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ABSTRACT

Two popuations of Mabea fistulifera (Euphabiaceae) located a Rio Doce State Park (Minas Gerais, Brazl) in
places characterized as in dfferent successona stages, were investigated through genetic and ecological traits.
Twenty randomly chasen individuals from each popuation hadits genetic data assessd by 43 RAPD markers and
were also evaluated through five morphdogic traits and its gatial distribution. Both Shannoris index and AMOVA
revded that most of the genetic variation was found between individuds within populations and about 9% of
variation was located between populations. Moreover, populationsdiffered genetically, but presented similar values
of genetic diversity. Morphdogic data shoned dfferences between popuations. Significant correlations among
matrix of genetic, geographic and morphologic distances were obtained considering both populations, and spatially
closer individuals were more similar genetically, characterizing genetic substructured pgpulations.

Key words. Mabea fistulifera, genetic diversity, RAPD, tree aichitedure, spatid distribution, succesgonal gradient.

INTRODUCTION resource during the dry season, and therefore, its

use is remmmended in recovering progams of
fragmented and degraded environments (Olmos
and Boulhosa, 2000). It is a pioneer species, well

The neotropical genus Mabea (Euphorbiaceae)
contains about 50 species (Martinez & al., 2000),

among which, Mabea fistulifera is a medium-sized
pioneer tree species that occurs commonly in
semidecidous traopical environments on the south-
eastern Brazil (Lorenzi, 1992 Olmos and
Boulhosa, 2000. It is a species with a generalist
range of palli nators, whose inflorescences present
rich nectar source capable to attract a great variety
of animals (Torres de Asuumpgdo, 1981, Viera
e a., 1991; Ferari and Strier, 1992 Vieira and
Carvalho-Okano, 1996 Olmos and Boulhosa,
2000. Mabea fistulifera represents a key food

" Author for correspondence

adapted to poor nutrient soils and @en areas, and
is useful for helping the establishment of different
plant spedes (Lorenzi, 1992.

In spite of its rdevance literature still ladks
studies on many aspects of M. fistulifera biology,
specially on genetic variability. This kind of
approach is important because it gives information
about the ecology and evolution of species and can
be useful in conservation strategies and population
management (Newton et al., 1999. Studies on this
area commonly use moleallar markers as RAPD
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(Random  Amplified  Polymorphic  DNA).
Regardlessits limitations, the RAPD technique has
been recommended by many authars due to
facilities auch as low cost, rapidity, little DNA
demand, high potential to detect poymorphism
and the fact that no previous genetic information
of the species is necessary (Lacerda et al., 2002).
Some pioneer long-lived species can remain in the
community even after the environment has been
modified by successon, depending on several
ecological and evolutionary sdedive presaires
(Ribeiro and Brown, 1999 Ribeiro & al., 2003.
This sams to be the case of M. fistulifera, for
which founder and persistent populations can be
identified. Population ecology along successional
processes is dill little available in literature
(Bazzaz, 1996. In general, studies have
demonstrated that plants of founder populations
are small and present an inferior competitive
capacity when compared to persistent ones
(Bazzaz, 1996 Ribeiro et al., 2003, and in the
first ones, there is a higher variance in many
adaptive traits (Gray, 1987 Bazzaz, 1996. Few
authors have tried to demonstrate whether those
populations would have a different genetic
composition (Gray, 1987). Natural sdedion
imposed by the changing environment over
successonal time is supposed to cause genetic
differentiation between populations at different
successonal ages (Hartnett & al., 1987.
Moreover, it is expected that founder populations
would present a higher genetic diversity than the
persistent ones (Gray, 1987. These differences
can be caused not only by natural sdection but
also by the dedining number of individuals in the
population (Gray, 1987 or genetic drift (Hartnett
e al., 1987, although there is ladk of empirical
evidences (Gray 1987).

In this work, genetic and ecological aspects of M.
fistulifera were investigated. The aims were to
analyze and correlate genetic data, morphdogic
traits and spatial distribution of individuals from
two populations of this gecies, both in Rio Doce
State Park (Minas Gerais, Brazil) located in areas
characterized as in diff erent successional stages.

