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Abstract. One the effects of climate change on populations has been the alteration in the geographical
limits and spatial mobility of plants, which generates changes with associated species, such as honeybees
which could produce changes in beekeeping. The aim of this study was to determine the spatio-temporal
mobility of beekeeping, in the short, medium and long term, in the main honey-producing area in the Gulf
of Mexico's beekeeping region due to changes in temperature resulting from climate change using a
regional assembly model with scenario A2. The productive potential of eight indicator melliferous species
was determined: C. sinensis, C. paradisi, B. simaruba, C. arabica, A. germinans, R. mangle, B. nigra and
S. mombin. The development potential for A. mellifera was determined based on combining bee thermal
comfort and melliferous species’ information, forming four categories for apicultural development. Based
on the type of flowering, beekeeping will be confronted by a loss of suitable area for citrus species and an
increase in area for the rest of the indicator species, which demonstrated different changes according to
each species from the short to the long term. Therefore, beekeeping will have a varied spatio-temporal
mobility according to the availability of botanical resources and the thermal comfort of the honeybee.
Keywords: apiarian mobility, melliferous flora, beekeeping and climate change, Apis mellifera, honey

Introduction

Global temperature increases forecasted by the Intergovernmental Panel on Climate
Change are estimated to range from 1.4 to 3.1 °C over the next 100 years (IPCC, 2014).
This will affect individuals, populations and species, as well as ecosystems, resulting in
changes in the geographical limits and spatial and elevational mobility of plant
communities. This will generate changes in space and time in ecosystem relationships
with associated species (Bravo et al., 2011, Zhou et al., 2016).

Among the ecological relationships, the one which exists between plants and bees is
one of the most valued since 35% of global food production comes from crops
pollinated by bees (Saturni, 2016), and also because beekeeping is an economic activity
seen as a tool for the development of the primary sector in different countries (Huerta,
2008).

In beekeeping, the honey yields that determine the sector’s profitability are related to
the weather conditions that directly and indirectly affect honeybee (Apis mellifera L.)
dynamics (Delgado et al., 2012, Mendizabal, 2005) and plant phenology (Hegland et al.,
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2009). Therefore, phenological processes related to thermo-pluvial variations are one of
the main factors influencing ecosystems (Hildrew et al., 2017), as a result of climate
change (Gomez-Diaz et al., 2007). Such variations affect bloom times due to increases
in temperature, generating imbalances with pollinators associated with the vegetation
(Tam and McDaniels, 2013).

Variation in vegetation phenology is an indicator in climate change ecosystems
(Zhou et al., 2016). At regional scales, this impact has been underestimated for honey
production (Delgado et al., 2012), which depends on the comfort state provided by the
balance between the physiology of an organism and the environment that surrounds it,
for optimum food transformation (Ruiz et al., 2011).

Therefore, the presence of tropical storms, hurricanes with destructive force and
droughts as a result of climate change have an impact on bee production (Guemes et al.,
2003), as well as its profitability (Magafia et al., 2016). In Mexico, honey production
has maintained a downward trend (SIAP, 2015), which is attributed to, among other
factors, the presence of erratic storms, early frosts and droughts that are not conducive
to optimum flowering development (Contreras-Escareno et al., 2013). In 2005 and
2007, a 11.1% reduction in honey production coincided with the presence of Hurricanes
Wilma and Dean on the Yucatan Peninsula. However, in 2009 and 2010 a combination
of the ENSO neutral and negative (La Nifia) phases contributed to a 6.1% drop in
domestic honey production (CONAGUA, 2011, SIAP, 2015).

Therefore, an alteration in the climatic system can define a new spatial distribution of
bees intervening in the foraging relationships between species and races, as well as in
the development of associated parasites and pathogens. This will force beekeepers to
change their production methods in the coming decades (Le Conte and Navajas, 2008).

