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Summary 
 
Turkey and Black vulture ranges are expanding in the Americas despite 
environmental change, while Old World vulture populations are declining in 
Eurasia and Africa. The distribution of vultures is under-researched in El 
Salvador, arguably the most environmentally degraded Latin American nation. 
This article tests the hypothesis that Turkey and Black vulture adaptation to 
extremely modified landcover, recorded elsewhere, ensures their survival in El 
Salvador. The methodology uses point count surveys of vulture species density 
along an urban to forest gradient (dense downtown areas, suburbs, rural villages 
and farms, mixed uninhabited savanna, open and closed forests). The very 
common Black Vulture and the slightly less common Turkey Vulture were most 
often recorded in downtown areas, followed successively by suburban, fallow, 
savanna and forests. Only downtown and suburban areas, and to a much lesser 
extent farm fallow, recorded significantly more vultures than the other 
landcover categories, despite reduced vulture numbers along the gradient 
towards the forest. The much rarer Lesser Yellow-headed Vulture was most 
often recorded in farm/grass mosaics and the rarer King Vulture was recorded 
in forest. Turkey and Black vultures have adapted strongly to extreme 
environmental change in El Salvador. This result is important as an indicator 
study for assessing the ecology of these vulture species in less degraded areas.  
  
Introduction 
 
Environmental degradation resulting 
from urbanization, intensified  

 
 
agricultural development, landuse 
conflict, war and consequent 
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deforestation, has impacted 
negatively on many species, including 
vultures (Ferguson-Lees & Christie 
2001, Murn & Anderson 2008, 
Campbell 2009, Mateo-Tomás & 
Olea 2010, Margalida et al. 2014). 
Central America, especially El 
Salvador, has undergone extreme 
environmental change from these 
contributory factors, resulting in 
animal extinctions (Vandermeer 1990,  
Ramos & Ricord de Mendoza, 2000, 
Vargas-Mena 2000, Sanchez- 
Azofeifa 2000, Hecht et al. 2006, 
Hecht & Saatchi 2007, Sloan 2007).  

El Salvador (Figure 1) has a 
population of 6,052,064 people in an 
area of 21,041 km2 and is arguably 
one of the most degraded and densely 
populated countries in Latin America 
(Dull 2001, Rose et al. 2004, Hecht et 
al. 2006, Hecht & Saatchi 2007, Caso 
et al. 2008, Campbell & Torres 

Alvarado 2011, Central Intelligence 
Agency CIA World Factbook 2013). 
However, the status of vultures in El 
Salvador is under researched (Ellis et 
al. 1983, Campbell & Torres 
Alvarado 2011). Deforestation and 
urbanization may have both negative 
(habitat loss, noise, pollution, 
intensive human presence, lower 
biodiversity and improved sanitation) 
and positive (road kills, human 
discards, rubbish dumps) effects on 
vultures (Mundy et al. 1992, 
Ferguson-Lees & Christie 2001, 
Campbell 2009). In North and South 
America, Turkey and Black vultures 
have adapted and even expanded 
ranges in response to such changes 
(Sauer et al. 2001, United States 
Department of Agriculture 2003, 
DeVault et al. 2005, Blackwell and 
Wright 2006).  
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In El Salvador, there are four vulture 
species: the Turkey (Cathartes aura 
Linnaeus 1758), Black (Coragyps 
atratus Bechstein, 1793), Lesser 
Yellow-headed (Cathartes 
burrovianus Cassin 1845) and King 
(Sarcoramphus papa Linnaeus 1758) 
(Ferguson-Lees & Christie 2001). 
This article analyzes the recorded 
density of these species in urban to 
forest gradients. This type of gradient 
is selected because the original 
vegetation of densely populated El 
Salvador, similar to most of Central 
America, was dense forest, while 
mixed vegetation (grass, shrubs and 
isolated tree stands, hereafter termed 
savanna) largely resulted from human 
activities, such as intensive farming, 
fires, urbanization and wars (Hecht et 
al. 2006, Hecht & Saatchi 2007). 
Hence, the gradient from maximum 
to minimum human interference 
would be from intensive urbanization 
to dense forest.  

