omland  2011 ), in this study, we expanded it to the period between March 
and August. This was based on the observation of active nests in mid-March and mid-August in 
some localities throughout the species distribution (Table S1). The non-breeding season consisted 
of the months of November, December and January. September, October and February were not 
considered in this analysis due to lack of records, as these are apparently months of transition in 
which migration takes place. 

 Three MaxEnt models were constructed: one each for the breeding season and non-breeding 
season and one for the breeding season, but restricted to northern records. For each model, a map 
of the potential distribution of the climatic niche was produced (autopredictions) and models from 
one season were also used to predict distribution in the other season (allopredictions): projected 
non-breeding season distribution, based on breeding season model; projected breeding season 
distribution, based on the non-breeding season model; and projected non-breeding season distri-
bution, based on the northern breeding season localities. Projections are transferences of the 
ecological niches calibrated in a particular seasonal scenario to another seasonal scenario and are 
performed directly in MaxEnt. This approach allowed an assessment of the degree to which the 
species maintains consistent conditions between seasons ( niche-follower  species, as defined by 
Nakazawa  et al.   2004 ), and determines whether the species migrate from the Gulf of Mexico to 
the Pacific coastal plain (as has been historically suggested). 

 The performance of the models resulting from MaxEnt are traditionally evaluated using a ROC 
curve (Receiver Operating Characteristic curve; Phillips  et al.   2006 ) a statistical technique that 
has become a predominant tool in evaluating the accuracy of models predicting species’ distribu-
tions (Elith  et al.   2006 ). However, several problems have been associated with this technique 
(Peterson  et al.   2008 , Lobo  et al.   2008 ). One of them is that the two error components (omission 
and commission) are inappropriately weighted equally. Accordingly, we use a modification of 
ROC analyses that solves these problems: partial-area ROC approaches that evaluate only over 
the spectrum of the prediction and that allow for differential weighting of the two error compo-
nents (Peterson  et al.   2008 , Williams and Peterson  2009 ). Thus, we carried out partial ROC analy-
ses for each model. AUCs were limited to the proportional areas over which models actually made 
predictions and only omission errors of < 5% were considered (Peterson  et al.   2008 ). We calcu-
lated partial AUCs using the Tool for Partial-ROC V. 1.0 (Barve  2008 ) using 25% of the original 
data for independent model evaluation. Thus, for the breeding season we used 30 data points for 
model performance and 10 for testing and for the breeding season of the northern localities, 
16 data points were used for model performance and five for testing. We presented our ROC 
results as the ratio of the model AUC to the null expectation (“AUC ratio”; Peterson  et al.   2008 ). 
Bootstrapping manipulations to permit evaluation of statistical significance of AUCs (as compared 
with null expectations) were achieved by resampling 50% of the points with replacement 1,000 
times from the overall pool of data; one-tailed significance of differences in AUC (i.e. elevation 
above the line of null expectation) was assessed by counting the number of bootstrap replicates 
with AUC ratios < 1. 

 Because the number of sites for the non-breeding season was limited, we applied the jackknife 
validation approach suggested by Pearson  et al.  ( 2007 ) to assess the ability to predict species 
occurrence when few occurrence records are available, where multiple predictions (five from our 
database) were made with one of the observed site excluded in each case. For each prediction, two 
threshold decisions (minimum training presence and fixed cumulative value of 10) were applied, 
and the ability to predict the excluded locality was tested. A  P -value was then calculated for the 
overall model across the set of jackknife predictions using the script made by Pearson  et al.  ( 2007 ).   

 Habitat and analysis of abundance 

 We describe the habitat associated with the presence of this species during field surveys in the locali-
ties visited (Tecolutla, El Bayo and Tlacotalpan). In addition an estimate and comparison of the rela-
tive abundance of the species was made in two localities with the greatest number of historical sites 
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of presence: 1) Tecolutla (20°29’N, 97°00’W), located in the northern part of the state of Veracruz, 
and visited during the months of May, August, December 2011 and January 2012, and 2) Tlacotalpan 
(18°36’N, 95°39’W), located in southern Veracruz, and visited during the months of March, May, 
July and December 2011. These two localities consist of wetlands dominated by semi-urban zones, 
flooded grassland with introduced grasses, hedges, small fragments of mangrove forest (sometimes 
grown as live fences in Tecolutla) and areas with citrus crops, for the most part. 

