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abstract

The transformation of ecosystems through human activities can affect the biological and 
ecological processes of bird species, and can even lead to groups of species becoming isolated 
due to deforestation, causing a decrease in genetic diversity and the extirpation of species. 
To evaluate the composition and structure of bird communities associated with the tropical 
dry forest ecosystem in the Guarinocito jurisdiction (La Victoria, Caldas) we identified two 
landscape units: a forest area (dry forest matrix) and an interfered area (matrix of lands), 
presenting human intervention such as roads and grassland systems. Point counts of 10 min 
long were carried out in each unit to survey birds between 06:00 and 09:00 hours and between 
16:00 and 18:00 hours. Mist nets were set up to complete the species record. Three four-day 
long sampling trips were carried out in April 2013, November 2013, and October 2014 to 
consider the seasonal variability that affects the environmental conditions in the study area. 
The sampling representativeness was evaluated using non-parametric estimates. All observed 
or captured individuals were assigned to a trophic guild in order to evaluate the community 
structure in the two established landscape units. A total of 1,005 individuals from 36 families 
and 127 species were recorded. The most abundant species were Thraupis episcopus (7.36%) 
and Sicalis flaveola (6.77%). Sample representativeness ranged from 68.18% (Jack 2) to 
86.03% (Bootstrap). Although no significant differences between the two landscape units were 
detected (THutchinson=1.59, p=0.81), species diversity was higher in the forested area than in the 
intervened area. The dominant trophic guild in both landscape units was that of insectivorous 
birds. No significant differences in bird community trophic structure were found between 
the two landscape units (X2=14.60, p=0.33). The size, shape, or intervention history of the 
fragments could have resulted in a lack of differences in the structure and composition of the 
avifauna in the two landscape units. 
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ensaMBle de aVes asoCiado a dos unidades de PaisaJe 
en un BosQue seCo troPiCal

resumen

La transformación de los ecosistemas por la actividad humana puede llegar a afectar los procesos 
biológicos y ecológicos de las especies de aves, incluso puede conllevar a que grupos de especies 
queden aisladas por matrices de desforestación, causando disminución en la diversidad genética 
y extirpaciones. Con el propósito de evaluar la composición y estructura de la comunidad de 
aves asociadas al ecosistema de bosque seco tropical en la vereda Guarinocito (La Victoria, 
Caldas), se identificaron dos unidades de paisaje: zona boscosa (matriz de bosque seco) y zona 
intervenida (matriz de terrenos), que presentan intervención humana, como carretera y sistemas 
de pastizales. En cada unidad se establecieron puntos de conteo de 10 minutos de duración 
en donde se realizaron censos de aves entre las 06:00 – 09:00 horas y entre las 16:00 – 18:00 
horas, y se dispusieron redes de niebla para complementar el registro de especies. Se realizaron 
tres jornadas de muestreo con una duración de cuatro días durante abril de 2013, noviembre 
de 2013 y octubre de 2014 para incorporar la variación climática estacional que afecta las 
condiciones ambientales de la zona de estudio. Se evaluó la representatividad del muestreo 
mediante el uso de estimadores no paramétricos. Todos los individuos observados o capturados 
fueron asignados a un gremio trófico con el objetivo de evaluar la estructura de la comunidad 
entre las unidades de paisaje establecidas. Se registraron 1005 individuos de 36 familias y 127 
especies, siendo Thraupis episcopus (7,36%), Sicalis flaveola (6,77%) las especies más abundantes. 
La representatividad del muestreo estuvo entre el 68,18% (Jack 2) y el 86,03% (Bootstrap). 
No se detectaron diferencias significativas en la diversidad entre las dos unidades de paisaje 
(THutchinson=1,59; p = 0,81), sin embargo la diversidad de especie fue mayor en la zona boscosa 
que en la zona intervenida. El gremio trófico dominante en ambas unidades de paisaje fue el 
de las aves insectívoras. No se encontraron diferencias significativas en la estructura trófica de 
la comunidad de aves entre las dos unidades de paisaje (X2=14,60; p=0,33). El tamaño, forma 
o historia de intervención de los fragmentos puede estar generando que no exista diferencia 
en estructura y composición en la avifauna en las diferentes unidades del paisaje.

Palabras clave: Bosque seco, aves, ensamblaje, composición, estructura.

introduCtion

Birds play important roles in ecosystems, such as in the control of plagues, pollination, 
and seed dispersal, and are therefore a taxonomic group of critical importance in natural 
restoration processes for forest conservation (SODHI et al., 2011). The ecological 
functions of birds are even more relevant now that habitat transformations due to 
human activities, such as forestry, mining, and agriculture, are some of the main 
threats to the biological diversity of the planet (JANTZ et al., 2003; SODHI et al., 
2011; PATTEN & SMITH-PATTEN, 2012).
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One of the most threatened ecosystems in the tropics is dry forest (TDF), due to soil 
fertility issues (PORTILLO-QUINTERO et al., 2013; BANIN et al., 2014; CAO et al., 
2015; TRILLERAS et al., 2015). Great swaths of this ecosystem have been transformed 
into cultivation areas and human settlements (JANZEN, 1988; ARCILA et al., 2012; 
MARINARO et al., 2014; GASPARRI et al., 2015). The valley of the upper Magdalena 
River, on the western and eastern foothills of the Eastern and Central cordilleras of 
the Colombian Andes, consists of tropical dry forest (HOLDRIDGE, 1967). This is 
an area of lowlands with notable ecosystem mosaics (ACOSTA-GALVIS et al., 2006).

The geographic valley of the Magdalena River, along with the tropical dry forests of 
the Caribbean region of Colombia, are considered focal areas of endemism for birds 
associated with the Neotropical dry forest (CRACRAFT, 1985; STOTZ et al., 1996; 
STATTERSFIELD et al., 1998; MYERS et al., 2000). Information on bird species 
of the tropical dry forests of Colombia has been based mainly on inventories and lists 
of birds from specific regions or locations (NARANJO, 1992; STILES et al., 1995; 
ESTELA & LÓPEZ-VICTORIA, 2005; LOSADA-PRADO et al., 2005. There 
are few studies that describe the ecology of the avifauna and species dominance, or 
specific analyses of the bird community of this ecosystem (e.g. LOSADA-PRADO 
& MOLINA-MARTÍNEZ, 2012).

