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Abstract 

Spatial patterns in topography and forage distribution significantly influence the movements and choices of large herbivores. However, 
understanding the foraging strategies of free-grazing herbivores at different temporal and spatial scales remains limited, as different 
behavioral decisions can apply at different hierarchical levels. This study investigates the fine-scale foraging strategies of the Plains Zebra 
(Equus quagga) in a South African savanna, with a specific focus on their selection of green vegetation at the plant and feeding patch levels. 
We used the Normalized Difference Vegetation Index as a proxy for vegetation productivity and quality. Our findings reveal that zebras 
adapted their foraging strategies according to scale and season. During the late-dry season and early-wet season, selection for greenness 
was at both the grass tuft and feeding site levels. In contrast, during the mid-dry season, selection was predominantly at the tuft level, 
focusing solely on greenness. These insights emphasize the importance of conducting multilevel studies when investigating factors influ-
encing foraging decisions. Findings at 1 hierarchical level may not necessarily apply across other levels of investigation, highlighting the 
need for a nuanced and comprehensive approach to understanding the complex foraging behaviors of animals.
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Understanding how ecosystems are impacted by various factors 
remains a key challenge in animal ecology (Fryxell et al. 2004; Prins 
and Van Langevelde 2008; Balluffi-Fry et al. 2020). Studying mech-
anisms such as foraging strategies that free-grazing herbivores 
adopt at different spatial and temporal scales is becoming a focal 
point in animal ecology and ecosystem management (Senft et al. 
1987; Bailey et al. 1996). Resource distribution plays a pivotal role 
in shaping the movement and distribution of herbivores (Muya and 
Oguge 2000). Predicting the distribution of large herbivore species, 
whether for conservation or management purposes, requires a clear 
understanding of how different species utilize available resources. 
Several factors come into play including grass height, grass species 
composition, woody canopy cover (Sinclair et al. 1985; Ben-Shahar 
1991; Owen-Smith 2002), and grass greenness (Mcnaughton 1985; 
Sinclair et al. 1985)—all of which significantly affect the resources 
and overall habitat conditions for large grazers. The physical prop-
erties and structural characteristics of the grass also impact its 
acceptability (O’Reagain and Schwartz 1995). Notably, many ani-
mals exhibit a strong preference for green plant material over dry 
material, as observed in sheep and cattle (O’Reagain and Schwartz 
1995). Furthermore, the greenness of vegetation is inversely cor-
related with its maturity (Van Soest 1994), meaning that younger 
vegetation tends to be greener and generally indicative of higher- 
quality forage (O’Reagain and Owen-Smith 2009). Spatial patterns 
in topography and forage distribution play a critical role in shaping 

the movements of large herbivores. However, our understanding of 
the relative importance of foraging decisions made across different 
spatial scales remains somewhat limited.

Different foraging response patterns are displayed at different 
scales, defining different hierarchies (Senft et al. 1987; Bailey et al. 
1996; Wilmshurst et al. 1999; Rettie and Messier 2000; Bowers 2006) 
which may begin at the landscape scale and gradually refines down 
to finer scales, progressing through feeding patches, feeding stations, 
and finally, specific plant parts or bites (Bowers 2006). Decisions 
made at large temporal and spatial scales, e.g., where to begin graz-
ing, can significantly influence behaviors at smaller scales, while 
decisions at smaller scales can be integrated and inform decisions 
at larger scales (Bailey et al. 1996). Thus, herbivores must integrate 
information from lower scales including bites, feeding stations, and 
patches, to assess spatial alternatives at higher scales encompass-
ing foraging areas, camps, and home ranges (Bailey et al. 1996). 
Resource heterogeneity occurs at all spatial scales within the envi-
ronment, making it challenging to determine in advance at which 
spatial-scale resource selection might predominate (Senft et al. 
1987).

