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Abstract 
Fodder banks, high density plantings of mixed 

tree species which are pruned for cattle feed, are 
claimed to be one of the sustainable pastoral ma- 
nagement systems because of a series of social 
and environmental advantages. Despite the appa- 
rent biological benefits (biomass, energy and ve- 
getal diversity), studies supporting other sustaina- 
bility impacts of these systems are scarce or poorly 
documented. Also, in a general context, though 
ants have been regarded as very reliable manage- 
ment indicators, few assessments have been ca- 
rried out in fodder bank systems. The present stu- 
dy evaluated whether drastic disturbances on ve- 
getal cover (pruning) alter ant communities in 
terms of their assemblage richness and movement. 
Ants were sampled monthly from two fodder banks, 
regeneration areas and open pasture lands, using 
tuna baits and litter samples in permanent tran- 
sects. Concomitantly, vegetation and litter thick- 
ness measurements were obtained. The Bray- 

Resumen 
Los bancos de forraje combinan una varie- 

dad de arbustos y plantas forrajeras que son po- 
dadas periódicamente para alimentar el ganado, 
los cuales presentan una serie de beneficios (alta 
biomasa, energía y diversidad vegetal); sin em- 
bargo, existen pocos estudios que comprueben la 
sostenibilidad de su manejo desde el punto de 
vista biológico. En este contexto, y teniendo en 
cuenta que las hormigas son un grupo confiable 
como indicadoras de manejo del hábitat, el pre- 
sente estudio evaluó si las perturbaciones drásti- 
cas en la cobertura vegetal (poda del follaje) alte- 
ra la comunidad de hormigas en términos de la 
riqueza de sus ensamblajes y movimientos. En 
transectos permanentes, se realizaron muestreos 
mensuales de las hormigas en dos bancos de fo- 
rraje, dos áreas en regeneración y dos potreros sin 
árboles, mediante cebos de atún y cernido de ho- 
jarasca. Simultáneamente, se tomaron medidas 
de vegetación. Se empleó el índice de Bray-Cur- 
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Curtis index was calculated to determine ant spe- 
cies turnover in fodder banks and neighbouring 
sites. None of the most abundant ant species ap- 
peared to be affected by pruning. Although ant 
species richness fluctuated during the study pe- 
riod, reduction in species richness were not due to 
fodder bank pruning. In addition, massive displa- 
cement of ants to neighbouring places did not 
coincide with fodder bank trimming. Hence, it 
was clear that ant turnover was determined ins- 
tead by seasonality. Based on our results, we con- 
cluded that normal fodder bank perturbation does 
not modulate ant diversity. However, we recom- 
mend incentives for implementing cultural practi- 
ces that provide temporary ant refuges when 
fodder banks are drastically cut. 

Key words 

Silvopastoral systems, livestock alternatives, 
seasonality, disturbance, small scale, Colombia. 

tis para medir el recambio de especies entre el 
banco de forrajes y los sitios vecinos. No se en- 
contró ninguna relación entre la poda del forraje 
y las hormigas más abundantes, así como tampo- 
co entre las fluctuaciones de la riqueza y las po- 
das. Tampoco hubo coincidencia de un desplaza- 
miento masivo de las hormigas hacia los sitios 
vecinos como respuesta a las podas; este suceso 
estuvo más bien modulado por la estacionalidad. 
Basado en estos resultados se puede concluir que 
la perturbación normal de los bancos de forraje 
no modula cambios en la diversidad y abundan- 
cia de hormigas; sin embargo, se recomienda 
implementar prácticas culturales que provean re- 
fugios temporales ante la poda drástica de estos 
sistemas. 

Palabras clave 

Sistemas silvopastoriles, alternativas de cría 
ganado, estacionalidad, perturbación, pequeña 
escala, Colombia. 