Four hypotheses are derived from 
the literature covering vulture 
behaviour and ecology: (1) Turkey 
Vultures are commonest in urban and 
agricultural areas, but more common 
than Black Vultures in forested areas, 
due to their sense of smell, which 
they use for foraging (Garrett and 
Dunn 1981, Unitt 1984, Olrog 1985, 
Kiff 2000, Stolen 2000, Feguson-
Lees & Christie 2001,  Airola 2011); 

(2) Black Vultures are commonest in 
urban and open agricultural/ savanna 
areas, avoiding the canopied forests 
due to their lack of a sense of smell 
(Stewart 1978, Wallace & Temple 
1987, Hill & Neto 1991, Buckley 
1996, 1999, Avery 2004, Novaes & 
Cintra 2013); (3) Lesser Yellow-
headed Vultures (also named the 
Savanna Vulture) are rarer than either 
the Black or Turkey vulture, but 
commonest in open agricultural and 
savanna landcover (Houston 1984, 
1988, 1994, Braun et al. 2007, 
Martínez-Sánchez & Will 2010, Zilio 
et al. 2013); (4) King Vultures are 
rare but mostly limited to forested 
areas (Clinton-Eitniear 1986, 
Berlanga & Wood 1992, Beason 
2003, Restall et al. 2006).  

 
Methodology 
 
The field research was conducted 
between August 2010 and April 2013, 
in central and eastern El Salvador, in 
the urban centres of San Salvador, 
San Miguel, La Union, Conchagua 
and Santa Rosa, and the fallow-
savanna vegetation grading from 
these urban centres to the dense forest 
in Morazon and other forested areas. 
The study areas followed an urban 
gradient to forest gradient, as in all 
cases farm, fallow and savanna 
landcover were recorded between 
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urban and dense forest landcover. 

Landcover types were classified 
as: (1) Downtown. Dense city centres, 
especially in the large city of San 
Salvador and parts of smaller towns, 
with intensive residential, 
commercial, industrial, transportation 
and asphalt landcover, and virtually 
no vegetation; (2) Suburbs. Less 
dense suburban mostly residential, 
recreational and commercial landuse, 
with 20 to 40 percent mixed 
tree/grass landcover, these comprising 
most of the smaller towns of La 
Union and Conchagua; (3) Fallow 
savanna. Mixed agricultural, fallow 
and small settlement residential 
landuse, this having more animals 
due to hunting, livestock rearing and 
bush clearance; (4) Mixed savanna. 
Mixed agricultural and shrub/grass 
landcover, with no houses, less or no 
livestock and forest patches covering 
about 10 percent of the landcover; (5) 
Open forest. Forest with grass and 
shrub patches comprising 20 to 50 
percent of landcover; and (6) Closed 
forest, with open canopy and 
shrub/grass vegetation less than 20 
percent of landcover. All the forest 
sites were located at least 500 m from 
open landcover. Farmland was 
classified with mixed grass/shrub 
mosaics as most of the latter was 
fallow farmland. 

The point count method was used, 

as defined by Campbell (2008) to 
record vultures in each of the 
landcover types at a series of 
observation points. Observation 
points were randomly selected within 
each of the landcover types. Each 
observation point was visited for at 
least ten minutes, five times between 
9 am and 6 pm on different days. All 
vultures sighted, including perchers, 
feeders and flyovers were recorded. 
Flying altitudes were estimated using 
the methodology of Stolen (2000). 
For each observation point, the 
landcover was approximately similar 
within a radius of at least one 
kilometre.  

The landcover type of each 
observation point was classified 
according to the percentage cover 
over a radius of approximately 500 
metres (using field surveys and field 
and aerial photographs). For 
downtown areas, urban substrate 
(roads, buildings, pavements, car 
parks, plazas and markets) comprised 
80 to 100% cover and vegetation 
cover less than 20%. For the suburbs, 
urban substrate ranged from 50% to 
70%, the remainder comprising grass 
and tree /shrub parks and urban 
farms. For fallow areas, the dominant 
landcover was savanna (grass/shrub 
mosaics, 50 – 70%), with some urban 
substrate (20 – 40%) and tree cover 
(approximately 10%). For savanna 
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areas, savanna mosaics were 
approximately 70% of the landcover, 
with some forest stands (20%) and 
urban substrate such as roads and 
pavements (8 - 10%). Open forest 
was approximately 60% tree stands, 
with the rest savanna and a few roads. 
Closed forest was 90% tree stands, 
with a few savanna patches. Forty 
observation points were located in 
urban areas (20 in the downtown and 
20 in the suburbs). Forty observation 
points were located in the open 
landcover (20 in the fallow and 20 in 
the mixed savanna. Forty more 
observation points were located in 
forest areas (20 in open and 20 in the 
closed forest). Although the savanna 
and agricultural areas covered the 
largest areas of the country, and hence 
a smaller proportion of this landcover 
type than urban or forest landcover 
was covered in the survey, the survey 
examined vulture density over 
similarly-sized areas.  

