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Introduction  

!Nara (Acanthosicyos horridus) is an endemic, leafless dioecious plant of the Cucurbitaceae family 

located in the western Namib Desert. The largest !nara population inhabits the Kuiseb Delta, which 

separates the gravel plains of the northwest from the large dunes of the Namib Sand Sea to the 

southwest. Although the Kuiseb Riverbed possesses nutrient rich soil, which supplements plant 

development for a variety of species within close proximity to the river, few large plants are 

capable of establishing themselves farther from the river aside from !nara (Moser, 2001). Previous 

studies found that the !nara has several features that aid in its survival in the arid 

environment. !Nara possess extraordinarily long taproots between 30 to 100 meters in length with 

one of the world’s largest xylem channels, allowing them to uptake water from underground water 

sources in the absence of rainfall and fog events (Henschel and Moser 2004; Klopatek and Stock 

1994). Alongside their root systems, recent studies suggest that !nara can utilize moisture directly 

from the air by intercepting fog blowing inward from the Atlantic coast, by absorbing it through 

their stems and thorns (Gerber et al. 2017). In addition, !nara plants possess protective thorns as 

opposed to leaves, thereby reducing the flat surface area exposed to the hot desert sun and 

increasing moisture retention (Hebeler 2000).  

Along with its remarkable physiological adaptations, the !nara plant possesses an impressive 

ability to efficiently collect sand grains amongst its roots and thorny vegetation; thereby forming 

large stable mounds of sand that build up over time. Previous studies have noted that hummock 

formation and the growth of a protective shield of branches assists in the survival of many Namib 

Desert species along the Kuiseb River (Hebeler 2000). !Nara plants provide shelter, protection, a 

nutritional food source, and thermoregulation for an assortment of desert-adapted species. For 

instance, blister beetles drink nectar from the plant’s flowers, and gerbils and scorpions receive 
shelter in the hummock’s shade or the stable sand bed to construct their burrows (Rosenzweig 
1973). !Nara plants form “islands” of raised sand and produce a substantial amount of vegetative 
material, which provides structural complexity/stability and concentrated pockets of primary 

productivity and nutritious detritus in the surrounding desert landscape (Henschel and Moser 2004, 

Latorre et al. 2011). Considering the aridity of the Namib Desert (i.e. the area around the Kuiseb 

receives an annual average of merely 25mm of rain), lack of shade among the dunes, and the 

frequent movement of the soils due to high winds, the hummock-formation, shade-provision, and 

concentrated nutrient resources likely play a vital role in supporting greater biodiversity in the 

region, which has resulted in great interest among ecologists in developing a better understanding 

of the plant’s life strategies.   

Besides providing important habitats and functioning as an important nutritional resource for 

wildlife, the !nara plant also arouses interest because of its longstanding cultural relationship with 

the local desert-dwelling people known as the Topnaar. !Nara utilization by the Topnaar 

community has persisted for thousands of years. Archeologists discovered stashes of dried !nara 

seeds stored in caves alongside human tools out on the surrounding gravel plains dated to 8,000 

years old (Dentliger 1977). Among the Nama people in Namibia, such as the Topnaar community, 

the !nara plant retains sociocultural and economic significance through the annual !nara melon 

harvest. A large proportion of rural community members continue to rely upon wild !nara 



80 

 

 

harvesting and processing for income generation, nutritional supplementation and other uses 

(Henschel et al. 2004). Since a single !nara plant produces between 50-500 melons, which are 

utilized for their pulp and seeds, Topnaar !nara harvesters obtain more than a quarter of their annual 

income from !nara sales, in addition to obtaining a large supplement to their dietary needs 

(Henschel et al. 2004).  

Given the perceived sociocultural, socioeconomic, and ecological importance of !nara, the current 

paucity in scientific understanding of the biological and ecological interactions influencing their 

survival and productivity is of great concern. In the Kuiseb system, one of the largest perceived 

threats to !nara is herbivory by Topnaar livestock, which roam and forage freely along the Kuiseb 

River, often consuming !nara to obtain water. Historians believe that the Topnaar began 

concentrated herding of large livestock as early as the 1800s in the regions surrounding the Kuiseb,  

and livestock remain an important part of Topnaar livelihood to the present day (Van Damme & 

Den Eynden 1992, Herrick et al. 2016). Although !nara plants are browsed by wild herbivores, 

such as springbok, the relatively recent introduction of large livestock herds centered around the 

Kuiseb River creates increased herbivory pressure which may affect the growth and productivity 

of !nara plants in the region.  

Since 2013, students from Dartmouth College have collaborated with the Gobabeb Research and 

Training Centre to conduct monitoring experiments on !nara hummocks along the Kuiseb River 

and along the dunes of the Namib Desert. Data collection with each subsequent year has provided 

a foundation for baseline information and informed the creation of long-term data collection 

methods to assess the impacts of herbivory in 2016. Using previous aggregate data and 

methodology, the purpose of this project is to understand how !nara responds to herbivory by 

livestock, as well as attaining some quantifiable measurements of biodiversity and soil temperature 

changes associated with !nara hummocks. Given the aforementioned socioecological importance 

of !nara, this provides some baseline information regarding how the plant might function  a 

keystone species in the Namib Desert environment. 

We identified two central research questions: 1) What are the effects of livestock herbivory 

on !nara plant growth and productivity? and 2) How may !nara hummocks function to sustain and 

maintain biodiversity? These two areas of interest interact because of the indirect effects of 

herbivory pressure, including vegetation and landscape trampling, on !nara vitality. We seek to 

quantify and to determine if any apparent relationships can be observed in the previous year’s data 
collected from fenced and unfenced !nara hummocks, in relation to  herbivory and !nara plant 

vitality. We sought to couple this analysis of previously-collected data with current data collection 

to examine  associated hummock biodiversity, along with !nara’s ability to function as an 
ecosystem engineer in changing soil properties (i.e. soil temperatures). 

Herbivory 

Herbivory is a biotic interaction that affects the distribution and reproductive success of plant 

species (Milchunas & Lauenroth 1993). In ecological theory, herbivory by vertebrate grazing is 

considered as a type of disturbance. Often, herbivory limits regrowth capability because substantial 

plant consumption reduces available nutrient resources for regrowth, which indirectly affects 
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resource allocation patterns for growth. For instance, a study of two Great Basin shrub species 

determined that Artemisia tridenatata cannot maintain high vigor under heavy, experimentally 

simulated browsing by large mammals, which makes the plant more susceptible to other 

environmental pressures (Bilbrough 2003). The article cites several studies that show that flower 

production decreased after twig removal and prevented utilization of available nutrient resources, 

such as nitrogen and carbohydrate, for regrowth (Bilbrough 2003). So, allocation to flowering, or 

other forms of regrowth, in successive growing seasons may be affected by browsing, which 

ultimately affects the fitness of the plant. 

Additionally, herbivory may adverse effects to !nara productivity and vitality, particularly for its 

fruit production capacity. An early study on !nara herbivory discovered that !nara fruit production 

increased 5 to 10 times without donkey herbivory versus that of herbivore impacted !nara 

(Henschel et al., 2004). Disturbances like herbivory may increase plant diversity in communities 

by reducing competitive dominance among species and allowing rarer species to grow together 

(Rambo & Faeth 1999). Some herbivores may also shape their surrounding environment through 

vegetation utilization (i.e. breaking topsoil and tree), which increases structural habitat complexity 

and favors other organisms (Pringle 2008). For example, a long-term study in the Kenyan savanna 

demonstrated that Acacia-browsing elephants increased the spatial complexity and formed 

crevices in damaged trees, which were preferred by arboreal geckos (Pringle 2008).  Furthermore, 

in response to herbivory, many plant species have developed adaptations to restrict their 

consumption by both vertebrates and invertebrates. Some species have evolved to deter herbivores 

with large structures, such as thorns and spines, which reduces the rate of consumption (Hanley et 

al. 2007). In some instances, by creating structural complexity via disturbance (i.e. browsing) but 

also placing intense stress on plants in other environments, total herbivore impacts on vegetation 

cannot be generalized across different ecosystems accurately. Thus, herbivory dynamics may be 

linked concurrently with !nara productivity and vitality. 

