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ABSTRACT
An important effect of cattle raising in Nicaragua has been the frag-
mentation of natural landscapes, mainly forests. In the present paper 
we analyze species composition and community structure for birds, 
mollusks and trees in several silvopastoral systems and land uses in 
Matiguás and Paiwas, Matagalpa, Nicaragua. We also studied the rela-
tionship between vegetation structure and mollusks and birds as bio-
logical indicators. Within the study landscapes 45 out of 212 observed 
bird species and 16 out of 56 observed mollusk species were uniquely 
associated to a single land use. Beta diversity could be considered me-
diumis intermediate for both taxa (ca. 0,5), in a scale ranging from 0 to 
1. The observed avifauna across all land uses included 119 generalists 
(56,1%), 26 forest-dependent species (12,26%) and 67 open-area spe-
cies (31,6%), based on the forest dependence categories of Stiles and 
Skutch. Mollusk species composition included: 33 forest-dependent 
species (59%), 20 generalists species (35,7%), and 3 open-area species 
(5,36%). We observed significant correlations between species diver-
sity of trees and structural diversity of trees (r = 0,88, p < 0,01) and be-
tween structural diversity of trees and species diversity of mollusks as 
well as species richness of mollusks (r= 0,655, p< 0,05, and r= 0,7, p< 
0,01, respectively). Results also indicate the existence of a significant 
correlation between Vegetation Species Richness and Bird Diversity 
(r=0,7, p<0,05). There were no correlations between Bird Diversity 
and Vegetation Diversity, or between Bird Diversity and Structural 
Diversity. Silvopastoral systems contain highly diverse communities 
of animals and plants that should be managed properly on the land-
scape context in order to create a matrix where conservation and rural 
livelihoods can coexist.

KEY WORDS: Diversity, Trees, Mollusks, Birds, Agricultural Land Uses, 
Nicaragua.

RESUMEN
Un efecto importante de la ganadería en Nicaragua ha sido la fragmen-
tación de los paisajes naturales, principalmente bosques. En el presen-
te trabajo se analiza la composición de especies y la estructura de las 
comunidades de aves, moluscos y árboles presentes en diferentes sis-
temas silvopastoriles o usos de suelo de Matiguás y Paiwas, Dpto. de 
Matagalpa, Nicaragua. También se estudió la relación entre los molus-
cos y aves como indicadores biológicos y la estructura de la vegetación. 
En el estudio de paisajes 45 de las 212 especies de aves observadas y 
16 de las 56 especies de moluscos observadas se relacionaron exclusi-
vamente a un solo uso de la tierra. La diversidad beta podría ser consi-
derada media para ambos taxones (ca. 0,5), en una escala que va de 0 
a 1. La avifauna observada a través de todos los usos del suelo incluye 
26 especies dependientes de los bosques (12,26%), 119 generalistas 
(56,1%), y 67 especies de zonas abiertas (31,6%), con base en las cate-
gorías de dependencia del bosque de Stiles y Skutch. La composición 
de especies de moluscos incluyó: 33 especies dependientes de los bos-
ques (59%), 20 especies generalistas (35,7%), así como 3 especies de 
zonas abiertas (5,36%). Se observó una correlación significativa entre 
la diversidad de especies de árboles y la diversidad estructural de los 
árboles (r = 0,88, p <0,01), y entre la diversidad estructural de los árbo-
les y la diversidad de especies de moluscos, así como con la riqueza de 
especies de moluscos (r = 0,655, p <0,05, y r = 0,7, p <0,01, respectiva-
mente). Los resultados también indican la existencia de una correlación 
significativa entre la riqueza de especies de la vegetación y la diversi-
dad de las aves (r=0.7, p<0.05), sin embargo la relación entre la diversi-
dad de aves y la diversidad de la vegetación, así como la diversidad de 
aves y la diversidad estructural fueron no significativas. Nuestro estudio 
muestra que los sistemas silvopastoriles contienen comunidades con 
una alta diversidad de animales y plantas que deben ser manejados 
adecuadamente en el contexto del paisaje para crear una matriz donde 
la conservación y la producción puedan coexistir.

PALABRAS CLAVES: Diversidad, árboles, moluscos, aves, usos de suelo 
agrícola, Nicaragua.
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An important effect of cattle raising in Nicaragua has 
been fragmentation of natural landscapes, mainly for-
ests. In the central region and elsewhere, fragmentation 
has resulted from deforestation to exploit local forest re-
sources and to create new areas for farming and cattle 
raising (Levard, Marín & Navarro, 2001; Ruíz, 2003). In the 
case of Nicaragua the high percentage of land dedicat-
ed to agriculture, is considered a 37,49% of the country 
(48 875,00Km2 of the country’s area) (MARENA, 2004).

