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Abstract

Background: Tree phenology has been related to abiotic and biotic factors that trigger and regulate phe-
nological patterns.

Question: We investigated whether tree species classified into ecological groups of species of successional
status (late-, early-successional tree species) and seed dispersal mode (anemochory, autochory, zoochory)
would display different phenological patterns.

Study site and dates: A tropical dry forest in eastern Mexico; November 2007 to September 2010.
Methods: We monthly recorded leaf fall, leafing, flowering, and fruiting in 165 trees belonging to 16 spe-
cies tagged along a trail inside a forest fragment (21 ha). Monthly precipitation and temperatures data were
obtained from the nearest meteorological station. Phenological periodicity was analyzed using circular
statistics.

Results: Leaf fall occurred during the dry season and leafing at the beginning of the rainy season. Flower-
ing at community level was not significantly cyclic because of differences within groups: late-successional
and zoochorous species displayed a flowering peak during the rainy season, whereas the early-succession-
al, anemochorous and autochorous species do during the dry season. Fruiting occurred over an extended
period but showed a cyclic pattern: Late successional and zoochorous species fruited at the beginning of
the dry season, whereas early-successional and autochorous species tend to displayed a peak of fruiting at
mid-dry season and the anemochorous at the end of the dry season.

Conclusions: Vegetative phenological patterns were similar at the levels studied and were clearly related
to climatic variables. However, the phenological patterns of reproduction differed within tree ecological
groups and were not consistently correlated with precipitation or temperature.

Key words: Anemochory, autochory, circular statistics, trees, zoochory

Fenologia vegetativa y reproductiva de grupos ecoldgicos de especies arbéreas en
una selva tropical seca en el centro de Veracruz, México

Resumen

Antecedentes: La fenologfa de los drboles se ha relacionado con factores abidticos y biéticos que disparan
y regulan los patrones fenoldgicos.

Preguntas: Investigamos si la fenologifa de los drboles mostraba diferentes patrones para grupos ecoldgi-
cos de diferente estatus sucesional (tardfas, tempranas) y modo de dispersion de semillas (anemocoria,
autocoria, zoocoria).

Sitio y afios de estudio: Selva tropical seca en Veracruz, México; noviembre 2007 a septiembre 2010.
Métodos: Mensualmente, registramos caida de hojas, foliacidn, floracién y fructificacién en 165 drboles
y 16 especies, en un fragmento de selva (21 ha). Datos mensuales de precipitacion y temperatura mensual
se obtuvieron de la estacion meteoroldgica mds cercana. La periodicidad fenoldgica se analizé mediante
estadistica circular.

Resultados: La caida de hojas ocurrid durante la estacidn de secas y la produccion de hojas al inicio de
la estacion de lluvias. En general, la floracion no fue significativamente ciclica debido a que las especies
tardfas y zodcoras mostraron un pico en lluvias, mientras que las especies tempranas, anemdcoras y auto-
coras lo presentaron en secas. La fructificacidn ocurrié en un periodo extenso pero con picos en secas: las
especies tardfas y zodcoras al inicio, las especies tempranas y autécoras a mediados y las anemdcoras hacia
el final de la estacion de secas.

Conclusiones: Los patrones en fenologia vegetativa son similares en los niveles estudiados y estdn rela-
cionadas con las variables climdticas. Sin embargo, los patrones de fenologfa reproductiva difieren dentro
de los grupos ecoldgicos y no se relacionan consistentemente con la precipitacion o la temperatura.
Palabras clave: Anemocoria, arboles, autocoria, estadistica circular, zoocoria
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ree phenology has been related to abiotic and biotic factors that trigger and regulate pheno-
logical patterns. In tropical dry forest, phenology has been associated with seasonal drought,
amount of precipitation threshold, soil moisture, plant water status (Reich & Borchert 1984,
Borchert 1994, Holbrook et al. 1995, Singh & Kushwaha 2005, Lopezaraiza-Mikel et al. 2014),
and an increase in photoperiod (Rivera et al. 2002, Sloan et al. 2007), but also with biotic inter-
actions with herbivores, pollinators and frugivores (Aide 1988, Sloan et al. 2007). Phenological
studies in a number of tropical dry forests allow us to make a reliable generalization: overall,
trees lose their leaves in the dry season, and in most species leaf flushing and flowering also oc-
curs during the dry season, mostly just before the rains begin. Fruiting occurs mostly during the
rainy season, but also from the end of the dry season to the beginning of the rainy season (e.g.
Frankie et al. 1974, Borchert 1994, Murali & Sukumar 1994, Griz & Machado 2001, McLaren
& McDonald 2005, Singh & Kushwaha 2005, Sloan et al. 2007, Valdez-Herndndez et al. 2010,
Lopezaraiza-Mikel et al. 2014, Dutta & Devi 2015).

