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a b s t r a c t

The natural process of ecological regeneration in tropical regions in conjunction with local
livestock management practices creates grazing environments with high floristic diversity
and structural complexity. Yet, these environments are being neglected despite the op-
portunities and benefits for domestic herbivores. Voisin grazing (VG) is better in such
highly biodiverse environments, as this management system seeks to improve forage
utilization by coupling forage allowance with livestock needs for forage, using small
paddocks, high stock densities over short occupation periods, and allowing plants to fully
recover after grazing. Floristic diversity, biomass and stocking rate were assessed in sites
having tropical dry forest secondary vegetation undergoing grazing. Six sites having
extensive seasonal grazing were studied by placing 10 � 10 m2 quadrats across sites to list
woody species and nested 2 � 2 m2 frames for listing herbaceous vegetation. The response
of vegetation to Voisin grazing (VG) was evaluated in one of the six sites (split into
15 paddocks having 400-m2 each). A total of 191 species (from all sites) including 50
potential forage species were listed. Quadrats were classified into two groups, one con-
tained more preserved vegetation dominated by woody species, and the other a less
preserved group dominated by herbaceous and shrub species. Available forage biomass
across sites ranged from 1000 to 1200 kg DM ha�1 (30e70% woody biomass), supporting
low stocking rates (0.2e0.3 AU ha�1). In the site where VG was implemented, most of the
identified species were forage (56/58). After one year of VG, the most productive paddocks
(2500e3800 kg DM ha�1) were dominated by forbs and the least productive ones (800
e2000 kg DM ha�1) were dominated by woody species, yielding an overall stocking rate of
1.2 AU ha�1. Based on forage botanical composition, three groups of paddocks were
identified: 1) dominated by grasses, 2) heterogeneous forage diversity, and 3) dominated
by forbs and shrubs. Pastures recovered in 47e89 d during the 2017 rainy season, 50
e123 d during the transition to the dry season, and 210e290 d during the 2018 dry season.
Secondary vegetation provides high floristic diversity and a large number of forage plant
species, but low forage yield and stocking rates. Yet, implementation of a proper grazing
system such as VG gradually enhances yield and stocking rates.
© 2020 The Authors. Published by Elsevier B.V. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Grazing lands in Mexico and in many parts of the world occur after a process of modification and replacement of natural
ecosystems with grazing areas (Guevara and Lira-Noriega, 2004). Over time, rancher tendencies have been to maintain
pastures dominated by grasses and forage plants selected for their high forage yield (Humphreys, 1994). However, in forest
ecosystems, the natural process of ecological regeneration in conjunction with local livestock practices creates grazing
environments where diverse herbaceous vegetation is mixed with the diversity of shrubs and arboreal plants of secondary
vegetation and that of the original forest (Lira-Noriega et al., 2007; Schoenbaum et al., 2018), creating sites with high
floristic diversity and structural complexity. These environments, far from being idle and unproductive spaces, offer a series
of opportunities and benefits for domestic herbivores (Provenza and Villalba, 2010). The high floristic diversity generates
opportunities to select diverse diets combined from all the strata the cattle can reach (Hickman et al., 2004; Feng et al.,
2016). The combinations of selected plants guarantee the acquisition of nutrients and secondary compounds that the
cattle need for their nutritional and health maintenance. As well, the complex structure of these environments plays an
important role in animal welfare because it protects them from adverse weather conditions (intense solar radiation, rain,
wind), helping to reduce stress. Moreover, these environments contribute to maintaining ecological processes and envi-
ronmental services that prevent the deterioration and loss of resources such as soil, water and biodiversity (Maharning
et al., 2009; Wang et al., 2011).

Interactions between livestock and vegetation in such environments have been little studied, possibly because these
environments are considered marginal for livestock production and greater importance is given to simplified pastures in
terms of richness and floristic structure.

Such sites can follow the natural process of succession to take the form of secondary vegetation, a process which can be
accelerated by extensive livestock grazing because it promotes selective consumption of the most palatable plants, while less
palatable ones increase their dominance, causing the paddocks to lose forage value, thus furthering succession (O~natibia and
Aguilar, 2019). This is one reason why this type of paddock is considered marginal and is often tilled. It is imperative to
understand the benefits of the flora that exist in these grazing lands in different ecosystems, the most appropriate way to
manage that floristic richness, and the changes such pastures undergo using sustainable grazing schemes. Voisin grazing (VG)
could be a better option for using the diverse vegetation in these environments regardless of their successional progress.
Voisin grazing (theory of Rational Grazing, also known as Voisinism, Voisin Grazing or Rational Intensive Grazing) is a method
of operating ranches, and was developed by Andr�e Marcel Voisin (Voisin, 1988; Pinheiro, 2015). The method is based on four
principles of managing forage and livestock, while expecting positive system performance. The first two principles apply to
forage base management in pasturelands: 1) after grazing, plants must have a recovery time to reach their maximum pro-
ductivity in the vegetative phase, also known as the optimal resting time of the pastures, so they can be grazed again; 2)
grazing time in a paddock should be short enough to prevent recovering plants from being eaten during regrowth. Observing
these principles promotes high quality forage with more leaves and tender stems, and productive and sustainable pastures
over time (Murphy et al., 1986; Voisin, 1988; Pinheiro, 2015).

The objectives of this investigation were: a) to assess the floristic diversity, botanical composition of the forage biomass
and stocking rate in sites with diverse vegetation subject to extensive grazing, and b) to study the response of one of these
sites to Voisin grazing, describing changes in productivity, botanical composition of biomass, stock density and stocking rate
when proper grazing management is implemented.

