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Abstract An analysis of phenological patterns of plant species of the Yucatán

Peninsula is presented. Vegetative phenology is analyzed on community level,

based on vegetation types of the region. Spatial differences of precipitation avail-

ability play an important role in foliar behavior at community level. For some

species patterns of foliar phenophases are detailed. Phenophase of leaf-fall is

determined by the length and intensity of the dry season in deciduous species.

While in evergreen or leaf-exchanging species the leaf renewal occurs during the

rainy season. 2170 species are presented with flowering season and fructification.

Those data were obtained by reviewing herbarium data. Most of flowering and

fructification happens during the dry season, but both have a large number of

species presenting flowering and fructification during the whole year. Plant phe-

nology has not been intensively studied in the Yucatán Peninsula, but it is necessary

to foster its study to understand cycles and development of plants, which help to

elucidate responses and adaptation to species to climate change, interaction with

fauna, and sound management plans for non-timber forest resources.

Keywords Phenological patterns • Phenophases • Leaf-fall • Flowering •

Fructification • Dry tropical forests • Vegetal physionomy • Evergreen species •

Deciduous species • Water stress

4.1 Introduction

Plant species as primary producers depend directly on the physical environment

(light, water, nutrients) to obtain their resources and achieve a proper development

from germination to growth and reproduction. This development involves a series

of cyclical steps like leaf, flower and fruit production. The study of these biological
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cycles is known as phenology. Phenological observations have been made since

man uses plants.

In particular, in the Yucatán Peninsula, records of corn production since the last

4000 years area are available. Additional to corn, ancient Maya cultivated sow

squash and depended on species like: Brosimum alicastrum, Manilkara zapota,
Byrsonima sp, Amaranthus sp, Pouteria sp; to complement their food sources in

times of shortage (Anderson et al. 2003; Goldstein and Hageman 2010; Anderson

2010). Additionally to fruits and seeds used for direct consumption, the flowering of

Gymnopodium floribundum and Tagetes erecta, among other species, maintained

honey production from native bees known as melipones (Anderson and Medina-

Tzuc 2005).

We can assume the existence of empirical phenological observations of all used

species for management and use. Due to those observations the ancient Maya

understood the relation of plants with the environment in face of different climatic

scenarios (Gunn et al. 1995). For example, in the case of corn, the Yucatec Maya

selected corn varieties with different cycles, one with a short cycle with a duration

of 7–10 weeks and a long cycle with a duration between 12 and 16 weeks (Tuxill

et al. 2010). The duration of the crop cycle is important, because in the Yucatán

Peninsula during the rainy season, an midsummer drought known as “canı́cula”

affects cultivars (Holston 1986). Given that the planting of corn happens at the

beginning of the rainy season, this short drought can coincide temporally with the

development of spikes or during the growth of the corn grains in the cob, stages of

higher demand of water (Tuxill et al. 2010). For this reason, the Maya farmers

planted their milpas mixing different corn varieties in the same plot. The phenology

of corn varieties with a short cycle are known as nal t’eel, x-t’uup nal, and x-mejen
nal; and assure the development of cobs before the dry period. The varieties with

the long cycle are called X-nuuk nal, Ts’ı́it bakal, Bek’ech bakal; and guarantee a

higher production of grain in the case of good rainy season (Tuxill et al. 2010).

The pronounced high seasonality during in the rainy season is a characteristic of

the climate of the Yucatán Peninsula. Therefore, vegetation is classified as seasonal

dry tropical forests (SDTF). Those forests are characterized by an extreme season-

ality in the rainy season, which causes a drought of 4–6 months, causing seasonal

changes in the physionomy in the vegetation (Borchert 1994; Bullock and Solis-

Magallanes 1990; Eamus and Prior 2001; Singh and Kushwaha 2006; Valdez-

Hernández et al. 2010). The main phenophases like leaf-fall, leaf-flushing,

flowering, and fruiting are closely linked to water availability (Borchert 1994;

Bullock and Solis-Magallanes 1990; Eamus and Prior 2001; Singh and Kushwaha

2006; Valdez-Hernández et al. 2010). The phenophases of leaf-flushing, flowering,

expansion and development of fruits are triggered by the start of the rainy season

(Daubenmire 1972; Borchert 1994; Bullock and Solis-Magallanes 1990; Eamus and

Prior 2001; Do et al. 2005), while in most of the species the leaf-fall is related to the

start of the dry season (Borchert 1994; Sayer and Newbery 2003; Valdez-

Hernández et al. 2010). The water status of the plants can be determined by intrinsic

factors like foliar area, wood density and size of the roots, modified by the
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phenological response between individuals and species (Borchert 1994, 1998;

Valdez-Hernández et al. 2010).