Different herbivore species exhibit different trade-offs between 
forage quality (measured by factors such as greenness and spe-
cies) and quantity (forage mass). Plains Zebra (Equus quagga), a 
high-density nonruminant herbivore, possess a hind-gut digestive 
system that allows them to process food at a faster rate compared 
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to foregut ruminants, potentially allowing zebras to exploit a wider 
range of grass quality and quantity (Hack et al. 2002). Previous 
research in the southwestern region of the Greater Kruger National 
Park in South Africa (Sabi-Sands Game Reserve and Timbavati Game 
Reserve) found that grass height and greenness were positively 
associated with preference of zebras for specific grasses within 
their foraging areas (Ben-Shahar 1991; Bodenstein et al. 2000). In 
contrast, studies conducted in Punda Maria in Kruger National Park 
found that zebras accepted a broader range of grass greenness, 
including brown grass during both the early- and late-dry seasons 
(Macandza 2009). Grass biomass, rather than quality, was posi-
tively associated with presence of zebras in the 2 Maasai ranches 
in Kenya’s Amboseli-Tsavo ecosystem (Groom and Harris 2009). At 
larger scales, zebras directed their movement toward patches rich 
in high-quality resources within the expansive natural landscape of 
Makgadikgadi Pans National Park in Botswana (Brooks and Harris 
2008).

In this study, we investigated whether greenness, plant species, or 
a combination of both influenced feeding behavior of zebras across 
2 distinct spatial scales: the grass tuft within feeding stations; and 
feeding stations within foraging areas. The aim is to elucidate how 
these selection criteria change with scale and across different sea-
sons, contributing to a more comprehensive understanding of zebra 
feeding behavior. We expected that within a foraging area, zebra 
would select feeding stations based on species composition and 
greenness. Within a feeding station, we expected them to prioritize 

forage quality by selecting for greenness, while species composition 
may not be a significant factor in their decision-making process at 
this scale.

Material and methods.
Study area.
This study was conducted in Manyeleti Game Reserve (hereafter 
referred to as Manyeleti) located along the western boundary of 
Kruger National Park in the Mpumalanga Province, close to the bor-
der of the Limpopo province in South Africa (Fig. 1). Manyeleti is 
located within the savanna biome, characterized by a discontinuous 
overstory of woody plants and a herbaceous layer primarily domi-
nated by C4 grasses (Venter et al. 2003). The vegetation in this area is 
an open tree savanna, with the dominant tree species being Senegalia 
nigrescens and Sclerocarya birrea. The most dominant shrubs include 
Grewia spp., Ziziphus mucronata, Flueggia virosa, and Ormocarpum tri-
chocarpum. Within the grass layer, Heteropogon contortus, Themeda tri-
andra, Digitaria eriantha, Urochloa mosambicensis, Panicum maximum, 
and Enneapogon spp. are the dominant species. Various forbs are also 
present (Bodenstein et al. 2000). Manyeleti experiences high average 
summer temperatures, with a mean of 32.4 °C, while winters are 
generally mild, and free from frost, with an average temperature of 
17.8 °C. Rainfall in this area is concentrated between October and 
April, with a long-term annual average of 572 mm over a 41-year 
period (Kingfisherspruit, KNP Scientific Services).

Fig. 1.  Map of Manyeleti Game Reserve, including continental position (map inset top left), showing Kruger National Park situated on the border. There are 
no fences between Manyeleti Game Reserve and Kruger National Park. Maps were created in QGIS 3.14.16-Pi (http://qgis.osgeo.org) using Google Satellite 
Imagery (Map data @2020: Google, TerraMetrics).
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Field data collection.
We collected data at 2 spatial scales: the grass tuft within a feeding 
station; and the feeding station within a foraging area. The dry sea-
son is a critical period for African ungulates because limited rainfall 
leads to a decline in food quality during this period. To capture this 
crucial phase of the year, our data collection extended over 1 dry 
season from August to October 2010, and a transition period to the 
onset of the wet season in November 2010. Within the dry season, 
we further divided our observations into 2 distinct periods: the mid-
dry season spanning from August to September; and the late-dry 
season in October, based on monthly rainfall and greenness values 
(Fig. 2).