Tropical dry forest are heterogeneous communities with a mosaic of habitats where tree spe-
cies with different successional status are suited to conditions such as seasonally closed canopy or
canopy gaps (Williams-Linera & Lorea 2009, Pezzini et al. 2014, Quesada et al. 2014, Herndndez-
Lezama 2016). Changes in vegetative and reproductive phenology as a function of successional
status within a community have not received much study for dry forest. However, there is evidence
that the timing and intensity of phenophases may differ between early- and late-successional spe-
cies (Quesada et al. 2009, 2014, Lopezaraiza-Mikel et al. 2014, Pezzini et al. 2014).

Seed dispersal is fundamental for maintenance of species distribution and diversity in a com-
munity. Tree seed dispersal mode and phenology have been studied for several dry forests and
linked to seasonality. In anemochorous species, the peak in fruiting has been observed during
the dry season when the loss of leaves increases wind circulation thereby facilitating seed dis-
persal (Griz & Machado 2001, Quesada et al. 2009, de Vasconcelos et al. 2010, Jara-Guerrero
et al. 2011). Autochorous tree species show peaks of fruiting during both dry and rainy season
(Murali & Sukumar 1994), or show no pattern of seasonality (Griz & Machado 2001, Carvalho
& Sartori 2015). In contrast, in zoochorous species the fruiting peak, including development
time and fruit ripening, was observed in the rainy season when animal dispersal agents are more
active (Murali & Sukumar 1994, Griz & Machado 2001, Jara-Guerrero et al. 2011).

The objective of this study was to determine phenological patterns and their relationship
to climate for sixteen tree species of a tropical dry forest, and groups of species classified ac-
cording to successional status (late-, early-successional tree species) and seed dispersal mode
(anemochory, autochory, zoochory). We predicted that vegetative phenology is related to cli-
matic variables but peaks differed within ecological groups. We also predicted that flowering
and fruiting of early successional, anemochorous, and autochorous species would occur in the
dry season when the forest canopy is leafless whereas late successional and zoochorous species
would do during the rainy season.

Materials and methods

In central Veracruz, Mexico, tropical dry forest has been practically destroyed by overexploita-
tion and conversion to agricultural land. The remaining forest represents 7 % of the original
dry-forest cover, although one third of this area is secondary vegetation, important remnants
of native forest still persists in the region (Lépez-Barrera et al., 2014). At the regional level,
the dominant tree species are Bursera cinerea Engl., B. fagaroides (Kunth) Engl., B. simaruba
(L.) Sarg., Calyptranthes schiedeana O. Berg, Heliocarpus donnellsmithii Rose, Stemmadenia
obovata K. Schum. and Tabebuia chrysantha (Jacq.) G. Nicholson (Williams-Linera & Lorea
2009). The climate is warm sub-humid with summer rain (Aw_ in Koppen’s classification, Soto
& Garcfia, 1989). Total annual precipitation is 957 mm and mean temperature is 25 °C. The rainy
season extends between June and October and the dry season from November to May (Figure
la). The study was conducted in one of the last undisturbed remnants (19° 16’ N, 96° 29° W,
elevation 97-117 m, surface 21 ha). In the studied fragment, observed richness was 17 tree spe-
cies recorded in 0.1 sampled ha (site 1; Williams-Linera & Lorea 2009).