This research highlights a better fate for abandoned sites or pastures having associated vegetation undergoing early plant
succession. Historically, such areas were not considered as suitable land for grazing, but were seen as idle and unproductive,
until they could be converted into new pastures. Plant diversity has a stabilizing effect on ecosystems and plant community
primary production through different mechanisms (Hector et al., 2010), and the same biological complexity inherent in
natural ecosystems recreates complementarities in time and space among diverse plant species that favor herbivore forage
intake and performance (Provenza et al., 2007). Thus, proper grazing over time might establish a floristic composition and
structure suitable for foraging, with an acceptable carrying capacity, at low ecological costs.
2. Materials and methods

2.1. Study area location and description

The investigation was carried out on the coastal plain of central Veracruz State, Mexico (Fig. 1), in a landscape of low
plains and hills of moderate relief (Chiappy-Jhones et al., 2002). In this landscape, the dominant vegetation type was
deciduous tropical dry forest, yet land use shifts have left fragments of secondary forest in an agricultural matrix. Those
remnants of secondary forest are at risk of being replaced by grass pastures, compromising the existence of the associated
plant species. The chosen sites are examples where grazing lands are undergoing secondary regeneration at different
stages, and where extensive grazing is performed seasonally after pastures are depleted. Such conditions made these sites
suitable for this study. The climate in the area is sub-humid warm, where average annual rainfall is < 1000 mm, and rain
falls mostly during summer (García, 2004). The seasonality of the precipitation and winter winds differentiate three
periods: rainy (June to September), transition to dry (October to December) and dry (January to early June).



Fig. 1. Study area and sites in central Veracruz, Mexico.

O. Espinosa-Palomeque et al. / Global Ecology and Conservation 23 (2020) e01088 3
2.2. Study stages

The investigation was conducted from June 2017 to September 2018 in two stages. The first described the floristic and
botanical composition, potential forage biomass and stocking for sites with secondary vegetation. The second stage evaluated
the forage yield, the stocking and the dynamics of vegetation recovery throughout the year in response to Voisin grazing.
2.3. Stage 1. floristic composition, forage biomass and stocking in sites with secondary vegetation

2.3.1. Site descriptions
Six sites were chosen that supported secondary vegetation in different degrees of succession and that were used as grazing

land. These sites had from 3 to 40 years of ecological succession and surface area between 1 and 5 ha.

2.3.2. Site floristic assessment
Floristic diversity was inventoried during the rainy season (July to August 2017 and 2018). At each site, 100-m2 quadrats

(10 � 10 m) were drawn every 25 m along transects, and three nested 4 m2 (2 � 2 m) frames were randomly placed (Castillo-
Campos et al., 2008); a total of 43 large quadrats were sampled (site 1¼7, site 2¼ 6, site 3¼ 5, site 4¼14, site 5¼ 6, site 6¼ 5)
and 129 nested frames. In the large quadrats, all woody species and lianas and their attributes (life form, cover, height) were
assessed, and in the nested frames all herbaceous species (including vines) and their attributes (life form, cover, height) were
listed.

2.3.3. Biomass availability and stocking
The potential forage biomass available at all sites during the rainy seasonwas quantified. To do this, one of the 4 m2 nested

frames in each of the 10 � 10 m quadrats, was randomly chosen and the biomass (green foliage, flowers and fruits) of all the
plants and parts of plants within the frame was harvested up to 1.7 m in height (above ground and available to cattle). The
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harvested biomass was separated into fodder groups: woody (trees, shrubs and lianas), broad-leaved herbaceous (forbs and
vines), and grasses (native and introduced), to assess botanical composition. The biomass samples were dried at 60 �C in a
forced air oven for 48 h and then the biomass yield (kg DM ha�1) was calculated.

A list of the species available as forage was drawn up over all sites, which included all the herbaceous, lianas, shrubs and
tree species that were less than 4m high, because those plants have branches inserted at a lower height that could be reached
by cattle. Thus, a list of potential forage species (PFS) was obtained, which was complemented with the coverage and fre-
quency of each species, to obtain a list of the most important PFS.

The stock density and stocking rate were calculated using the harvested biomass data (kg DM ha�1) at each site and the
concept of animal unit (AU), being the equivalent to a 500 kg animal that consumes 3% of its live weight daily (15 kg DM
day�1; Pinheiro, 2015). The harvested forage biomass from each paddock at each utilization timewas divided by 15, the result
being the stock density defined as the AU grazing on an area of a pasture for a specific period of time. Stocking rate was also
calculated, defined as the number of animals that a site can sustain in the period of one year (Pinheiro, 2015). After dividing
the total annual biomass by 15 kg, the quotient was divided by 365 days of the year, resulting in the animal units ha�1 year�1.

2.4. Stage 2. forage availability and stocking in a site using Voisin grazing

2.4.1. Site description and management
The previously mentioned site 6 was used, with 1 ha of surface area, and approximately 5 years of regeneration. This site

had heterogeneous vegetation: patches of arboreal vegetation with open canopy, closed canopy patches with low internal
cover and patches of open spaceswith shrubs and herbaceous vegetation (including grasses). At the beginning, branches were
pruned in areas with greater canopy cover to increase the incidence of sunlight in the lower strata, and in other areas, plants
of Senna pallida (Vahl) H.S. Irwin & Barneby were cut to ground level because they are non-forage species.

Fifteen 400-m2 paddocks (22.5 � 22.5 m) were delimited with electric fencing. The size of the paddocks was calculated to
support roughly 15 AU for one day of occupation, taking as reference the available forage biomass obtained by G�omez-
Fuentes-Galindo et al. (2017) in tropical dry forest secondary vegetation.

2.4.2. Forage availability and stocking
The availability of forage biomass was evaluated in all paddocks before each grazing period, when the vegetation available

as forage had fully regrown to complete optimum plant growth (Murphy et al., 1986; Pinheiro, 2015), a time between
vegetative growth ending and before flowering (Undersander et al., 2002). At that time, five sampling points were randomly
chosen and the biomass (foliage, fruits, flowers and tender stems) was manually harvested within 1-m2 frames to 1.7 m in
height (Bonham,1989). The biomass harvested in each framewas separated by species, and dried following AOAC (1990). The
stocking rate and stock density that each paddock would support was calculated as described in section 2.3.3 of this
investigation.