The composition and structure of bird communities is influenced by historical processes 
that have marked their geographical distribution (GASTON & BLACKBURN, 2000), 
as well as by recent ecological processes such as human disturbance (SODHI et al., 
2011). The latter factor influences habitat preferences, behavior, and the reproductive 
success of species. However, response differs depending on the level of transformation 
and on the structure and composition of remaining habitats (DURÁN & KATTAN, 
2005). When the levels of alteration are elevated, the remaining forest cover does 
not differ in structure and composition from the human matrix (RENGIFO, 1999). 

The present study was carried out to evaluate and compare the composition, diversity, 
and trophic structure of the bird assemblage in two landscape units of a tropical dry 
forest located in the jurisdiction of Guarinocito, La Victoria, Caldas, Colombia. 
The objective was to identify whether the habitat modifications caused by human 
intervention (mining and livestock farming) have caused a decrease in the structure 
and composition of the bird community associated with the remaining forest cover.

Materials and MetHods

Three sampling periods of five days each, were carried out between April 2013 and 
October 2014. Sampling occurred in the “Hacienda La Española” (5°21´51.9´´ N, 
74°47´45.7´´ W), jurisdiction of Guarinocito, municipality of La Victoria, Caldas, 
Colombia (Figure 1). The area corresponds to tropical dry forest, typical of the 
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Magdalena Valley (DEVIA et al., 2003). The altitude above sea level ranges between 240 
and 280 m. There is a bimodal precipitation regime, with four seasons corresponding 
to two rainy seasons (May-June and September-November) and two dry seasons 
(January-April and July-August). The average annual precipitation is 1590 mm and 
the average temperature is 28.2ºC (CORPOCALDAS, 2001).

Geographical localization of Hacienda La Española in Caldas department. 
(Source: Google Earth Pro ®).

figure 1.

Two contrasting landscape units were identified in the study area. One intervened 
area comprised 75 ha destined to livestock farming) with a vegetation dominated by 
shrubs and grasses, wetlands (swamps and oxbow lakes), and mining activities (stone 
extraction and artisanal gold extraction), and a 90 ha of forested area corresponding 
to dry forest fragments that are in natural regeneration.

The avifauna present in each landscape unit was evaluated using point counts and 
mist netting. The sampling effort was equal in each unit, with the same number of 
point counts and mist nets. Sampling was carried out twice per day, between 06:00 
and 10:00, and between 15:30 and 18:30. Each point count consisted of an observer 
using binoculars and recording birds seen within a previously established 50 m radius 
during 10 min. Point count stations were located 100 to 200 m apart (RALPH et 
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al., 1996). The species, number of individuals, and type of substrate on which the 
observed specimen was at the time of observation were recorded. Mist nets were 12 m 
long by 3 m high with 16 mm mesh size, and were used as a complementary method 
to increase the probability of recording fast-flying species. Three double nets were 
located randomly within the study area each sampling day, covering a total of 72 m2. 
Nets were checked every hour from 07:00 until 18:00 hours. Specimen identification 
was carried out in the field following the taxonomic guides of HILTY & BROWN 
(1986) and considering the geographic distribution described by the IUCN (2014).

A sampling unit was defined as all bird records obtained during two points counts 
as well as records from mist nets, establishing in this way 30 sampling units for each 
landscape unit during the entire study period. Species accumulation curves were 
constructed using this information. Sample representativeness was determined based 
on the species richness estimators Chao2, Bootstrap, and first- and second-order 
Jackknife (MORENO, 2001), which were calculated using the program Estimates® 
v8.2.0. (COLWELL, 2012). The Shannon entropy was calculated as 1D=exp(H’) 
(JOST, 2006) to obtain the true diversity value, and Simpson´s dominance index 
(Ds) was calculated as D_s=1-λ (BROWER & ZAR, 1984) for each landscape 
unit. The diversity between landscape units was compared with a t test modified by 
Hutcheson (tH) (HUTCHESON, 1970; MAGURRAN, 2004), and dominance 
was compared using a computational resampling technique “Bootstrap” (KREBS, 
1999). Rarefaction curves were also constructed to compare species richness between 
landscape units. Abundance data was transformed using the function log10(x+1) to 
reduce the effect of very abundant species, and the degree of similarity in assemblage 
structure was compared using the Bray-Curtis index calculated from the transformed 
abundance data. These analyses were carried out using the software PAST® version 
2.17 (HAMMER et al., 2001).

The trophic structure analysis was performed by classifying each species according to its 
diet. A total of 11 trophic guilds were identified as follows. F: frugivores, I: insectivores, 
N: nectarivores, S: seed-eaters, C: carnivores, FI: frugivores and insectivores, FS: 
frugivores and seed-eaters, NI: nectarivorous and insectivores, CI: carnivores and 
insectivores, FNI: frugivores, nectarivores, and insectivores, FCI: frugivores, carnivores, 
and insectivores, and SIF: seed-eaters, insectivores, and frugivores. The omnivorous 
guild was ignored as it does not provide a clear representation of resource use (RIVERA-
GUTIÉRREZ, 2006). Although trophic guild classification was performed following 
guidelines by PEARSON (1975) and STILES & ROSSELLI (1998), food capture 
techniques or foraging height were not considered. The proportion of each trophic 
guild within each landscape unit was calculated, and landscape units were compared by 
performing a contingency table analysis using a Pearson´s X2 test (PLACKETT, 1983).
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results

A total of 122 points counts were performed and 4,392 m of mist nets were installed. 
This sampling effort resulted in 1,005 records, corresponding to 127 species distributed 
in 18 orders and 42 families. The most abundant species were Thraupis episcopus (7.5%), 
Sicalis flaveola (6.8%), Forpus conspicillatus (5.4%), Pitangus sulphuratus (3.6%), 
Columbina talpacoti (3.4%), egretta thula (3.1%), and Tyrannus melancholicus (2.5%).

There was a total of 722 birds detected in the intervened area, belonging to 94 species, 
16 orders, and 33 families. The following species had the highest number of records in 
this landscape unit: S. flaveola (9.4%), T. episcopus (8.2%), F. conspicillatus (6.78%), 
C. talpacoti (4.6%), and e. thula (4.3%). There was a total of 283 birds detected in 
the forested area, belonging to 79 species, 15 orders, and 31 families. The following 
species had the highest number of records in this landscape unit: Myiothlypis fulvicauda 
(17.6%), Coereba flaveola (5.6%), T. episcopus (5.3%), Catharus ustulatus (4.6%), and 
Troglodytes aedon (4.2%) (Table 1).