Phenological observations were carried out along a narrow trail (< 1 m width, ca. 2 km
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lenght) starting 30 m from the edge of the forest into its interior. We randomly chose one tree
near the trail (we used random numbers to select a compass bearing and number of steps to the
starting tree), and then we tagged the nearest neighbor of each consecutive tree toward the in-
terior of the forest until we had compiled a list of the common tree species in the studied forest
fragment. This procedure lead to tag uncommon species encountered along the trail including
early successional species (Table 1). Different number of individuals of each species were re-
corded because we selected them as they were found along the trail. Tagged trees represented
50 % of reported species (site 1; Williams-Linera & Lorea 2009), and eight additional tree spe-
cies. Voucher specimens were deposited in the XAL Herbarium of the Instituto de Ecologia.

Tree species were classified into ecological groups according to their successional status as
late successional (mature forest species) and early successional (observed in forest light gaps
and secondary forests) based on our field experience and literature (Castillo-Campos & Medina-
Abreo 2002, Williams-Linera et al. 2011, Herndndez-Lezama 2016). Also, tree species were
grouped by their seed-dispersal mode based on the diaspore morphology, examined in the field
or herbarium specimens, into zoochorous (seeds dispersed by animals), anemochorous (propa-
gules with winds or hair dispersed by wind), or autochorous (mechanically self-dispersed) (van
der Pijl 1972, Castillo-Campos & Medina-Abreo 2002, Table 1).

Phenological observations were made during the second week of each month from the ground
with the aid of binoculars from October 2007 to September 2010, when Hurricane Karl stroke
the site at the end of September 2010. To assess phenological events two types of data were
obtained: number of trees in a phenophase and intensity of each phenophase. Intensity of each
phenophase was observed in a scale of 0 to 100 %; we visually estimated in each tagged tree the
percentage of the crown that was leafless or producing leaves, flowers or fruits using the follow-
ing categories: 0 (0 %), 1 (1-25 %), 2 (25-50 %), 3 (51-75 %), and 4 (76-100 %) (Fournier 1974,
Williams-Linera 1997). These values were averaged over individuals for each species by month
and year and used as a phenological index of intensity for further analysis. During the same
period that phenology was recorded, precipitation and temperature monthly data were directly
obtained from the nearest meteorological station located at 8.1 km from the study site at Loma
Fina, Station No. 30093 of the National Meteorological System of Mexico (19° 10’ N, 96° 18’
W, altitude 30 m).

Statistical analysis. Months of the year in sequence represent circular scales of measurement
and were analyzed using circular statistics (Morellato ez al. 2010, Zar 2010). Months were con-

Table 1. Tree species, family, and number of individuals observed (N) along a trail in a seasonally dry forest

of central Veracruz, Mexico. Status is successional status. Dispersal is seed dispersal mode. *5 female and
5 male trees

Species Family N Status Dispersal
Bursera cinerea Eng|. Burseraceae 11 Late Zoochorous
Bursera simaruba (L.) Sarg. Burseraceae 9 Late Zoochorous
Calyptranthes schiedeana O. Berg Myrtaceae 11 Late Zoochorous
Ceiba aesculifolia (Kunth) Britten & Baker f. Malvaceae 10 Late Anemochorous
Cochlospermum vitifolium Willd. Spreng. Cochlospermaceae 14 Early Anemochorous
Cliricidia sepium (Jacq.) Walp. Fabaceae 3 Early Autochorous
Guazuma ulmifolia Lam. Malvaceae 10 Early Zoochorous
Gyrocarpus jatrophifolius Domin Hernandiaceae 7 Late Anemochorous
Heliocarpus donnellsmithii Rose Malvaceae 16 Early Anemochorous
Ipomoea wolcottiana Rose Convolvulaceae 11 Early Anemochorous
Leucaena lanceolata S. Watson Fabaceae 7 Late Autochorous
Luehea candida (Moc. & Sessé ex DC.) Mart. Malvaceae 15 Late Anemochorous
Maclura tinctoria (L.) D. Don ex Steud. Moraceae 10* Late Zoochorous
Senna atomaria (L.) H. S. Irwin & Barneby Fabaceae 4 Early Autochorous
Tabebuia chrysantha (Jacq.) G. Nicholson Bignoniaceae 19 Late Anemochorous
Trichilia trifolia L. Meliaceae 8 Late Zoochorous
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verted to angles, from 15° = January to 345° = December, with 30° intervals. For each angle,
we used the number of trees in each phenophase to test seasonality (significant mean direction)
for all species together, species grouped by successional status and by seed dispersal mode, and
species separately. We calculated the mean angle (a), the mean vector (r) and significance of
the angle using Rayleigh’s test (z) to detect deviations from a circular uniform distribution (Zar
2010). The mean angle p and corresponding date do not necessarily point to the time of peak
activity, but indicate the central tendency of the data. Vector length reflects the seasonality of
the event and can vary from O for perfectly continuous to 1 for perfectly seasonal when all the
data are concentrated at the same direction or angle (Morellato et al. 2010). Two-sample and
three-sample Watson-Williams F-tests were used to test for differences in mean angle between
species grouped by successional status and seed dispersal mode, respectively (Zar 2010). We
used the package circular version 0.4-7 (Agostinelli & Lund 2013) in the R languaje version
3.1.1 (R Core Team 2014).

