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Abstract 
 

In Mexico, the creation of new agricultural areas causes the loss of bird species. To know the role 

of farming systems with zero conservation tillage-live fence (ZCT-LF) to maintain diversity-

habitat use by birds, during June-September 2011, a bird monitoring was conducted in central 

Mexico. Species richness was analyzed with Jacknife1, the similarity with Sorensen, 

Conglomerates; abundance with log-normal model, 2; the diversity with Shannon-Wiener; and 

possible differences in these parameters with Kruskal-Wallis. Habitat use in the vertical 

(substrates)-horizontal planes (layers) was inferred with the frequency of observation (FO) and 

Poisson regression (ARP). The average results of Jacknife1 for UE’s were 38.7%, Sorensen 31%, 

a cluster with three subamalgamations (minimum, e= 2.7, maximum, e= 3.6) was formed; 

Lognormal (2= 130.09, Y= 0.3518, 3 dof), 2 (P-value = 0.028); Shannon-Wiener H’= 2.99; 

Kruskal-Wallis P-value = 0.0248, 0.028, 0.4232, respectively. The FO suggest that the higher 

layer-substrate was most used (46.15%) - flight (27.95%); The ARP for layer, behavior, sex, age, 

substrate suggests that 2, 4, 1, 2 and 6 variables had significant coefficients. Mexico faces the 

problem of opening land to agriculture, arid and semiarid areas do not escape this phenomenon; 

therefore, the ZCT-LF systems are an option to maintain and preserve the avifauna. 
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Introduction 
 

Mexico is one of the 12 megadiverse countries, its avifauna is made up of 1054 species (22 orders 

and 78 families), equivalent to 11% worldwide (Navarro and Benítez, 1993). Its ornithofauna is 

associated with its forest cover, which covered (70’s), 72.05% of the national territory. This 

coverage has been subject to disturbances and disturbances (Masera, 2001). During 1970-1980, 

agricultural areas covered 16% of the territory, of which 4.58% were irrigated, 11% were seasonal 

forest crops, of which 93.5% were less than 20 ha (Navarro et al., 2000). 

 

The opening of new agricultural areas has led to the loss of some species, particularly birds 

(Ramírez-Albores, 2010). Those of arid-semiarid environments do not escape these alterations due 

to their fragility and wide extension of 50-60% of the national territory (Pompa-García, 2008) of 

their xerophytic scrub, an important portion of this is distributed in the Mexican Altiplano 

(Rzedowski, 1978). The shrublands of the Potosino-Zacatecano highlands have been used to 

establish grazing areas and conventional agricultural crops themselves that have been managed 

under a scheme of intensive tillage with supply of inputs to increase soil fertility-crop yield. 

 

This management has caused compaction, erosion, soil-water contamination; caused the loss of 

biodiversity (Figueroa-Sandoval, 1983), particularly of the avifauna, a taxonomic group that plays 

a transcendental role in the energy flows within and between ecosystems since they sustain diverse 

trophic chains, acting on the vegetative propagation as vectors of dissemination of seeds, some are 

in risk category (Herrera, 1985). In order to mitigate soil deterioration and increase the yield of 

traditional crops-environmental quality, mixed agricultural systems based on zero conservation 

tillage-live fence (ZCT-LF) technology have been established in the region (Navarro et al., 2008), 

which seem to mitigate the negative effects of agricultural intensification. 

 

In order to plan the compatibility of productive systems with the conservation of biodiversity, it is 

essential to evaluate the changes they cause to their populations (Lantschner and Rusch, 2007). 

However, the importance (border effect) of these systems of mixed agricultural production and 

their benefit, in terms of conservation, for wildlife species, has not been studied, much less for the 

birdlife that makes use of them in this type of systems surrounding forests xerophytic. The objective 

of this research was to determine the role played by agricultural systems with LCC-CV on diversity 

and habitat use (vertical-horizontal) by bird communities in Central Mexico. 

