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Home Garden Agrobiodiversity Differentiates Along a Rural—Peri-Urban Gradient in
Campeche, México. Agrobiodiversity in tropical home gardens is thought to decline with increasing
urbanization, but information in this regard is scarce. We characterized livelihoods and compared attributes
of home gardens of rural, semi—rural, and peri—urban families in Campeche, México. We hypothesized a
decline of agrobiodiversity of cultivated trees and shrubs, its native component, and the diversity of uses from
rural to peri—urban livelihoods, and increases for cultivated herbs. We registered all cultivated species in 12
randomly selected home gardens in each condition, and determined species” origin and use. Total and average
observed species richness of trees and shrubs in rural and semi-rural home gardens was similar and higher than
in peri—urban home gardens, but equally sized samples all had similar richness. Tree density and basal area were
largest in semi-rural home gardens. Total observed and average species richness of herbs increased along the
rural—peri—urban gradient, and richness of equally sized samples of herbs was higher in peri-urban than in
rural and semi-rural home gardens. Peri-urban home gardens had the highest richness of equally sized samples
of all plants. Differences in richness were associated with a shift in livelihoods, influencing plant uses, and hence
species composition along the gradient: peri—urban families combined some fruit trees with a large diversity of
ornamental herbs. Rural and semi-rural families maintained tree and shrub species of distinct uses, cultivated
less ornamental species and a larger native component than peri—urban home gardens. We conclude that
agrobiodiversity does not decline along the rural—peri—urban gradient, but differentiates.

La agrobiodiversidad en huertos familiares diferencia a lo largo de un gradiente
rural—peri—urbano en Campeche, México. Se piensa que la agrobiodiversidad en huertos familiares
tropicales disminuye conforme avanza la urbanizacién, sin embargo, la informacién al respecto es escasa.
Caracterizamos los medios de vida y comparamos atributos de huertos familiares de familias rurales, semi—
rurales y peri—urbanos en Campeche, México, hipotetizando una reduccion de la agrobiodiversidad de

! Received 18 November 2013; accepted 10 August
2015; published online 1 September 2015.

Electronic supplementary material The online version
of this article (doi:10.1007/s12231-015-9313-z) contains
supplementary material, which is available to authorized
users.

Economic Borany, 69(3), 2015, pp. 203-217
© 2015, by The New York Botanical Garden Press, Bronx, NY 10458-5126 U.S.A.


http://dx.doi.org/10.1007/s12231-015-9313-z

204

ECONOMIC BOTANY

4rboles y arbustos cultivados, de su componente nativo, y de la diversidad de usos de medios de vida rurales
hacia peri—urbanas, e incrementos con respecto a herbdceas cultivadas. Se registraron todas las especies
cultivadas en 12 huertos seleccionados al azar en cada condicién, y se determiné el origen y uso de las
especies. La riqueza total observada y media de drboles y arbustos en huertos rurales y semi-rurales era
similar y mayor que en huertos peri-urbanos, sin embargo, en muestras de igual tamano de las tres
condiciones la riqueza fue similar. La densidad arbérea fue mayor en los huertos semi-rurales. La riqueza
total y media de especies herbdceas fue mayor en huertos peri—urbanos que en los rurales y semi—rurales.
Huertos peri—urbanos tenfan la mayor riqueza de muestras de igual tamafio de todas las plantas. Diferencias
en riqueza estaban asociadas con variaciones en los medios de vida, al influir sobre los usos de las plantas, y
con ello sobre la composicién de especies a lo largo del gradiente: familias peri—urbanas combinaban algunos
4rboles frutales con una gran diversidad de herbdceas ornamentales. Familias rurales y semi-rurales
mantenfan especies arbéreas y arbustivas de distintos usos, cultivaban menos especies ornamentales, y un
componente nativo mds grande que huertos peri—urbanos. Concluimos que la agrobiodiversidad no
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disminuye a lo largo del gradiente rural—peri—urbano, sino que diferencfa.

Key Words:  Species richness, native species, introduced species, urbanization, Yucatdn Peninsula, Maya,
ethnobotany.
Introduction between both conditions. Whereas peri—urban

The largest reservoir of agrobiodiversity is found in
peasant production systems and particularly in home
gardens (Galluzzi et al. 2010; Watson and Eyzaguirre
2002). Home gardens’ high diversity allows families
to produce a wide variety of products (fruit, vegeta-
bles, medicines, wood, forage) and services (shade,
recreational space, esthetics, wildlife habitat, micro-
climate, and nutrient recycling) (Cilliers et al. 2012;
Kehlenbeck et al. 2007). Produce is used for home
consumption, marketing, and/or gifts, depending
on families’ livelihood strategies.