Of the 127 species recorded in the study area, 49 species were recorded only in the 
intervened landscape unit, of which six species were migratory (Himantopus mexicanus, 
Hirundo rustica, Machetornis rixosa, Porphyrio martinicus, and Tringa flavipes), and 
one species was endemic (Myiarchus apicalis). On the other hand, 34 species were 
recorded only in the forested landscape unit, of which only Parkesia noveboracensis was 
migratory. One migratory species was recorded in both the intervened and forested 
areas (Actitis macularia), and a vulnerable endemic species (ortalis columbiana) was 
recorded in both landscape units (Table 1).

Between 68.2% and 86.0% of potential bird species from the Hacienda La Española 
were recorded during sampling. Between 65.7% and 85.4% of potential species 
were recorded in the intervened landscape unit, whereas between 58.9 and 82.8% of 
potential species were recorded in the forested landscape unit (Table 2). There were 
no significant differences between the two landscape units in the degree of uncertainty 
associated with the identity of the species to which a randomly selected individual was 
assigned (THutchinson=1.59, p=0.81). However, species richness was lower in the forested 
area (79 species) than in the intervened area (95 species), and dominance was slightly 
higher in the intervened area (p value Ds bootstrap = 0.029). True diversity was 50.9 
effective species in the forested area, whereas true diversity was 45.6 effective species 
in the intervened landscape unit. The true diversity estimate for the entire study area 
was 62.2 effective species (Table 3), with a degree of similarity between the two units 
in assemblage composition of 43.47%.
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Birds species observed in Hacienda La Española, La Victoria, Caldas. IN: intervened zone. BO: dry 
forest zone. IN-BO: intervened and dry forest zone. TG: trophic guild, EN-MI: endemic-migratory. 
IUCN: global threats (IUCN, 2014).

table 1.

Records Ecological atributes

Family Specie Zone IN BO IB TG EN-MI IUCN

Psittacidae Amazona amazonica IN 6 0 6 F,I LC

Ardeidae Ardea alba IN 2 0 2 V LC

Tyrannidae Atalotriccus pilaris IN 1 0 1 I LC

Tyrannidae Arundinicola leucocephala IN 1 0 1 I LC

Psittacidae Brotogeris jugularis IN 15 0 15 F LC

Ardeidae Bubulcus ibis IN 10 0 10 I LC

Ardeidae Butorides striata IN 2 0 2 F LC

Picidae Campephilus melanoleucos IN 2 0 2 F,I LC

Tyrannidae Camptostoma obsoletum IN 4 0 4 F,I LC

Fringillidae Carduelis psaltria IN 1 0 1 S LC

Columbidae Claravis pretiosa IN 3 0 3 S,I,F LC

Tyrannidae Colonia colonus IN 1 0 1 I LC

Columbidae Columbina minuta IN 5 0 5 S,I,F LC

Cathartidae Coragyps atratus IN 17 0 17 C LC

Cuculidae Crotophaga ani IN 19 0 19 V,I LC

Cuculidae Crotophaga sulcirostris IN 25 0 25 S,I,F LC

Anatidae Dendrocygna autumnalis IN 12 0 12 S,I,F LC

Ardeidae egretta thula IN 31 0 31 F,I LC

Tyrannidae elaenia flavogaster IN 4 0 4 F,I LC

Tyrannidae Fluvicola pica IN 1 0 1 I LC

Tyrannidae Hemitriccus 
margaritaceiventer IN 2 0 2 I LC

Recurvirostridae Himantopus mexicanus IN 2 0 2 V,I MI LC

Hirundinidae Hirundo rustica IN 3 0 3 I MI LC

Jacanidae Jacana jacana IN 14 0 14 I LC

Tyrannidae Machetornis rixosa IN 2 0 2 I MI LC

Alcedinidae Megaceryle torquata IN 2 0 2 V LC

Picidae Melanerpes rubricapillus IN 13 0 13 F,N,I LC

Tyrannidae Myiarchus apicalis IN 1 0 1 I,S EN LC

Parulidae Phaeothlypis fulvicauda IN 2 0 2 I LC

Emberizidae oryzoborus angolensis IN 1 0 1 S LC

Emberizidae oryzoborus crassirostris IN 1 0 1 S LC

Cotingidae Pachyramphus rufus IN 4 0 4 V,I LC

Trochilidae Phaethornis anthophilus IN 1 0 1 N,I NT
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Records Ecological atributes

Family Specie Zone IN BO IB TG EN-MI IUCN

Ardeidae Pilherodius pileatus IN 1 0 1 V LC

Psittacidae Pionus menstruus IN 2 0 2 F LC

Tyrannidae Pitangus sulphuratus IN 2 0 2 F,I LC

Rallidae Porphyrio martinicus IN 2 0 2 S,I,F MI LC

Hirundinidae Pygochelidon cyanoleuca IN 4 0 4 I LC

Thraupidae Ramphocelus dimidiatus IN 1 0 1 F,V,I LC

Emberizidae Sicalis flaveola IN 68 0 68 F,S LC

Emberizidae Sporophila minuta IN 3 0 3 S LC

Hirundinidae Stelgidopteryx ruficollis IN 2 0 2 I LC

Furnariidae Synallaxis albescens IN 2 0 2 I LC

Thraupidae Tangara sp. IN 1 0 1 F,S LC

Thraupidae Thraupis palmarum IN 7 0 7 F LC

Scolopacidae Tringa flavipes IN 1 0 1 V,I MI LC

Tyrannidae Tyrannus sabana IN 1 0 1 V,I LC

Charadriidae Vanellus chilensis IN 5 0 5 I LC

Vireonidae Vireo olivaceus IN 2 0 2 F MI LC

Emberizidae Arremon aurantiirostris BO 0 1 1 F,I LC

Thamnophilidae Cercomacra nigricans BO 0 1 1 I LC

Thraupidae Chlorospingus flavigularis BO 0 1 1 F LC

Strigidae Ciccaba virgate BO 0 1 1 V LC

Trochilidae Juliamyia julie BO 0 1 1 N,I LC

Thraupidae eucometis penicillata BO 0 1 1 F,I LC

Falconidae Falco femoralis BO 0 1 1 V,I LC

Falconidae Falco rufigularis BO 0 1 1 V,I LC

Trochilidae Florisuga mellivora BO 0 2 2 N,I LC

Formicariidae Formicariidae sp. BO 0 5 5 I LC

Galbulidae Galbula ruficauda BO 0 2 2 I LC

Thamnophilidae Gymnocichla nudiceps BO 0 1 1 F,I LC

Troglodytidae Henicorhina leucosticta BO 0 2 2 I,S LC

Pipridae Manacus manacus BO 0 5 5 F LC

Tyrannidae Megarynchus pitangua BO 0 2 2 F,V,I LC

Mimidae Mimus gilvus BO 0 3 3 F,I LC

Tyrannidae Myiodynastes maculatus BO 0 2 2 I LC

Parulidae Myiothlypis sp. BO 0 17 17 I LC

Tyrannidae Myiozetetes cayennensis BO 0 1 1 F LC

Bucconidae Nonnula frontalis BO 0 1 1 V,I LC
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Records Ecological atributes