In the early morning and late afternoon, which are the primary 
feeding times for ungulates, we drove throughout the reserve to 
locate grazing zebra individuals or groups within 100 m on either 
side of the road. The choice of this width is typically based on con-
siderations of vegetation density and the visibility of animals. To 
avoid resampling the same herd, we did not return to the same area 
on the same day. Upon identifying a foraging individual or group, we 
observed their behavior, and once they had moved on, approached 
the foraging area on foot. The location of the foraging area was 
confirmed by presence of fresh bites, fresh zebra dung, and spoors. 
Fresh bites are identifiable by the white, undried appearance of the 
bitten leaf or stem, while older grazed grass quickly turns brown 
(Macandza 2009; Kleynhans et al. 2011). When we spotted the first 
signs of fresh feeding, we placed a 0.5 m × 0.5 m square to repre-
sent a feeding station (Novellie 1987). We defined a feeding station 
as the area accessible to the foraging zebra without requiring it to 
move its legs, consistent with definitions proposed by Bailey et al. 
(1996) and Novellie (1987). In cases where fresh footprints and/or 
signs of cropping revealed a foraging path, we placed 9 additional 
quadrats along the path. If a foraging path could not be identified, 
we placed 9 additional quadrats surrounding the central quadrat 
along the 4 cardinal directions. Grass tufts with fresh bites were 
classified as “used,” and feeding stations with used grass tufts pres-
ent were similarly classified as “used.” For every used feeding station 
that we sampled, we also sampled 1 unused feeding station, which 
was identified by showing no signs of grazing. These unused feeding 
stations were randomly positioned, ensuring that they were at least 
2 m apart from the feeding stations in use.

For both used and unused feeding stations, we recorded infor-
mation regarding grass species composition, species basal cover, 
season, and average greenness using a handheld Normalized 
Difference Vegetation Index (NDVI) measuring tool (SpectroSense 
2+, Skye Instruments, Netherlands). Within used feeding stations, 
we documented both used and unused grass tufts according to spe-
cies, season, and tuft greenness using Walker’s (1976) 8-point scale: 
0%; 1% to 10%; 11% to 25%; 26% to 50%; 51% to 75%; 76% to 90%; 
91% to 99%; and 100%.

Data analyses.
We investigated use versus nonuse at 2 distinct spatial levels of 
selection: feeding stations within a foraging area; and grass tufts 
within a feeding station. We considered a feeding station as “used” 
when any species present within it displayed clear indications of 
having been eaten, while a grass tuft was scored as “used” if it had 
fresh bite marks. We categorized our seasons based on rainfall pat-
terns and mean NDVI greenness of the grass. These defined seasons 
included the mid-dry season (August–September 2010), the late-dry 
season (October 2010), and the early-wet season (November 2010). 
For data analyses, we only included the 4 most abundant grass 
species that were present in a minimum of 10 foraging areas used 
by zebras per season. This selection was made to ensure a large 
enough sample size and enable a reliable comparison of accepta-
bility of these particular grass species. The remainder of the species 
were collectively categorized as “other.”

We analyzed our data using generalized linear mixed-effects 
models (GLMMs). In our models for feeding station selection, the 
explanatory variables were presence or absence of individual spe-
cies, season (mid-dry, late-dry, and early-wet), cover, and NDVI val-
ues of each feeding station as fixed effects, with foraging area as 
the random effect. We found collinearity between the basal cover of 
species and the NDVI measurement—consequently, species basal 
cover was excluded from the analysis. In the models addressing 
grass tuft selection, explanatory variables included grass species, 
season (mid-dry, late-dry, and early-wet), and grass tuft greenness 
as fixed effects, with foraging area and feeding station as nested 
random effects. Because of false convergence errors during analy-
sis, when the model fitting functions fail to converge on a maximum 
likelihood estimate, often due to insufficient data points within a 

Fig. 2.  The relationship between estimated greenness values and Spectrosense NDVI as well as rainfall over the study period (August to November 2010).
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categorical variable level, we combined the greenness ranks 50% to 
75% and 76% to 90% into a single rank of 50% to 90% green.