It has been reported that agrobiodiversity in peas-
ant production systems, including home gardens, is
in decline (Abebe et al. 2013; Chandrashekara and
Baiju 2010; Kehlenbeck et al. 2007), involving both
species diversity and structural diversity. Increasing
commercialization opportunities encourages the
cultivation of few marketable crops for bulk pro-
duction instead of maintaining many species for
diverse production, and would induce the removal
of high shade trees, thus reducing structural com-
plexity (Abdoellah et al. 2002; Michon and Mary
1994; Rico—Gray et al. 1990). Decline could also be
caused by the replacement of products hitherto
obtained from plant species by ever more available
industrial products (Abebe et al. 2013; Peng and
Xuehua 2007; Poot—Pool et al. 2012; Thompson
etal. 2003) and reinforced by the loss of agricultural
knowledge (Eyzaguirre and Watson 2002; Galluzzi
et al. 2010; Huai and Hamilton 2009).

According to Molebatsi et al. (2010), rural and
peri—urban home gardens are different as they play
different roles in family livelihoods, which also vary

home gardens tend to accentuate services of orna-
mental species, rural home gardens maintain self—
sufficiency functions and therefore contain species
that provide for a wide range of uses: food, medi-
cine, shade, fences, wood, and energy. However,
home gardens in rural settings did not contain a
greater overall species richness, but rather contained
more individuals of useful species, and more native
species, than those in peri—urban settings
(Molebatsi et al. 2010). This indicates that in-
creased livelihood dependence on urban centers
does not always reduce agrobiodiversity in home
gardens, but rather changes it.

The relation between rural conditions and
agrobiodiversity takes complex forms. In indigenous
peasant communities in the Peruvian Amazon, far
from urban centers, home gardens exhibited low
diversity (Wezel and Ohl 2005). The day—to—day
transiting to swiddens reduced the need for diverse
home gardens. Along this line of argument, increas-
ing urban conditions could then lead to a higher
agrobiodiversity, to compensate for the loss of op-
portunity to bring in products from the farms
(Moreno—Black et al. 1996). Further, whereas in
more urban environments most species may have
been introduced, and hence native species make up
only a small fraction of total species richness (Peng
and Xuehua 2007; Thompson et al. 2003), it has
also been documented that native species richness is
sustained with the introduction of species
(Akinnifesi et al. 2010).

Agrobiodiversity in home gardens across the
rural—peri—urban gradient requires further research
(Galluzzi et al. 2010). Based on fieldwork in rural,
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semi-rural, and peri—urban villages in the Maya area
in the north of the state of Campeche, located in the
central western part of the Yucatdn Peninsula, Méx-
ico, we describe local livelihoods and try to answer
the question: is there is a gradual decline of home
gardens’ agrobiodiversity from rural to peri—urban
livelihoods? We also explore questions on the char-
acter of agrobiodiversity in the three rurality condi-
tions: do floristic composition, biogeographic origin
of plants (native, neotropical, and introduced spe-
cies), and plant uses vary among rural, semi—rural,
and peri—urban home gardens? We hypothesize that
agrobiodiversity of trees and shrubs decreases from
rural to peri—urban conditions, in particular its na-
tive component, parallel to a decrease in the diver-
sity of uses from rural to peri—urban livelihoods. We
also expect that the richness of herbaceous species
increases in the same direction, mainly due to in-
troduced ornamental species, with a parallel de-
crease in the number of uses and richness of the
native component. We discuss possible implications
of our findings for agrobiodiversity conservation in
the context of urbanization and livelihood change.

Methods
STUDY AREA

We classified communities as rural when between
50% and 90% of families work in agriculture, semi—
rural when this percentage is between 10% and 50%,
and as peri—urban when less than 10% is dedicated to
agriculture (Molebatsi et al. 2010). We selected six
localities from the northern section of the territory
of the state of Campeche, on the Yucatdn Peninsula,
in southeast México: three rural localities (Sodzil,
Chunkandn, and Chunhuas), two semi—rural
(Pomuch and Hecelchakdn), and one peri—urban
(Chind) (Fig. 1). All six localities have Maya origins,
daily communication in Maya language being general
in the rural and semi—rural communities and less com-
mon in the peri-urban community. The peri-urban
community lies on the edge of the city of Campeche,
while the semi—rural communities are at distances of 50
and 52 km along the Campeche-Meérida highway. The
rural communities communicate with the semi—rural
communities through secondary roads.

HoME GARDEN SELECTION

The home gardens from the six communities were
numbered using images available from Google Earth.
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We then selected 12 home gardens randomly for
each condition of relative rurality, distributing the
number of home gardens evenly over the localities in
each condition. We visited the selected home gardens
and, after confirming that they were actively man-
aged, asked for the owner’s cooperation. We only
included home gardens that belonged to nuclear
families, that is, couples and their unmarried chil-
dren, as the inclusion of extended families could
result in biases favoring species richness in rural
conditions, where this family type is more common.