MATERIALS AND METHODS

Study location

Rio Doce State Park (19°48-19°29'S and 42°38-
42°280) is the largest reserve of Atlantic
rainforest in Minas Gerais date, with almost

36,000 ha(Stallings e al., 1991). The park has been
considered an area of special biological relevance
and, therefore, it is a high priority site for scientific
researches in Minas Geais (Costa et al., 1998).
The Park vegetation is classfied as semi-deciduous
tropical rainforest (Stallings & al., 1991).
Populations of M. fistulifera can be found in many
places, especially along the roads and in secondary
vegetation. The studied populations were sampled
from “Saldo Douadd’ site, a @nstantly disturbed
area along a backfire track, which was fired in the
nineties, andat “Porto Capim” site, a secondary low
forest type, alonga local walkway, which was fired
35 years ago. Thetwo sites are separated by around
15 km in gdraight line along the main axis of the
Park area. A previous evaluation d the studied sites
has shown that “Saldo Dowadd’ community has
less tree densities (0.2 + 0.08 trees/m) than in
“Porto Capim” (0.3 + 0.09 trees/n?). In addtion,
light avail ability and soil exposure patterns support
“Porto Capim” plant community as more advanced
in succession than those in the backfire area of
“Saldo Douradd’ (M. F. Goulart, unpublished data).

Genetic study

Twenty randomly chosen individuals from each
population were sampled. Genomic DNA was
extracted from approximately 200 mg o young
leaves using the cetytrimethylammonium bromide
(CTAB) protocol described by Doyle and Doyle
(2987, with modifications suggested by Ferrera
and Grattapaglia (1996 and Lacerda et al. (2001).
After visual quantification under ultraviolet light,
by comparison with standard DNA concentrations,
DNAs were diluted in TE buffer to a fina
concentration d about 5ng/ pl.

Five 10-mer random primers from Operon
Techndogies Inc. were used for DNA
amplification. A18, C11, C13, C18 and C19 were
seleded in a pilot survey as suggested by Palacios
and Gonzéles-Canddas (1997 and Lacerda et al.
(200D, revealing sharp and reproducible RAPD
fragments.

A podymerase chain reaction (PCR) was caried
out in 12 ul total volume containing 10 mM Tris
(pH 8.0), 50 mM KCI, 2 mM MgCl,, 0.1 mM of
each dNTP, 0.25 puM of primer, 1 unit of Taq
DNA polimerase (Phoreutria) and approximately
20 ng of genomic DNA. Reaction mixture was
overlaid with mineral oil to prevent evaporation.
Amplification was performed on a PTC-100™
(M. J Research Inc.) thermocycler using the
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following PCR conditions: an initial denaturation
step of 95°C for 1 min, followed by 35 cycles each
of 94°C for 10's, 36°C for 1 min, 72°C for 2 min
and a final extension step of 72°C for 7 min. The
products were analyzed by dedrophoresis in 1%
agarose gels, made with 1x TBE buffer, stained
with ethidium bromide and visualized under
ultraviolet light. After a run o approximatey 3 h
(100 Volts) the gels were phaographed for
analysis. Moleallar size of the fragments was
estimated usng a 100 pb ladder (Life
Techndogies). Negative controls, omitting DNA
in ader to veify posdble contamination and
positive controls containing DNA that result in
goad amplification, were used.

Morphological and spatial characterization
Several morphologic and architectural traits were
measured from the same 40 individuals used in the
genetic study. The circumference of the trunk at
1.30 m height (circumference at breast height) was
measured, as wel as the total height, the height of
the first ramification, the height in which crown
initiates and the maximum diameter of crown. The
distance between each individual and its closest
neighbor were measured in the fied, and by
drawing a diagram, the spatial distribution o the
studied trees of each population were abtained.

Statistical analysis

RAPD were scored as presence (1) or absence (0)
of bands and matrix of RAPD phenotypes was
asembled. Only data from intensdy stained
unambiguous, clear bands were used for statistical
analysis.

