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Abstract

Alalili system is one among the fewest remnant African indigenous and local knowledge sys-

tems that is traditionally practiced by Maasai pastoral communities to conserve certain por-

tions of rangeland resources such as pastures and water for subsequent grazing during dry

seasons. Despite its existence, East African rangelands face diverse threats from tenure

security, unsustainable practices, climate, and land-use change that are notably endanger-

ing the biodiversity, livelihoods, and ecosystems in the landscape. Like other indigenous

conservation systems, the sustainability of Alalili systems is being threatened, as Maasai

communities are in transition due to continuous socio-cultural transformations coupled with

increased livestock and human populations. We aimed to capture and document the exist-

ing occurrence and potential of Alalili systems as a pathway to improve resilience and sus-

tain both biodiversity conservation and community livelihoods in rangeland areas of

northern Tanzania. A cross-sectional research design was applied with the adoption of both

purposive and stratified random sampling techniques to distinctively characterize the Alalili

systems by land use and tenure types. Our results identified the existence of both communal

and private Alalili systems. Their sizes varied significantly across types (t = 4.4646, p <
0.001) and land uses (F = 3.806, df = 3, p = 0.0123). While many (82%) of these Alalili sys-

tems are found in the communal land, our observations show a re-practice of Alalili systems

in the private land is considered largely a re-emerging strategy for securing pastures in the

face of local and global change. More than half (73%) of Alalili systems were found within

game-controlled areas with little representation (about 8%) in non-protected land. There-

fore, their sustainability is threatened by anthropogenic and climatic pressures, making their

persistence more vulnerable to extinction. We recommend mainstreaming these practices

into core pasture production and management areas, facilitating their reinforcement into pol-

icy and practices.
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1. Introduction

Alalili is a traditional silvo-pastoral conservation system indigenous to Maasai communities

through which certain portions of rangelands are conserved during the wet season for

improved natural regeneration of vegetative biomass useful for grazing during dry seasons [1–

6]. Indigenous and Local Knowledge (ILK) including traditional silvo-pastoral conservation

systems, is important for promoting sustainable use of resources, supporting resilience, and

preventing further damage to the natural world [7, 8]. This knowledge has been part of the co-

evolutionary relationship with people, biodiversity, and the environment through enhanced

carbon sequestration and storage, wildlife habitat, increasing livestock productivity, and

strengthening rural livelihoods [6, 7]. Despite its vital role, this cultural component is missed

in scientific studies, the absence of which may make it vanish in silence, jeopardizing biodiver-

sity conservation and indigenous peoples’ livelihoods [9]. Alalili is one such traditional conser-

vation system that is practiced by Maasai communities across East Africa to promote

biodiversity conservation and sustainable pasture management in rangelands [1, 4–6]. Having

been practiced since the arrival of Maasai communities in East African rangeland around the

18th century [10–14], Alalili systems are currently regarded as useful traditional rangeland

management initiatives [13, 15–17]. They are undertaken as alternative measures to alleviate

the effects of declined pastoral mobility caused by land-use and land-cover changes (LULCC),

population increase, and climate change [5, 18, 19]. They can play important roles in the phase

of global changes by promoting resilience in community livelihood and biodiversity conserva-

tion which are significant economic dimensions for pastoral and agro-pastoral communities.

They are useful fodder resources for both livestock and wildlife, potential pollinator conserva-

tion areas, climate change mitigation sites through carbon sequestration, and nature-based res-

toration solutions to degraded ecosystems [17, 20]. For instance, similar communal rangeland

management systems, alternatively referred to as Maasai Olopololi, have been supportive of

restoring the degraded grasslands during the regreening campaign of the Amboseli ecosystems

in southern Kenya [21, 22]. They integrate human, livestock, and wildlife through the provi-

sioning of useful habitats and breeding sites to thousands of organisms that depend on Alalili
systems for their survival [11, 18]. They provide assurance to the endurance of wild space

which maintains high levels of biodiversity while adding value to rangeland resilience over

local climate change [15, 20, 23].

Having a close association with Alalili, the rangelands of northern Tanzania and southern

parts of Kenya are significantly known to support millions of biota communities inclusive of

the human population [5, 24, 25]. Community reliance on rangelands has been evident from

the global, regional, and local perspectives whereby its average terrestrial landscape coverage is

approximated to be 47% globally, 36% in Asia, 30% in Africa, and 74% of the total land in Tan-

zania [8, 25]. Although, recent studies report that rangelands are prone to global changes cou-

pled with declined feed production, impacts of climate change, and loss of resistance as well as

reduced sustainability [8, 26]. LULCC has led to intense environmental and socio-economic

impacts that disrupt sustainable land use practices including rangelands leading to insufficient

pastures [10, 27–31]. Pastoral communities adapted the traditional pasture conservation prac-

tices as an alternative measure for restoring and strengthening the health of rangelands to sus-

tain their productivity and livelihoods [1, 31–35]. In Asia particularly India, the system known

as “sacred groves” is preserved for the purpose of social-cultural and religious practice [33, 36–

38]. In the Middle East on the other hand they practice �imā as a reserved pasture, whereby

trees and grazing lands are secured from indiscriminate harvest on a temporary or permanent

basis [39]. In Africa, Kalo is a silvo-pastoral conservation system practiced by the Borana com-

munities of Southern Ethiopia [40]. In Tanzania, Ngitili is practiced by Sukuma pastoralists,
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Milanga is practiced by Gogo, Radanenda is practiced by Barbaig while Alalili is practiced by

Maasai pastoral communities [5, 16, 23, 41, 42].

Although the indigenous Maasai Alalili silvo-pastoral conservation systems have been suc-

cessful in the past depicting its long-term historical benefits within rangelands and ecosystem

resources, its practice as a resilience back-up to rangeland degradation is not fully optimized

[2, 3, 22]. The reduction in its practices is exacerbated by increased human and livestock popu-

lation, socio-cultural transformations, changes in land tenure, and unpredictable land use and

climate changes [8, 43, 44]. In addition, these socio-cultural changes and extreme events have

accelerated the degradation of rangelands, making biodiversity, livelihoods, and ecosystems

more threatened; this has pushed for more proactive measures in response to these pressures

including relocating vulnerable pastoral communities in the Ngorongoro district to a much

less degraded but more productive rangeland for livestock and settlement [12, 43]. Despite the

importance of the Maasai Alalili silvo-pastoral conservation and management systems, their

little recognition in literature and under-representation in the existing policies and regulatory

frameworks might undermine their utility and importance in rangeland management prac-

tices, thus, threatening their value and sustainability in resilience management [1, 5, 17]. Addi-

tionally, Alalili practices are in the blink of extinction, as Maasai societies in most areas are in

transition with respect to continuous socio-cultural transformation [17, 45–47]. A proven mis-

connection in the transmission of this traditional heritage from elders to the younger genera-

tion, who are gradually shifting to other economic activities in cities such as decorative saloons

and security guards, exposes Alalili to encroachment threats [3, 5, 12]. The indeterminate

decrease in size and abundance of Alalili systems, depicting their possible decline across the

Maasai rangeland areas of northern Tanzania and southern Kenya, has been recently reported

by rangeland ecosystem management stakeholders [22, 44, 48]. In the face of this, there is a

need to have them documented and understand their current status that can be used as a

potential pathway to promote both sustainable conservation of biodiversity and community

resilience and livelihood development across Maasai land. This study provides information on

the status of types, size, and distribution of Alalili in different land use systems across the

rangeland of northern Tanzania. It provides useful recommendations utilized as a means to

guide communities and other stakeholders toward the preservation and practice of this impor-

tant heritage and how these can be sustained in the rapidly changing and uncertain world of

the Anthropocene.