Monthly phenophase intensity (phenological index for leaf fall, leafing, flowering and fruit-
ing) during 36 months and precipitation and temperature for the same and the preceding month
(lag time reponse) were related using Spearman’s p correlation coefficients. Coefficients were
calculated for all species together, and groups of successional status and seed-dispersal mode.
Significance values were adjusted for multiple comparisons using the Bonferroni correction to
control Type I error.

Results

All species together. Overall, the phenophases displayed a significant cyclic annual pattern,
except flowering (Table 2). The central tendency of mean angles showed that the entire com-

Table 2. Results summarizing the main descriptive variables of the circular statistics for leaf fall, leafing,
flowering and fruiting at A. All species together, B. Species grouped by successional status, and C. Species

grouped by seed dispersal mode. Mean angle (a) or central tendency and between parentheses the date cor-
responding to the mean angle when significant, r is the mean vector, z is the Rayleigh test for the null hypoth-
esis of uniform distribution. Boldface type denotes that P < 0.001, italics type denotes that P < 0.01

Leafless Leafing Flowering Fruiting
A. All species together
Mean angle a (Date) 56 (Feb 26) 252 (Sep 12) 97 (-) 26 (Jan 26)
Vector r 0.29 0.31 0.06 0.17
Rayleigh z 339.5 358.1 2.28 43.7
B. Successional status
Late successional
Mean angle a (Date) 62 (Mar 02) 258 (Sep 18) 187 (Jul 07) 337 (Dec 07)
Vector r 0.33 0.27 0.18 0.12
Rayleigh z 261.0 183.8 7.6 13.8
Early successional
Mean angle a (Date) 43(Feb 13) 243(Sep 03)  47(Feb 17) 53(Feb 23)
Vector r 0.24 0.41 0.17 0.41
Rayleigh z 93.3 196.9 9.7 81.8
C. Seed dispersal mode
Anemochorous
Mean angle a (Date) 52 (Feb 22) 247 (Sep 07) 39 (Feb 09) 85 (Mar 25)
Vector r 0.29 0.4 0.4 0.22
Rayleigh z 195.5 301.2 44.9 30.3
Autochorous
Mean angle a (Date) 41 (Feb 11) 241 (Sep 01) 353 (Dec 23) 10 (Jan 10)
Vector r 0.29 0.13 0.22 0.29
Rayleigh z 315 7.3 5.9 14.5
Zoochorous
Mean angle a (Date) 66 (Mar 06) 265 (Sep 25) 195 (Jul 15) 349 (Dec 19)
Vector r 0.30 0.25 0.71 0.25
Rayleigh z 119.7 924 85.6 42.6
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munity is leafless in February and with leaves in September (Table 2, Figure 1b). Flowering did
not show a single peak for the whole community, and although fruiting appears extended over
the year showed a significant angle in January (Table 2, Figure 1c).

