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Abstract:

Beekeepers need to identify melliferous flora (MF) in those areas where apiaries are
established because bees (Apis mellifera) depend on these floral resources for food and honey
production. The objective of the study was to analyze the socio-ecological aspects of
beekeeping, considering the knowledge of the melliferous flora by the producers in the Costa
Chica region of Guerrero (GCC), Mexico. A non-probabilistic convenience sampling was
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carried out. The final sample consisted of 75 surveyed beekeepers. Descriptive statistics and
cross-tabulations were used for data analysis; botanical collections were made to identify the
species cited. Beekeeping is traditional (5-50 hives), the average age was 48 yr, with 10 years
of schooling and 12 yr of experience. Producers mentioned 33 MF species (26 native and
seven cultivated) belonging to 16 botanical families. In addition, they classified them by their
use as nectapolliniferous (14 species), polliniferous (10), and nectariferous (9). It was
recorded that native species flower during the winter (herbaceous) and spring (trees),
coinciding with the honey harvest season, while cultivated species flower during the rainy
season (summer) and are an important resource during the post-harvest season. GCC
beekeepers registered low knowledge of the vegetation surrounding their apiaries, but have
a high knowledge of the main MF species, finding that the older they are, the more knowledge
they have about the MF species that bees use in their food (nectar or pollen).
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Introduction

Beekeeping is an activity that is directly linked to the sustainable management of natural
resources, as beekeepers depend on areas with native or introduced flora to install their hives
and thus provide bees with food sources (nectar or pollen) for the production of honey®2.
This activity is compatible with biodiversity conservation and with the surrounding
traditional crops, as they contribute to pollination and food sovereignty®. Beekeeping
requires little investment and provides an important income for the economic stability of the
producers in the rural communities where it is practiced®.

In Mexico, beekeeping is a livestock activity that influences socioeconomic and ecological
aspects because it generates a significant foreign exchange®. The country ranks ninth in the
world in terms of production volume and eleventh in terms of number of beehives; at the
continental level, it ranks third in both areas®. Despite being among the main honey
producers in the world, Mexico has shown a downward trend in honey volume and hive
inventories for the last two decades”). This decline in production is due to multiple factors,
such as pests and diseases (varroasis, foulbrood, small hive beetle), technical-social issues
(lack of training and organization, middlemen, and competition in the international market),
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and ecological issues (variations in phenology and floral synchronization)®. These obstacles
have caused instability in the Mexican beekeeping sector, mainly in the beekeeping regions
of the country (North, Central Highlands, Pacific, Gulf, and Yucatan Peninsula)®.

Beekeeping in Guerrero is favored by its geographic location and its diversity of climates
and natural resources. The state is located in two beekeeping regions (Central Highlands and
Pacific), which results in a high honey-production potential for the seven regions of the state
(Acapulco, Costa Chica, Costa Grande, Centro, La Montafia, Norte, and Tierra Caliente)?,
In 2021, Guerrero ranked as the tenth largest honey producer in the country, with 2,081 t;
there has been a decline in this state’s production in recent years(”) due to deforestation, land
use change, and insecurity, which limits the development of this activity®™®. Costa Chica in
Guerrero is the main honey-producing region at the state level, as it has a more extensive
coverage of vegetation in low and medium tropical forests, where the supply of floral
resources is more constant than in other regions; therefore, it is still necessary to expand the
knowledge related to the melliferous flora (MF). This information can be useful to learn about
the most important plant species for beekeeping, as well as to maintain established colonies
and increase their development®?.

In order to assess the experience and knowledge generated by beekeepers in a specific area
in regard to the vegetation and the diversity of MF species, with their flowering periods and
their food utility (pollen and nectar) for bees, it is necessary to have the observations of the
producers, information that is collected and validated through interviews, questionnaires or
field studies, and which allows to know the flora of interest for honey production®. For this
reason, the objective of the study was to analyze the socio-ecological aspects of the
beekeeping activity, based on the knowledge of the MF of the producers of the Costa Chica
de Guerrero (GCC), Mexico, in order to have updated information on the panorama of the
beekeeping activity in this region.

