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a b s t r a c t 

Understanding the ecological impacts of invasive plant species on the native communities 

and identifying native plant species that co-exist with invasive plants are important for 

planning the effective control and restoration of invaded rangelands. Systematic random 

sampling technique was applied to assess the effect of the two invasive plants ( Gutenber- 

gia cordifolia and Tagetes minuta) on native vascular plant species’ cover and diversity as 

well as identification of native grasses that co-exist well with the two invasive plants in 

the Ngorongoro crater, Tanzania. Native species ground cover in lowly invaded quadrats 

doubled that of medium and highly invaded quadrats. The mean height of native plants 

in highly invaded areas doubled the height of native plants in lowly invaded areas. While 

species richness was higher in both G. cordifolia and T. minuta lowly invaded quadrats com- 

pared to quadrats that were under medium and high invasion similarly, lowly invaded 

quadrats had higher species evenness than both medium and highly invaded quadrats. 

Cynodon dactylon was the most co-existing native grass with both G. cordifolia and T. min- 

uta followed by Chloris pycnothrix . The results highlights how invasive plants G. cordifolia 

and T. minuta drastically changed the abundance and richness of the native vascular plant 

community within the Ngorongoro crater. It also highlighted on presence of native grasses 

that are capable of co-existing with the two invasive plants. This study further generated a 

baseline information for long term research to elucidate mechanisms associated with the 

two invasive plants interactions, while at the same time informing the management au- 

thorities on the threats to native plant species associated with invasive plants G. cordifolia 

and T. minuta . 
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Introduction 

Invasive species have been declared as one of the biggest threats to biodiversity [ 1 , 2 ]. These species have been reported

not only to affect ecosystems through suppression of native species and, hence, resulting in the extinction of the latter 

[2–4] but also altering ecological processes and, therefore, reducing overall ecosystem yields [5] . As human population and 

people’s movement increases, so does dispersal of invasive plants such as Gutenbergia cordifolia Benth. ex Oliv. var. cordifolia 

and Tagetes minuta L. from one locality to another [6] . Although various attempts have been made to control the inva-

sives and mitigate their impacts particularly in conservation areas [7] , the cost-effective approaches that are eco-friendly to 

address this are largely lacking in the literature. 

Gutenbergia cordifolia and Tagetes minuta have been reported as invasive weed species across the tropics, subtropics and 

several temperate countries [ 8–10 ]. In Tanzania, these species have recently invaded the Ngorongoro Conservation Area 

(NCA) [9] , likely impacting the native plant and herbivore communities in this highly renowned protected area. The Ngoron- 

goro crater floor as it is mostly grassland [ 11 , 12 ] is at greater risk as invasion within it is over half of the entire crater

[13] and majority of ungulates within it depends on its forage species for grazing. Like other invasive species, G. cordifolia 

and T. minuta are not edible by animals [14] and, hence, grow more leaves, roots and flowers than their native counterparts.

They, therefore, may have an increased competitive ability to suppress the native plant species [15] . The two species, as

most invasives, spread supposedly through a complex interaction of human and animal movement patterns [16] . However, 

their ecological effect on native vascular plants has never been quantified in the herbivore-rich NCA. 

While considerable research has been done on woody invasive weeds [ 17–21 ], studies are lacking on herbaceous invasive

plant species and their effects in grassland systems. Quantification of the impact of herbaceous invasive plant species on the 

native plant species and habitat transformation as well as their consequences on ecosystem services is still rudimentary and 

sometimes lacking particularly in protected areas. The lack of such information hinders appropriate and timely management 

decisions to prevent further establishment and spread. In this case, information on impacts of such species is needed for 

enhancing the implementation of the management actions in the appropriate time as well as assisting the future prediction 

of the invasive species. 