Deforestation has affected important ecological pro-
cesses including dispersion, migration, and competition, 
resulting in local species extinction and decreased bio-
diversity at a landscape level (Harris, 1984; Wilcox, 1980). 
The remaining forest cover of the country estimated 
by the national forest inventory is of 3 254 145Ha (= 
32 541,45Km2), representing 25 % of the land territory of 
Nicaragua (INAFOR, 2009). 

Studying components of each particular system in the 
context of the landscape will approach the optimal way 
to handle them, and fortunately there is increasing diver-
sity data from different biological groups in fragmented 
ecosystems and silvopastoral systems in particular that 
can be used as bioindicators (Petit & Usher, 1998; Bergin, 
Best, Freemark & Koehler, 2000; Fournier & Loreau, 2001; 
Ricketts, Daily, Ehrlich & Pay, 2001; Estrada & Coates-
Estrada, 2002; Pérez, 2002; Jeanneret, Schüpbach, 
Pfiffner & Walter, 2003; Weibull, Ostman & Granquist, 
2003; Naranjo, 2004). 

However, as pointed out by Schulze et al. (2004), most 
studies have quantified the anthropogenic impact on 
the diversity of a single taxonomic group, with excep-
tions such as the work done by the same authors, which 
included plants, birds and insects, the one by Lawton et 
al. (1998) that included several groups, the contribution 
of Kessler, Herzog, Fjeld and Back (2001), who studied 
plants and birds and the papers by Pérez et al. (2004a), 
Pérez, Sotelo, Ramírez, Ramírez, López and Siria (2006) 
and more recently González-Valdivia et al. (2011) which 
considered plants, birds and landsnails, and the latter 
which studied as well butterflies.

There are also important data on plants in general, 
hedgerows, bats, birds and dung beetles that have gen-
erated several publications (Cárdenas, Harvey, Ibrahim & 
Finnegan, 2003; Hernández et al., 2003; Lang, Lorraine, 
Harvey & Sinclair, 2003; Villanueva, Ibrahim, Harvey & 
Esquivel, 2003; López, Gómez, Harvey & Villanueva, 2004; 
Medina, Harvey, Vílchez, Sánchez & Hernández, 2004; 
Sánchez et al., 2004; Vílchez, Harvey, Sánchez, Medina & 
Hernández, 2004; Vílchez et al., 2008;). It should be not-
ed that most published data refer to studies related to 
birds, dung beetles and plants, while apparently the first 

published data on mollusks in agro-forestry-pastoral sys-
tems are those of Perez et al. (2004a). There is also a work 
of great interest concerning the use of ants as indicators 
in agro-ecosystems and also a literature revision on that 
subject (Luna, 2005).

In the present paper we present results of various 
analyses regarding community structure on bird and 
mollusk communities, as well as analyses on vegeta-
tion structure´s variables. We also analyzed the relation 
of species richness and diversity of indicators with 
measured vegetation structure´s variables on different 
agricultural land uses in Matiguás and Paiwas, Dpt. of 
Matagalpa, each of which reflects a different agricultural 
management strategy. 

These results allowed us to propose management 
and conservation priorities at a local level, as well as 
enhancing the importance of silvopastoral systems as 
biodiversity reservoirs outside protected areas. The lat-
ter is a widely discussed issue among the Nicaraguan 
and the Central American scientific community, par-
ticularly in the context of efforts to implementing the 
Mesoamerican Biological Corridor (CBM-MARENA, 
2001), a regional initiative that seeks to conserve bio-
diversity and increase habitat connectivity throughout 
Mesoamerica while supporting sustainable agriculture, 
forestry, and rural livelihoods.

We studied three taxa representing different levels of 
mobility or vagility that fauna displays in the response to 
changing conditions (Wilcox, Murphy, Ehrlich & Austin, 
1986): invertebrates with low mobility (mollusks), verte-
brates with very high mobility (birds), and trees (sessile). 