Therefore, being conducted for the first time, this study aimed to capture and document

the potential Alalili silvo-pastoral conservation systems available in rangelands located within

or adjacent to different land uses of northern Tanzania. Also, the study explored the livestock

herd size featuring the surveyed Alalili systems and its relationship across size and age of Alalili
systems to initiate future studies in the determination of biomass and stocking rate. This was

achieved so that they can be promoted as a pathway to improve the resilience of pastures and

sustain both biodiversity conservation and community livelihoods in rangeland areas.

2. Methods

2.1 Description of the study area

The study was conducted in Maasai pastoral society across the regions of northern Tanzania,

located between 2˚12’04’’ and 5˚56’29’’ South and 36˚11’43’’ and 36˚51’30’’ East covering five

sampled Districts. These included Longido, Monduli, and Ngorongoro districts for the Arusha

region as well as Simanjiro and Kiteto districts for the Manyara region (Fig 1). The area is

within the East African rift system, and its landscape lies at an elevation ranging between 659

and 2,123 m above sea level characterized by the highest mean monthly temperature of 33˚C,
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while the lowest mean temperature is 13˚C [15]. The mean annual rainfall ranges between 450

and 1,200 mm [49]. The region is featured with bimodal rainy seasons, with the short season

falling between October and December, while the long rainy season falls between March and

May [50, 51]. In normal years, the rainy season stretches from January to April [47, 52, 53].

The vegetation cover in the region ranges from grassland Maasai steppe to bushland in the

lowlands and upland tropical thick forests growing on well-drained soils of fertile land, which

is alternatively used for agriculture, mining activities, grazing, and game-controlled areas [47,

50, 54]. The vegetation cover in the low grassland and midlands of the region generally

includes scattered trees and shrubs dominated by Acacia spp., Combretum spp., and Brachyste-
gia spp. as well as grasses in the genus Cenchrus spp. and Cynodon spp. The dominant commu-

nities of the Maasai tribe in the villages are engaged in social-economic activities such as

livestock keeping, agriculture, mining, jewelry, and beekeeping. Livestock keeping is an impor-

tant and main economic activity that forms part of family wealth and savings [1, 35, 55].

2.2 Categorization of land uses and tenure types in northern Tanzania

The Land Act of Tanzania (enacted in 1999) clarifies that “all land in Tanzania is public and is

vested in the President as a trustee on behalf of all citizens” [56]. The law under the Ministry of

Lands, Housing, and Housing Development is in charge of facilitating an equitable distribu-

tion of and access to land by all citizens [56]. Therefore, the Land Act Cap. 113 classified the

Tanzanian land tenure into three main categories; (a) general land, (b) village land, and (c)

reserved land. The general land refers to all public land with the exception of village land

(including unoccupied open areas or unused village land) and reserved land. Village land

refers to any part of the general land other than reserved land transferred to a village [57]. Its

establishment is aimed at providing access of land to indigenous people living within and

around reserves for settlement, agriculture (crop production and pastoralism), and infrastruc-

ture (education, health, business, transport, and the related facilities). This is done with regard

Fig 1. A map of the study area portraying the surveyed land uses of northern Tanzania rangeland.

https://doi.org/10.1371/journal.pone.0303649.g001
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to the Local Government (District Authorities) Act Cap. 287 and the Land Tenure (Village Set-

tlements) Act No. 27 of 1965 [58]. Reserved land refers to the land that is purposely utilized for

fortification and conservation of biodiversity and its associated resources which are pro-

foundly controlled by the State [56, 59]. These are comprised of strictly protected areas (PAs)

such as national parks and game reserves (forestry and nature reserves) [60]. They are also

comprised of non-strictly PAs such as the Ngorongoro conservation area, game-controlled

areas, game-open areas, and wildlife management areas as defined in the Wildlife Conserva-

tion Act of 1974[Cap. 283] and wildlife policy endorsed in 1988 [60, 61].

National parks and game reserves are defined as strictly protected areas whereby no activi-

ties other than wildlife conservation and game viewing are allowed [59, 62]. Ngorongoro Con-

servation Area (NCA) is an area dedicated to multiple land uses including Maasai culture and

tradition conservation, livestock grazing by pastoral communities, and temporary residence

thus forming a peaceful co-existence with wildlife [56, 59]. However, in NCA villages are not

permanently allowed to own the land, but rather, land tenure is generally devoted to the man-

aging authority; the NCAA [61, 63]. A game-controlled area (GCA) refers to a type of pro-

tected area whereby a village’s land and resource use other than wildlife conservation is

restricted by the law [59, 64]. Activities such as settlements, crop cultivation, and mining are

restricted while livestock grazing and wildlife hunting can only be acceptable under license or

written permission of the managing authority [59]. Wildlife management area (WMA) refers

to an area established with regard to initiatives of implementing a community-based conserva-

tion of natural resources [59, 65]. The gazettement of WMA is done with the main purpose of

securing wildlife buffer areas outside core protected areas, which are used by local community

members and within the village land [59, 65]. In contrast to GCA, WMA comprises the por-

tion of a village land through which communities have equitable access to the distribution of

benefits from enterprises aimed at promoting wildlife conservation, enhancing economic

development, and poverty reduction [56, 59, 65].

Therefore, being conducted in Alalili systems that form part of rangelands in northern Tan-

zania, the study covered two main land uses, i.e., protected areas vested to reserved land (com-

prised of WMA, GCA, NCA, national parks, and game reserves) and unprotected open areas

vested to village land [66]. It considered Alalili systems located within or adjacent to reserved

land and unprotected open areas predominantly utilized for pastoralism. For this study,

unprotected open areas under the occupation of village lands will be termed “open areas” from

now onwards. It is from these land use categories, the northern Tanzania regions for this study

were clustered and mapped to capture Alalili systems that are practiced for grazing activities

by the Maasai pastoral communities. The existence of Alalili systems in rangelands within

studied land uses was approved by the government authorities.