Groups of species. Species grouped into successional status and seed dispersal mode exhibited
the same vegetative phenological trends with leafless peaks in February-March (Figures 2a, 3a)
and full leafing during September (Figures 2b, 3b; Table 2).

Flowering and fruiting were seasonally different for late- and early-successional species
(Fyaconwitiiams = 302.9, 162.5, P < 0.0001, respectively) as well as for species grouped into seed-
dispersal mode (F, .. = 8069, 142.7, P < 0.0001, respectively). In late-successional
species a flowering peak occurred in July (rainy season) whereas early-successional species
presented a peak in February (dry season) (Figure 2c; Table 2). Late-successional species dis-
played a fruiting peak in December whereas the early-successional species peaked in February
(Figure 2d; Table 2).
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A) Leaf fall B) Leafing

Figure 2. Circular histograms of number of trees recorded in a month during three years in a vegetative and reproductive phenophases in a
tropical dry forest in Veracruz, Mexico. Trees were grouped according to their status into late- and early-successional species. Bars indicate
the number of trees displaying a phenophase in a given month for A) leaf fall, B) leafing, C) flowering, and D) fruiting.

Zoochorous species flowered in July and the other two groups displayed flowering peaks
from December to February (dry season) (Figure 3c; Table 2). Fruiting was extended, however,
zoochorous and autochorous species displayed peaks in December and January whereas the
anemochorous species peaked in March (Figure 3d; Table 2).

Species level. Most species (12 out of 16) were leafless during January-February. Calyptranthes
schiedeana and Trichilia trifolia retained their leaves longer than the other species and were not
leafless until April. Species leafing started with the rains and the trees were fully covered with
leaves in September, whereas species as C. schiedeana, Guazuma ulmifolia, Luehea candida
and T. trifolia continued with leaves showing significant mean angles until October-November
(Appendix 1).

Flowering had a significant mean angle for 12 species during the dry season and for four
species during the rainy season. However, a gradual shift in species flowering peak was evident
throughout the year. Ipomoea wolcottiana and Tabebuia chrysantha peaked at the dry season in
January. Other species flowered during March (Cochlospermum vitifolium, Gliricidia sepium,
Gyrocarpus jatrophifolius) and April-May (Ceiba aesculifolia, Senna atomaria, Bursera cine-
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A) Leaf fall

B) Leafing

|| Anemochorous
D) Fruiting Bl Autochorous

] Zoochorous

Figure 3. Circular histograms of number of trees recorded in a month during three years in a vegetative and reproductive phenophases in a
tropical dry forest in Veracruz, Mexico. Trees were grouped according to their seed dispersal mode into anemochorous, autochorous and zooch-
orous. Bars indicate the number of trees displaying a phenophase in a given month: A) leaf fall, B) leafing, C) flowering, and D) fruiting.

rea, B. simaruba); some species peaked during the rainy season (Guazuma ulmifolia, Maclura
tinctoria, Luehea candida, Calyptranthes schiedeana, Trichilia trifolia), and others at the begin-
ning of the dry season (Heliocarpus donnellsmithii, Leucaena lanceolata) (Appendix 1).

Fruiting occurred throughout the year, with some species producing fruits during the dry
season (Guazuma ulmifolia, Heliocarpus donnellsmithii, Ipomea wolcottiana, Leucaena lan-
ceolata, Tabebuia chrysantha, Trichilia trifolia), or late in the dry season just before the onset
of the rains (Gliricida sepium, Cochlospermum vitifolium). Fruiting peaked in other species
during the rainy season (Maclura tinctoria, Ceiba aesculifolia, Gyrocarpus jatrophifolius), and
still others started fruiting at the end of the rainy season or at the beginning of the dry season
(Calyptranthes schiedeana, Luehea candida) (Appendix 1).