Material and methods

The GCC region is made up of 15 municipalities: Ayutla de los Libres, Azoyu, Copala,
Cuautepec, Cuajinicuilapa, Florencio Villarreal, Igualapa, Juchitan, Marquelia, Ometepec,
San Luis Acatlan, San Marcos, Tecoanapa, Tlacoachistlahuaca, and Xochistlahuaca; the
GCC is bordered to the north by the La Montafia and Central regions; to the south, by the
Pacific Ocean; to the east, by the state of Oaxaca (Costa Chica region of Oaxaca), and to the
west, by the Acapulco region®® (Figure 1).
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Figure 1: Municipalities where interviews with beekeepers were conducted in the Costa
Chica region of Guerrero, Mexico
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1= Ayutla de los Libres, 2= Azoyu, 3= Copala, 4= Cuajinicuilapa, 5= Cuautepec, 6= Florencio Villarreal, 7=

Igualapa, 8= Juchitdn, 9= Marquelia, 10= Ometepec, 11= San Luis Acatlan, 12= San Marcos, 13= Tecoanapa,
14= Tlacoachistlahuaca, 15= Xochistlahuaca.

The GCC has a predominantly warm-sub-humid climate, with temperatures ranging between
20 and 29 °C and rainfall of 1,100 to 2,200 mm from June to October. The topography varies
from hilly terrain, in the municipalities of San Luis Acatlan and Ometepec, to flat or semi-
flat, in the municipality of Marquelia. The vegetation is composed of a third of low and
medium deciduous forests, and pine and oak forests in the areas near the Montain region®.

A non-probabilistic convenience sampling®™ was carried out, where individuals were
selected for their willingness to provide detailed information on beekeepers' knowledge and
perception of MF in the GCC. A questionnaire was designed to collect the information, and
a survey was administered during meetings of beekeepers' cooperatives and associations. The
final sample consisted of 75 beekeepers surveyed during the period January to December
2021.

The questionnaire consisted of two sections: 1) General data on the beekeeper (age, schooling,
time in this activity, and main occupation) and on the beekeeping unit (land tenure,
transhumance). 11) Ecological knowledge of the flora of the region (acquisition of knowledge
of the MF, reforestation, types of vegetation in the area surrounding the apiaries, main species
close to their apiary and the contribution of nectar and pollen of the MF of the region); in
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order to determine the beekeepers’ knowledge of the flora, they were asked, of the total
(100 %) of the plants in their region, what percentage they consider that they know.

For the purpose of identifying the MF cited by beekeepers, 10 random walks were conducted
in low and medium tropical rainforests in the study area, guided by a key beekeeper. Species
identification was based on a joint analysis between researchers and beekeepers and
documentary research available for the area®*>16), Species that could not be identified in the
field were collected according to the described technique™” and were sent to the Maria
Agustina Batalla Herbarium at the Faculty of Sciences (FCME) of the National Autonomous
University of Mexico (Universidad Nacional Autonoma de Mexico, UNAM), for
identification.

Data analysis

Descriptive statistics were used for data analysis, and the information was processed using
the SPSS statistical software, version 19. Frequency analysis and cross-table analysis‘® were
performed to compare the means of the indicators between the two sections of the survey and
to determine whether or not there is a relationship between the social variables and the
ecological variables. The Chi-square test was used to detect the association of the variable
age and knowledge of vegetation, experience, and land tenure with reforestation. Beekeepers
were classified into three categories, according to the number of hives they own: 1)
traditional, from 10 to 50 hives, 2) semi-technified, from 51 to 200 hives, and 3) technified,
> 200 hives.

Results

General characteristics of beekeepers

The average age of the beekeepers was 48 yr, and their average experience in beekeeping
was 12 yr (Table 1); their average schooling was 10 yr (Table 2). According to the
classification, traditional beekeeping engaged the largest number of beekeepers (58.7 %);
semi-technified beekeeping employed 45.3 %, and technified beekeeping, a mere 4 %), while
the latter have more experience (17 yr) and age (59 yr).
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Table 1: Main socio-demographic characteristics of beekeepers

Type of Experience Age Education level
beekeeper (years) (years)

Basic High- Higher  Total

school

Traditional 9+1.02 43+11 18 13 7 38
Semitechnified | 15+ 1.44 53+1.31 20 9 5 34
Technified 17+2.01 50+6.1 2 0 1 3
Average 12 48 - - - -
Number of - - 40 22 13 75
beekeepers
Total % 53.4 29.3 17.3 100

Fifty-six percent of the beekeepers said that their apiaries are located on land that they legally
own, and the remaining 44 % indicated that their apiaries are located on borrowed or rented
land (Table 2). Technified beekeepers (4 %) have more than 200 hives and need to rent land
to establish their apiaries; therefore, most of them practice transhumant beekeeping, which is
not very deeply rooted in this region: only 12 % of the beekeepers practice it, generally
moving to areas in the “La Montafia” region.

