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Comparative genetic structure of three tree species in a highly-fragmented 

savanna landscape 
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INTRODUCTION 

 The global human population is expected to grow to more than 9.7 billion by the year 

2050 (United Nations). Already, agriculture in the form of pasture and croplands accounts for 

nearly 40% of all ice-free land use on Earth, which is more than any other land use (Foley et al. 

2011). As the human population grows, so too do its food needs; this is an increasingly difficult 

problem to address on a planet with finite resources. Agriculture must be intensified to address a 

growing global appetite, and will outpace the ability of species to evolve in response to reduced 

range and increased fragmentation; a species’ capability to move within and through 

heterogeneous landscapes, then, may determine its persistence over time.  

A major way in which agricultural intensification affects biodiversity is through the 

homogenization of habitat structure both spatially and temporally (Benton et al. 2003). 

Agricultural intensification often involves the conversion from polyculture crops to high-yield 

monoculture crops, resulting in drastically simplified plant communities in agricultural settings. 

This extends not only to crop fields but to field boundaries and surrounding communities due to 

increased habitat fragmentation and isolation (Landis 2016).  

Habitat fragmentation is the process whereby “a large expanse of habitat is transformed 

into a number of smaller patches of smaller total isolated from each other by a matrix of habitats 

unlike the original” (Wilcove 1986 cited in Fahrig 2003). This type of fragmentation is created 

by both natural and anthropogenic processes, but especially by agriculture, and is known to 

disrupt organism dispersal (Levey et al. 2005). 

Dispersal is emphasized in ecology and evolution because it underlies many key 

processes such as rescue effects, range expansions, colonization events, inbreeding avoidance, 

and gene flow (Hanski 1998, Clobert 2001).  Through these processes, dispersal has major 

implications for population dynamics, species viability, and evolution. As a result, dispersal has 

been at the core of many fundamental ecological and evolutionary theories such as theories of 
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island biogeography, metapopulations, metacommunities, and gene flow (Wright 1943, Slatkin 

1987, Hanski 1998).  Furthermore, dispersal research informs conservation decisions for 

protecting or improving dispersal such as through building corridors, removing dispersal 

barriers, strategically designing the spatial distribution of reserves, translocating individuals or 

species, and restoring or preserving key areas – all of which are becoming more critical over 

time with environmental change (Mills and Allendorf 1996, Mönkkönen and Reunanen 1999).   

In this study, we addressed fundamental questions about gene flow and habitat 

heterogeneity by examining the spatial and temporal genetic structure, and the recruitment of, 

three savanna tree species that differ in their dispersal ecology. We focused on the dispersal of 

trees because their long lifespans made them the most appropriate taxa by which to judge the 

delayed effects of fragmentation and heterogeneity within landscapes. The variety of pollination 

and dispersal ecologies found within trees also allowed us to detect whether certain reproductive 

strategies may be advantageous in increasingly heterogeneous landscapes.  

We chose tree species which possessed different seed dispersal strategies. The marula 

tree (Sclerocarya birrea subsp. caffra) is primarily animal-dispersed, especially by elephants 

where present. As a result, a seed from this species can be carried tens of kilometers from its 

parent tree before passing through an elephant’s digestive tract. The plum-sized stone fruit is 

used extensively in African cultures to produce jams, jellies, and beverages including beer from 

its pulpy flesh; the kernels found within the stone are also eaten (National Research Council).  

The leadwood tree (Combretum imberbe) is primarily wind-dispersed. It is a hardwood 

tree and the largest species in its genus to occur in Southern Africa (Herrmann et al. 2003). 

Mature trees of this species are often harvested for their heartwood, which is used in fence and 

house construction, building furniture, and firewood. Individuals of this species can live for 

hundreds of years, up to and over one thousand. The leadwood is slow-growing, and generally 

reaches between 12 and 15 meters in height in the lowveld region (Herrmann et al. 2003).  

The knobthorn tree (Acacia nigrescens) has large fruit pods that are primarily 

gravitationally dispersed. Its flowers and seeds are often eaten by browsers, but typically the 

seeds are masticated.  
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The hypotheses for this study were firstly that young trees, classified as less than 2m tall, 

would have decreased heterozygosity relative to increased geographic distance. In contrast, 

mature trees greater than 5m tall were expected to be more related due to increased landscape 

connectivity at the time of dispersal. We predicted that the most dramatic dissimilarity would be 

found in S. birrea caffra due to the removal of elephants from Swaziland; following this, A. 

nigrescens would have the strongest correlation due to being primarily dispersed gravitationally. 