 

Materials and methods 
 

The agricultural area of the Municipality of Salinas de Hidalgo, San Luis Potosí, is located in the 

Potosino-Zacatecano Altiplano, located in the physiographic region of the Central Plain of the 

Mexican Altiplano, at the southern end of the Chihuahuan Desert within the highlands of the center 

and south of San Luis Potosi and southeast of Zacatecas, in the coordinates 22° 45’, 22° 42’ North 

and 01° 57’, 101° 46’ West, between the heights of the 2 100 to 2 330 masl. The area borders North 

with Santo Domingo, Villa de Ramos, South with Zacatecas, West with Villa de Ramos, Zacatecas, 

East with Charcas, Venado, Moctezuma, Zacatecas (Luna-Cavazos et al., 2007). 
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Sampling design 

 

Seven study units (UE’s) were chosen, the polygonal and surfaces of each of them (9, 10, 4, 2, 

3, 10 and 8 ha, respectively) were delimited and quantified with a Geographic Information 

System (GIS) (Figure 1). The sampling design used was systematic sampling (MS) at 

convenience with predetermined distances of 250 m between each unit of choice (UEL) 

(Cochran, 1977). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Plots under study in the agricultural area of Salinas de Hidalgo, San Luis Potosí, Mexico. 

 

Birds were monitored using a mixed counting scheme at points with fixed radius of 25 m and 

intensive search (Ralph et al., 1996). This combined system allows a better detection of some 

species of quiet, silent and conspicuous behavior (López-DeCasenave et al., 1998). The birds were 

observed with binoculars of 25 X 50 m (Bushnell) and the sighted species were identified with 

standard field guides (birds from Mexico and North America). The data referring to the arboreal 

vegetation were collected through the application of quadrants with a central point (Cottam and 

Curtis, 1956), for herbaceous-shrubbery embedded paintings (Oosting, 1956). Likewise, the habitat 

variables (land cover) were registered through the Canfield Line (Canfield, 1941). The samplings 

were carried out monthly (June-September 2011). 

 

Statistic analysis 

 

The specific wealth of birds was systematically ordered by the classification of American 

Ornithologists Union (AOU, 2009) for this purpose, information was used on the number of species 

recorded in a timely manner in time and space. Species richness was analyzed using Jacknife1 

using the presence-absence data recorded in each UE-pulse, sampling, Magurran (1988). The 

similarity between the UE’s evaluated was estimated with Sorensen (Chao et al., 2005), these 

parameters were calculated in EstimateS 8.2.0. (Burnham and Overton, 1979; Colwell, 2009). To 

graphically visualize the similarity in the wealth recorded in the UE’s under study, a multivariate 

analysis of clusters by observations was carried out (Kaufman and Rousseeuw, 2009), which was 

carried out in Minitab 15.1.20 (2007). 
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The distribution of abundance (number of individuals per species) registered in each UE was 

interpreted ecologically through Log-normal models, as these were the ones that better adjusted 

the distribution of the data of the present work (Preston, 1948), said models were carried out 

in Microsoft Excel (2003). To determine if the number of individuals registered per species is 

potentially distributed in each UE, a goodness-of-fit test of 2 was used for contingency tables 

for independent samples (Miller, 2003b). This analysis was carried out in JMP IN version 8.0.2. 

(2009). 

 

The diversity of bird species in each UE was analyzed using Shannon-Wiener using information 

on the frequencies of the species recorded in each of them (Tramer, 1969). Said estimator was 

calculated in EstimateS 8.2.0. The possible differences in wealth, abundance and diversity 

among UE’s were determined by Kruskal-Wallis (Miller, 2003a), which were carried out in JMP 

IN 8.0.2 (2009). 

 

The proportion of individuals per species that make use of each vertical layer and substrate 

(horizontal plane) was estimated with observation frequency indexes (FO); Curts (1993) 

modified for the present. These were calculated in Microsoft Excel (2003). To determine the 

possible relationship between recorded bird abundance (dependent variable ‘y’) and vertical 

strata of vegetation; behaviors exhibited by birds (based on the criteria proposed by Remsen and 

Robinson, 1990), sexes ages and horizontal substrates (each of them as independent variables, 

‘x’), Poisson regression models (ARP) were used. The adjustment of the dependent variable to 

the independent variables was carried out using generalized linear models (GLM); McCullagh 

and Nelder (1989). In all the ARPs, the criterion of selection of variables by backward steps 

(Stepwise) was used, with criterion of classification of the minimum Akaike (AIC); Akaike 

(1969), these analyzes were performed in R-version 2.12.1 (2010). 