The phenology of the vegetation of the Yucatán Peninsula follow the trends of

SDTF with some important environmental specifics, viz (1) a high intra and inter

annual variability in precipitation (Márdero et al. 2012), (2) a high spatial variabil-

ity in precipitation, with a gradient between 600 mm annual precipitation in the

northwest to 1400 mm in the southeast of the peninsula (Orellana et al. 2009),

(3) High infiltration of the precipitation given the karstic origin of the peninsula,

generating an extensive network of underground rivers and sinkholes, known as

“cenotes” (Bauer-Gottwein et al. 2011). The environmental characteristics previ-

ously described can influence and create spatio-temporal differences in inter and

intra specific phenological cycles. However, the patterns of vegetative and repro-

ductive phenology of the species distributed in the Yucatán Peninsula are poorly

studied.

This chapter the information is organized into three sections, the first part covers

the vegetative phenology, the second part reproductive phenology and finally a

conclusion and perspective in the study of phenology of the Yucatán Peninsula.

4.2 Vegetative Phenology

One of the most conspicuous features in the physionomy of the vegetation of the

Yucatán Peninsula is the seasonal variability in foliar cover (Fig. 4.1). This feature

is based on the vegetation classification of Miranda and Hernández-X (1963), one

of the most used vegetation classification system in the Yucatán Peninsula and

Mexico.

This system uses the deciduous character of the vegetation, recognizing two

groups: deciduous forests (more than 75 % of the species drop their leaves in the dry

season) and evergreen forests (less than 25 % drop their leaves in the dry season).

Besides, in each group there are subdivisions which consider intermedia categories

(sub-deciduous and semi-evergreen).

This classification system allows us to understand on a large scale the foliar

phenology of the vegetation. According to the INEGI vegetation map (2013,

Chap. 3, Fig. 3.1), the state of Quintana Roo and the southern part of the state of

Campeche, are mainly covered by evergreen and semi-evergreen forests. The state

of Yucatán and the northern part of Campeche present deciduous or sub-deciduous

forests. This distribution is closely related to the precipitation gradient recorded

from the northeast to the southeast of the peninsula, in an interval between 600 and

1400 mm (Orellana et al. 2009). However, it is necessary to study of factors which

determine foliar phenology in much more detail. In these forests, nearly 2400

species of vascular plants are distributed (Duno et al. 2011). Some of the most

frequent species including Bursera simaruba, Metopium brownei, Piscidia
piscipula and different taxa of the Fabaceae family, are indistinctively present in

deciduous and evergreen forest, which indicates that the deciduous character of the
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vegetation is influenced by environmental conditions causing a differential

response of foliar phenology in the taxa.

Foliar phenology has been poorly studied in the Yucatán Peninsula, there is only

one study which documents changes in foliar cover, in a limited number of

conspecific species. In this study, Valdez-Hernández et al. (2010) analyzed the

effect of water availability in the phenology of five representative species of

deciduous forests in the north of the Yucatán Peninsula. Considering that water

access could be limited by the seasonality of the precipitation, the distance of the

individuals to a cenote as water source, and physiological and morphological

characteristics like the water potential and wood density. According to a 2 year

follow up study on foliation three patterns were identified. Deciduous hard-wood

species (Acacia gaumeri, Apoplanesia paniculata) with leaf-fall in the dry warm

season (March–May) and leaf-flush at the beginning of the rainy season (May–

June). Deciduous species with soft-wood (Bursera simaruba) with leaf-fall and

leaf-flush in the dry-temperate season (November–February). Leaf-exchanging

species (Diospyros cuneata and Gymnopodium floribundum) present less than

50 % of foliar cover in the dry season (December–May) reducing while water

stress increases. Leaf-exchanging happens in the mid rainy season (June–July),

when precipitation is constant. In all foliar patterns, a micro climate effect of water

availability was observed, as individuals close to a cenote all species retained their

leaves for a longer time periods. In leaf-exchanging species, their capacity to retain

leaves during the dry season could indicate access to underground water.

In Belize, with a similar vegetation and floristic composition, foliar phenology

was studied by Sayer and Newbery (2003). These authors studied the effect of

diametric size in foliar phenology of ten arboreal species, considering two

Fig. 4.1 Changes in the physionomy of a dry tropical forest, archaeological reserve Dzibilchaltún,

Yucatán. (a) rainy season (June–October), (b) dry season (March–May)
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categories of diameter and soil depth. In deciduous hard-wood species

(Gymnopodium floribundum, Esenbeckia pentaphylla, Metopium brownei), with
increasing diameter the foliation occurs earlier. While in the deciduous species

with soft-wood (Bursera simaruba, Jatropha gaumeri, Gliricidia sepium) the

diameter size had no influence on foliation, which is related with its capacity to

store water in the stem.