In countries such as Puerto Rico, the trend in terms of areas for honey production has
been evaluated with climate projection models, based on future climate change
scenarios. This is where a risk is foreseen in the form of a predicted reduction in the
spatial areas suitable for apicultural development (Delgado et al., 2012).

The study of changes in beekeeping through future scenarios that allow projecting
possible changes induced by climate change, based on the plant-insect relationship in
tropical regions, would enable exploring the availability of suitable areas for apiculture
in space and time, for the development of use and adaptation strategies.

In this regard, the aim of this research was to determine the spatio-temporal mobility
of beekeeping in the central region of the state of Veracruz along the Gulf Coast in the
short (2021-2030), medium (2041-2050) and long term (2051-2060), due to changes in
temperature and precipitation resulting from climate change predicted by the SICC
regional assembly projection model under scenario A2 conditions (IPCC, 2007). The
information thus generated is intended to provide a comprehensive overview of the
impacts that this phenomenon will have on beekeeping in this important apiarian region,
considering the spatial area available for the development of melliferous species.

Materials and Methods

The study area was the main production area in the beekeeping region of the Gulf of
Mexico (Villegas et al., 2003), located between 97° 27° 0°* and 95° 26° 41.9°> WL and
18°31° WL. This region comprises 20 municipalities in the state of Veracruz, namely:
Altotonga, Alvarado, Atzalan, Boca del Rio, Coatepec, Comapa, Cérdoba, Cosautlan de
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Carvajal, Emiliano Zapata, Ixhuacan de los Reyes. Jalacingo, Martinez de la Torre, San
Rafael, Soledad de doblado, Teocelo, Tlapacoyan, Veracruz, Xalapa, Xico and Zentla.

The indicator melliferous species that account for the bulk of honey production and
that have a high weighting in terms of the number of individuals per hectare were
identified. This information was based on the records of the transhumance routes in the
region (PRONATURA-Veracruz, 2010), as well as information provided by n= 88
beekeepers on the main blooms on each of the routes.

It was taken as a sample beekeepers population who issued record levels of
infestation by Varroa destructor Anderson and Trueman (2000), as issued by the
national governing body in the state delegation of SAGARPA. To estimate the sample
size from a population of N=247, a simple random sampling technique was used
(Scheaffer et al., 1987), where:

e

No~
n = -
(N—-1)D + o°

N = Number of hives
n = Sample size

a = Standard deviation
D = Error disposition

Sample size (n = 88) was obtained by replacing the following values in the formula:
N =247, the standard deviation of the number of hives (c) =200.6 and B = 34.4, with a
=0.95.

We used the Mexican productive crop potential method (Diaz et al., 2012) and
geographic information system tools (scale 1:50,000), along with Series Ill climate
(precipitation and temperature) data from the National Institute of Statistics and
Geography (INEGI) and edaphoclimatic requirements of indicator species such as
temperature, precipitation, elevation, soil type, depth and texture, and the salinity
variable for the species that required it. Vector images were developed at the INIFAP
Teocelo Experimental Site’s Digital Agromap Laboratory; the images were reclassified
at two levels: the high (1) and medium (2) development area based on the
edaphoclimatic requirements of the species (Ruiz et al., 2011).

In parallel, the response in A. mellifera L. development to the environmental
temperature was defined to predict the potential geographical distribution amplitude of
the species, using the cartographic process employed for the productive potential of the
melliferous plants.

In the final stage, an intersect of the resulting vector models between plants and bees
was made to determine the spatial distribution for the beekeeping activity in the desired
time period. The INIFAP National Environmental Information System (SIA for its
acronym in Spanish) was used, with historical normal values for the period 1961-2003
(Ruiz et al., 2003), which was worked in raster format, adding algebraically the
estimated future anomalies by Magafnia and Caetano (2007) in their model SICC. The
simulation of climate changes due to climate change in the short (2021-2030), medium
(2041-2050) and long term (2051-2060) was based on the SICC assembly model
proposed by Magafia and Caetano (2007) with weighted climate values from 10 General
Circulation Models (mpi_echam5, miub_echo_g, csiro_mk3 0, csiro_mk3_5,
cccma_cgem3_1, giss_model e r, ncar_ccsm3_0, miroc3_2 hires, mri_cgcm2_3 2a,
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ukmo_hadcm3), with a resolution of 90 m x 90 m. This assembly presented changes
according to scenario A2 contained in the AR4 published by the IPCC (2007).