Herbivory Research Objectives  

We used data collected over the past year to assess patterns in !Nara plant productivity and 

herbivory, aiming to complete initial data analysis and improve the current long-term monitoring 

methodology used by the Gobabeb staff. Our hypotheses were organized around a series of 

research questions as follows: 

!Nara Herbivory and Plant Vitality: 

1)    How does !Nara plant growth and reproduction differ between fenced (exclosure) vs. 

unfenced (control) !Nara hummocks and with increasing distance from the Kuiseb River?  

A.  How do exclusion of livestock herbivores and distance from the Kuiseb River impact 

average main !nara stem length, stem diameter, number of side branches, and plant 

height? 

Hypothesis 1: Herbivore exclusion promotes !Nara growth, and thus fenced !nara 

hummocks will exhibit greater mean stem length, stem diameter, number of side branches, 
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and plant height than unfenced !Nara hummocks. 

Hypothesis 2: Due to the concentration of livestock associated with forage and livestock 

drinking stations near the Kuiseb River, non-fenced !nara hummocks will exhibit greater 

mean stem length, stem diameter, number of side branches, and stem height farther from 

the Kuiseb River than unfenced !nara hummocks nearer to the Kuiseb. 

B.  How do herbivore exclusion and distance from the Kuiseb River impact the production 

of  !nara  flowers and fruits? 

Hypothesis 3: Due to a concentration of livestock near the Kuiseb river, and because 

herbivore exclusion promotes the ability of !nara to invest in reproductive growth, 

fenced !Nara hummocks further from the river will exhibit greater numbers of fruits and 

flowers than unfenced hummocks near the river. 

C. How does average proportion of live biomass differ with herbivore exclusion and 

distance from the Kuiseb River??  

Hypothesis 4: Herbivore exclusion reduces browsing and trampling pressure at !nara 

hummocks and thus promotes !Nara plant growth, which will result in fenced !nara 

hummocks and !nara hummocks farther from the Kuiseb River exhibiting greater mean 

proportion of live biomass than unfenced !nara hummocks and !nara hummocks closer to 

the Kuiseb River.  

2)    Are the fences used in the !nara herbivory study effectively excluding livestock?  

Hypothesis 5: Significantly less dung will be seen within fenced !nara  hummocks 

compared to unfenced hummocks.  

3)    How does livestock activity differ at unfenced hummocks located at different distances from 

the Kuiseb River? 

Hypothesis 6: Hummock distance from the Kuiseb River will be negatively correlated with 

livestock dung density (a proxy for livestock activity).  

 4)   Is dung density an effective proxy for herbivore pressure and how does it relate to measures 

of plant growth? 

Hypothesis 7: Herbivore exclusion promotes !nara plant productivity, and thus livestock 

dung density will be negatively correlated with mean plant height and the proportion of 

live biomass. 
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Biodiversity 

In the Namib Sand Sea ecosystem, !nara adaptations benefit a variety of organisms. Because of its 

importance in the desert food web, as well as in shaping the landscape by forming hummocks, 

the !nara plant has been proposed as a keystone species in some literature (Klopatek & Stock 1994). 

Keystone species are defined as “relatively low biomass species with a structuring role in their 

food webs”, which strongly influences the abundances and organization of other species and the 
intraspecific dynamics within an ecosystem (Libralato et al. 2006; Piraino et al., 2002). These 

species are crucial to maintain a diversity of ecological communities. Identifying keystone species 

aids the maintenance of ecosystem integrity and biological diversity in the face of exploitation and 

other disturbances and stress (Libralato et al. 2006; Naeem and Li, 1997; Tilman, 2000). 

There are a variety of many reasons why !nara may be viewed as a keystone species in the literature. 

First, !nara hummocks are crucial habitat and nutritional sources for various Namib Desert 

species. !Nara hummocks directly provide habitats for burrowing organisms by stabilizing sands 

in a hummock. The spine-covered stems provide aboveground protection for other small animals 

including gerbils. The plant also provides a vital source of moisture, protein, and carbohydrates to 

a wide range of species, including Oryx gazelle (Oryx), Canis mesomelas (Black-Backed jackal), 

Camponotus detritus (Namib Desert dune ant), and Meroles anchietae (Shovel-Snouted lizard) 

(Henschel and Moser 2004). 

Another defining characteristic of keystone species is that they are exceptional relative to other 

species in the community in terms of their impacts (Mills et al. 1993). If a plant is a keystone 

species, herbivory negatively affects its plant livelihood relative to the many species that come 

into contact with it. Particularly, herbivory pressure on keystone species can have a cascading 

effect on other taxa if they rely on the plant’s resources or services (Klopatek & Stock, 1992). 
While it provides a significant source of nutrition and moisture to many different organisms, and 

it forms microhabitats by trapping sand, !nara cannot be accurately labelled a keystone species 

(Klopatek & Stock 1994). This claim remains persistently unsubstantiated. 

Additionally, some keystone species are disproportionately important in ecosystems due to their 

roles as ecosystem engineers. Ecosystem engineers are organisms that create, modify, and maintain 

habitats, which directly or indirectly control resource availability to other organisms (Jones et al. 

1997). There exists a paucity of understanding ecosystem equilibrium variations creating habitats 

because of the interactions among a multitude of species, the food-web linkages across trophic 

levels, and the landscape modulations induced by biotic and abiotic interactions (Gilad et al. 2004). 

In other ecosystems, plants have been shown to create structure and habitat complexity in 

environments that lack spatial complexity such as the ocean (Teagle et al. 2017). Similar to !nara, 

kelp species create “three-dimensional habitat structure” which supports a variety of species 

(Teagle et al. 2017). More specifically, kelp increase the volume, heterogeneity, and complexity 

of habitat and provide direct food and shelter to many species (Teagle et al. 2017). 

Even more so, ecosystem engineering varies resource availability which affects species 

distribution and abundance (Wright and Jones 2004). Different areas, especially the surrounding 

habitat that remains unmodified by the engineer, are influenced by the presence and absence of 
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ecosystem engineers that influence system productivity. Ecosystem engineers increase landscape-

scale species richness by creating new habitats and allowing species that would otherwise be 

excluded to persist (Wright and Jones 2004). For instance, at low productivity, species richness is 

limited by either stress or disturbance, while at high productivity, patches tend to be dominated by 

one or a few competitively superior species (Grime 1979). Yet, when an ecosystem engineer 

increases productivity in a low-productivity system, stressful conditions are ameliorated and 

positively affect species richness, regardless of differences in taxonomic or trophic position of the 

engineers (Wright and Jones 2004). !Nara hummocks demonstrate this theory of primary 

productivity because they provide foundational support for interconnected species amidst the low 

productivity of the Namib Desert ecosystem.  

Additionally, since ecosystem engineers disproportionately influence the availability of resources 

for other species through the creation, modification or maintenance of habitats, physical structures 

provide a refuge that acts as thermal buffers when ambient conditions are unfavorable (Pike et al. 

2013). For instance, !nara hummocks  provide accessible microhabitats, such as subterranean 

burrows, that provide “moderate and stable thermal environments to protect against often variable 
and extreme environmental conditions” (Pike et al. 2013).  In this report, we analyze the diversity 
of organisms around !nara hummocks as well as the structure and abiotic changes created by 

hummock formation to assess !nara as a keystone species and ecosystem engineer. 

Biodiversity Research Objectives  

We monitored !nara with the intent of clarifying the perception of it as a keystone species and its 

importance within the Namib Desert environment. !Nara plant productivity and herbivory, its 

hummock biodiversity, and niche construction were three categorical inquiries we sought to 

understand. We sought to monitor the aforementioned categories, which entailed assessing and 

improving the current long-term monitoring methodology used by the Gobabeb staff. Our 

objectives and rationale for our research questions and hypothesizes are as followed: 

!Nara Hummock Biodiversity: 

1) Does livestock herbivory, hummock distance from the Kuiseb River, and !nara hummock 

volume influence the abundance and richness of animal species associated with !Nara 

hummocks?  

Hypothesis 8: Due to greater !nara plant vitality associated with reduced herbivory, 

fenced !Nara hummocks and those closer to the river will support higher species abundance 

and richness  

Hypothesis 9: Because herbivore pressure decreases with increasing distance from the 

Kuiseb, there will be less variance in total species abundance and Shannon-Weiner Index 

values between fenced and unfenced hummocks farther from the river compared to fenced 

and unfenced hummocks closer to the river. The Jaccard Index values will decrease with 

increasing distance from the Kuiseb River. 
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Hypothesis 10: Due to greater habitat heterogeneity near the Kuiseb River, !Nara 

hummocks close to the Kuiseb will exhibit significantly greater species richness than 

hummocks positioned farther away.  