2.5. Implementation of Voisin grazing

Immediately after evaluating biomass, the cattle were introduced to the paddock in turn, meaning that each paddock was
used on different dates because they achieved their recovery at different times. During the rainy season, optimum plant
growth was defined beginning flowering and the first senescent leaves appeared at the base of herbaceous plants. During the
transitional period, the point was definedwhen: a) plants started flowering in paddocks dominated by grasses and forbs, or b)
the moment when the leaves began to senesce due to water stress in paddocks dominated by shrubs and trees. These Voisin
grazing criteria were applied to the vegetation that dominated a paddock and that made up the largest forage mass; the
interaction between the plants and the microsite conditions generated different recovery times in the paddocks (Azuara-
Morales et al., 2020). Following these criteria, three moments of forage use were identified for each pasture during a 14-
month period (July 23 - September 3, 2017, October 21 - November 30, 2017 and June 3 - September 3, 2018) (Fig. 2). Cat-
tle were introduced to forage and the time they remained in each pasture ranged from 8 to 24 h, depending on the availability
of forage biomass. The time it took the plants to recover from grazing and reach the optimum plant growth was recorded.

2.6. Statistical analysis

2.6.1. Stage 1
The final slope of a species accumulation curve was used to determine survey completeness (Hortal and Lobo, 2005). A

predetermined slope (0.01) was used as a cut-off value to assess when communities are relatively well sampled. That cut-off
value means a new species appears each 100 individuals, a value set by the rate of finding new species in additional samples,
which suggests a comparative measure of survey completeness. The MichaeliseMenten (MM) equationwas used as a reliable
estimator for vegetation richness, since MM has been a frequently used indicator in diversity inventory assessments (Colwell
and Coddington, 1994; Colwell, 2005). Calculations were performed with the program EstimateS 9.1.0 (Colwell, 1997).



Fig. 2. Paddocks in a site having high plant diversity under Voisin grazing: a) preparing for vegetation sampling before grazing in a tree-dominated paddock, b)
grazing in a shrub-herb dominated paddock, c) a shrub-herb dominated paddock nearing grazing initiation.
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A cluster analysis (using species presence/absence) was performed using Jaccard’s index and the unweighted arithmetic
mean to approximate the similarity among quadrats (Sneath and Sokal, 1973). This index takes values from 0 to 1, where
0¼ 100% dissimilarity and 1¼100% similarity. Subsequently, the presence/absence of species and their coveragewere used in
a principal component analysis (PCA) to differentiate the conservation status of the squares (and sites) and sort them along a
conservation gradient. Both analyses were performed using the Multi-Variate Statistical Package v 3.22 (Kovach, 1999). Totals
of available biomass, stock density and stocking rate at each site were calculated, but not statistically analyzed.

2.6.2. Stage 2
Cluster analyseswere performed using the forage biomass data of all species in each of the 15 paddocks in the site to detect

the similarity among them using the Bray-Curtis coefficient for untransformed data (Bray and Curtis, 1957). This coefficient
acquires values from 0 to 1, where 0 ¼ 100% different and 1 ¼ 100% similar. This analysis was made with the data from the
initial and final samples using R Studio Version 3.4.3.3 (R Development Core Team, 2018).
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Total biomass available from each pasture was measured, and with that data the botanical composition, stock density and
stocking rate of the site were calculated; the recovery time of each paddock also was recorded (time between two grazing
periods). These results are presented descriptively as a case study.
3. Results

3.1. Floristic composition, forage biomass and stocking in sites with secondary vegetation

The final slope of the observed species accumulation curve was 0.0011, which suggests an addition of a new species every
217 individuals (Fig. 3). According to the Michaelis-Menten estimator, at least 88% of the potential species richness for the
entire region was recorded; this percentage is expected in heterogeneous plant communities such as grazing lands. Thus,
sampling effort was representative of the floristic diversity in the study area and in order to obtain a complete inventory it
would have been necessary to account for an additional 26 species.

3.1.1. Species richness and potential forage species
Throughout all six sites, 51 families of plants were listed, containing 148 genera and 191 species. The families with the

most genera and species were Fabaceae, Malvaceae and Asteraceae, and 25 genera contained only one species (Table 1).
Species richness varied among sites (site 1 ¼ 97, 2 ¼ 70, 3 ¼ 91, 4 ¼ 125, 5 ¼ 71, 6 ¼ 59), but all life forms were rep-

resented in all sites: 59 species were trees, 56 were herbaceous and forbs, 48 were shrubs and <28 were lianas and vines
combined.

The sampled quadrats over all sites (n¼ 43) were clustered into two groups: G1 and G2 (Jaccard coefficient¼ 0.144; Fig. 4).
Group 1 contained 21 squares, 14 of which corresponded to site 4 having more preserved forest vegetation, while the other
seven squares corresponded to site 1 which had patches of more preserved vegetation in its spatial matrix. In G2, squares
were mostly aligned with sites being in early regeneration (sites 2, 3, 5 and 6), most likely due to abandonment time.

In the PCA ordination (Fig. 5), the quadrats were distributed along a conservation gradient (based on plant cover), those
having the most preserved vegetation were placed on the right (all quadrats from site 4 and one from site 1), while to the left
the quadrats were more aligned with less preserved sites (1, 2, 3, 5 and 6). Thus, site 4 is identified as G1, which has a longer
period of ecological successionwhere canopy dominant species belong tomore advanced successional stages, and G2 is made
up of all the other sites.

The species listed in Table 2 show a greater number of shrubs and herbaceous species in G2, where the vertical structure of
the vegetation is less complex and the abundance of herbaceous plants (including grasses) and shrubs indicates that these
sites are in an earlier stage of ecological succession.