Table 2: Economic activities of beekeepers and apiary ownership

Type of Land tenure Main activity
beekeeper

Rented Private Beekeeper Farmer Salaried

employee

Traditional 19 19 10 11 17
Semitechnified | 13 21 6 20 8
Technified 1 2 0 2 1
Number of 33 42 16 33 26
beekeepers
Total % 44.0 56.0 21.3 44.0 34.7

With respect to the main activity of the beekeepers, it was observed that 21.3 % are
exclusively dedicated to beekeeping, which means that beekeeping is a complementary
activity to other agricultural and livestock farming activities. However, technified beekeepers
were considered entrepreneurs, as they add value to beekeeping and diversify their economic
activities.
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Melliferous flora

Beekeepers identified 31 MF species, composed of 16 botanical families, of which Fabaceae
had the highest number of species®®, followed by Boraginaceae and Malpighiaceae, with
two, respectively, while the other 13 families had only one species; two species could not be
identified (Table 3).

According to the knowledge of beekeepers, 14 species are considered nectariferous, 11
produce nectar and pollen, and 8, pollen; of all these species, 26 are wild and 6 are cultivated,
the most prominent being Mangifera indica L., Citrus x aurantiaca (L.) Swingle and Cocos
nucifera L., as they are widely cultivated in the region (Figure 2). Although sesame
(Sesamum indicum L) is another important crop in the region, only two beekeepers mentioned
it.

Figure 2: Vegetation and melliferous flora
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A) Secondary vegetation, Vista Hermosa, Ometepec. B) Ceiba pentandra (L.) Gaertn. C) Enterolobium
cyclocarpum (Jacg.) Griseb. D) Pithecellobium unguis-cati (L.) Benth. E) Bauhinia pauletia Pers. F) Vista
panoramica, Selva mediana subcaducifolia. G) Senna mollissima (Humb. & Bonpl. ex Willd.) H.S. Irwin &

Barneby.
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In order to know the perception of the MF of the region, cross tabulations were generated
with age and knowledge of the vegetation, finding that 24 % of the beekeepers identify or
know 40 % of the vegetation, and 12 % of the beekeepers know between 80 % and 100 % of
the vegetation (Figure 3). Knowledge of the flora increases with age; beekeepers in the 26-
50 age group know 60 % of the region's flora, while the 15-25 age group knows only 30 %
of the flora.

Figure 3: Cross-tablulation. A. Between age and knowledge of the flora of the region. B.
Experience and reforestation. C. Land tenure and reforestation
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* The Chi-square test showed that there was no correlation (P>0.05) between these three cross-tabulations

As for the beekeepers’ years of experience and practice on reforestation, 40 % were shown
to have 1 to 5 yr of experience, while only 33 % had between 6 and 9 yr of experience in
reforesting. Likewise, it was observed that 45 % of the beekeepers with legal ownership of
the land reforested, and 76 % who rented land did not do so.
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Discussion

According to the historical national average number of hives per beekeeper®®, beekeeping
in Mexico can be classified as traditional (1-50), semi-technified (51-200), or technified
(more than 201).

The average age of beekeepers in the region was 48 yr, with an interval of 23 to 75 yr, similar
to that recorded in other entities such as Yucatan®?; the central-southern region of Jalisco®,
with 49 yr, and Campeche®?, with 57 yr. Consequently, the average age of beekeepers in the
study region suggests that a generational changeover is occurring in the beekeeping activity;
this is an advantage because older and more experienced beekeepers are less willing to
change their traditional forms of production and to learn new techniques, compared to
younger beekeepers®),

The experience of beekeepers at the national level varies between 21 and 23 yr; these data
are similar to those reported in the State of Campeche®®?, where a value of 21 yr in the activity
was reported; an average of 22 yr of experience was found in the Sierra Centro-Norte region
of Veracruz®?, while a value identical to that of this study, of 23 yr of experience, was found
in the south-central region of Jalisco®®. The similarity of these results indicates that, at the
national level, beekeepers have acquired knowledge, skills, and competencies for the practice
of this activity.

The average schooling of the surveyed beekeepers was 10 yr, which is equivalent to the first
year of high school, similarly to the average schooling of beekeepers in Jalisco®?, of 9 yr,
but higher than the average schooling (5 yr) registered in Yucatan®. The low level of
education is one of the main factors why field records or logs are not kept, a fact that limits
the possibility of managing information, maintaining traditional practices, and applying new
technologies®V.