Hypothesis 11: Due to a larger capacity to provide microhabitats and food sources, !Nara 

hummocks with greater volume and surface area will support higher species total 

abundance and richness. 

2) Do !nara hummocks support greater total abundances and richness of animal species 

compared to other mound-forming desert structures (i.e. rock outcroppings, acacia 

hummocks, and dune grass hummocks)?  

Hypothesis 12: Because of increased structural complexity and their ability to form large 

mounds, !Nara hummocks will exhibit greater species richness and abundance on average 

compared to rock outcroppings, acacia hummocks, and dune grass hummocks. 

3) How may !nara function as an ecosystem engineer, changing its surrounding environment 

and affecting soil properties?  

Hypothesis 13: Due to shading and greater belowground organic biomass, mean soil 

temperatures will be significantly lower in !Nara hummocks compared to surrounding bare 

soils. 

 Methods 

Previous Data and Research 

By the end of 2016, the Gobabeb Research and Training Centre staff installed metal wire fences 

at 10 female !nara plant hummocks, located at various distances from the Kuiseb River, to exclude 

donkeys, cattle, goats, and sheep from browsing at the hummocks. All 10 fenced !nara hummocks 

were paired with an unfenced hummock, which permitted herbivore access and functioned as a 

control for comparative analysis. In November 2016, members of the Dartmouth FSP selected 

these 10 hummocks to conduct an herbivory and productivity monitoring experiment. 

Since March 2017, to assess potential changes on the 10 unfenced and 10 fenced !nara hummocks, 

the Gobabeb staff collected data on a monthly and bi-monthly basis to assess plant vitality 

associated with herbivory levels. For the monthly data assessment, dung collection, count, and 

removal occurred atop and surrounding both fenced and unfenced hummocks, as well as fruit and 

flower counts. In addition to the monthly data collection, bimonthly assessments for growth and 

herbivory occurred at 10, aluminum-tagged stems from 10 thicket bushes. For example, 

measurements included stem diameter at 10cm from branch tip, number of pairs of thorns, and 

number of side stems within 30cm from the branch tip, as well as counts for burrow sizes (i.e. 

small, medium and large). 

Data collection for this exclosure experiment began in March 2017. For our analysis of this past 

year’s data, we examined plant productivity (i.e. fruit and flower counts) and plant growth (i.e. 

stem length and diameter) as proxies for herbivory impact. Also, we counted large herbivore dung 

as a proxy to examine herbivore pressure, as well as observed trends in herbivory levels 

corresponding to hummocks’ distance from the Kuiseb River. These analyses allowed us to assess 
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trends in variables that could influence our hypotheses (i.e. herbivore distribution in proximity to 

the Kuiseb River) and to assess trends in !nara plant vitality after a year of livestock exclusion, 

which extends the work of Kittelberger et al. 2016.  

Study Site Selection 

We conducted our experiment to assess plant productivity and hummock biodiversity at the ten 

previously selected pairs of !nara hummocks (10 fenced and 10 unfenced) selected by the 2016 

Dartmouth FSP members. All hummocks were female in gender and paired with another hummock 

of similar size and distance from the Kuiseb River. 

We randomly sampled the 10 pairs of sites to create 2 stratified groups, which each had five 

hummock pairs at varying distances from the Kuiseb River. We assessed the first sample, 

consisting of 5 hummock pairs during our first 2 days of data collection (November 1st, 2017 and 

November 2nd, 2017), and the second sample during our last 2 days of data collection (November 

3rd, 2017 and November 4th, 2017). Thus, we collected data for all twenty !nara hummocks over 

the course of four days. 

 

Fig. 1. – GIS map of the 20 !nara hummocks included in long-term herbivory monitoring as well as our 

biodiversity and temperature data collection at Gobabeb Research and Training Centre. “C” denotes a 
“control”, or unfenced hummock, while “E” denotes an “exclosure”, or a fenced hummock.  
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Bi-monthly Protocol Trials  

Before conducting our data collection, we assisted a Gobabeb staff member, who currently 

conducts the monthly and bimonthly herbivory data collection protocols, to collect data from !nara 

hummocks 2E (fenced/fenced) and 2C (unfenced/unfenced) by using existing protocols for 

assessing !nara hummock herbivory and productivity, which Gobabeb staff has surveyed since 

March 2017. 

After experiencing protocol methodology firsthand, we assessed the current problems with the 

protocols and brainstormed improvements for data collection methods. Following our field session, 

we considered revisions that may improve data collection efficiency, its spreadsheet coherence, 

and its accuracy of results.   

Experimental Pilot Phase 

Once we devised our initial research questions and proposed experiments for biodiversity 

assessment, we conducted pilot experiments to ensure that our methods would provide useful and 

meaningful results. 

In our first trial, on the afternoon of October 29th, we deployed Sherman live animal traps, drift 

fences, and pitfall traps on hummocks 2E (fenced hummock) and 2C (control hummock).   We 

conducted the following pilot experiment on each hummock as follows: we deployed fifteen 

Sherman traps containing a small ball of bait, composed of bread crumbs, peanut butter, and fish 

paste, to attract small omnivorous and carnivorous rodents. On one side of the hummock, which 

we chose arbitrarily, we deployed a drift fence parallel to the hummock’s slope, with one pitfall at 
the bottom of the fence, 2 pitfalls on either side of the fence’s midpoint, and one pitfall at the top 

of the fence. Using a small trowel, we dug a hole large enough to place the pitfall within the 

hummock’s soil and to make it level with the soil surface, such that could catch ground-dwelling 

insects and other small terrestrial animals. We deployed the same arrangement of a drift fence and 

pitfalls on the opposite side of the hummock, yet aligned them perpendicular to the hummock’s 
slope, to examine the possible effect of the drift fence angle on catch success. We also deployed 3 

Sherman live traps at an acacia hummock positioned in between plots 2E and 2C, to see if any 

activity could be recorded in this alternate habitat structure. On the morning of October 30th, after 

collecting and assessing the pitfall and live trap data from this pilot experiment, we modified our 

pilot experiment to exclude live traps after receiving a low catch rate. For example, despite 

deploying a total of 33 traps, a single hairy-footed gerbil was captured. 

On the afternoon of October 30th, we conducted a second pilot experiment to assess and to finalize 

our methods for data collection. We conducted the following pilot experiment on both hummocks 

2E and 2C as follows: given the abundance of tracks we observed the morning following our initial 

pilot study, and, given that the live traps or pitfall traps did not capture much nighttime activity, 

we decided and used a broom to sweep standardized-sized transect to observe hummock animal 
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communities. The following morning, we identified these animal tracks which the transects 

“captured”. 

On one side of hummock 2E and 2C, we swept a smooth surface parallel to the right and left of 

the drift fence with widths of 33 centimeters (cm) and lengths of 3 meters (m), totaling an area of 

1-square meter each. We swept an additional transect of equal width and length perpendicular to 

the drift fence. On the opposite embankment of both 2E and 2C, we deployed 3 sweep transects in 

the same alignment (parallel to the right and left sides of the barrier fence and perpendicular at the 

hummock’s base) as 66cm long and 3m wide, for a total area of 2-square meter. With the different 

measurement metrics, this second deployment allowed us to assess the extent to which sweep 

transect width affects the number and diversity of animals whose tracks are “captured”. The drift 
fence and pitfall pairings remained in their previous alignments.  

The following morning, we observed easily identifiable tracks within the sweep transects, as well 

as determined that the species number and diversity captured was not significantly different 

between the 1-square meter and 2-square meter transects. However, because the greater width of 

the 2-square meter transects made tracks more easily identifiable, we decided to sweep all future 

transects to 2-square meters. Additionally, after analyzing pitfall traps from our 2-day pilot data, 

we decided to orient all subsequent barriers parallel to the hummock slope because they yielded 

significantly greater capture rates compared to barrier fences placed perpendicularly to the slope. 

Stem Length, Stem Diameter, and Number of Side Branches 

To distinguish what, if any, effects livestock herbivory has on !nara growth rate, we calculated 

mean values of stem length, stem diameter, and number of side branches, utilizing data collected 

bimonthly from 10 !nara stems at each fenced and unfenced hummock within the long term 

herbivory study. Stem length had been collected from 10 branch tips,  either on ten different 

marked !nara bushes at a hummock or on the same bush, depending on the size of the hummock. 