Data COLLECTION

We applied a questionnaire to quantify the phys-
ical, financial, social, human, and natural capital of
the home garden owners’ families according to
Poot—Pool et al. (2012), and used the obtained data
to characterize livelihoods for each condition. We
recorded all plants in the 36 home gardens between
August 2012 and January 2013, and measured
diameter at breast height (DBH), crown diameter,
and height of trees and shrubs. We counted the
individuals of cultivated herbaceous species. We
collected specimens of species that we did not know,
for identification by a senior botanist at the
Universidad Auténoma de Yucatdn (Yucatdn Au-
tonomous University). The biogeographical origin
of each species was determined according to Barrera
(1980), Ibarra—Manriquez (1996), Durdn et al.
(1998), the Flora of Yucatin websites of the Centro
de Investigaciones Cientificas de Yucatdn (CICY
2010) (Center of Scientific Research of Yucatdn,
htep://www.cicy.mx/sitios/flora%20digital/), and
the Royal Botanic Gardens. We distinguished be-
tween native species, which are commonly found in
the natural vegetation and have a distribution that is
limited to the Yucatdn Peninsula; neotropical spe-
cies, which originate from and are widely distribut-
ed over the American tropics; and introduced species
that do not originate from the Americas (Barrera
1980; Caballero 1992; Herrera—Castro 1994). The
use of tree and herbaceous species was determined
by questioning their owners, distinguishing the fol-
lowing categories: fruit, timber, fiber, firewood,
shade providers, medicine, ornamental, condiment,
fodder, edible, ceremonial, and “other uses.”

STATISTICAL ANALYSIS
We used the PAST program (Hammer et al.

2001) for most statistical analysis. We analyzed
rural, semi—rural, and peri—urban livelihoods with
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Fig. 1. Location of the rural, semi-rural, and peri~urban study communities in northern Campeche, Yucatdn
Peninsula, México.

univariate statistics, and tested some differences and A and U statistics. We calculated pooled Shan-
using Kruskal-Wallis and Mann—Whitney tests non diversity indexes for each situation, both
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separately for trees/shrubs and herbs, and for all
plants together. Depending on the results of the
Shapiro-Wilk normality tests, we used ANOVA
with the F statistic, and Tukey’s HSD test with
the Q statistic, or non—parametric Kruskal-Wallis
and Mann—Whitney tests, with the / and U statis-
tics, to determine differences in the mean number
of tree/shrub and herbaceous species and of subsets
of species organized by use or origin, and differences
in structural data between rurality conditions. We
used individual-based rarefaction to determine if
species richness of equally sized samples of trees/
shrubs, herbs, and both in each rurality condition
was different. We applied regression analysis on the
natural logarithm transformed rarefaction data, and
considered that species richness was different if the
species accumulation curves had different slopes
according to the t—test (Infante and Zirate 1997).
We performed analysis of similarity (ANOSIM) on
the matrix of percentage abundance data with the
Euclidean measure of distance and Bonferroni se-
quential significance to determine if composition
varied between the three conditions of rurality. If
composition was significantly different, we per-
formed SIMPER (Similarity Percentage) analysis
to determine which species contributed the most
to variation, using the Euclidean distance measure.

Results

LivELIHOODS OF RURAL, SEMI-RURAL,
AND PERI—URBAN FAMILIES

Livelihoods largely varied among the three rural-
ity conditions (Table 1). Monetary income was
different among rural, semi—rural, and peri—urban
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conditions (H = 12.9, P = 0.001). Peri—urban fam-
ilies had higher incomes than rural families (U= 13,
P <0.001), while the income of semi—rural families
was above that of rural families (U= 37.5, P=0.04).
Rural families’ incomes were relatively homogenous
(11 families had an income near $20,000), in con-
trast with incomes in the peri—urban setting. Natu-
ral capital, as measured by home gardens’ extension,
varied between groups (H = 15.7, P<0.001). Rural
home gardens were larger than peri—urban home
gardens (Bonferroni corrected pairwise
Mann-Whitney tests P < 0.001), whereas other
pairwise differences were not significant
(P =10.07). Available land area for agriculture varied
among groups (H = 7.8, P = 0.007), and was larger
in rural and semi-rural conditions than in the peri—
urban condition (U = 26.5 and 40.5, Bonferroni
corrected P = 0.003 and 0.03). Families in rural
conditions accessed more subsidy programs than
families in semi-rural and peri—urban conditions
(H=8.0,P=0.01; U= 36 and 25, P = 0.03 and
0.004). Human capital, as measured by the number
of adults, was similar in all conditions. Most families
had Maya roots, these being stronger in the rural
and semi-rural conditions than in the peri—urban
condition. All rural families, with the exception of
one, were peasants, against seven in the semi—rural
setting. In the peri—urban setting, families had eco-
nomic activities such as mechanic, bus driver, con-
struction worker, shop owner, watchman, and ser-
vant; only two were peasants.

SPECIES AND STRUCTURAL DIVERSITY IN RURAL,
SEMI-RURAL, AND PERI-URBAN HOME (GARDENS

We identified a total of 94 botanical families and
316 species of cultivated plants. Of the latter, 103

Table 1. SOME LIVELIHOOD CHARACTERISTICS OF RURAL, SEMI-RURAL, AND PERI-URBAN FAMILIES IN THE NORTH OF
CAMPECHE, MEXICO".

