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Abstract 1 

In East Africa, traditional pastoralists increase landscape heterogeneity by creating traditional 2 

livestock corrals (bomas). When these bomas are abandoned they serve as long-term hotspots of 3 

increased nutrients and unique vegetation. However, the effect of bomas on insect populations is 4 

unclear. Grasshopper (Suborder Caelifera) assemblages are thought to reflect vegetation and 5 

within Caelifera, the subfamily Oedipodinae is known to be associated with degraded areas. We 6 

sampled vegetation and collected grasshoppers inside of abandoned bomas, 50m from abandoned 7 

bomas, and 250m from abandoned bomas. Bomas had significantly lower grass abundance than 8 

background vegetation. Total grasshopper abundance was positively correlated with grass and 9 

forb abundance, while the proportion of grasshoppers in the subfamily Oedipodinae was 10 

negatively correlated with grass abundance. Grasshopper abundance was significantly lower 11 

inside of bomas than outside of them, but the proportion of grasshoppers in the subfamily 12 

Oedipodinae was significantly higher inside of bomas than outside of them. This suggests that 13 

the decreased vegetation in abandoned bomas supports fewer grasshoppers, but a higher fraction 14 

of the grasshopper assemblage in abandoned bomas is composed of Oedipodinae. Thus, 15 

traditional pastoralists can have long-term effects on the size and composition of grasshopper 16 

assemblages through the use of bomas.  17 
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Introduction 1 

For centuries, traditional pastoralism in sub-Saharan Africa has created nutrient-rich hotspots 2 

with unique vegetation that persist for decades (Blackmore et al., 1990; Young et al., 1995; 3 

Augustine, 2003; Muchiru et al., 2009; Veblen, 2012). These sites are created by abandoned 4 

corrals, called bomas, which are used to protect livestock at night. Bomas are created by clearing 5 

Acacia and other savanna trees from the area and using the cleared Acacia or metal fencing to 6 

build a 50–100m circular enclosure. The livestock graze in the surrounding savanna during the 7 

day and then deposit large amounts of dung inside the boma at night. Bomas are abandoned after 8 

months or years and a new boma is created at another site. 9 

Bomas eventually develop into treeless grass-dominated glades that have lower local 10 

vegetative species richness than the surrounding savanna, but higher vegetative biomass 11 

(Western & Dunne, 1979; Young et al., 1995; Muchiru et al., 2009; Porensky & Veblen, 2012). 12 

The species found in the glades are rarely found outside of abandoned bomas, which leads to 13 

increased species diversity at the landscape scale (Young et al., 1995). The dominant early 14 

successional species in the glades is the grass Cynodon plectostachyus, which is highly palatable 15 

to large herbivores (Veblen & Young, 2010; Veblen, 2012). While livestock initially create the 16 

glade, it is maintained by high densities of wildlife that preferentially feed on the grass inside the 17 

glades (Young et al., 1995; Porensky & Veblen, 2012). Heavy grazing from wildlife favors 18 

continued grass dominance and the high concentration of wildlife dung maintains the glades as 19 

nutrient enriched areas with more nutritious grass (Reid & Ellis, 1995; Young et al., 1995; 20 

Augustine, 2003; van der Waal et al., 2011).  21 

Previous studies have documented the effect of abandoned bomas on native wildlife 22 

(Gregory et al., 2010; Augustine, 2004), but none have investigated how they impact insects. 23 
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Grasshoppers (Suborder Caelifera) are thought to reflect vegetation composition (Otte, 1976; 1 

Evans, 1988) and respond quickly to environmental degradation (Samways, 1994). The effect of 2 

grazing on grasshoppers has been studied extensively (Coyner, 1938; Wesse, 1938; Smith, 1940; 3 

Campbell et al., 1974; Capinera & Sechrist, 1982; Jepson-Innes & Bock, 1989; Fieldings & 4 