Without suitable connected habitat through which this species can disperse over time, 

subpopulations were expected to become decreasingly heterozygous as fragmentation increased. 

As C. imberbe is wind-dispersed, we expected it to be the least affected by increased habitat 

heterogeneity.  

 

METHODS 

Sampling. The three tree species were sampled during the biodiversity surveys conducted 

by the 2016 UF-IRES cohort during the dry season. In brief, 20 grids (size 550m2 x 550m2) were 

sampled over a region approximately 30 km x 90 km in NE Swaziland (Figure X). The grid 

locations were randomly selected within savanna and are at least 1 km from the nearest intensive 

agriculture site. Each grid consists of 5 plots that were positioned at the corners and center of 

each grid. Each grid contained five different landscape treatments differing in the levels of 

habitat composition and configuration. Trees were sampled haphazardly during surveys. Where 

particular tree species were absent from plots areas intervening the plots were searched to 

augment sample size.  

Leaf samples were collected and stored in manila envelopes until processed for DNA.  To 

examine dispersal at the temporal scale, we sorted the sampled trees into three size classes based 

on height: 0-2m seedlings, 2-5m saplings, and >5m reproductively mature trees.  

Genotyping methods. Leaves were processed at the Molecular Ecology Lab at the 

University of Florida. Leave tissue was extracted using a modified CTAB protocol (Doyle and 

Doyle 1987; Cullings 1992). Multiple DNA cleanup steps were used to remove high quantities of 

proteins and endogenous cellular components.  
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DNA was genotyped using the genotype-by-sequencing method (ref). DNA was digested 

using PstI restriction enzyme, individual trees were ligated to Illumina adaptors containing 

unique, 4 to 6 basepair barcodes. Sequencing was done at the University of Florida ICBR on an 

Illumina NextSeq platform. Raw sequence reads were filtered to remove sequences not 

containing barcode adaptors, then processed to identify sort and export individual genotypes 

using the UNEAK, TASSEL versions 3.0.170 (Lu et al. 2013). Genotypes were further processed 

using VCFTools (Danecek et al. 2011) to remove loci missing at ≥20% of individuals.  

We estimated heterozygosity, allelic richness (AR) using Spagedi vers 1.4 (Hardy and 

Vekemans 2002). In addition, we quantified the mean inbreeding coefficient (FIS) and tested for 

significant deviation from 0 using 500 permutations. We calculated all individuals within a 

species and by size class to examine patterns across age classes.  

A phylogeographic pattern occurs when gene copies sampled at nearby locations (e.g. 

within the same grid) carry alleles that are more related on average than for gene copies sampled 

further apart, leading to a pattern of isolation-by-distance. Under neutrality, such pattern is 

expected when the mutation rate is negligible compared to the migration rate (Hardy et al. 2003). 

We tested for isolation-by-distance by regressing Loiselle’s kinship coefficient (Loiselle et al. 

1995) against geographic distance.  
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RESULTS 

In total, 119 A. nigresens samples were collected, 44 C. imberbe samples, and 37 S. 

birrea caffra samples. Our genetic analysis revealed that S. birrea caffra exhibited a weak 

pattern of isolation by distance. A. nigrescens and C. imberbe also demonstrated limited negative 

patterns between Loiselle’s kinship coefficient and geographic distance. Inbreeding was present 

in all age classes of C. imberbe and A. nigrescens, but only in the youngest age class of S. birrea 

caffra; it should be noted that the analysis for the latter was performed with a sample size of 3.  
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DISCUSSION	 

The weak negative trends of isolation by distance indicate historically high gene flow over an 

approximately 90km range across all study species. S. birrea caffra was the only species with 

outbreeding observed, in its second and third age classes. This may be because of the species 

which pollinate the marula tree: while they are primarily pollinated by honeybees, bats, birds and 

other insects will also pollinate the marula tree. This could have led to the conflicting pattern of 

isolation-by-distance and outbreeding shown by the data, but not demonstrated by either A. 

nigrescens or C. imberbe. Further analysis with a greater number of samples from trees under 2m 

would better inform our results. However, the sparse number of S. birrea caffra recruits found 

during last year’s biodiversity surveys may indicate that increasing heterogeneity at the large 

scale has already negatively impacted recruitment in S. birrea caffra.	
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