 To estimate relative abundance, a modification of the method of point counts by Ralph  et al.  
( 1996 ) was followed, which consisted of defining fixed observation points every 200 m for a 
distance of 2 km, reaching a total of 10 observation points at each locality. This count was repeated 
14 times in Tlacotalpan (10 in the breeding season and four in the non-breeding season) and six 
times in Tecolutla (four in the breeding season and two in the non-breeding season). Reproducing 
birdsong (playback) increases the probability of detecting a species and allows efficient monitor-
ing of the population (Sutherland  2006 ); thus we produced a playback of the song using an 
amplifier and sound player, and in order to avoid abrupt cessation of singing, this was programmed 
on auto-repeat mode. The song playback consisted of two sets of calls of 30 seconds each, separated 
by 30 seconds of silence. The sample was maintained at a constant, permitting the calculation of an 
index of relative abundance derived from the sum of all point counts by season and locality; this 
index consisted in dividing the total sum of all individual sightings, by the total sum of point–counts. 
The surveys were conducted in the morning (06h00–10h00) and afternoon (16h00–20h00).    

 Results  

 Geographic and ecological distribution 

 We obtained a final set of 43 sites referring to spatially unique sightings associated with eight localities, 
40 for the breeding season, and five for the non-breeding season (Table S1). The latter records corre-
spond to localities already known for the breeding season; however, as a result of fieldwork searches, 
the first winter records for the species in these same localities were obtained (in the Gulf area). 

 It was confirmed that all specimens from Morelos and Guerrero were juveniles and female 
individuals, making it difficult to correctly identify them (Fuertes’s Oriole is morphologically 
indistinguishable from Orchard Oriole except in the case of male adults) so they were not consid-
ered for the ENM, but this fact also queries the winter migration to the Pacific, as these records 
may refer to Orchard Oriole. Besides this, we examined the photograph taken by S. Howell in 
Puerto Arista, Chiapas (Howell and Webb  1995 ); it was concluded that the quality of the image 
made correct identification difficult, as the bird photographed appeared to be similar to a juvenile 
male Baltimore Oriole  I. galbula ; thus this record was not taken into account for the ENM either. 

 We used the MTP threshold, with a predicted probability of 0.1, based on the confidence for all 
occurrence dataset used to generate the models. The potential distribution of the species obtained for 
the breeding season ( Figure 2a ) covered an area close to the coast of the Gulf of Mexico, particularly 
the northern area which comprises flood-plains and mangrove swamps (with a high degree of dis-
turbance), similar to that which extends inland along the Tamesí River, bordering the state of 
Veracruz and Tamaulipas, as well as that going south along the Papaloapan River. Projection (trans-
ference of ecological conditions) of the ENM from the breeding season into the winter season 
( Figure 2b ) indicated that it is present in a small area corresponding to Tlacotalpan and Minatitlán.     

 The ENM for the non-breeding season ( Figure 2c ) indicated a potential distribution of the species 
during the breeding season in southern Veracruz, encompassing the localities of El Bayo, Tlacotalpan 
and Minatitlán, although with low probability. Significantly, only a small portion was predicted for 
the Pacific coast, in the Isthmus of Tehuantepec, in the state of Oaxaca. Winter conditions in locali-
ties showing presence during the non-breeding season projected to the breeding season ( Figure 2d ) 
coincided with the distribution of the species in northern localities, suggesting that the climatic 
conditions relating to the potential distribution during the breeding season in the north are very 
similar to those found during the winter in the southern localities, as demonstrated when we 
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 Figure 2.      Potential distribution of ecological niche of the species by seasons: a) breeding sea-
son model; b) predicted distribution in non-breeding season, based on breeding season model; 
c) non-breeding season model; d) predicted distribution in breeding season, based on non-breeding 
season model; e) breeding season for sites in northern Veracruz, and f) predicted distribution in 
the non-breeding season, based on the breeding season model restricted to sites in northern 
Veracruz. Shading corresponds to the probability threshold of the minimum training presence 
(MTP) of 0.1 (light grey) to the maximum predicted probability of 0.9 (black); areas predicted by 
the model below 0.1 of MTP threshold were not considered. Dots represent localities used for 
ENM. The white squares in “b” and “f” are localities from the non-breeding season, but in “d” 
they symbolize the absence of the species in winter, but are associated with presence in localities 
during the breeding season.    
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 Table 1.      Relative contributions of the environmental variables to the MaxEnt models. Variable descriptions 
are as follows: tmax–maximum temperature, tmin–minimum temperature, prec–mean precipitation, dem–digital 
elevation model, slope–slope, and topoind–compound topographic index (a function of upstream contributing 
area and slope that reflects tendency to pool water).  