An adaptation d Shannan's index of diversity,
used to approach phenotypic diversity was
estimated as suggested by Yeh et al. (1995 and
Lacerda et al. (200)): Ho = -2p;log p/ n where
p: was the frequency of the presence or absence of
the band, and n the number of markers evaluated.
The index was used to quantify the degree of
within-population dversity (Ho), the average
diversity over both populations (Hpop and the
diversity of both populations considered together
(Hsp). Therefore, it was possble to calculate the
proportion d diversity within (Hpop / Hsp) and
between populations [(Hsp —Hpop) / Hsp].

A pairwise Euclidian distance matrix was
generated using the program AMOVA-PREP
(obtained from M. P. Miller: web site
http://herb.bio.nau.edu/~mill er/amovaprp.htm) and

used as the input for the program WINANOVA
155  (http://Igb.unige.ch/software/win/amova/),
used to peform an Anaysis of Molealar
Variance (AMOVA), partitioning the variation
into within and between population components
(Excoffier e al., 1992). The progam was also
used to peform a nonparametric test for the
homogeneity of molecular variance (HOMOVA)
and to dotain ®st value, a Fst analogue index that
indicated the gendtic divergence between
populations (Wright, 1951). Populations were
compared by traits median using the non-
parametric  test of Kruscal-Wallis.  Principal
Component Analysis (PCA) was carried aut to
illustrate differences among populations, using
moleallar data (only poymorphic bands) and
morphological characteristics, also indicating
posdble associations among the evaluated traits.
Mantel tests were conducted in order to verify
posdble correlation among matrix of genetic
distance, morphological and spatial distance,
evaluating all 40 individuals and populations
separately (Sokal, 1979.

RESULT S

DNA amplification revealed a total of 43 scorable
markers (mean = 8.6 bands/primer) that ranged in
size from 600to 1950 bp(Table 1). Forty unique
RAPD patterns were observed, i.e, each
individual presented a unique RAPD phenotype,
indicating the istence of genetic variation in the
studied populations. A total of 27 (63%) markers
were poymorphic, populations from “Saléo
Dourado” and “Porto Capim” showed 56% and
4% of paymorphic bands, respedively (Table 1).
The Shannan's index of phenotypic diversity and
the AMOVA alowed the partitioning o the
RAPD variation within and among populations.
Shannon's index indicated that almost 8% of the
variation was due to dfferences between
populations and 92% was due to dfferences
between individuals within populations (Table 2).
This result showed intense correspondence with
AMOVA, which also demonstrated that most of
genetic variation found in individuals of M.
fistulifera could be attributed to dfferences
between individuals within populations and only
about 9% (P4 = 0.09) was due to differences
between populations (Table 3).
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Table 1 - Characteristics of the anplification patterns obtained for individuals of two populations of M. fistulifera,

being p = polymorphic band and m = monomorphic band, * = (% polymoiphism).

Primer Approximately band size “ Saldo Dourado”

“ Porto Capim” Total number of polymor phic bands

A 18

1950pb
1900 b
1850 b
1700 b
1500 b
1420 b
1300 b
890 b
860 b
820 b
790 b
600 b
Polymor phic bands

©
—~

p

©

10(83)

c1

1950 b
1300 b
1200 b
1100 b
1080 b
1000 b
620 b
Polymor phic bands

BU'DBBUBEJBUUU'DBB'DUUU

w
—~
Ny
&

3(42

c13

1550 b
1450 b
1280 b
1150 b
900 b
800 b
680 b
Polymor phic bands

ST T T T 30T

ol
~

~
N

5(71)

c18

1380 b
1300 b
1200 b
1100 b
1050 b
950 b
Polymor phic bands

- 3 30T T 3

w
Comn)

al
o

3(50)

C19

1800 b
1750 b
1300 b
1200 b
1180 b
1100 b
1050 b
1000 b
880 b
820 b

650 b
Polymor phic bands

333330 30T TTDO

m
4 (36)

Soco 333 3c3c|o33vcvoc3lS3Scoc 33|/ NSococ 3333 cocococo 33330 3

5 (46)

6(55)

Total

24 (56)

21 (49)