After marking ten stems 10 cm from their tips at the beginning of the study, a bimonthly 

measurement was recorded from the previous mark to the stem tip, and then remarked at 10 cm 

from the new stem tip. Stem diameter had been collected in a similar manner at the ten stem data 

recording locations, measured monthly using a caliper at the mark placed at 10cm two months 

prior. The number of side branches had been collected from these same ten stems, by counting the 

branch points from the top 30 cm of stem length. 

Mean Plant Height 

After analyzing 2017’s !nara plant vitality data and completing trial runs of the current herbivory 
monitoring protocols, we decided that the current methods of assessing stem growth (i.e. 

measuring the length of the stem tip from the previous month’s 10cm mark)  did not provide a 
clear picture as to how plant growth rate differs between fenced and unfenced !nara hummocks. 

To test an alternative method of assessing the overall growth of !nara at a given hummock, we 

utilized a height measurement protocol developed by Dartmouth in 2016 for a student project 

focusing upon herbivory pressure. To calculate mean plant height, we measured heights among 6 

to 10 previously-marked !nara plants (depending on the size of the hummock) from the base of the 
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live plant to the top of the bush, determined as the level at which a clipboard placed on top of the 

bush would compress the stems.  

Proportion of Live versus Dead Biomass 

To supplement our assessment of herbivory impacts on !nara vitality, we also utilized a DJI 

Phantom 4 Advanced drone, equipped with a 20 megapixel Sony Sensor, to map the proportion of 

live and dead !nara at both fenced and unfenced hummocks.  For each hummock, dozens to 

hundreds of nadir and oblique geotagged photographs were analyzed using a SfM-MVS workflow 

in Agisoft Photoscan Pro (Carrivick et al. 2016). A georeferenced orthomosaic was then imported 

into ArcMap (v 10.4.1) where a Maximum Likelihood Classification was run using a user 

generated signature file to generate a ‘dead !nara’, ‘live !nara’, and ‘sand (or other)’ landcover 
map for each hummock. Finally, to calculate proportions of live and dead biomass, we divided the 

surface area of live and dead !nara respectively by the sum of live and dead !nara surface area 

coverage on the hummock (Appendix A).  

!Nara Live Volume, Fruit and Flower Counts 

To parameterize the fruit and flower production by hummock size, we  calculated the volume of 

live !nara biomass utilizing the mean plant heights for each hummock, which we then multiplied 

by the live biomass surface area, as calculated from the UAV images utilizing ArcMap software. 

Also, we analyzed the total number of small fruits with flowers and open flowers from 2017’s 
bimonthly data collection to assess the impact of livestock herbivory on reproduction. In our 

analyses, we counted the cumulative number of fruits with flowers and open flowers for the year 

at each hummock, and then divided this number by the live !nara volume, which was calculated 

by the method cited above (Appendix A).  

Pitfall Trap and Drift Fence Set-Up 

On the afternoon of October 31st, we randomly selected our first stratified random sample and 

deployed drift fences and pitfalls at hummock pairs 3, 4, 6, 8, and 9. After modifying our 

experiments following our second pilot phase, we conducted the following procedure at each of 

the 10 hummocks:  we deployed a drift fence on both the eastern and western embankments that 

was parallel to the hummock’s slope. We installed fences on the eastern and western slopes 

because the sun’s arc affects daytime length and exposure on the hummocks and diurnal, desert-
dwelling species. Fence length was recorded using a fifty-meter tape measure. We established this 

measurement to act as a proxy for our catch effort, which the meters of fencing expressed. Next, 

we deployed 5.5cm diameter pitfalls located at the top, bottom, and both midpoints of each drift 

fence. 

On the morning of November 2nd, we collected the drift fences and pitfalls installed at the 10 

hummocks of our first stratified random sample. On the afternoon of November 2nd, we repeated 

this procedure for our second stratified random sample on hummock pairs 1, 2, 5, 7, and 10.  On 

the morning of November 4th, we collected the drift fences and pitfalls that we installed at the 10 

hummocks of our second stratified random sample.  
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Track Count Transects  

On the afternoon of October 31st, we swept 2-square meter transects at the five hummock pairs of 

our first stratified random sample using the following procedure: on both the eastern and western 

embankments of the hummock, we used a broom to sweep transects 66cm wide and 3m long, for 

a total of 2-square meters each. We swept transects parallel to either side of the drift fence, as well 

as swept a transect perpendicular to the drift fence that was located at the base of the hummock. 

On the afternoon of November 2nd, we repeated this procedure at the five hummock pairs of our 

second stratified random sample. 

On the afternoon of November 3rd, we swept a single transect with a 66cm width and 3m length 

at microhabitats within fifty-meters of each of the 10 hummocks selected for our second stratified 

random sample. We selected the aforementioned microhabitats for their similar mound-forming 

capabilities and their close proximity to the !nara hummocks. These microhabitats included rock 

outcroppings, Acacia hummocks, and dune grass hummocks. At each of these transects, we used 

a Garmin Oregon 700 GPS to tag their waypoint coordinates and recorded their location. 

I-buttons and Hobo Temperature Data Loggers 

On the afternoon of October 31st, we deployed twenty pairs of I-button and Hobo temperature data 

loggers at all twenty hummocks in our aggregate sample. We conducted the following procedure 

at each hummock: we attached a uniquely-numbered I-button or Hobo logger to a half-meter length 

stick, and we labeled the stick to match the loggers’ numerical identification. Additionally, we 
marked the stick 5cm above the taped data logger to identify the depth of its placement it within 

the hummocks’ soil. We placed one data logger 5-cm deep within the soil atop and on the flattest 

point of the hummock, so it received sunlight exposure throughout the day. The logger was placed 

next to a live plant, but not directly adjacent to a stem or any dead plant material. We placed 

another data logger at an equal depth within the soil, 20m away from the base of the hummock, 

which as located on the flattest, least shaded ground. On the morning of November 4th, we 

collected the forty data loggers that we had deployed at the twenty hummocks of our aggregate 

sample. 

Biodiversity Data Collection 

On the morning and afternoon of November 1st and the morning of November 2nd, we visited the 

five hummock pairs of our first stratified random sample to assess hummock biodiversity on our 

transect sweeps and pitfall traps. Subsequently, on the morning and afternoon of November 3rd 

and the morning of November 4th, we visited the five hummock pairs from our second stratified 

random sample. On the morning of November 4th, we visited the 10 alternative microhabitats (i.e. 

rock outcropping, dune grass, and Acacia hummock) located near each of the randomly selected 

hummock pairs within our second stratified random sample. At approximately 8:00 AM each 

morning, we collected “night activity” data and “daytime activity” data at approximately 4:00 PM 
each afternoon. 
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To assess pitfall traps, we used a large spoon and/or a trowel to scoop invertebrates (i.e. insects, 

scorpions, spiders, etc.) or lizards out of the pitfalls, carefully sifting through sand in case species 

burrowed inside the pitfalls. To assess sweep transects, we counted the number of species’ track 
crossings (i.e. a distinct entry and exit) within each transect. With existing track identification 

knowledge provided from guidebooks and a Gobabeb researcher, Eugene Marais, we categorized 

observed tracks into: lizard, gerbil, caterpillar, beetle, spider/scorpion, bird, second bird, cape fox, 

jackal, !nara cricket, mound, sidewinding snake, skink, and unknown. While visiting all 

twenty !nara hummocks of our aggregate sample, we walked the length of the hummock and 

recorded each observed animal species. Also, after each visit to a hummock, we re-swept all 

transects and cleared the contents of all pitfalls. 

 

Biodiversity Indices  

Abundance: To calculate an overall species abundance at each hummock, we summed the total 

number of individuals caught in pitfall traps at the hummock to the total number of animal 

crossings at the six track sweeps. Note: This calculation was made from compiling individual 

organism counts (from pitfalls) and a proxy for animal abundance, the number of distinct crossings 

(defined as an animal entering and exiting) at a given track sweep.  

Richness: To calculate overall species richness, we counted the number of different taxa found 

within the pitfall traps and those crossing the track sweeps at each hummock. This calculation was 

made from a number of different categories represented in the data, as organisms in the pitfall traps 

could be identified to the species level, whereas tracks could only be identified to species groups 

(i.e. gerbils, lizards, etc.).  