Introduction 

I ntensive livestock farming has resulted in extensive degradation of the natural 
environment over a great part of the Colombian Andes region. This has negatively 
impacted local biodiversity in various ways (clearing new areas, soil erosion, irrational 

use of pesticides, inadequate water management, among others). Mitigation, reduction 
and even reversal of these effects, while maintaining sustainable productivity of this 
farming scheme would be possible if, remaining habitats are protected and systems are 
introduced that have socially and environmentally desirable farming practices, such as 
silvopastoral systems (Pagiola et al., 2007; Murgueitio and Ibrahim, 2001). 
Silvopastoral systems are important refuges for biodiversity (Fajardo et al., 2006; 
Ramírez et al., 2006), and have been designed to reduce environmental impacts through 
efficient and rational management of soil, water and phytomass while reducing the use 
of fossil fuels and deforestation (Murgueitio et al., 2003). Indeed, they represent a 
driving force for small farmers, allowing them to use different perennial species 
(leguminous trees and bushes) in combination with shrubs, crops, grasses and animal 
husbandry (mainly cattle) in a variety of temporal and spatial arrangements (Calle, 
2003).
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Among the silvopastoral systems are fodder banks, i.e. a mix of several arboreal 
species and subsistence crops planted in high densities (above 10,000 plants/ha) in 
order to obtain green protein-fodder (leaves and green branches and stalks) to feed 
livestock. Usually, they are intercropped with grasses, fodder cane and other similar 
crops. Green stuff is harvested, especially coarsely chopped and provided freshly to 
animals. Alternatively it is dried and used as feed supplement (E. Murgueitio, pers. 
com.). They have environmental advantages (Murgueitio et al., 2003) including: 
promotion of litter cycling, reduction of runoff and soil erosion and optimization of 
rain water management (Mahecha, 2002). 

Fodder banks have also been used as tools for establishing indigenous trees in 
agricultural landscapes and for the restoration of riparian buffers (Calle, 2007), as 
well as for carbon sinks (Ibrahim et al., 2007). Fodder banks help the poorest people, 
especially small scale producers (0.1-5.0 hectares), as they involve women in farming 
activities, allowing some profits and earnings that improve their income ranking com- 
pared to local waged farm workers (Cuellar and Murgueitio, 2007). 

In Colombia, the use of fodder banks (FB) has not been well documented. Howe- 
ver, initial studies suggest that their implementation has resulted in intriguing outco- 
mes. For instance, in two demonstration farms in the southwest region, FB have acted 
as biodiversity sinks for arthropods (Ramos, 2001; García, 2002; Rosso, 2003; 
González, 2005; Ramírez et al., 2007) and birds (Cárdenas, 2002). Despite this 
finding, Ramírez et al. (2007) questioned the importance of FBs in this regard, since 
ant richness in these plantings compares to, or is even less than ant richness levels 
typical of other agricultural ecosystems (coffee plantations and silvopastoral systems) 
and forest patches. They suggested that ant richness in FBs reflect the constant move- 
ment of tourist species in and out of the habitat in response to continual disturbances 
from the cyclic pruning of the FB. In the present study we are investigating this as- 
sumption and, further, postulating that pruning activity influences permanency of the 
species members of an ant community, thus affecting its ground richness and, until 
some extent, its dynamics. Our main objective was to determine, in a systematic way, 
the response patterns (measured in terms of richness and community composition) 
over ant assemblages (as biological indicators) in response to the temporal and spatial 
disturbances (pruning) in two FBs in the Colombian Andes. 

Henceforth, disturbance is defined as any natural process or any physiological 
external condition of every organism that results in a sudden biomass mortality event 
(in our case due to the pruning activity) inside one community, in a very short tempo- 
ral scale (Sousa, 1984; Huston, 1994). We predicted that overhead pruning would 
change the physical conditions of the microhabitat, such as increasing light penetration 
and promoting an associated rise in temperature, along with an increase in coarse litter
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deposition, followed by a reduction in ant richness, which recovers with ant re-coloni- 
zation as the vegetation recovers. 

Materials and methods 
Study sites. The research was carried out in El Ciprés and El Cambio, two cattle 

farming sites situated in the Colombian southwest, near the Pacific Ocean, which 
corresponds to a premontane wet forest, according to Holdridge system (Espinal, 
1977). The main characteristics and different degrees of farm activities and intensi- 
ties are displayed in Annex 1. 