Interaction with climate. Vegetative phenology showed a strong relation with climate. Leaf fall
was negatively whereas leafing was positively correlated with precipitation and maximum tem-
perature both for the same and the preceding month at all levels (community level, successional
status, and seed dispersal modes) (Table 3). The only exception was for the zoochorous species
and maximum temperature of the same month (Table 3).
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Table 3. Spearman correlation coefficients of leaf fall, leafing, flowering and fruiting and climatic variables for the same month and the preced-
ing month at A. All species together, B. Species grouped by successional status, C. Species grouped by seed dispersal mode. Data were monthly

measurements from November 2007 to September 2010 in a tropical dry forest of central Veracruz, Mexico. Pp is monthly precipitation and Tmax
is mean maximum temperature. Boldface type denotes that P < 0.001, italics type denotes that P < 0.01

Leafless Leafing Flowering Fruiting
Pp Tmax Pp Tmax Pp Tmax Pp Tmax

same pre same  pre same pre same  pre same pre same  pre same pre same pre
A. All species together

-0.64 -0.62 -0.23 -0.52 0.64 0.64 0.22 0.51 -0.03 -0.01  0.08 0.00 -0.14 -0.06 -0.13 -0.14
B. Successional status
Late -0.63 -0.63 -0.177 -0.47 0.63 0.64 0.76 0.46 0.09 0.09 0.716 0.12 0.00 0.05 -0.10 -0.04
Early -0.69 -0.61 -0.33 -0.63 0.67 0.63 032 0.60 -0.20 -0.16  -0.03 -0.19 -0.34 -0.26 -0.17 -0.32
C. Seed dispersal mode
Zoochory

-0.61 -0.64 -0.05 -0.38 059 0.63 0.05 0.37 0.25 0.10 0.38 0.35 -0.08 0.06 -0.25 -0.16
Anemochory

-0.67 -0.64 -0.30 -0.59 0.69 0.67 0.31 0.59 -0.13 -0.01  -0.09 -0.18 -0.177  -0.17 -0.03 -0.14
Autochory

-0.69 -0.55 -0.48 -0.73 0.67 0.59 0.41 0.67 -0.27  -021 0.00 -0.16 -0.19 -0.09 -0.20 -0.19

Reproductive phenology was not consistently related with climate. Flowering at community
level was not correlated neither to precipitation nor to temperature, but groups of species were,
indicating that different groups may flower or fruit in different periods of a year. Flowering for
late successional species was correlated for maximum temperature of the same month whereas
for early-successional species flowering and fruiting were negatively correlated to the same
month precipitation and the preceding month temperature (Table 3).

Flowering for zoochorous (positively) and autochorous (negatively) groups was correlated
to precipitation, whereas for anemochorous were only negatively correlated to a month-lag
temperature. Fruiting, at community level and for early species, was negatively correlated to
precipitation and to maximum temperature. Fruiting of the anemochorous was negatively cor-
related to precipitation and the zoochorous to temperature (Table 3).

Discussion

In the tropical dry forest of central Veracruz, Mexico, trees dropped their leaves during the dry
season, and remained leafless until May-June. Leaf flush increased at the end of the dry sea-
son coinciding with the onset of the rainy season, thus leaf fall was negatively correlated with
precipitation and maximum temperature, whereas leafing was positively correlated with these
variables. These vegetative phenological patterns have been widely documented for dry forests
(de Vasconcelos et al. 2010, Frankie et al. 1974, Kushwaha & Singh 2005, Valdez-Herndndez
et al. 2010, Dutta & Devi 2015). For example, in tropical dry forests of Mexico, Costa Rica
and Brazil, the highest proportion of individuals with no leaves was observed during the drier
months followed by leaf production immediately after rainfall started with the rainy season (Lo-
pezaraiza-Mikel et al. 2014). In Brazilian deciduous shrub land vegetation, increased leaf flush
was observed at the community level at the end of the dry season with a peak in the first months
of the rainy season (de Vasconcelos et al. 2010). However, the timing of rainfall as well as the
duration of the period without any rain, and the rainfall accumulated in the first and last month
of the wet season may play a more important role in phenology than total annual precipitation
(Borchert 1994, Holbrook ef al. 1995, Lopezaraiza-Mikel et al. 2014, Reich & Borchert 1984,
Valdez-Herndndez et al. 2010).