27(63)
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Neverthedless AMOVA demonstrated statistic  Spatial distribution of M. fistulifera trees showed
significance for @4 value (P<0.001), showing that  that population density was higher in “Salédo
the studied populations differed genetically in  Dourado” (0.10 = 0.05 treesm?) than in “Porto
spite of high variability within population. Capim” (0.05 + 0.02 trees m?), with mean
Shannon's index of within population diversity  distance between the individuals as 58 m in the
was 0.41 for “Saldo Dourado” and 0.38 for “Porto  former and as 98 m in the latter population.
Capim”. The index estimations showed some  Principa Component Analysis (PCAs) showed
variation between primers (Table 2), also reported  that morphological traits were more efficient in
by other authors (Lacerda et al., 2001). discriminating the populations, i.e grouping
For AMOVA, the variance within population was  individuals of the same locality, than genetic
not significantly different between “Porto Capim”  parameters (Figs 1a and 1b). For morphdogical
and “Saldo Douradd’ (molealar homogeneity  data, the first two factors explained about 83% of
test; Bp = 0.00015, P > 0.05). the total variation, while for RAPD only 25% of
Morphologic data revedled that M. fistulifera  the variation could be explained. Moreover, the
individuals from “Porto Capim” were in average  diagram illustrated some trait assciations, for

almost two times bigger than those from “Saldo  example, total height and crown height, as well as
Dourado”. The evaluated traits differed among  trunk circumference and crown diameter.

populations (P<0.05), except the maximum
diameter of crown (Table 4).

Table 2 - Egtimates of Shannon’s index for individuals of M. fistulifera. Data shows phenotypic diversity (Ho),
populations average diversity (Hpop), diversity considering bah populations (Hsp), proportion of diversity within
(Hpop/ Hsp) and between populations [(Hsp —Hpop) / Hsp].

Primer *“SaldoDourado” (Ho) “PortoCapim” (Ho)  Hpop Hsp Hpop/Hsp  (Hsp-Hpop)/Hsp

Al8 0552 Q436 Q494 Q549 Q901 Q099
Cl1 0345 Q180 0262 Q296 0886 Q114
C13 0528 Q471 Q500 0511 Q978 Q022
C18 0441 Q490 Q466 Q477 Q976 Q024
C19 0158 Q340 Q249 Q297 0838 Q162
Mean 0.405 Q383 Q394 Q426 Q916 Q084

Table 3 - Analysis of Molecular Variance (AMOVA) for individuals of M. fistulifera. The data show the degrees of
freedom (df), sum of squares deviation (SD), means sguare deviation (MSD), variance @mponent estimates, the
percentage of total variance @ntributed by each component (% Tota) and the probability of obtaining a more
extreme omponent estimate by chance alone (P value).

Source of variation df SD MSD Variancecomponent % Total P value
Among population 1 12.225 12225 Q406 897 <0.001
Within population 38 156.350 4114 4115 9103

Table 4 - Morphological traits of individuals from two populations of M. fistulifera. Data shows means, standard
deviation (SD) and median values, in meters, and also the results of Kruscal-Wallis tests (H), revealing whether
medians differ among populations (* P< 0.05, ** P < 0.001).

. . “Saldo Dour ado” “ Porto Capim”
Morphological traits Mean SD Median Mean SD Median H
Total height 8.75 283 8 1535 334 145 23212 **
Trunk circumference 0.38 017 033 0.65 037 052 12198*
First ramification height 2.58 214 275 529 446 425 4.689*
Crown height 473 182 4 1021 407 10 21424%*
Crown diameter 475 148 5 585 252 5 1313
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Figure 1 - Diagrams of Principal Component Analysis. Black circles represent individuds of M.
fistulifera from “ Sal&o Dourado” and white drclesthe ones from “Porto Capim”. In A only
morphological traits are considered (CD = crown diameter, TC = trunk circumference, TH
= total height, CH = crown height, RH = firg ramification height) and in B only genetic
data, based on 28 polymorphic RAPD markers, but only the ones exhibiting r?> 0.4 are
shown.
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Table 5 - Mantd tests for individuals of M. fistulifera from two populations. Data show R value and tests significance
(*P<0.05, ** P< 0.001) when compared matrix of genetic, morphologcal and spatial distance, in pairs.