MATERIALS AND METHODS

Study site: The study site was located in the 
Department of Matagalpa in north-central Nicaragua 
within the triangle bounded by the protected areas of 
Sierra Quirragua to the West, Cerro Musún to the North, 
and Fila Masigüe to the South (Fig. 1). The site encom-
passed two non-contiguous areas: 1) the Comarca of 
Bulbul within the Town of Matiguás (UTM 670165 E, 
1417108 N), containing 1 335km2 and a population 
of 38 584 inhabitants, of which 81% live on rural areas 
(INEC, 1995; Agostini, Ibrahim, Murgueitio & Ramirez, 
2003); as well as the Comarca of Paiwas, belonging to 
the Town of Río Blanco, with coordinates UTM 686152 
E, 1424706 N, an extension of 700km2 and a popula-
tion of  33 195 inhabitants of which 23 950 (72,15 %) live 
on rural areas (Agostini et al., 2003); both zones belong 
to the Department (= province) of Matagalpa, which is 
one of the 15 Departments the country is divided into, 
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as well as two autonomous regions (North Atlantic 
and South Atlantic). 

Selection of farms and land-use types: We chose 
12 land use types that we considered representative of 
Nicaraguan cattle farms land-uses, plus a nearby protect-
ed area for comparison. Land uses included natural pas-
ture with high tree density (PNA), natural pasture with 
low tree density (PNB), improved pasture with high tree 
density (PMA), improved pasture with low tree density 
(PMB), pasture without trees (PNS), fodder bank (BFL), 
live fence (CP), successional vegetation (SV), riparian 
forest (BR), modified secondary forest (BSI), secondary 
forest (BS), primary forest (BP), and primary forest of the 
Quirragua protected area (BPQ=BPP). A description of 
land uses can be found in (INIFOM, 2004).

We made a non-random first level of selection of our 
sampling farms. We chose farms with as many land use 
types as possible in order to minimize travel time among 
farms. From the first group, we selected farms with land 
uses exceeding 0,7ha to ensure that sampling quadrants 
would be able to fit within land use plots.

For vegetation and bird sampling we selected ten 
quadrants per land use type whenever possible, follow-
ing the Rule of 10 (Gotelli & Ellison, 2004). No more than 

one quadrant was surveyed per land use type per farm. 
To minimize the possibility of edge effect in our surveys, 
we situated the centre of the sampling quadrant approx-
imately at the centre of each land use plot.  Likewise the 
center of the quadrant was used as observation point for 
bird plot counts.

Samplings: Results included in the paper belong to 
the first of a four-year project in which three sampling 
campaigns were conducted each year for birds´ monitor-
ing, two for mollusks´ monitoring and one for studying 
vegetation structure. The first year was unique in that all 
three groups were studied together.

Vegetation: We sampled vegetation quadrants of 
ca. 20x20m (400m2) (Fig. 2) according to the criteria of 
Chipley, Wallace & Naranjo (2003). On the sampled quad-
rants we identified and counted all trees present. We 
considered a tree a plant with over 10cm DBH (1,10m). 
For identification we used MOGOT (n.d), Poveda and 
Sánchez-Vindas (1999) and Salas (1993). In the case of 
trees emphasis was put on morphological structure rath-
er than species composition, although we also analyzed 
the relationship of the latter to other variables.

Fig. 1. Study site located within the triangle composed of the protected areas of Sierra Quirragua, Cerro Musún and Fila Masigüe to 
the south. Elaboration: Antonio Mijail Pérez, Map information on Protected Areas taken from the Ministry of Environment (MARENA).
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Birds: We sampled birds between 6 and 10am. 
Observations were conducted from the chosen points 
within 25m radio and for a period of 10min, on each quad-
rant (Wunderle, 1994), and we sampled as many plots as 
possible per day during the sampling campaign. For bird 
identification and general data on birds we utilized AOU 
(1998), Howell and Webb (1995), Stiles and Skutch (1998) 
and Martínez (2000). Bird plots were sampled three times 
along the year, once between March and May 2004, the 
second time between July and September of the same 
year and the last time between December 2004 and 
February, 2005.

Mollusks: We sampled 50% of the vegetation quad-
rants chosen at random, making a mixed strategy of col-
lecting freely for 20min, conducting eye revision of the 
soil litter, rocks, logs, tree trunks, etc., as well as collecting 
a litter sample on an area of 50x50cm for further revision 
at the laboratory. Laboratory procedures were as usual 
for this taxonomic group (Altonaga, 1988). 

We conducted two sampling campaigns, one between 
March and May 2004, and the second one between July 
and September of the same year. For identification of ma-
terial we utilized Pérez and López (2002), as well as ma-
terial stored at UCACM collections (Colecciones Centro 
de Malacología y Diversidad Animal de la Universidad 
Centroamericana).