All models were compared using Akaike’s Information Criterion 
(AIC). Further model comparison was conducted by calculating 
the relative likelihoods of all candidate models (wi) and evidence 
ratios derived from these relative likelihoods (Ei,j = wi/wj). Evidence 
ratios are used to compare strength of evidence between models 
within the same set, where a higher evidence ratio signifies stronger 
support for model i over model j (Anderson 2008). We also calcu-
lated the conditional R2 for our mixed-effect models. This metric 
describes the proportion of variance explained by both fixed and 
random factors (Nakagawa and Schielzeth 2013). For the best mod-
el(s), we calculated the log-odd ratios from model coefficients and 
the 95% confidence intervals from variances and covariances of the 
estimated parameters. We used the R statistical software environ-
ment (R Core Team 2018) with R packages “lme4” (Bates et al. 2015) 
to perform the GLMM analysis, “AICcmodavg” (Mazerolle 2019) to 
perform the model selection, and “emmeans” (Lenth 2024) to esti-
mate marginal means from models.

Results
We sampled a total of 94 foraging areas, 1,120 used and unused feed-
ing stations (in equal numbers), and 4,861 grass tufts (2,223 grazed 
and 2,638 non-grazed) within the used feeding stations. Throughout 

or study, we documented a total of 28 different grass species, 9 of 
which were never eaten by zebras (Supplementary Data SD1). Of 
the 19 species consumed, the 4 most abundant species were P. max-
imum, U. mosambicensis, T. triandra, and D. eriantha. The remaining 
species were grouped under “other” for data analyses. Our focus 
in both feeding station selection and grass tuft selection analyses 
was to determine whether either the presence of specific species or 
their greenness influenced selection. Moreover, we investigated how 
selection at these spatial scales varied across seasons—specifically 
the mid-dry, late-dry, and early-wet seasons.

The best model explaining feeding station selection included 
interactions between feeding station greenness and presence of 
species, as well as between seasons and presence of species (Model 
8, AICc weight = 0.72; Supplementary Data SD2). Specifically, feed-
ing stations with P. maximum showed an increased probability of 
being selected as mean greenness increased, up to a greenness to 
60%. Beyond this point, the presence of P. maximum presence did not 
further explain selection (Fig. 3A). Conversely, feeding stations with 
U. mosambicensis displayed a declining probability of selection as 
mean greenness increased (Table 1). The remaining species catego-
ries (T. triandra, D. eriantha, and “other”) did not increase selection by 
being present but did increase selection with an increase of mean 
greenness within the feeding station. In addition, during the late-
dry season there was an increased probability of a feeding station 
being selected with an increase in P. maximum and an avoidance of 

Fig. 3.  (A) Feeding station selection estimates for 5 species categories within NDVI categories (± 95% confidence interval) for Manyeleti: P.max = Panicum 
maximum; U.mos = Urochloa mosambicensis; Other = all other grasses; T.triandra = Themeda triandra; and D.eriantha = Digitaria eriantha. The dotted regression 
line indicates present and solid regression line represents absent from feeding station. (B) Feeding station selection estimates per species per season (± 95% 
confidence interval) for Manyeleti. From data collected over a 3-month period between August and November 2010.
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T. triandra within the feeding station compared to the other seasons 
(Fig. 3B).