Land ownership conditions are very different in the study region, since 44 % of the
beekeepers rent the land where the apiary is established —compared, for example, to the state
of Yucatan®, where 74 % are privately owned and only 26 % are on rented land. This
reflects regional and intergenerational contrasts in social land ownership and is related to the
changes brought about by the 1992 agrarian reform, which encouraged the fragmentation of
communal lands and led to disruptions among deeply rooted indigenous and peasant
cultures®®, This phenomenon of forest fragmentation forces beekeepers to move their hives
to places with preserved vegetation in search of suitable species.
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In this regard, transhumant beekeeping was carried out by only 12 % of beekeepers in the
GCC. These results are similar to those recorded in the Central and Northern Region of
Veracruz, where beekeepers with more than 150 hives (20 %) are the ones who practice
transhumance®?. On the other hand, the inadequate location of the apiary causes a lower
honey yield per hive; therefore, transhumance implies maximizing the productive efficiency
in function of the MF density, reducing the bee's foraging route and counteracting the
investment of economic resources®”.

Beekeeping in the GCC is a complementary activity for traditional and semi-technified
beekeepers. In the state of Yucatan, beekeeping is the main economic activity for 19 % of
beekeepers; the percentage rises to 25 % if the apiary has between 50 and 100 hives®®. The
greater the number of apiaries, the more beekeepers perceive beekeeping as their main
economic activity.

Community participation is a way to obtain reliable and useful results to solve issues and
improve situations or the collective knowledge of their region®®. This knowledge of the
region's flora, especially that which has melliferous potential, serves as a tool for the
beekeepers themselves, allowing them to better manage their apiaries, decide when to
supplement the bees' nutrition or change their apiaries to places with adequate MF for the
bees to forage for pollen and nectar, which contributes to the production of quality honey™.

Mention by the surveyed beekeepers of certain species that are not important for the
beekeeping activity (Tamarindus indica L., Ehretia tinifolia L., and Persea americana Mill.)
confirms that beekeepers' perceptions are biased in favor of culturally influenced landscape
species, both cultivated and wild®®). The 72 % of beekeepers are familiar with 80 % of the
vegetation in their surroundings; such familiarity with these landscapes makes it difficult to
identify other types of species present in the vegetation of the forests.

Beekeepers in the municipality of Hopelchén, Campeche, recorded 50 species, three
subspecies, and three varieties of MF, distributed in 26 botanical families®® —a higher
number than that found in this study, where 33 species of MF were recorded.

In regions with a strong change in land use and where agricultural landscapes predominate,
the remnants of natural vegetation are mainly dominated by tree species that become
important for beekeeping®®. Similar values to those of this study were registered in a tropical
dry forest in Ecuador®V, where 28 MF species were identified by the beekeepers. However,
these questions addressed only those species they consider important for the bees, and not all
vegetation in general. Similarly, another study carried out in Nicaragua® identified 89
species, but without specifying whether or not all of them correspond to MF.
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Also, of the 33 species recorded in this study, seven are cultivated; however, the flowering
period for bees is concentrated from November to May, while during the rest of the year,
according to certain authors, nectar and pollen resources are harvested from monoculture
plots®). In the study region, plantations such as sesame, citrus, hibiscus, coconut, mango,
etc., play an important role as floral resources for beekeeping, due to their established surface
area and to flowering periods that are not simultaneous with those of the wild vegetation. A
noteworthy fact is that the beekeepers did not mention any introduced grass species, despite
the fact that these are abundant in the region’s tropical dry forests. This is because beekeepers
associate grasslands with pollen production and do not consider them as an important floral
resource for bees. However, in other parts of the Caribbean, such as the Dominican
Republic®), beekeepers have identified such invasive species as Leucaena leucocephala
(Lam.) de Wit, Syzygium jambos (L.) Alston and Prosopis juliflora (Sw.) DC. as plants of
beekeeping interest.

Finally, when asked about the level of knowledge of the flora around the apiaries, only 12 %
of the beekeepers considered that they knew between 80 % and 100 % of the MF, a lower
value than that registered in Campeche?, where they found that 60 % are familiar with the
vegetation of their apiaries as a result of the transmission of knowledge through generations.