From both previously mentioned studies the attention is drawn to the fact that

G. floribundum can behave as deciduous species or leaf-exchanging species,

depending on micro environmental conditions of water availability. A key factor

related with its capacity of response to environmental variability is synchrony of

foliation. A low intraspecific synchrony can indicate a high plasticity and therefore

a higher response capacity of changing environments (Borchert et al. 2002). In

Yucatán, it was observed that species present a low synchrony in the phenophases

of leaf-fall and leaf-flush (Valdez-Hernández et al. 2010). Leaves have a lifespan,

which varies strongly among species and is defined by several factors. There is a

direct relation of useful life of the leaves with energetic costs involved in their

production (Santiago andWrigth 2007). An analysis of physiological adaptations of

some species is presented in Chap. 5.

4.3 Reproductive Phenology

Flowering and fructification periods of many plant species from the Yucatán

Peninsula are well identified. In rural communities it is well known when to visit

the forests to harvest Chico zapote (Manilkara zapota) or Nance (Byrsonima
crassifolia). People know when bees visit flowers of Dzizilche (Gymnopodium
floribundum) or Tajonal (Tagetes erecta). Despite this well-known empirical

knowledge, most studies of reproductive phenology have focused on a reduced

number of species (Parra-Tabla and Vargas 2004; Salinas-Peba and Parra-Tabla

2007; Valdez-Hernández et al. 2010). There are few works documenting floral

phenology of a higher number of species (Porter-Bolland 2003). Studies of repro-

ductive phenology of species of plants with no direct human use are rare.

In this section the reproductive phenology of 2170 species collected in the

Yucatán Peninsula (Table 4.1) are presented. To establish patterns of flowering

and fructification a revision of herbarium specimens was undertaken. The months

of flowering and fructification were obtained from the recorded information in the

data base of the CIQR herbarium, and by physical examination of the specimens to

record reproductive structures. The revision aimed at identifying flowering patterns

of 8225 herbarium specimens belonging to 2202 species. To analyze patterns of

fructification 6235 specimens were considered, belonging to 1032 species.

Reproductive phenology at the community level presents a seasonal behavior

(Fig. 4.2a). Flowering occurs in two main periods, one in the dry season (March–

May) with nearly 500 species in each month and another more prominent period at

the end of the rainy season (October–November) with 550 species each month.
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Table 4.1 Flowering and fruiting obtained for 2170 species collected in the Yucatán Peninsula

(continued)
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Table 4.1 (continued)

(continued)
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Table 4.1 (continued)

(continued)

64 M. Valdez-Hernández



Table 4.1 (continued)

(continued)
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Table 4.1 (continued)

(continued)
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Table 4.1 (continued)

(continued)
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Table 4.1 (continued)

(continued)
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Table 4.1 (continued)

(continued)
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Table 4.1 (continued)

(continued)
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Table 4.1 (continued)

(continued)
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Table 4.1 (continued)

(continued)
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Table 4.1 (continued)

(continued)
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Table 4.1 (continued)

(continued)
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Table 4.1 (continued)

(continued)
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Table 4.1 (continued)

(continued)
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Table 4.1 (continued)

(continued)
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Table 4.1 (continued)

(continued)
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Table 4.1 (continued)

(continued)
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Table 4.1 (continued)

(continued)
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Table 4.1 (continued)

(continued)
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Table 4.1 (continued)

(continued)
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Table 4.1 (continued)

(continued)
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Table 4.1 (continued)

(continued)
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Table 4.1 (continued)

(continued)
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Table 4.1 (continued)

(continued)
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Table 4.1 (continued)

(continued)
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Table 4.1 (continued)

(continued)
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Table 4.1 (continued)

(continued)

4 Vegetative and Reproductive Plant Phenology 89



Table 4.1 (continued)

(continued)
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Table 4.1 (continued)

Grey area: flowering; dotted area: fruiting; grey-dotted: flowering and fruiting
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Fig. 4.2 (a) Patterns of flowering and fruiting of 2170 plant species distributed in the Yucatán

Peninsula. (b) Flowering of representative families of the flora of the Yucatán Peninsula. (c)

Fructification of representative families of the flora of the Yucatán Peninsula. The grey area
indicates the rainy season
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Fructification shows a similar behavior, recording two peaks of fructification, one

peak in the dry season (March) and the most important one at the end of the rainy

season (October–November). Every month at least 15 % of the species present

flowering and/or fructification.