2.3 Ethics statement

Access to Alalili systems in the studied land use categories received an approval from the Tan-

zanian Commission for Science and Technology (COSTECH) (permit number 2022-222-NA-

2022-005 dated 20th April, 2022), Ministry of Natural Resources and Tourism through Tanza-

nia Wildlife Research Institute (TAWIRI) (permit number TWRI/RS/22“G”/21 dated 22nd

April 2022), Tanzania Wildlife Management Authority (TAWA) (permit number AE.542/712/

01 dated 10th May 2022), and the Ngorongoro Conservation Area Authority (NCAA) (permit

number BD.158/711/01-B/100 dated 09th May 2022). Permission for research in communities

was obtained from relevant local and district authorities.
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2.4 Research design and sampling techniques

Prior to main data collection, a reconnaissance survey was conducted to confirm the availabil-

ity of Maasai Alalili systems within districts in the proposed study regions. The sampling in

this study involved a cross-sectional research design whereby both purposive and stratified

random sampling techniques were applied. Administrative boundaries of the Arusha and

Manyara regions were marked through Quantum Geographical Information System (Q-GIS)

software version 3.12.3 [67] to enhance the sampling process of the Maasai land with the assis-

tance of shape files collected from Tanzania Wildlife Research Institute (TAWIRI). Five dis-

tricts from the two regions were sampled purposively, targeting pastoral and agro-pastoral

Maasai communities (Fig 1). A purposive sampling of the five districts dominated by the Maa-
sai communities was adopted to enhance the identification process of the Alalili systems and

livestock herd size grazed in the sampled Alalili systems through key informant interviews and

focused group discussion respectively [68, 69]. Key informant interviews were conducted in

each district for the purpose of identifying villages that have Alalili systems as well as preparing

the list of all Alalili systems from identified villages. Key informants included district game

officers (DGOs), rangeland management officers (ROs), ward/village executive officers (VEO/

WEO), and members of the village rangeland management committee. A total of 61 interviews

were done in the study area whereby five were conducted at district levels and 56 at ward lev-

els. DGOs and ROs from all five districts were consulted through direct physical meetings con-

ducted at each district council office headquarters during a reconnaissance survey. WEO/VEO

from a total of 88 wards of the sampled districts were contacted with assistance from DGOs

and ROs via phone/mobile calls considering the limited time, available resources, and broader

range of the study area. The interviews between DGOs, ROs, and WEO/VEO enhanced to

reach out the leaders of the respective village rangeland management committees who gave the

list of all Alalili systems present in their villages. A total of 298 Alalili systems were identified

and numbered continuously, from which 40% (119 Alalili systems) were sampled to cover a

wider range of the study area through randomization technique with the adoption of random

number tables. Focused group discussion comprised of one member of the village rangeland

management committee and two or three members of the pastoral households who graze live-

stock in the sampled Alalili systems for estimation of livestock herd size.

Stratification of the study area was conducted with regard to the existing land use practices

in the Arusha and Manyara regions. Six types of land use strata were plotted through Q-GIS

and distinguished using the topographic map of sampled regions. The land use strata were

open areas, WMA, GCA, NCA, national parks, and game reserves. National parks and game

reserves were not accounted for mapping of Alalili as Maasai Alalili silvo-pastoral conserva-

tion systems are not allowed in the national parks and game reserves. Stratification of the sam-

pled villages that comprised the sampled Alalili systems was done based on different land-use

systems with respect to their distribution. An empirical evidence-based method (Ground-

truthing technique) was applied through field visitation and direct observation. DGOs and

ROs assisted in verifying the exact land use types in the study area whereby GCA covered the

largest proportion (45%) followed by NCA (20%), open areas (19%), and WMA (16%) [70].

2.5 Data collection

All Alalili samples were visited in each sample village and their respective locations were

recorded at the center of each surveyed Alalili system with a GPS to enhance mapping through

the Q-GIS platform. Since the specific boundaries and actual sizes (ha) of each Alalili were not

known, four radii were recorded from the center of each visited Alalili system to the north,

south, east, and west directions assuming that Alalili has an irregular polygon. The Alalili
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boundaries at each end of the four directions were demarcated with a help from the local field

assistant for each specific village. The common local trails within the surveyed Alalili systems

were considered as transects from which the radius was measured from the center to every

end. A handheld GPS was used to measure the radius where we managed to walk toward the

boundaries at each end for small-sized Alalili systems, while the boundaries of the large-sized

Alalili systems were reached out by a field vehicle. The four radii were recorded in the field

data sheet from which an average radius of each Alalili system was obtained. The radius was

used to compute the actual ground area of a specific Alalili system (Eq 1). Moreover, Google

background image in the Q-GIS environment was used to locate the extent in terms of sizes

for each Alalili through digitization. The digitization of each Alalili polygon was done using

Google Earth Pro with the image captured by Landsat/Copernicus from the baseline landcover

maps taken between February 2018 to December 2020 [71]. The local field assistant helped to

identify the boundaries of each Alalili in the zoomed satellite view on the screen. The two val-

ues were compared and the average was taken into consideration to decide the actual area cov-

ered by each Alalili system (Eq 2).

A ¼ pr2 ðEq 1Þ

Whereby, A is the actual ground area of Alalili (km2) and r is an average radius of Alalili (km)

Estimated Area of Alalili ðhaÞ ¼ ðActual ground area ðhaÞ þ Digitized area ðhaÞÞ=2 ðEq 2Þ

Data were collected from late April to early December 2022 whereby the types of Alalili sys-

tems (communal and private Alalili) were identified through participatory field visits and

semi-structured interviews (SSI). The participatory field visits involved the research team com-

prised of a research team leader, research assistant, DGO/RO, a leader, and other two members

of the village rangeland management committee (local field assistants). The leader of the vil-

lage rangeland management committee helped to identify the type of the visited Alalili sys-

tems. SSI through focused group discussion with DGO/RO and the local field assistants, that

adopted the guiding questionnaires and checklist [72], was used to determine other descriptive

features of Alalili systems. This includes the approximated livestock herd size, livestock catego-

ries accommodated by each surveyed Alalili system, age, approximated distance to water

sources, management modality, and allocated time to open the Alalili for grazing.

2.6 Data analysis

Mapping of the spatial distribution of the Alalili system across Alalili type, size, and land use

categories was done in Q-GIS version 3.12.3. Prior to mapping, the area of Alalili was catego-

rized into three classes (small, medium, and large). The class sizes were obtained via the stan-

dardization method whereby all Alalili systems that had an area below the mean range

(mean ± SE) were considered small, Alalili systems with an area within a mean range were

considered medium and those with above mean range were regarded as large. Excel spread-

sheet for Windows 2011 was used in data processing, organization, and data sorting to ensure

smooth analyses. The abundance and distribution of Alalili systems were presented in percent-

ages and tabular forms depicting their proportional dispersion within the mapped rangelands

of northern Tanzania and their respective land uses. The chi-square test was used to under-

stand the variation of abundance and distribution across Alalili types and land use categories

[33, 47]. Independent sample t-test was used to understand the variation of total area covered

by Alalili systems across types while analysis of variance (ANOVA) was used to understand

the variation of total area covered by Alalili systems across land use and size categories. Prior

to analyzing the effect of land use and types of Alalili on the size of Alalili systems, the
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Shapiro-Wilk test for normality was conducted. A homogeneity test of variance was also done

by using Levene’s test. A generalized estimating equations (GEE) model was applied to assess

the effects of land uses and Alalili types on the size of Alalili systems (Eq 3). Similarly, the GEE

model was used to assess the relationship between Alalili size and livestock herd size (Eq 4)

through the R version 4.2.3 [73, 74].

geeglmðformula ¼ Area � Land useþ Types of Alaliliþ Alaliliclass size;

family ¼ gaussianðÞ; data ¼ e; id ¼ Types of Alalili; corstr ¼ }exchangeable}Þ
ðEq 3Þ

geeglmðformula ¼ Total Livestock � Types of Alaliliþ Land useþ Ageþ Area of Alalili;

family ¼ gaussianðÞ; data ¼ A; id ¼ Types of Alalili; corstr ¼ }exchangeable}Þ
ðEq 4Þ

The GEE model equation considered the aspects of land use, type of Alalili, and size of Ala-
lili as factors whereby the baseline variables were GCA, Communal Alalili, and Large size

respectively. The dependent variables in the model equations comprised of size of Alalili sys-

tems in terms of area (ha) and livestock herd size (total number of livestock grazed in Alalili
systems). The independent variables comprised of types of Alalili systems, land use categories,

class size, and age of surveyed Alalili systems. A p-value of p< 0.05 was considered significant.