Over all species identified, 127 (66.5%) across all life forms were considered as potential forage species (PFS) that were
found at heights within reach by livestock. However, only 50 species (26.3%) were listed as the most important PFS (Table 3),
because they were more abundant and had greater cover in the sites.

The groups formed by cluster analysis (Fig. 4) and corroborated with ordination (Fig. 5) shared only 12 of the most
important PFS and differed mainly in the numbers of tree and shrub species because in some sites fewer woody species were
within reach of the cattle. In G1, 23 more important PFS were distinguished and in G2 up to 41; in both, there was a greater
richness of herbaceous and shrub species.
Fig. 3. Sampling effort curve for species listed in sites with secondary vegetation in tropical dry deciduous forest, subject to seasonal grazing.



Table 1
Floristic diversity in sites with secondary vegetation subject to seasonal grazing by cattle.

Family Genera Species Family Genera Species

Fabaceae 22 33 Annonaceae 1 1
Malvaceae 12 15 Asparagaceae 1 1
Asteraceae 10 11 Bixaceae 1 1
Euphorbiaceae 6 10 Bromeliaceae 1 1
Poaceae 8 9 Cannabaceae 1 1
Rubiaceae 6 8 Combretaceae 1 1
Boraginaceae 1 7 Commelinaceae 1 1
Verbenaceae 5 7 Dioscoreaceae 1 1
Malpighiaceae 5 6 Ebenaceae 1 1
Celastraceae 5 6 Erythroxylaceae 1 1
Apocynaceae 5 5 Lamiaceae 1 1
Bignoniaceae 4 5 Loasaceae 1 1
Acanthaceae 4 4 Loranthaceae 1 1
Cactaceae 4 4 Lygodiaceae 1 1
Convolvulaceae 4 4 Lythraceae 1 1
Myrtaceae 3 4 Marantaceae 1 1
Anacardiaceae 3 4 Nyctaginaceae 1 1
Solanaceae 3 4 Orchidaceae 1 1
Rutaceae 3 3 Petiveriaceae 1 1
Sapindaceae 2 3 Polygalaceae 1 1
Burseraceae 1 3 Polygonaceae 1 1
Passifloraceae 1 3 Salicaceae 1 1
Moraceae 2 2 Sapotaceae 1 1
Phyllanthaceae 2 2 Smilacaceae 1 1
Amaranthaceae 1 2 Vitaceae 1 1
Meliaceae 1 2 e e e

- Indicates no data.

Fig. 4. Similarity dendrogram for sites having secondary vegetation, and based on species presence-absence. Quadrats from each site were labeled with a “c” for
site, followed by a progressive number for sites 1 through 6, and a progressive number for quadrats 1 through 43.
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Fig. 5. Conservation gradient of vegetation in sites within a tropical dry forest, subject to seasonal grazing. Quadrats from each site were labeled with an “s” for
site and progressive numbers from site 1 through 6.
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3.1.2. Available biomass and stocking
Available biomass was 1176, 1291, 1207, 1000, 1055 and 1024 kg DM ha�1 in sites 1 to 6, respectively. Consequently, the

stock density that these sites support (78, 86, 80, 67, 70 and 68 AU ha�1 in sites 1 to 6, respectively) is also low, less than 100
AU, which is equivalent to a stocking rate from 0.2 to 0.3 AU ha�1.

All strata contributed to the forage biomass in all sites (Fig. 6). However, woody species were the botanical group that
contributed most to potential forage biomass (16e70%), and the grasses contributed the least (2e38%). Forbs and grasses
together made up about 50% of potential forage biomass in most sites. Site 1 had greater tree-shrub cover, thus there was
more available biomass from this stratum, compared to site 6 which had patches containing more herbaceous vegetation
including grasses.

3.2. Forage available and stocking in a site using Voisin grazing

3.2.1. Site floristic composition before implementing Voisin grazing
Site 6 was chosen to implement Voisin grazing (contained in G2; Figs. 4 and 5) where 58 species were recorded, within 26

families, of which the Fabaceae was dominant (14 species). It had a greater herb richness (18 species), followed by trees (14
species), shrubs (11 species), vines (9) and lianas (6). The dominant herbaceous species were Bouteloua repens (Kunth) Scribn.,
Desmodium infractum DC., Nopalea dejecta (Salm-Dyck) Salm-Dyck, Hyparrhenia rufa (Nees) Stapf, Commelina rufipes Seub.,
Blechum pyramidatum (Lam.) Urb., Sida rhombifolia L. and Lagascea mollis Cav. The arboreal stratum was dominated by
Guazuma ulmifolia Lam., Leucaena lanceolata S. Watson, Maclura tinctoria (L.) D. Don ex Steud., Handroanthus chrysanthus
(Jacq.) S.O. Grose, Ipomea wolcottiana Rose, Esenbeckia berlandieri Baill. ex Hemsl., Wimmeria pubescens Raldk., and Sapindus
saponaria L. The shrub layer was dominated by Randia aculeata L., Cordia pringlei B.L. Rob., S. pallida, Croton miradorensisMüll.
Arg., C. glabellus L., Randia laetevirens Standl. and Acaciella angustissima (Mill.) Britton & Rose. The liana species were Pisonia
aculeata L., Tetrapterys schiedeana Schltdl. & Cham., Fosteronia spicata G. Mey., Serjania racemosa Seem., and Pithecoctenium
crucigerum (L.) A.H. Gentry. This site had patches with greater coverage of grasses and forb species.

3.2.2. Available biomass and stocking
The biomass available in the 15 paddocks was not homogeneous, there were more productive paddocks (2500e3800 kg

DM ha�1) where grasses dominated, and less productive ones with greater woody cover (800e2000 kg DM ha�1). There was
more biomass available during the rainy season and the transition period was less productive (Fig. 7). During the dry season,



Table 2
List of the most abundant species by life form in sites with more (G1) and less preserved vegetation (G2) subject to seasonal grazing by cattle.