The importance of the flowering in the dry season was reported by Porter-

Bolland (2003), who found that at least 30 % of the melliferous flora of Campeche

flowers in the dry season. It is possible that the seasonality of the flowering is

related with foliar patterns and the water status of the plants. Leaf-exchanging

species (Diospyros cuneata and Gymnopodium floribundum) and deciduous soft-

wood species (Bursera simaruba) flower in the dry season, which could be related

to their capacity to retain a water reservoir in their stem, or obtaining water from

underground sources (Valdez-Hernández et al. 2010). While in deciduous hard-

wood species (Apoplanesia panniculata y Acacia gaumeri) flowering and fructifi-

cation occurs in the rainy season, when there is sufficient water to meet the demands

caused by flowering, fruiting and simultaneous foliation (Valdez-Hernández

et al. 2010). In Manilkara zapota, an evergreen hard-wood species, Salinas-Peba

and Parra-Tabla (2007) report that in forests and homegardens in Yucatán, the

maximum flowering and fructification peak is found in the rainy season (June–

September), although flowering and fruiting is scarce occurring throughout the

year. Similar behavior has been reported in dry tropical forests (Pav�on and Briones

2001; Borchert et al. 2004; Singh and Kushwaha 2006).

Patterns of reproductive phenology per family for five representative families

are shown in Fig. 4.2b, c. The phenological patterns show that Fabaceae have a

strong seasonality. Even this family presents flowering during the whole year

(Fig. 4.2b), there is a conspicuous increase at the end of the rainy season (October–

November). Fructification occurs mainly in dry season from November to February

(Fig. 4.2c). A similar pattern but less obvious is shown by Poaceae. The families

Apocynaceae, Moraceae and Euphorbiaceae show a constant reproductive phenol-

ogy. Although no studies exist about reproductive phenology on a family level in

the region, it is known that in some species, flowering and fructification can be

controlled by abiotic conditions. Favorable environmental conditions can speed up

or increase flowering and fructification. An increase in water and nutrient avail-

ability can be observed near permanent water sources (Valdez-Hernández

et al. 2010), in managed home gardens (Salinas-Peba and Parra-Tabla 2007) and

due to sporadic precipitation in the dry season known as caba~nuelas (Porter-

Bolland 2003).

4.4 Conclusions and Perspectives

The study of phenology requires monitoring of the same individuals duringover

long time periods. For the Yucatán Peninsula phenological studies cover 2 years

(Parra-Tabla and Vargas 2004; Valdez-Hernández et al. 2010), some studies just

considered few months, as monitoring is done for specific phenophase (Salinas-
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Peba and Parra-Tabla 2007). Short term studies, limit the possibility to distinguish

changes in seasonality of phenological patterns related to environmental changes.

The understanding of these relationships is essential in a seasonal environmental

like the Yucatán Peninsula. Mainly, because of the increase in seasonality due to the

effects of climate change (Orellana et al. 2009).

Changes in the periodicity of the phenology of species by environmental

changes, causes change at community level. Intense and long drought events,

hurricanes and fires of different intensity are frequent in the Yucatán Peninsula

(Boose et al. 2003). Those factors cause changes in vegetation structure which

range from defoliation or even decoupling of individuals (Sánchez and Islebe 1999;

Islebe et al. 2009). Frequency and intensity of those events can modify phenological

patterns as an adaptive response to new conditions. Valdez-Hernández et al. (2010)

reported that an early rainy season in 2005, induced earlier leave production in two

Fabaceae species (Acacia gaumeri and Apoplanesia panniculata). Availability of

resources in the dry season provoked an explosion of caterpillars, which consumed

all palatable leaves of Fabaceae (Campo and Dirzo 2003), causing that these plants

produce new leaves at expense of low flowering and fructification.

The effect of continuous disturbances in phenology at population, species and

community level is unknown. In the Yucatán Peninsula, phenology can be related to

a variety of factors like water availability, wood density, number and duration of

reproductive events (Valdez-Hernández et al. 2010), interspecific interactions like

specificity of pollinators (Parra-Tabla and Vargas 2004; Salinas-Peba and Parra-

Tabla 2007).

A complete monitoring of phenological patterns is required with the highest

number of possible species, which allows prediction of behavior of plant species in

terms of abundance and distribution. Also it is necessary to analyze the capacity of

plant communities to keep fauna of herbivores and frugivorous (Scott and Martin

1984; Montiel et al. 2011). Finally, knowledge on phenology brings knowledge on

proper management for non-timber forest resources (Salinas-Peba and Parra-Tabla

2007).
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