Family Specie Zone IN BO IB TG EN-MI IUCN

Caprimulgidae Nyctidromus albicollis BO 0 2 2 I LC

Rallidae Pardirallus maculatus BO 0 1 1 V,I LC

Columbidae Patagioenas subvinacea BO 0 2 2 S LC

Trochilidae Phaethornis striigularis BO 0 1 1 N,I LC

Trochilidae Phaethornis longirostris BO 0 1 1 N,I LC

Tyrannidae Phyllomyias nigrocapillus BO 0 1 1 I LC

Tyrannidae Poecilotriccus sylvia BO 0 1 1 I LC

Ramphastidae Pteroglossus torquatus BO 0 1 1 F,V,I LC

Cardinalidae Saltator striatipectus BO 0 1 1 F,I LC

Parulidae Parkesia noveboracensis BO 0 1 1 I MI LC

Troglodytidae Thryothorus leucotis BO 0 2 2 I LC

Tyrannidae Tyrannus tyrannus BO 0 4 4 F,I LC

Dendrocolaptidae Xiphorhynchus guttatus BO 0 1 1 I LC

Columbidae Zenaida auriculata BO 0 2 2 S LC

Scolopacidae Actitis macularius IN-BO 2 1 3 I MI LC

Trochilidae Amazilia saucerrottei IN-BO 1 3 4 N,I LC

Trochilidae Amazilia tzacatl IN-BO 1 2 3 N,I LC

Psittacidae Amazona autumnalis IN-BO 2 2 4 F,I LC

Parulidae Basileuterus rufifrons IN-BO 1 2 3 S,I,F LC

Cathartidae Cathartes aura IN-BO 3 1 4 S LC

Turdidae Catharus ustulatus IN-BO 3 13 16 C LC

Alcedinidae Chloroceryle amazona IN-BO 1 8 9 V LC

Alcedinidae Chloroceryle americana IN-BO 2 1 3 V LC

Trochilidae Chlorostilbon mellisugus IN-BO 3 5 8 N,I LC

Coerebidae Coereba flaveola IN-BO 5 16 21 N LC

Picidae Colaptes punctigula IN-BO 2 2 4 I LC

Columbidae Columbina passerina IN-BO 10 4 14 S,I,F LC

Columbidae Columbina talpacoti IN-BO 33 1 34 S,I,F LC

Cuculidae Crotophaga major IN-BO 15 5 20 V,I LC

Tinamidae Crypturellus soui IN-BO 3 10 13 F LC

Cuculidae Cyanocorax affinis IN-BO 2 1 3 F LC

Cuculidae Cyanolyca pulchra IN-BO 12 1 13 F,V,I LC

Thraupidae euphonia laniirostris IN-BO 24 3 27 F,I LC

Psittacidae Forpus conspicillatus IN-BO 49 5 54 F,I LC

Columbidae Geotrygon montana IN-BO 1 1 2 S LC

Trochilidae Glaucis hirsutus IN-BO 2 11 13 N LC



124 Juan Pablo Sánchez-Montenegro, Katherine Pérez-Castillo, Mario Fernando Garcés-Restrepo, Alan Giraldo
bo

l.c
ie

nt
.m

us
.h

ist
.n

at
. 2

1 
(2

) j
ul

io
 - 

di
ci

em
br

e 
20

17
. 1

15
-1

30

Records Ecological atributes

Family Specie Zone IN BO IB TG EN-MI IUCN

Icteridae Icterus nigrogularis IN-BO 1 1 2 F,I LC

Columbidae leptotila verrauxi IN-BO 8 2 10 F LC

Falconidae Milvago chimachima IN-BO 5 2 7 V LC

Tyrannidae Mionectes oleagineus IN-BO 6 3 9 F LC

Tyrannidae Mionectes olivaceus IN-BO 4 8 12 F LC

Thamnophilidae Myrmornis torquata IN-BO 16 2 18 I,S LC

Cracidae ortalis columbiana IN-BO 4 5 9 F EN VU

Columbidae Patagioenas cayennensis IN-BO 13 9 22 F LC

Tyrannidae Phaeomyias murina IN-BO 1 4 5 V,I LC

Cuculidae Piaya cayana IN-BO 13 10 23 I LC

Cardinalidae Piranga rubra IN-BO 29 7 36 F,I LC

Accipitridae Rupornis magnirostris IN-BO 3 3 6 V LC

Thamnophilidae Thamnophilus 
multistriatus IN-BO 1 1 2 V,I LC

Thraupidae Tangara inornata IN-BO 12 2 14 F,S LC

Cuculidae Tapera naevia IN-BO 1 2 3 I LC

Thraupidae Thraupis episcopus IN-BO 59 15 74 F LC

Tyrannidae Todirostrum cinereum IN-BO 9 5 14 I LC

Troglodytidae Troglodytes aedon IN-BO 6 12 18 I LC

Turdidae Turdus ignobilis IN-BO 4 11 15 F,I LC

Tyrannidae Tyrannus melancholicus IN-BO 23 2 25 F,I LC

Emberizidae Volatinia jacarina IN-BO 8 4 12 F,S LC

Tyrannidae Zimmerius viridiflavus IN-BO 2 1 3 I LC

Efficiency of sampling effort in Hacienda La Española (HE) and each landscape unittable 2.

HE
 %

BO
 %

IN
%

Chao 2 79.90 69.90 77.44

Jack 1 74.46 68.24 73.19

Jack 2 68.12 58.89 65.75

Bootstrap 86.03 82.76 85.46

BO: dry forest. IN: intervened zone.