With the SICC and SIA we calculated deviations of the study variables between the
1961-2003 climatology and the decades of short (2021-2030), medium (2041-2050) and
long term (2051-2060) showing that the temperature will have an increase of 1.8 to 2
°C, from tropical regions and high valleys such as the apicultural region of the study
area.

The indicator melliferous species used for the present study were: Citrus sinensis (L.)
Osbeck (lemon), Citrus paradisi Macf. (grapefruit), Bursera simaruba (L.) Sarg.
(gumbo-limbo), Coffe arabica L. (coffee), Avicennia germinans L. (black mangrove),
Rizophora mangle L. (red mangrove), Brassica nigra (L.) Koch (black mustard) and
Spondias mombin L. (jobo) (Figure 1).

In the mapping process, waterbodies and urban areas were excluded because they
included wild plants that did not correspond to specific crop areas. In addition, due to
the similarity in edaphoclimatic requirements, the two citrus (C. sinensis and C.
paradisi) and mangrove forest (A. germinans and R. mangle) species were grouped into
two flowerings: citruses and mangrove. The changes in the area with productive
potential for melliferous species were presented in units of hectares to quantify the
changes in the spatial and temporal dimension based on the projection model.

120

100

No. of beekeepers
=]
[=]

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Months
# Cifruses - Multifloral spring # Mangrove
4« Pueblahigh platean # Veracruz high platean i Multiflora summer

Figure 1. Temporality of blooms available in the beekeeping region of the Gulf of Mexico,
based on the percentage of beekeepers

Results and Discussion
Mobility of the melliferous flora

Based on the projection model, it was found that the cultivated citrus species (C.
sinensis and C. paradisi) showed a reduced area with high potential in the short
(57.6%), medium (70.1%) and long term (75.2%). The replacement of the area with
high potential, by areas with characteristics of medium potential, reflected that the
predictions of the simulation model for these species are negative. However, by being
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cultivated species, the impacts could be cushioned by human actions rather than by any
response mechanisms they may have (Table 1).

Table 1. Percentage change in the melliferous flora area at temporal scale

Level of change

Period Indicator species High Trend Medium  Trend
Short term  Citruses -57.6 ! 56.6 1
(2021-2030)  B. simaruba 4.7 1 -8.2 !

C. arabica 2.1 1 8.3 1

Mangrove 0.0 = 0.0
B. nigra -4.1 ! 0.9 1
S. mombin 12.0 1 -12.4 !
Medium term Citruses -70.6 ! 69.4 1
(2041-2050) B. simaruba 51 1 -7.9 !
C. arabica 0 4.1 !

Mangrove 0.0 = 0.0
B. nigra -3.3 ! 0.7 1
S. mombin 13.6 1 -14.1 !
Long term  Citruses -75.2 ! 73.9 1
(2051-2060  B. simaruba 5.0 1 -8.0 |
C. arabica -1.9 ! -11.6 !

Mangrove 0.0 = 0.0
B. nigra -3.0 ! 0.6 1
S. mombin 4.0 1 -4.2 !

The sign (-) indicates reduction in area percentage value.

The citrus species involved in transhumant beekeeping are cash crops where
production depends on characteristics such as technical handling, input and
management, technological efficiency, soil, pests and diseases, productivity per tree and
per hectare, management requirements, shipping costs and logistics (Neves et al., 2012).