Variable Rural Semi—Rural Peri—Urban
Annual income (MXN) MXN 25,600 MXN 47,000 MXN 73,900°
Area of home garden (mz) 1,811° 1,005° 634°

Area of land (ha) 1.92% 1.17% 0.08"
Constructed area (m?) 94.5 NS 78.4 NS 95.9 NS
Number of rooms 1.6 2.0 2.5°

Number of years of education of home garden owner 3.7 NS 7.4 NS 7.1 NS
Number of adults 2.7 NS 3.2 NS 2.4 NS

N subsidy programs 1.70° 1.00 0.66°

! Different superindices & ¢ indicate significant differences (P < 0.05). NS = Not significant. We used Kruskal-Wallis and

Mann-Whitney tests for all variables
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were trees, shrubs, palms, bananas, and 213 herbs,
epiphytes, and vines (Appendix 1—Electronic Sup-
plementary Material). Total species richness, con-
sidering all growth forms, was greatest in the peri—
urban home gardens. This was due to the large
number of herbaceous species, which tripled the
number of tree species. The families with most
species were Fabaceae, Euphorbiaceae, Araceae,
Rutaceae, Solanaceae, Lamiaceae, and Asteraceae
(Table 2). The number of Fabaceae species was
remarkably higher and the number of Araceae spe-
cies lower in rural and semi—rural conditions than in
the peri—urban condition.

We observed a total richness of 79 tree and shrub
species in rural, 73 in semi—rural, and 53 species in
peri—urban conditions. In terms of herbaceous spe-
cies richness, we observed a total of 161 species in
peri—urban, 104 in semi-rural, and 82 in rural
conditions (Fig. 2). The pooled Shannon diversity
index for all trees and shrubs was significantly higher
for semi-rural home gardens (3.51) than for rural
(3.35) and peri—urban (3.34) home gardens
(Shannon diversity z—test, P < 0.01).
Equitability—similarity of abundances of
species—was significantly higher in semi—rural and
peri—urban home gardens (0.88 and 0.94) than in
rural home gardens (0.77) (Kruskal-Wallis A =
21.3, P < 0.001; Mann—Whitney P < 0.05 in both
cases). Rural home gardens also had a lower pooled
Shannon diversity index of herbaceous species than
semi—rural (Shannon diversity #test < 0.001) and
peri—urban home gardens (P < 0.001), whereas the
peri—urban herb community had a higher index
than the semi—rural (P = 0.02). When we consid-
ered herbs and trees and shrubs together, the pooled
Shannon diversity Index in peri—urban home

ECONOMIC BOTANY
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gardens was 4.68, significantly higher than in rural
(4.12, P < 0.001) and semi-rural home gardens
(4.40, P < 0.001). Also the difference between rural
and semi-rural home gardens was significant
(P < 0.001). We conclude that diversity does not
decline continuously from rural to peri~urban con-
ditions: when considering only trees and shrubs,
rural and peri—urban home gardens were quite sim-
ilar, and the highest diversity occurred in semi—rural
conditions; when considering only herbs, diversity
increases from rural to peri—urban conditions, as
was the case when considering all cultivated plants.
The observed total species richness of trees and
shrubs was related to the number of sampled trees/
shrubs: 1,103, 723, and 296 in rural, semi-rural, and
peri-urban home gardens, respectively. This biases
comparison of species richness among conditions, as
we may expect to observe more species when we
observe more plants. We therefore tested if there were
differences in species richness of equally sized samples,
applying individual based rarefaction. The sample of
296 trees and shrubs from the peri-urban home gar-
den had 53.0 species, and random samples of 296 trees
and shrubs from rural and semi—rural home gardens
had 53.7 and 58.6 species respectively. Regression
analysis on natural logarithm transformed rarefaction
data showed no significant differences of slopes of the
species accumulation curves of rural, semi—rural, and
peri—urban home gardens and semi—rural home gar-
dens (t < |1] in all comparisons, ty 925 = 2.05). Equally
sized samples of the aggregate communities of trees
and shrubs in the rural, semi-rural, and peri-—urban
communities thus had equal species richness, and
we therefore conclude that on the level of the com-
munities of trees and shrubs, richness does not
decrease from rural to peri—urban conditions.

Table 2. SPECIES RICHNESS OF TREES AND HERBS, AND NUMBERS OF SPECIES OF THE MOST REPRESENTED FAMILIES IN
RURAL, SEMI-RURAL AND PERI-URBAN HOME GARDENS IN CAMPECHE, MEXICO'.