There is a need to determine the ecological impacts of invasive plants G. cordifolia and T. minuta, particularly in a fragile

ecosystem like Ngorongoro crater, where the survival of animals strongly depends on the vigor of native grasses within the 

crater that might be easily suppressed by the invasives. Identifying the ecological impacts of the two invasive plants and 

native grasses that co-exist with the two invasives will therefore, contribute to formulation of intervention and mechanisms 

for invasive plants management purposes and will add to the effort s as per Strategy for Managing Invasive Species in Africa

(2021–2030) which will help in realizing the Africa we want (African Union Agenda 2063; goals 1,3,4 and 7). This study

therefore aimed at assessing the impacts of invasive plants G. cordifolia and T. minuta on the diversity (abundance, richness 

and evenness) of native plant species in the Ngorongoro crater and identifying native grass species that co-exist well with 

the two invasive plant species. It therefore, hypothesized that highly invaded plots would have lower native plant species 

(including forage grasses) diversity. Further, it was expected that native plants’ vigor (height and percentage ground cover) 

would be poor in plots under medium and high invasion levels of G. cordifolia and T. minuta compared to those under low

invasion level. 

Materials and methods 

Study site 

Ngorongoro Conservation Area (NCA) is located in the northern part of Tanzania (2 °30 ′ -3 °30 ′ S, 34 °50 ′ -35 °55 ′ E), bordering

the Serengeti National Park to the North-West, Lake Eyasi to the South and the Loliondo Game Controlled Area and village

lands in the South-East [12] . The NCA covers an area of 8300 km 

2 with the main crater (Ngorongoro crater) descending to

a depth of 610 m with a basin that covers an area of 260 km 

2 . The crater floor soil is mostly of colluvial deposits with

wet and dry seasons diurnal temperatures ranging from 7.4 °C–14.5 °C and from 10.6 °C–19.6 °C, respectively and an annual

rainfall ranging from 300–630 [11] .The crater floor is mainly grassland composed of various species including Sporobolus 

spp, Themeda triandra and Cynodon dactylon [22] with a small woodland and shrubs on the Western side. The area provides

a habitat to over 30 African elephants ( Loxodonta africana ), 70 0 0 wildebeests ( Connochaetes taurinus ), 40 0 0 zebras ( Equus

quagga ), 30 0 0 common elands ( Taurotragus oryx ), 40 0 0 African buffalos ( Syncerus caffer ), 30 0 0 Grant’s ( Nanger granti ), 30 0 0

Thomson’s gazelles ( Eudorcas thomsonii ), 60 0 0 Spotted hyenas ( Crocuta crocuta ) and over 55 lions ( Panthera leo ) [9] . 

Study species 

While both T. minuta and G. cordifolia ( Fig. 1 ) belongs to family Asteraceae, T. minuta originated from South America and

has escaped cultivation in most nations and is considered a noxious weed in parts of southern Africa [24] . Gutenbergia cordi-

folia on the other hand is an annual plant native to Sudan, Kenya, Democratic Republic of Congo, Rwanda, Burundi, Zambia,

Malawi and Zimbabwe [25] . Both species have recently been reported as among problematic plants that have invaded the 

Ngorongoro Conservation Area [9] . 
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Fig. 1.. Study species (a) T. minuta and (b) G. cordifolia (source: field survey). 

Fig. 2.. A map of Ngorongoro crater modified from [23] black and white circles indicate areas where G. cordifolia and T. minuta invasion sampling was 

done, respectively. 

 

 

 

 

 

 

 

 

 

 

 

Sampling design 

Quadrats of 1 m 

2 were established along a continuum of the two species’ invasion cover [18] . Each quadrat was used

as a unit of observation. Invasion density at a site was grouped based on invasive plant’s percentage ground cover as; “low

invasion” (1–24% invasion cover), “medium invasion” (25–49% invasion cover) and “high invasion” ( ≥ 50% invasion cover) 

with two replicates. The quadrats were systematically laid out and placed at 20 m apart from each other at a site. For G.

cordifolia, which was mostly all over the crater floor and thus covering mainly the grassland vegetation; each site was placed

with six quadrats after every 3 km along two crossing transects running from South to North (18 km long, 0.1 km wide)

and East to West (21 km long, 0.1 km wide) of the Ngorongoro crater ( Fig. 2 ). For T. minuta , that was covering most of the

western parts and the crater rim and thus bush land vegetation; each site was placed after every 600 m and 300 m along

a 3.6 km long, 0.1 km wide and 2.4 km long, 0.1 km wide transects, respectively ( Fig. 2 ). 