Vegetative phenology of ecological groups of species had similar central tendency of peak
activity (mean angles) but there were some differences in the intensity. Early-successional spe-
cies had a higher level of deciduousness than late successional species, and leafing occurred one
month later. Then species such as Calyptranthes schiedeana and Trichilia trifolia (late-succes-
sional and zoochorous species) showed semi-deciduous or leaf-exchanging behavior (Singh &
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Kushwaha 2005, Valdez-Herndndez et al. 2010), and for which leaf fall lasted less than 3 mo,
though unlike all the other species, they were not observed completely leafless. Also, two spe-
cies were not significantly cyclic in leafing (Leucaena lanceolata and Senna atomaria) because
they presented bimodal or multimodal leaf production along the years.

Overall, flowering showed no seasonality, which is related to the fact that different groups of
species displayed peaks at different times of the year (Quesada et al. 2014, Carvalho & Sartori
2015, Dutta & Devi 2015). Late-successional and zoochorous species produced peaks of flow-
ers during the rainy season, whilst early successional, anemochorous and autochorous species
displayed a flowering peak during the dry season. Contrary to our results, several studies report
an extended flowering through the dry season, or peaks at the end of the dry season or begin-
ning of rainy season (Frankie et al. 1974, de Vasconcelos et al. 2010, Lopezaraiza-Mikel et al.
2014, Quesada et al. 2014). During the dry season, leaf and flower production coincide with
peak irradiance, and this may support an alternative hypothesis that leaf production and flower
production have been selected to coincide with minimum herbivorous insect abundance and
maximum irradiance (Aide 1988, Sloan et al. 2007, van Schaik et al. 1993). Accordingly, during
the rainy season, flowering of zoochorous species may be related to the presence of pollinators
(van Schaik et al. 1993, Lopezaraiza-Mikel et al. 2014).

Overall, fruiting occurred during the dry season and was negatively associated to precipita-
tion. In general, late-successional and zoochorous species had a fruiting peak towards the start
for the dry season, whilst early successional, anemochorous and autochorous species tended to
produce fruit at the end of the dry season. However, fruiting occurred over an extended period
and thus, at least three species showed a significant peak in the rainy season. The species fruiting
at the rainy season, independently of the dispersal mode, were late successional species (zooch-
orous: Maclura tinctoria; anemochorous: Gyrocarpus jatrophifolius and Ceiba aesculifolia).
In several tropical dry forest, it has been reported that most species fruit during the dry season
(Frankie et al. 1974, Tadwalkar et al. 2012, Lopezaraiza-Mikel et al. 2014) but there are reports
of fruiting peaks at the beginning of the rainy season (McLaren & McDonald 2005).

In our tropical dry forest, most of the trees monitored were anemochorous and autochorous,
with the result that the observed community pattern was biased toward those groups. In several
dry forests, it has been reported that anemochory is the most frequent dispersal mode with most
seeds falling during the dry season (Griz & Machado 2001, Quesada et al. 2009, 2014), and
autochory is displayed by Fabaceae trees which is one of the most abundant families in our
forest (Williams-Linera & Lorea 2009). An association between seed dispersal syndrome and
fruiting phenology has been reported for several dry forests. Similar to our results, in the tropi-
cal dry forest of southern Ecuador, and Brazil, the largest proportion of anemochorous species
fruited during the dry season (Griz & Machado 2001, Jara-Guerrero et al. 2011). Contrary to our
observations, zoochorous and autochorous species in those forests fruited during the wet sea-
son (Griz & Machado 2001, Jara-Guerrero et al. 2011). In Northern India, Murali & Sukumar
(1994) found that anemochorous and autochorous showed extended fruiting and no seasonality,
but zoochorous showed seasonal fruiting during the wet months.