 Linear regression was used to 
determine the landcover types as 
predictors of vulture presence and 
absence, and ANOVAs (Post Hoc 
Tukey) to determine the significance 
of differences between mean numbers 
of vultures for each landcover type 
(SPSS v. 22 x 64, 2014). The 
categorical predictor variables were 
the six landcover types with 

increasing levels of urban substrate. 
Dependent variables were the number 
of each vulture species recorded at 
the observation points in the 
landcover types.  Standardized beta 
coefficients determined the 
relationship between the dependent 
variables and the independent 
predictor variables. These beta values 
show the variation in the standard 
deviations of the dependent variable, 
when the independent variable 
changed by one standard deviation.  

 
Results 
 
Black Vultures were most common in 
the dense, urbanized areas, followed 
by the urbanized suburbs, then the 
mixed village/farm/shrub and grass, 
then the uninhabited savanna and 
least in the forested areas (Table 1). 
Using linear regression, percent urban 
substrate was a significant predictor 
of Black Vulture presence (r2 0.439, F 
= 92.198, p < 0.05). Using 
standardized Beta coefficients, the 
percentage of urban substrate was a 
significant positive predictor of Black 
Vulture presence (0.662, p < 0.05). 
Fallow and savanna landcover were 
not predictors of Black Vulture 
presence and forested landcover was 
a negative predictor (r2 0.314, F = 
53.928, p < 0.05, Beta -.560). 
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Table 1: Numbers and percentage of vultures according to landcover type, recorded in 
different landcover types in El Salvador. Percentage of totals in parentheses. 
 
Vulture  Downtown Suburb Fallow Savanna Open 

Forest 

Closed 

Forest 

Black Vulture 196(44%) 105(24%) 78(18%) 44(10%) 16(4%) 3(1%) 

Turkey Vulture 90(41%) 48(22%) 32(15%) 23(11%) 18(8%) 8(4%) 

LYH* Vulture 3(21%) 3(21%) 3(21%) 3(21%) 2(14%) 0(0%) 

King Vulture 0(0%) 0(0%) 1(7%) 2(14%) 2(14%) 2(14%) 

* Lesser Yellow-headed Vulture.  

Turkey Vultures were also 
commonest in the urban downtown 
and suburb areas, but less so than the 
Black Vultures (Table 1). Using linear 
regression, Turkey Vultures were also 
commonest in the dense urban areas, 
but less so than the Black Vultures 
(Table 1). Using linear regression and 
standardized Beta values, percentage 
urban substrate was a significant 
positive predictor of Turkey Vulture 
presence while savanna and forest 
percentage landcover were both 
significant negative predictors (r2 

0.272, F = 21.864, p < 0.05, Beta 
values for urban, savanna and forest 
landcover percentage were 0.519, -
0.337, -0.530 respectively, p < 0.05). 
For the Lesser Yellow-headed and 

King vultures, the numbers recorded 
were too low for a reliable analysis 
(Table 1). 

Table 2 is matrix that compares 
the mean numbers of Black and 
Turkey vultures in each of the 
landcover types. In some cases, the 
mean number of vultures recorded in 
one landcover type (e.g. downtown) 
was significantly greater than the 
mean number of vultures recorded in 
another landcover type (e.g. fallow). 
In Table 2, such significant 
differences are recorded as plus signs. 
White circles are recorded where 
there was no significant difference 
between the two means. The mean 
numbers of Black and Turkey 
vultures recorded in downtown areas 
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were significantly higher than the 
means for all other landcover types. 
For the Black Vulture mean numbers 
in suburbs and fallow were also 
significantly higher than means 
recorded in the two forest classes. For 
the Turkey Vulture, mean numbers in 
the suburbs (but not fallow) were also 
significantly higher than means in the 
closed forest (not open forest). There 
were no significant differences 
between the mean numbers recorded 
in other landcover types (Table 2).  

Black and Turkey vultures in 
urban areas were recorded over all 
types of urban landcover, including 
unsanitary markets, abattoirs, fish 
unloading zones, residential areas, 

financial centres, hotel districts and 
transportation networks, rooftops, 
electric poles, roads and trees. They 
flew singly or in grouped kettles (a 
kettle is defined as a large circling 
crown flock of soaring birds, 
McWilliams & Brauning 2000), 
which were commoner in urban than 
in savanna areas, and not recorded 
over forest areas. They were also 
commonly recorded in low and 
middle level flyovers above farms 
and beaches, possibly as both farming 
and fishing were productive of dead 
animal organic matter in urban 
interfaces with the savanna and the 
coast.   