3. Results

3.1 Classification of Maasai Alalili silvo-pastoral conservation systems

Two types of Alalili systems; communal and private were identified in the Maasai pastoral

communities in both Arusha and Manyara regions. Communal Alalili were reported to be

silvo-pastoral systems owned and managed by a village or a village section for the purpose of

providing fodder/forage to livestock during the acute dry season. Further classification of com-

munal Alalili systems in terms of size determined three categories; small (1–924 ha), medium

(925–1,320 ha), and large (above 1,320 ha). They are generally large in size compared to private

Alalili and allow large numbers of livestock, weak and/or sick, as well as lactating herds to

graze based on the rules and regulations set up by the village rangeland management commit-

tee. The livestock are allowed to graze in the communal Alalili during the acute dry season

only in numbers ranging between 50–450 herds with respect to the size of the communal Ala-
lili being grazed. Many of the communal Alalili (74%) were found far from the settlement

areas, they were found in the wilderness (either on high or low land) and were not fenced

(Fig 2). They were also reported to be found in the protected areas where they are utilized as

shared grazing resources between livestock and wildlife. The majority of them were old (80

and 90 years) although some were reported to be established recently (10 or 15 years old).

Private Alalili on the other hand were reported to be silvo-pastoral conservation systems

that are owned and managed by individual families or a clan referred to as a Boma. Some pri-

vate Alalili were observed to be privately owned by investors who aimed at high production of

livestock products. They are further classified into three size categories; small (1–156 ha),

medium (157–261 ha), and large (above 261 ha). They are generally considered smaller in size

compared to communal Alalili systems to enhance suitability and sustainable fodder availabil-

ity to only a smaller number of livestock at a range of 30–150 herds. Occasionally, private Ala-
lili owned by investors has a large size (250–1,000 ha) considering the large number of

livestock being kept by an investor (500–3,000 herds). They are meant to provide fodder to

calves, weak and/or sick, as well as lactating livestock. The grazing season allowed to feed such

livestock in the private Alalili is determined by the Alalili owner. It was reported that private

Alalili have no definite grazing season and the majority of them (94%) were closer to the
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residential area (around the settlement areas). In contrast to communal Alalili, private Alalili
were found far from the wilderness and some of them were confined with a live or local fence

for protection against wildlife encroachment and depredation (Fig 3). They are also utilized as

shared grazing resources between livestock and wildlife that graze/hide within them during

night hours especially when crossing from one PA to another. Most of them are up to 30 years

old although some are aged up to 70 years.

3.2 Size of Alalili systems across types

The size of communal Alalili systems varied significantly (t = 4.4646, p< 0.001) from private

Alalili systems. Communal Alalili conservation systems had the largest mean area coverage

(1,122±198 ha) compared to private Alalili (209±52.1 ha) (Fig 4).

Furthermore, there was a significant variation in the size of Alalili between GCA and other

land use categories (F = 3.806, df = 3, p = 0.0123). Alalili in GCA had the largest mean area

(1409±307 ha) followed by those in WMA (608±224 ha), NCA (480±167 ha), and open areas

Fig 2. One among the communal Maasai Alalili systems surveyed in northern Tanzania.

https://doi.org/10.1371/journal.pone.0303649.g002

Fig 3. One among the private Maasai Alalili system surveyed in northern Tanzania.

https://doi.org/10.1371/journal.pone.0303649.g003
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(446±119 ha). There was a significant variation (F = 27.175, df = 2, p< 0.001) in area coverage

across size categories of Alalili systems whereby large, medium, and small-sized Alalili had a

mean area of 2773±522 ha, 985±106 ha, and 240±27 ha respectively (Fig 4).

3.2.1 Overall area coverage of Alalili silvo-pastoral conservation systems. Generally,

119 Alalili systems covered an overall area approximated to only 3% of the entire study area

(4,087,984 ha). Out of the pre-determined 3%, communal Alalili comprised 96% of the total

area while private Alalili comprised 4% only of the total area. On the other hand, 73% of the

overall Alalili area was covered by large-sized Alalili systems, followed by 16% of the total Ala-
lili area covered by small-sized Alalili systems while medium-sized covered 11% (Table 1).

3.2.2 Size of Alalili systems within land use categories. In GCA there was a significant

variation in the size of Alalili between types (t = 3.7252, p< 0.001) whereby communal Alalili
had a mean area of 1,700±374 ha while private Alalili was 271±85 ha (Table 1). In WMA, the

size between communal and private Alalili systems varied significantly (t = 2.5073, p = 0.0319).

Communal Alalili had a mean area of 964±339 ha while for private Alalili was 98.9±62 ha.

Although, in the open areas, there was no significant variation in size between communal and

private Alalili systems (t = 1.8904, p = 0.0759) whereby communal Alalili had a mean area of

Fig 4. The size variation of Alalili systems across types, size categories, and land uses (the a, b, c; depicts mean areas that are significantly different (p< 0.05)).

https://doi.org/10.1371/journal.pone.0303649.g004

Table 1. Summary of Alalili area coverage across types, land use, and size categories.

Land use Types of Alalili Area by size (ha) Total Area (ha)

Large Small Medium

GCA Communal 65,207 8,016 6,658 79,880

Private 2,763 302 191 3,255

NCA Communal 5,087 3,921 2,514 11,522

Private 0 0 0 0

Open Areas Communal 2,215 3,409 2,211 7,835

Private 267 127 250 644

WMA Communal 7,197 2,446 0 9,643

Private 464 229 0 693

Total Communal 79,705 17,792 11,383 108,880

Private 3,493 657 441 4592

Total 83,199 18,449 11,824 113,472

* Abbreviations: GCA, Game Controlled areas; NCA Ngorongoro Conservation Area; WMA, Wildlife Management Area.

https://doi.org/10.1371/journal.pone.0303649.t001
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490±139 ha while that of private Alalili was 215±44 ha. In contrast to other land use categories,

NCA comprised of communal Alalili systems only with a mean area of 480±167 ha (Fig 5).