The best model explaining within grass tuft selection included 
the interaction between species and greenness, as well as between 
species and season (weight and evidence ratio = 1; Supplementary 
Data SD3). In both the mid- and late-dry seasons, the majority of 
grass tufts fell below the 10% greenness threshold (Table 2). The 
few grass tufts in higher greenness categories were grazed almost 
100% when available (Fig. 4A). Overall, the 11% to 25%, 26% to 50%, 
and 51% to 90% greenness categories were more selected in com-
parison to those within the 1% to 10% greenness category (Fig. 4B). 
During the early-wet season, there was an increase in the number 
of grass tufts within the 11% to 25% and 26% to 50% greenness cat-
egories, which resulted in zebras grazing more on the greener tufts 
(Fig. 4A). Thus, across all periods, an increase in grass tuft greenness 
correlated with an increased probability of selection. Within each 
greenness class, when season was held constant, zebras consist-
ently showed a preference for P. maximum over other species, except 
in the over 51% greenness category (Fig. 4D). Notably, during the 
late-dry season, P. maximum was the preferred grass species while 

there was no difference in species selection in the other 2 seasons 
(Fig. 4C).

Discussion
In this study, we analyzed zebra selection for feeding stations within 
foraging areas and for grass tufts within these feeding stations. 
Contrary to our initial expectations, selection for specific species 
occurred predominantly at the level of individual tufts. Selection for 
greenness was observed at both levels—feeding stations and grass 
tufts—during the late-dry season and early-wet season and only at 
the tuft level during the mid-dry season.

We had hypothesized that zebras would base their selection for 
feeding stations within foraging areas on both greenness and spe-
cies composition. Notably, we found that greenness played a sig-
nificant role in explaining the use of feeding stations only during 
the late-dry and early-wet seasons, while it did not show a signifi-
cant effect during the mid-dry season. In contrast, a separate study 
investigating the foraging area selection of zebras and other grazers 
in another savanna area of South Africa (Ezemvelo Nature Reserve) 

Table 1.  Generalized linear mixed model results of the 2 best models representing the coefficients that are used to determine the log-odd 
ratios for feeding station selection.

Best model Second model

Log-odds Std. error P Log-odds Std. error P

Predictors

 � (Intercept) −1.53 (−3.07 to 0.01) 0.79 0.051 −0.12 (−0.44 to 0.19) 0.16 0.442

 � NDVI 4.23 (−0.32 to 8.79) 2.32 0.068

 � T.triandra [present] 1.13 (−1.61 to 3.88) 1.40 0.419 0.38 (0.08 to 0.69) 0.16 0.014

 � U.mos [present] 1.00 (−0.74 to 2.74) 0.89 0.260 −0.33 (−0.59 to −0.07) 0.13 0.011

 � D.eriantha [present] −0.47 (−2.19 to 1.24) 0.88 0.589 −0.15 (−0.43 to 0.13) 0.14 0.303

 � P.max [present] −0.21 (−1.86 to 1.44) 0.84 0.803 0.50 (0.21 to 0.79) 0.15 0.001

 � Other [present] 0.72 (−0.85 to 2.29) 0.80 0.367 0.02 (−0.25 to 0.29) 0.14 0.886

 � Season [late-dry] −0.20 (−0.77 to 0.38) 0.30 0.509 −0.17 (−0.75 to 0.40) 0.29 0.554

 � Season [early-wet] −0.54 (−1.18 to 0.10) 0.33 0.099 −0.19 (−0.71 to 0.33) 0.27 0.480

 � NDVI × T.triandra [present] −2.27 (−10.39 to 5.85) 4.14 0.584

 � NDVI × U.mos [present] −4.06 (−9.22 to 1.11) 2.64 0.124

 � NDVI × D.eriantha [present] 0.95 (−4.13 to 6.03) 2.59 0.715

 � NDVI × P.max [present] 1.89 (−2.93 to 6.72) 2.46 0.442

 � NDVI × Other [present] −2.01 (−6.62 to 2.61) 2.35 0.394

 � T.triandra [present] × season [late-dry] −2.03 (−2.93 to −1.13) 0.46 <0.001 −2.06 (−2.96 to −1.16) 0.46 <0.001

 � T.triandra [present] × season [early-wet] −0.22 (−1.14 to 0.70) 0.47 0.638 −0.46 (−1.31 to 0.39) 0.43 0.293

 � U.mos [present] × season [late-dry] 0.19 (−0.26 to 0.63) 0.23 0.409 0.16 (−0.28 to 0.61) 0.23 0.474