Anthropic disturbance on FB and ant community dynamics. In order to evaluate 
the effect of the pruning activities, which were carried out according to criteria and 
willingness of landowners, FBs and neighbouring areas were sampled monthly between 
February 2004 and January 2005. Three permanent transects were established for 
each FB. Transects were arranged with a separation of 7 m and 5 m separated from the 
border. For each transect, a total of 20 sampling points were established (totalling 60 
points), using a zigzag pattern. In addition, one transect was defined for each regene- 
ration area (RA) and the open pasture land (without trees) (OP) (totalling 20 points 
each). At each point, two sampling units (i.e. an epigeal bait and a winkler sack collec- 
tion) were set up. For the former, a bait [3-4 g of tuna on a 22 x 8 cm piece of bond 
paper, see Armbrecht (1995) for details] was placed on the ground and left exposed 
for 60 min to attract terrestrial ants. For the winkler sack, an impermeable bag with an 
interior net with small holes (1x1cm) was filled with three liters of leaf litter collected 
from 1m 2 around each sampling point. The sacks, designed for extracting arthropods 
from the leaf litter, were hung by a wire about 1.50 cm above ground for 24 hours 
(Bestelmeyer et al., 2000). During the process, small organisms were recovered down 
to the bottom of the trap. Ant specimens were sorted and collected in alcohol and 
transported to the Entomology Laboratory at the Universidad del Valle, Cali. There, 
ants were sorted and identified up to generic, eventually specific, level by comparison 
with museum specimens, using taxonomic keys (Palacio and Fernández, 2003) and 
collaboration of specialists (see acknowledgments). These methods were chosen as 
they are complementary: tuna baits are visited by generalist ants while litter ants are 
collected by Winkler sacs (Bestelmeyer et al., 2000). This method is useful to collect 
poneromorph species, which are very sensitive to habitat changes (Silvestre et al., 
2003) especially those that occur in silvopastoril systems (Rivera 2008). Species 
richness, i.e. the actual number of species present, was used as this is the simplest way 
to measure diversity (Moreno, 2001). The specimens were deposited in the Entomo- 
logical Collection of the Universidad del Valle (MEUV), Cali. It is important to 
mention that each ant sample (i.e. ground and litter) was analysed independently. In
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addition, only poneromorphs were analysed from the litter sample. 
Vegetation variables. During each sampling event the following variables were mea- 

sured: 
• Litter fall, indicated by litter height (measured randomly, using a cm labelled 

ruler). 
• Vertical heterogeneity and vegetation volume (TVV): this was estimated in a 

random selected point in a radius of 1m 
2 

around each sampling point. A rod or 
stick of 5.4 m long, divided at intervals of 60 cm, was lifted up and all the trunks 
that were in contact with each stick interval were counted. TVV was calculated 
according to Mills et al. (1991), TVV = h/10p where, h is the total number 
of vegetation interceptions on the stick in all height intervals of the sampled 
points and p is the number of sampling points (stations). 

• Vegetal cover: this was estimated by four readings on a spherical concave 
densiometer (Forestry Suppliers® Inc). 

Data analysis. Based on Mas and Dietsch (2003), the variables were transfor- 
med to obtain a Management Index (MI). This index actually represents the vegetal 
structure of each transect in a given moment (data may be provided under request to 
authors). It weights each variable along an arbitrary scale ranging from 0.0 (less dis- 
turbed) to 1.0 (highly disturbed). The standardised index values for the variables 
(vertical heterogeneity, biomass and cover) are added together so that the number of 
variables included in the study constitutes the maximum value possible reach by the 
MI. For the present study, the maximum value (3.0) was reached when the fodder 
bank has been pruned and the minimum value (0.0) when the vegetation was totally 
recovered. 

A principal component analysis (PCA) was carried out for each locality to esta- 
blish any relation between the climatic changes, vegetal variables and litter. A correla- 
tion analysis was done in order to detect any correlation between the most abundant 
ants and the Management Index. All analyses were carried out using Statistica-5 (Statsoft 
Inc., 1995). 

