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ABSTRACT

In savanna vegetation, trees and their canopies
provide an important, but scattered habitat.
Seeds of plants growing under these nurse trees
often are dispersed by animals, especially birds.
In the present study, we investigated the influ-
ence of tree size and frugivore-dispersal on the
genetic variation of the subcanopy species Polli-
chia campestris, using amplified fragment leng-
th polymorphisms (AFLP). Considering the indi-
viduals under each nurse tree as subpopula-
tions, we found the genetic variation within sub-
populations to be positively correlated with the
size of the respective canopy tree. Genetic varia-
tion was very low among, but high within subpo-
pulations (®PPT = 0.026, P = 0.18). We conclude
that the low genetic variation among subpopu-
lations is due to effective and directed dispersal
(dispersal from one canopy to another) by legi-
timate and frugivorous dispersal agents.
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1. INTRODUCTION

Savannas are a widespread vegetation type in arid re-
gions, characterised by the co-occurrence of a continuous
matrix layer and a scattered canopy vegetation [1]. While
trees are forming the canopy vegetation, the matrix layer
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between the trees is dominated by herbaceous plants,
especially grasses [2,3]. Due to several effects, including
shading, nutrient accumulation and supply of nest sites
and food, the trees provide a unique habitat for animals
and specialised subcanopy plants [2,4-7]. These plant
species typically produce small edible fruits dispersed by
frugivores, and their seeds predominantly germinate in
the temperature regime found in the shade of nurse trees
[6]. Some species may also occur in the matrix between
the canopy trees, but especially those forming fleshy
fruits show a marked concentration in the canopy envi-
ronment. Frugivorous animals therefore are important
dispersal vectors for subcanopy plants by feeding and
defecating at the resting and nest sites in and under the
canopies (directed dispersal) [5,8-10]. Small and fleshy
fruits mainly are dispersed by birds [6,11,12], but also by
small mammals [5]. Kos [10] found the Sociable Weaver
(Philetarius socius) to be a legitimate dispersal agent of
Lycium bosciifolium, and this bird species generally is
considered to be an important dispersal agent for fleshy-
fruited plants [4,5,10].

Larger trees provide larger canopy habitats, thus po-
tentially facilitating higher numbers of subcanopy plant
individuals. Both habitat size and number of individuals
strongly affect the genetic variation. The highest amounts
of variation generally are found in large habitats and in
individual-rich populations, due to the higher number of
individuals and thus the potentially greater variety of
genotypes occurring at the site [13-16]. Large individuals
of Acacia erioloba nurse trees also were more frequently
visited by animals (including frugivores) and held more
subcanopy plants than Acacia saplings in the study of
Dean et al. [5]. In consequence, considerable differences
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can be assumed concerning population size, fruit disper-
sal and genetic variation of stands of subcanopy plant
under canopy trees of different crown size.

Of all plant groups tested in the study of Kos and
Poschlod [6] fleshy-fruited perennials showed the strong-
est ecological binding to subcanopy habitats since ger-
mination rates of their seeds were very low under matrix
conditions. This is especially true for Pollichia campe-
stris Aiton (lllecebraceae) where germination was com-
pletely inhibited under matrix conditions, making the
species an ideal object for further researches. There are
virtually no studies on questions of genetic variation in
populations of savanna subcanopy plants. However, due
to the combination of scattered tree canopies and subca-
nopy plants with frugivore-dispersed seeds, this habitat
type is an interesting topic for surveys on genetic pat-
terns and fragmented populations.

Since the sweet-fruited frugivore-dispersed Pollichia
campestris is quite exclusively found in subcanopy habi-
tats, we wanted to test the impact of the size of the nurse
trees on the genetic variation of its populations. Based on
the correlation between habitat size and genetic variation
larger trees should harbour bigger and genetically more
diverse P. campestris subpopulations (i.e., the groups of
individuals under the respective trees), while effective
and directed seed dispersal from one canopy to another
by frugivorous animals should maintain low values of
genetic variation among the subpopulations under dif-
ferent trees. To test this hypothesis we applied amplified
fragment length polymorphisms (AFLP) to study the
genetic variation in a complex of Acacia erioloba canopy
trees of different size in the southern Kalahari Desert.
The aim of our study was to show 1) whether there is a
relationship between canopy tree size and the number of
individuals of P. campestris in the respective subpopula-
tion; 2) whether there is a relationship between canopy
tree size and genetic variation within the subpopulation
under the same tree; and 3) whether there is a low genet-
ic variation among the subpopulations of individuals
under the different trees.