 � U.mos [present] × season [early-wet] 0.61 (−0.08 to 1.31) 0.35 0.084 0.32 (−0.31 to 0.95) 0.32 0.323

 � D.eriantha [present] × season [late-dry] −0.20 (−0.68 to 0.28) 0.25 0.422 −0.21 (−0.69 to 0.27) 0.24 0.387

 � D.eriantha [present] × season [early-wet] 0.48 (−0.13 to 1.09) 0.31 0.126 0.42 (−0.12 to 0.95) 0.27 0.129

 � P.max [present] × season [late-dry] 0.97 (0.47 to 1.47) 0.25 <0.001 0.91 (0.42 to 1.40) 0.25 <0.001

 � P.max [present] × season [early-wet] 0.52 (−0.12 to 1.17) 0.33 0.111 0.49 (−0.08 to 1.07) 0.29 0.090

 � Other [present] × season [late-dry] −0.36 (−0.83 to 0.11) 0.24 0.130 −0.35 (−0.82 to 0.12) 0.24 0.143

 � Other [present] × season [early-wet] −0.13 (−0.74 to 0.48) 0.31 0.675 −0.25 (−0.78 to 0.28) 0.27 0.349

Random effects

 � N 94FA 94FA

 � Observations 2,348 2,348

 � Marginal R2/conditional R2 0.114/NA 0.106/NA
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found no preference for greenness during the late-dry season and 
wet season, but only during the early- and mid-dry season (Mariotti 
et al. 2020). These discrepancies raise questions about the poten-
tial factors contributing to such differences. It is indeed difficult to 
determine whether these variations are due to differences in the 
scale under investigation (within foraging area in our study vs. for-
aging areas within patches; Mariotti et al. 2020) or if they are attrib-
utable to different environmental conditions present in the 2 study 
areas. Our results showed that although species explained selection 
for feeding stations in our area, it was mostly related to greenness. 
Indeed, feeding stations with P. maximum were more likely to be 

selected, but this preference was only observed when greenness of 
the feeding station was above 30%. In instances where greenness 
was lower, species composition did not explain selection for feeding 
stations. Therefore, selection for feeding stations was not driven by 
species composition as much as we expected, but rather by green-
ness. A similar preference was observed for zebra dietary selection 
in Maputo Special Reserve, southern Mozambique, whereby fibrous 
grass with low grazing value was selected because it remained 
very green throughout the dry season (Mandlate et al. 2019). The 
contrasting findings highlight the complexity of factors influenc-
ing zebra behavior and emphasize the importance of considering 

Table 2.  Generalized linear mixed model results representing the coefficients that are used to determine the log-odd ratios for grass tuft 
selection.