Rural Semi-Rural Peri-Urban Sum
Botanical Family Tree Herb Sum Tree Herb Sum Tree Herb Sum Total
All 79 82 161 73 104 177 53 161 214 316
Fabaceae 14 3 17 10 5 15 3 1 4 26
Euphorbiaceae 3 5 8 3 5 8 3 9 12 18
Araceae 0 1 1 0 8 8 0 14 14 16
Rutaceae 13 1 14 11 1 12 10 1 11 14
Solanaceae 2 5 7 3 4 7 3 10 13 13
Lamiaceae 0 7 7 1 6 7 0 9 9 12
Asteraceae 0 7 7 0 4 4 0 8 8 10

' Tree: trees, shrubs, bananas and palms; Herb = herbaceous, including epiphytes and vines; Total = total observed number of

species in 36 home gardens.
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Tree/shrub species

Rural Peri-urban

%

Fig. 2.

POOT-POOL ET AL: DIFFERENTIATING MEXICAN HOME GARDENS

209

Herbaceous species

Peri-urban

a%

Semi-rural

Numbers of species that are common or exclusive to the rural, semi—rural, and peri—urban home gardens in

the north of Campeche, México. Left: tree/shrub species; right: herbaceous species.

The total number of herbaceous cultivated plants
was 589 in rural home gardens, 338 in semi—rural, and
844 in peri—urban home gardens. Rarefaction showed
that 338 herb individuals had a richness of 68.3 species
in rural home gardens, 104.0 species in semi-rural,
and 112.5 species in peri—urban home gardens. Re-
gression analysis on log transformed rarefaction data of
herbs showed significantly smaller slopes of the species
accumulation curves in rural than in peri~urban and
semi—rural home gardens (t > [6] , t5.025 = 1.98), and
no difference between peri—urban and semi-rural
conditions. We conclude that richness of herbs
decreases from peri—urban and semi-rural to rural
conditions, but is not different between semi—rural
and peri—urban conditions.

When taking all cultivated plants—trees/shrubs
and herbs—together, we obtained similar rarefac-
tion results: 1,051 plants (trees and herbs) in rural
home gardens had a richness of 140.6 species, 178.4
in semi—rural home gardens, and 207.0 species in
peri—urban home gardens. Regression analysis on
log transformed rarefaction data of trees and herbs
showed a significant lower slope of the species ac-
cumulation curves in rural, than in peri—urban and
semi-rural home gardens (t > |3|, t g925= 1.984),
whereas there was no difference of slopes between
peri—urban and semi-rural conditions. Species rich-
ness of all plants in equally sized samples and diver-
sity was thus higher in peri—urban home gardens
and semi—rural home gardens, than in rural home
gardens. Richness on a community basis thus in-
creases from rural to semi-rural and peri—urban

conditions, but is not different between semi—rural
and peri—urban conditions.

Mean species richness of home gardens showed a
different pattern. Mean richness of trees and shrubs
varied between rurality conditions (¥ = 5.853,
P = 0.007), and was significantly higher in rural
than in peri—urban home gardens (Q = 4.81,
P = 0.005), whereas there were no significant dif-
ferences between rural and semi—rural (P = 0.36)
and semi-rural and peri—urban home gardens
(P =0.12). Also the mean species richness of herbs
varied between rurality conditions (ANOVA on log
transformed data, /= 4.718, P = 0.02). There were
on average 32.6 herb species in peri—urban home
gardens, significantly more than the 13.8 in rural
(Tukey’s Q = 3.845, P = 0.027) and 16.5 in semi—
rural home gardens (Tukey’s Q = 3.663, P = 0.04),
whereas there was no difference between rural and
semi-rural home gardens. The mean species rich-
ness of all cultivated plants (trees, shrubs, and herbs
together), was not different among rurality condi-
tions: 37.3 in rural, 35.8 in semi—rural, and 45.6 in
peri—urban home gardens (ANOVA, Welch
F=0.81, P=0.46). We conclude that the average
species richness of trees and shrubs decreases from
rural to peri-urban conditions, whereas semi-rural
home gardens are intermediate. Herb species rich-
ness decreases from peri—urban to rural conditions,
with again semi—rural home gardens in an interme-
diate position. Finally, the average number of all
species did not vary among rurality conditions.
Thus, there is neither an overall decline nor an
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overall increase of agrobiodiversity as measured by
species richness from rural to peri~urban conditions.

Available area limits species richness and abun-
dances in peri—urban and semi-rural home gardens.
The Spearman non—parametric correlations be-
tween home garden size and the numbers of trees
and shrubs species and individuals were significant
in peri~urban and semi—rural home gardens (species
rho = 0.81 and 0.77, P = 0.001 and 0.003; individ-
uals rho = 0.85 and 0.83, P < 0.001 in both cases).
This was not the case in rural home gardens
(P =0.48 and 0.10 for species and individuals). In
the largest rural home gardens, where the available
area is not a limiting factor, wide spacing and con-
serving large trees is common, whereas in the
smallest rural home gardens farmers compensate
small area with a higher tree density and avoid large
trees. Instead of a significant correlation between
the number of trees and rural home garden area, we
therefore find a significant negative correlation be-
tween the tree density and the available area (Pear-
son r = — 0.58, P < 0.05). Such correlation is not
found in peri—urban and semi-rural home gardens,
where density is as high as possible as long as it does
not affect the production of individual trees.