Conclusions and implications

GCC beekeepers find it easier to adopt new technologies and diversify hive products due to
their average age, which is lower than the national average. Transhumant beekeeping is
carried out by technified beekeepers. Younger people have little knowledge of the
environment and MF, but identify specific flora that provide nectar or pollen for bees,
acknowledge that agricultural crops are important for bee activity, and recognize the
importance of the environment for bee activity. On the other hand, the tenure of the land
where the apiaries are located influences their reforestation, and because a high percentage
of the land is rented, this practice is not carried out. Beekeepers' perception of the resources
utilized by bees is an important source of knowledge about the flora of beekeeping interest,
which increases with age and is an invaluable source of information.
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Table 3: Species cited by beekeepers in the Costa Chica region of Guerrero

Family Taxa FR QFR SCF M AMJ J AS ON D RSDH NMSB
Anacardiaceae  Mangifera indica L. P Re X X - - - - - - - - - - - 17
Arecaceae Cocos nucifera L. IF\)I Re - - - - - - XXXXX - -- 2
. . Tabebuia rosea (Bertol.) N- L. Alaniz et al.
Bignoniaceae DC. P Ab - - X X - - - - - - - - 1008 (FCME) 3
. . . N- L. Alaniz et al.
Boraginaceae Cordia dentata Poir. P Re X XX - - - - - - - - - 289 (FCME) 4
Combretum fruticosum N- L. Alaniz et al.
Combretaceae  1efl.) Stuntz p R& - o XXX s (reME)
Ipomoea trifida (Kunth) G. L. Alaniz et al.
Convolvulaceae Don N Ab X X 611 (FCME) 30
Dilleniaceae Curatella americana L N Ab X - - - - - - - - - - X L. Alaniz et al. 11
' 805 (FCME)
Andira inermis (W. Wright) L. Alaniz et al.
Fab N Ab - XX X - - - - - - - - 36
anaceae Kunth ex DC. 1000 (FCME)
Enterolobium cyclocarpum L. Alaniz et al.
F . N A - - - XX - - e e e e 2
abaceae (Jacq.) Griseb. b 1002 (FCME)
Gliricidia sepium (Jacq.) L. Alaniz et al.
F N A X X- - - - - - - - -X 2
abaceae Kunth ex Walp. b 1003 (FCME) 2>
: L. Alaniz et al.
Fabaceae Hymenaea courbaril L. N Ab - - X XX - - - - - - - 1004 (FCME) 46
. N- L. Alaniz et al.
Fabaceae Pterocarpus orbiculatus DC. P Ab X - - - - - - - - - - X 771 (FCME)
. . L. Alaniz et al.
Fabaceae Bauhinia pauletia Pers. P Re - - - XX X- - - - - - 730 (FCME)
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Senna mollissima (Humb. & L Alaniz et al.

Fabaceae Bonpl. ex Willd) HS. Irwin P Re X X - - - - - - - - - - 538 (FCME) 3
& Barneby.
Fabaceae Tamarindus indica L. P Re - - - XX - - - - - - - - 2
Vachellia farnesiana (L.) L. Alaniz et al.
Fabaceae Wight & Am. PoRe - s XX s rovE) 2
Lauraceae Persea americana Mill. N Ab - - - - X XX- - - - - - 2
I Byrsonima crassifolia (L.) L. Alaniz et al.
Malpighiaceae Kunth N Ab X X X 1001 (FCME) 15
- - N- L. Alaniz et al.
Malpigh Malpigh R A - - - - XXX - - - 1
alpighiaceae alpighia ovata Rose P b 1007 (FCME) 0
ND Gusanillo (commonname) N Ab X X - - - - - - - - - - - 3
ND Tanalocote (commonname) N Ab - X X - - - - - - - - - - 7
Pedaliaceae Sesamum indicum L. N Ab - - - - - - X X=- - - - - 2
Coccoloba barbadensis L. Alaniz et al.
Polygonaceae Jacq, N Ab - XX - X X- - - - - - 520 (FCME) 21
Rutaceae Citrus xaurantiaca (L) aAp 0 L L L L L X XXX - - e 7
Swingle

FR= Floral resource: N= nectar, P= pollen, N-P= nectar-pollen. QFR= quantity of the floral resource: AB= abundant, SC= scarce, RE= regular. Floral
calendar with months of the year (January-December). RSDH= representative specimen deposited in the FCME herbarium (based on Alaniz et al.,

collection number). NMSB= number of mentions of the species by beekeepers.
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