 

In all cases an α= 0.05 was used, so that those in which p< 0.05 were considered as statistically 

significant coefficients. 

 

Results and discussion 
 

Based on the AOU (2009), 52 bird species were registered in the systems (ZCT-LF), distributed in 

five orders, 19 families and 10 subfamilies. The most representative orders in number of species 

were passerine with 35 (67%), falconiform with seven (13%), columbiform with five (10%), 

piciform with four (8%). Of the species recorded in this study, one species is in danger of extinction 

(P), two threatened (A), five subject to special protection (Pr), 44 not included in any category; 

only four are endemic (SEMARNAT, 2010). The Jacknife1 estimator showed that with the 

sampling effort by UE’s under study it was possible to detect 100% (UE1), 46.7 (UE2), 23.26 

(UE3), 25 (UE4), 30.3 (UE5), 19.9 (UE6) and 26% (EU7) of the bird species that are theoretically 

present in each EU (Figure 2). 
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Figure 2. Observed and estimated bird species accumulation curves (Jackknife index1) for each UE 

in agricultural systems of Salinas de Hidalgo, San Luis Potosí, Mexico. 

 

Likewise, in the case of samplings (pulses) Jacknife1 managed to detect 100% (P1), 41.6 (P2), 

39 (P3), 30.4% (P4) in each of them (Figure 3). The Kruskal-Wallis results (p-value= 0.0248) 

identified significant differences in the number of species registered in each of the UE’s under 

study. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3. Observed and expected bird species accumulation curves (Jackknife index1) for each pulse 

in agricultural systems of Salinas de Hidalgo, San Luis Potosí, Mexico. 

 

According to Sorensen, the average similarity of species registered among (UE’s), expressed as a 

percentage, was 31%. The highest similarity was presented in the UE’s 1-7, with 50%, with 11 

shared species. Similarly, the lowest similarity was observed between the UE’s 2-4 and 2-6, with 

15% among them, seven and six shared species, respectively. The Cluster analysis for the data of 

species registered by UE exhibited a single cluster; however, three sub-amalgamations were 

formed with a minimum euclidean distance of e= 2.7 and maximum e= 3.6 (Figure 4). 
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Figure 4. Cluster of similarity for species by UE’s in agricultural systems of Salinas de Hidalgo, San 

Luis Potosí, Mexico. 

 

The Log-normal model indicates that the logarithms of the bird frequency data recorded by UEs 

are distributed in a normal way (2= 130.09, Y= 0.3518, 3 dof), which shows an adjustment in the 

distribution of abundances to said series (Figure 5). The results of 2 show that the highest 

proportion of individuals per bird species was recorded that could potentially be expected in the 

UE’s under study, which is supported by the Kruskal-Wallis analysis (p-value= 0.028), which 

detected differences in abundances per species recorded in each of them. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5. Distribution of abundances of birds registered in the UE's under study adjusted to a log-

normal series in agricultural systems of Salinas de Hidalgo, San Luis Potosí, Mexico. 

 

Shannon-Wiener considering the number of individuals per species recorded in each UE’s, 

estimated a minimum value of H’= 2.84 (UE1) and maximum of H’= 3.15 (UE7) (Figure 6). While 

Kruskal-Wallis comparing the diversity of species did not detect significant differences (p-value= 

0.4232) between the species diversity recorded and estimated in each of the UE’s under study. 
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Figure 6. Shannon-Wiener index for each UE’s in agricultural systems of Salinas de Hidalgo, San 

Luis Potosí, Mexico. 

 

The analysis of FO of birds recorded in each of the strata (heights) of the vegetation; showed that 

birds prefer, in that order, to the upper (46.15%), low (37.31%) and medium (16.54%) vegetation 

stratum. For its part, the analysis of FO of birds recorded in each of the substrates (horizontal 

plane), indicated a preference for flight (27.95%) using soil substrate (24.58%), herbaceous 

(15.15%), fence live (nopal) (7.07%), pirul (Shinus spp., 6.4%), huizache (Acacia spp., 5.72%), 

mesquite (Prosopis spp., 5.39%), maguey (Agave spp., 3.03%), cassava (Yucca spp. 2.69%), nopal 

(Opuntia spp. 2.02%). The Poisson regression between the abundance of birds and the vertical 

strata of the vegetation, behaviors, sexes, ages and horizontal substrates, showed that variables 2, 

4, 1, 2 and 6 had an effect on the dependent variable (y) with values of AIC of 58.192, 52.373, 

53.574, 54.272 and 55.888, for each of the analyzes, respectively (Table 1). 