Data collection 

The study assessed native vascular plant species richness, ground cover and vegetation height along invasion gradients 

of G. cordifolia and T. minuta from early July to late August, 2019. Each native vascular plant species was identified using

literature [26] , recorded and its number estimated after consensus by a team of three experts. Native vascular plants height

was measured in each quadrat at four random points using a ruler. Invasive and native species percentage ground cover was

visually estimated [27] . 

Statistical analysis 

One way Analysis of Variance (ANOVA) was performed to compare native vegetation height while a Kruskal-Wallis test 

was performed to compare native species evenness (J / ), percentage ground cover, richness (S) and abundance along the 

invasion gradient for both T. minuta and G. cordifolia separately [18] . The percentage occurrence (presence) of each native

grass was calculated to identify the native grass with the highest presence along the invasion gradient. Correlation between 
3 
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Table 1. 

Plant species observations per invasion category in the Ngorongoro crater. 

Observations 

Invasion category 

T. minuta G. cordifolia 

L M H L M H 

No. of plant species observed 42 22 14 48 22 16 

No. of families observed 16 10 8 14 6 6 

No. of grass species (Poaceae) observed 13 8 5 24 12 9 

No. of native plant species observed 41 21 13 45 21 15 

No. of non-native plant species observed 1 1 1 3 1 1 

No. of invasive plant species observed 1 1 1 1 1 1 

∗L = lowly invaded, M = medium invaded and H = highly invaded. 

Table 2. 

One-way ANOVA and Kruskal-Wallis test for; Shannon-Wiener’s diversity index, evenness, veg- 

etation height (cm) and ground cover (%) of native plants in both T. minuta and G. cordifolia 

quadrats ( H = H (2,24), F = F (2,24) ) . 

Index 

T. minuta G. cordifolia 

MS F H P MS F H P 

SWD Index 7.4 < 0.01 - - 3.8 0.02 

Evenness (J / ) - - 2.3 0.03 - - 3.1 0.04 

Vegetation height 901.2 9.0 - < 0.01 1949.6 24.2 - < 0.01 

Ground cover - - 17.3 < 0.01 - - 19.1 < 0.01 

∗SWD = Shannon-Wiener’s Diversity, MS = mean square, F = F -value, H = H -value, 

P = P = value. 

Fig. 3.. Native plant species richness per quadrat under T. minuta and G. cordifolia invasions. 

 

 

 

 

 

 

 

 

 

the impact of G. cordifolia and T. minuta on native vascular plant species composition (expressed as Sorensen similarity 

between highly invaded and lowly invaded plots) and native species richness were performed using Pearson’s product- 

moment correlation analysis and Spearman’s rank-order correlation analysis, respectively. The statistical software used was 

STATISTICA version 8 [28] with the level of significance set at α < 0.05. 

Results 

Impacts of invasive plants G. cordifolia and T. minuta on native plant species diversity in the Ngorongoro crater 

The highest number of native plant species and families were observed in lowly invaded quadrats compared to quadrats 

that were highly invaded by G. cordifolia and T. minuta ( Table 1 ; Supplementary materials 1 and 2). Gutenbergia cordifolia and

T. minuta lowly invaded areas had fifteen (15) and eight (8) more grass species (Poaceae), respectively than highly invaded 

areas ( Table 1 ; Supplementary materials 1 and 2). While over 93% of plant species that were observed in the study area

were native plant species less than 6% were non-native plant species ( Table 1 ). 