Shannon-Wiener Index: In an attempt to combine the above parameters (species richness and 

abundance)  we calculated a Shannon-Wiener biodiversity index value (Magurran 2004) at each 

hummock, for pitfall catches and track data separately, utilizing the following equation: 

  

To have an overall representation of biodiversity, we combined the indices calculated from the 

data collected via the two sampling methods (pitfalls and track sweeps) and  standardized them by 

using the following equation to generate a combined Shannon-Wiener index:   

 

 

Note: i = 1-20 hummocks  
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Jaccard Evenness Value:  We were also able to examine how similar the two hummocks within a 

pair were across the entire experiment, utilizing the following formula: 

   

where Sa = number of species unique to sample a (fenced hummock), Sb= number of species unique 

to sample b (unfenced hummock), and Sc= number of species shared between the two samples 

(fenced and unfenced hummocks).  

Pollinator Collection Bowls 

To gather additional biodiversity data beyond those collected from the pitfall traps (i.e. ground-

dwelling insect species) and the track-sweep transects (i.e. terrestrial hummock species), we 

conducted a pilot survey of !nara pollinator species. The collection bowls are also known as bee 

bowls. 

 

We placed 5cm-diameter, white bee bowls atop of each fenced and control hummock at 11:30 AM 

in an unobstructed area and collected them after five hours. A solution of 5% propylene glycol and 

a drop of dish soap in water filled each bowl. Next, we placed the bowls on the eastern slope, 

which was away from the prevailing westward wind. Where possible, we identified each pollinator 

down to its species, or to its lowest taxonomic designation known from the taxonomy of the 

region.  

Data Analysis  

To analyze our hypotheses, we conducted various statistical tests using JMP Pro 13 (JMP Pro 

2017). We used ANOVA to examine the effects of treatment (fenced versus unfenced ) and 

block (near vs. far ) on Shannon-Wiener indices, species abundance and richness, livestock dung 

density, mean number of branches, stem diameter, stem length, open flowers, small fruits with 

flowers, and mean plant height (Table 1).  

We used linear regression analysis to test for relationships between livestock dung density vs. % 

live biomass mean plant height. We also utilized t-tests to look for statistically significant 

differences in soil temperatures at 5cm depth between the top of !nara hummocks and the 

surrounding flat ground 20 meters from the hummock base,  as well as to compare Jaccard Index 

values between hummocks.  
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Table 1. Hummock location and treatment variables. See Appendix B for other variables used in data 

analysis. 

 

 

Results 

Herbivory Results 

To assess the impact of herbivory pressure on plant growth in relation to treatment type and 

distance from the Kuiseb River, we compared the variables of !Nara mean stem length, stem 

diameter, number of side branches, and plant height, used as proxies for plant growth, between 

fenced and unfenced !Nara hummocks, and between hummocks near and from the river. 

In comparing mean stem length and diameter, we excluded one data point from hummock 1C that 

was an obvious outlier due to data entry error. We observed a significant relationship between 

mean stem length and distance from the river (n= 20, F= 6.1031, df= 1, p = 0.0251) (Fig. 2), but 

mean stem length did not vary by treatment type (n= 20, F= 2.1082, df = 1, p = 0.1658).  
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Figure 2. !Nara mean stem length varied between hummocks positioned near (𝑥̅ = 126.18 ±6.07 mm) and 

far (𝑥̅ = 104.98 ± 6.07 mm) from the river. Fenced !Nara hummocks near the river exhibited the greatest 

mean stem length (𝑥̅ =  139.38 ± 13.38 mm). 

 

Mean stem diameter decreased with distance from the river (n= 21, F= 6.08, df= 1, p = 0.0246), 

but did not vary by treatment type (n= 21, F= 0.0171, df = 1, p = 0.8976) (Fig. 3). The mean 

number of side branches did not vary by treatment type (n= 21, F= 0.2658, df= 1, p = 0.6128) or 

with distance from the river (n = 21, F= 0.2064, df= 1, p = 0.6553).  
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Figure 3. Mean !Nara stem diameter (mm) varied between hummocks positioned near (𝑥̅ = 4.39 ±0.11 mm) 

and far (𝑥̅ = 4.01 ± 0.11 mm) from the river. Fenced !Nara hummocks near the river exhibited the greatest 

mean stem diameter (𝑥̅ = 4.5 ± 0.22 mm). 

 

Mean plant height is significantly greater in fenced hummocks (n= 21, F= 4.5776, df= 1, p = 0.0472) 

(Fig. 4), but does not vary with distance from the river (n= 21, F= 0.00, df= 1, p = 0.99). 
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Figure 4. Fenced !Nara hummocks exhibited significantly greater mean plant height (𝑥̅ = 69.01 ± 6.78 cm) than unfenced (𝑥̅ = 50.54 ± 4.70cm) hummocks. 

 

There was a significant relationship between the production of !Nara flowers and hummock 

distance from the river (n= 20, F= 4.5718, df= 1, p = 0.0483*) (Fig 5), yet the production of !Nara 

flowers did not vary with treatment type (n = 20, F = 0.5006, df = 1, p = 0.4894). The production 

of small !Nara fruits with flowers did not vary with treatment type (n = 20, F = 1.2915, df = 1, p = 

0.2725) or distance from the river (n = 20, F = 0.0152, df = 1, p = 0.9034). 
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Figure 5. Cumulative !Nara flower production per cubic meter varied between hummocks positioned near 

(𝑥̅ = 1.53± 0.45) and far (𝑥̅ = 0.16± 0.45) from the river. Unfenced !Nara hummocks near the river 

exhibited the greatest cumulative flower production (𝑥̅ = 2.072 ± 2.35).  

Proportion of live biomass did not vary with treatment (n = 20, F = 1.4866, df = 1 , p = 0.2404) or 

distance from the river (n = 20, F =  1.0758, df = 1, p = 0.3151). Additionally, the  proportion of 

dead biomass did not vary with treatment (n = 20, F = 1.4866, df = 1 , p = 0.2404) or distance from 

the river (n = 20, F =  1.0758, df = 1, p = 0.3151).  

In comparing the cumulative number of livestock dung, we excluded an obvious outlying 

observation in hummock 1C. Gobabeb staff members collected no livestock dung from 

fenced !Nara hummocks in the month of September 2017, which indicates and represents the 

effectiveness of the livestock fences in excluding herbivore activity (e.g. dung). Dung density did 

not vary with distance from the river (n = 10, F = 0.2458, df = 1, 0.6268). Additionally, there was 

no significance in the relationship between dung density and either mean plant height (n = 10, F = 

1.7357, df = 8, p = 0.2242) or the proportion of live biomass (n= 9, F = 0.0349, df = 7, p = 0.8570).  
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Biodiversity  

We evaluated the biodiversity in the fenced and unfenced hummocks, in relation to those near to 

and far from the river. We used pitfall traps to catch small animals and sweep transects to count 

tracks. We assessed abundance, richness, relative biodiversity (Shannon-Wiener index) and 

Evenness (Jaccard index). We predicted that hummocks closer to the river would have higher 

diversity due to the presence of riparian species. We also predicted that fenced hummocks would 

have higher diversity due to lower herbivore impact on animal habitat in the hummock.  

There was no significant difference between track, pitfall, and combined abundance between near 

and far hummocks or fenced and unfenced hummocks (Table 1). There was a marginally, 

significant positive effect on distance to the river to the  number of taxa observed in tracks but not 

on the  number of taxa observed in the pitfalls. More taxa were observed in the hummocks near 

the river. There was also marginally, significant positive effect of distance to the river and 

treatment on the Shannon-Wiener index for tracks but the overall ANOVA was not significant. 

There was no significant effect of treatment or distance to the river on the Shannon-Wiener index 

for pitfalls and the combined Shannon-Wiener index (Table 1). We initially assumed that the 

fenced hummocks would have higher biodiversity in terms of richness and abundance, but the 

richness, Shannon-Weiner indices, and abundance results do not support that hypothesis. The 

Jaccard index for tracks, which measures similarities between pairs, was higher for pairs of 

hummocks near to the river (t=1.885981, df 8, p=0.048). There was no difference between pairs 

of Jaccard index for pitfalls. 
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Table 1. Results from ANOVA tests of abundance, # of taxa (richness), and Shannon indices with 

treatment and distance from the Kuiseb River (near vs. far block). There was no significant difference in 

abundance, # of taxa, and Shannon indices in near and far hummocks or fenced and unfenced hummocks. 