The average density of trees and shrubs was
significantly higher in semi-rural home gardens
than in rural and peri—urban home gardens
(F = 5.2, P < 0.02; one sided Tamhane test,
P < 0.05). This was mainly due to trees and shrubs
with a DBH between 10 and 20 cm (F = 7.1,
P < 0.01; Tamhane test P < 0.05), whereas average
densities of both thinner and thicker trees were not
different (Fig. 3). Basal area per hectare was also
significantly different between rurality conditions
(F=5.3, P=0.01), being higher in semi-rural
(18.2 m?) than in rural and peri—urban home
gardens (11.3 and 9.7 m?) (P < 0.05).

Species Composition in Rural, Semi—Rural, and Peri—
Urban Home Gardens

ANOSIM showed small but significant variation
in tree/shrub species composition among the groups
of home gardens (R = 0.13, P = 0.001), both
between rural and peri-urban home gardens
(P < 0.001), and between semi-rural and peri—
urban home gardens (P < 0.02). There were no
significant differences in composition between the
rural and semi-rural home gardens (P = 0.40).
SIMPER showed that Piscidia piscipula (L.) Sarg.,
Spondias purpurea L., and Citrus aurantium L. were
more abundant in the rural home gardens, and
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Musa paradisiaca L. in the peri-urban home gar-
dens. Together these species explained 50% of the
variation in species compositions between the rural
and peri—urban settings. M. paradisiaca, S.
purpurea, and C. aurantium were more abundant
in semi-rural home gardens, and C. sinensis and
Anona muricara in peri—urban home gardens. To-
gether these species explained 50% of the variations
between the semi—rural and peri—urban settings.
ANOSIM also showed small differences in
herbaceous species composition (R = 0.06,
P<0.001), where only the differences between rural
and peri—urban home gardens were significant
(P = 0.000). SIMPER analysis indicated that Zea
mays L., Digitaria insularis (L.) Fedde, Bromelia
caratas Hill, Allium schoenoprasum Hill, Ipoemoea
batatas (L.) Lam, Aloe vera (L.) Burm. f., and Agava
sisilana Perine explained 50% of the variation, all
having higher abundances in rural home gardens.

SPECIES’ BIOGEOGRAPHICAL ORIGINS

Thirty—nine percent of tree and shrub species
were native to the Yucatdn Peninsula, 29% were
neotropical, and 32% were introduced. The overall
percentages of introduced, native, and neotropical
tree and shrub species were not different between
rural, semi—rural, and peri—urban conditions (chi—
squared < 5), but the abundances were (chi-squared
>90). The mean percentage of native tree and shrub
species was higher in rural home gardens (37.2%)
than in peri—urban home gardens (20.9%)
(H=7.4,P<0.05 U= 26.5, P<0.01), whereas
the mean percentage of introduced tree and shrub
species was higher in peri-urban (54.7%) than in
rural home gardens (37.6%) (F=3.7, P<0.05; Q =
3.8, P < 0.05). Fifty percent of trees and shrubs
(individuals) in rural home gardens belonged to
native species, compared with 42% in semi-rural
and 15% in peri~urban home gardens (Fig. 4).

Only 3.8% of all herbaceous species were native,
49.3% were neotropical, and 46.9% were intro-
duced. The percentage of herbaceous species that
are introduced was 39% in rural home gardens, and
52% in semi-rural and peri—urban home gardens,
but this difference was not statistically significant.
The percentage of introduced herbaceous plants
(individuals) was 45% in rural home gardens,
53% in semi-rural, and 63% in peri—urban home
gardens (Fig. 4). The mean percentage of intro-
duced herbaceous species was higher in peri—urban
than in rural and semi-rural home gardens

(H=5.95,P<0.05 U=29.5,P=0.01).
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Species’ USES

The distribution of species over uses varied be-
tween rural, semi—rural, and peri—urban home gar-
dens. The mean percentage of fruit tree species in
home gardens was higher in the peri—urban than in
the rural and semi-rural home gardens (ANOVA,
F=58,P<0.01; Q=4.7, P<0.01). The mean
percentage of timber species was higher in the rural
and semi-rural than in the peri-urban home gar-
dens (H = 12.6 and P = 0.001, U = 9.5 and
P < 0.001, and U = 33.5 and P < 0.01), as was
the case of fodder species (H = 6.04, P < 0.05,
U =36 and 39, P < 0.03 and P < 0.05). Also the
mean percentage of “other use” species was higher
in rural than in semi-rural and peri~urban home
gardens (H = 14.14, P < 0.001, U = 20 and 26 and
P < 0.01 in both cases).

The distribution of tree and shrub individuals over
uses also varied between the rurality conditions (Fig, 5).