3.2.3 Overall area coverage of Alalili systems across land use and sizes. Alalili systems

in the GCA had the highest proportion area covering 73% of the total Alalili area and it was

only 4.5% of the entire area shielded by GCA (1,850,000 ha). NCA had a total Alalili area

whose proportion was 10%, approximated to only 1.4% of the entire area covered by NCA

(809,440 ha). Alalili systems in WMA had a total area coverage whose proportion was 9%

which was approximated to only 1.6% of the entire area covered by WMA (643,544 ha). The

open areas on the other hand had a total Alalili area coverage whose proportion was 8% being

approximated to only 1.1% of the general area covered by studied village lands (785,000 ha). In

the GCA, about 81.8%, 10%, and 8.2% of its total Alalili area were covered by large, small, and

medium-sized Alalili systems respectively. Likewise, in the NCA, about 44.2%, 34.0%, and

21.8% of its total Alalili area were covered by large, small, and medium-sized Alalili systems

respectively. In the WMA, about 74.1% and 25.9% of its total Alalili area were covered by large

and small-sized Alalili respectively while medium-sized Alalili systems were not identified. In

the open areas, about 41.7%, 29.3%, and 29.0% of its total Alalili area were covered by small,

large, and medium-sized Alalili systems respectively (Table 1).

3.2.4 Area coverage of communal Alalili systems across land use and size. Communal

Alalili systems in GCA had the highest area covering 73% of the total communal Alalili area.

NCA was the second land use having communal Alalili systems with an area covering 11% of

the total communal Alalili area. Communal Alalili systems in WMA covered an area equiva-

lent to 9% of the total communal Alalili area while Alalili systems in the open areas covered an

area equivalent to 7% of the total communal Alalili area (Table 1). Considering the area of

communal Alalili systems across sizes within land uses, it was found that in GCA, about

81.6%, 10.0%, and 8.4% of its total communal Alalili area were covered by large, small, and

medium-sized Alalili respectively. In NCA, about 44.2%, 34.0%, and 21.8% of its total commu-

nal Alalili area were covered by large, small, and medium-sized Alalili respectively. In the

WMA on the other hand, about 74.6% and 25.4% of its total communal Alalili area were

Fig 5. The variation in sizes of Alalili types within the surveyed land use categories (the a, b, c; depicts mean areas

that are significantly different (p< 0.05)).

https://doi.org/10.1371/journal.pone.0303649.g005
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covered by large and small-sized Alalili systems respectively in the absence of medium size. In

the open areas, about 43.5%, 28.3%, and 28.2% of its total communal Alalili area were covered

by small, large, and medium-sized Alalili systems respectively (Table 1).

3.2.5 Area coverage of private Alalili systems across land use. GCA had the highest area

coverage of private Alalili systems with a total proportion of 71% of the total private Alalili
area. WMA had private Alalili systems with an area covering 15% of the total private Alalili
area while those in the open areas covered 14% of the total private Alalili area. On the other

hand, no private Alalili systems were found in NCA. Considering the area of private Alalili sys-

tems across sizes within land uses, it was found that in GCA, about 84.9%, 9.3%, and 5.9% of

its total private Alalili area were covered by large, small, and medium-sized Alalili systems

respectively. In the WMA, about 67% and 33% of its total private Alalili area were covered by

large and small-sized Alalili systems respectively and no medium-sized Alalili systems were

observed. In the open areas, about 41.5%, 38.8%, and 19.7% of its total private Alalili area were

covered by large, medium, and small-sized Alalili systems respectively (Table 1).

3.3 Overall abundance and distribution of Alalili enclosures

A total of 119 individual Alalili silvo-pastoral conservation systems were recorded in the study

area. The identified traditional systems generally showed a spatial distribution across the study

area (Fig 6).

3.3.1 Overall abundance and distribution across types of Alalili. There was a significant

variation (χ2 = 47.3, df = 1, p< 0.001) of abundance between communal and private Alalili
systems. The highest abundance of Alalili systems was recorded under the communal category

which comprised 82% compared to 18% of Alalili systems that were recorded under the private

category. Communal Alalili systems generally depicted the highest spatial distribution across

land uses compared to that of private Alalili (Fig 6).

3.3.2 Overall Alalili abundance and distribution across land use and class-size. The

abundance of Alalili varied significantly (χ2 = 39.2, df = 3, p< 0.001) from GCA to other land

use categories whereby, 50% of Alalili systems were recorded from the GCA. The NCA had an

Fig 6. General distribution of the surveyed Alalili types across rangeland areas of Northern Tanzania.

https://doi.org/10.1371/journal.pone.0303649.g006
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overall abundance of 20% Alalili systems, open areas had 16% of Alalili systems, and WMA

had 14% of Alalili systems. For each land use category, Alalili distribution varied with regard

to class sizes whereby GCA had 51%, 37%, and 12% of small, large, and medium-sized Alalili
systems respectively. NCA had 83.3%, 8.3%, and 8.3% of small, large, and medium-sized Alalili
systems respectively while open areas had 74%, 16%, and 10% of small, medium, and large-

sized Alalili systems respectively. WMA on the other hand had 76.5% and 23.5% of small and

large-sized Alalili systems respectively and none medium-sized Alalili systems (Fig 7).

3.3.3 Abundance and distribution of communal Alalili systems across land use and size

categories. The highest abundance of communal Alalili systems was recorded in the GCA

with a total proportion of 48% Alalili followed by NCA with an abundance proportion of 25%

communal Alalili systems. The open areas comprised of 17% communal Alalili while WMA

had the least abundance of 10% communal Alalili systems. An abundance within each land use

depicted different distribution patterns of communal Alalili systems. GCA had 53.2%, 34.0%,

and 12.8% of small, large, and medium-sized Alalili systems respectively. NCA had 83.3%,

8.3%, and 8.3% of small, large, and medium-sized Alalili respectively. Open areas were fea-

tured by 81.3%, 12.5%, and 6.2% of small, medium, and large-sized Alalili systems respectively.

WMA on the other hand comprised 70% and 30% of small and large Alalili systems respec-

tively and none of them was medium sized (Table 2).

Based on size categories, small size recorded the highest abundance of communal Alalili
which was 67% followed by large size which comprised 23% of Alalili systems. Medium size

recorded the least abundance of communal Alalili encompassing 10% of Alalili systems

(Table 2). Further distribution analysis within each size category depicted that 38.5%, 30.8%,

20%, and 10.7% of small-sized Alalili systems are found in GCA, NCA, open areas, and WMA

respectively. 72.7%, 13.6%, 9.1%, and 4.6% of large-sized Alalili systems are located in the

GCA, WMA, NCA, and in open areas respectively. There were 60%, 20%, and 20% of

medium-sized Alalili systems in GCA, NCA, and in the open areas respectively, and none in

WMA (Fig 8A).

3.3.4 Abundance and distribution of private Alalili systems across land use and size cat-

egories. GCA recorded the highest abundance of private Alalili systems which was 54%

Fig 7. Generalized distribution of the surveyed Alalili systems by size across land use categories.

https://doi.org/10.1371/journal.pone.0303649.g007
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followed by WMA which comprised 32% of Alalili systems. Open areas recorded the least

abundance with 14% of private Alalili systems (Table 2). In contrast to communal Alalili, pri-

vate Alalili systems were not observed in the NCA. Further analysis within each land use

depicted different distribution pattern with regard to class sizes. In GCA, there were 50%,

42%, and 8% of large, small, and medium-sized Alalili systems respectively. In WMA, there

were 86% and 14% of small and large sized Alalili respectively and none was recorded under

medium-sized category. In open areas, each category of the size comprised of 33.3% of private

Alalili system (Fig 8B).