 
Table 1. ARP results using GLM models for bird abundance and vertical strata, behaviors, sexes, 

ages and horizontal substrates in the UE’s under study in agricultural systems of Salinas 

de Hidalgo, San Luis Potosí, Mexico. 

ARP Estimate Std. error z value Pr(>|z|) Significance 

ARP abundance of birds and vertical layers of vegetation 

Low stratum 0.059316 0.011019 5.383 7.33E-08 *** 

Upper stratum 0.01498 0.00526 2.848 0.0044 ** 

ARP abundance of birds and their behavior 

Pairing 1.03963 0.14044 7.403 1.33E-13 *** 

Courting -0.85504 0.2494 -3.428 0.000607 *** 

Courting 2 0.54178 0.11861 4.568 4.93E-06 *** 

Hanger 0.08689 0.01027 8.464 < 2E-16 *** 

ARP of abundance of birds and their sex 

H 0.10231 0.02614 3.914 9.06E-05 *** 

ARP abundance of birds and their ages 

A 0.017296 0.004362 3.965 7.33E-05 *** 

J 0.062126 0.01277 4.865 1.14E-06 *** 
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ARP Estimate Std. error z value Pr(>|z|) Significance 

ARP of bird abundance and horizontal substrates 

Soil 1.005138 0.400328 2.511 0.01205 * 

Soil 2 -0.047395 0.020329 -2.331 0.01974 * 

Suscerc 0.626164 0.25402 2.465 0.0137 * 

Suscerc 2 -0.065653 0.021738 -3.02 0.00253 ** 

Susther -0.236201 0.111782 -2.113 0.0346 * 

Susther 2 0.019102 0.006991 2.732 0.00629 ** 

In all cases a Poisson distribution was assumed in the abundance (y), so a logarithm was applied as a function of the 

link between it and the independent variables (X)= H= female; A= adult; J= juvenile; Soil 2= quadratic soil effect; 

Suscerc= fencing substrate; Suscerc 2= quadratic effect of Suscer; Susther= herbaceous substrate; Susther 2= quadratic 

effect of Susther. 

 

The trends of the specific richness and conservation status of some of the registered birds coincide 

partially with that reported by Cárdenas et al. (2003) who conducted a study in agricultural areas 

finding that the most representative family in number of species and frequencies of these was 

Tyrannidae; meanwhile, Ibarra et al. (2001) conducted an investigation on the avifauna associated 

with two cacao plantations in Tabasco (Mexico), concluding that the most represented families 

were Emberizidae and Tyrannidae. 

 

These results are very similar to those obtained in the present study; however, the inferences 

obtained in the estimator of species richness contrast with those obtained by Bolwig et al. (2004) 

who report avifaunal species richness data for three types of agricultural ecosystems in Uganda, 

where the average intensity of crop shares the anthropic disturbance characteristic of agricultural 

activity, in our UE’s; nevertheless, the patterns in the rarefaction curves allowed to affirm that the 

ZCT-LF presupposes a lower pressure. 

 

Thus, the trends in species richness, for the present, seem to respond to the sampling effort made 

and the bird's own migration phenology, which can vary even from one year to another, which may 

affect its detectability, as suggested by Bojorges and López-Mata (2005) who, despite having good 

approximations (90%) in the estimation of this parameter, recommend increasing the monitoring 

effort on a spatial-temporal scale, considering the environmental co-operations that may affect in 

the presence of accidental or migratory birds (Carrascal, 1987). 