Brusven, 1995; Onsager, 2000; Samways & Kreutzinger, 2001; Joern, 2004; Van Klink, 2014), 5 

but results have indicated that grazing can have a positive or negative effect on grasshopper 6 

abundance. 7 

The Oedipodinae, a geophilous grasshopper subfamily, have been specifically identified 8 

as a group that may respond positively to the effects of grazing (Capinera & Sechrist, 1982; 9 

Fielding & Brusven, 1995; Bock et al., 2006). The African oedipodine, Morphacris fasciata, has 10 

been specifically identified as an indicator of degraded areas (Hemp, 2009) and Oedipodinae 11 

were associated with heavily grazed sites in South Africa (Gebeyehu & Samways, 2003). 12 

However, the relationship between livestock and grasshoppers has not been studied in the 13 

context of traditional pastoralism in sub-Saharan Africa. 14 

This study examines the impact of abandoned bomas on grasshoppers by comparing total 15 

grasshopper abundances and the proportion of grasshoppers in the subfamily Oedipodinae, inside 16 

of abandoned bomas, close to abandoned bomas, and in background vegetation. We surveyed 17 

vegetation at all locations and used bomas of different ages to track how vegetation changes in 18 

space and time impacted grasshopper assemblages. 19 

  20 
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Materials and Methods 1 

 2 

Study Site 3 

This research was conducted at Mpala Research Centre in the Laikipia district of central Kenya 4 

(0°17' N, 36°52' E, 1600m asl). The mean annual rainfall is between 500–600mm, with two wet 5 

seasons typically from April–May and August–October. The landscape consists of a mosaic of 6 

bare red sandy loam soil, a diverse array of grasses and forbs, and woody vegetation dominated 7 

by Acacia species (Goheen et al., 2013). Traditional pastoral herders have used this area for 8 

livestock since at least the 1800's (Young et al., 1995) and the area has been actively managed 9 

for both livestock and wildlife for the past several decades. The mean stocking density for cattle 10 

is around 0.5 cattle per hectare. 11 

 12 

Data Collection 13 

Data were collected in January 2014 between 1000 h and 1600 h on clear days. We identified 20 14 

total bomas that had been abandoned between two weeks and 30 years ago (four were abandoned 15 

less than a year ago, seven were abandoned between one and three years ago, five were 16 

abandoned between three and ten years ago, and four were abandoned over ten years ago). At 17 

each site, two 25m transects were established inside the boma, 50m from the boma, and 250m 18 

from the boma. Transects were selected to avoid overlap, neighboring bomas, and woody 19 

vegetation. Grasshoppers were collected along each transect simultaneously by two individuals 20 

with 15" sweep nets standing four feet apart. Specimens were later counted and identified to 21 

subfamily. Vegetation was sampled along each transect by using a single pin drop every meter 22 

(Odadi et al. 2011). The number of green leaves, brown leaves, green stems, and brown stems of 23 



 5 

grass touching the pin were recorded as well as the identity of the species present and the height 1 

of the tallest leaf. If a forb was touching the pin, the identity of the species and the number of 2 

forb leaves touching the pin were recorded. 3 

 4 

Statistical Analyses 5 

The vegetation and grasshopper data from the two transects within a single boma were averaged 6 

prior to analysis. To characterize the vegetation of each transect, we used a principal component 7 

analysis (PCA) that included grass species richness, forb species richness, total forb leaves, 8 

average grass height (which included heights of 0m for pins with no grass leaves), percent cover 9 

of vegetation, number of green leaves, number of brown leaves, number of green stems, number 10 

of brown stems, and the proportion of grass that was C. plectostachyus. Grasshopper abundance 11 

data were not normally distributed so Spearman’s rank correlations were used to test for 12 

correlations between the principal components, boma age, grasshopper abundance, and the 13 

proportion of grasshoppers in the subfamily Oedipodinae. We did not assume that the data had 14 

equal variances between distance categories, so Games-Howell tests were used to test for 15 

differences across distance categories. All statistical analysis was done using R Version 3.1.0.  16 
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Results 1 