 
Table 2: Significance of sample mean differences of Turkey and Black vultures.  
 
Black  
Vulture  

Downtown Suburb Fallow Savanna Open 
Forest 

Closed 
Forest 

Downtown X      
Suburb + X     
Fallow + ○ X    
Savanna + ○ ○ X   
Open Forest + + + ○ X  
Closed Forest + + + ○ ○ X 
Turkey 
Vulture 

Downtown Suburb Fallow Savanna Open 
Forest 

Closed 
Forest 

Downtown X      
Suburb + X     
Fallow + ○ X    
Savanna + ○ ○ X   
Open Forest + ○ ○ ○ X  
Closed Forest + + ○ ○ ○ X 

 + = significant difference, ○ = insignificant difference, using ANOVA Tukey Post Hoc 
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In savanna, and especially forests, 
mostly smaller flocks of three to five 
or single birds were seen, 
occasionally perching in trees or on 
the ground. Vultures were rare in the 
forests, even when dead animals were 
sighted in forest clearings. Several 
dead animals were recorded; a 
Jaguarundi Puma yagouaroundi 
(Geoffroy Saint-Hilaire, 1803) in the 
forest, several goats on the forest 
savanna boundary and a horse along a 
road in fallow farmland near a town. 
However, only the horse was attended 
by vultures (26 Black Vultures and 
one Turkey Vulture).  
 
Discussion 
 
The findings of this paper are 
consistent with the first hypothesis 
that Black and Turkey vultures are 
more common in urban and 
agricultural areas than the Lesser 
Yellow-headed and King vultures. 
Consistent with the second 
hypothesis, Black Vultures were 
much more common in urban areas, 
followed by farmed and savanna 
areas and then forests. The 
fundamental factor appears to be food 
availability; some areas within the 
studied urban areas have poor 
sanitation, while wildlife depletion in 
savannas and forests would have 
reduced food opportunities in these 

areas. Turkey vultures were the 
commonest forest species, but were 
still far more common in urban areas 
than elsewhere, this being partially 
inconsistent with the third hypothesis. 
It is possible that this indicates a shift 
from forest foraging to urban 
specialization, as reported in the 
literature (Feguson-Lees & Christie 
2001; Airola 2011).  

The formation of vulture kettles 
over urban downtown areas could be 
a combination of foraging and 
utilization of the urban heat island 
effect for thermal soaring. The results 
indicate that intensive human 
habitation, with consequent sanitation 
problems, decaying organic matter on 
open concrete, combined with urban 
thermals are beneficial for adaptive 
vulture species, to the extent that the 
negative human contributed features 
are insufficient to repel Black and 
Turkey vultures. The attractive 
features were however insufficient for 
the Lesser Yellow-headed and King 
vultures which, consistent with the 
hypotheses and reports from 
elsewhere, were limited to more 
natural landcover, despite possibly 
lower feeding opportunities (Houston 
1984, 1988, 1994, Clinton-Eitniear 
1986, Berlanga & Wood 1992, Schlee 
1995, Beason 2003, Restall et al. 
2006 Braun et al. 2007, Martínez-
Sánchez & Will 2010, Zilio et al. 
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2013). The rarity of the King Vulture 
precludes a definitive statement on its 
foraging habits. Possibly this species 
is more affected than the other 
species by the extinction of large 
mammals and deforestation in El 
Salvador, as it has been described as 
rare in several parts of its range, with 
deforestation a principal factor 
(Clinton-Eitniear 1986; Ferguson-
Lees & Christie 2001; Beason 2003; 
Restall et al. 2006).  

 
Conclusions 
 
Urban colonization by vultures is an 
increasingly important issue in the 
United States and some South 
American countries. The findings of 
this article suggest that urbanization 

and environmental degradation do not 
deter Black and Turkey Vulture 
populations and may rather result in 
substantial colonization. However, as 
the unsanitary nature of many urban 
areas facilitates their foraging 
success, increased sanitation, in 
addition to further wildlife depletion 
are crucial topics for future research.  
It may be inferred that El Salvador, 
one of the most environmentally 
degraded countries in the Americas, is 
a good case study as it may represent 
the future state of some currently less 
degraded countries. Therefore, further 
research would benefit from 
including El Salvador in comparative, 
international studies for the 
assessment of vulture ecology.   

 

Keywords: vulture, urbanization, environmental change, El Salvador, 
conservation. 
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