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Abstract 
Despite the importance for people´s livelihoods, many semi-arid African savannas are prone to heavy 
degradation due to overutilization by people, livestock and increased climate variability. Rangeland 
management, such as transhumance and deferred grazing systems, practiced by the Maasai in northern 
Tanzania, can be useful in combating the negative consequences of overuse and increasing rainfall variability. 
But little is known on how different rangeland regimes, practiced by the Maasai, impacts the productivity of 
these rangelands.  

We collected data on regrowth rates under different rangeland management regimes (rainy season grazing 
land, dry season grazing land, and seasonal exclosures), different harvest rates (month, season) and additional, 
uncontrolled grazing (fenced, open plots). We conducted the experiment for two consecutive growing seasons 
2019 (GS1) and 2019/2020 (GS2). 

Grass regrowth rates were similar for all rangeland management regimes. During dry conditions in GS1 
seasonally cut plots showed significantly higher grass regrowth compared to monthly cut plots, when fenced. 
Outside the fence grass regrowth was generally lower and similar for both harvest rates. During high rainfall 
conditions in GS2, seasonally cut plots showed higher grass regrowth independent of fencing. Regrowth rates 
of forbs were not impacted by any treatment during GS1. It increased by 5 times during GS2, and was 
significantly higher in the seasonally cut plots then.  

Our results suggest that recovery phases between heavy grazing events is crucial to maintain forage provision 
of the rangelands. Uncontrolled additional grazing can hamper the rangeland productivity during times of low 
rainfall, but seem not to have influence when rainfall is frequent. Traditional rangeland management is based 
on the concept of granting seasonal recovery periods, which seems to be an effective way to maintain rangeland 
productivity despite intense harvest and unpredictable rainfall pattern. Implementation and control of grazing 
plans are crucial, particularly during times of drought. 

Introduction 
Despite the importance of ecosystem services (ESS) for people´s livelihoods, around 60% of the assessed ESS 
are at risk due to degradation or unsustainable use (Millennium Ecosystem Assessment 2005). Particularly 
semi-arid and arid regions such as African savannas are prone to heavy degradation due to overutilization by 
people and livestock and increased climate variability (IPCC 2014; Castellano und Valone 2007)  Rangeland 
management can affect the long-term sustainability of rangeland-ecosystem use in arid and semi-arid regions 
(Bremer et al. 2001; Weber und Horst 2011; Verdoodt et al. 2010). Transhumance, traditionally practiced by 
the Maasai ethnic group in eastern Africa, has been an efficient grazing management system for decades to 
cope with unfavorable climatic events and high rainfall variability (O'Farrell et al. 2009). It allows the herders 
to adapt the location of grazing sites according to the season, environmental and rangeland conditions as well 
as to the type of livestock (Oba und Kaitira 2006). Moreover, the pastoralists in many regions of eastern Africa 
practice a deferred grazing system, which sets aside parts of the grazing land as calf-pasture and forage reserve 
during dry season. These exclosures contribute to the conservation of biodiversity and provide high plant 
biomass (Selemani et al. 2013). However, extensive logging during the 1940s and land use policies of the last 
few decades set incentives for pastoralists to settle down and to extend their cropping land. The establishment 
of large conservation areas resulted in land fragmentation and further increased the pressure on the remaining 
grazing land, with livestock densities of up to 3.8 TLU/ha (Oba und Kaitira 2006). Increasing fragmentation 
of the landscape and changing precipitation patterns are likely to further impact the sustainability of the Maasai 
pastoralism (Goldman und Riosmena 2013). Despite these challenges, little research has been done on the 
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impact of different management regimes, practiced by the Maasai, on the rangeland vegetation under high 
grazing pressure and increasing rainfall variability. 

The objective of our study was to evaluate the impact of high grazing pressure on the rangeland productivity 
under varying rainfall patterns. We experimentally tested how the provision of forage is changed by different 
ways of rangeland management and how different rates of forage removal impact the vegetation. We expected 
a positive impact of seasonal livestock exclusion on vegetation parameter and higher regrowth rates when the 
recovery time between harvest events increased. 