Of the 20 total bomas sampled, the three bomas that were abandoned less than eight months prior 2 

to sampling were still covered with a layer of dung and the transects produced neither vegetation 3 

nor grasshoppers during sampling. The transects associated with these bomas were excluded 4 

from analyses because we could not make meaningful comparisons between the bomas and the 5 

surrounding vegetation. This left a sample size of 34 transects within each distance category. In 6 

total, 1123 Caelifera were collected, including 808 Gomphocerinae, 160 Acridinae, 85 7 

Oedipodinae, 28 Calliptaminae, 22 Catantopinae, 10 Eyprepocnemidinae, and 10 Thericleinae 8 

(Table 1). 9 

The PCA produced three principal components with eigenvalues greater than one, which 10 

captured 40.71 percent, 19.99 percent, and 14.55 percent of the variance respectively (Table 2). 11 

We used these three principal components to characterize vegetation. Based on the loadings in 12 

Table 2, we interpret PC1 to represent a measure of grass abundance, PC2 to represent a measure 13 

of forb abundance, and PC3 to represent C. plectostachyus dominance. The age of the boma was 14 

significantly negatively correlated with PC2 (S = 1236.55, Spearman’s ρ = -0.5154, P = 0.0342), 15 

but not significantly correlated with the other principal components, grasshopper abundance, or 16 

proportion Oedipodinae. 17 

PC1 values were significantly lower inside of bomas than 50m from bomas (Games-18 

Howell, t = 5.4, P < 0.001) and 250m from bomas (Games-Howell, t = 7.3, P < 0.001), but there 19 

was no significant difference between PC1 values 50m and 250m from bomas (Games-Howell, t 20 

= 1.7, P = 0.200; Fig. 1). There were no significant differences between PC2 values across 21 

distance categories. PC3 values were significantly higher inside of bomas than 50m from bomas 22 

(Games-Howell, t = 2.9; P = 0.015) and 250m from bomas (Games-Howell, t = 4.5; P < 0.001), 23 
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but there were no significant difference between 50m and 250m from bomas (Games-Howell, t = 1 

1.5, P = 0.281; Fig. 2). 2 

The total grasshopper abundance in each transect was positively correlated with PC1 (S = 3 

71059.40, Spearman’s ρ = 0.306; P = 0.004) and PC2 (S = 70626.83, Spearman’s ρ = 0.320, P = 4 

0.004), but not significantly correlated with PC3 (S = 91731.89, Spearman’s ρ = 0.104, P = 5 

0.345). The proportion of grasshoppers that were in the subfamily Oedipodinae was significantly 6 

negatively correlated with PC1 (S = 145623.50, Spearman’s ρ = -0.423, P < 0.001), but not 7 

significantly correlated with PC2 (S = 97687.64, Spearman’s ρ = 0.045, P = 0.680) or PC3 (S = 8 

98446.14, Spearman’s ρ = 0.038, P = 0.730). 9 

The total grasshopper abundance was significantly lower inside of bomas than 50m 10 

(Games-Howell, t = 2.41, P < 0.001) and 250m from bomas (Games-Howell, t = 2.77, P = 11 

0.005), but there was no significant difference between grasshopper abundances 50m and 250m 12 

from bomas (Games-Howell, t = 1.9, P = 0.160, Fig. 3). The proportion of grasshoppers in the 13 

subfamily Oedipodinae was significantly higher inside of bomas than 50m (Games-Howell, t = 14 

3.48, P = 0.007) and 250m from bomas (Games-Howell, t = 3.69, P = 0.005), but there was no 15 

significant difference in proportion Oedipodinae 50m and 250m from bomas (Games-Howell, t = 16 

0.62, P = 0.807; Fig. 4).  17 
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Discussion 1 