On the other hand, small size recorded the highest abundance of private Alalili which cov-

ered 55% followed by large size which comprised 36% of private Alalili systems. Medium size

recorded the least abundance encompassing 9% of private Alalili systems. The distribution

analysis of private Alalili within each size category was done with regard to land use where by

50%, 42%, and 8% of small-sized private Alalili systems were found in WMA, GCA, and open

areas respectively. Moreover, 75%, 12.5%, and 12.5% of large-sized private Alalili systems were

located in GCA, WMA, and open areas respectively. There was 50% of medium-sized private

Alalili systems in both GCA and in open areas while none was recorded in WMA. NCA had

no private Alalili silvo-pastoral conservation systems (Table 2).

3.4 Effects of land uses and Alalili types on the size of Alalili systems

There was a significant negative association of Alalili size between Alalili systems in the GCA

and those in the NCA (β = -1081.51, S.E. = 183.00, p<0.001). But the association of Alalili size

for GCA was not significant to that of both open areas (β = -292.47, S.E. = 172.53, p = 0.0900)

and WMA (β = 53.45, S.E. = 293.42, p = 0.8555) (Table 3).

Furthermore, a significant negative association of Alalili size between communal and pri-

vate Alalili systems was observed (β = -1352.10, S.E. = 361.34, p<0.001). On the other hand,

there was a significant negative association of Alalili size between large-sized Alalili systems

and those of both small-sized Alalili systems (β = -2538.84, S.E. = 639.66, p<0.001) and

medium-sized Alalili systems (β = -1795.52, S.E. = 615.46, p = 0.0035; Table 3).

Table 2. Summary of Alalili abundance across types, land use, and size categories.

Land use Type of Alalili Abundance by Class size Total

Large Medium Small

GCA Communal 16 6 25 47

Private 6 1 5 12

NCA Communal 2 2 20 24

Private 0 0 0 0

Open Areas Communal 1 2 13 16

Private 1 1 1 3

WMA Communal 3 0 7 10

Private 1 0 6 7

Total Communal 22 10 65 97

Private 8 2 12 22

Total 30 12 77 119

*Abbreviations: GCA, Game Controlled areas; NCA Ngorongoro Conservation Area; WMA, Wildlife Management Area.

https://doi.org/10.1371/journal.pone.0303649.t002
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3.5 Correlation effects of Alalili size and age on livestock herd size

A generalized estimation equation model revealed that the livestock herd size was positively

correlated to both size and age of Alalili systems and the association was significant across the

Alalili size but not significant along the age (Table 4). The livestock herd size was higher in the

private Alalili systems compared to the reference category communal Alalili systems depicting

a significant negative association between them (Table 4). On the other hand, the livestock

herd size was higher and lower in the Alalili systems of the open areas and NCA respectively

compared to Alalili systems of reference category GCA depicting a negative association. While

the relationship of livestock herd size between Alalili systems in the NCA and GCA was

Fig 8. Distribution of Alalili systems across land use and size: (a) Communal (b) Private.

https://doi.org/10.1371/journal.pone.0303649.g008

Table 3. Summary statistics of generalized estimation equation (GEE) model explaining associations between explanatory variables and the size of Alalili systems

in the study area. Land use, class size, and type of Alalili were defined as factors whereby the baseline variables are GCA, large size, and communal Alalili respectively.

Estimate Std. Error Wald Pr(>|W|)

(Intercept) 3115.63 636.90 23.930 < 0.001 ***
Land use-NCA -1081.51 183.00 34.925 < 0.001 ***
Land use-OA -292.47 172.53 2.874 0.0900

Land use-WMA 53.45 293.42 0.033 0.8555

Types of Alalili-Private -1352.10 361.34 14.002 < 0.001 ***
Size-Medium -1795.52 615.46 8.511 0.0035 **
Size-Small -2538.84 639.66 15.754 < 0.001 ***

Significant codes:

* p< .05
** p< .01
*** p< .001. Abbreviation: GCA, Game Controlled Areas; NCA Ngorongoro Conservation Area; OA, Open Areas; WMA, Wildlife Management Area.

https://doi.org/10.1371/journal.pone.0303649.t003
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significant, the association between Alalili systems in the open areas and GCA was not signifi-

cant (Table 4). Although Alalili systems in WMA depicted a higher livestock herd size com-

pared to Alalili systems in the reference category GCA, the association was not significant

(Table 4).

4. Discussion

Indigenous local knowledge (ILK) and research around it has emerged as an important area of

sustainability science, informing and supporting pressing challenges of our modern times. It

provides information and data that can increase resilience, promote sustainable restoration

and rewilding for transforming communities in landscapes towards more resilient, sustainable,

and equitable futures [8, 75, 76]. Many rangeland areas harbor communities with different

socio-cultural practices most of which are not documented [16]. Due to lack of recognition of

these, rangelands and their indigenous socio-cultural practices are rarely going to survive the

current anthropogenic threats. This study was able to distinctively characterize Maasai Alalili
by land use types, separating private and communal ones into three size categories named

small, medium, and large Alalili systems. The documentation of this which had not been

reported in the previous studies [5, 12, 17] are potential tools for facilitating management ini-

tiatives of the traditional fodder conservation systems. Through predicting the possible loss of

Alalili systems, the majority of these being communal with reference made to private that van-

ished in non-protected land, their future practices may be prone to total loss and extinction.

4.1 Status of Alalili systems and the suggested changes across types

On average this study identified and categorized more communal Alalili (82%) than private

(18%) throughout the studied rangeland area predicting that this practice at the household

level is being threatened by various drivers that may include land use and socio-cultural

changes [12, 18, 25, 50]. Although, the Maasai pastoral communities in northern Tanzania are

reported to practice communal ownership of rangelands as the dominant system [18, 44], this

work suggests the historical evolvement of private Alalili systems that was not documented for

many years as supported by recent works [17, 18, 77, 78]. This is further supported by a few

surveyed old-aged private Alalili systems reported to historically exist since the past 40 to 70

years as informed by the rapporteur in the focused group discussion;

Table 4. Summary statistics of generalized estimation equation (GEE) model explaining associations between explanatory variables and the number of livestock in

the study area. Land use and type of Alalili were defined as factors whereby the baseline variables are GCA and communal Alalili respectively.