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 15(4):163-175.
http://www.aloki.hu @ ISSN 1589 1623 (Print) @ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1504_163175
© 2017, ALOKI Kft., Budapest, Hungary



Castellanos-Potenciano et al.: Spatio-temporal mobility of apiculture affected by climate change
-168 -

Thus, impacts caused by climatic variations that jeopardize production are only
determined by the geographical and temporal location of these crops (Rosenzweig et al.,
1996), so that climate change will exacerbate their spatial distribution problems
(Fitchett et al., 2014).

For its part, C. arabica (coffee) is another cultivated indicator melliferous species
that improves its production yields due to the presence of bees (Saturni et al., 2016). In
this regard it was observed that in the short and medium term, the development area
with high potential showed an increase of only 2.1 and 2.0%, respectively, compared to
the current potential area, but in the long term it had a reduction of 1.9% with respect to
the current area values. Therefore, the variation between one period and another did not
allow demarcating a positive or negative spatial trend (Table 1).

Although C. arabica showed a lower reduction percentage in the area with high
productive potential, it coincides with reports from the Southern Sudan in Africa, where
the loss of optimum area for coffee cultivation, under the A2A scenario, is up to 68%.
However, in contrast to the results of the model used in this study, the area of
intermediate potential is reduced by 11.6%, whereas in Africa this area increases by
95% until the 2080s (Davis et al., 2012).

While the change in projected areas is greater in that reported by Davis et al. (2012),
the reduction in the area with optimum conditions for coffee cultivation is confirmed in
this study and the percentage difference between the two can be attributed to geographic
factors and the structure and approach of the type of climatic modeling used (Zhang et
al., 2015).

For the species B. nigra, the projection model showed a negative impact for the area
with high development potential, with a 3% reduction in relation to the current area
from the short to the long term (Table 1).

For their part, the mangrove species (A. germinans and R. mangle) showed no spatial
changes in areas with high productive potential, so based on the A2 scenario these plant
communities will not undergo changes (Table 1). However, the IPCC predicts that
coastal systems will experience adverse impacts from inundation, flooding and coastal
erosion, which can lead to a loss of area suitable for the development of these species
(IPCC, 2014). Because they are bio-complex systems that involve changes in the
relative increase in sea level, temperature and soil chemical conditions, mangrove
ecosystems require a comprehensive approach to ecosystem management to understand
their operation and the effects that climate change entails (Yafez-Arancibia et al., 2014,
Day et al., 2008).

One hypothesis is that these ecosystems could benefit by undergoing a spatial and
temporal expansion due to the effects of climate change, based on a possible
tropicalization of the Gulf of Mexico (Yanez-Arancibia et al., 2014) excluding the
impacts mentioned, as well as those generated by demographic, economic and urban
growth that put the structure, composition, function and distribution of these ecosystems
at risk (IPCC, 2014, Yainez-Arancibia et al., 2014).

The species that expanded their development areas were those that make up part of
the wild vegetation, B. simaruba and S. mombin, as part of the spring and autumn
flowering. In both species the climate projection model predicts a positive impact in the
short, medium and long term, increasing the development area with high potential by
5% for B. simaruba and 4% for S. mombin, with respect to the current area.

The amplitude of intervals in the edaphoclimatic development characteristics of the
species gave them greater tolerance to the changes that the model projects, which is why
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an increase in the development area in comparison with the cultivated species is
predicted. However, according to the fifth IPCC report (2014), tree mortality and forest
decline due to rising temperatures will increase in different regions, jeopardizing carbon
storage, biodiversity, timber production, water quality and aesthetic value.

Therefore, whether there is an increase or reduction in the development area of the
indicator species as a consequence of global warming will be subject to the dispersion
ability of each species, based on its edaphoclimatic characteristics, tolerance intervals
and associated fauna. As a result, spatial mobility will be different for each type of
species or set of plant populations (Yanez-Arancibia et al., 2014).