2. MATERIALS AND METHODS
2.1. Species Description and Sample Sites

Pollichia campestris is a frugivore-dispersed, geo- or
hemicryptophyte herbaceous shrublet, up to 40 cm tall,
with small lineal-lanceolate leaves arranged in whorls of
three to four [6,17]. The axillary inflorescences are com-
posed of few small, yellow flowers, the bracts of which
become bigger and fleshy when ripe. Thus, they form the

white, very sweet fruits, containing one or two seeds [17].

Pollichia campestris is widespread on sandy soils in
Africa and the Arabian Peninsula and one of the most
common subcanopy species in the African savannas [3].

Copyright © 2014 SciRes.

Our study was carried out in the “Road Reserve” in
the dry valley of the Nossob river in the southern Kala-
hari Desert (Republic of South Africa, 26°47°57.05”S
20°38’12.26"E). The “Road Reserve” with an area of
0.43 km? (ca. 2000 x 250 m) was installed in 1974 due to
an outbreak of foot-and-mouth disease. The area was not
grazed since that time and there is a border fence be-
tween the Republic of South Africa and the Republic of
Botswana.

Acacia erioloba is the only tree species occurring in
the area of the “Road Reserve”. Of all A. erioloba trees,
17 individuals had Pollichia campestris growing under
their canopy. For our study, we sampled all of the 95 P.
campestris plants, counted the number of individuals
under each of the 17 trees and measured the maximum
crown diameter of the trees. As we wanted to adress only
the canopy size of the trees, their spacial distribution is
not considered here. All P. campestris individuals under
the same tree were considered as one subpopulation.

2.2. Molecular Analysis

DNA isolation. For molecular analyses, fresh plant
material was sampled from all individuals of Pollichia
campestris found under the canopy of the Acacia eriolo-
ba trees. DNA was isolated from dried plant material
following the CTAB (cetyltrimethyl ammonium bromide)
method [18] adapted as described in former studies [19].

AFLP analysis. AFLP procedure was carried out ac-
cording to the Beckman Coulter protocol with only mi-
nor modifications as described before [20,21]. Genomic
DNA (~50 ng) was used for restriction and ligation reac-
tion with Msel and EcoRI restriction enzymes and T4
DNA Ligase (all Fermentas products) conducted in a
thermal cycler for 2 h at 37°C. Following polymerase
chain reactions (PCR) were run in a reaction volume of 5
uL. Preselective amplifications were performed using
primer pairs with a single selective nucleotide, Msel-C
and EcoRI-A, H,0O, buffer S, dNTPs and Sawady Taq
(PegLab). PCR parameters were chosen as follows: 2
min at 94°C, 30 cycles of 20 s denaturing at 94°C, 30 s
annealing at 56°C, and 2 min extension at 72°C, follow-
ing with 2 min at 72°C and ending with 30 min at 60 °C.
Selective amplifications were performed with the three
primer combinations Msel-CTG/EcoRI-AAC(D2), Msel-
CTT/EcoRI-ACG (D3), Msel-CAG/EcoRI-ACA (D4)
and H,0, buffer S, dNTPs and Sawady Taq (PeglLab).
PCRs were performed with the following touchdown
profile: 2 min at 94°C, 10 cycles of 20 s denaturing at
94°C, 30 s annealing which was initiated at 66°C and
then reduced by 1°C for the next 10 cycles, 2 min elon-
gation at 72°C, followed by 25 cycles for 20 s denaturing
at 94°C, 30 s annealing at 56°C and 2 min elongation at
72°C, ending with a final extension for 30 min at 60°C.
After DNA precipitation, DNA pellets were vacuum-
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dried and dissolved with a mixture of Sample Loading
Solution (SLS) and CEQ Size Standard 400 (both Beck-
man Coulter). The fluorescence-labelled selective ampli-
fication products were separated by capillary gel elec-
trophoresis on an automated sequencer (CEQ 8000,
Beckman Coulter). Raw data were collected and ana-
lyzed with the CEQ Size Standard 400 using the CEQ
8000 software (Beckman Coulter). Data were exported
as crv-files, showing synthetic gels with AFLP fragments
for each primer combination separately from all studied
individuals and analyzed in bionumerics 3.0 (Applied
Maths). Files were examined for strong, clearly defined
bands. Each band was scored across all individuals as
either present or absent.