Distances Both populations “Porto Capim” “ Saldo Dour ado”
Genetic x spatial 0.170 ** 0.270* 0.206 *
Genetic x morphol ogical 0.279 ** 0.158 Q090
Morphological x spatial 0.368 ** 0.049 -0.132

Tests of Mantel demonstrated correlation (P<0.05)
among matrix of genetic and geographic distance,
genetic and morphdogic distance and geographic
and morphdogic distance, when all the 40
individuals were evaluated (Table 5). However,
when indviduas were evaluated inside
populations, only a corrdation between genetic
and geographic distance was found, revealing that
spatially-closer individuals tended to be more
similar genetically, even inside the same
population.

DISCUSSON

The brealing system is a characteristic of plants
life history highly assciated with genetic
variability within populations. In general, a higher
within-population dversity is found in outcrossing
than in sdfing species (Hamrick and Godt, 1989
Nybom and Bartish, 2000. For this reason, it
would be epeded a high genetic diversity for
individuals within populations of M. fistulifera, as
it shows sf-incompatibility system (Vieira and
Carvalho-Okano, 1996. In fact, our data showed
comparatively higher values of genetic diversity
within population when compared with aher tree
species (Laocarda e al., 2001). Mabea fistulifera
showed intra-population diversity even higher than
others abligatory crossng tropical tree species,
such as Hymenaea courbarial and H. stigonacarpa
that were evaluated using the same methoddogy
described here and showed average diversity over
populations of 0.301 and 0.321 (Hpop Shannon's
index), respectively (Branddo, 2002. AMOVA
values of within-population diversity should be
used for comparison only under spedal care, as the
estimations depend on the number of evaluated
markers. It was ndticed that as the number of
evaluated markers increased values of variance
observed were also higher (personal observation).

Despite that most of genetic variation in M.
fistulifera was located inside populations, a
significant variation could be verified among the

populations (Pg= 0.09). According to Wright
(195D, values F4 between 0.05 and 0.15 indicated
a moderate genetic variation between populations.
In comparison to values reported in a review from
RAPD data made by Nybom and Bartish (2000,
population genetic divergence in M. fistulifera was
lower than it would be &peded, considering its
regional geographic range (®4= 0.43, n= 27), early
successonal status (Pg= 0.45, n= 20), perennial
life form (&= 0.39, n= 32) and outcrossng
breeading system (®@4= 0.28, n= 46). Probably, this
could be explained by the geographic proximity of
the studied populations (about 15 km) that would
have alowed some gene flow among them,
reducing its genetic divergence. Nybom and
Bartish (2000 reported that in outcrossng species,
genetic differentiation between populations (@)
was positively correlated with geographic distance
between them. Moreover, usually lower population
differentiation was reported, whereas in ther
review differentiation was more epressed. This
apparent contradiction should be consequence of
sampling strategies. while they had widdly spaced
sites, most works, including this one, studied
closer populations.

Sedal dispersion mechanism in M. fistulifera is
characterized as explosive dehiscence, which
disperses seads only few meters away from the
tree. Usually this mechanism is assciated with
semndary dispersion by water, however, as fruits
and sedls are dry and do not present hodks, they
are rarely carried by animals for long distances
(Howe and Smallwood, 1982 Howe and Westley,
1997). Despite the fact that seed dispersion is not
efficient in promoting long distance gene flow,
polen dispersion may be efficient enough to
promote genetic exchange among close
populations, as the studied ones. Animals that visit
flowers searching for food usually remains in high
resource patches, and therefore, promote pallen
exchange mainly only between closer plants
(Regal, 1982 Howe and Westley, 1997.
However, an eventual polinator that moves
between patches is theoreticaly enough to
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promote gene flow between them (Howe and
Westley, 1997). In the present case, many octher
populations of M. fistulifera were found in
disturbed borders of the Park, between the two
studied sites, which could be used as stepping
stones by pdlinators sarching for its flowers.
Considering that large moths and bats are amongst
the usual pollinators of this plant (Vieira and
Carvalho-Okano, 1996, and that these are wide
distance flyers, a reasonable gene flow could be
expeded between the studied populations.
Although there was nat a great genetic divergence
baeween the studied populations, there were
evidences that they differed on individuals
morphologic traits. In general, pioneer species
architecture is known to be simple, with fast
elongation d the trunk and not many ramifications
(Hubbal and Foster, 1986). However, Fontes
(1999 demonstrated that pioneer tree spedes
could show variable architedural patterns;, some
invest in gowth and height, others can invest in
trunk diameter and crown volume. Moreover,
some divergences can be found within the same
species as phenotypic differences are expeded in
plant populations under different sdedive
presaures (Wen and Hsiao, 1999. In M. fistulifera,
the population morphologic patterns were in
accordance with Hallé & al. (1978 who reported
lower crown and more ramified branches in trees
growing in goen areas, and longer trunk in trees
growing in shade areas. Such patterns could be due
to phenotypic plasticity or genetic divergence.
Mantel tests showed a correlation between genetic
and morphdogic distances, but data ae
circumstantial and nd conclusive yet.