Data Analysis

Species associated with particular land-use types: 
We used Microsoft Excel dynamic tables to identify spe-
cies unique to each land use.

Forest dependence: A niche analysis was performed 
utilizing forest dependence categories proposed by 
Stiles and Skutch (1998), which are the following:

3:	 Low forest dependence (open area species).

3-2 (2.5):	 Medium to low forest dependence.

2:	 Medium forest dependence (generalist 
species).

2-1 (1.5):	 Medium to high forest dependence.

1:	 High forest dependence (forest dependent 
species).

Beta diversity: We used EstimateS to calculate 
Jaccard and Morisita Horn´s indexes to assess beta diver-
sity among land-use types (Colwell, 2004). We also con-
ducted cluster analysis using Jaccard´s index and a single 
linkage strategy. Cluster analysis has been widely used 
to assess beta diversity among different ecosystems and 
habitats (Pérez, Vilaseca & Zione, 1996).

Structural relationships: We calculated bivariate cor-
relations sensu Sokal and Rohlf (1981), among Species 
Richness as well as Diversity of indicator taxa (Birds, 
Mollusks and Plants), with Diversity of the measured veg-
etation height profiles (here called Structural Diversity) 
in order to detect possible relations amongst them. For 
the vegetation height profiles, frequency of observer 
touching the tree branches and stems within each 
height category (while he/she was walking down the 
two transects South-North and West- East, shown on Fig 
2 with the arms stretched out), were considered a part 
of the summation made for calculating Shannon-Weaver 
diversity index (Shannon & Weaver, 1949). The total 
sum of all categories of touching frequency played the 
same role as the total abundance in the usual Shannon-
Weaver diversity procedure for calculation. Variables an-
alyzed were: Sveg: Vegetation Species Richness, Sbirds: 
Bird Species Richness, Smol: Mollusks Species Richness, 
Dveg: Vegetation Diversity, Dbirds: Bird Diversity, Dmol: 
Mollusks Diversity, DStr: Structural Diversity, SCover: 
Soil Cover (In terms of pastures), DBush: Bush Density 
and THeight: Trees Height. All statistical procedures 
were conducted using PAST (Øyvind, Harper & Ryan, 
2008), and SPSS. Previous to correlation data were 
tested for normality.

General Analysis: For birds and mollusks, we grouped 
all yearly values into a unique one in order to have one 
species richness and abundance value for each land use. 
The spatial ordination of land uses based on species 
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Fig. 2. Quadrant for studying vegetation structure.
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associated to each of them was estimated using Principal 
Components Analysis. 

RESULTS

Species associated with particular land-use types: 
On the studied land uses (13) and visited farms (41), we 
registered a total of 212 bird species with 3,575 individu-
als, as well as 56 mollusk species with 6 740 individuals 
(Table 1). The richest land use for birds was riparian for-
est with 74 species and the richest for mollusks was pri-
mary forest with 35 species. As for abundance, land use 

with the highest abundance for birds was pastures with 
high density of trees with 388 individuals and for mol-
lusks was primary forest with 1 693 individuals. Species 
richness (170) and abundance (1 896) of trees were calcu-
lated mainly as an intermediate step towards calculating 
vegetation structure.

Birds: Forty-five of the 212 observed bird species were 
found only in a single land use type (Table 2, Fig. 3). Land 
uses with highest number of exclusive birds were ripar-
ian forests and the primary forest of Quirragua protected 
area. Land uses with lowest number of exclusive species 

TABLE 1
Species richness and abundance of birds and mollusks on the 12 land use in silvopastoral systems of the municipalities 

of Matiguás and Rio Blanco as well as Quirragua protected area indices.

Ind.
Land uses

PNA PMA PNB PMB PNS BFL CP SV BR BSI BS BP BPQ
Sb 68 59 62 52 33 59 60 59 74 72 63 41 22
Ab 388 353 296 273 171 357 302 367 361 311 168 150 87
Sm 25 17 20 13 17 24 16 28 27 23 24 35 23
Am 412 411 562 321 335 502 214 533 354 487 547 1693 335
Sv 21 17 19 14 1 21 34 23 43 38 32 30 46
Av 170 174 100 54 0 210 825 174 270 247 153 77 294

Ind: Indices, Sb: Species richness birds, Sm: Species richness mollusks, Ab: Abundance birds, Am: Abundance molluks, Sv: Species richness trees, Av: 
Abundance trees. Land uses included natural pasture with high tree density (PNA), natural pasture with low tree density (PNB), improved pasture 
with high tree density (PMA), improved pasture with low tree density (PMB), pasture without trees (PNS), fodder bank (BFL), live fence (CP), suc-
cessional vegetation (SV), riparian forest (BR), modified secondary forest (BSI), secondary forest (BS), primary forest (BP), and primary forest of the 
Quirragua protected area (BPQ=BPP).