Humans can significantly alter grasshopper assemblages through the long-term effects of bomas 2 

on savannas. Bomas maintained lower grass abundance, lower grass diversity, and more C. 3 

plectostachyus than nearby and background vegetation for at least 30 years (Fig. 1, Fig. 2). 4 

While the dominance by C. plectostachyus was expected (Veblen & Young, 2010; Veblen, 5 

2012), the decreased grass abundance inside bomas for 30 years conflicts with some previous 6 

research (Muchiru et al., 2009). This discrepancy may be due to the low livestock density and 7 

dung buildup in bomas at Mpala Research Centre relative to bomas used by the Maasai in 8 

Amboseli National Park and the fact that our sampling was not during the wet season (Muchiru 9 

et al., 2009). The negative correlation between boma age and forb abundance lends support to 10 

previous research that suggests that forbs are indicators of early succession in abandoned bomas 11 

(Muchiru et al., 2009). Bomas had significantly lower grasshopper abundances than surrounding 12 

vegetation and background vegetation (Fig. 3), but a significantly higher proportion of 13 

grasshoppers in the subfamily Oedipodinae (Fig. 4). This can be explained by the positive 14 

correlation between total grasshopper abundance and both grass abundance and forb abundance, 15 

but the negative correlation between the proportion of grasshoppers in the subfamily 16 

Oedipodinae and grass abundance. Although bomas showed consistent differences compared to 17 

outside of bomas, increased grazing around the bomas was not intense enough to create a 18 

significant differences between transects 50m and 250m away from the bomas. 19 

Our conclusions align with previous studies that reported decreased grasshopper 20 

abundances in heavily grazed areas, though it is the first to study the effect in bomas specifically 21 

(Capinera & Sechrist, 1982; Jepson-Innes & Bock, 1989, Fieldings & Brusven, 1995; Onsager, 22 

2000; Gebeyehu & Samways, 2003). The Oedipodinae that we captured are geophilous species 23 
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favored by the opening of the area. Oedipodinae lay their eggs in the soil, where soil temperature 1 

is the most important factor for egg development. Thus, a more open habitat that allows for 2 

increased soil temperature favors Oedipodinae egg development. Grass stem depositing species 3 

experience a disadvantage when heavy grazing and trampling reduces ovipositor sites and 4 

destroys egg clusters in the vegetation. This may explain the increase in the proportion of 5 

grasshoppers in the Oedipodinae subfamily, but decreased overall grasshopper abundance in 6 

abandoned bomas. This supports previous observations of Oedipodinae habitat preferences and 7 

responses to grazing (Capinera & Sechrist, 1982; Fielding & Brusven, 1995; Gebeyehu & 8 

Samways, 2003; Bock et al. 2006). 9 

Additional data collection and identification to the species level can refine the results of 10 

this study. More transects are necessary to sample the areas outside of bomas and during 11 

different seasons, as the natural heterogeneity of these areas makes it hard to represent them with 12 

only two transects. Although there were no significant differences in grasshopper assemblages 13 

50m and 250m from the bomas, more data spanning more distances may find an impact of 14 

bomas on surrounding grasshopper populations. Future studies can test the ecological 15 

mechanisms underlying the relationships between grasshopper abundance, grass abundance, forb 16 

abundance, and C. plectostachyus dominance as well as the specific requirements of 17 

Oedipodinae. These extensions would add to basic ecological knowledge of both bomas and 18 

grasshoppers. 19 

Pastoralist practices have the ability to create heterogeneous patches in East African 20 

savanna. Bomas are created by humans, but their distinct ecological state is maintained naturally 21 

through wildlife. In addition to impacting large mammals, these sites also affect grasshoppers, 22 

which rely on the vegetation for food and habitat. During the dry season, the vegetation inside 23 
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bomas is less diverse and lower in abundance than in surrounding areas, but the vegetation 1 

present is unique to bomas. Our study suggests that this leads to a decrease in the grasshopper 2 

population inside abandoned bomas and a shift towards a more geophilous grasshopper 3 

assemblage. 4 
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