However, there was a marginally significant difference in # of track taxa between near and far hummocks. 

The near hummocks had higher mean track taxa (7.2 ± 0.38) than the far hummocks (5.8 ± 0.38) There 

was also a marginally significant difference in the Shannon indices for tracks between near and far 

hummocks as well as fenced vs. unfenced hummocks. However, the fenced and near hummocks had only 

slightly higher mean Shannon indices for tracks (1.3603 ± 0.077; 1.357 ± 0.077) than the unfenced and 

far hummocks (1.133 ± 0.077; 1.135 ± 0.077). 

Variable N df F P Treatment P Block P 

Track 

abundance 

20 3,19 0.5696 0.6430   

Pitfall 

abundance 

20 3,19 1.0003 0.4181   

Combined 

abundance 

20 3,19 1.8181 0.1845   

# of taxa 

(tracks) 

20 3,19 2.271 0.0795*  0.0194 

# of taxa 

(pitfalls) 

20 3,19 1.4667 0.2611   

Shannon 

index 

(tracks) 

20 3,19 2.7685 0.0756 0.0563* 0.0613* 

Shannon 

index 

(pitfalls) 

20 3,19 0.2694 0.8465   

Shannon 

index 

combined 

20 3,19 2.2822 0.1182   

 

We found a significant relationship between the combined (pitfalls and tracks) Shannon-Wiener  

indices and log transformed live volume (N=20, R2 =0.2163 p= 0.0388) but not between the track 
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and pitfalls Shannon indices and live volume (Table 2). The combined Shannon index was 

positively correlated with live volume (Fig. 5). There was also a significant relationship between 

the tracks and combined abundance and the log transformed live volume (Table 2). For both 

combined and tracks abundance, there was a positive correlation with log transformed live volume 

(Fig. 6, Fig. 7). However, there was not a significant relationship between the number of taxa 

observed from the pitfalls and tracks and the log transformed live volume (Table 2). Our results 

showed that most measures of biodiversity (Shannon-Wiener indices and abundance) were higher 

in larger hummocks which supported our initial assumptions (Hypothesis 11).The only exception 

was the number of track and pitfall taxa observed.  

 

Table 2. Results from regressions of abundance, # of taxa (richness), and Shannon indices in relation to log 

transformed live !nara volume (m3) indicate that there was a significant relation between combined Shannon 

indices, pitfall abundance, and combined abundance with increased log transformed volume. Larger 

hummocks in terms of volume had higher combined Shannon index values, track abundance, and combined 

abundance.  

Variable N df R2 P 

Shannon index 

(combined) vs. ln 

(Live volume) 

20 19 0.2163 0.0388* 

Shannon index 

(tracks) vs. ln 

(Live volume) 

20 19 0.0712 0.2553 

Shannon index 

(pitfall) vs. 

ln(Live volume) 

20 19 0.0868 0.2072 

# of taxa (tracks) 

vs. ln (Live 

volume) 

20 19 0.1604 0.0801 

# of taxa (pitfalls) 

vs ln(Live 

volume) 

20 19 0.2072 0.0437 

Abundance 

(tracks) vs. 

ln(Live volume) 

20 19 0.2399 0.0284* 
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Abundance 

(pitfalls) vs. 

ln(Live volume) 

20 19 0.0553 0.318 

Combined 

abundance vs. 

ln(Live volume) 

20 19 0.2907 0.0142* 

 

 

 

 

Fig. 6. Linear regression of log transformed live volume (m3) in relation to the combined Shannon-

Weiner index for all !nara hummocks showed that hummocks with higher log transformed volume had 

higher combined Shannon indices.  
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Fig. 7. Linear regression of log transformed live volume in relation to the animal abundance observed 

from track sweep data  for all !nara hummocks indicated that hummocks with higher log transformed 

volume had higher track abundance. 
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 Fig. 8. Linear regression of log transformed live volume in relation to the combine abundance (pitfalls 

and tracks) for all !nara hummocks indicated that larger hummocks have higher combined abundance  

 

Fig. 9. T-test results analyzing temperature at 5 cm depth between the top of  !nara hummock and bare 

soil 20 m away from hummock base show that mean temperatures at 5cm depth for the hottest 30 minutes 

of the day are significantly lower on top of !nara hummocks compared to surrounding soils. 

 

Discussion 

!Nara Plant Vitality and Herbivory Discussion 

To establish the effects of herbivory on !nara plant vitality, we first examined whether proxies of 

plant growth (i.e. mean stem length, stem diameter and the number of side branches) differed 

between fenced and unfenced hummocks. Our results indicate that for the first three proxies of 

plant growth assessed in the monthly and bimonthly data collection (mean stem length, stem 

diameter, and the number of side branches), no significant difference exists between fenced and 

unfenced !nara hummocks. Although these findings contradict our first hypothesis, which 

anticipated greater plant growth measurements in fenced hummocks, the results from our 

measurements taken on average plant height indicate that fenced !nara plants exhibit significantly 

greater heights than !nara exposed to livestock herbivore pressures. These findings indicate that 

the current herbivory monitoring protocol may not be providing the most accurate metric to assess 

herbivory impacts, or that a sufficient amount of time has not passed since fence installation for 

significant effects on current metrics of plant growth to be observed. On the other hand, because 

we did not observe significantly greater mean stem length, diameter, and number of side branches 

in unfenced hummocks, our data also does not suggest the existence of an alternative relationship, 
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whereby herbivory may stimulate plant growth, as ecologists have observed under intermediate 

levels of herbivory in other plant species (Bilbrough 2003).  

Interestingly, although no significant difference was observed between fenced and unfenced 

hummocks in mean stem diameter and stem length, our ANOVA results showed that these metrics 

of plant growth varied significantly when considering hummock proximity (near vs. far) to the 

Kuiseb River. Both mean stem diameter and stem length were significantly greater at !nara 

hummocks near the Kuiseb River, which may be indicative of increased availability of 

groundwater from an elevated water table near the Kuiseb. This finding contradicts our second 

hypothesis, which predicted that hummocks nearer to the Kuiseb would exhibit lower mean stem 

diameter and stem length due to higher concentration of livestock around the river. 

To establish the effect of livestock herbivory on the ability of !nara plants to invest in reproduction, 

we analyzed the difference in total fruit and flower production between fenced versus unfenced 

hummocks. We assessed the number of fruits with flowers still attached to their tips, given that 

this is the most ephemeral stage of fruit development, and thus the least likely to be recounted 

between monthly herbivory data collection. Our ANOVA analysis of fruits with flower and flower 

production did not support our third hypothesis, which predicted that a significantly greater 

number of total fruits with flowers and flowers would be observed in fenced versus unfenced 

hummocks. Although fruit production did not differ significantly in hummocks positioned near to 

versus far from the Kuiseb River, the number of flowers was observed to be significantly greater 

on plants closer to the Kuiseb. One possible explanation for this observation may be that !nara 

plants are able to produce more flowers in closer proximity to the Kuiseb due to greater access to 

belowground water resources. Yet, because herbivory pressure may be greater closer to the river, 

more of these flowers eventually become browsed prior to reaching the small fruit stage, thus 

reducing the difference in small fruit production near to versus far from the Kuiseb.  

After observing that a large proportion of dead !nara biomass appeared to have been trampled by 

large herbivores, we decided to examine the impact of livestock trampling in addition to browsing 

on proportion of live !nara biomass. Our ANOVA results did not support the treatment component 

of our fourth hypothesis, which predicted that fenced hummocks would display a greater 

proportion of live biomass than unfenced. In addition, our examination of proportion of dead 

biomass revealed no significant difference between fenced and unfenced hummocks. Aside from 

treatment, both proportions of live and dead biomass did not differ between hummocks positioned 

near versus far from the Kuiseb River.  