G1 G2

Trees Trees

Bursera simaruba (L.) Sarg. Guazuma ulmifolia Lam.
Citharexylum berlandieri B.L. Rob. Leucaena lanceolata S. Watson
Trichilia trifolia L. Trichilia trifolia L.
Handroanthus ochraceus ssp. neochrysanthus (A.H. Gentry & S.O. Grose) Diphysa minutifolia Rose
Luehea candida (Moç. & Sess�e ex DC.) Mart. Esenbeckia berlandieri Baill. ex Hemsl.
Leucaena lanceolata S. Watson Vachellia pennatula (Schltdl. & Cham.) Seigler & Ebinger
Maclura tinctoria (L.) D. Don ex Steud. Ipomoea wolcottiana Rose
Guazuma ulmifolia Lam. Senna atomaria (L.) H.S. Irwin & Barneby
Erythroxylum havanense Jacq. Handroanthus ochraceus ssp. neochrysanthus
Heliocarpus pallidus Rose Wimmeria pubescens Raldk.
Diphysa minutifolia Rose Shrubs

Calea ternifolia Kunth
Shrubs Calliandra rubescens (M. Martens & Galeotti) Standl.
Bunchosia biocellata Schlecht. Cordia pilosa M. Stapf & Taroda
Cracca ochroleuca (Jacq.) Benth. & Oerst. Acaciella angustissima (Mill.) Britton & Rose
Randia aculeata L. Mimosa tricephala Cham. & Schltdl.
Randia monantha (Benth.) Randia aculeata L.
Desmopsis trunciflora (Schltdl. & Cham.) G.E. Schatz Senna pallida (Vahl) H.S. Irwin & Barneby
Croton miradorensis Müll. Arg. Croton miradorensis Müll. Arg.
Malvaviscus arboreus Cav. Chamaecrista nictitans Moench
Mimosa tricephala Cham. & Schltdl. Croton glabellus L.
Physalis melanocystis Bitter Lantana camara L.
Croton glabellus L. Lantana hirta Graham
Senna pallida (Vahl) H.S. Irwin & Barneby Randia laetevirens Standl.
Psidium sartorianum Nied. Aeschynomene purpusii Brandegee
Lianas Cordia pringlei B.L. Rob.
Pisonia aculeata L. Vachellia cornigera (L.) Seigler & Ebinger
Fridericia pubescens (L.) L.G. Lohmann Amyris purpusii P. Wilson
Serjania racemosa Seem. Lianas
Fosteronia spicata G. Mey. Pisonia aculeata L.
Combretum fruticosum (Loefl.) Stuntz Tetrapterys schiedeana Schltdl. & Cham.
Herbs Serjania cardiospermoides Schltdl. & Cham.
Lasiacis rugelii Hitchcock Byttneria aculeata Jacq.
Blechum pyramidatum (Lam.) Urb. Serjania racemosa Seem.
Ayenia pusilla L. Herbs
Ruellia inundata Kunth Blechum pyramidatum (Lam.) Urb.
Aldama dentata La Llave Bouteloua repens (Kunth) Scribn.
Bromelia pinguin L. Ayenia pusilla L.
Aeschynomene fascicularis Cham. & Schltdl. Commelina rufipes Seub.
Vines Maranta arundinacea L.
Gonolobus sp. Michx. Desmodium infractum DC.
Baltimora recta L. Nopalea dejecta (Salm-Dyck) Salm-Dyck
Passiflora yucatanensis Killip Hyparrhenia rufa (Nees) Stapf
- Euphorbia hyssopifolia L.
- Amphilophium paniculatum (L.) Kunth
- Bidens pilosa L.
- Vines
- Mucuna pruriens (L.) DC.
e Dioscorea floribunda M. Martens & Galeotti
e Operculina pinnatifida (Kunth) O’Donell

The table lists only the most abundant species, truncating the list between 60 and 78% of coverage; only in the vines of G1 was the truncation made at 90%.
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no paddocks were sampled because there was little growth and the study included very few paddocks which were not
enough to supply forage each day of the dry season to measure biomass.

The stock density that the paddocks could sustain at the beginning was variable (52e264 AU ha�1), consistent with the
available biomass that they supported, and as more grazing periods were performed, the stock density was more homoge-
nized among paddocks up to the range of 170e230 AU in the last evaluation (2018, Fig. 8).

3.2.3. Botanical composition of the forage biomass
Although the site was considered as a paddock with secondary vegetation, the 15 paddocks were heterogeneous in their

botanical composition and were separated into three groups (approximate value of the Bray-Curtis index ¼ 0.75). At the
beginning of the study, half of the paddocks were combined into G1, which was identified as having the highest total biomass,
and dominated by forbs and grass species (Table 4). Group 2, had intermediate amounts of biomass, and contained higher forb



Table 3
Species defined as more important potential forage species based on their abundance and accessibility to cattle, located in sites with secondary vegetation
from tropical dry forest and subject to seasonal grazing by cattle. The species were found in sites with more (G1) and less preserved vegetation (G2).

Species G1 G2 Species G1 G2

Trees Blechum pyramidatum x x
Citharexylum berlandieri x e Bromelia pinguin x e

Diphysa minutifolia e x Commelina rufipes e x
Guazuma ulmifolia x x Desmodium infractum e x
Leucaena lanceolata x e Dorstenia contrajerva L. x e

Shrubs Elytraria imbricata (Vahl) Pers. e x
Acaciella angustissima e x Euphorbia hyssopifolia e x
Aeschynomene purpusii e x Hyparrhenia rufa e x
Amyris purpusii e x Lagascea mollis Cav. e x
Bunchosia biocellata x e Maranta arundinacea x x
Calea ternifolia e x Megathyrsus maximus x x
Calliandra rubescens e x Melampodium divaricatum (Rich.) DC. x e

Cordia pilosa e x Ruellia inundata x e

Cordia pringlei e x Ruellia tweedii (Nees) T. Anderson ex Morong & Britton x x
Cracca ochroleuca x e Vines
Croton glabellus x x Baltimora recta x e

Croton miradorensis x x Desmodium incanum DC. e x
Lantana camara e x Dioscorea floribunda e x
Lantana hirta e x Gonolobus sp. x e

Mimosa tricephala x x Mucuna pruriens e x
Randia aculeata x x Operculina pinnatifida e x
Randia laetevirens e x Lianas
Vachellia cornigera x x Byttneria aculeata e x
Herbaceous Pisonia aculeata x x
Aeschynomene fascicularis e x Serjania cardiospermoides e x
Ayenia pusilla x x Serjania racemosa x x
Amphilophium paniculatum e x Tetrapterys schiedeana e x
Bidens pilosa e x Total number of species 23 40

x indicates that the species is potential forage in that group; - indicates that the species was not present.