A Bray-Curtis Index (Brower et al., 1997) was calculated in order to determine 
the movement of ant species between FB and neighbouring sites. For this, the lowest 
abundance for each ant species that share land use was chosen. Then, the sum of those 
species was doubled and divided by the abundance of all the species present in both 
land uses. The index reaches a 100% value if a pair of land uses has identical species 
abundance. For this study, the abundance represents the number of captures in 20 
sampling points/transect, either in a FB or neighbouring sites.
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In addition, the similarity between transects, T 1 vs T 2 and T 2 vs T 3 , was calcula- 
ted assuming that transects inside the FB are patches of vegetation. A Kruskal-Wallis, 
at posteriori, plus an analysis comparison of means (Zar 1996) were done to detect 
any differences between land uses and FB transects. 

Results 
Anthropic disturbance in FB and ant community dynamics. A total of 6,127 ant 

specimens were collected. 3,001 at El Ciprés and 3,126 at El Cambio. These were 
classified into 67 morphospecies, belonging to the subfamilies: Dolichoderinae, Ecito- 
ninae, Formicinae, Myrmicinae, Ponerinae, Amblyoponinae, Ectatomminae, Hetero- 
ponerinae, Proceratiinae and Pseudomyrmecinae (Annex 2). 

At both farms, species richness from the soil and poneromorph richness from litter 
fluctuated independently among transects. The number of management activities that 
were recorded at El Ciprés and El Cambio were respectively: 13 and 8 pruning acti- 
vities; 6 and 14 transition periods; 17 and 14 recovery stages. Each of these cases 
come from a total of 36 possible stages that each FB could display along the year. This 
variation is due to the temporal organized sequence for each pruning activity between 
months (“pruning” - “transition” and “recovery” = fully grown vegetation). For ins- 
tance, in El Cambio, big trees, in addition to some Musa spp. and coffee trees were 
intermingled with the FB, hence, artificially affecting the vegetation variable data, i.e. 
even though the plot was pruned, the canopy cover was high. In these cases, a separa- 
tion of the attributes (i.e. pruned and recovered) was not possible (Figure 1).
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Figure 1. Species richness vs Management Index in the two fodder banks from 
two cattle farming sites: richness of soil foraging ants (a) El Ciprés and (b) El 
Cambio; Poneromorph clade richness (c) El Ciprés and (d) El Cambio. Black 
diamonds (¨)- pruned; White diamonds (à)- transition (regrowth) and green 
diamonds (¨)- recovered. Each point represents the information obtained in a 

transect (i.e. 20 sampling sites). 

The analysis of the main components explains, respectively, 73.3 and 58.22 % of 
the total of variance recorded at El Ciprés and El Cambio. In El Ciprés, the vertical 
heterogeneity, biomass and canopy cover were key factors while in El Cambio, the 
biomass was the main factor affecting vegetal variables. Litter fall had a negative impact 
on the vegetal variables (Table 1).
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Table 1. Principal component analysis for the main variables 
(vegetal cover, litter thickness and rainfall) of the cattle farming sites of 

El Ciprés and El Cambio, Valle del Cauca, Colombia. 

None of the most abundant species appeared to be significantly affected by the 
Management Index: Paratrechina steinheili (R=0.22, p=0.18, g.l=1,34, F=1.84), 
Solenopsis sp.1 (R=0.05, p=0.75, g.l=1,34, F=0.09), Solenopsis picea (R=0.1, 
p=0.53, g.l=1,34, F=0.4) at El Ciprés and P. steinheili (R=0.17, p=0.31, 
g.l=1,34, F=1.04), Linepithema neotropicum (R=0.01, p=0.93, g.l=1,34, 
F=0.007), L. piliferum (R=0.17, p=0.31, g.l=1,34, F=1.04) at El Cambio. 