Given the wealth of data from the previous year’s monthly and bimonthly data collection, we 
determined that the fences used in the long term herbivory study are effectively excluding livestock 

(Hypothesis 5) , especially evident given the fact that no cattle, donkey, and/or goat dung was 

counted within fenced hummocks for the most recent sampling month of September. Considering 

the central tenets of optimal foraging theory, which includes the idea that animals will optimize 

nutrient intake with the least amount of energy expenditure, we had hypothesized that livestock 

herbivore activity (assessed utilizing cattle and donkey dung density) would be lower at hummocks 

positioned further out into the Namib sand sea, given the significantly lower density of plant 



105 

 

 

resource farther from the Kuiseb and the energy-intensive process of walking across sand dunes 

to reach these !nara hummocks (Hypothesis 6). We also predicted that signs of herbivore presence 

would be lower further among the dunes, given previous Topnaar livestock satellite tracking data, 

which indicated that cattle and donkeys only trek far into the dunes infrequently, preferring to 

move among the shade and concentrated forage of the Kuiseb. Results from our linear regression 

of September’s dung density counts and hummock distance from the Kuiseb indicated that a 

statistically significant relationship did not exist between these two variables. A plausible reason 

for why no relationship was observed between hummock distance from the Kuiseb River and 

livestock activity may be due to the fact that the hummocks assessed in our experiment are not 

positioned along a wide gradient of distances from the Kuiseb. Instead, the near and far hummocks 

tend to occupy two clustered points, around a distance of approximately 0-500 meters and 2300-

2800 meters from the Kuiseb. To distinguish a trend with a linear regression analysis, it may have 

been better to assess hummocks at more intermediate distances, as well as further into the Namib 

Sand Sea. 

Considering that livestock dung density is a reliable indicator of herbivore presence/activity levels 

at a given hummock (based upon the lack of dung inside fenced hummocks), we also examined 

the relationship between cattle/ donkey dung density and mean plant height (which we concluded 

to provide a good metric for measuring  plant vitality, based on the significant difference observed 

between fenced and unfenced hummocks in mean plant height), as well as proportion of live !nara 

biomass (which showed no variance between treatment types). Although we hypothesized 

(Hypothesis 7) that herbivore exclusion promotes !nara growth, we found that dung density was 

not significantly correlated with mean plant height. This finding does not necessarily discount our 

hypothesis, rather it indicates that examining the linear relation between dung density and mean 

plant height cannot accurately reflect significant changes in plant growth caused by herbivory 

pressure. The regression of dung density on proportion of biomass also showed no significance. 

Since we concluded that the proportion of live biomass was not a good metric for measuring plant 

vitality, we would no longer expect there to be a linear relationship between dung density and the 

proportion of live biomass. 

!Nara Hummock Biodiversity Discussion 

We had several main questions we addressed in our study. The first was how livestock herbivory, 

hummock distance from the Kuiseb River, and hummock volume affected the biodiversity 

(richness and abundance) of !nara hummocks. We initially assumed that hummocks with higher 

volume would have higher biodiversity because they contain more habitat. (Hypothesis 11).We 

found that larger hummocks differed significantly in terms of Shannon diversity index (combined), 

track abundance, and combined abundance from smaller hummocks. This is likely because 

hummocks provide more three-dimensional space for burrowing animals to forage and seek 

thermal refuge. The capacity of !nara hummocks to provide a thermal refuge for desert organisms 

is shown by the drastic difference in temperature between the center of the hummocks and the bare 

soil surrounding them (t=-3.209, df= 37, p= 0.0014). The mean temperature was lower by several 

degrees Celsius at the top of the hummock at 5 cm depth than on bare soil 20 meters away from 
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the top (Fig. 9). This would support the hypothesis that !nara plays a critical role as an ecosystem 

engineer by changing the abiotic conditions inside of the hummock (Hypothesis 13) 

 

In terms of livestock herbivory, we assumed that fenced !nara hummocks would have higher 

animal abundance and richness because the vitality of unbrowsed plants would be higher 

(Hypothesis 8). With higher vitality, the fenced !nara plants may provide more food resources as 

well as spatial complexity for the animals that utilize the hummocks. However, our results 

demonstrated that abundance, number of taxa, and the richness calculated with the Shannon-

Weiner index were not significantly different between the different treatments and distances to the 

river. The Shannon-Weiner indices were likely not significantly different between near and far 

hummocks or fenced and unfenced hummocks because the index values are based on how many 

unique species are present and not on the total number of only a few species present, as with the 

combined abundance (total individuals). In this respect, dune ants were considerably more 

abundant than other species and were found in significantly higher numbers close to the river, 

which results in a significant difference in the combined abundance between near and far 

hummocks or fenced and unfenced hummocks (Appendix F). Interestingly, ant abundances were 

also significantly greater in enclosed hummocks, indicating that ants may choose to associate more 

frequently in areas that are less trampled by livestock, or that have greater biomass to forage around 

(which may be evident in the significantly greater mean !nara plant heights at enclosed hummocks) 

(Appendix F).  

In terms of the proximity to the Kuiseb River, we assumed that species richness would be higher 

in the hummocks closer to the river because habitat heterogeneity is greater near the Kuiseb River 

(Hypothesis 10). In addition to higher habitat heterogeneity, we assumed that diversity would be 

higher in the hummocks close to the river because there would be a combination of desert-adapted 

species and savanna species at the margins of the river, where the river/savanna ecosystem 

transitions to the Namib sand sea. We found that the number of taxa (richness) and total number 

of individuals (abundance) were not significantly different in the hummocks near to and far from 

the river. However, there was a marginally significant difference between the number of track taxa 

with different distance from the river. Even though the overall ANOVA for the track taxa and the 

distance to the river was only marginally significant, the effect of distance to the river on track 

taxa was significant (p= 0.0124). This result may suggest that the sample size for the track taxa 

data may be too small to show the effect of river proximity on diversity. The Shannon index values 

were likely not significantly higher close to the river because the species are less evenly distributed 

in the near hummocks. Perhaps there are riparian species that occur in the transition zone between 

the sand sea and the Kuiseb River that outcompete desert-adapted species at the near hummocks 

and therefore diversity is lower. There may also be no significant effect of proximity to the river 

or herbivore exclusion on the biodiversity of !nara hummocks because the species inhabiting them 

are highly specialized for the environment the plant creates. For instance, some species may 

depend on the lower temperatures inside of the hummock to avoid the high temperature 

fluctuations that naturally occur in the desert (Fig. 7) Therefore, proximity to the river or herbivore 

pressure would not have a large effect on the total biodiversity of the hummocks.  
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We also compared species richness and abundance of !nara hummocks with other hummock-

forming landscape features including dune grass (Stipagrostis sabulicola), rock outcrops, and 

acacia trees (Acacia erlioba). We made this comparison to assess the keystone status of !nara by 

seeing if !nara hummocks support more diversity than the surrounding desert matrix. We initially 

assumed that !nara hummocks would have higher species richness and abundance than the other 

hummock-forming features because !nara has greater structural complexity. Our few samples 

indicated that more total species and more individuals of different species were found on !nara 

relative to other features like rock outcrops of dune grass hummocks (Appendix E). However, 

there is an extremely small sample size associated with these findings and the collection protocol 

was not always consistent between samples. Therefore, it is difficult to draw significant 

conclusions from this information. Future groups may be able to better evaluate the keystone status 

of !nara by improving upon these methods of comparison with other plants and habitats.  

One final interesting finding from our biodiversity assessment was that gerbil abundances, as 

estimated from the total number of gerbils crossing sweep transects at each hummock, were 

significantly greater within fenced hummocks than unfenced hummocks (Appendix G). This 

finding is of particular interest, given that gerbils are cited as one of the two primary !nara seed 

dispersers, alongside black-backed jackals (Henschel et al. 2004). As Henschel et al. note, gerbils 

often bury the seeds of serve as primary short-distance seed dispersers for the !nara plant through 

their habits of burying caches of seeds underground, where many are forgotten and are thus well-

positioned for germination. Given that significantly greater abundances of gerbils are found when 

livestock herbivores are excluded from hummocks, these results suggest that livestock herbivore 

exclusion may offer a multi-faceted benefit to !nara plant reproductive success, given that: 1) more 

energy could theoretically be invested in reproductive structures due to a reduction in browsing 

and trampling of !nara stems, and 2) dispersal and germination of !nara seeds may be significantly 

greater when livestock herbivores are excluded from hummocks due to the fact that gerbil 

abundances are significantly greater in fenced hummocks. One possible explanation for why 

significantly more gerbils are found within the fenced hummocks may be that gerbils are more 

likely to construct burrows in areas of more stable soils, as demonstrated in previous scientific 

literature (Brown 1989). Given that donkeys and cattle often trample heavily around the base 

of !nara plants within unfenced hummocks where gerbils primarily construct their burrows,  gerbils 

may be less likely to associate with herbivore-accessible hummocks.  