Fig. 6. Botanical composition (%) of the potential forage biomass in the sites, evaluated during the rainy season (July to August 2017 and 2018).
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biomass. The third group (G3) had the lowest biomass yield and included paddocks also dominated by forbs, and little
presence of grasses (unlike G2).

During the final stage, the paddocks continued to distinguish themselves into the three groups, with a slight increase in
the similarity index (approximate value of the Bray-Curtis index ¼ 0.81) and shifts of some paddocks due to changes in their
biomass composition (Table 4). More paddocks increased woody species biomass and decreased their forb biomass, and the
number of paddocks that lost or gained grass biomass was more balanced (6 vs. 8). Here, paddocks having intermediate



Fig. 7. Available biomass in paddocks with secondary vegetation subject to Voisin grazing, during the rainy season (July to September 2017 and 2018) and
transition to the dry season (October to December 2017).
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biomass and heterogeneous yet balanced composition of the three plant groups composed G1. Group 2 was the least pro-
ductive with dominance of woody biomass and almost no presence of grasses (similar to G3 at the beginning). Group 3 was
formed by the most productive pastures with dominance of grasses.

The diversity of species present in the paddocks was used by cattle as forage, except for S. pallida and S. rhombifoliawhich
were not consumed. Even though, a great diversity existed in the paddocks; H. rufa, R. aculeata, Desmodium incanum DC., F.
spicata, C. rufipes, G. ulmifolia, B. pyramidatum, B. repens, C.miradorensis, L. mollis and Byttneria aculeata Jacq. contributed most
forage biomass across all paddocks. Utilization was not measured in this research, although green foliage from all plants
(except the two aforementioned species) was consumed.

3.3. Recovery time over seasons

Pasture recovery happened at different times depending on season. During the 2017 rainy season, they recovered in 47e89
days after the first grazing, and in 50e123 days during the transition period. After that, the paddocks spent the dry season at
rest until their recovery during the following 2018 rainy season, between 210 and 290 days after grazing (Fig. 9).

4. Discussion

4.1. Floristic composition, forage biomass and stocking in sites with secondary vegetation

Species richness observed in this study is considered high, but within the range of known species (59e390) in tropical dry
forests in different stages of succession (Medina-Abreo and Castillo-Campos,1993; �Alvarez-Y�epiz et al., 2008; Castillo-Campos
et al., 2008; Guti�errez-B�aez and Zamora-Crescencio, 2012). The dominance of the Fabaceae is consistent with other reports on
similar environments in other regions of Mexico and Latin America (Flores and Bautista, 2012; Alay�on-Gamboa and Alvarez-
Florez, 2017; Silva-Aparicio et al., 2018). A high richness and a relatively high number of potential forage species represent a
great opportunity for livestock to select diverse diets, and benefit from nutrients and secondary compounds contained in the
plants (Provenza et al., 2007). Furthermore, the dominance of legume species increases the consumption of nitrogen-rich
forages such as A. angustissima, L. lanceolata, and Diphysa minutifolia Rose, as long as the foliage is within reach by the
livestock.

All life forms were represented in all sites according to the species diversity and complex structure that secondary
vegetation can maintain (Pyk€al€a, 2005; Castillo-Campos et al., 2008). Such a composition creates vegetation structures
favorable for herbivore comfort, although cattle might perform better where the structure of the vegetation is less complex
and herbaceous plants (including grasses) and shrubs are more abundant given their feeding strategy as roughage consumers
(Hofmann,1989), as in sites within G2. These sites are in an earlier stage of ecological succession and have greater open spaces
that favor the growth of herbaceous vegetation (Begon et al., 2006), which might be a combined result of the succession
process and grazing management.

Sixty-seven percent of the species identified across all life forms were considered as PFS that were found at heights within
reach by livestock. However, only 51 species were forage species because they were more abundant and had greater cover in
the sites. This number of PFS (51) is similar to that reported by other authors regarding potential forage that is being used by



Fig. 8. Stock density in paddocks with secondary vegetation subject to Voisin grazing, during the rainy season (July to September 2017 and 2018) and transition to
dry season (October to December 2017).

Table 4
Botanical composition (by life forms) of the forage biomass (kg DM ha�1) in paddocks subject to Voisin grazing by cattle, at the beginning and end of a 14-
month period.