Model  Variable Percent contribution  

Breeding season  dem 50.3 
tmin 35.9 
tmax 7.8 
prec 2.9 
slope 2.8 
topoind 0 

Non-breeding season tmin 55.4 
dem 39.9 
tmax 4.2 
slope 0.4 
prec 0.2 
topoind 0 

Northern breeding season dem 50.5 
tmin 26.9 
tmax 11.7 
slope 6.9 
prec 4 
topoind 0.1  

modelled the distribution of the species considering only the northern localities during the breeding 
season ( Figure 2e ), and when it became the opposite, i.e. when these conditions were projected to 
geographical winter, these coincided with southern localities ( Figure 2f ); albeit with low probability. 
For each model the variables with higher percentage of contribution according to MaxEnt were: 
altitude (50.3%) for the breeding season; TMIN (55.4%) for the non-breeding season; and altitude 
(50.5%) for the northern breeding season respectively ( Table 1 ).     

 When we modelled the potential distribution for the climatic niche of the species during the 
breeding season, the resulting area covered approximately 18,871 km 2 , whereas the potential 
distribution of the climatic niche occupied in the non-breeding season, was only c.4,250 km 2 ; 
areas predicted by the model below the MTP threshold were not considered. Results indicated 
areas with favourable climatic conditions for the potential presence of the species in Tabasco and 
Yucatan peninsula, but these areas were omitted from the analysis because they did not have 
either current or historical records validating the presence of the species in these areas, although 
the possibility of annual or even seasonal presence in low densities was not ruled out; this will 
require more intensive searches in order to clarify its presence in the region. 

 The performance of the two models for the breeding season ( Figure 2  a,e) and their respective pro-
jections ( Figure 2  b,f) based on the results from the partial ROC curves, in both cases was significantly 
greater than expected at random, indicating for the breeding season model an AUC ratio of 1.98 
( P  < 0.001) and for the breeding season model for northern localities an AUC ratio of 1.99 ( P  < 0.001). 

 On the other hand, the performance of the projected potential distribution model of the non-
breeding season model ( Figure 2 c ) and its projection ( Figure 2 d ) showed high and significant 
success rates in the jackknife tests with a threshold of 10% from the fixed cumulative value 
(T10 = 0.17,  P =  0.02), rather than the minimum training presence (MTP = 0.40,  P =  0.66). The 
minimum training presence approach (MTP) can be interpreted ecologically as identifying pixels 
predicted as being at least as suitable as those pixels where the species has been recorded, whereas 
the fixed cumulative value approach (T10) rejected only the lowest 10% of possible predicted 
values in the model (Pearson  et al.   2007 ). Thus, the last approach in this case was less conservative 
and strict than the MTP, in which a larger predicted area is incorporated through the model. 
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However, despite a change in total area, the T10- and MTP-based assessments were comparable, 
allowing us to use the non-breeding season model with confidence.   

 Habitat and estimate of abundance 

 Information about the specific type of habitat of Fuertes’s Oriole is also unclear. It has been 
suggested that during the breeding season its habitat corresponds to the dense shrubbery of 
coastal sand-dunes (Chapman  1911 , Graber and Graber  1954 ); however, according to Jaramillo 
and Burke ( 1999 ) and field observations made during this study, the species is now only found 
associated with open sites on the margins of agricultural land, secondary vegetation, urban areas 
and scrubby thickets of bull’s horn acacia  Acacia  sp. 

 We observed that the individuals of  I. fuertesi , when present in the sites always responded 
to the playback, showing aggressive behaviour, particularly the males; however, females and 
juveniles also responded by approaching the speaker. On the contrary,  I. spurius  that was always 
observed in large groups (> 40 individuals) did not respond to the  I. fuertesi  calls, helping us 
to avoid misidentifications during the observations. 

 The results of the relative abundance index showed similar values for both localities Tlacotalpan 
and Tecolutla for the breeding season (0.40 and 0.48 respectively); however, for the non-breeding 
season the abundance index decreases dramatically showing very low value in Tlacotalpan (0.12) 
and zero in Tecolutla ( Table 2 ). The number of males was almost twice that of females or juveniles 
for both localities and seasons.        