TABLE 2
Matrix of correlation.

Variables
Variables

SVeg SBirds SMol DVeg. DBirds DMol. DStr. Canopy SCover DBush THeight
SVeg 1
SBirds 0.44,ns 1
SMol 0.40,ns -0.14, ns 1
DVeg. 0.7(*) 0.007, ns 0.85** 1
DBirds 0.70(*) 0.86** 0.05, ns 0.32, ns 1
DMol. 0.6,ns -0.19, ns 0.78** 0.75* 0.18, ns 1
DStr. 0.87(**) 0.23, ns 0.65* 0.88** 0.54, ns 0.70** 1
Canopy 0.87(**) 0.28, ns 0.57, ns 0.77** 0.61* 0.63* 0.93** 1
SCover -0.69(*) 0.03, ns -0.71* 0.87** -0.23, ns -0.75** -0.82** -0.68* 1
DBush 0.51,ns -0.11, ns 0.01, ns 0.28, ns 0.06, ns 0.29, ns 0.56, ns 0.41, ns -0.49, ns 1
THeight 0.73(*) -0.18, ns 0.53, ns 0.79** 0.24, ns 0.76** 0.83** 0.84** -0.73* 0.53, ns 1

Abbreviations are: Sveg: Vegetation Species Richness, Sbirds: Bird Species Richness, Smol: Mollusks Species Richness, Dveg: Vegetation Diversity, 
Dbirds: Birds Diversity, Dmol: Mollusks Diversity, DStr. Structural Diversity, SCover: Soil Cover, DBush: Bush Density and THeight: Trees Height.
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were fodder banks and natural pastures with low density 
of trees, both with one exclusive species respectively.

Mollusks. Sixteen of the 56 observed mollusk species 
were found only within a single land use type (Table 2, 
Fig. 4). Land uses with highest number of unique mollusk 
species were the primary forest of Quirragua protected 
area with seven species, followed by primary forests with 
three species. On secondary modified forests and pas-
tures of all kinds, there were not found exclusive species 
of mollusks. In the case of the silvopastoral systems stud-
ied we observed a different behavior of species diversity 
in relation to what we observed in previous samplings 
conducted on protected areas and spot forest patches 
on the Pacific slope (Pérez, Sotelo, Arana & López, 2008), 
where secondary forests are more diverse than primary 
ones. We presume that, since birds followed the men-
tioned pattern of diversity mollusks are probably affect-
ed by soil compacted by cattle grazing.

Forest dependence

Birds: We characterized the degree of forest depen-
dence of the observed bird species based on the classifi-
cations proposed by Stiles & Skutch (1998). Information 
gathered was synthesized into three major categories of 
forest dependence: forest dependent species (1 and 1, 2), 

labeled with letter B, generalist species (2): G, and open-
areas species (2, 3 and 3), labeled AA.

There were observed 26 forest dependent species 
(12,3 %), 119 generalist species making up 56,13 % of 
the total and 67 open-areas species, composing 31,6 % 
of the total. These figures represent a valuable contribu-
tion to the policy and decision making process, at the lo-
cal and national level, and depending on which species 
even at a regional (Central American) level.

Mollusks: For mollusks, we conducted the same anal-
ysis utilizing forest dependence categories proposed by 
Stiles & Skutch (1998). Following these criteria we found 
33 forest dependent species comprising 59 % of the to-
tal, 20 generalist species representing 35,7 % of the spe-
cies present and three (3) open areas species. As it can 
be noticed, the number of species associated to forests 
is very high within this group, suggesting it’s a good in-
dicator of forest conservation. There is also an important 
number of generalist species, and a small number of spe-
cies not related to forest type land uses.