Eaten

Log-odds Std. error P

Predictors

 �  (Intercept) −0.01 (−0.30 to 0.28) 0.15 0.926

 � Species [U.mos] −1.87 (−2.33 to −1.40) 0.24 <0.001

 � Species [Oth] −0.79 (−1.10 to −0.48) 0.16 <0.001

 � Species [T.triandra] −0.65 (−1.11 to −0.19) 0.23 0.005

 � Species [D.eriantha] −2.46 (−2.99 to −1.92) 0.27 <0.001

 � Greeness 11% to 25% 2.29 (1.92 to 2.66) 0.19 <0.001

 � Greeness 26% to 50% 3.86 (3.09 to 4.64) 0.40 <0.001

 � Greeness 51% to 90% 3.73 (2.44 to 5.01) 0.66 <0.001

 � Season [late-dry] 0.29 (−0.14 to 0.71) 0.22 0.188

 � Season [early-wet] −2.45 (−3.18 to −1.72) 0.37 <0.001

 � Species U.mos: Greeness 11% to 25% 1.69 (1.01 to 2.36) 0.34 <0.001

 � Species Oth: Greeness 11% to 25% 0.94 (0.43 to 1.46) 0.26 <0.001

 � Species T.triandra: Greeness 11% to 25% 0.17 (−0.55 to 0.88) 0.36 0.649

 � Species D.eriantha: Greeness 11% to 25% 2.11 (1.17 to 3.06) 0.48 <0.001

 � Species U.mos: Greeness 26% to 50% 0.62 (−1.12 to 2.36) 0.89 0.486

 � Species Oth: Greeness 26% to 50% 0.23 (−0.81 to 1.26) 0.53 0.667

 � Species T.triandra: Greeness 26% to 50% 0.28 (−1.26 to 1.82) 0.79 0.720

 � Species D.eriantha: Greeness 26% to 50% 1.89 (0.51 to 3.27) 0.70 0.007

 � Species U.mos: Greeness 51% to 90% 16.82 (−1,215.18 to 1,248.82) 628.58 0.979

 � Species Oth: Greeness 51% to 90% 1.57 (−1.32 to 4.46) 1.47 0.288

 � Species T.triandra: Greeness 51% to 90% −1.90 (−2,907.89 to 2,904.09) 1,482.68 0.999

 � Species D.eriantha: Greeness 51% to 90% 3.64 (0.74 to 6.53) 1.47 0.014

 � Species [U.mos] × season [late-dry] 0.42 (−0.19 to 1.03) 0.31 0.181

 � Species [Oth] × season [late-dry] −1.29 (−1.74 to −0.84) 0.23 <0.001

 � Species [T.triandra] × season [late-dry] −0.85 (−2.32 to 0.61) 0.75 0.253

 � Species [D.eriantha] × season [late-dry] −0.26 (−0.98 to 0.46) 0.37 0.477

 � Species [U.mos] × season [early-wet] −0.64 (−1.98 to 0.71) 0.69 0.353

 � Species [Oth] × season [early-wet] −0.68 (−1.59 to 0.22) 0.46 0.139

 � Species [T.triandra] × season [early-wet] −14.33 (−569.19 to 540.53) 283.10 0.960

 � Species [D.eriantha] × season [early-wet] −0.58 (−1.73 to 0.56) 0.58 0.317

Random effects

 � NFeeding.site
1,120

 � NForaging.Area
93

 � Observations 4,861

 � Marginal R2/conditional R2 0.510/0.594
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various factors when interpreting animal foraging decisions in dif-
ferent environments.

Within each feeding station, we expected that zebras would pri-
marily select grass tufts based on their greenness rather than spe-
cies. Indeed, zebras did select grass tufts with the highest greenness, 
but the influence of species was also important. During the late-dry 
season, characterized by most species displaying low greenness, tufts 
of P. maximum were the most selected among all species. However, an 
interesting pattern emerged from our results: if zebras had to choose 
between a tuft of E. rigidior with greenness above 51% versus P. max-
imum with greenness less than 10%, they would choose E. rigidior. 
Interestingly, zebras in the Timbavati Nature Reserve preferred U. 
mosambicensis over other species including P. maximum throughout 
the year (Bodenstein et al. 2000). In contrast, our study showed a 
general avoidance of U. mosambicensis except when greenness levels 
were high. Urochloa mosambicensis grows in disturbed and overgrazed 
areas, which may result in an “accidental” reason for not selecting 
feeding stations presenting this species during the mid-dry season.

At a broader scale than that investigated in this study, Ben-
Shahar and Coe (1992) found that zebras exhibited seasonal 
movement between grass communities characterized by a high 
proportion of nutritious species, rather than distinct selection for 
particularly nutritious species within communities. Our study did 
not look at the grass community level, but we focused on within 

foraging area selection, a hierarchical level between grass tuft and 
plant community (Senft et al. 1987).