Generally, species diversity differed significantly along invasion gradient for both T. minuta and G. cordifolia ( Table 2 ).

The mean native species richness per quadrat was found to be decreasing along the invasion gradient for both T. minuta

and G. cordifolia ( Fig. 3 ). While species richness differed significantly along the invasion gradient under both T. minuta and

G. cordifolia ( H (2,24) = 15, p = 0.0021 and H (2,24) = 28, p = 0.0 0 04, respectively), likewise species abundance significantly

differed under both T. minuta and G. cordifolia ( H (2,24) = 4.3, p = 0.0021 and H (2,24) = 9.6, p = 0.0052, respectively). Species

evenness differed significantly along invasion gradient for both T. minuta and G. cordifolia ( Table 2 ) with lowly invaded

quadrats being more evenly distributed (J / = 0.8) than both medium (J / = 0.5) and highly (J / = 0.3) invaded quadrats. Lowly

invaded quadrats had three times higher mean native species per quadrat than highly invaded quadrats ( Fig. 3 ). 
4 
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Fig. 4.. Correlation between the impact of (a) T. minuta and (b) G. cordifolia invasive plant species on native vascular plant species composition (expressed 

as Sorensen similarity between highly and lowly invaded quadrats in a pair) and native species richness. 

Fig. 5.. Average native plants height under T. minuta and G. cordifolia invasions. Bars with disimmilar letters and or numbers are significantly different by 

Fisher LSD at p = 0.05. 

Fig. 6.. Native plant species percentage ground cover under T. minuta and G. cordifolia invasions. Bars with disimmilar letters and or numbers are signifi- 

cantly different by Fisher LSD at p = 0.05. 

 

 

 

 

 

 

 

Native vascular plant species composition similarity was negatively correlated with native species richness under both T. 

minuta and G. cordifolia invasions ( r = -0.94, p = 0.0 0 01; ρ = -0.61, p < 0.05, respectively) ( Fig. 4 ). 

Impacts of invasive plants G. cordifolia and T. minuta on native plant species vigor in the Ngorongoro crater 

Under both T. minuta and G. cordifolia invasions, the height of native plants in highly invaded quadrats were about double

that of lowly invaded quadrats ( p < 0.05) ( Fig. 5 ) . 

Native species percentage ground cover in both T. minuta and G. cordifolia invasions was twice as high in lowly invaded

quadrats compared to medium and highly invaded quadrats ( p < 0.05) ( Table 2 and Fig. 6 ). 

Native species observed to co-exist with invasive plants G. cordifolia and T. minuta in the Ngorongoro crater 

Cynodon dactylon was the most dominant plant observed to co-exist with both G. cordifolia and T. minuta weeds in both

medium and highly invaded quadrats with an average occurence of more than 70% and 30%, respectively. The mean number 

of C. dactylon individuals in G. cordifolia and T. minuta highly invaded quadrats were 53 ± 13 and 42 ± 10, respectively

( Table 3 ). Chloris pycnothrix was the second most co-existing local grass species with percentage occurence of ≥ 17% in both

medium and highly invaded quadrats. The mean number of C. pycnothrix individuals in G. cordifolia and T. minuta highly 

invaded quadrats were 19 ± 5 and 3 ± 0, respectively ( Table 3 ). 

Discussion 

While the two invasive species, G. cordifolia and T. minuta might not be the only cause of changes in native species diver-

sity observed in this study but rather passengers of change as invasion itself may be due to disturbance and heavy grazing
5 
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Table 3 

. Mean individual number per quadrat ( ± SE) of the common native grass species of occurrence of ≥ 15% in 

both G. cordifolia and T. minuta quadrats. 