125Bird assemble associated to two landscape units in a tropical dry forest

Ecological attributes of the bird assemble in Hacienda La Española (HE) and each landscape unit table 3.

IN BO HE

Richness (S) 95 79 127

Individuals registered 722 283 1005

Dominance (Ds) 0.036 0.027 0.025

Shannon (H') 3.82 3.93 4.13

True diversity (1D) 45.6 50.9 62.2

BO: dry forest. IN: intervened zone.

The most representative trophic guilds were the insectivores (I) with 20.5% of species 
in the forested unit and 29.4% of species in the intervened unit, followed by frugivores 
and insectivores (F, I), with 15.1% of species in the forested unit and 19.6% of species 
in the intervened unit (Figure 2). Cathartes aura and Coragyps atratus were recorded 
in the intervened unit; these were the only two species classified within the scavenger 
trophic guild (S). There were no significant differences in trophic structure between 
the two landscape units (X2=14.60, p=0.33).

Structure of bird assemble in each landscape unit of 
Hacienda La Española considering the trophic guild. 
Dark: dry forest zone, Light: intervened zone.

figure 2.
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disCussion

Despite being mobile organisms, birds are sensitive to changes in habitat structure 
(CLEARY et al., 2005; DÍAZ et al., 2005). For this reason, they constitute excellent 
models to understand the response of wild animal communities to environmental 
modifications, especially those generated by human activities (MACGREGOR-FORS 
& SCHONDUBE, 2011). The ability of birds to move through landscapes probably 
results in the persistence of populations in fragmented habitats such as those found in 
the study area, and can modulate the structure and composition of bird assemblages 
at a given location (GILLIES & CLAIRE, 2010).

The dry forest fragments found in the Hacienda la Española are small and far from 
each other (VARGAS-FIGUEROA et al., 2016), and birds probably move between 
fragments looking for the food resources they need (e.g. MERRIAM, 1984; BAUDRY 
& MERRIAM, 1988; OPDAM, 1990; TAYLOR et al., 1993; BEIER & NOSS, 
1998; RENGIFO, 1999; FAHRIG, 2003; URIARTE et al., 2011). Due to the size 
and shape of fragments, there could be an enhanced edge effect, which facilitates the 
occurrence of generalist species in the forest, and would result in bird assemblages 
with similar diversity attributes (BENETTE & SAUNDERS., 2010; MORTELLITI 
et al., 2010; PINO et al., 2010; SMITH et al., 2011).

Other elements that can modulate local diversity of bird species in a fragmented 
habitat such as the dry forest of the Hacienda la Española are microclimatic conditions 
and habitat structural complexity. According to COLLINGE (1996), when habitats 
become fragmented the microclimatic conditions are altered drastically, affecting 
significantly the plant and animal communities. These microclimatic conditions are 
generally defined by the vegetation structure and local topography (SUGGITT et 
al., 2011). In thermal conditions, such as those found in the study area, the expected 
microclimatic differences between forested and intervened areas can be a determinant 
factor for bird diversity, as suggested by PATTENT et al. (2012) in a study carried 
out in lowland forests of Belize and Costa Rica.

Habitat structural complexity tends to decrease in fragmented forests due to the use of 
tree species from the understory by local residents, which leads to a simplification of the 
habitat that affects local species diversity (TEWS et al., 2004). Plant species typical of 
open areas were observed inside the forest fragments of the study area, which suggests 
that these fragments are a mix of the original forest and secondary growth (RENGIFO, 
1999; DURÁN & KATTAN, 2005), where habitat structure has been simplified.

It has been widely demonstrated that the establishment of livestock farming and/or 
mining exploitation within dry forest matrices has a negative effect on the abundance and 
structure of bird assemblages (NARANJO, 1992; SAAD & PETIT, 1992; ESTRADA 
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& COATES-ESTRADA, 2005; TSCHARNTKE et al., 2008). Areas with livestock 
farming and mining exploitation are inadequate habitats for forest species, due to their 
low structural complexity and low availability of food resources (MARTIN, 1984; 
ESTRADA et al., 1997; HUGHES et al., 2002; TSCHARNTKE et al., 2008). The bird 
assemblages that are found in landscapes under pressure from human activities usually 
lack species that are sensitive to perturbations, as those species are usually the first to 
become extinct locally due to processes caused by humans such as the transformation 
or degradation of the habitat (STOTZ et al., 1996; PETIT & PETIT, 2003).

The lack of difference in trophic structure between the assemblages of the two evaluated 
landscape units in the Hacienda La Española is probably the result of a lack of difference 
in food resource availability, or of the species using both landscape units to obtain 
resources (e.g. BLAKE & LOISELLE, 2001; HERZOG & KESSLER, 2002). The 
differential effect of species recorded in only one landscape unit would therefore be 
reduced, because the feeding preferences of species that use both landscape units would 
result in a decrease in the functional differences of the bird assemblages found in the 
two units. However, it should be noted that despite a lack of differences in diversity or 
trophic composition between the assemblages, the similarity percentage was low (<50%), 
which suggests that there are differences in structure between the assemblages. 

Moreover, the species recorded in the Hacienda La Española during this study cor-
respond to species frequently found in areas with high human perturbation, and the 
presence of threatened species was low. It is therefore necessary to incorporate other 
variables in future studies, such as the climatic season or the migratory patterns of spe-
cies (SKIRVIN, 1981; PETIT & PETIT, 2003; MOORE et al., 2004; GÓMEZ et al., 
2015), information that would provide a better idea of the effect of human perturbation 
on the dry forests of the Magdalena Valley. This kind of evidence is a key factor for the 
planning of conservation strategies for the tropical dry forest remnants, one of the natural 
elements of highest conservation interest for national as well as international scientific 
communities in the Neotropic region (CEBALLOS & GARCÍA, 1995; TURNER & 
CORLETT, 1996; SÁNCHEZ-AZOFEIFA et al., 2005; PORTILLO-QUINTERO & 
SÁNCHEZ-AZOFEIFA, 2010; GARCÍA et al., 2014; PRIETO-TORRES et al., 2016). 

aCKnoWledGeMent

We thank Santiago García Revelo for his great help during field work. Wilmar Bolívar 
and Ángela María González provided complementary information on the environmental 
conditions in the study area. This study was co-financed by the Biology Department of 
the Universidad del Valle and by the research project “Implementación de indicadores 
biológicos como herramienta para evaluar cambios en la integridad ecológica de los 
fragmentos de bosque seco tropical presentes en Victoria - La Dorada, Caldas” CI7945, 
Univalle-Corpocaldas-Ecopetrol (Convenio de colaboración No. 5212085/2013).