We conclude that vegetative phenology is similar at all the levels studied, though there are
species that behave differently, however, reproductive phenology differed between tree ecologi-
cal groups. Our results support the hypothesis that in tropical dry forest vegetative phenology is
more strongly related to climate than reproductive phenology is since leaf fall occurred during
the dry season and leaf production coincided with the onset of the rainy season. For all species
together and most groups of species flowering and fruiting peaked at different times during the
dry season. In contrast, late successional and zoochorous tree species produced flowers in the
rainy season. Studying the patterns of phenology in dry forest allows us to understand how they
are related to climatic variables and gives us a glimpse into how some groups might be more
susceptible to a changing environment.
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Appendix 1. Results summarizing the main descriptive variables of the circular statistics for
leaf fall, leafing, flowering and fruiting at species level. Mean angle (a) or central tendency and
between parentheses the date corresponding to the mean angle when significant, r is the mean
vector, z is the Rayleigh test for the null hypothesis of uniform distribution. Boldface type denotes
that P < 0.001, italics type denotes that P < 0.01

Tree species

Leafless Leafing Flowering Fruiting

a (Date) r z a (Date) r z a (Date) r z a (Date) r z
Bursera cinerea

36 (Feb 6) 0.25 179 240 (Aug 30) 0.56 57.2 138 (May 18) 0.95 14.5 295 (Oct25) 0.11 1.9
Bursera simaruba

31 (Jan 30) 0.23 14.2 234 (Aug 24) 0.56 49.5 144 (May 24) 0.96 20.2 301 (Nov 01) 0.09 1.3
Calyptranthes schiedeana

117 (Apr27) 0.63 48.1 320 (Nov 20) 0.11 4.1 212 (Apr22) 090 5.6 309 (Nov 09) 0.78 17.0
Ceiba aesculifolia

29 (Jan 29) 0.36 29.8 219 (Aug 09) 0.41  38.5 121 (May 01) 0.96 25.2 246 (Sep 06) 0.24 11.0
Cochlospermum vitifolium

35 (Feb 05) 0.15 9.7 228 (Aug 18) 0.63  90.0 70 (Mar 10) 0.86 66.5 112 (Apr22) 0.86 71.2
Gliricidia sepium

47 (Feb 17) 0.36 8.6 253 (Sep 13) 0.31 7.1 72 (Mar 12) 0.89 15.1 114 (Apr24) 093 11.3
Guazuma ulmifolia

49 (Feb 19) 0.33 27.2 272 (Oct 02) 0.22  13.0 207 (Jul 27) 0.69 36.7 3 (Jan 03) 0.62 59.3
Gyrocarpus jatrophifolius

37 (Feb 07) 0.28 14.3 227 (Aug 17) 0.53  36.1 68 (Mar 08) 0.78 19.6 165 (Jun15) 0.26 7.2
Heliocarpus donnellsmithii

46 (Feb 16) 0.30 379 244 (Sep 04) 0.54 76.7 306 (Nov 06) 0.94 57.9 30 (Jan 30) 0.72 44.2
Ipomoea wolcottiana

40 (Feb 10) 0.17 9.6 247 (Sep 07) 0.52 589 11 (Jan 11) 0.86 24.6 86 (Mar 26) 0.87 39.9
Leucaena lanceolata

41 (Feb 11) 0.24 124 244 (Sep 04) 0.09 2.0 309 (Nov 09) 0.80 41.3 9 (Jan 09) 0.68 34.3
Luehea candida

69 (Mar 09) 0.43 579 287 (Oct 17) 0.33 37.7 217 (Aug 07)  0.97 14.2 325 (Nov 25) 0.6 19.9
Maclura tinctoria

58 (Feb 28) 0.29 213 278 (Oct 08) 0.27 18.8 199 (Jul 19) 0.94 26.1 234 (Aug 24) 0.94 20.2
Senna atomaria

37 (Feb 07) 0.38 12.2 212 (Aug 02) 0.1 1.5 116 (Apr 26) 0.55 12.7 295 (Oct25) 0.13 1.5
Tabebuia chrysantha

66 (Mar 06) 0.45 81.3 266 (Sep 26) 0.29 379 27 (Jan 27) 0.96 11.2 83 (Mar 23) 0.84 33.1
Trichilia trifolia

96 (Apr 06) 0.71 70.5 298 (Oct 28) 0.23 14.0 241 (Sep 01)  0.96 19.6 22 (Jan 22) 0.38 23.4
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