Methods and Study Site  
The study sites were located in the Maasai Steppe, Simanjiro district, Tanzania, which is characterized by a 
semi-arid savanna landscapes receiving bi-modal rainfall two of around 600 mm per annum (Miller 2015). In 
our study region, different rangeland management regimes are practiced: rainy season grazing land (RSGL), 
which is used for grazing during the rainy season, dry season grazing land (DSGL), which is used for grazing 
during the dry season and seasonal exclosures that are reserved for young and weak livestock to graze during 
dry season, among the Maasai known as Alalili (Mwilawa et al. 2008). Two Alalili, were selected together 
with two control sites in the surrounding RSGL and DSGL, respectively. The study sites were exposed to 
similar environmental conditions. 
At each site, two blocks were established that comprised the following treatments: two fenced 1 x 1 m plots 
(‘fenced’) that were cut every month (‘month’) and after one growing season (‘season’), respectively; two 1 x 
1 m plots outside the fence (‘open’) that were cut every month and after one growing season, respectively. 
Grass and forbs were cut down to 2.5 cm above the ground at the beginning of each growing season. After 
every month and once after one growing season, depending on the treatment, the vegetation was cut again and 
dry matter of the regrown vegetation was measured and added up for the whole growing season. The cutting 
experiment was repeated for two consecutive growing seasons: March until June 2019 (Growing season 1), 
and November 2019 until February 2020 (Growing season 2). The data were analyzed using a linear mixed 
model with the fixed factors ‘rangeland management’ (RSGL, DSGL and Alalili), ‘grazing’ (fenced, open) 
and ‘harvest rate’ (month, season). Separate analyses were conducted for each growing season. 

Results 
Preliminary results show that the grass regrowth rate did not differ significantly between different types of 
rangeland management, neither during growing season 1, nor during growing season 2. 

We found a significant interaction between ‘grazing’ and ‘harvest rate’ for the regrowth rate of grasses (F1,33= 
9.6, p= 0.003, see Figure 1) during growing season 1. Inside the fence, grass regrowth was higher when only 
harvested after the growing season (‘season’) compared to plots that were cut every month (‘month’). Outside 
the fence the grass regrowth rate was similar for both harvest rates, and generally lower than inside the fence. 
During growing season 2, the grass regrowth rate was significantly higher for plots that were cut after one 
growing season compared to monthly cut plots. Fencing did not have a significant effect on the regrowth of 
grasses. 

The regrowth rate of forbs in our sample plots was not influenced by any treatment during growing season 1. 
During growing season 2 forbs regrowth rates doubled (F1,30= .04, p= 0.01) when plots were cut after one 
season compared to monthly cut plots. Mean forb regrowth rate during growing season 2 was around five times 
higher compared to growing season 1. 
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Figure 1 – Mean grass biomass [kg/ha] regrowth under different grazing accessibility (fenced and open) and different 
harvest rates (after each month: black bars; and after one season: gray bars) in the community of Loiborsiret, Tanzania. 
The graphs show the results of the two growing seasons March- June 2019 (Growing season 1) and November 2019 – 
February 2020 (Growing season 2). A) Significant interaction (p<0.05) between grazing and harvest rate. B) The harvest 
rate influenced the biomass regrowth rate significantly (p<0.05), fencing had no effect. Vertical bars represent ± 1 S.E..  

Discussion [Conclusions/Implications] 
Rainfall patterns are predicted to become less reliable over the next decades, particularly in sub- Saharan 
Savanna (IPCC 2014). Resilient rangelands and, thus, appropriate management of rangelands, are crucial. 
Traditional seasonally deferred grazing systems are common practice for many pastoralists in Eastern Africa 
(Mwilawa et al. 2008). Traditional rangeland management regimes, however, did not impact the provision of 
forage in our study, which might be due to the young age of our exclosures. Seasonal exclosures have been 
shown to provide higher ground cover and higher standing biomass compared to continuously grazed land, 
which is crucial for rangeland health and pastoralists. This positive effect got stronger, the older the exclosure 
was (Selemani 2014). 

Different frequencies of simulated heavy grazing events were found to have a tremendous impact on the 
provision of grasses and forbs in semi-arid rangelands. Short recovery periods after a simulated heavy grazing 
events might hamper the forage provision of rangelands in the long run (Briske et al. 2008). Ideal duration and 
frequency of recovery periods are still under dispute and vary depending on the surrounding conditions (Müller 
et al. 2007). Higher grazing frequencies and animal density can result in higher forage quality for the livestock 
(Schönbach et al. 2012). On the other hand, long-term exclusion of herbivores was promoted a useful method 
to restore already degraded rangelands (Allington und Valone 2011). For this study, we did not imitate nutrient 
cycles or effects of trampling, which might have influenced the vegetation further (Lezama et al. 2016). Further 
research on grazing frequency is needed before giving final recommendations. 

We found that additional, uncontrolled grazing of livestock and wildlife, had a strongly negative impact when 
environmental factors were unfavourable. Continuous high grazing pressure can undermine efforts of 
sustainable rangeland management, resulting in higher percentage of bare ground, lower standing biomass and 
lower biodiversity (Habtemicael et al. 2015).  

We conclude that traditionally implemented seasonal recovery periods can be a suitable tool to maintain 
rangeland productivity under increasing variability of rainfall pattern and high grazing pressure. Grazing plans 
that include recovery periods are crucial for the rangeland functionality and should be implemented and 
controlled to avoid high and continuous grazing pressure, particularly in times of low precipitation.   
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