 

On the other hand, Rappole et al. (1993) report that in agricultural systems and in some natural 

systems, the increase of species during the migratory period and the displacement of resident 

species is minimal, since migratory birds can be flexible in the use of the habitat, being able to 

find them in disturbed systems as is was the case with this study. However, the patterns of wealth 

registered between UE’s contrast with that reported by Sánchez and López (1988) who point out 

that two faunal communities are similar if their similarity index is less than 66.6%, this is for 

different types of traditional agricultural type plots; however, the composition and structure of 

the bird community recorded in this research was more heterogeneous. 
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The distribution of abundance recorded in the present evidence is an avifauna community made 

up of few but abundant species, followed by more or less abundant species and rare species, 

without the presence of dominance (monopoly) over the use of resources. These results differ 

with that reported by Ugalde-Lezama et al. (2009) suggest that in semiconserved areas of a 

forest stand of Pinus greggii Englem, in Zoquiapan, Mexico, the distribution of abundances was 

adjusted to a Log-normal series; however, the trends recorded in this one showed that the ZCT-

LF systems support bird communities similar to the disturbance gradient that these forests 

exhibited. 

 

Similarly, the proportions of individuals registered by species in each UE could be attributed to 

their physiognomy, which provides a wide range of resources that allow the spatial distribution of 

bird species registered in them. Similar patterns are reported by Enríquez-Lenis et al. (2007) who 

point out that seasonality can modify positively or negatively the structure and floristic 

composition, which condition the use of ecological niches in the vertical-horizontal plane, 

determining the patterns of abundance and diversity, particularly in birds. 

 

The diversity of species recorded in this research was relatively high, especially considering that 

the UE’s under study are agricultural systems with ZCT-LF. However, this contrasts with that 

reported by Carrascal et al. (2002) who estimated low diversity patterns in different disturbance 

gradients, including forest stands and agricultural areas. 

 

The frequencies of birds that use or have preference for a vertical stratum in particular, contrast 

with that reported by Emlen (1977) who recorded homogeneous patterns of use from the lower 

stratum to the upper stratum. On the other hand, Carrascal and Telleria (1985) report the use of the 

middle and lower strata, noting that the plant substrate is more relevant to birds compared to the 

variable height; however, the birds recorded in this work did separate vertically, which coincides 

with Cueto and López-DeCasenave (1999) who reported an effect of the vertical structure of the 

vegetation on the abundances-distribution of this taxonomic group, particularly in the herbaceous 

and arboreal strata. 

 

On the other hand, the frequencies of birds that use or have preference for some substrate in the 

horizontal plane coincide with that reported by Becerra and Grigera (2005) who point out that these 

have an effect on diverse patterns of bird activity such as feeding, so the variation in their 

availability and productivity determines the structure and composition of bird communities. The 

birds in this study had live fences, coupled with the presence of trees and shrubs, which had an 

effect on their abundances, which provided shore habitats between two or more different 

environments as suggested by Salinas et al. (2007) who point out that the increase in diversity is 

largely due to the presence and establishment of live fences, since they function as connectivity 

corridors in the conservation of wildlife by offering spaces for perches, feeding, shelter, nesting 

for some species; particularly birds, showing that they can harbor, sometimes very particular, more 

species, even than traditional agricultural areas. 

 

The ZCT-LF systems are beneficial for avifaunal biodiversity in the parameters evaluated between 

UE’s, which were acceptable; however, it is recommended to increase the monitoring effort on a 

spatio-temporal scale that complements the inferences made. There was effect of the strata 

(vertical) and substrates (horizontal), finding differential patterns of use of these. This study, is the 
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first of its kind, which shows that these agricultural systems (ZCT-LF) are convenient in the 

maintenance-conservation of birds in the Potosino-Zacatecano Altiplano, for the multiple 

advantages and services offered to this taxonomic group compared to traditional agricultural 

systems. 

 

Conclusions 
 

In this study, 52 bird species of five orders, 19 families and 10 subfamilies were recorded. The 

averages of Jacknife1 for UE’s were 38.7% and Sorensen 31%. 

 

A Cluster was formed with three sub-amalgamations (minimum, e= 2.7, maximum, e= 3.6). The 

frequencies of observation suggest that the most used stratum-substrate was the higher one 

(46.15%) - flight (27.95%). The ZCT-LF systems are an option to maintain and conserve birdlife 

in northern central Mexico. 
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