Paddock Beginning Paddock End

Woody Forbs Grasses Woody Forbs Grasses

…. …. …. … Group 1 … . …. ….... … … …. …. ….. Group 1 … . …..… ….
12 241 709 1027 1 390 235 442
7 185 716 977 9 307 278 315
13 118 379 840 15 464 292 415
3 892 892 63 6 429 259 145
9 207 419 509 10 390 235 442
15 173 292 567 Means 396(26) 260(11) 352(56)
8 60 551 431 … …. . ….… Group 2 …. …. … … …

Means 268(92) 565(82) 631(129) 4 812 418 34
…. …... ….. Group 2 … . …. ….... … 5 415 348 3

10 268 1072 16 2 376 173 11
6 367 606 275 3 513 234 12
14 85 1000 320 Means 529(98) 293(55) 15(6)
11 95 209 161 … … …. …. Group 3 . … … … … ….
Means 204(68) 722(199) 193(67) 7 740 186 576

.… …. .. …. Group 3 .… …. ..… … 12 322 364 728
2 100 453 41 8 333 143 715
5 138 238 0 11 641 199 771
4 98 840 .76 13 302 235 1134
1 242 431 24 14 197 302 1008
Means 145(33) 491(126) 16(9) Means 423(87) 238(33) 822(84)

* Paddocks ordered on the basis of groups formed by similarity; the Woody group includes trees, shrubs and lianas. Numbers within parentheses are
standard errors.
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livestock in biodiverse environments (range: 19 to 54 species) (Sosa et al., 2000; Carranza-Monta~no et al., 2002; Isselstein
et al., 2007; de la O-Toris et al., 2012; G�omez-Fuentes-Galindo et al., 2017). Only 12 species were the most important PFS
and differed mainly in tree and shrub species because in some sites fewer woody species were within reach by the cattle.

In sites with vegetation at more advanced successional stages, 22 more important PFS were distinguished and in sites
where the structure of the vegetation is less complex up to 41 species. Thus, more forage species were available in areas
having less preserved vegetation where there is greater species richness within reach by cattle in the most important PFS
category (Cowles, 1899; Antoniadou et al., 2019). Corroborating that these species are a part of the diet of livestock, however,
involves more detailed diet selection studies with grazing methods other than extensive or seasonal.

Some PFS are similar to species mentioned in other studies performed in sites with primary or secondary vegetation
(Vel�azquez-Martínez et al., 2010; G�omez-Fuentes-Galindo et al., 2017; Soto, 2019). Woody species contribute to forage



Fig. 9. Recovery time for the paddocks with secondary vegetation subject to Voisin grazing.
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biomass during the dry season (Lombo et al., 2013; Franzel et al., 2014), and in the area where this research was conducted
some available and abundant species are R. aculeata, G. ulmifolia, A. angustissima, Mimosa tricephala Cham. & Schltdl., D.
minutifolia and L. lanceolata, which have previously been mentioned regarding their forage potential (Vel�azquez-Martínez
et al., 2010; G�omez-Fuentes-Galindo et al., 2017; Soto, 2019).

Biomass yield was low across sites (1000e1291 kg DM ha�1), and only sites 1 to 3 yielded slightly more biomass due to a
greater abundance of shrubs and herbaceous plants that made up the potential fodder biomass. In these sites, the dominance
of shrubs and trees limits the growth of herbaceous vegetation (including grasses that are not very tolerant to shade), which
provides the greatest amount of forage biomass. To this limitation is added that species under a high canopy may not be
within reach by cattle for browse.

These yields are low compared to that reported by Vel�azquez-Martínez et al. (2010) during the dry (1480 kg) and rainy
season (1790 kg DM ha�1) in tropical dry forest secondary vegetation, where rainfall is higher than in our study area.
However, regardless of the type of vegetation, our results reinforce the fact that the forage biomass available in sites with high
floristic diversity and complex structure is lower than that in other pasture types (G�omez-Fuentes-Galindo et al., 2017;
Rodríguez-Medina et al., 2017; Vermeire et al., 2018).

Consequently, the stocking density that these sites support (67e86 AU ha�1) is also low (less than 100 AU), which is
equivalent to a stocking rate from 0.2 to 0.3 AU ha�1, and lower than that estimated by SAGARPA and COTECOCA (2009) for
similar sites (0.7 AU ha�1) and for other grazing environments where the growth of forage swards is favored (Franzel et al.,
2014; Cortiana-Tambara et al., 2017; Estrada et al., 2018; Loges et al., 2018). Thus, it is lower than the stocking rate threshold
(200 AU) for a ranch to be profitable (Pinheiro, 2015).

4.2. Plant community response in a site subjected to Voisin grazing

The biomass available was not homogeneous across the 15 paddocks evaluated, higher yields (2500e3800 kg DM ha�1)
were assessed where grasses dominated, and lower yields (800e2000 kg DM ha�1) where woody cover dominated. Small-
scale vegetation patches could be induced by previous grazing practiced in the site (Marion et al., 2010) or other succes-
sional mechanisms of plant species (Ramirez-Pinero et al., 2019). The fencing of small paddocks can further split patches of
vegetation in the site, leading to heterogeneous paddocks in plant composition and available biomass, as evidenced by the
cluster analysis we performed.

There was more biomass available during the rainy season due to greater available precipitation and higher temperatures
that favor plant growth. Biomass was lower during the transition period because precipitation declined and the plants
experienced water stress that led them to lose their foliage, similar to most dry forest species. During the dry season, no
paddocks were sampled because there was little growth and the study included few paddocks, which were not enough to
supply forage to measure biomass each day of the dry season.

The stock density that the paddocks could sustain at the beginning was variable (52e264 AU ha�1), consistent with the
available biomass that they supported. Yet, as more grazing periods were performed, the stock density slightly homogenized
among paddocks up to the range of 170e230 AU ha�1 in the last evaluation (2018). This may indicate that at the beginning, the
botanical composition and forage available was still the result of the extensive and selective grazing practiced on the site, but
over time, Voisin grazing promoted the more uniform use of plants and a possible decrease of less grazing-tolerant species,
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giving step to adjustments in the plant community that favored the availability of light for previously limited species (Vert�es
et al., 2019). The result was a change of species towards a community of plants with more fodder potential.

During the 2018 rainy season, the annual forage biomass was equivalent to 1.2 AU ha�1 stocking rate, higher than the initial
rate during the 2017 rainy season, and also higher than the stocking rate (0.7 AU ha�1) used by SAGARPA and COTECOCA
(2009) for similar environments in Mexico. It is also comparable to the biomass from H. rufa and M. maximus measured in
the same area where this research was performed, but managed with extensive grazing (Quiroz MS, personal communica-
tion), as well as in the association of grasses with native species in Voisin grazing (Guevara et al., 2003; Benítez et al., 2007).