Estimate Std. Error Wald Pr(>|W|)

(Intercept) 551.37 182.96 9.080 0.0026 **
Area of Alalili 1.39 0.04 996.150 < 0.001***
Age of Alalili 1.18 2.82 0.180 0.6741

Type of Alalili Private -402.39 121.22 11.020 < 0.001***
Land use NCA -377.60 107.05 12.440 < 0.001***
Land use OA -142.09 86.79 2.680 0.1016

Land use WMA 223.69 206.25 1.180 0.2781

Significant codes:

* p< .05
** p< .01
*** p< .001. Abbreviation: GCA, Game Controlled Areas; NCA Ngorongoro Conservation Area; OA, Open Areas; WMA, Wildlife Management Area.

https://doi.org/10.1371/journal.pone.0303649.t004
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FGD-MOND-22: “This Alalili system is privately owned by our clan and has existed for
many years. Our grandparent narrated a brief history about it, whereby they have been keep-
ing it since the colonial era in the late 1950s. Since that time, members of the clan have been
using it not only for grazing purposes, but also for conducting rituals, cursing practices over
the deviants from management norms of Alalili that built fear over our livestock herds and
respect among the surrounding households. Some neighbour households also had their Alalili
systems, but they did not manage to uphold them due to an introduction of the villagelization
and communism policies in the 1970s which made them remain dependent on the communal
grazing areas” (FGD/Alalili survey/Loosimingori village/June, 2022).

FGD-LONG-24: “The large portion of this private Alalili that existed since 1970s, has been
very important site of securing pastures that sustain our livestock especially the calves and lac-
tating cattle in the long dry seasons. However, due to increased number of household mem-
bers, we have changed a little portion (especially the eastern side you see) for residential
purposes where my two sons have established their families. Due to a reduced grazing area,

one of my grandsons is currently engaged in the mining activities at the nearby village of
Matale A to sustain family needs. Some other households in the neighbourhoods have sold
their privately owned grazing areas to immigrants who practice crop farming (maize, beans
and sunflower cultivation)” (FGD/Alalili survey/Kitumbeine village/May, 2022).

Having an 18% of private Alalili systems, that are very recently established, is regarded as a

newly emerging practice over the historical communal ownership of grazing lands by Maasai
pastoralists [13, 17]. Although, from an opposite community perspective, it is regarded as a

crucial restoration initiative whereby the Maasai pastoralists are securing the grazing areas

that are likely being changed into protected areas, farmland, and settlements [18, 78]. They are

turning into private ownership as a way to sustain their historical indigenous and traditional

way of conserving pasture lands that used to support their grazing activities and rangeland

management [17].

The changes are observed to be in transition in Maasai culture, eroding the key livelihood

practices that is vital for the survival of these communities and sustainable use of the biodiver-

sity [18]. Similarly, most of the private Alalili are smaller in size making them even more

prone to vanish due to higher livestock herd size and grazing intensity compared to that of the

communal Alalili systems [17, 25]. The findings suggest that communal Alalili systems are

currently holding significant conservation potential than private Alalili. Regardless of the

recent establishment of private Alalili systems, yet there is a radical shift of conservation prior-

ity from these private to communal areas because, conservation agencies are highly promoting

it through conservation incentives provided to community-based organizations for climate

change mitigation [46, 78]. In the past three decades, numerous projects have been done for

rangeland improvement through participatory rangelands management (PRM) exposing

more conservation incentives to communal enclosures than in private [26, 79].

Additionally, policies for livestock, wildlife, tourism, and land sectors in Tanzania have pri-

oritized measures that promote communal rangeland management through traditional land

use practices [26, 50, 56–58, 63, 80]. Effects of poverty, climate change, and food insecurity are

additional drivers that scale down the size of private Alalili systems, abundance, and distribu-

tion [7, 71, 81]. The growing population (both human and livestock) are in need of expanding

settlement areas and farmlands for food crop production within the same land resources lead-

ing to competitive effect and degradation [71]. A portion of privately reserved pasture land is

sold out for sustaining their livelihood [8, 82]. Thus, private Alalili systems are at risk of mal-

practices compared to communal ones. On the other hand, the decreasing number and size of
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private Alalili is notifying rangeland managers and experts on the communal Alalili systems

that are predicted to face a risk of collapse with regard to the theory of “tragedy of the com-
mons” [83, 84]. Efforts therefore should be directed towards increasing the number and size of

private Alalili as well as their practices outside protected areas to ensure sustainable fodder

and or pasture availability at private pasture land [6, 7, 85]. The existence of both communal

and private Alalili would strengthen a sense of rangeland conservation advocacy among Maa-
sai pastoralists who maintain their cultural heritage with minimum harmful threats to biodi-

versity resources [5, 18, 44].

The observed transition from pastoralism to crop cultivation among Maasai pastoral com-

munities has intensified losses in pasture resources with regard to reduced grazing land size

and rangeland encroachment with less return on crops [45, 86]. Promoting Alalili would bring

about ten times return when sustainable grazing is practiced [13, 17, 18, 23]. Utilization of Ala-
lili systems do not only serve as useful in-situ fodder/forage banks but also useful drivers in

reducing impacts of overgrazing and rangeland degradation for upgrading the health of biodi-

versity and its associated ecosystem services [5, 13, 48]. They play multiple roles such as feed

reserves, environmental and wildlife conservation, economic development, mitigating impacts

of global climate change including soil erosion, invasive species, and bush encroachment as

well as giving ecosystem services [1, 4, 17, 78, 79].

4.2 Occurrence of Alalili systems across land use categories

We found that more than half of all Alalili systems in the rangelands of northern Tanzania are

found in GCA. This trend suggests that, apart from the largest proportion of land surface occu-

pied by GCA (45%) above NCA (20%), open areas (19%), and WMA (16%), promotion of this

practice within the GCA might be the reason for this. Other works report that, being commu-

nity-based initiatives for protecting wildlife from degradation and fragmentation, the formal

institution of GCA and WMA are responsible for administering the limit in accessing the

extreme dry season grazing areas [15, 78]. In the NCA there were no private Alalili and that

the ownership of land is devoted to the Ngorongoro conservation area authority and not vil-

lagers [12, 45]. In the open areas, there was no significant size variation between private and

communal Alalili systems suggesting that they face similar encroachment pressures from vil-

lagers and village governments [80]. Portions of communal and some private enclosures are

changed to potential infrastructural areas where schools, health care centers, markets, and

food stores are constructed to support services such as education, health, and other basic

necessities [18]. This suggests that LULCC due to the cultural and traditional shift from graz-

ing to crop cultivation among the Maasai society, especially in unprotected areas, poses a high

pressure on traditionally conserved pastures leading to their loss [45, 46, 87]. Overall, the

potential of Alalili to act as a restoration pathway in the degraded rangeland patches can be a

strategy with the potential to be up scaled particularly when the benefits of this practice are re-

iterated to the community with a reflection made from Ngitili systems which are multi-func-

tional ecosystems [5, 7, 16, 48]. This requires a need for the range map results on the status of

Alalili types regarding their size, abundance, and distribution be communicated back to com-

munities so they know their extent of disappearance as a wakeup call for them to take measures

and action to restore this in their land.

We emphasize the need for creating pastoral groups through community champions to

promote the intensification of Alalili practices through incentive provisioning such as pay-

ments and rewards for ecosystem services, green loans, REDD+, and subsidies [88]. Commu-

nities should be proactively engaged and informed about the need to protect this cultural

practice by describing the wisdom of ILK on rangeland management associating its values and
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benefits to avoid its collapse in the community. In promoting this practice to the household

level, models that aim at managing rangelands and pasture should integrate this ILK and the

economic, social, and environmental dimensions that are mutually dependent on one another

[6]. The areas of implementation priorities should be known private lands where members of

the households can easily be embraced when managing their pastureland. Furthermore, spe-

cies that are native and palatable to livestock should be restored in the degraded Alalili as an

incentive in addition to formulation and implementation of community by-laws that support

its sustainable intensification.