Thermal comfort of A. mellifera

It was found that the space projected with optimum comfort conditions for bee (A.
mellifera) development increased. Based on the thermal factor, the high potential
development area showed an expansion in spatial distribution of 19% in the short term,
23.40% in the medium term and 25.4% in the long term, while the medium potential
area decreased by 32.6% in the short term, 40.9% in the medium term and 45% in the
long term, which indicates an increase in the geographical distribution, as a
consequence of the variations in temperature that climate change entails in the A2
scenario.

These results confirm that temperature is one of the main determinants of the
ecological role played by species (Hildrew et al., 2017) and biogeographical distribution
(Jeffree and Jeffree, 1994, Bravo et al., 2011). Therefore, the amplitude of the
geographical space for the bee (A. mellifera) predicts that it will favor the expansion in
the current limits of areas with thermal comfort. As has been reported for other insects,
bees will have a clear spatial mobility (Regniere, 2009; Kiritani, 2013). However,
landscape modification and extensive agriculture are constant risk factors that promote
the fragmentation of suitable habitats for beekeeping (Burkle et al., 2013) (Table 2).

Table 2. Percentage change in thermal comfort area for A. mellifera from short to long term

Potential/period  Short Trend Medium Trend Long  Trend
High 19.0 1 23.4 1 25.4 0
Medium -32.6 ! -40.9 ! -45.0 !

The sign (-) indicates reduction in area percentage value.

Spatio-temporal mobility of beekeeping areas

With the intersects, the area with optimum thermal comfort for bees and optimum
development potential for melliferous plants in each type of flowering was projected.

In the citrus species (C. sinesis and C. paradisi), negative changes were observed due
to a 57.6% loss of spatial distribution in the optimum area for beekeeping development
from the short (2021-2030) to the long term (2051-2060), as well as in the species S.
mombin, which showed a 12% reduction in distribution for the same period (Table 3)
(Figure 2).
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Citruses (C. sinensis and C. paradisi) C. arabica
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Figure 2. Predicted impact of climate change on beekeeping under current and future climatic
conditions (scenario A2, IPCC)

Table 3. Percentage of the area of change in crosses made

Period Indicator Plant(+) Plant(+) Plant(-) Plant(-)
spp Bee (+) Bee (-) Bee (+) Bee (-)
Citruses 576 | - -- 137.0 1 -81.0 !
B. simaruba 123 1 -100.0 1 16.0 1 -57.6 !
C. arabica 683.2 1 -70.9 1 37.6 1 -16.1 !
Short -
Mangrove 10 = e R — R -
term )
B. nigra 9266.0 1t 41.4 1 18514.0 1 -16.9 l
S. mombin -120 | - -- 51.0 1 -52.0 !
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Citruses -706 | - - 163.5 1 -91.9 !

B. simaruba 13.0 1 -99.6 1 21.9 1 -68.1 !

Medium C. arabica 8353 1 -87.3 1 29.3 1 -31.9 !
term Mangrove 10 = -  — e --
B. nigra 93329 1 425 1T 28946.0 1 -29.7 !

S. mombin 140 1 - - 66.0 1 -65.0 !

Citruses -15.2 | - -- -172.8 l -95.7 l

B. simaruba 13.0 1 -99.4 1 -24.2 1 -72.6 !

Long C. arabica 850.2 1 -93.3 1 24.3 1 -41.4 !
term Mangrove 20 | -  — e -
B. nigra 9430.1 1 425 1T 35056.0 1 -37.1 !

S. mombin 40 1 - - 101.0 1 -70.0 l

By contrast, the projections for the species that are expected to broaden their spatial
distribution due to an increase in the optimum development area for beekeeping from
the short to the long term were the association of the bee with B. simaruba, B. nigra,
and C. arabica, showing an expansion in area of the region suitable for bee
development (Table 3) (Figure 2).