AFLP statistics. The binomial matrix was used to ana-
lyse genetic variation within the individuals under a tree
calculated as the percentage of polymorphic bands (PB)
and Nei’s gene diversity [He = 1 — sum(p;)] [22], using
the program POPGENE version 1.32 [23]. Genetic dif-
ferentiation among the individuals under different trees
was studied in an analysis of molecular variance
(AMOVA) [24] by the program GENALEX version 5
[25]. The impact of the number of individuals on genetic
variation was tested by a correlation analysis (Spear-
man’s rank correlation coefficient) in SPSS for Windows
12.0.

3. RESULTS

With a total of 95 Pollichia campestris individuals, the
three primer combinations applied generated 92 frag-
ments, 84 (77.28%) of which were polymorphic. No
identical genotypes were detected. The percentage of
polymorphic bands in the subpopulations varied between
17.39% and 68.48%, and genetic variation ranged from
0.06 to 0.3 (Table 1). AMOVA analysis showed that 97%
of the molecular variance are located within the Pollichia
campestris subpopulations and 3% among the subpopu-
lations (®pr = 0.026, P = 0.18). The values of the
AMOVA sums of squares (corrected for the number of
individuals) in the subpopulations ranged from 5.17 to
11.50 (Table 1). The number of individuals per tree was
strongly correlated with the percentage of polymorphic
bands (Spearman correlation coefficient r = 0.742, P =
0,001, N = 17) and Nei’s gene diversity (r = 0.758, P =
0.000, N = 17), but not with the AMOVA sums of
squares (r = 0.283, P = 0.271, N = 17). There was no
correlation between the number of individuals per tree
and the size of the canopy trees (r = 0.380, P = 0.133, N
= 17), but tree size was correlated with Nei’s gene diver-
sity (r = 0.567, P = 0.018, N = 17), the percentage of
polymorphic bands (r = 0.544, P = 0.024, N = 17) and
the AMOVA sums of squares (corrected for the number
of individuals; r =0.524, P =0.031, N = 17) (Figure 1).

Copyright © 2014 SciRes.

Table 1. @, crown diameters [cm] of the Acacia erioloba ca-
nopy trees; n, number of Pollichia campestris individuals in the
group under the respective tree; NGD, Nei’s gene diversity; %
PB, percentage of polymorphic bands; SSWP, AMOVA sums of
squares (as SSWP/n-1, corrected for the number of individu-
als).

1%} n NGD % PB SSWP
150 7 0.13 28.26 6.00
140 6 0.16 35.87 7.03
120 10 0.28 65.22 9.94
120 4 0.20 46.74 11.50
90 10 0.30 68.48 10.49
80 4 0.17 36.96 9.33
80 4 0.14 33.70 8.33
70 3 0.10 25.00 7.67
70 9 0.18 43.48 7.14
70 5 0.15 32.61 7.10
60 8 0.17 41.30 7.29
60 4 0.10 21.74 5.17
50 3 0.09 21.74 6.67
50 4 0.11 27.17 6.92
40 5 0.12 26.09 5.20
40 3 0.06 17.39 5.33
30 6 0.15 35.87 7.07