128 Juan Pablo Sánchez-Montenegro, Katherine Pérez-Castillo, Mario Fernando Garcés-Restrepo, Alan Giraldo
bo

l.c
ie

nt
.m

us
.h

ist
.n

at
. 2

1 
(2

) j
ul

io
 - 

di
ci

em
br

e 
20

17
. 1

15
-1

30

referenCes

ACOSTA-GALVIS, A.R., HUERTAS-SALGADO, C. & RADA, M., 2006.- Aproximación al conocimiento de los anfibios en una 
localidad del Magdalena medio (Departamento de Caldas) Colombia. Revista de la Academia Colombiana de Ciencias exactas, 
Físicas y Naturales, 30 (115): 291- 303.

ARCILA, A.M., VALDERRAMA, C. & CHACÓN, P., 2012.- Estado de la fragmentación del bosque seco de la cuenca alta del río 
Cauca. Biota Colombiana, 13 (2): 86-101.

BANIN, L., LEWIS, S.L., LÓPEZ‐GONZÁLEZ, G., BAKER, T.R.,  QUESADA, S.A., CHAO, K.-J., et al., 2014.- Tropical forest 
wood production: a cross‐continental comparison. Journal of ecology, 102 (4): 1025-1037.

BAUDRY, J. & MERRIAM, G., 1988.- Connectivity and connectedness: functional versus structural patterns in landscapes: 23-28 
(in) SCHREIBER, K.F. (ed.) Connectivity in landscape ecology. Proceedings of the 2nd International Seminar of the “International 
Association for Landscape Ecology.” Miinstersche Geographische Arbeiten 29, Miinster, Germany.

BEIER, P. & NOSS, R., 1998.- Do habitat corridors provide connectivity? Conservation biology, 12: 1241-1252.
BENNETE, A.F. & SAUNDERS, D.A., 2010. Habitat fragmentation and landscape change. 88-106. In: SODHI, H. S. & EHRLICH, 

P. R. (eds) Conservation Biology for All . Oxford University Press, Oxford.
 BLAKE, J.G. & LOISELLE, B.A., 2001.- Bird assemblages in second-growth and old-growth forests, Costa Rica: perspectives from 

mist nets and point counts. Auk, 118 (2): 304-326. 
BROWER, J.E. & ZAR, J.H., 1984.- Field and laboratory Methods for general ecology. 2a. Ed. WCB Publishers.
CAO, S., YU, Q., SÁNCHEZ-AZOFEIFA, A., FENG, J., RIVARD, B. & GU, Z., 2015.- Mapping tropical dry forest succession 

using multiple criteria spectral mixture analysis. ISPRS Journal of Photogrammetry and Remote Sensing, 109: 17-29.
CEBALLOS, G. & GARCÍA, A., 1995.- Conserving neotropical biodiversity: the role of dry forests in western Mexico. Conservation 

biology, 9 (6): 1349-1353.
CLEARY, D.F.R., GENNER, M.J., BOYLE, T.J.B., SETYAWATI, T., ANGRAETI, C.D. & MENKEN, S.B.J., 2005.- Associations 

of bird species richness and community composition with local and landscape-scale environmental factors in Borneo. landscape 
ecology, 20: 989-1001. 

COLWELL, R., 2012.- User’s guide to estimates. http:// viceroy.eeb.uconn.edu/estimates
COLLINGE, S.K., 1996.- Ecological consequences of habitat fragmentation: implications for landscape architecture and planning. 

landscape and urban planning, 36 (1): 59-77. 
CRACRAFT, J., 1985.- Historical biogeography and patterns of differentiation within South American avifauna: areas of endemisms. 

ornithological monographs, 36: 49-84.
DEVIA, C.A., MAYA, D.L., CORDOBA, L.M., VILLA, L.A. & HERAZO, B., 2003.- Valle del río Cimitarra. Pontificia Universidad 

Javeriana, Bogotá, Colombia.
DÍAZ, I.A., ARMESTO, J.J., REID, S., SIEVING, K.E. & WILLSON, M.F., 2005.- Linking forest structure and composition: avian 

diversity in successional forests of Chiloé Island, Chile. Biological conservation, 123 (1): 91-101. 
DURÁN, S.M. & KATTAN, G.H., 2005.- A Test of the utility of exotic tree plantation for understory birds and food resources in 

the Colombian Andes. Biotropica, 37 (1): 129-135.
ESTELA, F.A. & LÓPEZ-VICTORIA. M., 2005.- Aves de la parte baja del río Sinú, Caribe colombiano: inventario y ampliaciones 

de distribución. Boletín de investigaciones marinas y costeras, 34 (1): 7-42. 
ESTRADA, A. & COATES-ESTRADA, R., 2005.- Diversity of Neotropical migratory landbirds species assemblages in forest fragments 

and man-made vegetation in Los Tuxtlas, Mexico. Biodiversity and conservation, 14: 1719-1734 
ESTRADA, A., COATES-ESTRADA, R. & MERITT, D.A., 1997.- Anthropogenic landscape changes and avian diversity at Los 

Tuxtlas, Mexico. Biodiversity and conservation, 6: 19-43. 
FAHRIG, L., 2003.- Effects of habitat fragmentation on biodiversity. Annual review of ecology, evolution and systematics, 34: 487-515. 
GARCÍA, H., CORZO, G., ISAACS, P. & ETTER, A., 2014.- Distribución y estado actual de los remanentes del bioma de Bosque 

Seco Tropical en Colombia: insumos para su gestión: 228-251 (in) PIZANO, C. & GARCÍA, H. (eds.) el Bosque Seco Tropical 
en Colombia. Instituto de Investigaciones Biológicas Alexander von Humboldt (IAvH), Bogotá.

GASPARRI, N.I., GRAU, H.R., & SACCHI, L.V., 2015.- Determinants of the spatial distribution of cultivated land in the North 
Argentine dry Chaco in a multi-decadal study. Journal of arid environments, 123: 31-39.