β Diversity or heterogeneity 
among land-use types

Birds: Values of calculated indices (Fig. 5) show me-
dium level of similarity, in a scale ranging from 0 to 1, 

Fig. 3. Bird species associated to one of the studied land-use types. Land uses included natural pasture with high tree density (PNA), 
natural pasture with low tree density (PNB), improved pasture with high tree density (PMA), improved pasture with low tree density 
(PMB), pasture without trees (PNS), fodder bank (BFL), live fence (CP), successional vegetation (SV), riparian forest (BR), modified 
secondary forest (BSI), secondary forest (BS), primary forest (BP), and primary forest of the Quirragua protected area (BPQ=BPP).
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Fig. 4. Species of mollusks exclusively associated to one of the studied land-use types. Land uses included natural pasture with high 
tree density (PNA), natural pasture with low tree density (PNB), improved pasture with high tree density (PMA), improved pasture 
with low tree density (PMB), pasture without trees (PNS), fodder bank (BFL), live fence (CP), successional vegetation (SV), riparian 
forest (BR), modified secondary forest (BSI), secondary forest (BS), primary forest (BP), and primary forest of the Quirragua protected 
area (BPQ=BPP).
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Fig. 5. Cluster analysis among land-use types considering presence and absence of bird species.
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thus Beta diversity could be as well considered medium 
(Morisita/Horn Average= 0,51; Jaccard Average= 0,43). It 
means that there are some species exclusive to particular 
land use types but many species are shared among vari-
ous land uses, given as a result a medium turnover rate.

The above statement can be better visualized with the 
cluster analysis made among land uses, based on Jaccard 
similarity index. Cluster obtained shows the formation of 
two major groups, one composed of species from pri-
mary forest of Quirragua protected area and other com-
posed of all other land use types. In the latter group it 
can be seen the existence of three subgroups; one com-
posed of all forest land uses and improved pastures with 
low density of trees, another formed by pastures with 
no trees, and a third one composed of pastures, fodder 
banks, successions and live fences.

Mollusks: In the case of mollusks, similarity amongst 
land uses is lower, thus Beta diversity is a bit higher 
(Morisita/Horn Average= 0,6; Jaccard Average= 0,43), 
but could be as well considered medium. Cluster analy-
sis performed using Jaccard similarity index (Fig. 6) also 
shows, as in the case of birds, the formation of two ma-
jor groups, one composed of species from primary forest 
of Quirragua protected area and other composed of all 

other land use types. Within the second group there are 
two more or less well defined ones, one of them com-
posed of secondary modified forests (BSI), pastures (PMB, 
PNA) and live fences and another comprising the remain-
ing land use types.

Structural relationships: Values for structural diver-
sity of vegetation, (ecological) diversity and species rich-
ness were calculated for each of the three taxonomic 
groups studied and for each of the sampled land uses. 
The outcomes of the Pearson’s correlation made are 
shown in Table 2 and Appendix 3.

Results indicate the existence of a significant corre-
lation between Vegetation Species Richness and Bird 
Diversity (r=0,7, p<0,05), however the relation between 
Bird Diversity and Vegetation Diversity, as well as Bird 
Diversity and Structural Diversity were not significant; 
the former probably because of the low abundance ex-
hibited by many tree species and the latter probably due 
to the existence of various pasture land uses with low 
Structural Diversity values as it is expected.

On the other hand, it was observed a very significant 
correlation between species richness of vegetation and 
structural diversity (r=0,874, p<0,01) and between spe-
cies richness of vegetation and canopy cover (r=0,866, 

Fig. 6. Cluster analysis among land-use types considering presence and absence of mollusks species.
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p<0,01), increasing both structural diversity and canopy 
cover with the increase on species richness of vegeta-
tion, also as expected.

Another remarkable aspect was finding a very signifi-
cant relationship between diversity of vegetation and 
diversity of mollusks (r=0,751, p<0,05), which is probably 
more related to leaf litter production than to diversity of 
vegetation itself, as pointed out by Pérez et al., (2008).

General analysis: As it is observed on the PCA based 
on species richness amongst land use types, and consid-
ering all three groups together (Fig. 7), there is a trend 
towards the formation of two groups, one encompassing 
all forest land uses (BSI, SV, BR, BS, BP and CP) with the 
exception of the primary forest of Quirragua Protected 
Area, which is separated from all other land uses.

own taxa of interest as best for a monitoring strategy 
(Pérez, 2004), and that is because in all taxa there are 
species whose presence or absence, or even its abun-
dance fluctuations provide information on health of a 
habitat or ecosystem.

Peris and Masa (1992) and Chipley et al. (2003), 
amongst other authors, point out that birds are among 
the best indicators and our results confirm such state-
ment. In this paper we present some bird species strictly 
associated to forest land uses, as well as some species 
strictly associated to pastures.

For mollusks there was data already available for the 
Nicaraguan Pacific Slope supporting its condition of 
good indicators (Pérez & López, 2002; Pérez et al., 2008), 
however there was insufficient data available for the re-
gion under study, the North-Central region of the coun-
try, so the results presented in this paper are the first to 
northern Nicaragua. 