mean 0.15 35.74 7.54
SD 0.06 14.22 1.84

4. DISCUSSION

Crown size of the Acacia erioloba nurse trees had no
influence on the number of individuals of Pollichia
campestris under their canopy. However, it was signifi-
cantly correlated with the genetic variation within the
subpopulations (Figure 1). With the canopies considered
as islands in the savanna vegetation, older trees (larger
Canopies) harbour more variable subpopulations, in ac-
cordance with Frankham [14]. This parallels the results
of other studies [16,26] that detected correlations be-
tween forest age and the genetic variation of the forest
plants Dryopteris dilatata and Trillium grandiflorum,
respectively, explained by founder effects in young and
accumulation of genetic variation in old habitats. Found-
er and accumulation effects very likely also explain the
levels of genetic variation in our study. The mean level
of genetic variation in the subpopulations was lower than
the values given by Nybom and Bartish [27] for long-
lived and widespread plant species with ingested seeds,
probably due to the low number of individuals per tree.
In contrast, these low numbers had no influence on the
correlation between genetic variation and the number of
individuals. This correlation is consistent with the results
of the meta-analysis of Leimu et al. [15], who found the
positive relationship between genetic variation and pop-
ulation size to be a common pattern in population biolo-
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Figure 1. Correlation of the crown diameter of the cano-
py trees with (a) Nei’s gene diversity, (b) the percentage
of polymorphic bands, (c) the AMOVA sums of squares
(as SSWP/n-1, corrected for the number of individuals) of
Pollichia campestris under the respective tree.

gy. As there are virtually no other studies dealing with
the genetic variation of frugivore-dispersed subcanopy
plants the values found for Pollichia campestris in our
study site cannot be compared to the values found by
others.

It seems to be contradicting that canopy tree size was
correlated with the genetic variation in the P. campestris
subpopulation under the respective tree, but not with the
number of individuals in this subpopulation. As there

Copyright © 2014 SciRes.

were only 3 to 10 individuals of P. campestris per tree,
the size of the single individuals and interspecific com-
petition with other subcanopy species may have an un-
due effect, compared to larger populations. Interspecific
competition may be intensified under larger trees, since P.
campestris is a pioneer subcanopy species [10]. Addi-
tionally, there could be some influence by the small isl-
and effect [28]. Scattered trees are important keystone
structures, providing resting and food sites for animals as
well as sheltered and nutrient-enriched habitats for plants
and thus patterning and diversifying landscapes [4,5,9,
29,30]. Larger trees are more attractive for animals than
smaller ones [5]. This might possibly affect the subca-
nopy vegetation by treading, grazing, etc. especially un-
der larger trees. Canopy shape may affect the subcanopy
vegetation as well, with irregularly grown or gapped
crowns yielding less suitable conditions for subcanopy
plants than denser canopies, while having the same di-
ameter.

Within the P. campestris subpopulations considerable
genetic variation was detected, while variation among
subpopulations was very weak. Besides the proximity of
the trees, this indicates an effective short-range seed dis-
persal, as Nybom and Bartish [27] also found the lowest
dgr-values in species with ingested or wind-dispersed
seeds. Dispersal distances greater than 30 m provided the
best population models for Grewia flava, a fleshy-fruited
savanna species dispersed by mammals and birds, with
birds being the most effective vector for reaching Acacia
canopies [9]. Seed dispersal by birds was shown to be
confined to rather short distances, but extended at least
up to 30 or 60 m in most cases [31-33], also including
rare long-distance dispersal [33]. Thus, seeds dispersed
by birds usually remain within local tree complexes and,
what is most important, get placed under a canopy [5,9].
Other vectors like carnivorous mammals are more likely
to disperse seeds into the matrix vegetation [9], where
conditions are less favourable for subcanopy species [6,
10].

5. CONCLUSION

With the results presented above, the three questions
of our study can be answered as follows: 1) crown size of
the nurse trees was not correlated with the number of
individuals of Pollichia campestris growing under their
canopy, 2) but strongly correlated with the genetic varia-
tion within the individuals under the same tree, 3) while
genetic variation among the groups of individuals under
different trees was much lower than the genetic variation
within the individuals under the same tree. In summary,
the directed seed dispersal from one canopy to another
by legitimate and frugivorous dispersal agents seems to
be very efficient, leading to stands of P. campestris with
a similarly high genetic variation under each nurse tree.
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This dispersal type therefore is very important for sub-
canopy plants, as it generates and maintains genetically
diverse populations. The canopy trees themselves also
are important keystone structures in the savanna envi-
ronment, providing a quite rare habitat type for specia-
lised animals and plants.
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