GASTON, K.J. & BLACKBURN, T.M., 2000.- Pattern and Process in Macroecology. Blackwell Publishing Company, Malden, MA, USA.
GILLIES, C.S. & ST CLAIR, C.C., 2010.- Functional responses in habitat selection by tropical birds moving through fragmented 

forest. Journal of applied ecology, 47 (1): 182-190.
GÓMEZ, C., GÓMEZ-BAHAMÓN, V., CÁRDENAS-ORTIZ, L. & BAYLY, N.J., 2015.- Distribution of Nearctic-Neotropical 

migratory birds along a South American elevation gradient during spring migration. The Wilson journal of ornithology, 127 (1): 
72-86.

HAMMER, O., HARPER, D.A.T. & RYAN, P.D., 2001.- PAST: Paleontological statistics software package for education and data 
analysis. Paleontología electrónica, 4 (1): 9.

HERZOG, S.K. & KESSLER, M., 2002.- Biogeography and composition of dry forest bird communities in Bolivia. Journal of 
ornithology, 143 (2): 171-204.

HILTY, S.L. & BROWN, W.L., 1986.- A guide to the birds of Colombia. Princeton University Press, New Jersey, USA.
HOLDRIDGE, L.R., 1967.- life Zone ecology. Tropical Science Center, San José, Costa Rica.
HUGHES, J.B., DAILY, G.C. & EHRLICH, P.R., 2002.- Conservation of tropical forest birds in countryside habitats. ecological 

letters, 5 (1): 121-129. 
HUTCHESON, K., 1970.- A test for comparing diversities based on the Shannon formula. Journal of theoretical biology, 29: 151-154.
IUCN, 2014.- The IUCN Red list of Threatened Species. http://www.iucnredlist.org/
JANTZ, S.M., BARKER, B., BROOKS, T.M., CHINI, L.P. & FAHRIG, L., 2003.- Effects of habitat fragmentation on biodiversity. 



129Bird assemble associated to two landscape units in a tropical dry forest

Annual review of ecology, evolution, and systematics, 34: 487-515. 
JANZEN, D., 1988.- Tropical Dry Forest: The most threatened major tropical ecosystem. National Forum on Biodiversity. Washington, 

D.C. 130-137 pp.
JOST, L., 2006.- Entropy and diversity. oikos, 113: 363-375.
KREBS, C.J. 1999.- ecological methodology. Benjamin/Cummings, Menlo Park, California. 
LOSADA-PRADO, S., CARVAJAL-LOZANO, A.M. & MOLINA-MARTÍNEZ, Y.G., 2005.- Listado de especies de aves de la 

cuenca del río Coello (Tolima, Colombia). Biota Colombiana, 6 (1): 101-115.
LOSADA-PRADO, S. & MOLINA-MARTÍNEZ, Y., 2012.- Avifauna del Bosque Seco Tropical en el departamento del Tolima 

(Colombia): análisis de la comunidad. Caldasia, 33 (1): 271-294.
MACGREGOR‐FORS, I. & SCHONDUBE, J.E., 2011.- Use of tropical dry forests and agricultural areas by Neotropical bird 

communities. Biotropica, 43 (3): 365-370.
MAGURRAN, A., 2004.- Measuring biological diversity. Blackwell publishing, Malden, MA, USA.
MARINARO, S., GRAU, H.R., MACCHI, L. & ZELAYA, P.V., 2014.- Land tenure and biological communities in dry Chaco forests 

of northern Argentina. Journal of arid environments, 123: 60-67.
MARTIN, T.E., 1984.- Impact of livestock grazing on birds of a Colombian cloud forest. Tropical ecology, 25: 158-171.
MERRIAM, G., 1984.- Connectivity: a fundamental characteristic of landscape pattern: 5-15 (in) BRANDT, J. & AGGER, P. (eds.) 

Methodology in landscape ecological research and planning. Volume 1. Theme 1: landscape ecological concepts. Roskilde University 
Centre, Roskilde, Denmark.

MOORE, J.E., SCHEIMAN, D.M. & SWIHART, R.K., 2004.- Field comparison of removal and modified double-observer modeling 
for estimating detectability and abundance of birds. Auk, 121 (3): 865-876.

MORENO, C.E., 2001.- Métodos para medir la biodiversidad. Vol. 1. M&T–Manuales y Tesis SEA, Zaragoza.
MORTELLITI, A., FAGIANI, S., BATTISTI, C., CAPIZZI, D. & BOITANI, L., 2010.- Independent effects of habitat loss, habitat 

fragmentation and structural connectivity on forest‐dependent birds. Diversity and distributions, 16 (6): 941-951.
MYERS, N., MITTERMEIER, R.A., MITTERMEIER, C.G., DA FONSECA, G.A. & KENT, J., 2000.- Biodiversity hotspots for 

conservation priorities. Nature, 403 (6772): 853-858.
NARANJO, L.G., 1992.- Estructura de la avifauna en un área ganadera en el Valle del Cauca, Colombia. Caldasia, 17 (1): 55-65.
OPDAM, P., 1990.- Dispersal in fragmented populations: the key to survival. 3-17 (in) BUNCE, R.G.H. & HOWARD, D.C. (eds.) 

Species dispersal in agricultural habitats. Belhaven Press, London, UK.
PATTEN, M.A. & SMITH-PATTEN, B.D., 2012.- Testing the microclimate hypothesis: Light environment and population trends 

of Neotropical birds. Biological Conservation, 155: 85-93.
PEARSON, D.L., 1975.- The relation of foliage complexity to ecological diversity on three Amazonian bird communities. Condor, 

77: 453-466. 
PETIT, L.J. & PETIT, D.R., 2003.- Evaluating the importance of human‐modified lands for Neotropical bird conservation. 

Conservation biology, 17 (3): 687-694.
PINO, P.J., PÖYRY, J., RAATIKAINEN, K.M., SANG, A., STEFANESCU, C., TEDER, T., ZOBEL, M. & STEFFAN-DEWENTER, 

I., 2010.- Habitat fragmentation causes immediate and time‐delayed biodiversity loss at different trophic levels. ecological letters, 
13 (5): 597-605.

PLACKETT, R.L., 1983.- Karl Pearson and the chi-squared test. International statistical review, 51 (1): 59-72.
PORTILLO-QUINTERO, C.A. & SÁNCHEZ-AZOFEIFA, G.A., 2010.- Extent and conservation of tropical dry forests in the 

Americas. Biology conservation, 143 (1): 144-155.
PORTILLO-QUINTERO, C., SÁNCHEZ-AZOFEIFA, A. & DO ESPIRITO-SANTO, M.M., 2013.- Monitoring deforestation 

with MODIS Active Fires in Neotropical dry forests: An analysis of local-scale assessments in Mexico, Brazil and Bolivia. Journal 
of arid environment, 97: 150-159.