Grass species Measurement 

T. minuta G. cordifolia 

L M H L M H 

C. pycnothrix Mean # 0 ± 0 1 ± 0 3 ± 0 111 ± 4 1 ± 0 19 ± 5 

% of appearance 0 17 17 18 17 57 

C. dactylon Mean # 15 ± 7 53 ± 17 42 ± 10 21 ± 6 45 ± 8 53 ± 13 

% of appearance 100 50 89 18 33 71 

∗L = lowly invaded, M = medium invaded and H = highly invaded. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

within the crater [16] , it is evident that the higher number of both grass species and native plant families in uninvaded

quadrats were generally due to lack of competitive effects of the passengers of change i.e. both G. cordifolia and T. minuta

hence allowing the native plants to flourish in these areas than those that were medium and highly invaded [ 29 , 30 ]. The

results highlight the potential consequences of invasives G. cordifolia and T. minuta in reducing grass availability and hence 

posing an overall imminent impact to the wildlife and their habitat in Ngorongoro crater. While grasses plays an impor- 

tant role in sustaining ecosystem as a source of food for herbivores [ 31 , 32 ] and nutrient flows in the ecosystem, including

maintenance of soil fertility [33] , their decreased abundance due to invasion of G. cordifolia and T. minuta poses a threat to

fragile ecosystems such as the Ngorongoro crater. The higher number of grass species in lowly invaded areas suggest the 

impact of invasives G. cordifolia and T. minuta in reducing the diversity of forage plant species and decline in the range of

pasture utilized by non-generalist herbivores. As lowly invaded areas have been observed to contain more palatable plant 

species (grasses), non-generalist herbivores are likely to move and spend more time in those areas [ 31 , 34 ]. As they do so

they initially disperse more propagules of invasive species into these (lowly invaded) areas, hence making those areas more 

susceptible to further invasion. The net effect of this disproportional habitat use and pasture utilization would be limited 

forage availability, exacerbating overgrazing that would subject the habitat to secondary invasion [ 35–37 ]. 

The observations that lowly invaded quadrats had three times higher native plants species richness than invaded quadrats 

is consistent with other previous studies [ 38 , 39 ]. These supressive effects by invasives are likely due to a reduction of repro-

ductive success and pollen deposition of the native species [40] . The lower native species richness in invaded quadrats can

also be due to higher competitiveness of G. cordifolia and T. minuta, which is facilitated by a lack of natural enemies such

as herbivores as shown by some invasive plants [41] . Moreover, G. cordifolia and T. minuta, tend to produce a large number

of seeds per plant (Personal observation), which adds to their success in colonising areas rapidly. The negative correlation 

between native species similarity and richness could be due to an increase in interspecific competition. As many different 

species occupy an area, interspecific competition increases and, therefore, the number of similar surviving individual species 

in the community decreases (mixed composition). In contrast, when few species occupy an area interspecific competition 

decreases, therefore the number of similar surviving individual species increases (mono-composition). 

It was observed that the invasion of both G. cordifolia and T. minuta can be linked to an increase in native vegetation

height and a decline in native plant species diversity and cover. These declines are likely due to the high competitive ability

of the two invasive plant species and to the latter ́s strong allelopathic potential [42] . In this study, G. cordifolia and T. minuta

strongly suppressed native plant species diversity, these results agree with other studies on the effects of invasive plants 

in riparian plant communities [18] . Increased competition for both light and nutrients between native species and the two 

invasive plants could be a reason for a decreased diversity in both medium and highly invaded areas compared with lowly

invaded ones. While evidence of the allelopathic potential of G. cordifolia is lacking, that of T. minuta has been reported to

suppress seedling growth of some adjacent plants [42] . Reduced growth of native plants reduces their competitiveness and 

vigor leading to a reduction in native species diversity (increased homogeneity). 