For birds as well as for mollusks there were found 
some species unique to each land use type as it was 
mentioned, being primary forests the type of land use 
with highest amount of exclusive species associated to 
it. However, as mentioned by Pérez et al. (2004a, 2006), 
in many occasions secondary forests constitute land use 
types or ecosystems more diverse than primary forests, 
since they keep some components of the primary forest 
biota and incorporate some alien components through 
the anthropization process, such as man-made borders 
and gaps created for agricultural purposes. Nevertheless, 
it should be pointed out that some pristine forest com-
ponents are lost in this process (MacArthur & MacArthur, 
1961; Odum, 1986).

Beta diversity: According to Magurran (1987), beta 
diversity is an expression of the degree of partition of the 
environment into patches or biological mosaics in rela-
tion to some kind of gradient, being this altitudinal or 
longitudinal. In relation to the former may be mentioned 
the contributions of Kikkawa and Williams (1971) on birds 
of New Guinea, as well as Terborgh´s (1977) on Andean 
birds. Regarding mollusks should be cited the paper 
by Burla and Stahel (1983), on populations of the snail 
Arianta arbostorum of the Alps, and the work of Pérez, 
Arana, Sotelo and Bonilla (2004b) on land snail com-
munities of Maderas hill at Ometepe Island, Nicaragua, 
among others.  Regarding vegetation should be men-
tioned the paper by Gillespie and Prigge (1977), on al-
titudinal analysis of vegetation at Concepción Volcano, 
Ometepe Island, Nicaragua.

As for longitudinal or landscape beta diversity, Sáenz 
and Montero (2006) stated that high beta diversity could 

Fig. 7. Principal Component Analysis among land use types 
considering species abundances of all three taxa under study. 
Components 1, 2 and 3.

1,0

0,5

0

-0,5

-1,0

-1,0
-1,0

-0,5
-0,5

0,5 0,50
0

1,0 1,0
Component 1 Component 3

Co
m

po
ne

nt
 2

DISCUSSION

Species associated with particular land-use types: 
The identification of valid indicator species for revealing 
conservation or degradation of animal and plant com-
munities has long constituted an important research 
topic on community ecology. Indicator species are valu-
able for monitoring the status of ecological communities 
without needing to assess the entire species ensemble 
(Noss, 1990; Spellerberg & Sawyer, 1999).

Another subject on debate is which taxon is best as 
bio-indicator. Most authors hold results supporting their 
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increase instability of taxonomic ensembles, thus the 
values obtained by us might be guarantee to taxonomic 
stability of the studied landscape. 

One important aspect pointed out by Vílchez et al. 
(2008) on their study of Nicaraguan birds, is that atypi-
cal similarities observed among some land uses, as ripar-
ian forest with pastures, are probably explained by the 
species they share due to the arrangement of land uses 
within the landscape matrix, where some land uses are 
adjacent to others, instead of an actual similarity among 
them. Up to the present we had not found specific refer-
ences about community structure of terrestrial mollusks 
on silvopastoral systems.

Structural relationships: One aspect to point out is 
that with increasing Vegetation Species Richness, a very 
significant decrease in Soil Cover (in terms of pastures) is 
observed  (r= -0,70, p < 0,05). This aspect is often noted 
by local farmers and can be corrected by using improved 
pastures (E. Ramírez, Per. Com.), which adapt well to 
shadow conditions caused by tree canopy.

Regarding birds, results indicate the existence of 
a significant correlation between Vegetation Species 
Richness and Bird Diversity (r=0,7, p<0,05), however the 
relation between Bird Diversity and Vegetation Diversity, 
as well as Bird Diversity and Bird Species Richness to 
Structural Diversity were not significant as found by 
MacArthur and MacArthur (1961), and more recently by 
Lang et al. (2003).

Some remarkable results were obtained for mollusks. 
It was found that for this group Species Richness and 
Diversity showed a significant and a very significant rela-
tionship, respectively, with Structural Diversity (r= 0,655, 
p< 0,05, r= 0,7, p<0,01), and also a significant and a very 
significant relationship between Species Richness and 
Diversity, respectively, with Vegetation Diversity (r=0,85, 
p<0,01; r=0,75, p< 0,05). 

Furthermore, Mollusks Species Diversity showed a 
significant relationship with Canopy Cover (r= 0,63, p< 
0,05), which might be explained by the fact that these 
variables are related to litter production, and the latter 
constitutes a key element to the habitats of land snails 
(Pérez et al., 2008).