The 15 paddocks built in the sitewere heterogeneous in their botanical composition. Even though, a great diversity existed
among the paddocks, with H. rufa, R. aculeata, D. incanum, F. spicata, C. rufipes, G. ulmifolia, B. pyramidatum, B. repens, C.
miradorensis, L. mollis and B. aculeata contributing most of the forage biomass in all paddocks. Utilizationwas notmeasured in
this research because total forage utilizationwas assumed (as promoted by Voisin grazing), and as such, green foliage from all
plants (except S. pallida and S. rhombifolia that were not palatable) was consumed. This behavior of livestock is elicited when
high stock densities are exerted over short periods of grazing, because animals change the selective habit for a more voracious
consumption due to competition for forage (Humphreys, 1994; Pinheiro, 2015).

Significant shifts in plant composition based on biomass happened within 14-month period in the paddocks, towards a
higher equilibrium in biomass from all life forms. Implementing high stock densities as promoted by Voisin grazing exerts
nearly the same grazing pressure over all species in a paddock, and this should lead to assemblages of species more adapted to
periodical defoliation. It should also lead to yield increase and to homogenized yield among paddocks up to a point, although
this could not be observed during this study. However, complete homogenization among paddocksmight not happen because
of the vegetation heterogeneity induced by patchiness and complex species assemblages in such biodiverse sites (Marion
et al., 2010). Furthermore, homogenization among paddocks might not be the desirable end, but rather preserving all life
forms and productivity in an acceptable range through management.

Recovery times during the wet seasonwere relatively long (up to 89 d). While this could be influenced by the amount and
distribution of precipitation (Azuara-Morales et al., 2020), we observed paddocks that recovered faster had more herbaceous
vegetation and the optimal resting point was favored by that vegetation (beginning blooming). Yet, paddocks dominated by
woody vegetation accomplished the optimal resting point later in the season, because those species have longer life cycles,
and understory herb speciesmust have slower growth rates under limited sunlight (Humphreys,1994). Summed together, the
optimal resting point was delayed compared to pure sward pastures that reach the optimal resting point earlier (Castro-
Mendoza M., unpublished results). However, these issues were not addressed in this study.

The long resting periods during the dry season are directly related to the agroecological conditions of the area, mainly the
absence of precipitation driving species phenology, because all species in the site belong to tropical dry forest and are
sensitive to seasonal changes in rainfall, losing their foliage annually (Trejo, 1999). These results are important for decision-
making when designing grazing systems and deciding how many paddocks to install on ranches according to the critical
times of year for forage production.

Monitoring the ongoing dynamics of sites having high plant diversity under an alternative grazing system as done in this
research, is important, and helps to discern patterns of vegetation and herbivore interactions, within the context and ag-
roecological conditions under which this research was performed. While this might be a limitation of this research compared
to performing controlled experiments, evidence of such interactions in similar or different ecosystems will contribute to
revealing proper grazing management for such sites. Also, having few paddocks to assess, and limited measurement during
the dry seasonwhen no datawas takenwas limiting for this study, but is normal when themajority of useable land is privately
owned. Having yield data during the dry season, in such sites under Voisin grazing would be useful for decision-making by
ranchers.

5. Conclusions

Floristic diversity in biodiverse foraging sites is high, regardless of their state of plant succession. The richness of forage
species comes from all strata, but the participation of each stratum depends on the degree of succession in a site. In the most
preserved sites, the greatest richness of forage plants arose fromwoody species, and in less preserved sites it arose fromherbs
and shrubs. Over all sites, plant richness was beneficial for livestock diets under current extensive grazing. Yet, the low forage
biomass yield and stocking rate may be a deterrent for ranchers to keep such highly biodiverse sites within their land.

Using Voisin grazing, yield and stocking rate increased over time by two-fold compared to extensive grazing and most
plant material within reach by cattle became forage in all seasons. Within a year, the forage vegetation changed with more
grazing periods, and the available biomass of grasses, forbs, shrubs and trees became more balanced, and a tendency to
homogenize yield among paddocks was also observed. However, the critical time for plant growth was long, leading to long
recovery periods and few utilization times during a year.

Implementing better grazing systems such as Voisin grazing may be the key to improving productivity of grazing lands
undergoing secondary succession. Increasing utilization efficiency of the forage available based on native plant communities,
without using intrusive methods to replace that vegetation, is promising, because it is a subtle form of modifying the
vegetation over time to shift to biodiverse grazing lands. Managing the correct stock density to meet forage allowance,
limiting grazing time to avoid overgrazing, and allowing plants to regrow to achieve the optimal plant growth as promoted by
Voisin grazing, are the basic rules to achieving sustainable grazing. As well, enhancing biodiversity throughmanagement such
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as regulating shade and cover of non-palatable invasive species should be considered. Such management is an alternative to
the destruction and loss of secondary vegetation to grass monocultures. However, this management should be performed in
sites undergoing early plant succession where more herbaceous and shrub vegetation dominate. Old-growth sites must be
allowed to continue succession and serve as seed and propagule banks and provide connectivity in agricultural landscapes.

There is a great need to make grazing systems more efficient and ecologically sound, and in all senses, managing local and
native vegetation seems a low cost way to do so. Thus, future research should focus on knowing the life cycles and responses
of plant species from tropical forests to herbivory, understanding the effects of herbivory on the mechanisms driving
biodiversity undermore controlled and intensive grazing systems such as Voisin grazing, and the effects on physical-chemical
and biological properties of soils in the long-term time. There is also a need to elucidate the influence of structural diversity
and how physical and chemical plant properties in such biodiverse environments interact to influence intake and preference
by livestock. Above all, research should focus on the benefits of plant diversity on herbivore nutrition, health and well-being
in biodiverse grazing lands in the tropics.
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