Recommendations for Future Studies 

We suggest several changes to the bi-monthly !nara monitoring protocol that would improve the 

accuracy and efficiency of the data collection. Firstly, we propose separating each hummock into 

quadrats using a pole in the center of each hummock that has several pieces of string attached. 

Each piece of the string would be tied off to a section of the fence to divide the hummock into 4 

sections. This would help to reduce double counting of flowers, fruit, and other plant parts that are 

monitored in the bi-monthly protocol. This change could increase the speed of data collection 

while also improving the collection accuracy. We also suggest the addition of other measurements 

to the long-term protocol. Based on the current data in our study, we found that although the flower 

and fruit data did not show a significant difference with the different treatments (fenced versus 
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unfenced), the mean plant height for the plant was significantly different between the treatment 

and control. Therefore, we suggest adding the mean plant height measurement to the long-term 

data collection protocol.  

We also suggest several changes to the biodiversity study protocol to improve the study accuracy. 

First, we suggest standardizing the period of time spent observing hummocks for biodiversity data 

(pitfall, track, and observation) to make the results more comparable. For instance, we suggest 

adding a section to the methods/protocol where we explain a standard way of surveying the 

hummock for live species observations. Second, given that pollinators are a significant component 

of hummock biodiversity, we suggest that further study of biodiversity include a more thorough 

survey pollinator species using bee bowls. To improve the bee bowl method, we suggest assessing 

the weather ahead of time as we encountered difficulties with a pilot study on an extremely windy 

day. Finally, we suggest deploying more bee bowls with attached stands so they are not blown 

away or filled with sand while deployed on the hummocks.  

Conclusion 

Given the plethora of scientific literature alluding to the possibility that !nara functions as an 

important keystone species within the greater Namib-Kuiseb ecosystem, along with the great 

cultural and economic importance of the plant to local Topnaar communities, we set about in our 

scientific investigation to answer the following two research questions utilizing a combination of 

fieldwork and analysis of existing herbivory data: 1) How might livestock herbivory impact !nara 

plant productivity and growth? and 2) How might !nara function as an ecosystem engineer, 

creating a favorable environment for many desert-dwelling species and thus acting as a keystone 

species in the greater Namib ecosystem? From analysis of the existing herbivory study data, we 

determined that herbivore exclusion may promote !nara plant growth (as observed with the 

significantly greater mean plant heights in fenced as compared to unfenced hummocks), however 

enough time may not have elapsed since the beginning of the enclosure study to observe a 

significant difference between treatment types in other proxies for plant vitality (i.e.- mean number 

of fruits with flowers, open flowers, stem diameter, and stem length).  

From our analysis of associated animal communities at the various hummocks, we observed that 

fenced hummocks do not exhibit significantly greater abundances of animals,  nor greater species 

richness, than unfenced hummocks, indicating that livestock herbivory pressure may not be 

directly impacting the capacity of !nara hummocks to maintain biodiversity, or that a sufficient 

amount of time has not elapsed between the commencement of the experiment and our sampling 

for an observed effect on community structuring to be observed. 

Species abundance observed from track data, combined track and pitfall species abundance, and 

combined Shannon-Wiener indices all appeared to be positively correlated with hummock size, 

indicating that herbivory may inhibit the ability of !nara plants to support biodiversity in the long 

term if the trampling activity of livestock inhibits the ability of !nara hummocks to enlarge.  

Interestingly, we found that gerbil abundances are significantly greater at fenced hummocks, 

indicating that herbivore exclusion may have indirect benefits on !nara reproductive success, given 

that these rodents are key seed dispersers of !nara. Although we only conducted a preliminary 
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study assessing the animal communities associated with !nara hummocks compared to other 

hummock-forming desert landscape features, we tentatively add that the species diversity and 

abundance may be greater at !nara hummocks (Appendix E). In the future, we propose an 

expansion of this aspect of the study, which would allow researchers to substantiate their claims 

that !nara functions as a keystone species.  

From our temperature logging data, which indicated significantly lower mean high daytime 

temperatures at the top of !nara hummocks as opposed to the ground alongside them, it appears as 

though !nara may be functioning as ecosystem engineers, modifying their surrounding landscape 

in such a way that makes it more favorable to other animals. Although the exact reasons of this 

observed trend remain unknown, we propose that future research should extend this investigation 

to examine how !nara are precisely altering soil conditions. 
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Appendices: 

Appendix A: Classification of % Live and  Dead !Nara Biomass for 

Hummock E6 from UAV Orthomosaic  
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Appendix B: Variables used for data analysis 
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Appendix C: !Nara Hummock Confirmed Species List 

 Grouping Species 

Ants Black ant (Oxymyrmex barbiger) 

Dune ant (Camponotus detritus)  

 

Beetles Ridged dune beetle (Onymacris laeviceps) 

Black beetle (Onymacris unguicularis)  

Flat beetle (Stip stali) 

Shiny Black Beetle (Zophosis moralesi)  

Blister beetle (Mylabris zigzaga) 

Ladybird beetle (Coccinellidae sp.) 

 

Birds Dune lark (Calendulauda erythrochlamys) 

 

Caterpillars Io moth (Automeris sp.) 

 

Flies !Nara fly (Uliidae sp.) 

Pollinator fly (sp. unknown, Dartmouth 2015) 

Blow fly (Calliphoridae sp.) 

 

Gerbils Hairy-footed gerbil (Gerbillurus paeba) 

Lizards Shovel-snouted lizard (Meroles anchietae) 

Namaqua desert lizard (Pedioplanis namaquensis)  

Wedge-snouted lizard (Meroles cuneirostris)  

FitzSimons’ burrowing skink (Typhlacontias brevipes)  

 

Other insects Silverfish/ fishmoths (Ctenolepisma sp.) 

Harvester termite (Hodotermes mossambicus)  
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!Nara cricket (Acanthoproctus diadematus) 

 

Solifuge / Sun spider (Daesiidae sp.) 

Dune bee (Anthrophora aune) 

Black parasitoid wasp (Hylaeus sp.) 

 

Other mammals Cape fox (Vulpes chama) 

Cape hare (Lepus capensis) 

Steenbok (Rhaphicerus silvestrus) 

 

Scorpions Burrowing scorpion (Opistopthalmus flavescens) 

Snakes Sidewinding adder (Bitis peringueyi) 

Namib sand snake (Psammophis namibensis) 

 

Spiders Dancing white lady spider (Leucochestris arenicola)  
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Appendix D: Alternate Hummock Sweep Transect Positions 

Waypoint 

# 

Coordinates !Nara 

hummock 

pairing  

Hummock Type Location relative 

to !Nara pairing 

101 S 23.56448, E 015.03638 10E Dune Grass northwest 

102 S 23.59052, E 015.05148 10C Rock Outcropping northwest, across road 

103 S 23.59025, E 015.05241 7E Dune Grass northeast, up dune 

104 S 23.56461, E 015.03665 2E/2C Acacia between 2E and 2C, 

eastern side 

105 S 23.56448, E 015.03638 1E Short grass tuft between Acacia 

hummock and 1E 

606 S 23.59053, E 015.05091 7C Rock outcropping about 50m southwest  

607 S 23.55659, E 015.02854 5E Acacia 30m north 

608 S 23.55715, E 015.02773 5C Short grass tuft  20m east 

609 S 23.55722, E 015.02805 5C Rock outcropping 20m south 
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Appendix E: Table for Hypothesis 12 - Sweep Transect Biodiversity For Paired 

Alternative Hummock Habitats 
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Appendix F: Distribution of Ant Abundance Between Pitfall Traps at Fenced vs. Unfenced 

Hummocks 

 

App. F- ANOVA results for total ant abundances within pitfall traps show a significant interaction 

between treatment (fenced vs. unfenced) and block (near vs. far to the Kuiseb River), indicating that more 

ants are found in fenced hummocks near to the Kuiseb than all other block and treatment combinations 

(F=3.0163, df=3,159, p=.0317).  
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Appendix G: Distribution of Gerbil Abundance, as Assessed from Track Sweeps,  at 

Fenced vs. Unfenced Hummocks 

 

App. G - ANOVA results for total gerbil abundances (as estimated from track data) show a significant 

effect of treatment (fenced vs. unfenced) and block (near vs. far), indicated that: 1) more gerbils are found 

inside fenced hummocks than unfenced hummocks and 2) more gerbils are observed at hummocks 

positioned far from the Kuiseb River (n= 20, F=4.9318, df=3,142, p=0.0028 ).  

 

 

 

 