For their part, mangrove species (A. germinans and R. mangle) showed no changes in
development area, maintaining the current area in the apicultural zones of the region in
the three projected time periods. Therefore, the model does not foresee significant
changes in beekeeping in these ecosystems due to the climatic variants (Figure 2).

Beekeeping is an activity that is established on the basis of available flowering,
which is considered as one of the main elements in the industry (Khabbach et al., 2013,
Al-Ghamdi et al., 2016). In this research it was observed that the distribution of
apicultural zones with high potential for the insect and melliferous plants was not
defined by any specific characteristic. However, the negative trend in citrus areas
entailed by an average 1.9 °C temperature increase up to the long term (2051-2060) is a
result of the effect of climate change.

This confirms what has been found in other studies (Delgado et al., 2012, Davis et
al., 2012, Le Conte and Navajas, 2008, Redi et al., 2012, Lehébel-Péron et al., 2016)
where it has been stated that increases in temperature, precipitation and relative
humidity will affect the areas suitable for apicultural development, from phenological
time-shifts to landscape modification, influencing the volume of production.

Because A. mellifera is generalist, it is believed that it may modify its foraging
behavior in relation to the type of vegetation present (Gaines-Day and Gratton, 2016),
since the intensity of visits is varied among the heterogenous blooms of the natural
habitat, compared to crop blooms (Saturni et al., 2016).

The results of reclassifying the sites allowed confirming that there may be
geographical expansion in areas with thermal comfort conditions for bees, congruent
with the antecedents that foresee the territorial expansion of insect populations mainly
due to the effect of temperature (Musolin and Saulich, 2012, Regniere, 2009, Le Conte
and Navajas, 2008, Kiritani, 2013). Therefore, the thermal variations predicted in the
A2 climatic scenario, of 1.9 °C up to the 2051-2060 decade in the area (Ruiz et al.,
2011), could represent an advantage for the development of bees in the beekeeping
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region of the Gulf of Mexico and contribute to a greater number of areas that offer
comfortable thermal development conditions for the bee.

It is thus expected that the transhumance routes, used by 91% of the beekeepers
(Castellanos-Potenciano et al., 2015) in this apicultural region, will have a spatial and
temporal mobility as a consequence of the changes in potential development areas, since
climate fluctuations influence the availability of botanical resources (Medina-Cuéllar et
al., 2014); however, the background of landscape modification, extensive agriculture
and fragmented and deteriorated ecosystems where beekeeping is currently established
(Burkle et al., 2013, Lehébel-Péron et al., 2016, Redi et al., 2012) continue to put this
activity at risk.

Conclusion

In the short (2021-2030) medium (2041-2050) and long term (2051-2060), the
indicator melliferous flora of the center of the state of Veracruz along the Gulf of
Mexico will have a different spatio-temporal mobility, due to changes in temperature
and precipitation as a result of climate change.

On the other hand, the current thermal comfort zone of A. mellifera L. in the region
will have an expanded territory and the spatio-temporal mobility will be positive in the
short, medium and long term as a result of temperature change due to the effect of
climate change, which will manifest itself in optimum honeybee development.

Based on the intersects, it was concluded that apiculture will have a varied spatio-
temporal mobility in the short, medium and long term according to the availability of
botanical resources and the thermal comfort of the bees, since according to the
characteristics of each species, there will be a reduced territory for citrus species, linked
to a negative impact on the high potential development area. On the other hand, the
other six species will have an expanded territory that will result in a positive impact for
the apicultural development of the region, as a function of the climatic characteristics.

Under the future scenario of beekeeping in this area, there will be an increase in the
optimum area for honey production, due to the effect of climate change (temperature
and precipitation) on spatio-temporal scales. It is therefore recommended that future
research include new IPCC climate projection scenarios, the variation in floral
phenology, the genetic adaptation potential of A. mellifera races and historical honey
production volumes, as well as consider other climatic variables such as radiation and
the chemical composition of the atmosphere.
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