Our findings revealed an interesting trend: as the feeding sta-
tions became greener, the probability that species composition 
could explain selection decreased. It does indeed make sense that 
when the overall palatability of the general grass sward increases, 
selection for specific plant species becomes less pronounced. This 
suggests that while zebras do exhibit selectivity for certain spe-
cies, it appears more prominent during the drier months. Studies 
conducted in other regions such as Timbavati Nature Reserve 
(Bodenstein et al. 2000) and Hluhluwe iMfolozi Park (Kleynhans et 
al. 2011) noted that P. maximum made up a significant proportion of 
the diet of zebra in Timbavati Nature Reserve, similar to our obser-
vations in the current study area. Panicum maximum is known for its 
nutritional value and longer greenness retention compared to other 
species, especially during the dry season (van Oudtshoorn 2009) 
when it is preferred by many grazers (Mutanga et al. 2004). Although 
zebras in our study area favored P. maximum throughout the study 
period, during the early-wet season when most grasses were green, 
the greenest tufts were selected regardless of species. Our results 
are consistent with previous studies that have identified vegetation 
greenness as the primary driver of herbivore selection (Merkle et al. 
2016; Mariotti et al. 2020). This consistent pattern emphasizes the 
significant influence of greenness on herbivore foraging behaviors.

Fig. 4.  (A) Percentage of available grass tufts compared to percentage of grass tufts that are grazed within each greenness category in the 3 different 
seasons: mid-dry season; late-dry season; and early-wet season. (B) Grass tuft greenness selection estimates (± 95% confidence interval) for Manyeleti. (C) 
Grass species selection estimates per greenness category (± 95% confidence interval) for Manyeleti. (D) Grass species selection estimates per season (± 95% 
confidence interval) for Manyeleti. P.max = Panicum maximum; U.mos = Urochloa mosambicensis; Other = all other grasses; T.triandra = Themeda triandra; and 
D.eriantha = Digitaria eriantha. Data collected over a 3-month period between August and November 2010.
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Studies that have examined how selection criteria of an ani-
mal are influenced by the scale at which the selection occurs have 
yielded contrasting results. Some studies (Fortin et al. 2005) have 
demonstrated that different criteria might be used across varying 
scales, while others (Ward & Saltz, 2006) suggest that animals might 
employ the same selection criteria across different spatial scales. 
For instance, research on migratory Elk (Cervus elaphus) revealed 
distinct forage quality selection patterns at different spatial scales 
compared to residential Elk (Hebblewhite et al. 2008). Migratory 
Elk exhibited different selection patterns at the larger scales com-
pared to finer scales, while residential Elk displayed consistent 
forage quality selection across all spatial scales. The contrasting 
selection criteria between migratory and residential Elk resulted in 
improved quality forage for the former but also increased predation 
risk (Hebblewhite et al. 2008). Similarly, our study findings suggest 
that zebras used similar selection criteria across the 2 spatial scales 
examined. The primary driving force behind their selection was pre-
dominantly attributed to changes in vegetation greenness due to 
seasonal variations. Although we observed some selection for spe-
cies composition, the prevalence of P. maximum, which maintains its 
greenness for a longer period during the dry season, suggests that 
greenness remains a principal driver of selection. This pattern is 
consistent with findings that greenness plays a pivotal role in influ-
encing animal foraging decisions across different spatial scales.

The relationship between small-scale foraging decisions and 
the broader distribution patterns of herbivores is well-documented 
(Pretorius 2009). At smaller scales, animals face spatial variability 
among the grass canopy due to inherent variations in the nutri-
ent content among different plant species. Our observations of 
free-grazing zebra at Manyeleti show that zebras adapt their forag-
ing strategies based on greenness and specific species, particularly 
at finer scales. This was notably pronounced during the late-dry 
season, and somewhat less prevalent in the early-wet season. To 
deepen our understanding of foraging strategies of large herbivores, 
future research should focus on comparing selection dynamics 
across various hierarchical levels and variations, integrating small-
scale patterns with broader scales encompassing foraging areas and 
beyond, and utilizing tools such as satellite remote sensing imagery. 
This integration could provide a comprehensive perspective, enrich-
ing our understanding of how animals navigate and make forag-
ing decisions across multiple scales and changing environmental 
conditions.

Supplementary data
Supplementary data are available at Journal of Mammalogy online.
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