The mean proportion of fruit individuals of the
total number of trees and shrubs was higher in the
peri—urban (81%) than in the rural home gardens
(61%) (F=5.3and P=0.01; Q=4.3and P=0.01).
The percentage of fodder tree individuals was higher
in the rural and semi-rural than in the peri-urban
home gardens (H = 6, P=0.04; U= 33, P=0.01;
H=06and P=0.04, and U = 36, P = 0.02). The
mean proportion of timber trees was significantly
higher in the rural than in the peri-urban home
gardens (H = 12.7, P=0.00; U= 9.5, P = 0.00), as
was the case of trees and shrubs for “other use”
(H=6.5yP=0.03,and U=32and P=0.01) and
firewood (F=7.8, P=0.004; Q=4.2, P=
0.01). The mean percentage of individual trees and
shrubs used for medicinal purposes was similar in the
rural, semi-rural and peri—urban home gardens.

In the three rurality conditions, most herbaceous
species and individuals were ornamentals, varying the
proportions of this and other uses between rurality
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conditions. The mean proportion of ornamental spe-
cies was higher in the peri—urban (81%) than in the
rural (58%) and semi—rural (64%) home gardens
(H=11.8, P=0.002; U=17, P =0.001). The
mean proportion of edible species (spices, tomatoes,
etc.) was higher in the rural home gardens than in
the peri—urban home gardens (¥ = 6.9, P = 0.006;
Q=4.2, P=0.01). The mean percentage of herba-
ceous ornamental individuals was greater in the
peri—urban and semi-rural home gardens than in
the rural home gardens (F=15.2, P=0.00; Q=7.7,
P=0.000; and Q = 4.7, P = 0.005) (Fig. 5).

Discussion

The relation between the degree of rurality and
attributes of diversity of home gardens is a complex
one, and to address it we have to clearly distinguish
the scales of the community of plants in the aggre-
gate sample of home gardens for each condition,
and the scale of individual home gardens. At both
scales, relations differ according to the growth forms
(trees and shrubs, and herbs, respectively) under
consideration. We therefore cannot draw one sim-
ple conclusion regarding an increase or decrease of
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agrobiodiversity along the rural—peri—urban gradi-
ent. We must look for answers that take into account
the most important expressions of agrobiodiversity.
The overall species richness of the aggregated
sample of trees and shrubs of each condition is
smaller in peri-urban than in rural and semi-rural
home gardens, the latter having similar richness,
and less herbaceous species in rural than in semi-
rural and peri—urban home gardens. This is in
agreement with earlier findings (Arifin et al. 1998;

Percentage of plants of different uses in rural, semi-rural, and peri—urban home gardens. Above: trees and

Michon and Mary 1994; Rico-Gray et al. 1990),
and confirms the general notion of a decreasing tree
and shrub species richness and an increasing rich-
ness of herbs along the rural to peri—urban gradient.
This notion refers to the richness of all plants in a
sample of home gardens, within their socially de-
fined confines. It is a socially rather than an ecolog-
ically defined parameter. Molebatsi et al. (2010)
indicate that farmers’ families in “deep” rural con-
ditions, who maintain traditional ways of living,
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cultivate more local species covering more uses.
Richness of species depends here on the local
knowledge of the uses of plants, as well as on
poverty (Poot—Pool et al. 2012). Poor families in
semi—rural conditions maintain tree and shrub spe-
cies of different uses to reduce the need to buy raw
materials and manufactured products. As observed
(see Table 1), families in rural conditions have
extremely low incomes, and this incentivizes overall
tree and shrub species richness.

Richness of equally sized samples of plants is an
ecological attribute of the socially defined communi-
ties of plants. With regard to trees and shrubs, we find
no differences in richness of equally sized samples of
the aggregate communities from each rurality condi-
tion, whereas the communities of cultivated herbs,
and the aggregate community of all cultivated plants
(herbs, trees, and shrubs) in peri—urban and semi-
rural home gardens are richer than their equivalent in
rural home gardens. To our knowledge, this has not
been reported earlier for tropical home gardens.

The pooled Shannon diversity index, a frequently
used indicator of diversity that combines richness and
abundance, of the tree and shrub component of all
sampled home gardens (socially defined) was higher
for semi—rural than for peri—urban and rural home
gardens. This is because the mosaic of semi-rural
home gardens contains many species of similar abun-
dances. The mosaic of rural home gardens contains
more species, but as some of these have high abun-
dances, a lower diversity index results; whereas the
mosaic of peri-urban home gardens contains a small
number of species with low abundances, resulting in a
diversity index that is similar to that found in rural
home gardens. Diversity of trees and shrubs thus
peaks in semi—rural home gardens and does not grad-
ually decline from rural to peri-urban home gardens.

Finally, when looking at average numbers of culti-
vated species in home gardens in the three conditions,
we find higher richness of trees and shrubs in rural
than in peri—urban home gardens, and no difference
of both with semi—rural home gardens; whereas aver-
age species richness of herbs was higher in peri—urban
than in rural and semi—rural home gardens. There was
no net difference of average species richness of all
plants between the rurality conditions.