5. Conclusion

Approaches that are developed for managing rangelands in northern Tanzania are not neces-

sarily developed based on indigenous cultural heritage such as Alalili, risking their success and

sustainability [89]. Recognizing the Alalili in such approaches minimizes the risk of misjudg-

ing their importance by outweighing the benefits and values that come up with the inclusion

of Alalili, resulting in the wide-community level adoption and dissemination [26]. In contrast

to modern natural science outputs, the presented results have indicated that Maasai Alalili
silvo-pastoral conservation systems are still in existence but their sustainability is highly at

risk, especially in private land areas. The generated results could facilitate the inclusion of their

practices into core pasture production and management areas, facilitating their reinforcement

into policy and practices. We encourage the extended use of our survey results in further

assessing the biomass and other compliance practices in screening the best management prac-

tices when implementing Alalili in the landscape level. However, their size seemed to be

decreasing signaling their possible loss in the near future, thus necessitating on a temporal

analysis to determine the degree of sustainability risk. The stakeholders and communities

should be informed about emerging effects of LULCC, growing population and environmental

pressures such as climate change that threaten the sustainability of traditional conservation

practices including the Maasai Alalili systems. Though the primary concern of establishing

Maasai Alalili systems was to preserve pastures during the hardship times of pasture availabil-

ity, the pastoral communities in rangeland areas need to be informed about extended benefits

of Alalili systems. Despite the role played by private Alalili systems to the livestock and wildlife,

they are faced with a confounding threat to deteriorate compared to communal Alalili. Further

loss of Alalili conservation systems will not only lower down availability of pasture resources,

but will also discourage initiatives for restoration of degraded rangelands through recovery of

vegetation. Based on our findings, initiatives aimed at improving Alalili systems conservation

and management strategies need to be considered. We recommend further assessment of the

existing Alalili systems management typologies fitting to utilization compliance and that they

should be made formal. Such results highlight the need for incorporation of ILK in grassland

conservation and management policies allowing and instructing on the call for frequency and

extent of Alalili practices as a management tool for both rangelands and their community resil-

ience in East African rangelands.

Supporting information

S1 Appendix. Alalili compiled data.

(XLSX)

PLOS ONE Sustaining Alalili systems in rangelands of East Africa

PLOS ONE | https://doi.org/10.1371/journal.pone.0303649 May 16, 2024 19 / 24

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0303649.s001
https://doi.org/10.1371/journal.pone.0303649


Acknowledgments

We owe our special gratitude to the Nelson Mandela African Institution of Science and Tech-

nology for granting the permission to conduct this research work. We are also very much

indebted for the permit (2022-222-NA-2022-005 dated 20th April, 2022) we got from COST-

ECH, TAWIRI, TAWA, NCAA, and Local government authorities of each district for allowing

access to Alalili systems within rangelands throughout the study area. We would also like to

acknowledge the field and support team - Mr. Emmanuel Mboya (Tanzania Plant Health and

Pesticides Authority-TPHPA), Mr. John Erasto Sanare (Tanzania Wildlife Research Institute),

Mr. Neovitus Siang’a and Mr. Kirerenjo Mereso (Tanzania People and Wildlife), Ms. Cather-

ine Maembe, Mr. Emmanuel Lorru, Mr. Nganana M. Papalay and Mr. Lomayani Lukumay

(District Game Officers), Mr. Birikaa R. Olesikilal, Mr. Danstan Mndolwa and Mr. Mamus

Toima (District Rangeland Officers).

Author Contributions

Conceptualization: Elkana Hezron, Issakwisa B. Ngondya, Linus K. Munishi.

Data curation: Elkana Hezron.

Formal analysis: Elkana Hezron.

Funding acquisition: Elkana Hezron.

Investigation: Elkana Hezron, Issakwisa B. Ngondya, Linus K. Munishi.

Methodology: Elkana Hezron, Issakwisa B. Ngondya, Linus K. Munishi.

Project administration: Elkana Hezron, Issakwisa B. Ngondya, Linus K. Munishi.

Resources: Elkana Hezron, Issakwisa B. Ngondya, Linus K. Munishi.

Software: Elkana Hezron.

Supervision: Issakwisa B. Ngondya, Linus K. Munishi.

Validation: Elkana Hezron, Issakwisa B. Ngondya, Linus K. Munishi.

Visualization: Elkana Hezron, Issakwisa B. Ngondya, Linus K. Munishi.

Writing – original draft: Elkana Hezron, Issakwisa B. Ngondya, Linus K. Munishi.

Writing – review & editing: Elkana Hezron, Issakwisa B. Ngondya, Linus K. Munishi.

References
1. Goldman MJ, Riosmena F. Adaptive capacity in Tanzanian Maasailand: Changing strategies to cope

with drought in fragmented landscapes. Glob Environ Chang. 2013; 23: 588–597. https://doi.org/10.

1016/j.gloenvcha.2013.02.010 PMID: 25400331

2. Hezron E, Munishi LK, Ngondya IB. Characterisation of Maasai Alalili Silvo-Pastoral Conservation Sys-

tems of Northern Tanzania: The Final Project Report-Rufford Foundation; Nelson Mandela African Insti-

tution of Science and Technology, Arusha, Tanzania. 2023. Available: https://ruffordorg.s3.

amazonaws.com/media/project_reports/37388-1_Detailed_Final_Report.pdf

3. Saruni K. Indigenous Knowledge Systems and Rangeland Governance in Northern Indigenous Knowl-

edge Systems and Rangeland Governance in Northern Tanzania. Tanzanian J Popul Stud Dev. 2019;

23: 1–21.

4. Nassoro Z. Evaluation of nutritive value of browse tree fodder species indigenous to Kiteto and Kongwa

districts (Master of Science in Biodiversity Conservation of the University of Dodoma, MSc. Disserta-

tion). The University of Dodoma. 2014.

PLOS ONE Sustaining Alalili systems in rangelands of East Africa

PLOS ONE | https://doi.org/10.1371/journal.pone.0303649 May 16, 2024 20 / 24

https://doi.org/10.1016/j.gloenvcha.2013.02.010
https://doi.org/10.1016/j.gloenvcha.2013.02.010
http://www.ncbi.nlm.nih.gov/pubmed/25400331
https://ruffordorg.s3.amazonaws.com/media/project_reports/37388-1_Detailed_Final_Report.pdf
https://ruffordorg.s3.amazonaws.com/media/project_reports/37388-1_Detailed_Final_Report.pdf
https://doi.org/10.1371/journal.pone.0303649


5. Selemani IS. Indigenous knowledge and rangelands’ biodiversity conservation in Tanzania: success

and failure. Biodivers Conserv. 2020; 29: 3863–3876. https://doi.org/10.1007/s10531-020-02060-z

PMID: 33052175
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