Turnover of species between FB and neighbouring settings. For analytical purposes 
those species which were present in all habitats and with abundance (namely: Linepi- 
thema neotropicum, L. piliferum, Paratrechina steinheili, Solenopsis sp.1, S. picea, 
Wasmannia auropunctata, Strumigenys eggersi, Solenopsis geminata, Gnamptogenys 
sp.1 and Ectatomma ruidum) were excluded from the Bray Curtis index analysis to 
avoid having their lack of variation dominate the results. The values of the similarity 
index fluctuated over time, without regard to pruning activity. However, it was noted 
that the highest similarity index was coincident in El Ciprés with the highest precipita- 
tion values, defining a seasonal tendency. This tendency was similar but late in El 
Cambio. Under this situation there was (or was promoted) a higher ant movement 
among the different land uses coinciding with the months of highest precipitation (Fi- 
gures 2 and 3). Conversely, when the precipitation was low and when the pruning 
activity was intense (see February at El Ciprés) the similarity of the ants was reduced 
or inexistent (Figure 2). In addition, species turnover was greater between FBs and 
regeneration areas than between FBs and open pasture lands.
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Figure 2. Bray Curtis similarity index for ground ant community vs. 
precipitation at El Ciprés cattle farming. FB: Fodder Banks; RA: 

Regeneration Areas; OP: Open Pastures. Each arrow indicates a pruning 
event; T: Transition; R: Recovery at the Fodder Bank. 

Figure 3. Bray Curtis index for ground ant community vs. precipitation at 
El Cambio cattle farming (for conventions please see Figure 2).
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Analysing the data at the “Transect scale” (three in FBs, one in regeneration 
areas and one in open pastures), a Kruskal-Wallis test revealed that there were statisti- 
cally significant differences in the similarity index between land usage and transects [El 
Ciprés (H= 4; d.f= 47; p= 0.0007) y El Cambio (H= 4; d.f= 47; p= 0.0000)]. 
The post-hoc test revealed that, on average, medians of the transects in terms of the 
similarity index were very close among each other within the FBs, and joined to the 
regeneration areas more than to the open pastures (Table 2). 

Table 2. Kruskal Wallis comparison for ants collected at the epigean stratum at 
the two study places, Natural Reserves El Ciprés and El Cambio. T1, T2 and 

T3 refer to the three transects within the Fodder Bank (FB), RA: 
Regeneration Area, OP: open pasture (Table 1). 

Discussion 
Anthropic disturbance in FB and ant community dynamics. The analysis of the 

different ant groups showed that the pruning activities (i.e. the small scale but drastic 
vegetation cut) in the FB did not affect ant species richness. However, in comparison 
to ant composition, the similarity indices are relatively low. Arboreal cover might be a 
factor that attenuates pruning effects, especially, at El Cambio area, which is a reflex in 
the scarce variability obtained by the IM (Figure 1). The shade from tall trees (approxi- 
mately four to six meters) and Heliconiaceae species as well as the remnants of the old 
shade coffee crop (which was the previous culture before conversion to FB), might 
have created a buffer zone with special microclimatic conditions acting as a shelter for 
animal fauna during the pruning process. On the other hand shading systems at the 
Andes can be correlated with a decrease in nest density and a clumped distribution 
pattern of certain ant colonies (e.g. Santamaría et al., 2009). Actually, these compo- 
nents of the site were not subjected to any pruning and thus to no variation in plant 
structure. The random dispersion of dots in relation to the different states of perturba- 
tion in Figure 1 (pruned, transition and recovered), is a clear indication of this fact. 

On the other hand, although the PCA showed that leaf litter cover was negatively 
affected by biomass loss, at El Cambio, the litter cover was derived from a normal leaf 
fall process. However, when pruning took place, litter accumulation was suppressed in
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the FB. At El Ciprés, vegetal leftovers (leaves and trunks) were unevenly distributed 
on the floor after the pruning process. If all foliage is pruned off, the ratio of falling 
leaves is reduced and, consequently, the litter layer in the FB is thinner. Conversely, if 
part of the foliage (small trunks and branches) is left in the system, it represents a 
refuge for small arthropod decomposers of the soil. This aspect has being observed 
when comparing secondary forest patches with “improved” pasture lands (Ramirez et 
al. 2007). In this sense, it is plausible to recommend diverse spatial and temporal 
arrangements in order to increase the ant richness of the FB. However, this initiative 
must count with the participation of the small-scale farmers; by showing them that it is 
sustainable as it is possible to grow fodder banks without affecting crop production, 
and at the same time enhancing the environment. Indeed, the integration of the trees 
with agricultural production can promote diversity at the same time that improves 
environmental conditions. 