 Discussion 

 There is an evident lack of up-to-date knowledge relating to Fuertes’s Oriole, when the inac-
curacies of the records concerning their geographical and seasonal distribution are considered; 
a fact that is troubling considering that this represents a Mexican micro- endemic species. 
This ignorance may be partly due to slow progress in terms of recognising this bird as a taxo-
nomically distinct evolutionary lineage (Baker  et al.   2003 ). If this is the case, it would have 
important implications for conservation, especially as the size of the distribution area of a 
species is considered as an important criterion when determining their risk category (IUCN 
 2012 , Sánchez  et al.   2007 , SEMARNAT  2010 ). In this case, it would be restricted to a few 
localities along the Gulf coast of Mexico. 

 Since the description by Chapman ( 1911 ), few studies have focused on understanding the 
biology of this species, despite it being endemic to Mexico and assigned a low risk category under 
Mexican legislation (NOM-059-2010, SEMARNAT  2010 ). Thus this study provides fundamental 
information for understanding the spatial and seasonal distribution of the species, considering the 
challenge presented by a migratory bird, which has seasonal variations in distribution. 

 Table 2.      Number of individuals recorded at each locality and by seasons, together with the index of relative 
abundance.  

  Category Breeding season Non-breeding season 

 No. fixed points No. birds index No. fixed points No. birds index  

Tlacotalpan  Juveniles 13 0.13 1 0.025 
Males 21 0.21 4 0.1 
Females 14 0.14 0 0 
Total 100 48 0.48 40 5 0.12 

Tecolutla Juveniles 3 0.075 0 0 
Males 12 0.3 0 0 
Females 1 0.025 0 0 
Total 40 16 0.4 20 0 0  
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 This study found that the species is characterised by a very limited potential distribution area 
along the coast of the Gulf of Mexico, in the states of Tamaulipas and Veracruz, and was reported 
to occupy an area eight times smaller than previously reported by Martin and Omland ( 2011 ), 
who estimated an area of potential distribution in the breeding season of 145,400 km 2  using an 
ENM in a study comparing the distribution of Orchard Oriole and Fuertes’s Oriole. Differences 
in the estimates may be due to fact that in the study by Martin and Omland ( 2011 ) annual envi-
ronmental variables were used to model seasonal distribution. Our results, obtained by separating 
seasonal variations, are of particular relevance and cause concern about the conservation of 
Fuertes’s Oriole, because distribution is suggested to cover an area less than 50,000 km 2 ; thus, 
while areas predicted from ENM should be considered with caution, the magnitude of the differ-
ence is notable, making this species a conservation priority (ICBP  1992 , Stattersfield  et al.   1998 ). 

 Likewise, fieldwork to search for new localities of the species was unsuccessful, with eight 
known localities remaining for the breeding season, with some new records which are relatively 
close to already known localities (e.g. Salinas, Veracruz at a distance of 6 km from El Bayo), and 
with only three known localities during their non-breeding season (although associated with five 
sites; Table S1). This suggests that the distribution of this species is particularly restricted, and 
strongly isolated with a lack of connectivity between geographic localities. However, the use of 
ENM allowed the filling in of potential gaps to asses a more comprehensive distributional hypoth-
esis based on a low number of known presence localities ( n  > 15), as has been used in other exam-
ples (Papes and Gaubert  2007 , Pearson  et al.   2007 , Sandoval-Comte  et al.   2012 ). 

 The results also suggest, however, the necessity for more intensive fieldwork in non- or poorly 
surveyed areas, focusing on both breeding and winter periods. Given the uncertainty about the non-
breeding range, as is the case of the southernmost distributional range, such fieldwork should be 
particularly directed towards areas where there are very few observations (e.g. the surroundings of 
Minatitlán): This will complement and improve modelling as well as conservation strategies. 

 Besides the restricted and fragmented geographic distribution, the seasonal patterns of the species’ 
distribution remains unclear, because it was long thought to make winter migrations to the Pacific 
coastal plain (Howell and Webb  1995 , Jaramillo and Burke  1999 ) and that distribution extended to 
the state of Guerrero (Blake  1953 , Howell and Webb  1995 , Jaramillo and Burke  1999 ). However, the 
ENM analysis suggests that the species makes a winter migration (corresponding in this study to the 
non-breeding season) consisting of a short north to south movement in the Gulf of Mexico and cor-
responding with the southern areas during the breeding season. It is important to note that according 
to Nakazawa  et al.  ( 2004 ) there is a variation in terms of the seasonal ecology of migratory species, 
some follow a particular climate niche between seasons (“niche followers”), whereas others make 
changes in their climatic regimes between seasons (“niche switchers”). If Fuertes’s Oriole is a niche-
follower, then there is no climatic evidence to suggest that species migrates to the Pacific in winter, as 
the projections of niche models from the breeding area (coastal area along the Gulf of Mexico) to the 
months of the non-breeding season, show that these weather conditions do not exist on the Pacific 
coast during the non-breeding season, except in the case of a small area of the Pacific coast on the 
Isthmus of Tehuantepec and in the northern area of Chiapas state ( Figure 2d ) and that actually coin-
cide with one dubious photographic record (Howell and Webb  1995 ) from Puerto Arista, Chiapas, 
which might suggest the species occurs along this reduced length of Pacific coastline. 