As expected, the results strongly suggest that invasion of T. minuta and G. cordifolia species facilitated an increase in 

native plant species height and reduced their sterm strength. This reduction in sterm strength is probably due to an in-

creased competition for light due to shading through the invasives as reported by [43] for crop species. Invasive plants have

been shown to encourage native plants to invest more in their growth (elongation) activities as a result of light competition,

leading to taller individuals in invaded sites [ 40 , 44 ]. Overall, native vegetation height and ground cover in this study provide

evidence that G. cordifolia and T. minuta invasion can result in a pasture with reduced biomass due to competition [45] and,

hence, less productive forage for inhabiting ungulates. Moreover, invaded areas are likely to be avoided by most ungulates 

as they are possible hideouts for predators due to taller vegetation [46] . Most prey species have been reported to prefer

predator-free areas and, hence, spend more time in lowly invaded but nutrient poor areas [ 47 , 48 ]. 

A percentage ground cover twice as high in lowly invaded quadrats compared to highly invaded ones is likely due to

the absence of suppressive effects of invasive species such as allelopathy and competition. Absence of suppression in turn 

results in healthier native species with higher biomass and horizontal growth (i.e., more ground cover) [49] . Moreover, 

reduced reproductive success and pollen deposition of the native species in higly invaded sites might have further lead to 

reduced ground cover [40] . 

Among the common grass species (Poaceae) surveyed, Cynodon dactylon was found to be the most successful grass 

species that co-existed well with T. minuta and G. cordifolia. Although C. dactylon abundance was lower in highly invaded 
6 
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quadrats compared with lowly invaded ones, its percentage occurrence was higher than other surveyed grasses, suggesting 

a strong resistance to the suppression by the two invasives. The high occurance of C. dactylon could be due to its high

competitive ability [50] . For example, with its stoloniferous ability, C. dactylon is able to escape from invasion by forming

roots away from invaded areas [51] and, hence, will access soil nutrients and light that would have been competed for with

G. cordifolia and or T. minuta . Its drought tolerance tendency, ability to grow on soils with a wide range of pH and survive

flooding as reported by [ 52–54 ] can be another reason for its successful competition with G. cordifolia and or T. minuta. The

use of Nature based approach i.e ecosystem-based approach that rely on the direct utilization of elements of native biodiver- 

sity in addressing not only ecosystem degradation arising from ecological invasions but also other degradation drivers have 

recently been recommended [ 13 , 50 ], among the recommended approaches is the use of native plants such as C. dactylon

with the ability to compete and suppress invasive plants. The C. dactylon is a native grass species in the savanna rangelands

with a known track record as an important fodder for herbivores [55] , and a proven ability to compete with both G. cordi-

folia and T. minuta [50] . These advantages from C. dactylon present a potential to be used in managing the two invasives

as alternative to developing eco-friendly control methods that could be a long-term solution to addressing the problem of 

the two invasive plants in the NCAA. The use of such native plants in managing invasive plants such as G. cordifolia and T.

minuta are likely to contribute in achieving African Union Agenda 2063 goal seven (7) particularly in ensuring sustainable 

conservation of biodiversity, genetic resources and ecosystems. 

Conclusion 

As invasive plants pose significant threats to native plant species and their communities; their impacts can result in an 

overall change of not only plant community structure and composition but also that of associated herbivores [ 56 , 57 ]. It is

now evident through this study that areas with invasives G. cordifolia and T. minuta are prone to loss of native forage plants.

This in turn might results in a reduction of Ngorongoro crater’s attractiveness as a famous tourist destination, which might 

result in income loss for government, park authorities and local people who are either directly or indirectly interacting with 

tourists. This study generated the information that contributes to the understanding of the ecological influence of invasive 

plant species and is important for incorporation into the management plans of rangelands. Generally, the two invasive plants, 

changed the ecology of the native plant communities, particularly the native species richness, cover and height. As most 

rangelands are increasingly threatened by these invasive plant species, this study is therefore timely and has generated a 

baseline information for long term research to elucidate mechanisms associated with the two invasive plants interactions 

with natives, while also informing the management authorities on the threats to native plants and animals associated with 

invasion of the two plant species. Time was a greatest limitation on this study; and therefore we recommend further long

term monitoring of the impacts of the two invasive plants to native plant species of the Ngorongoro crater. 
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