The contrast between findings regarding richness
is related to the influence of home garden size on the
abundance of trees and shrubs. Large rural home
gardens contain more trees and shrubs than small
peri—urban home gardens, and therefore we find on
average more species in the former. Rural home
gardens do not pose a limitation of space on
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cultivated tree diversity, as indicated by a lack of
correlation between extension and the richness of
tree and shrub species. Widely available space en-
courages families to cultivate some dominants, as
reflected in a low equitability. This reduces species
richness in subsamples and equals it to richness in
peri—urban conditions.

The floristic composition of the tree and shrub
component, and of the herbaceous component, var-
ied between rural, semi—rural, and peri-urban home
gardens, in agreement with earlier findings (Arifin
et al. 1998; Bernholt et al. 2009; Molebatsi et al.
2010). Regarding tree and shrub species, semi-rural
and rural home gardens were different from peri—
urban home gardens, mainly due to differences in
the abundance of common species. However, it
should also be noted that many non—abundant
species are only found in large rural home gardens
(Van der Wal and Bongers 2012). Differences in
herbaceous plant composition between rural and
peri—urban home gardens were due to a large num-
ber of non—-abundant and non—frequent ornamen-
tal species in peri—urban home gardens. Peri—urban
dwellers are keener on introduced ornamental spe-
cies (Cilliers et al. 2012; Kumar and Nair 2004).

The number of species of Fabaceae was quite high
in rural home gardens, as compared to semi—rural and
peri—urban home gardens. This family is particularly
useful, as several of its species are renowned for the
quality of their wood, firewood, fodder, and environ-
mental services. The high number of species of
Fabaceae was also found in Sahcabd (Xuluc—Tolosa
1995), Xuilub (Herrera—Castro 1994), and in other
villages in the Yucatdn Peninsula (Garcfa de Miguel
2000). As for herbaceous species, the Araceae family
had most species, and these mainly occurred in
peri—urban home gardens. This family was also
reported to provide most ornamental species in
Tehuacin, Oaxaca, México (Blanckaert et al. 2004).

The differences in floristic composition and
structure between rurality conditions were related
to plant use and home garden functions in liveli-
hoods. Rural and semi-rural families organize their
home garden in such a way that it supplies a variety
of products for daily use. The mean number of
species of timber, fodder, and firewood and other
uses was therefore higher in rural and semi-rural
home gardens than in peri—urban home gardens.
The peri—urban families have relatively high in-
comes from a diversity of non—agricultural econom-
ic activities, and the economic contribution of home
gardens is less relevant. Its contribution is rather

hedonic and aesthetic (Arifin et al. 1998; Cilliers
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et al. 2012; Kehlenbeck et al. 2007). The relation-
ship between economic level, livelihoods, and home
garden composition has been highlighted earlier
(Azurdia et al. 2000; Michon and Mary 1994).
Focusing on the functions of the rural home garden
for daily needs, there was a greater proportion of
native tree and shrub species, and less introduced
herbaceous species than in the peri—urban home
gardens. Semi-rural home gardens presented inter-
mediate values. This is in agreement with studies in
India and South Africa (Das and Das 2005;
Molebatsi et al. 2010; Nemudzudzanyi et al. 2010).
In previous work in one of the semi—rural com-
munities, relatively wealthy peasant families concen-
trated on fruit and ornamentals, as did the peri—
urban families in the present study, whereas relatively
poor peasants cultivated a conglomerate of species
for different uses in their home gardens, as in the
rural and semi-rural home gardens in the present
study. Economic conditions also influenced tree
density in the semi—rural home gardens: poor fami-
lies maintained higher tree densities than more afflu-
ent families (Poot—Pool et al. 2012). In agreement
with this, we also found higher density and biomass
in semi—rural than in peri-urban home gardens.
Obur study confirms that the process of increasing
biodiversity in cities through an increased global
flow of exotic plants, as documented for the global
north (Niinemets and Pafiuelas 2008), is also taking
place with regard to herbaceous, mainly ornamental
species in the global south (Akinnifesi et al. 20105
Bernholdt et al. 2009). In our study area, it occurs
in semi—rural and in peri—urban communities, and
less in rural communities. It seems therefore neces-
sary to analyze the risks of biological invasions by
species introduced in home gardens (Niinemets and
Penuelas 2008; Vila—Ruiz et al. 2014). The low
number of native species, particularly among herbs
in all three conditions, and trees and shrubs in peri—
urban conditions, indicates the need for an effort
that focuses on the conservation of native species as
a part of regional (rural, semi-rural, and peri—ur-
ban) agrobiodiversity. We conclude that
agrobiodiversity decline along the rural—peri—ur-
ban gradient is not general, but that evidently
changes are ongoing, and these serve to differentiate
the home gardens between the three conditions.
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