Decades ago, perturbation events were postulated as one of the main causes modu- 
lating the variation in species diversity (Connell, 1978; Huston, 1979; Noss, 1996). 
However, this has not been accepted as a general rule (Huston, 1994; Chesson and 
Huntly, 1997; Wootton, 1998). Actually, certain literature (e.g. Mackey and Currie, 
2001), using different groups of organisms and different kind of perturbations (i.e. at 
different spatial and temporal scales) revealed no significant relationship between per- 
turbation events and patterns of species richness, diversity and evenness. Our results, 
although at small scale, corroborate this neutral tendency, showing that the ant species 
richness in general, and that of poneromorph found in litter, varied or were modulated 
by the perturbation at the FB. 

Philpott (2005), studying the effect of perturbation on coffee plantations, found 
variable results. For instance, she noted that, in shade plantations, with a mixed overs- 
tory of trees, while focal pruning had no significant effect on the population dynamics 
of the majority of ant species, it did affect the distribution and abundance of two of the 
most abundant species. Further, the effect of each pruning was strong and evident in 
the short term, but after six months, the ant populations recovered to their former 
distribution and abundance. In other agricultural systems, such as in Cameroon, ant 
population recovery depends on the level of the perturbation (Watt et al., 2002). In 
forest plantations in Malaysia, selective logging caused a reduction in ant diversity; but 
recovery of the original assemblage of species occurred more slowly when perturbation 
was more dramatic or total. Widodo et al. (2004) showed that selective logging was 
associated with a significant decrease in canopy cover and not with a decrease in the 
total species number and overall abundance of arboreal ants. Our results lead to an 
important but not yet answered question: is there any ant migration to neighbouring 
sites during and immediately after pruning alteration?
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Turnover of species between FB and neighbouring settings. Our analysis showed 
that the species similarity between FBs and neighbouring habitats fluctuated without 
regard to the timing of pruning events. One would expect low similarity values among 
habitats, if the identities of the species change within each site, when some species 
migrate from FB to adjacent sites after pruning. Fluctuations at other times suggest 
that pruning in FBs did not induce a migratory response in ants toward neighbouring 
places. This issue is relevant, because it suggests that fodder banks are places to main- 
tain ant populations despite constant pruning activities, and ant communities within 
them show resilience to the pruning dynamics. However it should be taken into ac- 
count that large scale perturbations (such as that one done at El Ciprés on February, 
Figure 2) might cause a dramatic reduction of ant diversity. In any event, it is likely 
that seasonality is the influential factor in the species turnover. This was particularly 
valid at El Ciprés, where the highest rainfall peaks coincided with the highest species 
fluctuation in the ant community. 

Finally, but not less important, we observed that species turnover was always hig- 
her between FB and regenerating areas than between FB and open pasture. These 
results corroborate previous findings by Ramírez et al. (2007) who found that the ant 
species flux was higher between FB and regeneration areas than open pasture. This 
finding has an ecological explanation, based on aspects of habitat structural and micro- 
climatic factors. It is clear that the implementation of FBs, besides representing a 
potential economical benefit for small farmers, also provide environmentally healthier 
grazing systems than do open pasture lands. 

To conclude, this pioneering approach to investigate the effect of FB management 
on ant dynamics and structure, has shown that the small spatial and temporal scale 
perturbations caused by pruning activities are biologically feasible in these agricultura- 
lly productive systems without any detected detrimental impact on biodiversity. 
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Annex 1. Main characteristics and different degrees of farm activities in the two 
study sites and the tree areas (land managements) within each farm.
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Anex 2. List of ant species found in the fodder banks of the natural reserves El 
Ciprés and El Cambio, Valle del Cauca, Colombia. RA = regeneration areas, 

OP = open pasture lands and FB = fodder banks; w = winkler sacs, ce = 
epigeous bait.
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