General Analysis: According to various authors 
Principal Components Analysis (PCA) is the most 
straightforward way to ordinate data (Reyment, Blackith 
& Campbell, 1984; Ludwig & Reynolds, 1988; Gotelli & 
Ellison, 2004). On the PCA we observed a trend to the 
clustering of forest uses on one hand (BP, BR, BS, etc) 

and pasture uses on the other hand. The primary forest 
of Quirragua protected area separates from the rest. The 
distance between Quirragua protected area and all other 
land uses studied might be due to the presence of some 
altitude-related species that do not occur at silvopastoral 
systems located at the plains. The three components plot-
ted accounted for more than 85% of the total variance. 

CONCLUSIONS

1.	 Our study shows that silvopastoral systems and in 
general agricultural landscapes contain highly diver-
se communities of animals and plants that should be 
managed properly on the landscape context in or-
der to create a matrix where conservation and pro-
duction can take place at the same time and have 
the potential to be incorporated into biodiversity 
conservation plans. 

2.	 Diversity and Species Richness of birds and mo-
llusks show a significant relationship to Structure of 
Vegetation on different land uses studied (Table 2), 
as found by other authors.

3.	 Land-uses exhibit an important number of spe-
cies strictly associated to them, 45 out of 212 for 
birds (Appendix 1) and 16 out of 56 for mollusks 
(Appendix 2). These species are considered crucial 
for management purposes. Land uses with highest 
number of exclusive birds are riparian forests and 
primary forest of Quirragua protected area with six 
species; land use with highest number of mollusk 
species is primary forest of Quirragua protected area 
with seven species.

4.	 Analyzing the results of our project we detected 
some land uses that deserve some kind of protec-
tion due to either its species richness or its species 
abundance (Table 1). Since protected areas at the 
national level might constitute a burden for the 
National System of Protected Areas´ budget, may 
be they could constitute either Ecological Parks or 
Private Reserves. 
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Appendix 1
Unique bird species and land uses.

Species
Land uses

BF BP BPQ BR BS BSI CP PMA PMB PNA PNB PNS SV
Aimophilia ruficauda X
Amazona autumnalis X
Archilocus colubris X
Caprimulgus vociferus X
Capsiempis flaveola X
Caracaras plancus X
Carduelis psaltria X
Caryothraustes poliogaster X
Casmerodius albus X
Catharus aurantirostris X
Ceryle torquata X
Chordeiles acutipennis X
Colinus leucopogon X
Columbina passerina X
Dendrocincla homochroa X
Dendroica caerulescens X
Dendroica discolor X
Dendroica fusca X
Dendroica magnolia X
Dendroica towsendii X
Egretta caerulea X
Eugenes fulgens X
Eumomota superciliosa X
Eupherusa eximia X
Euphonia gouldi X
Falco rufigularis X
Falco sparverius X
Icterus dominicensis X
Legatus leucophaius X
Melanerpes pucherani X
Molothrus aeneus X
Momotus momota X
Mycteria americana X
Myiarchus cinerascens X
Myiopagis viridicata X
Myiozetetes granadensis X
Myrmornis torquata X
Ramphocelus sanguinolentus X
Riparia riparia X
Seiurus noveboracensis X
Tangara lavinia X
Tolmomyias asimilis X
Tyto alba X
Vermivora chrysoptera X
Zimmereus vilissimus X
Total 1 3 6 6 3 5 2 3 5 1 5 2 3
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Appendix 2
Unique mollusk species and land uses.

Species
Land uses

BF BP BPP BR BS BSI CP PMA PMB PNA PNB PNS SV
Diplosolenodes occidentalis X
Helicina rostrata X
Schasichila alata X
Microconus wilhelmi X
Orthalicus princeps X
Pseudopeas sp. X
Pseudosubulina sp. X
Punctum burringtoni X
Salasiella guatemalensis X
Streptostyla turgidula X
Striatura meridionalis X
Strobilops strebeli guatemalensis X
Subulina parana X
Succinea guatemalensis X
Thysanophora costaricensis X
Trichodiscina coactiliata X
Total 1 3 7 2 1 0 1 0 0 0 0 0 1
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Appendix 3
Relationships between variables of vegetation structure and species richness or diversity of vegetation, birds and mollusks.
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Appendix 3 (Continued)
Relationships between variables of vegetation structure and species richness or diversity of vegetation, birds and mollusks.
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