 Conversely, if the species is a niche switcher, as possibly suggested by the dubious historical 
records of the species in the central area and along the Pacific coast, this would uphold the possi-
bility of a Gulf-Pacific migration. However, careful analysis of the specimens stored in scientific 
collections, suggest they are juveniles and/or females, so there is no certainty in terms of their 
identification or their presence in these areas during the winter. This reveals a need to continue 
the intensive search for this species in the Pacific area, although our results suggest that Fuertes’s 
Oriole is a short distance migratory species (“niche follower”). Furthermore, the absence of 
records indicating occurrence in the north of its known distribution in the Gulf of Mexico during 
the non-breeding season, also upheld by the results from the ENM, suggests that populations 
from northern Veracruz and southern Tamaulipas, may undertake only one winter migration to 

https://doi.org/10.1017/S0959270914000501 Published online by Cambridge University Press

https://doi.org/10.1017/S0959270914000501


The distribution of Fuertes’s Oriole 499

southern Veracruz, where likewise we find the first confirmed winter records, corresponding to 
those found in southern areas during the breeding season, where it was observed that weather 
conditions exist for the annual presence of this species ( Figure 2c–f ). 

 The relative abundance index values obtained in this study during the breeding season recorded 
an average of four individuals for each 10 points, although this value is perhaps influenced by the 
use of playback that most probably increased detection (Sutherland  2006 ). On the contrary, for the 
non-breeding season, the lower values of relative abundance index could also arise from birds not 
responding to playback; the same could have occurred with the number of individuals by sex and 
age, with males being the most recorded ( Table 2 ), although the obtained values might be compara-
ble between localities within the same season. However, since the relative abundance index was 
estimated only for two localities, we are not able to make any suggestion regarding the total popula-
tion size. It is, however, important to note that the geographical patterns of distribution (including 
the currently known localities and the predicted areas) suggest an important degree of isolation 
among populations within the breeding season, where the flow of individuals is unlikely.  

 Evaluation of risk status 

 Based on the results obtained in this study, the estimated extent of occurrence is severely frag-
mented and restricted to less than 20,000 km 2 , with isolated populations containing low number of 
individuals. Implications for populations using disturbed habitats are unknown, but Kiere  et al.  
( 2007 ) have pointed out that the loss or alteration of habitat, which is apparently already very 
restricted, could have a dramatic effect on reproductive possibilities. Besides, according to our 
description, it is apparent that the species may be facing a situation of unprecedented risk consider-
ing that the impacts of human activity are causing a continuing decline in area, extent and quality 
of habitat; thus, we suggest re-evaluation of the risk status of this species. IUCN ( 2012 ) use several 
criteria to assess risk status, including the size of geographical distribution and population size, 
which is inversely correlated to the probability of extinction; therefore, under IUCN criteria it cor-
responds at least to the category of ‘Vulnerable’, perhaps higher. The criteria under Mexican legisla-
tion for defining species’ risk categories (Sánchez  et al.   2007 ) includes the extent of distribution, the 
state of habitat, the intrinsic biological vulnerability, and the potential impact of human activities; 
thus, the category for Fuertes’s Oriole fully complies with the Mexican threatened category. 

 Finally, although there are programmes and conservation initiatives for some localities, 
e.g. Tecolutla and Tlacotalpan have been considered as Important Areas for Bird Conservation 
(Arizmendi and Márquez  2000 ) as well as Ramsar Sites ( http://www.ramsar.org ), it is known that 
the other localities where the species is recorded, are suffering a high degree of human impact and 
degradation, and in turn are subject to intense stochastic events such as flooding and hurricanes 
(Moreno-Casasola  2011 ); thus special attention needs to be paid to the conservation of this species.    

 Supplementary Material 

 The supplementary material for this article can be found at journals.cambridge.org/bci     
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