Wright (1946 proposed the model of isolation by
distance, considering that populations
geographically closer would have more genetic
similarities than the ones more distant from each
other. Nybom and Bartish (2000 confirmed this
pattern reviewing studies that used RAPD
markers. However, nat many authars gudied this
fact from individuals perspedive, evaluating
genetically substructured populations.
Franceschindli and Kessdi (1999 evaluated a
population of the pioneer shrub, Hdicteres
brevispira (Sterculiaceae) and, although they
concluded that it was genetically substructured,
data did not fit for isolation by distance model.
However, for M. fistulifera the model seaned to
fit, as Mantel test demonstrated that closer
individuals were more similar genetically than

distant ones. In this case, substructure should be a
consequence of low efficiency in seed dispersion.
Morphological data reveled that individuals in
“Porto Capim” were significantly larger than the
ones from “Saldo Douradd’. Considering the first
population as persistent and the second as foundkr,
this result was in accordance to Hartnett et al.
(1987 and Bazzaz (1996. The fact that a genetic
divergence could be deteded among the analyzed
populations, does not disagree with the hypothesis
that founder and persistent populations differ in
genetic composition (Gray, 1987, although this
differentiation could be due to aher factors
besides successional stages. In the same way, it is
also proposed that founder populations could show
a greater diversity than persistent ones due to a
posdble increase in directional selective forces
along successon (Gray, 1987. The studied
populations dowed similar genetic variation
levels, suggesting that sdedive forces did na
increase with succession a that the dfed of
diredional sdedion could be neutralized by gene
flow among populations of distinct successonal
stages. It could also be possible that genetic
differences between M. fistulifera populations
were not due to natural sdedion, since RAPD
markers have been generally reported to be neutral
(Brunell and Whitkus, 1997 Heaton et al., 1999),
and in this case, differences among populations
would be caused by genetic drift.
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RESUMO

Duas populagbes de Mabea fistulifera
(Euphorbiaceae) localizadas no Parque Estadual
do Rio Doce (Minas Gerais, Brasil), mas em locais
caracterizados como em diferentes estagios
sucessionais, foram investigadas quanto a
parametros genéticos e eoldgicos. Em cada
populagdo, 20 individuos escolhidos de forma
aleatoria, foram avaliados quanto a presenca de 43
marcadores  RAPD, cinco  caracteristicas
morfolégicas e quanto a distribuico espacial. O
indice de Shannan e a AMOVA revelaram que a
maior parte da variagdo genética estd localizada
entre individuos dentro das populagdes, com
apenas cerca de 9% da variacdo entre populagdes.
As populagBes diferem geneticamente, mas
posalem valores smilares de diversidade genética.
Os dados morfoldgicos revelaram marcantes
diferencas entre as populagBes. Foram obtidas
correlagbes  sgnificativas entre matrizes de
distncias genéticas, geogréficas e morfoldgicas,
considerando-se ambas as populagbes. Os dados
revelaram ainda que dentro de uma mesma
populagdo, individuos espacidmente mais
proximos tendem a s mais semehantes
geneticamente. Os resultados <0 dscutidos a
respeito da biologia da espécie edas caracteristicas
das populagbes.
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