PRIETO-TORRES, D.A., NAVARRO‐SIGÜENZA, A.G., SANTIAGO‐ALARCÓN, D. & ROJAS‐SOTO, O.R., 2016.- Response 
of the endangered tropical dry forests to climate change and the role of Mexican Protected Areas for their conservation. Global 
change biology, 22 (1): 364-379.

RALPH, C.J., GEUPEL, G.R., PYLE, P., MARTIN, T.E., DESANTE, D.F. & MILÁ, B., 1996.- Manual de métodos de campo para 
el monitoreo de aves terrestres. Gen. Tech. Rep. PSW-GTR-159. Albany, CA, U.S. Department of Agriculture, Forest Service, 
Pacific Southwest Research Station.

RENGIFO, L., 1999.- Effect of Natural and Anthropogenic Landscape Matrices on the Abundance of Subandean Bird Species. 
ecological applications, 11 (1): 14-31.

RIVERA-GUTIÉRREZ, F., 2006.- Composición y estructura de una comunidad de aves en un área suburbana en el suroccidente 
Colombiano. ornitología colombiana, 4: 28-38.

SAAD, V.A. & PETIT, D.R., 1992.- Impact of pasture development on winter bird communities in Belize, Central America. Condor, 
94: 66-71. 

SÁNCHEZ‐AZOFEIFA, G.A., QUESADA, M., RODRÍGUEZ, J.P., NASSAR, J.M., STONER, K.E., CASTILLO, A. et al., 2005.- 
Research Priorities for Neotropical Dry Forests. Biotropica, 37 (4): 477-485. 

SKIRVIN, A.A., 1981.- Effect of time of day and time of season on the number of observations and density estimates of breeding 
birds. Studies in avian biology, 6: 271-274.

SMITH, A.C., FAHRIG, L. & FRANCIS, C.M., 2011.- Landscape size affects the relative importance of habitat amount, habitat 
fragmentation, and matrix quality on forest birds. ecography, 34 (1): 103-113.

SODHI, N.S., ŞEKERCIOĞLU, C.H., BARLOW, J. & ROBINSON, S.K., 2011.- effects of Habitat Fragmentation on Tropical Birds. 
In Conservation of Tropical Birds, Wiley-Blackwell, England, Oxford.

STATTERSFIELD, A., CROSBY, M.J., LONG, A.J. & WEGE, D.C., 1998.- endemic bird areas of the world: priorities for biodiverstiy 
conservation. BirdLife International, Cambridge, Reino Unido.

STILES, F.G., BOHÓRQUEZ, C.I., CADENA, C.D., DE LA ZERDA, S., HERNÁNDEZ, M. ROSSELLI, L., et al., 2000.- Aves 



130 Juan Pablo Sánchez-Montenegro, Katherine Pérez-Castillo, Mario Fernando Garcés-Restrepo, Alan Giraldo
bo

l.c
ie

nt
.m

us
.h

ist
.n

at
. 2

1 
(2

) j
ul

io
 - 

di
ci

em
br

e 
20

17
. 1

15
-1

30

de la sabana de Bogotá. Asociación Bogotana de Ornitología, Bogotá.
STILES, F.G. & ROSSELLI, L., 1998.- Inventario de las aves de un bosque alto andino: comparación de dos métodos. Caldasia, 

20: 29-43. 
STILES, F.G., TELLERÍA, J.L. & DÍAZ, M., 1995.- Observaciones sobre la composición, ecología y zoogeografía de la avifauna de 

la Sierra de Chiribiquete, Caquetá, Colombia. Caldasia, 17 (82-85): 481-500.
STOTZ, D.F., FITZPATRICK, J.W., PARKER III, T.A. & MOSKOVITZ, D.K., 1996.- Neotropical Birds: ecology and Conservation. 

University of Chicago Press, Chicago, Illinois, USA.
SUGGITT, A.J., GILLINGHAM, P.K., HILL, J.K., HUNTLEY, B., KUNIN, W.E., ROY, D.B. & THOMAS, C.D., 2011.- Habitat 

microclimates drive fine‐scale variation in extreme temperatures. oikos, 120 (1): 1-8. 
TAYLOR, P.D., FAHRIG, L., HENEIN, K. & MERRIAM, G., 1993.- Connectivity is a vital element of landscape structure. oikos, 

68: 571-573.
TEWS, J., BROSE, U., GRIMM, V., TIELBÖRGER, K., WICHMANN, M.C., SCHWAGER, M. & JELTSCH, F., 2004.- Animal 

species diversity driven by habitat heterogeneity/diversity: the importance of keystone structures. Journal of Biogeography, 31 
(1): 79-92. 

TRILLERAS, J.M., JARAMILLO, V.J., VEGA, E.V. & BALVANERA, P., 2015.- Effects of livestock management on the supply of 
ecosystem services in pastures in a tropical dry region of western Mexico. Agriculture, ecosystem and environment, 211: 133-144. 

TSCHARNTKE, T., SEKERCIOGLU, C.H., DIETSCH, T.V., SODHI, N.S., HOEHN, P. & TYLIANAKIS, J.M., 2008.- Landscape 
constraints on functional diversity of birds and insects in tropical agroecosystems. ecology, 89 (4): 944-951. 

TURNER, I.M. & CORLETT, R.T., 1996.- The conservation value of small, isolated fragments of lowland tropical rain forest. Trends 
in ecology and evolution, 11 (8): 330-333.

URIARTE, M., ANCIÃES, M., DA SILVA, M.T., RUBIM, P., JOHNSON, E. & BRUNA, E.M., 2011.- Disentangling the drivers 
of reduced long-distance seed dispersal by birds in an experimentally fragmented landscape. ecology, 92 (4): 924-937.

VARGAS-FIGUEROA, J.A., GONZÁLEZ-COLORADO, A.M., BARONA-CORTÉS, E., BOLÍVAR-GARCÍA, W. & GIRALDO, 
A., 2016.- Composición y estructura vegetal de fragmentos de bosque seco tropical y de dos zonas con actividad antrópica en la 
Dorada-Victoria, Caldas. Revista Ciencias, 20(2): 13-60.


